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Thesis Synopsis

Despite evidence that hyperpolarised 129-Xenon (*?°Xe) MRI, combined with proton
MRI, is able to provide useful structural and functional data, its clinical application has
been relatively limited in the field of interstitial lung disease (ILD). However, the
insensitivity of pulmonary function tests (PFTs) in early disease, and the ability of
hyperpolarised 1?°Xe MRI to assess regional lung function makes it an appealing tool
to explore the diagnosis and monitoring of ILD.

CT involves ionising radiation and is unable to provide functional data. It has some
advantages over MRI in terms of its speed, image contrast and spatial resolution.
Various automated, computer based, quantitative CT (QCT) analysis methods have

been reported in ILD.

The findings reported in this thesis represent the first known longitudinal data
combining hyperpolarised 2°Xe MRI and dynamic contrast enhanced (DCE) MRI with
QCT alongside PFTs in various ILD subtypes. It also expands upon previous work

involving these novel MRI techniques in idiopathic pulmonary fibrosis (IPF).

129X e spectroscopy derived red blood cell / tissue plasma ratio (RBC:TP) was used in
the assessment of alveolar gas exchange, showing a statistically significant change
over 6 and 12 months in IPF subjects, despite relatively stable PFTs. 12°Xe diffusion-
weighted (DW) MRI techniques demonstrate increased Brownian gas diffusion in
fibrotic ILD. This is likely due to microstructural changes in the distal airways and
alveoli as a result of honeycombing and/or traction bronchiectasis. There was also
evidence that DW-MRI measurements may have utility in the monitoring and prediction
of disease progression. Changes in pulmonary perfusion over short time periods were
found using DCE-MRI in subjects with hypersensitivity pneumonitis, suggesting
potential value in demonstrating an early inflammation response to steroid therapy.
As new drug treatments are developed, the ability to quantify subtle changes using

QCT and functional lung MRI could be particularly valuable.
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Chapter 1: Classification and Clinical Assessment of Interstitial

Lung Disease
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1.1 Interstitial Lung Disease

The term interstitial lung disease (ILD) includes a group of heterogeneous diseases of
the lung parenchyma of various causes, although many are idiopathic (cause
unknown). The predominant pathological feature is variable inflammation and/or
fibrosis of the lung interstitium, the anatomic space interposed between the cells of the
alveolar membrane and the endothelial cells of the interstitial capillaries. Many ILD
subtypes share similar clinical, pathophysiological and radiological features but the
response to treatment and prognosis can differ significantly. Accurate diagnosis of a
specific ILD subtype is often difficult, with up to 15% of patients being categorised as

having unclassifiable ILD (1).

1.1.1 Classification of Interstitial Lung Disease

Fibrotic ILD can largely be differentiated radiologically (through computed tomography
(CT) imaging) and pathologically into two distinct patterns; usual interstitial pneumonia
(UIP) and non-specific interstitial pneumonia (NSIP). UIP pattern fibrosis is classically
located in the sub-plural areas of the lower lobes and comprises honeycombing,
reticulation and traction bronchiectasis (Figure 1.1) (2). Honeycombing generally
appears as several rows of small (3-10mm diameter) subpleural cysts, but can also
present as a single layer only (3). Traction bronchiectasis is identified as irregular
bronchial dilatation due to retractile fibrosis in the adjacent lung parenchyma (4). On
CT, NSIP is widely distributed throughout the lung parenchyma but is usually lower
zone predominant with sparing of the sub-pleural regions (Figure 1.2) (5). Bilateral
ground glass opacification (GGO) is seen, often in association with evidence of fibrosis
such as reticulation, traction bronchiectasis and lower-lobe volume loss, but
honeycombing is rare (6, 7). The majority of cases of UIP pattern on CT are due to
IPF, whereas other causes include asbestosis, hypersensitivity pneumonitis (HP),
connective tissue disease (CTD) and drug toxicity. NSIP is usually idiopathic or

secondary to CTD.
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Figure 1.1. CT features of UIP. Axial (A) and coronal (B) images demonstrate
subpleural distribution of honeycombing, reticulation and traction bronchiectasis in the

lower zones.

Adapted with permission of the American Thoracic Society. Copyright © 2020 American Thoracic
Society. All rights reserved. Raghu G et al / 2018 / Diagnosis of Idiopathic Pulmonary Fibrosis. An
Official ATS/ERS/JRS/ALAT Clinical Practice Guideline / 198(5):e44-e68. The American Journal of
Respiratory and Critical Care Medicine is an official journal of the American Thoracic Society. Readers
are encouraged to read the entire article for the correct context at
https://www.atsjournals.org/doi/full/10.1164/rccm.201807-1255ST. The authors, editors, and The
American Thoracic Society are not responsible for errors or omissions in adaptations.
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Figure 1.2. CT features of NSIP. Axial (A) and coronal (B) images show bilateral and

central GGO in the lower zones with traction bronchiectasis.

Adapted with permission of the American Thoracic Society. Copyright © 2020 American Thoracic
Society. All rights reserved. Travis WD et al / 2013 / An official American Thoracic Society/European
Respiratory Society statement: Update of the international multidisciplinary classification of the
idiopathic interstitial pneumonias / 188(6):733-48. The American Journal of Respiratory and Critical
Care Medicine is an official journal of the American Thoracic Society. Readers are encouraged to read
the entire article for the correct context at https://www.atsjournals.org/doi/full/10.1164/rccm.201308-
1483ST. The authors, editors, and The American Thoracic Society are not responsible for errors or
omissions in adaptations.

A recent term “progressive-fibrosing ILD” has been used to describe a combination of
fibrotic ILD subtypes with similar clinical and radiological presentations, that are likely
to progress despite treatment (8, 9). The consequence of progressive-fibrosing ILD is
usually a decline in lung function with subsequent worsening breathlessness resulting
in deterioration in a patient’s quality of life (QOL) and increased likelihood of early
mortality (10). By definition, idiopathic pulmonary fibrosis (IPF) is a chronic
progressive-fibrosing ILD, while only a proportion of other ILD subtypes develop a
progressive-fibrosing phenotype. The non-IPF ILD subtypes that are most likely to
demonstrate this phenotype include asbestosis, HP, idiopathic NSIP (iINSIP),
rheumatoid arthritis (RA) associated ILD, silicosis, stage IV sarcoidosis, systemic
sclerosis (SSc) associated ILD and unclassifiable ILD (10).

Progressive-fibrosing ILD appears more common in older adults although the
incidence and prevalence of these various diseases is poorly defined (11). The
advantage of applying the progressive-fibrosing ILD phenotype, rather than

considering specific disease entities, is its practical value in predicting disease
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behaviour. This has been demonstrated by a recent multicentre, randomised, placebo-
controlled drug trial (the INBUILD study) reporting the efficacy of nintedanib in slowing
the decline of forced vital capacity (FVC) by approximately 50% in patients with non-
IPF progressive-fibrosing ILD (12). The INBUILD study used specific criteria to define
disease progression over the previous 24 months, with any one of the following three

scenarios being accepted:

1. Relative decline in FVC of 210% predicted
2. Relative decline in FVC of 5% to <10% predicted plus worsening respiratory
symptoms or increased extent of fibrosis on CT

3. Worsening respiratory symptoms and increased extent of fibrosis on CT

ILD tends to be classified based on the underlying aetiology (e.g. CTD) and many ILD
subtypes with no known aetiology are grouped under the term idiopathic interstitial
pneumonia (lIIP) (Figure 1.3). The American Thoracic Association (ATS) / European
Respiratory Society (ERS) IIP classification published in 2002 (13) used the
combination of clinical, histopathological and radiological data, differing from prior
classification which relied mainly on histopathology. This classification has since been
updated by the ATS/ERS IIP consensus statement of 2013 (14) . The main changes

made to the revision were:

1. INSIP was accepted as a specific ILD subtype.
2. The disease course in IPF was recognised to be heterogenous.
3. Acute exacerbations were more clearly defined and acknowledged to occur in

chronic fibrotic IIPs.
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Figure 1.3. Classification of ILD (progressive fibrosing ILDs are indicated in bold).

Modified with permission of the © ERS 2020: European Respiratory Review 27 (150) 180076; DOI:
10.1183/16000617.0076-2018 Published 21 December 2018.
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1.1.2 Idiopathic Pulmonary Fibrosis

IPF is a progressive, irreversible fibrotic ILD of unknown aetiology. It is more common
in males, usually over 60 years of age. Risk factors linked to IPF include environmental
exposures, genetic variants, microbial pathogens and cigarette smoking (3). It is rare
for patients under the age of 50 to be diagnosed with IPF, with such patients likely to
have familial IPF or who subsequently develop CTD features that were not apparent
at the time of diagnosis (15). The histopathological and/or radiological pattern of IPF
is UIP, with honeycombing being the characteristic feature (3). Multidisciplinary team
(MDT) discussion incorporating clinical, radiological and possibly histopathological

information is acknowledged as the current diagnostic reference standard in IPF (16).

IPF is the most common IIP. The prevalence of IPF has been reported to be
increasing, although this may be due to improved recognition of the disease (17). The
prognosis of IPF is generally poor, with a recent systematic review reporting a mean
survival of four years in patients not receiving antifibrotic therapy (18). However, the
use of antifibrotics over the last several years has led to improved survival as reported
in IPF registries (19, 20). In the European IPF registry, the median survival of patients
taking antifibrotics was 123.1 months, compared to a median survival of 68.3 months

in those not receiving antifibrotic treatment (20).

The unpredictable progression of IPF means that providing a reliable prognosis in
individual patients at diagnosis is challenging (21). Most patients with IPF experience
a steady deterioration in symptoms and pulmonary function, some demonstrate
relative stability while others die prematurely, often within the first 12 months as a
result of rapidly progressive disease (Figure 1.4) (22).
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Figure 1.4. Schematic representation of different possible clinical courses of IPF (22).

Reprinted with permission of the American Thoracic Society. Copyright © 2020 American Thoracic
Society. All rights reserved. Ley B, Collard HR, King TE, Jr./2011/ Clinical course and prediction of
survival in idiopathic pulmonary fibrosis / Am J Respir Crit Care Med /183(4)/431-40. The American
Journal of Respiratory and Critical Care Medicine is an official journal of the American Thoracic Society.

In 2013, the National Institute for Health and Care Excellence (NICE) in the UK
approved the use of pirfenidone in IPF patients with a FVC of 50-80% predicted (23).
Nintedanib, a tyrosine kinase inhibitor, was approved by NICE for the treatment of IPF
in 2016 (24). In placebo-controlled, randomised clinical trials, both anti-fibrotic
medications were found to reduce the rate of decline in FVC by approximately 50%
over a 12-month period (25, 26). Therefore, an accurate and consistent diagnosis of

IPF is crucial in order to attain the greatest benefit for patients with ILD (27).

It has previously been suggested by an expert panel that all-cause mortality and all-
cause non-elective hospitalisation are the most robust and meaningful primary
endpoints for IPF drug studies (28). However, trials with all-cause mortality as the
primary outcome require a large number of subjects and a long duration of follow-up
with substantial associated costs which would likely prohibit such a study from being

feasible (29). It has been reported that the addition of hospitalisation to all-cause
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mortality as a composite endpoint would potentially reduce the required sample size
by 50-75% (30). Currently, FVC is the most recommended and validated tool to
monitor the progression of IPF and is considered to be an acceptable surrogate
endpoint in IPF therapeutic trials, despite being relatively insensitive to longitudinal
change (31). Studies have suggested that weekly home-based measurements of FVC
could potentially improve endpoint efficiency of future IPF drug trials by reducing the

number of subjects required (32, 33).

1.1.3 Idiopathic Non-specific Interstitial Pneumonia

NSIP can be categorised by radiology and histopathology as either cellular or fibrotic.
In cellular NSIP, the GGO is not accompanied by traction bronchiectasis; however, in
fibrotic NSIP the GGO is associated with traction bronchiectasis and reticulation which
tends to signify fine fibrosis rather than inflammation (34). It can often be difficult to
confidently distinguish fibrotic NSIP from IPF radiologically. However, on CT, NSIP is
characterised by its spatial and temporal homogeneity and often demonstrates
subpleural sparing (10). In contrast to IPF, INSIP is more common in never smokers
and women (35). iINSIP tends to have a superior prognosis compared to IPF (7),
although mortality has been found to be influenced more by lung function than
histopathology (36).

1.1.4 Connective Tissue Disease associated ILD

Approximately 15% of all patients with CTD will develop ILD, and those with RA or
SSc are most likely to be affected (37). In contrast to IPF, CTD-ILD is more common
in younger patients (less than 50 years of age) and women (38). Overall, CTD-ILD
tends to demonstrate NSIP on histopathology and CT (39). ILD associated with SSc,
systemic lupus erythematous (SLE), idiopathic inflammatory myopathy (IIM),
Sjogren’s syndrome and mixed CTD (MCTD) are most likely to show a NSIP pattern,
whereas UIP pattern is most common in RA-ILD (40). CTD-ILD has a heterogenous
clinical course with variation in the severity of ILD within and between the different
CTDs.
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1.1.5 Hypersensitivity pneumonitis

HP (previously known as extrinsic allergic alveolitis) is an immune-mediated ILD,
caused by the repeated inhalation of low molecular weight substances or specific
organic antigens in genetically susceptible individuals (41, 42). It involves inflammation
and/or fibrosis of the small airways and lung parenchyma (43). Historically, exposure
to moulds and bird feathers was characteristically associated with HP, but more
recently, exposure to mycobacteria identified in coolant used in metal cutting and
exposure to Mycobacterium avium (hot tub lung) has been reported (44). Over 300
different agents associated with the development of HP have been identified, with
many being linked to specific occupations (42, 45). HP is more likely to occur in
females, and smoking is reported as being protective against the development of the

disease (46). Compared to IPF, patients with HP tend to be younger (47).

The radiological features of HP (Figure 1.5 and Table 1.1) are dependent on the stage
of the disease, although fibrotic HP is considered to have a variable appearance on
CT (43). In non-smokers, the HRCT features of GGO with poorly-defined centrilobular
nodules or mosaic attenuation on inspiration and/or air trapping on expiration are
highly suggestive of HP (46). In fibrotic HP, the fibrosis is bilateral and is usually
dispersed equally in the three lung zones with relative basal sparing, or predominantly
affects the middle lung zone; however, the CT abnormalities in non-fibrotic HP tend to
be bilateral and diffuse (43). In the advanced stage of fibrotic HP, it is often difficult to
differentiate the disease pattern on CT from UIP or fibrotic NSIP (48). Upper zone-
predominant fibrosis has been reported as a radiological feature to differentiate HP
from IPF (49), but less than 10% of fibrotic HP presents with this distribution of fibrosis
(50-52). A study involving 66 patients with fibrotic ILD found that HRCT was able to
differentiate between fibrotic HP and other fibrotic ILDs in only 53% of cases (49). A
radiological diagnostic model for HP demonstrated that diffuse axial distribution in
combination with the extent of mosaic attenuation or air trapping being more than that
of reticulation resulted in a false-positive rate of less than 10% (53).
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Figure 1.5. CT features of non-fibrotic HP characterised by centrilobular nodules (A),

mosaic attenuation on inspiration (B), and air trapping on expiration (C). CT features
of fibrotic HP including reticulation with no zonal predominance (D), upper zone
reticulation with architectural lung distortion (E), and fibrotic GGO with small airway
disease (F).

Adapted with permission of the American Thoracic Society. Copyright © 2020 American Thoracic
Society. All rights reserved. Raghu G et al / 2020 / Diagnosis of Hypersensitivity Pneumonitis in Adults.
An Official ATS/JRS/ALAT Clinical Practice Guideline / 202(3):e36-e69. The American Journal of
Respiratory and Critical Care Medicine is an official journal of the American Thoracic Society. Readers
are encouraged to read the entire article for the correct context at
https://www.atsjournals.org/doi/full/10.1164/rccm.202005-2032ST. The authors, editors, and The
American Thoracic Society are not responsible for errors or omissions in adaptations.
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Radiological findings Fibrotic HP | Non-fibrotic HP
“Three-density pattern” or “headcheese sign” (combining

ground glass opacity, lobules of decreased attenuation / sif:ilf)i/c No
vascularity & normal lung)
Mosaic attenuation (regions of variable attenuation Typical Typical
within the lung parenchyma on inspiratory CT)
Features of small airways disease: air trapping (focal
hypoattenuation in the background of normal lung on Typical Typical
expiratory CT) and/or small, poorly-defined centrilobular
nodules on inspiratory CT
Irregular, fine or coarse reticulation with architectural .

. . Typical No
lung distortion
Traction bronchiectasis Typical No
Honeycombing Often No
Ground glass opacity Often Typical
Airspace consolidation No Occasionally
Lung cysts No Occasionally

CT: Computed tomography; HP: Hypersensitivity pneumonitis

Table 1.1. Radiological findings in fibrotic and/or non-fibrotic HP.

1.1.6 Drug Induced ILD

Although the exact number is unknown, at least 450 drugs have been reported to
cause ILD (54). This number will likely continue to rise as new medications are
developed. The main categories of medications associated with drug induced (DI) ILD
include antimicrobial (e.g. nitrofurantoin), anti-inflammatory (e.g. methotrexate),
biological (e.g. rituximab), cardiovascular (e.g. amiodarone), chemotherapeutic (e.g.
bleomycin) and miscellaneous agents (55). A UK population-based study published in
2012 estimated that the incidence of drug/radiation induced ILD between 1997-2008
was 4.1 per million person-years (56). However, this is likely to be underestimated due
to the increased use of biologics and immune checkpoint inhibitors (ICI) over the past
decade (57, 58).

Currently there are no general guidelines regarding the diagnostic and management
approach for suspected DI-ILD. The diagnosis initially involves excluding infection and
is particularly challenging due to the non-specific clinical, histological and radiological
findings which can overlap with other ILD subtypes. Diagnosis of DI-ILD is supported
by a temporal link between an exposure to the offending drug and the development of
new respiratory symptoms, signs and/or radiological changes; however, DI-ILD may
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develop within the first few days or even several years after the drug was commenced
(59). Furthermore, drugs used to treat CTDs can themselves cause DI-ILD, making it
difficult to determine if the development of ILD is due to the underlying CTD or the
drug in question. Likewise, ICIs may be used in patients with lung cancer who may
already have respiratory symptoms. Improvement of symptoms and radiology usually
occurs following discontinuation of the suspected drug. However, irreversible fibrosis

may occur especially if the diagnosis of DI-ILD is delayed.

Several risk factors are associated with the development of DI-ILD in patients treated
for cancer including older age, reduced FVC, pre-existing ILD, male gender, poor
performance status, smoking and HRCT fibrosis score (60-64). DI-ILD secondary to
ICIs is more likely to occur in patients with non-small cell lung cancer compared to
melanoma (65), and the risk is higher in cancer patients treated with more than one
ICI (66). Future studies are needed to identify predictive biomarkers for DI-ILD and
help determine what biological factors are associated with the variable clinical

presentations (58).

1.2  Current methods for diagnosis and longitudinal assessment of ILD

The main aim in the diagnosis of a specific ILD subtype is to enable a confident
diagnosis by using an approach that is the least invasive (43). Current diagnostic
investigations in ILD mainly consist of HRCT and PFTs. Imaging interpretation alone
is often not enough to confidently make a definitive diagnosis and a combination of the
HRCT with functional and clinical data is usually required by a MDT with expertise in
ILD (14).

1.2.1 Multidisciplinary team assessment

MDT assessment has been considered to be the gold standard for the diagnosis of
ILD since the publication of the ATS/ERS IIP classification in 2002 (13, 14). In order
to maximise diagnostic accuracy, close consultation is needed between the members
of the MDT, which usually involves at least one respiratory physician, a radiologist and
when appropriate, a pathologist (13). Often a definitive diagnosis cannot be achieved

by the MDT, but instead a “working diagnosis” of high probability can be reached by
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combining the key information available to increase or decrease the diagnostic
probability of a specific ILD subtype (16).

A number of studies have demonstrated the importance of a MDT diagnosis, reporting
that it results in improved diagnostic confidence and superior interobserver agreement
when compared to diagnosis by individual clinicians (27, 67, 68). A study involving 70
ILD cases and seven international ILD MDTs reported high levels of inter-MDT
meeting agreement for an IPF diagnosis (kappa (k) coefficient of agreement = 0.60)
and a CTD-ILD diagnosis (k=0.64); however, inter-MDT meeting agreement was low
for the diagnosis of iINSIP (k=0.25) and HP (k=0.24) (27). Even though a MDT
diagnosis of specific ILD subtypes may have a good level of diagnostic agreement,
this doesn’t always mean superior diagnostic accuracy, with the success of MDT
meeting being dependent on the expertise of the individuals participating (69). A small
study involving 39 IIP cases, found superior diagnostic agreement between academic
clinicians (k=0.71) compared to community clinicians (k=0.44), with the clinicians
based in the community more likely to make a diagnosis of IPF than their academic

colleagues (70).

1.2.2 High-resolution computed tomography

HRCT has the ability to accurately characterise the morphologic patterns which are
associated with the various types of ILD. The presence of honeycombing is key in the
radiological classification of definite UIP (3), and the extent of honeycombing on HRCT
is a useful discriminator between NSIP and UIP patterns (71). In the absence of
honeycombing on HRCT, the likelihood of an IPF diagnosis has been reported as
approximately 80% in patients at least 60 years of age with one-third or more of the
lung volume consisting of reticulation (72). The degree of the imaging abnormalities
on HRCT in ILD has been shown to correlate with the amount of pathological
involvement and the extent of PFT abnormality (73). HRCT is the preferred method
for pulmonary imaging in ILD due to its superior resolution when compared to nuclear
imaging techniques and magnetic resonance imaging (MRI) (74). However, the
resolution on HRCT scans is still limited in the assessment of GGOs which could
signify either reversible inflammation or fine intra-lobular fibrosis (75). Fibrotic disease

is more likely if the GGO is accompanied with reticulation and traction bronchiectasis
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(76, 77). The 2018 official ATS/ERS/JRS/ALAT clinical practice guideline for the
diagnosis of IPF recommends volumetric acquisition at full inspiration with sub-
millimetric collimation with contiguous or overlapping reconstruction of thin-section CT

images (3).

Despite HRCT being crucial in the diagnosis of ILD, it does have some limitations. A
multicentre HRCT study involving 11 thoracic radiologists reported moderate levels of
agreement (k=0.48) between observers for the first choice diagnosis of ILD subtype,
with NSIP being the associated with 55% of disagreements (78). Higher levels of
agreement were seen between radiologists based in a tertiary referral centre (k=0.60)
compared to those from regional centres (k=0.34), suggesting that interobserver
variability may increase among radiologists working in less specialist centres.
However, a more recent study found that the interobserver agreement for the
radiological diagnosis of UIP was not significantly different between radiologist

subgroups of variable levels of experience (79).

It has been reported that the characteristic features on HRCT to confidently
differentiate between HP, IPF and NSIP are present in approximately half of these
patients (49). The accuracy of HRCT in identifying NSIP may be particularly limited,
with multiple studies finding that a significant proportion (32-44%) of patients with a
UIP pattern on histopathology have HRCT scans suggestive of NSIP (71, 80-83).
Radiological abnormalities may evolve over time, as a study demonstrated that 28%
of patients initially having CT features in keeping with NSIP progressed to a pattern
more consistent with UIP over a follow-up period of at least 3 years (83). Lower lobe
honeycombing on HRCT was the strongest predictor of histopathological UIP pattern
in a study of 91 subjects with suspected IPF and the finding of a UIP pattern on HRCT
was accurate in 96% of cases (84). Other studies using histopathology as the
diagnostic gold standard have also shown that the identification of a UIP pattern on
HRCT has a positive predictive value of at least 90% (81, 85-88). However, a study
found that 94.7% of patients with a HRCT scan inconsistent with UIP had
histopathology classified as definite or probable UIP (89).
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1.2.3 Pulmonary function tests

The standard spirometry measurements used in ILD are forced expiratory volume in
one second (FEV1), FVC and FEV1/FVC ratio. FVC is the volume of air exhaled as
completely and forcefully as possible after full inspiration. FEV1 is the volume of air
exhaled in the first second of the FVC manoeuvre. Reduced lung compliance
secondary to fibrosis leads to a restrictive ventilatory defect, defined by a decreased
FVC and/or total lung capacity (TLC) (90). The diffusing capacity of the lung for carbon
monoxide (DLco) is a measure of gas exchange across the alveolar-capillary interface
in the lung. It is decreased in ILD as a consequence of the thickened alveolar capillary
membrane and reduced capillary bed (91). PFTs are useful to determine the severity
of ILD but generally have limited diagnostic value, as reduced FVC and Di.co is

common to all ILD subtypes (92).

In 1957, Ogilvie et al described a standardised clinical method of measuring Dico
using the alveolar concentration and alveolar volume of carbon monoxide at the start
of breath-holding (93). DLco is dependent on the alveolar volume (Va), the fractional
concentration of carbon monoxide in the alveolar space (Faco) and the partial pressure

of carbon monoxide (Paco) as illustrated in the equation: Di.co = Va . A Faco/ At/ Paco.

The carbon monoxide transfer coefficient (Kco) represents gas exchange per unit of
lung volume and can be calculated as Dico divided by alveolar volume. However, it
should not be used as a simple technique to normalise D.co for lung volume as full
lung inflation may not be possible in ILD due to fibrotic restriction (90, 94). Kco
increases at low lung volumes in subjects without lung disease, therefore Kco
predicted values are insufficient in the assessment of patients with restrictive lung
diseases such as ILD (95). A study reported that Kco was in the normal range in 33.4%

of fibrotic IIP patients despite almost all subjects (97.5%) having a reduced Dcco (96).

There is no specific definition of ILD progression but the majority of clinical trials and
observational studies use the decline in FVC, measured either as a change in millilitres
(mL) or percent (%) predicted (97). Other definitions of ILD progression use categorical
change over 12 months (usually 210% predicted FVC and/or 215% predicted Dico),
or as a combination of categorical change in pulmonary function and death (97).
Longitudinal changes in FVC and D.co are used in clinical practice to monitor disease

severity in ILD and the response to treatment.
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Standard PFTs are limited by several factors in the monitoring of ILD. Firstly, they lack
disease specificity as they measure the global function of the lungs only. Secondly,
comorbidities such as emphysema and pulmonary hypertension (PH) can have a
confounding effect on FVC and D.co respectively (97). Emphysema can result in a
normal or increased FVC and/or TLC, even when there is significant fibrosis (98). DLco
is dependent on membrane and vascular conductance, with the latter being affected
by PH as a result of a reduction in the pulmonary capillary volume (90). Thirdly,
changes in FVC of less than 10% and changes in Dico of less than 15% can be difficult
to interpret as they are often identified as measurement variation or felt to be due to
sub-maximal effort (99). However, this is less likely to be the case if there is a similar
change in both FVC and Dwco and/or corresponding change in breathlessness.
Fourthly, IPF studies have reported that previous FVC decline is inaccurate in
predicting future changes in FVC (31, 100). Finally, PFTs are relatively insensitive to
early ILD and progression of disease as a result of the wide range (80-120%) of normal
values (75). Therefore, a new approach to investigate regional lung structure-function,
which is sensitive in early disease is required. A method to stage the various types of
ILD at clinical presentation and estimate the prognosis accurately is also urgently
needed, especially in the new era of precision medicine.

Wells et al developed the composite physiologic index (CPI) in order to account for the
confounding effect of emphysema on FVC and Di.co in IPF (101). It correlates with
disease extent on CT better than the individual PFTs and combines D.co, FVC and
FEV1 into the formula: CPl = 91.0 — (0.65 x Dico % predicted) — (0.53 x FVC %
predicted) + (0.34 x FEV1 % predicted).

1.3 Summary

The predominant feature of ILD is variable inflammation and/or fibrosis of the lung
interstitium. Current methods for diagnosis and longitudinal assessment of ILD mainly
consists of HRCT and PFTs. However, there are limitations associated with these
investigations and the following chapter will describe various novel imaging methods

that have been studied in ILD over the last few decades.
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Chapter 2: Precision Medicine in Interstitial Lung Disease:

Quantitative Imaging and Prognostic Biomarkers
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1.1 Precision medicine in ILD

Precision (personalised) medicine refers to the customised approach of clinical
decision making for individual patients in order to achieve a superior outcome (102).
It involves the use of quantitative biomarkers such as proteins (e.g. blood, fluid or
tissue), physiological values (e.g. FVC) or imaging measurements, that enables the
clinician to accurately determine the severity of disease and the most favourable
treatment options for each patient (103). Most of the biomarker studies in ILD have
focused on IPF, with small numbers of subjects, and the majority have not been
independently validated (14).

Novel imaging methods such as quantitative CT (QCT) and functional lung MRI hold
great potential for addressing some of the unmet needs within ILD. Numerous ILD
observational studies have reported various different predictors of disease
progression and/or mortality. However, the ability to accurately predict the disease
course for individual patients with ILD is currently a great challenge. The following
chapter will cover the background of these imaging techniques including relevant
studies that have been published to date.

2.1 Quantitative computed tomography

QCT involves either lung density and/or histogram analysis, or more complex
automated texture analysis such as the Adaptive Multiple Features Method (AMFM),
Gaussian Histogram Normalised Correlation (GHNC) system, Quantitative Lung
Fibrosis (QLF), Computer-Aided Lung Informatics for Pathology Evaluation and Rating
(CALIPER) and Data-driven Textural Analysis (DTA). QCT offers a rapid, non-invasive
method to characterise and quantify anatomic structures and may be used for
diagnostic, predictive and prognostic purposes (104). The last two decades have seen
progressive development and validation of sophisticated QCT software in ILD which
now enables clinicians to objectively measure disease progression on consecutive

scans and identify features on CT that are not detectable visually by humans (105).

Visual scoring of the degree of ILD on CT is time-consuming, poorly standardised, and
its sensitivity in longitudinal assessment is not well validated (106). Significant inter-

observer variability in the qualitative visual assessment of ILD abnormalities,
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especially honeycombing by radiologists is well known (70, 107-112). Therefore, the
application of automated QCT technology into routine clinical practice in the future is
desirable. Automated QCT is currently limited to the research environment as the
majority of the texture analysis software used in studies are not commercially available
and require significant computational power (105). If QCT is to be used routinely as a
surrogate endpoint in future ILD multicentre drug trials (using different scanners under
various conditions), a system that is fully optimised with standardised imaging
acquisition and post-processing protocols will be necessary (113, 114). Inspiratory
volume can have a significant effect on the characterisation of QCT features, therefore
standardised breathing instructions or the use of spirometric control may be required
in order to improve reproducibility (21). Adjustment for lung volume may be a solution
for this limitation (115).

2.1.1 Lung density / histogram analysis

The majority of QCT studies in ILD have involved the use of lung density and/or
histogram analysis. Lung density is measured using the Hounsfield unit (HU) scale
which is based on the extent of air, blood and soft tissue in each voxel. The CT
histogram represents the distribution of HU values for each CT image or for the whole
lung (21). ILD is typically associated with an increase in mean lung density (MLD) and
mean lung attenuation (MLA) but a decrease in kurtosis (the amount a histogram is
peaked) and skewness (the degree of histogram asymmetry) (116). Patients with
severe IPF have increased positive skewness (skewed to the right) and reduced
kurtosis (less peaked) (Figure 2.1). The challenge of using lung density analysis in ILD
is that, unlike emphysema, it lacks a standard HU threshold that can differentiate

between normal and diseased lung parenchyma (117).
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Figure 2.1. Example of differences in kurtosis and skewness between two patients

with mild and severe IPF. Reproduced with permission from Elsevier (118).

MLD was found to be a useful quantitative variable in IPF in two studies by Beinert et
al (119, 120). However, subpleural lung density was superior to MLD in differentiating
between IPF patients and healthy volunteers (120). A statistically significant difference
in kurtosis, skewness and MLA has been demonstrated between patients with IPF and
healthy volunteers (121, 122). MLA has also been found to be significantly greater in
SSc patients with ILD compared to those without ILD (123). Another study
investigating patients with SSc showed that in those with ILD, the median percentage
of lower lobe volume was significantly lower than in those without ILD (41.5% vs 47.1%
respectively, p=0.041) (124).

The ability of lung density and/or histogram analysis to differentiate between IPF and
other ILD subtypes is debatable. Do et al demonstrated significant differences in
kurtosis (p=0.02) and skewness (p=0.01) between NSIP and UIP pattern (125).
However, two studies by Sverzellati et al did not identify a significant difference in
kurtosis, skewness or MLA between IPF patients and patients with HP and/or
unclassifiable IIP (121, 122). Entropy (126), cystic areas % (127) and H-pattern (128)
have been found to differentiate between NSIP and UIP pattern. Therefore, one could
argue that lung density and/or histogram analysis could be a valuable tool in the
diagnosis of ILDs, especially in cases of NSIP versus UIP pattern, which is known to

be challenging for radiologists.
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A number of studies involving patients with IPF have shown a correlation between
different lung density and/or histogram values and PFTs (127, 129-134), visual CT
score (127, 130, 132, 135, 136), and CPI (130). Several other studies involving
patients with CTD-ILD have also demonstrated an association between various lung
density and/or histogram values and PFTs (124, 137-147), visual CT score (137, 139-
141, 143, 144, 148-150), six minute walk distance (6MWD) (138, 145) and QOL
guestionnaires (138). MLD (137), MLA (138), kurtosis (137, 138), skewness (137, 138)
and pulmonary fibrosis % (144) have been found to be better correlated with PFTs

than visual CT score in patients with SSc-ILD.

A number of longitudinal studies have investigated lung density and/or histogram
values in patients with IPF (136, 151) and SSc-ILD (152-155). In the monitoring of IPF
progression, a promising quantitative variable is the change in the density values of
the 40th and the 80th percentile of the HRCT attenuation frequency histogram (136).
A recent study comparing a computer aided method of histogram CT analysis versus
a visual CT score to detect response to one-year immunosuppressive treatment in 45
patients with SSc-ILD found that the QCT analysis was superior to assess disease

progression and response to therapy (155).

Three studies have investigated the use of lung density analysis pre- and post-
autologous stem cell transplantation (SCT) in SSc-ILD (152-154). Compared to
gualitative visual CT analysis, the QCT analysis of the change in the amount of GGO
demonstrated greater correlation with the therapeutic response post treatment (152).
Yabuuchi et al found that 24 months after autologous SCT, in the group that responded
to treatment, there was a statistically significant improvement in total lung volume and
high attenuation values compared to the group that did not respond to treatment (153).
In a study involving 23 SSc-ILD patients receiving autologous SCT, significantly lower
mean intensity and entropy of skewness and higher uniformity of skewness was
reported in responders compared to non-responders at baseline, whereas there was
no significant difference in visual CT score between the two groups (154). At 6-months
follow-up, changes in QCT measurements and a decrease in the visual CT fibrosis
score was seen in both responders and non-responders; however, at 12-months, only

the responder group demonstrated further improvement.
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The type of reconstruction algorithm used has been shown to have an impact on the
histogram values and the correlation with PFTs (156). Two studies have assessed the
consequence of low dose versus standard dose CT on lung density and/or histogram
analysis with conflicting results (121, 150). Sverzellati et al found no significant
difference in kurtosis, skewness or MLA between low dose and standard dose CT
(121). However, Nguyen-Kim et al demonstrated significantly increased kurtosis and

skewness when low dose CT with reduced slices was used (150).

2.1.2 Adaptive Multiple Features Method (AMFM)

AMFM is an automated HRCT analysis programme which can be trained to identify
and quantify a range of radiologic lung tissue patterns using a combination of various
mathematical texture features (157). In 1999, Uppaluri et al published two articles
using AMFM in 19 patients with IPF, as well as in healthy volunteers and patients with
emphysema or sarcoidosis (158, 159). When the radiologists were blinded to the
diagnosis, the correct outcome of the AMFM result versus the radiologists was 44.4%
and 47.3% respectively (158). In the diagnosis of IPF versus normal, the accuracy of
AMFM was 99%, whereas the accuracy of MLD and histogram analysis was 87% and
71% respectively (159). In IPF, longitudinal change in the AMFM features post
baseline HRCT scan was shown to be correlated with change in PFTs and this was

also the case with the visual CT score (157).

2.1.3 Gaussian Histogram Normalised Correlation system

The GHNC system combines local histograms and the degree of CT attenuation to
separate the lungs into five categories. Using the GHNC system, lwasawa et al
showed a smaller increase in fibrosis score and F-pattern volume on the follow-up CTs
in 38 IPF patients treated with pirfenidone compared to 40 age matched controls with
IPF (160). There were no significant differences in the sensitivity, specificity, and
accuracy, between GHNC analysis, visual CT score and radiologist interpretation. The
authors concluded that GHNC analysis was comparable to radiologist scoring when

comparing serial HRCT scans and changes in fibrosis measurement values.
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2.1.4 Quantitative Lung Fibrosis score / Quantitative ILD score

A computer aided diagnosis system for quantitative scoring of ILD abnormalities has
been developed by Kim et al and used to investigate patients with IPF (118) and SSc-
ILD (161-164). The QLF score uses a support vector machine classifier to assess the
amount of reticulation in a CT scan. The quantitative ILD (QILD) score represents the
sum of fibrosis, GGO and honeycombing. At baseline, the QLF score and kurtosis
have been found to correlate with PFTs in a study involving 57 patients with IPF (118).
Compared to CT histogram analysis, the QLF score was superior in the assessment
of structural status and IPF progression.

The QLF score has been shown to correlate significantly with the visual CT score and
PFTs in 129 patients with SSc-ILD from the Scleroderma Lung Study (SLS) (161). The
mean difference in QLF score between the placebo (h=42) and cyclophosphamide
(n=41) groups after 12 months was 5% in the whole lung and 12% in the most severely
affected zone (162). In the patients from the SLS that were in the placebo group, as
the QLF scores increased there was a significant decrease in the quantitative ground
glass scores in the most severely affected zone (163). The authors concluded that
GGO may signify early fibrosis which develops into reticulation over a period of several

months if patients do not receive effective treatment.

The QLF score and the QILD score have been used to investigate changes in lung
abnormalities over 24 months in 97 SSc-ILD patients that participated in the SLS Il
(164). There was a significant decrease in the QILD score (-2.51%, p=0.001) in the
total cohort, whereas the QLF score remained stable (-0.003%, p>0.05). No significant
difference in the QILD score was observed between the cyclophosphamide and
mycophenolate groups (-2.66% vs -2.38%; p=0.88). Over 24 months, changes in the
QILD score correlated significantly with changes in FVC % predicted (r=-0.37,
p<0.001) and Dico % predicted (r=-0.22, p=0.04). Changes in the QLF score
correlated significantly with changes in FVC % predicted (r=-0.43, p<0.001) but not
DLco % predicted (r=-0.09, p=0.42).
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2.1.5 Computer-Aided Lung Informatics for Pathology Evaluation and Rating

CALIPER is a CT image analysis software that was developed by the Mayo Clinic,
Rochester, USA. It uses training sets acquired through the Lung Tissue Research
Consortium to quantify various radiological parenchymal features based on histogram
signature mapping techniques trained by expert radiologist consensus (165). The
initial pre-processing stage involves segmentation and extraction of the anatomic
regions before the lung parenchyma is characterised and quantified (166). CALIPER
has been used retrospectively in several types of ILD including IPF (165, 167-172),
CTD-ILD (172-174), HP (172, 175-177) and iNSIP (171). An example of the results of
the CALIPER quantitative analysis in IPF is shown in Figure 2.2.

- Normal E Ground glass D Reticular - Honeycombing - Emphysema

Figure 2.2. CALIPER quantitative analysis results from one patient with rows a-c and

d-f corresponding to two separate time points.

Reproduced with permission of the © ERS 2020: European Respiratory Journal 43 (1) 204-212; DOI:
10.1183/09031936.00071812 Published 31 December 2013.
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A correlation between CALIPER variables and visual CT score has been
demonstrated in IPF (165). Following this study, Jacob et al showed that assessment
of IPF severity using CALIPER was superior than visual CT scores for predicting CPI,
FEV1 and FVC, but not Dico (167). IIM has been studied using CALIPER,
demonstrating a significant correlation between DLco and total interstitial abnormalities
at baseline (174). A recent study of 225 patients with various ILD subtypes reported
increased peripheral reticulation in those with IPF compared to either CTD-ILD
(p=0.033) or chronic HP (p=0.004) (172). CALIPER has demonstrated utility as a
predictor of mortality and disease progression in several studies involving various ILD
subtypes, which is discussed in detail in section 2.3.1.

2.1.6 Data-driven Textural Analysis (DTA)

DTA involves an unsupervised machine-learning technique which uses a group of
unidentified images to perform initial clustering analysis. In an IPF study, DTA fibrosis
score was found to correlate with PFTs and visual CT fibrosis score at baseline, and
change in DTA fibrosis score correlated with change in DLco and FVC % predicted
over 15 months (178). On multivariate analysis, a DTA score of 5.5% was able to
predict a FVC decrease 25%. Another IPF study demonstrated a significant correlation
between change in DTA fibrosis score and changes in FVC, Dico, 6MWD and St

George’s Respiratory Questionnaire total score (179).

2.1.7 Other texture analysis software

A number of studies have investigated ILD using various types of automated texture
analysis software that have not already been discussed above. Using a texture based
automated system, Park et al were able to successfully differentiate radiologically
between histologically proven NSIP and UIP pattern with an accuracy of 82%, which
was superior to the radiologists (180). Texture analysis software has been shown to
be comparable to visual CT score in assessing the disease extent of CTD-ILD (181,
182), as well as NSIP and UIP pattern (183). Texture analysis software has also been
found to correlate with PFTs in IPF (183, 184), NSIP (183) and SSc-ILD (185).
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2.1.8 Functional respiratory imaging (FRI)

FRI is a novel simulation technique to measure airway volume and resistance. Specific
image-based airway radius (siRADaw) and specific airway volume (siVaw) are the
airway measurements that have been investigated in previous FRI studies (186-188).
A study involving 66 IPF patients treated with pamreviumab for 48 weeks found a
significant negative correlation between siRADaw at TLC and FVC, and change in
FVC was significantly correlated with changes in FRI lung volumes and siRADaw at
weeks 24 and 48 (186). siRADaw demonstrated increased sensitivity to longitudinal
change than FVC, suggesting that it could be superior in identifying early disease

progression.

A recent study used FRI to distinguish between IPF patients with evidence of disease
progression, defined using a cut off of 10% absolute FVC decline between two HRCT
scans at various time points (188). There was a larger decrease in FRI lung volume in
the progressive group compared to the stable group (-740 mL vs -270 mL, p=0.03). A
significant increase in siVaw was seen in the progressive group compared to the stable
group (6ml/L vs -0.57ml/L, p=0.0002). A significant correlation was found between
change in siVaw and change in FVC (r>=0.39, p=0.001). Further prospective studies

are needed, but FRI appears to be a useful QCT method in the assessment of IPF.

2.1.9 Deep learning algorithms

Deep learning, a subcategory of machine learning, has been used to train an algorithm
to classify HRCT scans from patients with fibrotic ILD and this algorithm has been
validated against an independent group of 91 thoracic radiologists (189). The
algorithm was slightly more accurate than the thoracic radiologists at distinguishing
between UIP and non-UIP cases (C-index: 0.85 vs 0.79). The authors suggested that
the algorithm could be useful for the stratification of patients in clinical studies and to
provide diagnostic support to centres with a lack of expertise in thoracic imaging. The
advantage of this deep learning approach is that the algorithm automatically learns the

important features of the HRCT scans which might not be apparent to humans.
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2.2 Magnetic resonance imaging

Pulmonary MRI has historically been limited by the low signal to noise ratio (SNR) in
the lungs which is mainly due to low proton density, motion artefacts and fast T2 decay
secondary to air-tissue interfaces (190, 191). However, improvements in image
reconstruction and gradient performance with the introduction of ultra-short echo time
(UTE) proton (*H) MRI have led to advances in the structural image quality and
reduced scan time (191). Most of the MRI studies in ILD are limited by a small number
of patients and a lack of validation. The use of hyperpolarised 129-xenon (*?°Xe) MRI
has demonstrated an exciting opportunity to develop MRI as a valuable tool to monitor
ILD longitudinally due to the lack of radiation and the ability to quantify functional
impairment as well as abnormal morphology simultaneously. Another key advantage
of pulmonary MRI is its ability to provide regional functional information that is not
possible with the use of PFTs which enable a global assessment of lung function only.

2.2.1 Proton MRI

MRI technology has advanced significantly since McFadden et al first published the
use of 'H MRI to stage activity of ILD in 1987 (192). They found no correlation between
any MRI values and chest radiograph or gallium scan scores in 34 patients with
different types of ILD using 0.15T MRI. Over the subsequent three decades, a number
of 'H MRI studies have investigated its value in the assessment of various ILD
subtypes. An early study suggested that when compared to thoracic HRCT imaging,
1.5T spin-echo MRI is inferior at identifying pulmonary fibrosis as well as in the
anatomic assessment of the lung parenchyma of patients with chronic infiltrative lung
diseases (193).

With the introduction of UTE MR, the diagnostic accuracy of *H MRI in ILD has been
found to be almost comparable with that of HRCT (194-196). The majority of *H MRI
studies in ILD have used 1.5T MRI. However, studies have also reported the utility of
3T 'H MRI in the evaluation of ILD (195-198). One such study found that 93% of the
segments showing abnormalities on CT were also identified by MRI, and that by using
respiratory gating, motion artefacts were reduced (197). Another study using 3T *H
MRI with a T2-weighted turbo spin echo sequence suggested that high field MRI may

be useful to determine the activity of ILD (198). ILD was defined as active if the signal
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intensity in the lung was twice or higher in high signal areas (e.qg. pleural fluid, cerebro-
spinal fluid) compared to intermediate signal areas (e.g. muscle). Using this definition
12 out of 21 cases were felt to represent active disease on MRI, whereas 14 of the 21
cases were felt to represent active disease when using histology, blood tests and
PFTs. Patterns of disease using 1.5T 'H MRI have been shown to correlate with
histopathology on lung biopsies in patients with chronic infiltrative lung disease,
including IPF and HP (199).

A recent prospective study reported significantly reduced mean lung T1 in 19 IPF
patients compared to 10 healthy volunteers (1.08 + 0.09 vs 1.21 + 0.14; p=0.028) when
acquired during free breathing but not when using breath-hold manoeuvres (200).
There was no significant longitudinal change in mean lung Tz in the patients with IPF
when assessed at a six-month study visit. Using 3D-UTE MRI and T2 BLADE at 1.5T,
a study recently found significantly higher T2 signal-intensity volume in 21 patients with
IPF compared to four control subjects without ILD (201). T2 signal-intensity volume
was significantly correlated with CPI (r=0.48; p<0.05) and FVC (r=0.50; p<0.05).

Two studies investigating the utility of *H MRI in the assessment of CTD-ILD have
been published (194, 195). Using UTE 3T MRI, Ohno et al found a statistically
significant difference in the mean T2* value between 18 consecutive patients with
CTD-ILD and eight healthy volunteers (195). There was a moderate correlation
between the mean T2* value and visual CT disease severity score in the CTD-ILD
group (r=0.57; p=0.01) with the authors suggesting that UTE MRI can be considered
as a potential imaging biomarker in the management of patients with CTD-ILD. A
retrospective study using a T2-weighted ultrafast SE sequence on a 1.5T MRI scanner
in 18 patients with SSc also demonstrated a strong correlation between median MRI
extent values and visual extent of ILD measured by HRCT (r=0.85; p<0.001) (194). In
addition, there was a negative correlation between median MRI extent values and both
FVC (r=-0.60; p=0.01) and D.co (r=-0.79; p=0.04).

A major difficulty in the diagnosis of ILD is confidently differentiating between UIP and
NSIP pattern. This has been investigated in a small study of six patients with NSIP
and six patients with UIP pattern (202). A correlation was found between T2 relaxation
time and fibrotic tissue concentration which the authors explained was due to the

proportion of the regional water molecules motion restriction and the level of tissue
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density resulting in higher T2 relaxation values in honeycomb areas of the lung. A
larger study by the same group published two years later confirmed a strong positive
correlation between T2 relaxation and *H density in NSIP (r=0.64; p<0.001) but this
correlation was weak in UIP (r=0.20; p=0.01) (203). In the NSIP group, those with
suspected inflammatory activity had statistically significant increased T2 relaxation
times compared to those with suspected stable disease. Unfortunately, the difference
in T2 relaxation times between UIP and NSIP was not statistically significant, thereby
suggesting that T2 weighted 'H MR is not a reliable method to differentiate between
these two important radiological patterns of ILD. Ongoing development of *H MRI
sequences is likely to be necessary before highly accurate identification of the
radiographic pattern of ILD is possible (204).
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Figure 2.3. Examples of HRCT (a) and 1H UTE-MRI (b) images in an IPF patient.

2.2.2 Dynamic contrast enhanced and vascular MRI

Dynamic contrast enhanced (DCE) MRI enables the enhancement pattern of a tissue
to be analysed, resulting in quantifiable measurements of microvascular function and
lung perfusion at the capillary level. Images are acquired at baseline without contrast,
then during and after the injection of a paramagnetic contrast agent (CA) into the
bloodstream, thereby generating positive enhanced T1 weighted images. As the CA

travels through the tissue, it changes the MR signal intensity (Sl) of the tissue and the
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signal that is acquired is used to produce a time intensity curve which can be analysed
to generate measurements of microvascular blood flow (205).

Semi-quantitative values are generated directly from the Sl curve and do not involve
demanding data acquisition (206). Table 2.1 lists the first pass semi-quantitative
metrics most commonly used in DCE-MRI. The disadvantage of using these semi-
guantitative metrics is that it is unclear to what extent they contribute to the MR-signal
(207). Another issue is that they are dependent on several factors including the CA
properties, injection protocol, hardware settings, scan duration, sequence parameters
and volume of CA injected, thereby making a comparison of semi-quantitative studies
difficult (205).

mechanisms and measurements of the relative changes in an individual or a group of

However, these semi-quantitative metrics reflect physiological

patients are useful.

Parameter Definition

N A calculation of the area under the concentration time
Initial area under the curve )
curve of a tissue

Maximum (relative) Maximum signal difference (difference between the

enhancement (%) maximum Sl and the signal baseline) / signal baseline

Maximum rate of change _ . _ _
_ Maximal intensity change per time
of enhancement (%/min)

Rate of enhancement

(%/mln) [(Slmax — Slbase) / (Slbase X Tmax)] X 100
Rate of peak
- [(Slend = Slprior) / (Slbase X T)] x 100
enhancement (%/min)

700 (sec) Time taken to attain 90% of the subsequent maximal
sec
enhancement of a tissue

Time to maximum signal
intensity (sec)
Time to peak

enhancement (sec)

Sl: Signal intensity; T: Time

Time between the arterial peak enhancement and the
end of the steepest portion of signal intensity
Time between the arterial peak enhancement and the

end of the steepest portion of enhancement

Table 2.1. First pass semi-quantitative metrics used in DCE-MRI. Modified with

permission from AME Publishing Company (205).
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First pass methods, which assume that the early enhancement pattern represents the
CA kinetics has also been utilised semi-quantitatively in DCE-MRI, especially in
myocardial perfusion studies (208). Using the first pass perfusion signal enhancement,
parametric maps of pulmonary blood flow (PBF), pulmonary blood volume (PBV) and
mean transit time (MTT) can be generated (209). An example of a time series of
perfusion images and the MTT parametric map generated from them in an IPF patient
is shown in Figure 2.4. Significant changes in pulmonary perfusion during breath-hold

at different inspiratory levels have been reported, with increased PBF and PBV, but

reduced MTT seen during expiration compared to inspiration (210).

0

Figure 2.4. Example of a time series of perfusion images and the MTT parametric

map generated from them in an IPF patient.

Page | 51



The full width of half maximum (FWHM) of the first pass perfusion signal enhancement
(Figure 2.5) is similar to MTT but has the advantage of standardising for the amplitude
of contrast. This approach was used in a recent publication by Weatherley et al, which
reported a statistically significant increase in mean FWHM (p=0.040) over a 6-month
period, with a decrease in FVC (p=0.040) and Kco (p=0.014), but no significant change
in Dico (p=0.090) (211).

Signal

FWHM

v

Time (s)

Figure 2.5. Representation of FWHM in DCE-MRI.

Quantitative DCE-MRI analysis, involving mathematical curve-fitting methods, are
able to generate parameters that reflect the physiological properties of the vasculature
directly and its main advantage over the semi-quantitative metrics is that it creates

absolute numbers enabling comparability between studies (205).

T1l-weighted DCE-MRI has been shown to be of value in distinguishing between
inflammation and fibrosis predominant lesions with the majority (82%) of inflammation
predominant lesions having an early enhancement pattern (212). There were
significant differences in the quantitative analysis of DCE-MRI when comparing the
inflammatory and fibrotic lung regions, with the areas of inflammation predominant
lesions showing a faster slope of enhancement, shorter time to peak enhancement

and a greater percentage signal intensity at one minute.
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A small pilot study demonstrated that pre-gadolinium administration, when compared
to normal lung tissue in ten healthy volunteers and ten patients with IPF, the T1 value
of fibrotic lung regions was significantly increased (p=0.02) (213). Ten minutes post-
gadolinium, the T1 value in both normal and fibrotic lung tissue in the IPF patients was
significantly higher than in the healthy volunteers (p=0.001). However, from 20
minutes after the administration of gadolinium the T1 values from areas of fibrotic lung
was significantly reduced compared to normal lung in patients with IPF (p<0.05),
indicating continuous uptake of contrast in the fibrotic tissue. Another study also
demonstrated that late enhanced (10-12 minutes post gadolinium administration) MRI
signal was significantly increased in 20 IPF patients compared to 12 healthy volunteers
(10.5 £ 1.6 vs 8.5 + 1.5; p=0.01) (214). There was a strong correlation (r=0.78;
p<0.001) between the degree of pulmonary fibrosis on late enhanced MRI and HRCT.
These two studies suggest that MRI using delayed gadolinium contrast enhancement
techniques may have a role in detecting early fibrotic changes in patients with IPF as
well as quantifying the extent of lung fibrosis. Gadofosveset-enhanced MRI in IPF
subjects has demonstrated increased vascular leak by directly imaging albumin

extravasation when compared to healthy controls (215).

Velocity sensitised imaging, using phase contrast (PC) MRI has been investigated by
Tsuchiya et al (216, 217). An initial study found that in 11 patients with ILD, both
pulmonary and systemic blood flow was decreased compared to 15 healthy volunteers
(216). A larger study published three years later in 30 patients with ILD showed that
PBF had a positive correlation with lung volume on CT and a negative correlation with

visual CT score of fibrosis severity (217).

2.2.3 Other functional proton MRI methods

2.2.3.1 Oxygen enhanced MRI

With the use of T1 weighted pulse sequences, oxygen enhanced (OE) MRI of the
lungs involves image acquisition while the subject is breathing room air, then high flow
oxygen. Oxygen acts as a weak paramagnetic T1 shortening contrast agent, resulting

in Sl changes in areas of the lungs in which oxygen diffuses from the alveoli into the
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interstitial tissue and capillaries (218). The potential advantages of OE-MRI over
hyperpolarised gas MRI techniques are that it doesn’t require any hardware
modifications to the MRI scanner and oxygen is cheap and readily available. However,
the disadvantages are its relatively low SNR and the possibility of changing lung
physiology with the administration of high flow oxygen (219). Also, the requirement of
respiratory gating and the lengthy acquisition times results in lengthy scan times of up
to 20 minutes (74).

Muller et al reported a statistically significant difference in the SI changes and Sl slopes
between 17 patients with various pulmonary diseases (including 12 with IPF and one
with HP) and 11 healthy volunteers (218). A strong correlation was seen between the
Sl slope values and D.co but the correlation was weak between S| change values and
DLco. The number of oxygen activated pixels over the total number of pixels in the
regions of interest has been shown to be significantly lower in ten consecutive patients
with ILD (eight IPF, one NSIP, one sarcoidosis) compared to 12 healthy volunteers
(36.7% vs 81.7%, p=0.001) (220).

OE-MRI, using the mean relative enhancement ratio (MRER) has been compared to
a visual CT disease severity score in the assessment of CTD-ILD (221). A statistically
significant difference between patients with CTD-ILD (n=36) and those with CTD but
no evidence of ILD (n=9) was seen with both OE-MRI and HRCT. In the patients with
CTD-ILD there was a strong correlation between MRER and Kco (r=0.75; p<0.0001),
and a moderate correlation between MRER and visual CT disease severity score
(r=0.42; p<0.05). There were no significant differences in the sensitivity, specificity or

accuracy between MRER and visual CT disease severity score.

2.2.3.2 Magnetic resonance elastography

A study by Marinelli et al used magnetic resonance elastography (MRE) to quantify
the difference in topographical distribution of shear stiffness between 15 patients with
ILD (including eight with IPF) compared to 11 healthy volunteers (222). They found
that with increasing transpulmonary pressure (from residual volume to total lung
capacity) the lung stiffness increased. It would be interesting to see if future studies
using MRE in ILD can demonstrate this as a valuable tool in monitoring of disease

progression and providing dynamic lung function data.

Page | 54



2.2.4 Hyperpolarised ?°Xenon MRI

Significant advances have been made over the last decade in the development of
hyperpolarised gas MRI. Due to the limited availability and increasing cost of helium
(®He), the last few years have seen a transition to the use of ?°Xe as the preferred
noble gas (223).

Polarisation is performed using a technique called spin-exchange optical pumping
(Figure 2.6) which involves the use of an optical cell containing a small volume of the
noble gas, buffer gases and an alkali metal such a rubidium (224). Following
polarisation, the MR signal can be increased by up to 100,000 times above thermal
equilibrium levels (225). Hyperpolarised 12°Xe is usually mixed with nitrogen (N2) to
produce a standardised one litre volume. Once inhaled, it acts as a contrast agent
resulting in increased SNR in the airways and lung parenchyma (226). Scans are
performed within a single breath-hold, usually lasting less than 15 seconds and

patients can have supplemental oxygen delivered via a nasal cannula if required.

Optical cell containing rubidium
(Rb) vapor and noble gas (NG)
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Figure 2.6. Diagram of the spin-exchange optical pumping process. Reproduced with

permission from John Wiley and Sons (227).
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2.2.4.1 129Xe MR spectroscopy

Hyperpolarised 12°Xe MRI is an ideal imaging modality for the assessment of gas
exchange in ILD. '2°Xe is soluble in lung tissue and blood and exhibits distinct
resonances as it dissolves from the airways through the tissue plasma (TP) barrier
into the red blood cells (RBCs) in the pulmonary capillaries (74). Compared to the gas
phase in the alveoli, the resonance of 2°Xe in the TP shifts by 197 ppm then by 218
ppm in the RBCs (Figure 2.7), thus allowing the uptake of **Xe in these compartments

to be measured separately (228).
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Figure 2.7. Diagram of '2°Xe transfer from alveoli into capillary RBCs (A). 12°Xe
spectrum exhibits three distinct resonances in the lung (B). Reproduced with

permission from BMJ Publishing Group Ltd (229).
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Using hyperpolarised >°Xe magnetic resonance spectroscopy (MRS) as a global
measure of gas exchange, Kaushik et al demonstrated that the ratio of the 2°Xe signal
in the RBCs versus the TP barrier (RBC:TP) was significantly reduced in six patients
with IPF compared to 11 healthy volunteers (0.16 £ 0.03 vs 0.55 = 0.13; p<0.0002)
(230). There was a very strong correlation between the RBC:TP and D.co (r=0.89;
p<0.0001) in all subjects. In the healthy volunteers, the RBC:TP was highly
reproducible when repeated on the same day but there was a mean difference of
8.25% (p=0.01) in RBC:TP when repeated on different days. The RBC:TP is
dependent on the flip angle and repetition time (TR) which need to be standardised to
be able to compare measurements between studies (223).

A preliminary study using the hyperpolarised 1*°Xe chemical shift saturation recovery
technique compared ten healthy volunteers with four IPF patients and four patients
with SSc (231). There was a statistically significant difference in RBC:TP between the
healthy volunteers (0.42 = 0.18) and the eight patients. No statistically significant
difference was seen between the patients with IPF (0.13 £ 0.04) and SSc (0.18 £ 0.04).

A study evaluating the sensitivity of ?°Xe MRS to longitudinal change in patients with
IPF demonstrated statistically significant median changes over 12 months in RBC:TP
(p=0.001) and FVC (p=0.048) but not D.co (p=0.881) (232). There was a statistically
significant correlation between baseline RBC:TP and Dico (r=0.677), but not FVC
(r=0.336). MRS repeated on the same day in ten subjects demonstrated highly
reproducible RBC:TP (intraclass correlation coefficient (ICC): 0.96). This is consistent
with a study using a 3D radial 1-point Dixon ?°Xe MRS method in 14 healthy
volunteers which reported that mean RBC:TP is reproducible (ICC: 0.92) over an
approximately one month interval (233).

Hyperpolarised 2°Xe MRS has been developed further to investigate regional gas
exchange impairment in IPF by using a single, UTE one-point Dixon acquisition (229,
234, 235). Using this method, Kaushik et al were able to produce isotropic 3D images
showing defects in focal gas exchange in three subjects with IPF (234). The regions
of reduced RBC:TP were seen at the bases and periphery of the lungs where fibrotic
changes were present on CT. However, 28% of the 1?°Xe MRS abnormalities were
identified in areas of normal lung on CT suggesting that this imaging technique may

be able to detect subtle regions of inflammation.
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Semi-quantitative binning maps have been developed to allow visualisation of
increased TP uptake and reduced RBC transfer in IPF patients (235). Following on
from this, Wang et al compared the spatial distribution of 1*°Xe gas transfer MRI with
PFTs and visual CT fibrosis scores in 12 subjects with IPF and 13 healthy volunteers
(229). Overall, when compared with healthy volunteers the patients with IPF had a
188% higher mean TP barrier uptake, which suggests impairment of gas exchange.
In the IPF cohort, RBC transfer was reduced significantly in the peripheral and basal
lung regions (Figure 2.8), which corresponds with a UIP pattern seen on CT. There
was a weak correlation between the visual CT fibrosis score and all mean '2°Xe MRI
values including global RBC:TP (r=-0.05; p=0.88). Significant correlations were found
between all 2°Xe MRI values and PFTs (except ventilated volume (VV) and D.co),

with the strongest correlation seen between global RBC:TP and D.co (r=0.94; p<0.01).
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Figure 2.8. Central and posterior coronal slices of ventilation (red=ventilation defects,
blue=high), barrier uptake (red=low, plum/orchid=high) and RBC transfer (red=low,
blue=high), binning maps and CT images in 1 healthy volunteer and 4 IPF patients.
Reproduced with permission from BMJ Publishing Group Ltd (229).

Page | 58



129%Xe MR spectra can be acquired dynamically every 20ms to quantify cardiogenic
oscillations in the RBC signal amplitude and frequency shift, with studies
demonstrating significantly increased 1?°Xe RBC amplitude and shift in IPF patients
compared to healthy volunteers and other diseases (Figure 2.9) (236, 237). Increased
RBC amplitude oscillations were also found in patients with left heart failure, which
suggests that this could be due to changes in capillary blood volume during the cardiac

cycle and secondary to post-capillary PH (237).
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Figure 2.9. RBC signal amplitude and frequency shift in various diseases (237).

Reproduced with permission of the © ERS 2020: European Respiratory Journal 54 (6) 1900831; DOI:
10.1183/13993003.00831-2019 Published 12 December 2019.

2.2.4.2 Diffusion-weighted MRI

Apparent diffusion coefficient (ADC) is a measure of Brownian diffusion of gas in
airspaces, where restrictions by tissue boundaries provide novel information about
lung microstructure down to the alveolar level (Figure 2.10). ADC values are
proportional to the average alveolar dimensions and are dependent on MRI factors
such as the degree of diffusion weighting and the time delay (191). The size of the
alveoli is related to the lung inflation volume and the volume of gas inhaled, and thus
can affect the ADC values obtained (238). 1?°Xe diffusion weighted (DW) MRI of the
lung in emphysema patients shows increased ADC as a result of damage to the

alveolar wall (239).
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Figure 2.10. Schematic of 129Xe gas diffusion (white arrows) in a healthy lung and

an IPF lung. Reproduced with permission from RSNA publications (240).

The mean diffusive length scale (Lmp), is a DW-MRI lung microstructure measurement
calculated using a stretched exponential fit method (241). A DW-MRI study using
hyperpolarised 3He in patients with IPF demonstrated that both ADC and Lmp correlate
with DLco, Kco and regional fibrosis on CT (240). There was no significant longitudinal
change in ADC, FVC or Di.co, although Lmp increased significantly over 12-months
(p=0.001). DW-MRI repeated on the same day in 11 subjects demonstrated that ADC
and Lmp values are highly reproducible. The authors suggested that the increased
ADC and Lmp measurements seen in IPF are due to the reduced acinar integrity as a
consequence of microstructural changes in the lung secondary to fibrosis. Significant
correlation has been found between *He ADC and 1?°Xe ADC (242). To date, no data

are available on the utility of 129Xe diffusion in ILD.

2.2.4.3 Ventilation imaging

Hyperpolarised gas MRI is commonly used to visualise the distribution and
homogeneity of lung ventilation. Ventilation defects, due to the absence of
hyperpolarised gas in affected regions of the lung can be caused by constriction or
obstruction of the airway (238). The VV% can be calculated quantitatively by co-

registering the H lung images and hyperpolarised gas MRI ventilation images (243).
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The ventilation defect percentage (VDP), a quantitative measurement of unventilated
lung volume, has been shown to be greater using ?°Xe when compared to 3He in
patients with asthma, suggesting that 12°Xe is more sensitive to airway abnormalities
than 3He (244). In IPF patients, ?°Xe VDP has been reported to be significantly
increased compared to healthy volunteers (p<0.01), but significantly reduced
compared to patients with chronic obstructive pulmonary disease (COPD) (p<0.02)
(237). 12°Xe ventilation has been shown to be significantly correlated with FVC (r=0.39,
p=0.04) but not DLco (r=0.35, p=0.06) when IPF patients and healthy volunteers were

combined into one group (229).

2.3 CT and PFT biomarkers predicting mortality and/or disease progression
inILD

The following section lists the CT and PFT biomarkers that have been found to predict
mortality and/or disease progression in ILD. It will focus on the following ILD subtypes:
CTD-ILD, DI-ILD, HP, iINSIP and IPF.

2.3.1 Computed tomography (quantitative CT and visual CT scores)

Numerous studies have evaluated various Ilung density and/or histogram
measurements to predict mortality in IPF (127, 128, 133, 135, 151, 245), NSIP (127,
128) and SSc-ILD (246). H-pattern volumes in the subpleural area within 2 mm under
the pleura (128), kurtosis (127, 133, 246), skewness (133), MLD (133), high
attenuation area percent (HAA%) (133) and honeycomb (F2) pattern volume by GHNC
(135) have all been shown to be significant predictors of mortality. A study including
70 IPF patients reported that a novel CT histogram parameter, the area right of the
inflection point was the only prognostic factor (among age, sex, Dico, FVC, kurtosis
and skewness) that demonstrated significance on multivariate regression analysis
(245). In an IPF study, increased HAA% was found to be associated with the highest
risk of death when compared to MLD, kurtosis and skewness (133). In a study
involving 167 patients with IPF, kurtosis and skewness were not superior to a visual

CT score in prediction of survival over a median follow-up period of 18 months (151).
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CALIPER is the most extensively studied QCT texture analysis software that has
demonstrated prognostic utility in ILD. In the first study using CALIPER in IPF,
changes in CALIPER measurements, including volumes of reticular opacity and
honeycombing over a period of 3-15 months were predictive of survival (165).
Following this study, Jacob et al showed that in 283 IPF patients, CALIPER values
were better at predicting death than visual CT scores, and using a combination of
CALIPER and CPI was superior than the gender-age-physiology (GAP) index (168).
Out of all the CALIPER derived variables investigated, the best predictor of mortality
was pulmonary vessel volume (PVV) which quantifies the volume of pulmonary veins
and arteries (excluding the lung hilum vessels) as a percentage of total lung volume.
The pathophysiological mechanism is not yet fully understood; however various
hypotheses have been proposed (105). In another IPF study by Jacob et al, CALIPER
derived vessel related structures (VRS) in the upper zone was the strongest predictor
of death and/or 10% FVC decline at 12 months, outperforming CPI, GAP score, GAP
index and PFTs (169). An IPF study, using a QCT model based on CALIPER identified
parenchymal damage and vessel percentage as independent predictors of mortality,
but they were inferior compared to the GAP index (247). Using CALIPER, ILD score
(combining GGO, reticulation and honeycombing) 220%, and VRS 25% have been
found to predict 3-year mortality in a recent study involving 105 patients with IPF (248).

Jacob et al, have also used CALIPER to investigate its prognostic utility in CTD-ILD
and HP. In a study involving 203 patients with various types of CTD-ILD, PVV was
found to be the most superior CALIPER measurement in predicting survival and when
CALIPER variables were combined with the ILD-GAP model, it was better at predicting
death than the original model (173). In a study of 116 HP patients, PVV was a better
predictor of mortality than CPI and PFTs, with a significant quantity of patients having
an outcome similar to that of IPF (176). As in the CTD-ILD study (173), the prognostic
accuracy of the ILD-GAP model was improved when CALIPER variables were
combined with it in a study involving 98 patients with HP (177). The independent
prognostic value of CALIPER VRS was demonstrated in a recent study involving 225
subjects with various ILD subtypes including CTD-ILD, chronic HP and IPF (172).

CALIPER has been incorporated into mortality risk prediction models in two recent IPF
studies (Table 2.2) (249, 250). In a multicentre prospective study of 185 IPF patients,

a revised version of the CPI using CALIPER was found to be a superior predictor of
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18-month survival compared to the original CPIl and the GAP index (249). A small
(n=58) multicentre Italian IPF study reported that a combination of FVC decrease
210% and relative increase of CALIPER-total lung fibrosis 220% over 12 months was
a useful predictor of mortality, but it was slightly inferior to a combination of GAP score

and pack-years of smoking (250).

C-statistic (95% CI)

Variables Hosein et al Sverzellati et al
(249) (250)
CALIPER-revised CPI >28 0.75 (0.68-0.82)
CALIPER-revised CPI increase over 6 months | 0.65 (0.55-0.74)
CPI >54 0.66 (0.58-0.72)
CPl increase over 6 months 0.61 (0.51-0.70)
FVC decrease 210% and disease progression 0.64
visually on CT over 12 months '
FVC decrease 210% and relative increase of
CALIPER-total lung fibrosis 220% over 12 0.69
months
FVC% decrease and disease progression 0.60
visually on CT over 24 months '
FVC% decrease and relative increase of 0.65

CALIPER-VRS 220% over 24 months
GAP score + pack-years of smoking 0.71
GAP score + pack-years of smoking + reticular

pattern on CT (visual scoring) 0.60
GAP + pack-years of smoking + reticular 0.64
pattern (CALIPER) + VRS '
GAP stage 3 0.74 (0.67-0.80)
GAP stage increase over 6 months 0.57 (0.48-0.67)

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CPI: composite physiology index; FVC: forced
vital capacity; GAP: gender-age-physiology; VRS: vessel related structures.

Table 2.2. Mortality risk prediction models incorporating CALIPER.

Using data from the PANTHER-IPF trial, AMFM ground glass reticulation score was
shown to be independently related to an increased risk of disease progression, either
as a categorical variable per 10% increase (OR 1.36; 95% CI 1.01-1.84; p=0.04) or
using a cut of value 210% (OR 2.60; 95% CI 1.24-5.45; p=0.01) (157). A study in the
USA involving 134 patients with IPF found a link between decline in FVC 210% and
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an increase in QLF score 24% over 6 months (OR 3.32; p=0.021), as well as increase
in QLF score 24% over 6 months in the most severe lobe (OR 5.92; p=0.001) (251).

Multiple variables have been described in studies using semi-quantitative visual CT

scoring performed by radiologists, and those that have demonstrated utility as

independent predictors of mortality in ILD are shown in Table 2.3.

Semi-quantitative CT variable ILD subtype
Consolidation IPF (168)
-sectional f t i
Cross-sectional area of erector spinae IPF (252)

muscles (relative % decline over 6 months)
Extent of lung disease

Fibrosis / fibrosis score

Fibrosis coarseness
Fibrosis score 11-30%
Fibrosis score >30%

Fibrosis score increase >7
Fibrosis score increase >6.7 over 6 months
Fibrosis score increase >13.5 over 12
months
Ground glass

Ground glass + reticulation

Honeycombing

Interstitial score 23
Mediastinal lymph node enlargement
Mediastinal lymph node =210mm
Mosaic perfusion / air trapping
Normal lung area <50%
Oesophageal diameter
Pulmonary artery / aorta ratio
Pulmonary artery / aorta ratio >1
Reticulation
Total ILD extent
Total parenchymal score
Traction bronchiectasis
T4 level muscle index

HP (253), SSc-ILD (254, 255)
Fibrotic NSIP pattern (256, 257), HP (258-
262), iINSIP (259), IPF (107, 258, 259, 263-
266), SSc-ILD (267), UIP pattern (256, 257)

INSIP (268)
IPF (264)
IPF (264)
IPF (269)
IPF (270)

IPF (270)

IPF (168, 271)
Fibrotic NSIP pattern (257),
UIP pattern (257)

CTD-ILD (111, 272), DI-ILD (273), HP (253,
262), IPF (168, 271, 272, 274, 275)
IPF (276)

IPF (266)

CTD-ILD (277), HP (277), IPF (277)
HP (47, 261)

DI-ILD (273)

SSc-ILD (278)

IPF (279)

IPF (280)

IPF (168, 271), SS-ILD (281)

IPF (271)

IPF (282)

CTD-ILD (111), HP (253), IPF (263, 271)
IPF (283)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iNSIP: ldiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis; NSIP: Non-
specific interstitial pneumonia; SSc-ILD: Systemic sclerosis associated interstitial lung disease; UIP: Usual interstitial pneumonia.

Table 2.3. Semi-quantitative visual CT variables with utility to predict mortality in ILD.
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The amount of traction bronchiectasis appears to be most strongly associated with
survival in ILD when compared to other CT features. A UK study involving 168 patients
with CTD-ILD found that the CT variables that were associated with an increased risk
of death were severity of honeycombing (HR 1.08; 95% CI 1.04-1.17; p=0.022) and
increasing extent of traction bronchiectasis (HR 1.10; 95% CI 1.02-1.13; p=0.001)
(111). Similar findings were demonstrated by the same research group in a study of
92 HP patients, in which reduced survival was linked to severity of macroscopic
honeycombing (HR 1.06; 95% CI 1.01-1.10; p<0.01) and increasing extent of traction
bronchiectasis (HR 1.10; 95% CI 1.04-1.16; p<0.001), as well as the extent of lung
disease (HR 1.02; 95% CI 1.00-1.03; p=0.02) (253). In this study, traction
bronchiectasis severity was also reported to be a stronger predictor of mortality when
compared with PFTs. The amount of traction bronchiectasis has been shown to be
most predictive of survival in IPF when compared to other CT variables including
fibrosis score, GGO, honeycombing, reticulation and total ILD extent (263, 271).

In IPF, fibrosis score has been associated with progression free survival (time to FVC
decline 210%, DLCO decline 215% or death) (284) and visual ground glass reticulation
score has been found to be predictive of disease progression (decline in FVC >10%,
hospitalisation or death within 60 weeks) (157).

Although semi-quantitative visual CT assessment by radiologists seems to be valuable
for prognostic purposes, it is considered as impractical for widespread clinical use due
to time limitations and the inconsistent expertise among radiologists causing inter- and
intra-observer variability (285). However, the accuracy, sensitivity and speed of QCT

make it an attractive alternative compared to semi-quantitative visual CT assessment.

2.3.2 Pulmonary function tests

PFTs are the most extensively studied prognostic biomarkers in ILD, mainly as a
continuous variable at baseline, but also using various cut-off values and longitudinal
change of varying amounts over different time periods (Table 2.4). Baseline DiLco %
predicted and FVC % predicted, as well their longitudinal change, have been found to
be independently predictive of survival in multiple ILD studies and are used routinely
in the ILD clinic.
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Both absolute and relative decline in DLco % predicted and FVC % predicted have
been studied, and it has been reported that using relative rather than absolute FVC %
change in IPF patients does not affect prognostic accuracy (286). In IPF, FVC decline

is now widely accepted as a surrogate endpoint for death and it was the primary

endpoint in the antifibrotic drug trials (25, 26, 287).

Pulmonary function test

ILD subtype

Dico
DLco% predicted

Dico <35% predicted
Dico <36% predicted
Dico <40% predicted
Dico <43.6% predicted
Dico <55% predicted
D.co decrease 210% over 6 months
D.co decrease 210% over 12 months
D.co decrease 215% over 6 months
D.co decrease 215% over 12 months
D.co decrease 220% over 6 months
D.co decrease 220% over 12 months
D.co decrease 225% over 6 months
D.co decrease 225% over 12 months
FEV: decrease 25% over 6 months
FEV1 decrease 25% over 12 months
FEV: decrease =210% over 12 months
FEV: decrease =215% over 12 months
FEV: decrease 220% over 12 months
FEV1/FVC ratio
FEV1/FVC ratio >0.89
FvC

FVC% predicted

FVC <50% predicted
FVC 51-65% predicted
FVC <63% predicted
FVC <65% predicted
FVC 66-79% predicted
FVC <70% predicted
FVC <80% predicted
FVC% decrease over 3 months
FVC% decrease over 6 months

IPF (288, 289), SSc-ILD (290, 291)
ASS (292), CTD-ILD (111, 293), iNSIP (36, 293),
IPF (36, 107, 293-301), RA-ILD (40, 302)
iNSIP (303), IPF (303)

IPF (304)

IPF (305, 306), RA-ILD (307), SSc-ILD (308)
IPF (309)

IPF (310)

IPF (311, 312)

IPF (311)

IPF (311)

IPF (276, 311)

IPF (311)

IPF (311)

IPF (311)

IPF (311)

IPF (311)

IPF (311)

IPF (311)

IPF (311)

IPF (311)

HP (258), IPF (258, 313-315)

IPF (305)

SSc-ILD (267, 291)

CTD-ILD (293, 316), HP (258, 262, 317-319),
IIM-ILD (320), iINSIP (293), IPF (258, 262, 264,
270, 275, 284, 293, 296, 299-301, 316, 321-328)
IPF (329-331)

IPF (330, 331)

IPF (304)

IPF (264)

IPF (330)

IPF (305)

IPF (310)

IPF (32)

Fibrotic iNSIP (332), IPF (32, 332)
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FVC% decrease over 12 months Fibrotic INSIP (333), IPF (32, 333)

FVC decrease 25% over 6 months IPF (311)
FVC decrease 25% over 12 months IPF (311)
FVC decrease 5-9.9% over 6 months IPF (330, 331, 334)
FVC decrease 210% over 12-16 IPF (335)
weeks
FVC decrease 210% over 6 months IPF (312, 330, 331, 334)
FVC decrease >10% over 6 months IPF (336)
FVC decrease 210% over 6-12 HP (319)
months
FVC decrease 210% over 12 months IPF (311)
FVC decrease 215% over 12 months IPF (311)
FVC decrease 220% over 12 months IPF (311)
FVC decrease 2100ml over 14 weeks IPF (337)
FVC/ Dico ratio SSc-ILD (291)
Inability to perform Dico IPF (289)
Kco SSc-ILD (291)
Kco% predicted decrease over 6 Fibrotic INSIP (333), IPF (333)
months
Kco decrease 210% over 24 months SSc-ILD (291)
Positive vascular index
(baseline KCO% =<50% and/or KCO Fibrotic INSIP (332), IPF (332)
decrease 215% over 6 months)
TLC% predicted CTD-ILD (272), IPF (272, 294, 313, 338)

ASS: Antisynthetase syndrome; CTD-ILD: Connective tissue disease associated interstitial lung disease; D co: Diffusing capacity
of the lung for carbon monoxide; FEV,: Forced expiratory volume in one second; FVC: Forced vital capacity; HP: Hypersensitivity
pneumonitis; IIM-ILD: Idiopathic inflammatory myopathy associated interstitial lung disease; INSIP: Idiopathic non-specific
interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis; Kco: Carbon monoxide transfer coefficient; RA-ILD: Rheumatoid arthritis
associated interstitial lung disease; SSc-ILD: Systemic sclerosis associated interstitial lung disease; TLC: Total lung capacity.

Table 2.4. Pulmonary function tests with utility to predict mortality in ILD.

The majority of the PFT cut off values presented in Table 2.4 have demonstrated
independent prognostic value in only one study, with most of them involving IPF
patients only. However, Dico <40% predicted (305, 306) and FVC <50% predicted
(329-331) have both demonstrated an independent association with increased risk of
death in more than one IPF study. In terms of longitudinal change, DiLco decrease
210% over 6 months (311, 312), Dico decrease 215% over 12 months (276, 311),
FVC decrease 5-9.9% over 6 months (330, 331, 334) and FVC decrease 210% over
6 months (330, 331, 334) have each been reported as an independent predictor of

increased mortality in at least two IPF studies.
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Using data from two large drug trials, du Bois et al identified independent predictors of
one-year mortality in 1,099 IPF patients (330). Of the PFTs investigated, the strongest
prognostic factor was baseline FVC <50% predicted (HR 3:90; 95% CI 1:49-10-19;
p=0-006), followed by FVC decrease 210% over 24 weeks (HR 3-65; 95% CI 2-03-
6-57; p<0-001), Dico decrease 215% over 24 weeks (HR 2:41; 95% CI 1-19-4-87,;
p=0-015), FVC 51-65% predicted (HR 2-35; 95% CI 1-18-4.78; p=0-016), FVC
decrease 5-9.9% over 24 weeks (HR 1:95; 95% CI 1-24-3-09; p=0-004) and baseline
Dico <35% predicted (HR 1-74; 95% CI 1-:01-2-99; p=0-046).

Several ILD studies have also reported that PFTs have utility in the prediction of
disease progression (Table 2.5). FVC is considered as the most reliable clinical
biomarker of disease progression in IPF and is widely used for this purpose in routine
clinical practice (339). However, it has been suggested that decline in FVC should not
be used to assess IPF progression if there is 215% emphysema on HRCT, and that
CPI or Dico should be used instead (340).

Pulmonary function test ILD subtype
Dirco % predicted SSc-ILD (341)
FVC % predicted [IP (327), RA-ILD (UIP) (342)
FVC <76% predicted IPF (309)
FVC decrease 5-10% over 6 months IPF (343)
FVC decrease 2100ml over 14 weeks IPF (337)
TLC % predicted IPF (344)

D.co: Diffusing capacity of the lung for carbon monoxide; FVC: Forced vital capacity; IIP: Idiopathic interstitial pneumonia; IPF:
Idiopathic pulmonary fibrosis; RA-ILD: Rheumatoid arthritis associated interstitial lung disease; SSc-ILD: Systemic sclerosis
associated interstitial lung disease; TLC: Total lung capacity; UIP: Usual interstitial pneumonia.

Table 2.5. Pulmonary function tests with utility to predict disease progression in ILD.

24 Summary

Hyperpolarised 2°Xe MRI, combined with *H MRI, is able to provide useful regional
data of lung structure and function which makes it an appealing tool to explore the
diagnosis and monitoring of ILD. CT has some advantages over MRI in terms of its
speed, image contrast and spatial resolution but is unable to provide functional data.
Various QCT analysis methods have been reported in ILD and there is evidence that

texture analysis techniques are superior to visual CT scores performed by radiologists.
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Chapter 3: The Assessment of Interstitial Lung Disease Using

Imaging Biomarkers — Methods of Two Longitudinal Studies
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3.1 Development of imaging biomarkers for the detection and monitoring of
drug induced interstitial lung disease (TRISTAN-ILD study):

Aims/objectives of the study, eligibility criteria and study design

3.1.1 Brief overview of the study

The TRISTAN-ILD study is a prospective, multicentre, observational, imaging study of
patients presenting with suspected DI-ILD and other ILD subtypes including CTD-ILD,
HP, INSIP and IPF from two large tertiary ILD centres: Sheffield and Manchester. The
diagnosis of the ILD subtype was established in ILD MDT meetings involving
respiratory physicians, thoracic radiologists and pathologists. Recruitment of patients
into the study started in February 2018. Recruitment was paused in March 2020 due
to COVID-19 restrictions.

The hypothesis is that pulmonary MRI and CT measurements correlate with FVC
and/or Dico in patients with ILD and can provide superior information regarding

diagnosis and prognosis when compared with current measurements used in ILD.

The study was given ethical approval by the North West-Liverpool Central NHS
Research Ethics Committee under reference 17/NW/0631. It is sponsored by the
University of Manchester and is registered with the National Institute for Health
Research (NIHR) Clinical Research Network Portfolio, with UK Clinical Research
Network (UKCRN) ID 36546. The study received funding from the Innovative
Medicines Initiatives 2 Joint Undertaking under grant agreement No 116106. This Joint
Undertaking received support from the European Union’s Horizon 2020 research and
innovation programme and the European Federation of Pharmaceutical Industries and

Associations.

3.1.2 Study aims and objectives

The primary aims of the study were to compare pulmonary MRl and CT measurements
with  FVC and Dwco in ILD patients, and to assess whether these imaging

measurements can detect early signs of progression or resolution of disease.

Page | 70



Primary objectives:

1) To compare pulmonary MRI and CT measurements with FVC and Dcco in
patients with a new diagnosis of ILD or patients with a previous diagnosis of
ILD (excluding DI-ILD) who were identified as having a recent significant decline
in pulmonary function (>10% reduction in FVC or >15% reduction in DiLco within
the prior 12 months)

2) To compare longitudinal changes in pulmonary MRI and CT measurements

with changes in FVC and Dico in ILD patients.

The secondary aim was to determine if any of the imaging measurements have the

ability to discriminate between DI-ILD and the other ILD subtypes.
The secondary objectives were:

1) To evaluate the ability of pulmonary MRI and CT measurements at baseline to
distinguish between the ILD subtypes.
2) To determine the association of changes in MRI measurements with changes

on CT between visits 1 and 2.

3.1.3 Eligibility criteria
Inclusion criteria:

e New radiological abnormalities on CT suggesting ILD, or worsening of
respiratory symptoms, decline in PFTs (decline in FVC 210% or DiLco 215%
within 12 months) and progression of radiological abnormalities on CT in a
patient known to have non-drug induced ILD

e Age 218 years

e Ability to provide informed consent

e Ability to perform PFTs
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Exclusion criteria:

e Contra-indication to MRI scan

e Renal impairment (Glomerular filtration rate < 30 ml/min)

e Previous allergy to MRI contrast agent (gadolinium)

e Weight >150kg (maximum safe weight for MRI scanner)

e Significant cardio-pulmonary disease (e.g. congestive cardiac failure,
bronchiectasis) which could compromise the ability of the imaging
measurements to detect abnormalities related to ILD

e Radiotherapy to the lungs within six months of baseline visit

e Clinical, microbiological or radiological evidence of lower respiratory tract
infection

e Previous thoracic surgery (e.g. lobectomy) or embolization which could result
in distorted pulmonary architecture

e Estimated survival less than six months

e Suspected or confirmed lung malignancy

e MDT concerns regarding the radiation exposure associated with research CT
scans if frequent CTs are performed or planned due to other condition(s)

e Pregnancy

3.1.4 Study design

Potential subjects were identified by respiratory physicians during ILD MDT meetings
where patients’ cases were discussed as part of routine clinical care. During the
patient’s clinic visit, a patient information sheet (P1S) was provided and the study was
briefly discussed with them. Further contact was made by telephone at least 24 hours
after issuing the PIS to allow the patient to ask any additional questions. If the patient
agreed to participate in the study, a baseline visit was arranged, when informed
consent was obtained and a number of initial assessments were performed. For
patients recruited in Sheffield, the assessments were performed on the same day as
the MRI scan. The assessments were performed within a week prior to the MRI scan
in the Manchester subjects. | was responsible for the recruitment and study visits of
the Sheffield patients, as well as the 1?°Xe MRI analysis for all subjects. A summary of

the data that were collected during the study visits is presented in Table 3.1.
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Data/activity Visit 1 Visit 1A Visit 2 Visit 3

Consent X
Clinical history X X X
Clinical examination X X X
Height X X X
Weight X X X
Questionnaires
MRC chror_uc dy_spnoea X X X
guestionnaire
Dyspnoea 12 questionnaire X X X
Leicester cough questionnaire X X X
Short form 36 X X X
Patient global assessment X X X
MRI satisfaction survey X
Blood tests
FBC X X X
U&Es X X X
LFTs X X X
CRP X X X
Serum and plasma sample for X X X
storage
Whole blood sam_ple for DNA X X X
analysis
In patients with RA only:
Rheumatoid factor X
Anti-citrullinated peptide X
In CTD patients only:
Anti-nuclear antibody X
Extractable nuclear antigen X
Creatinine kinase X
In SLE patients only:
Double stranded DNA levels X X X
Complement levels (C3, C4) X X X
Pulmonary physiology
assessments
FEV1 X X X X
FVC X X X X
DLco X X X X
Pulse oximetry X X X X
Imaging
HRCT Thorax X X
1H/1?°Xe MRI X X X

CRP: C-reactive protein; D co: Diffusing capacity of the lung for carbon monoxide; DNA: Deoxyribonucleic acid; FBC: Full blood
count; FEV,: Forced expiratory volume in one second; FVC: Forced vital capacity; *H: Proton; HRCT: High resolution computed
tomography; LFTs: Liver function test; MRC: Medical Research Council; MRI: Magnetic resonance imaging; U&Es: Urea and
electrolytes; 1Xe: 129-xenon.

Table 3.1. Data collected at each visit of TRISTAN-ILD study.
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The diagnostic HRCT scan was used as the baseline HRCT scan in the study. This
scan was de-identified and uploaded via secure server to Bioxydyn Limited where a
guality assurance (QA) process was performed within three days of upload. If the CT
images failed QA participants were asked to undertake a repeat HRCT scan either on
the day that they attended for their MRI scan (Sheffield participants), or alternatively
at their local site on another day within two weeks of their MRI scan (non-Sheffield

participants).

The timings of the follow-up visits varied by ILD subtype (Figure 3.1). Patients with DI-
ILD, HP or INSIP were expected to clinically and physiologically improve or progress
within a six months window; whereas improvements or progression of disease in CTD-
ILD and IPF tend to occur over longer periods of time. Therefore, subjects with DI-ILD,
HP or iINSIP attended for their second visit at six weeks and their third visit at six
months; whereas, the CTD-ILD and IPF subjects attended for their second visit at six
months and their third visit at 12 months. In June 2019 an amendment to the study
was made to include patients with iINSIP. The amendment also added a study visit
between visit 1 and 2 (visit 1A), which took place at two weeks after visit 1 for the
subjects with DI-ILD, HP and iNSIP, and at three months after visit 1 for the CTD-ILD
and IPF subjects.

Visit 1 Visit 1A Visit 2 Visit 3
. 2 (+/-1) weeks 6 (+/-2) weeks 6 months (+/- 4 wks)
DI-ILD « Clinical assessment * Clinical assessment + Clinical assessment * Clinical assessment
* Blood tests * PFT * Blood tests * Blood tests
HP _ * Questionnaires * MRI * Questionnaires * Questionnaires
* PFT * PFT * PFT
* MRI ) + CT
iNSIP * MRI
Visit 1 Visit 1A Visit 2 Visit 3
3 months (+/- 3 wks) 6 months (+/- 4 wks) 12 months (+/- 4 wks)
CTD-ILD + Clinical assessment * Clinical assessment  + Clinical assessment * Clinical assessment
* Blood tests * PFT * Blood tests * Blood tests
"+ Questionnaires * MRI *+ Questionnaires * Questionnaires
IPF « PFT « PFT « PFT
* MRI « CT * CT
* MRI

Figure 3.1. Schedule of study visits for each ILD subtype (visit 1A highlighted in red).
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3.2 Investigation into prognostic indictors of idiopathic pulmonary fibrosis
using structural-functional pulmonary MRI assessment (IPF study):

Aims/objectives of the study, eligibility criteria and study design

3.2.1 Brief overview of the study

This is a prospective, single centre, observational, imaging study of patients
presenting with IPF to Northern General Hospital, Sheffield. The diagnosis of IPF was
based on the most recent official ATS / ERS / JRS / ALAT clinical practice guideline
for the diagnosis of IPF (3) and established in ILD MDT meetings involving respiratory
physicians and thoracic radiologists. The hypothesis of the study was that longitudinal
pulmonary MRl measurements can provide detailed information regarding progression

of disease in IPF.

The study was given ethical approval by the North West-Liverpool Central NHS
Research Ethics Committee under reference 15/NW/0750. It is sponsored by Sheffield
Teaching Hospitals Research and Development (STH18876) and is registered with
the NIHR Clinical Research Network Portfolio, with UKCRN ID 20468.

| am continuing the work of Dr Nicholas Weatherley, who recruited 21 IPF patients into
the study between February 2016 and February 2018. 3He DW-MRI, ?°Xe RBC:TP
and DCE-MRI data from subjects 1-18 of this cohort has been published (211, 232,
240).

3.2.2 Study aims and objectives

The aim of the study was to evaluate the ability of pulmonary MRl measurements to
assess prognosis in IPF patients. The primary objectives were to compare the MRI
measurements with PFTs, and to assess whether the MRl measurements can detect
early signs of disease progression. The secondary objective was to compare changes

in pulmonary MRI measurements with changes in CT measurements.
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3.2.3 Eligibility criteria
Inclusion criteria:

e Diagnosis of IPF (as determined by the Sheffield ILD MDT)
e SpO2290% in room air
e Age 18-80

Exclusion criteria:
e Patients on immunosuppressive treatment (excluding prednisolone at a dose
of < 20mg/day or N-acetylcysteine)
e Pregnancy
e Renal impairment (Glomerular filtration rate < 30 ml/min)
e SpO2<90% in room air
e Age >80 years old, or <18 years old at the onset of the study
e Inability to lie supine comfortably for at least 60 minutes
¢ Malignancy with a life expectancy of less than one year
e Significant co-morbidity likely to reduce life expectancy to less than one year
e Severe ischaemic heart disease or symptoms of angina not fully controlled
e Significant congestive cardiac failure
e Any contraindication(s) to MRI scanning

e Previous allergy to MRI contact agent (gadolinium)

3.2.4 Study design

Potential subjects were identified during ILD MDT meetings where patients’ cases are
discussed as part of routine clinical care at Northern General Hospital, Sheffield. Upon
clinical contact during the ILD clinic, patients were provided with a PIS and the study
was briefly discussed with them. Further contact was made by telephone at least 24
hours after issuing the PIS to allow the patient to ask any additional questions. If the
patient agreed to participate in the study, a baseline visit was arranged, upon which
informed consent was obtained. The diagnostic HRCT thorax was used as the
baseline CT in the study and patients with significant emphysema were not recruited.

PH screening was performed using echocardiography.
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ILD clinic Baseline | 3-month | 6-month | 12-month

(screening) visit visit visit visit
HRCT thorax X X
Echocardiography X
Offer participant information X
sheet
MRI safety check review X X X X X
Eligibility checked X X X X X
Informed consent X
Brief clinical review X X X X
Resting pulse oximetry X X X X
MRI scan X X X X
PFTs X X X X

HRCT: High resolution computed tomography; MRI: Magnetic resonance imaging; PFT: Pulmonary function test.

Table 3.2. Data collected at the ILD clinic appointment and at each study visit.

3.3 CT acquisition and analysis

The acquisition criteria include an unenhanced volumetric HRCT thorax with full lung
coverage, <1mm slice thickness and contiguous slices. HRCT scans were performed

on various scanners (mainly Siemens or Toshiba).

3.3.1 CALIPER analysis

QCT analysis was performed on all scans using CALIPER software at the Mayo clinic,
Rochester, Massachusetts, USA. The CALIPER data included volumetric
parenchymal pattern classification of each pixel into GGO, low attenuation areas (e.g.
emphysema), honeycombing, reticulation or normal tissue (166). The global
percentage of each of these parenchymal patterns was calculated by dividing the
corresponding volume by the total lung volume. Honeycombing % and reticulation %
was combined and identified as fibrosis %. GGO %, honeycombing % and reticulation
% was combined and identified as ILD %. The CALIPER software also performs
automated segmentation of the VRS in the lung excluding the large vessels at the
hilum (169).

Regional data was also collected as the CALIPER software can classify the same

volumetric data by distribution in the lungs, thereby producing analysis of central and
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peripheral zones in the upper, middle and lower zones of each lung. The central vs
peripheral zones for each region are approximately 50/50 with an additional 5cm
sphere at each hilum that is considered central. The upper zone is classified as the
region above the carina, and the middle / lower zones are based on 50% craniocaudal
distance between the carina and the most inferior extent of the lungs. An overall central
zone % value was produced by multiplying the individual central zones of the upper,
middle and lower zones of each lung together. An overall peripheral zone % was
calculated in a similar way using each peripheral region. Upper, middle and lower zone
% values were produced by multiplying the right and left lung values together for each

of the corresponding zones.

3.3.2 Semi-quantitative visual CT scoring

A semi-quantitative visual CT scoring system (Table 3.3) was used by two experienced
consultant chest radiologists in Sheffield. Honeycombing and reticulation was
combined and identified as fibrosis. GGO, honeycombing and reticulation was
combined and identified as ILD. Upper, middle and lower zone values were produced
by multiplying the right and left lung values together for each of the corresponding
zones. In the TRISTAN-ILD study, this CT scoring system was used to distinguish
between the fibrotic (IPF subjects or GGO score <2) and inflammation (non-IPF

subjects with a GGO score =22) groups.

Grading for each

Abnormality abnormality Anatomical regions scored
Percentage Score
disease extent
Lobes are scored
_-GGO alone 0 0 0 independently
-Mixed ground glass 1-25% 1 Lingula is considered a
and reticular disease 26-50% 5 separate lobe
-Reticular fibrosis alone 51-75% 3 Global scgre' summation of
- i 0, '
Honeycombing >15% 4 scores for each abnormality,

-Consolidation g
in all lobes

GGO: Ground glass opacity

Table 3.3. Semi-quantitative visual CT scoring system. Modified from Ooi et al (345)
and Rossi et al (346).
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3.4

MRI protocol

All pulmonary MRI was performed at 1.5T on a whole-body GE scanner at the

University of Sheffield MRI department and included the following sequences:

H MRI

UTE MRI was acquired using an 8-element cardiac array with a 3D radial
sequence during free-breathing with prospective respiratory bellows gating on
expiration (347).

3D DCE-MRI for quantitative assessment of first pass perfusion, vascular
resistance, late enhancement assessment of endothelial permeability and
capillary leakage. Half dose of MRI contrast agent (gadolinium) was used with
the injection rate controlled via an activated pump injector (Spectris, MedRad,
Pittsburgh, PA) via a vein in the antecubital fossa, followed by a 20ml flush of
0.9% saline. 3D spoiled gradient echo (SPGR) acquisitions were used.
Perfusion was quantified using indictor dilution analysis of the first pass of
contrast agent and capillary leakage was quantified using the extended Tofts
tracer kinetic model (348). In the TRISTAN-ILD study, data analysis was
performed by Bioxydyn Limited and MTT was calculated using singular value
deconvolution with a threshold set at 0.01 (349). In the IPF study, data analysis
was performed using in-house developed MATLAB (MathWorks, Natick,
Massachusetts, USA) software at the University of Sheffield.

3D dynamic OE-MRI for quantitative assessment of gas transfer, perfusion and
ventilation (TRISTAN-ILD study only). This was acquired during free breathing,
using 100% oxygen delivered at 15 I/min via a non-rebreathing face mask (2
mins medical air, 8 mins 100% oxygen, 5 mins medical air). 3D SPGR
acquisitions were used, with a baseline Ti measurement provided by an
inversion recovery approach (350). Oxygen delivery was quantified by change
in partial pressure of oxygen, gas wash-in rate, wash-out rate and maximum

pO:2 (351). Data analysis was performed by Bioxydyn Limited.
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129%e MRI

Using a 3D steady-state free precession sequence, a 2°Xe gas phase MRI was
performed to image the distribution of ventilation (352). This was acquired after
the inhalation of a mixture of 500ml 2°Xe and 500ml N2 from functional residual
capacity (FRC). Prior to the 2°Xe acquisition a proton anatomical image was
acquired using 1L of room air. *H anatomical images were co-registered to the
same spatial domain as the '?°Xe ventilation image, and semi-automatic
segmentation and manual editing (353) was performed at the University of
Sheffield. VV% was calculated by dividing the ventilated volume (from the
ventilation image) by the thoracic cavity volume (from the 'H structural image).
The median of the coefficient of variation percentage (CV%) of ventilated signal
intensity was also calculated (354).

A high-resolution dissolved phase spectroscopy sequence was used to acquire
MR spectra of 129Xe from the whole lungs and after zeroth-order phasing on the
RBC and TP resonances, peak integrals were calculated to derive the RBC:TP.
Subjects inhaled a mixture of 600ml *>°Xe and 400ml N2 from FRC. A double
Lorentzian, two peak method of calculating the RBC:TP was performed (230).
Data analysis was performed using MATLAB (MathWorks, Natick,
Massachusetts, USA) software at the University of Sheffield.

Chemical shift imaging of 1*°Xe gas/dissolved compartments used a 4-point
iterative decomposition of water and fat with echo asymmetry and least-squares
estimation (IDEAL) technique (355). Details of the theory and methodology of
this chemical shift imaging, combined with a 3D radial SPGR sequence has
recently been published (356). Global and regional values (central/peripheral
regions, and upper/middle/lower zones of the lungs) were produced as per
Collier et al (356). Data analysis was performed using MATLAB (MathWorks,
Natick, Massachusetts, USA) software at the University of Sheffield.

3D gas phase DW-MRI was performed using a 3D SPGR multiple b-value
sequence (b=0, 12, 20, 30 s/cm?). Subjects inhaled a mixture of 550ml 1>°Xe
and 450ml N2 from FRC. Maps of ADC and Lmp were calculated for each
imaging voxel using a mono-exponential fit of the first two DW b-values (b=0,
12 s/cm?) (241). Global and regional values (central/peripheral regions, and

upper/middle/lower zones of the lungs) were calculated. Each of the central and
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peripheral zones corresponded to approximately half the lung volume, and each

of the upper, middle and lower zones corresponded to approximately a third of

the total lung height. Data analysis was performed using MATLAB (MathWorks,
Natick, Massachusetts, USA) software at the University of Sheffield.

Acquisition | Pixel size Slice Flip TE/TR Bandwidth
matrix (mm) thickness | angle (°) (ms) (kHz)
1H SPGR 100x100 4x4 5 5 0.6/1.9 1+83.3
1H UTE 256x256 ~1.5x1.5 ~15 4 0.078/2.9 +125
129X e diffusion 64x64 6.25x6.25 15 3.1 14.0/17.4 8.0
129X e IDEAL 20x20x20 20x20 20 40/0.7 0.55/40 +15.625
129
xe 256 NA NA 90 0/163 +1.8
spectroscopy
129Xe
o 100x80 ax4 10 10 2.216.7 18.0
ventilation
Dynamic OE 96x96 4.2x4.2 10 5 0.4/1.5 +31.25
IR-T1 mapping 96x96 4.2x4.2 10 5 0.4/1.5 +31.25

1H: proton; IDEAL: Iterative decomposition of water and fat with echo asymmetry and least-squares estimation; IR: inversion
recovery; NA: Not applicable; OE: oxygen enhanced; SPGR: steady-state free precession; TE: echo time; TR: repetition time;
UTE: Ultra-short echo time; *2°Xe: 129-xenon

Table 3.4. Technical details of the MRI sequences.

‘ \ 129
1H
l

ventilation , 129Xe diffusion spectroscopy

y v v

%VV, median CV and VH, ADC and Lmp RBC:TP

v

125Xe scanning — ~20-30 minutes

Baseline IR T1 _ Dynamic
. Dynamic oxygen enhanced contrast
mapping
enhanced
IR-Tq OE-VVF, 7, Ap02, median CV ApO2 MTT, PBF and
and OE-VH, PBV
OE scanning — ~20-35 minutes DCE scanning
~6 minutes

ADC: apparent diffusion coefficient; CV: coefficient of variation; DCE: dynamic contrast enhanced; *H: proton; IR: inversion
recovery; Lmp: mean diffusive length scale; MTT: mean transit time; OE: oxygen enhanced; PBF: pulmonary blood flow; PBV:
pulmonary blood volume; pO,: partial pressure of oxygen; RBC:TP: red blood cell to tissue plasma ratio; VH;: ventilation
heterogeneity index; VV: ventilated volume; VVF: ventilated volume fraction; **°Xe: 129-xenon; t,,: 0Xxygen wash in time.

Figure 3.2. A schematic representation of the MRI sequences used in the TRISTAN-
ILD study and the metrics generated from each sequence. The same *?°Xe MRI and
DCE-MRI sequences were used in the IPF study.

Page | 81



Dotarem Injection

HHHH%W

”14 sec  ~14sec ~14 sec ~14 sec ~30 sec ~5 min

Variable flip angle T1 map First Pass DCE Leakage phase DCE

DCE: Dynamic contrast enhanced; FA: Flip angle; SPGR: Steady-state free precession.

Figure 3.3. DCE-MRI sequences used in the TRISTAN-ILD and IPF studies.

129X e was polarised on site at the University of Sheffield under regulatory licence to
approximately 30% using a custom-made spin exchange optical polariser (Figure 3.4)

capable of generating 500ml doses in less than 15 minutes (224).

Figure 3.4. Photos of the 1?°Xe spin-exchange optical polariser (A) and the polariser

cell (B) used at the University of Sheffield MRI department.

An eight-channel cardiac array coil (General Electrics, Massachusetts, USA) was used
for 1TH MRI. All 2°Xe images were acquired at FRC+1L in a flexible quadrature
transmit/receive quadrature coil (Clinical MR solutions, Brookfield, Wisconsin, USA).
129X e was mixed with nitrogen and the subject inhaled the gas from a 1L Tedlar bag
(Figure 3.5). Continuous monitoring of the patient’s heart rate and oxygen saturations

was performed during the 2°Xe MRI scans.
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Figure 3.5. Photo of the University of Sheffield 1.5T MRI scanner and the 2°Xe MRI
coil used in the studies (A). Photo of an example of the 1L Tedlar bag used for the

inhalation of 29Xe (B).

3.5 Pulmonary function tests

In the TRISTAN-ILD study, PFTs (FEV1, FVC, DLco and Kco) were performed on the
same day as the MRI scan for the Sheffield subjects, and within one week prior to the
MRI scan for the Manchester subjects. PFTs were performed in the seated position
and the Global Lung Function Initiative (GLI) 2012 reference equations (357) were

used to calculate the % predicted values.

In the IPF study, all PFTs were performed on the same day as the MRI scan. Standard
PFTs (FEV1, FVC, DiLco and Kco) were performed in the seated position. The GLI 2012
reference (357) equations were used to calculate the % predicted values.

3.6 Statistics

3.6.1 Power calculation for TRISTAN-ILD study

The power calculation to estimate the sample size was based on data derived from
the 12°Xe MRI methods for the assessment of COPD that was developed in Sheffield.

The following assumptions were made to calculate the sample size:
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e The standard deviation of septal thickness between IPF subjects in the
prospective study will be the same as that which has been measured previously
(i,e. 1.1 pm (358)).

e Thus, the “Cohen’s d” effect size, d = 1/1.1 = 0.909.

e Assume a statistical significance criterion of p<0.05.

Using a standard statistical power of p=0.8, the number of subjects required in order
to meet the above criteria is n=12. However, if a statistical power of p=0.95 is used
then the number of subjects required in order to meet the above criteria is n=18.
Therefore, n=15 patients in each ILD subgroup was proposed as a compromise

between the two statistical powers.

3.6.2 Power calculation for IPF study

The power calculation to estimate the sample size was based on data derived from
the 12°Xe MRI methods for the assessment of COPD that was developed in Sheffield.

The following assumptions were made to calculate the sample size:

e The standard deviation of septal thickness between IPF subjects will be the
same as that which has been measured previously (i.e. 1.1 pm (358)).
e Thus, the “Cohen’s d” effect size, d = 1/1.1 = 0.909.

e Assume a statistical significance criterion of p<0.05.

Using a standard statistical power of p=0.8, the number of subjects required in order
to meet the above criteria is n=12. However, if a statistical power of p=0.95 is used
then the number of subjects required in order to meet the above criteria is n=18.
Therefore, as a compromise between the two statistical powers, and to allow for
patient drop out, n=15 patients as a minimum and n=30 as a maximum was proposed.
In the first phase of this study, as of April 2018, a total of 21 IPF patients had been

recruited.

A further power calculation was performed, based on the data from the first phase of

this study, using the formula: n = f(a,ﬁ).g. Where « is the two-sided significance, 1-

B is the power of the test, f(a,B) is the function provided from these variables by

standard statistical look up tables, s is the standard deviation of RBC:TP in the original
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cohort and 5 is the smallest difference required to measure. The value of 5 was set at
0.02, half the observed difference seen over six months in the phase 1 cohort, rounded
down to 2 decimal places, as per the accuracy of the test. Finally, this output was
multiplied by 2, to allow for a 50% combined dropout and mortality rate. From this
calculation, with a=0.05 and 1-B=95%, s=0.11, and 6=0.02; n=32. Therefore, the
recruitment of a further 32 participants, which would result in a total recruitment of up
to 53 patients (21 patients from the first cohort and 32 patients from the second cohort)

was proposed.

3.6.3 Statistical analyses

Continuous variables were stated as mean + standard deviation or as median and
inter-quartile range (IQR), as appropriate according to normal distribution of data. The
Pearson correlation coefficient (non-parametric data — Spearman’s rank correlation)
was used to determine the strength of correlations. Paired data were analysed for
variance using the paired sample t test (non-parametric data — Wilcoxon paired-
sample test) for comparisons over two time points, whereas analysis of variance
(ANOVA) (non-parametric data — Friedman test) was used for matched data
comparisons over more than two time points. Independent data were analysed for
variance using the independent samples t test (non-parametric data — Mann Whitney
test) for comparisons over two time points or between two subgroups at a single time
point. For comparisons over more than two time points or between more than two
subgroups, independent data were analysed for variance using ANOVA (non-
parametric data — Kruskal-Wallis test). When statistical analyses were performed for
multiple comparisons, the p values were adjusted using the appropriate test (e.g.
Holm-Sidak’s or Tukey’s for one-way ANOVA, Dunn’s for Friedman test and Kruskal-
Wallis test).

In the IPF study, disease progression was defined as 210% absolute decline in FVC%,
215% absolute decline in DLco%, lung transplantation or all-cause mortality over 12
months. In the TRISTAN-ILD study, disease progression was defined as =210%
absolute decline in FVC%, 215% absolute decline in DLco%, lung transplantation or
all-cause mortality over 6 months for the subjects with DI-ILD, HP or iNSIP. However,

for those with CTD-ILD or IPF, disease progression was defined as 210% absolute
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decline in FVC%, 215% absolute decline in DLco%, lung transplantation or all-cause
mortality over 12 months. Univariate logistic regression analysis was performed to
identify variables associated with disease progression. Logistic regression analysis
was performed with age added to the model for variables that demonstrated statistical

significance in the univariate logistic regression analysis.

Subjects who missed study visits were included for analysis with the available data.
To determine regional variation within groups, or differences between groups,
statistical analysis was not performed on groups containing less than 12 subjects
(number of subjects required in power calculation using a standard statistical power of
p=0.8). All tests were two-tailed and statistical significance was assumed at p<0.05.

Data were analysed using GraphPad Prism (San Diego, USA) version 9.0.1.

3.7 Summary

The TRISTAN-ILD study is a prospective, multicentre, observational, imaging study of
patients presenting with various ILD subtypes (CTD-ILD, DI-ILD, HP, iNSIP and IPF).
The hypothesis is that pulmonary MRI and CT measurements correlate with FVC
and/or Dico in patients with ILD and can provide superior information regarding
diagnosis and prognosis when compared with current measurements used in ILD. The
IPF study is a prospective, single centre, observational, imaging study of patients with
IPF. The hypothesis is that longitudinal pulmonary MRI measurements can provide
detailed information regarding progression of disease in IPF. The following two

chapters will demonstrate the results of these studies.
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Chapter 4: The Assessment of Interstitial Lung Disease Using
Imaging Biomarkers: TRISTAN-ILD Study Results
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4.1 Recruitment and demographic data

4.1.1 Recruitment

61 patients were recruited into the study over a two-year period, between February
2018 and March 2020. 55 participants completed at least one study visit. The data in
this thesis refers to these subjects. Of these 55 participants, 38 were recruited from
Sheffield, 16 from Manchester and one from Leeds (NB — although subsequently a
two-centre study, Leeds acted as a partner site at the beginning of the study). Initially,
the four ILD subtypes included in the study were CTD-ILD, DI-ILD, HP and IPF.
However, in June 2019, due to a combination of slow recruitment and iterative protocol
development, a decision was made to invite patients with iNSIP to participate. The

number of subjects with each ILD subtype was as follows:

5 CTD-ILD (9.1%)

o 4incident cases, 1 prevalent case with significant progression

o Typeof CTD: 1 MCTD, 1 SLE, 1 SS, 1 SSc, 1 undifferentiated CTD
e 13 DI-ILD (23.6%)

o Causes: 1 amiodarone, 1 bleomycin, 1 carbamazepine, 1 dasatinib, 1
etanercept, 1 hydroxycarbamide, 3 nitrofurantoin, 1 raltitrexed, 1
rituximab, 1 sertraline, 1 simvastatin

o 15HP (27.3%)
o 12 incident cases, 3 prevalent cases with significant progression
o b5 classified as acute, 10 classified as chronic

e 3IiNSIP (5.5%)
o Allincident cases

o 19 IPF (34.5%)

o 18 incident cases, 1 prevalent case with significant progression

Due to the heterogeneity of the groups and, following the publication of the INBUILD
study, the total cohort was also divided into fibrotic and inflammation phenotypic
groups. The fibrotic group included IPF subjects or those with a baseline GGO score

<2 using the semi-quantitative visual CT scoring system as demonstrated in Table 3.3.
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The inflammation group included non-IPF subjects with a baseline GGO score 22. Out
of a total cohort of 55 subjects, 32 (58.2%) were in the fibrotic group and 23 (41.8%)

were in the inflammation group.

4.1.2 Study visits

A summary of the total number of subjects at each study visit and the reasons for not
completing the study are presented in Figure 4.1. Table 4.1 shows the number of
subjects (total cohort, fibrotic and inflammation groups) with each ILD subtype that
completed each study visit. Figure 4.1 and Table 4.1 do not include the additional visit
(visit 1A) which was introduced in November 2019. Only eight subjects participated in
these visits (visit 1A occurred at two weeks for DI-ILD, HP and iNSIP subjects, and at
three months for CTD-ILD and IPF subjects). Due to the small number of subjects and
the subsequent lack of statistical power, the visit 1A data has not been included in the

following sections of this chapter.

mm 31 completed visit 3

(all due to COVID-19
restrictions)*

B 39 completed visit 2 Blgw 2 died after visit 2
6 withdrawn after visit 2
- == 5 died before visit 2
55 completed visit 1 [

11 withdrawn before visit 2

m (4 due to patient choice, 7 due
to COVID-19 restrictions)*

Figure 4.1. Summary of subject numbers at each study visit and reasons for not
completing the study. *8 of the 10 subjects withdrawn due to COVID-19 restrictions
had clinical PFT data available to use at visit 3 for research purposes.
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Total CTD-ILD DI-ILD HP INSIP IPF

Visit 1
Total 55 5 13 15 3 19
Fibrotic 32 1 6 5 1 19
Inflammation 23 4 7 10 2 0
Visit 2
Total 39 5 11 10 2 11
Fibrotic 22 1 5 4 1 11
Inflammation 17 4 6 6 1 0
Visit 3
Total 31 5 8 7 0 11
Fibrotic 19 1 5 2 0 11
Inflammation 12 4 3 5 0 0

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis

Table 4.1. Number of subjects with each ILD subtype that completed each study visit.

4.1.3 Days between diagnostic CT scan and first study visit

The HRCT scan which was used in the ILD MDT meeting for diagnostic purposes was
used as the baseline HRCT scan in the study. Therefore, a baseline HRCT scan was
not acquired routinely for research purposes unless the CT images failed the QA
process. As a result, there was a period of up to 12 months between the baseline
HRCT scan and the first study visit.

13 out of 55 baseline CT scans failed the QA process and were therefore repeated for
research purposes at the first study visit. The mean time between the baseline HRCT
and the first study visit was 91 days, standard deviation 77 days, range 0 — 317 days.

4.1.4 Subject demographics

Baseline characteristics are presented in Table 4.2. Of the 24 ever smokers in the total
cohort, only one was a current smoker. The IPF subjects in the TRISTAN-ILD study
had similar baseline characteristics to the incident IPF subgroup in the INSIGHTS-IPF
registry (359) which reported the following data: mean age 71.0, male gender 86.6%,
ever smoker 67.8%, mean body mass index (BMI) 28.2.
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Total CTD-ILD DI-ILD HP iNSIP IPF
(n =55) (n=5) (n=13) (n =15) (n=3) (n=19)

Age (years), 69.0 55.0 64.0 63.0 76.0 74.0

median (IQR) (58.0 - 76.0) | (48.5-69.5) | (57.0—-70.0) | (56.8—73.5) | (69.0-79.0) | (67.0-77.0)
Male gender, n (%) @ 30 (54.5) | 2 (40.0) 7 (53.8) 5 (33.3) 0 (0) 16 (84.2)
Ever smoker, n (%) @ 24 (43.6) = 2(40.0) 4 (30.8) 7 (46.7) 0 (0) 12 (63.2)
Body mass index, 26.6 25.1 25.3 28.3 27.7 26.6

median (IQR) (25.0-31.1) | (19.6-30.8) | (23.0-27.4) | (26.1-33.6) | (27.6-31.2) | (25.4-31.1)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iINSIP: ldiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis; IQR:
interquartile range.

Table 4.2. Demographic data for the total cohort and each ILD subtype.

4.1.5 Co-morbidities

- Other B CTD-ILD
= Osteoarthritis

o IHD B DI-ILD
o] .-

5 Hypothyroidism BE HP

£ Hypercholesterolaemia .

o Hypertension = iNSIP
2 Hiatus hernia IPE

8 GORD

o Diverticulitis

= Depression |

Breast cancer

T T T 1
0 5 10 15 20

Number of patients

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; GORD:
Gastroesophageal reflux disease; HP: Hypersensitivity pneumonitis; IHD: ischaemic heart disease; iNSIP: Idiopathic non-specific

interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis.

Figure 4.2. Co-morbidities in the total cohort and ILD subtypes. Other was defined as

any co-morbidity that occurred in only one subject out of the total cohort.

4.1.6 Treatment approach

The treatment approach prior and during the study period varied (Table 4.3). All
subjects with DI-ILD had the offending drug stopped and there were no occasions
where the drug was restarted. An antigen was confidently identified (exposure to birds)
in two of the 15 HP subjects. The management plan for both subjects was antigen

avoidance and prednisolone.
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Prior to visit 1, Visits 1 -2, Visits 2 - 3,

Group Treatment n (%) n (%) n (%)
Immunosuppressant 4 (80.0) 4 (80.0) 4 (80.0)
CTD-ILD Prednisolone + MMF 2 (40.0) 2 (40.0) 2 (40.0)
Prednisolone + AZA 2 (40.0) 2 (40.0) 2 (40.0)
DI-ILD Prednisolone 6 (46.2) 3(27.3) 3 (37.5)
Immunosuppressant 10 (66.7) 10 (100) 6 (85.6)
Hp Prednisolone 6 (40.0) 4 (40.0) 2 (28.6)
Prednisolone + MMF 4 (26.7) 5 (50.0) 3 (42.9)
AZA only 0 1(10.0) 1(14.3)
iNSIP Prednisolone 0 2 (100) NA
IPF Nintedanib 3(15.8) 2(18.2) 2(18.2)
Immunosuppressant 8 (25.0) 7 (31.8) 4(21.1)
Fibrotic Prednisolone 4 (12.5) 2(9.1) 1(5.3)
Prednisolone + MMF 4 (12.5) 5(22.7) 3 (15.8)
Nintedanib 3(9.4) 2(9.1) 2 (10.5)
Immunosuppressant 12 (52.2) 12 (70.6) 9 (75.0)
Prednisolone 8 (34.8) 7 (41.2) 4 (33.3)
Inflammation | Prednisolone + MMF 2 (8.7) 2(11.8) 2 (16.7)
Prednisolone + AZA 2(8.7) 2(11.8) 22(16.7)
AZA only 0 1(5.9) 1(8.3)

AZA: Azathioprine; CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung
disease; HP: Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary
fibrosis; MMF: Mycophenolate mofetil.

Table 4.3. Summary of the treatment received by subjects during the study.

4.2  Pulmonary function tests

4.2.1 Visit 1 (baseline)

The IPF subjects in the TRISTAN-ILD study had higher PFT values when compared
to the incident IPF subgroup in the INSIGHTS-IPF registry (359) which had the
following results (mean): FEV176.9%, FVC 73.7%, DiLco 37.7%.
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Total CTD-ILD DI-ILD HP iNSIP IPF
(n =55) (n=5) (n =13) (n =15) (n=23) (n=19)

FEV1 (L) 2.26 2.29 2.26 1.77 1.86 2.45
(1.75-2.84) | (2.22-2.78) | (1.72-2.53) | (1.43-2.41)  (1.67—2.30)  (2.00 —3.00)

FEV1 (% 85.5 83.3 79.7 80.9 100.6 92.2
predicted) (63.9-103) | (78.7-102) | (62.9-99.4) | (58.0-102) | (99.5-106) | (73.3-111)

FVC (L) 2.84 2.87 2.90 2.14 2.23 3.29
(214 -356) | (2.79-3.47)  (2.13-3.12)  (1.86-3.29) (2.15—2.61) (2.24—4.14)

FVC (% 84.7 854 86.1 77.8 94.5 90.1
predicted) | (65.3-99.0) (75.0-103) | (62.9-95.0) | (52.9-90.2) (91.7-98.2) (66.3-113)

FEV1/FVC 79.8 78.4 76.9 81.9 83.4 79.4
(%) (75.3-84.8) | (76.9-84.4) (73.7-81.8) | (75.3-88.1)  (77.7-88.1)  (74.2-83.5)

DLco (mmol. 4.54 4.67 4.55 3.42 3.93 4.89
mintkPal) | (272-527) (3.32-5.08) (2.62-582)  (2.72-4.92)  (3.88-6.29) (2.63-5.41)

Dico (% 59.2 62.8 65.6 48.2 72.3 54.3
predicted) | (40.1-72.3)  (37.3-74.8) (39.2-76.7)  (40.1-70.9)  (71.3-93.9)  (35.2-72.4)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; Dco:
Diffusing capacity of the lung for carbon monoxide; FEV,: Forced expiratory volume in one second; FVC: Forced vital capacity;
HP: Hypersensitivity pneumonitis; INSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis

Table 4.4. PFT results at visit 1 for the total cohort and ILD subtypes. Results are
presented as median (inter-quartile range).

Fibrotic (n =32) | Inflammation (n = 23) p value
FEV1 (L) 2.29+0.76 2.29 £ 0.65 0.99
FEV1
: 1+ 25. .0 £ 20. :
(% predicted) 85 5.6 89.0 £ 20.9 0.56
FVC (L) 2.92 +1.06 2.91+£0.83 0.96
FVC
+ +
(% predicted) 82.8 £ 26.7 87.8+20.5 0.45
FEV1/ FVC (%) 79.8+7.3 79.1+6.9 0.70
DLco
+ +
(mmol. min".kPa%) 4.03+1.68 4.30+1.35 0.52
Dico 54.0 + 22.1 60.4 + 16.7 0.25

(% predicted)

D.co: Diffusing capacity of the lung for carbon monoxide; FEV;: Forced expiratory volume in one second; FVC: Forced vital
capacity

Table 4.5. PFT results at visit 1 for the fibrotic and inflammation groups. Results are

presented as mean + standard deviation.
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4.2.2 Visit 2 (6 weeks or 6 months depending on ILD subtype)

Total CTD-ILD DI-ILD HP iNSIP IPF
(n =39) (n=5) (n=11) (n =10) (n=2) (n=11)
FVC (L) 2.84 2.79 2.84 2.56 2.50 3.75
(2.25 - 3.83) (2.74 - 3.61) (2.09 — 3.85) (1.61 - 3.53) (2.34 — 2.65) (2.25 - 4.34)
FVC change 0.00 0.00 0.00 0.065 0.075 -0.13
(L) (-0.13-0.11) | (-0.09-0.14) | (-0.37-0.01) | (-0.11-0.15) | (0.04-0.11) | (-0.28-0.11)
FVC change 0.00 0.00 0.00 1.61 3.23 -3.28
(%) (-5.80-4.82) | (-2.98-3.42) | (-11.4-0.49) | (-5.68-572) | (1.53-4.93) | (-6.95—2.60)
FVC (% 87.0 88.3 86.7 76.9 95.3 87.0
predicted) (69.6 — 100) (73.0 - 102) (60.8 —93.0) (53.5-105) (92.9-97.8) (71.6 - 110)
FVC%
absolute 0.00 0.82 -0.10 1.89 2.22 -1.16
(-4.50 — 2.93) (-6.44 — 4.38) (-10.9-0.59) | (-4.22-4.54) (1.21-3.23) (-4.68 — 2.30)
change (%)
FVC%
. 0.00 0.80 -0.18 1.75 2.37 -0.93
relative

(-5.78-3.42) | (-852-537) | (-11.3-0.69) | (-5.29-6.63) | (1.32-3.42) | (-5.78-2.71)
change (%)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; FVC:
Forced vital capacity; HP: Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic
pulmonary fibrosis.

Table 4.6. FVC and FVC% results at visit 2, and the longitudinal change in FVC and
FVC% between visit 1 and visit 2 for the total cohort and the ILD subtypes. Results

are presented as median (inter-quartile range).

Total CTD-ILD DI-ILD HP iNSIP IPF
(n =39) (n =5) (n=11) (n =10) (n=2) (n=11)
Dico
(mmol 4.43 4.87 4.75 3.79 5.63 4.43
min-d kpé_l) (2.88-5.36) | (3.51-5.56) (2.85 — 5.94) (2.25-4.64) | (4.48-6.77) | (2.88-5.36)
DLco change
(mmol -0.040 0.37 0.020 -0.28 0.47 -0.33
min-t kPé 1 (-0.46-0.43) | (-0.02-0.61) | (-0.89-051) | (-0.71-0.48) | (0.38-0.55) | (-0.50 - -0.04)
in"L.kPa
DLco change -0.74 7.02 0.34 -5.97 9.97 -9.41
(%) (-19.1-12.0) | (-0.32-18.7) | (-19.6—12.0) | (-22.6-15.4) | (5.95-14.0) | (-19.1--0.74)
DiLco 56.8 62.3 66.5 52.2 90.1 53.8
(% predicted) | (40.6 - 73.5) (41.8-81.1) (39.1 - 78.0) (37.1-68.2) (81.2 — 99.0) (42.8 — 66.8)
DLco%
absolute -0.49 4.36 0.36 -3.07 7.03 -3.75
(-6.75-5.74) | (-0.26-8.60) | (-9.64—-7.92) | (-10.9-6.94) | (5.10-8.96) | (-17.4-2.71)
change (%)
DLco%
relative -0.78 8.31 0.42 -5.41 8.92 -8.02

(-20.2-12.1) | (-0.41-19.4) | (-19.7-12.1) | (-225-16.4) | (543-12.4) | (-24.2-4.07)
change (%)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; D co:
Diffusing capacity of the lung for carbon monoxide; HP: Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial
pneumonia; IPF: Idiopathic pulmonary fibrosis.

Table 4.7. DLco and DiLco% at visit 2, and the longitudinal change in Dico and DLco%
between visit 1 and visit 2 for the total cohort and the ILD subtypes. Results are

presented as median (inter-quartile range).
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Fibrotic

Inflammation

(n = 22) (n = 17) p value
FVC (L) 297 £1.17 3.04+£0.83 0.82
FVC change (L) -0.04 £ 0.24 -0.03 £ 0.24 0.47
FVC change (%) -2.09 +9.54 -0.43 +7.38 0.52
FVC (% predicted) 82.2+25.8 91.3+225 0.26
FVC% absolute change (%) -2.24 +7.95 0.11+£6.85 0.27
FVC% relative change (%) -2.56 + 9.76 0.14 £ 7.39 0.35

FVC: Forced vital capacity

Table 4.8. FVC and FVC% results at visit 2, and the longitudinal change in FVC and
FVC% between visit 1 and visit 2 in the fibrotic and inflammation groups. Results are

presented as mean * standard deviation.

Fibrotic Inflammation

(n =22) (n =17) pvalue
Dico (mmol.mint.kPa?) 4.15+1.98 428 +1.27 0.82
DiLco change (mmol.mint.kPa€?) -0.07+0.63 | -0.12+0.78 0.83
DLco change (%) -3.568+19.0 | -1.28+16.8 0.70
Dico (% predicted) 54.2 +23.8 505+ 17.6 0.45
DLco% absolute change (%) -1.98 + 9.69 -0.82+11.1 0.73
DLco% relative change (%) -3.94+195 | -0.73+x17.7 0.60

D, co: Diffusing capacity of the lung for carbon monoxide

Table 4.9. DLco and DLco% at visit 2, and the longitudinal change in Dico and DiLco%
between visit 1 and visit 2 in the fibrotic and inflammation groups. Results are

presented as mean * standard deviation.

There were no statistically significant changes in FVC, FVC%, DLco or DL.co% between

visit 1 and visit 2 when the groups were analysed separately.

4.2.3 Visit 3 (6 months or 12 months depending on ILD subtype)

Eight out of ten subjects that could not attend the final study visit due to COVID-19
restrictions had clinical PFT data available to use at visit 3 for research purposes.
Therefore, PFT data was available for 39 subjects at visit 3, despite only 31 of them
completing their final study visit.
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Total CTD-ILD DI-ILD HP iNSIP IPF

(n=39) (n=5) (n=9) (n=9) (n=3) (n=13)
2.92 2.97 2.81 2.92 2.44 3.29
FVC (L) (2.44 - 3.67) (2.72-3.72) (2.43 -3.53) (1.94 — 4.05) (2.13 - 2.70) (2.31-3.98)
FVC change -0.02 0.10 -0.02 0.06 0.09 -0.16
(L) (-0.18-0.13) | (-0.07-0.25) | (-0.26-0.11) | (-0.24-0.26) | (-0.02-0.21) | (-0.49--0.01)
FVC change -0.71 3.48 -0.67 2.80 3.45 -7.14
(%) (-758-3.81) | (-251-7.25) | (-7.82-4.54) | (-9.02-9.38) | (-0.93-9.42) | (-10.9--0.09)
FVC (% 88.5 88.5 85.7 84.8 96.4 89.6

predicted) (74.0 - 103) (77.3 - 106) (70.4-97.2) | (64.2-106) (94.2 - 102) (63.8 - 110)
FVC%

absolute -1.20 3.13 -1.26 3.50 2.50 -4.59
(-5.40 — 5.67) (-1.50 — 6.94) (-5.77-5.30) | (-6.15-7.94) | (-1.82-7.04) | (-12.1-0.68)
change (%)
FVC%
. -1.42 3.66 -1.42 3.54 2.73 -7.29
relative

(-8.14 - 5.13) (-1.73 - 7.58) (-8.20 - 5.37) (-9.10 - 10.6) (-1.85 —7.45) (-11.5-0.63)
change (%)
CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; FVC:
Forced vital capacity; HP: Hypersensitivity pneumonitis; iINSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic
pulmonary fibrosis.

Table 4.10. FVC and FVC% results at visit 3, and the longitudinal change in FVC and
FVC% between visit 1 and visit 3 for the total cohort and the ILD subtypes. Results
are presented as median (inter-quartile range).

Total CTD-ILD DI-ILD HP iNSIP IPF
(n=39) (n=5) (n=9) (n=9) (n=3) (n=13)
Dico
mmol 4.55 4.93 4.97 4.29 4.12 4.35
_( : (3.50 — 5.10) (3.80 — 5.49) (3.32-6.33) (3.64 — 4.86) (3.83-6.19) (2.70 - 4.74)
mintkPa€l)
Dico
change 0.00 0.05 0.24 0.00 -0.05 -0.54
(mmol. (-0.59-0.25) | (0.03-0.97) (-0.47-0.73) | (-0.48-0.30) | (-0.20-0.19) | (-0.72-0.10)
min-t.kPa?)
DLco 0.00 1.02 5.07 0.00 -1.29 -11.0
change (%) @ (-124-851) | (0.61-34.0) (-12.8-17.6) | (-11.6-7.50) | (-3.13-4.83) | (-16.9 —3.50)
Drco (% 62.7 63.1 69.5 62.7 75.0 47.7
predicted) (45.7 - 70.7) (42.8-182.9) (40.3 — 80.9) (53.3 — 66.6) (70.2 - 90.3) (37.7-61.6)
DLco%
absolute -0.72 1.13 2.82 -1.80 -1.16 -5.39
(-6.54—3.99) | (0.56—12.6) (-5.26-10.7) | (-7.79-7.51) | (-3.56—2.70) | (-13.7—1.45)
change (%)
DLco%
relative -0.83 1.54 4.15 -2.48 -1.63 -10.2

(-12.0 - 8.16) (0.97 — 33.4) (-12.3-17.4) (-11.9-15.4) (-3.79 - 3.74) (-23.5-4.02)
change (%)
CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; Dico:

Diffusing capacity of the lung for carbon monoxide; HP: Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial
pneumonia; IPF: Idiopathic pulmonary fibrosis.

Table 4.11. Dico and DLco% at visit 3, and the longitudinal change in DLco and DLco%
between visit 1 and visit 3 for the total cohort and the ILD subtypes. Results are
presented as median (inter-quartile range).
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Fibrotic Inflammation
(n = 23) (n = 16) pvalue
FVC (L) 291+1.11 3.11+0.84 0.53
FVC change (L) -0.13+0.38 0.07 £ 0.24 0.063
FVC change (%) -4.89 +15.2 3.00 £ 8.46 0.068
FVC (% predicted) 83.6 £ 26.3 945+ 18.2 0.16
FVC% absolute change (%) -4.05+12.6 3.19+7.04 0.045
FVC% relative change (%) -4.48 + 14.6 3.37 £8.53 0.017

FVC: Forced vital capacity

Table 4.12. FVC and FVC% results at visit 3, and the longitudinal change in FVC and
FVC% between visit 1 and visit 3 in the fibrotic and inflammation groups. Results are

presented as mean * standard deviation.

Fibrotic Inflammation

(n =23) (n = 16) p value
Dico (mmol.mint.kPa?) 4.08 +1.88 4.64 +£0.83 0.27
DiLco change (mmol.mint.kPa?) -0.18 £ 0.69 0.08 +0.70 0.25
DLco change (%) -5.22 +20.6 492 +17.0 0.17
Dico (% predicted) 54.0 £22.2 65.8 £ 10.9 0.057
DLco% absolute change (%) -3.81+11.0 2.38+£9.84 0.079
DLco% relative change (%) -5.55 £ 20.6 581+17.6 0.081

D, co: Diffusing capacity of the lung for carbon monoxide

Table 4.13. DLco and DLco% at visit 3, and the longitudinal change in DLco and DLco%
between visit 1 and visit 3 in the fibrotic and inflammation groups. Results are

presented as mean * standard deviation.

There was a statistically significant difference in DL.co and DLco% between visit 1 and
visit 3 in the IPF group (mean Dico (mmol. min-t.kPa?l): 4.25 + 1.35 vs 3.79 + 1.38,
p=0.017; mean DLco (% predicted): 58.1 £ 18.6 vs 50.3 + 16.2, p=0.032), as presented
in Figure 4.3. However, there was no statistically significant difference in FVC or
FVC% between visit 1 and visit 3 in the IPF group. There were no statistically
significant differences in FVC, FVC%, DLco or DiLco% between visit 1 and visit 3 when

the fibrotic and inflammation groups were analysed separately.
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Figure 4.3. DLco at visit 1 versus visit 3 for the IPF group (a-b). DLco% at visit 1 versus
visit 3 for the IPF group (c-d) (n=13). Statistical test: pared t test.

424 Visits1,2,and 3

35 subjects had PFT data available for visits 1, 2 and 3. This included 5 CTD-ILD, 9
DI-ILD, 8 HP, 2 INSIP and 11 IPF subjects. There were 21 subjects in the fibrotic group
and 14 in the inflammation group. Using two-way ANOVA statistical analysis, there
was a statistically significant difference between visit 2 and visit 3 in FVC (p=0.021)
and FVC% (p=0.020) in the inflammation group (Figure 4.4a). Of the 14 subjects in
the inflammation group that completed the study, one received a two-week course of
prednisolone between visits 1 and 2, one received a three-week course of
prednisolone between visits 2 and 3, seven continued prednisolone and/or second line
immunosuppressant treatment throughout the study and the remaining five subjects

were not treated with immunosuppressants.
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Figure 4.4. FVC % predicted (a) and Dico % predicted (b) at visits 1, 2 and 3 in
subjects stratified into fibrotic (n=21) and inflammation (n=14) groups. Statistical test:
two-way ANOVA.

4.3 Dissolved 12°Xe MRI

4.3.1 Study visits and examples of images / spectra

High-resolution dissolved phase spectroscopy was implemented from the beginning
of the study which provided a global measure of ?°Xe RBC:TP. There was an error
with the scan for this sequence in one of the visit 1 scans and therefore global 1>°Xe
RBC:TP data was available for 54 subjects at visit 1. Although 39 subjects had global
129Xe RBC:TP data available at visit 2, one of these subjects did not have visit 1 data
and therefore the longitudinal change in global *?°Xe RBC: TP between visit 1 and visit
2 could not be calculated. Figure 4.5 shows a summary of the number of subjects that
had dissolved 12°Xe spectroscopy performed at each study visit. An IDEAL four-echo
flyback 3D radial spectroscopic imaging technique was subsequently implemented in
March 2019. This MRI sequence provided a regional measure of 12°Xe RBC:TP,
RBC:Gas and TP:Gas, separated into upper / middle / lower zones, as well as central
| peripheral zones. As demonstrated in Figure 4.5, 20 subjects had IDEAL
spectroscopy performed at visit 1 and nine of these subjects returned for the visit 2
scan. Statistical analysis was not performed on the IDEAL spectroscopy data due to

the small sample size.
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Figure 4.5. Summary of the number of subjects that had dissolved 12°Xe spectroscopy

performed at each study visit.

An example of a 1?°Xe RBC:TP spectra is presented in Figure 4.6. Figure 4.7 is an
example of 12°Xe ratio maps using the IDEAL spectroscopic imaging technique. Both

figures are from the same IPF subject.
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Figure 4.6. Example of a 12°Xe RBC:TP spectra in an IPF subject.
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(a) TP/GAS (b)

Figure 4.7. Example of 2°Xe ratio maps (a) and the corresponding HRCT thorax

image (b) in an IPF subject.

4.3.2 Visit 1 (baseline)

4.3.2.1 High-resolution dissolved phase spectroscopy

Total CTD-ILD DI-ILD HP iNSIP IPF
(n =54) (n=5) (n =13) (n =14) (n=23) (n=19)
0.13 0.19 0.11 0.12 0.12 0.15

RBCTP | 011-019) | (0.11-0.20)  (0.10-0.19) | (0.10-0.16)  (0.10—0.19)  (0.13—0.19)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis; RBC: Red
blood cell; TP: Tissue plasma.

Table 4.14. Global 12°Xe RBC:TP at visit 1 for the total cohort and ILD subtypes.

Results are presented as median (inter-quartile range).

Fibrotic (n =31) Inflammation (n = 23) p value
RBC:TP 0.16 £ 0.05 0.14 £ 0.05 0.18

RBC: Red blood cell; TP: Tissue plasma.

Table 4.15. Global *?°Xe RBC:TP at visit 1 fin the fibrotic and inflammation groups.

Results are presented as mean + standard deviation.
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4.3.2.2 IDEAL spectroscopic imaging technigue

Total DI-ILD HP iINSIP IPF
(n =20) (n=5) (n=7) (n=3) (n=5)
RBC: TP
Ubper zone 0.19 0.19 0.18 0.20 0.21
PP (0.16 — 0.22) (0.17 - 0.24) (0.16 —0.22) (0.19 - 0.22) (0.13-0.22)
Middle zone 0.17 0.18 0.15 0.17 0.17
(0.15 - 0.20) (0.14 - 0.22) (0.14 - 0.22) (0.16 —0.21) (0.12-0.19)
Lower zone 0.16 0.22 0.15 0.16 0.16
(0.14 —0.21) (0.14 — 0.25) (0.13-0.21) (0.15-0.21) (0.12 - 0.20)
Central 0.18 0.19 0.15 0.17 0.19
zone (0.14 - 0.20) (0.15-0.23) (0.13 -0.20) (0.17 - 0.20) (0.11 -0.20)
Peripheral 0.18 0.21 0.18 0.18 0.18
zone (0.16 — 0.22) (0.16 — 0.23) (0.15-0.22) (0.17 - 0.22) (0.14 -0.19)
TP:Gas
Uoper zone 0.010 0.010 0.010 0.0068 0.011
PP (0.007 - 0.012) | (0.007 —0.013) | (0.009-0.018) | (0.006—0.009) @ (0.007 —0.012)
Middle zone 0.0093 0.0092 0.010 0.0075 0.0098
(0.007 - 0.010) | (0.006 —0.011) | (0.008—0.016) | (0.005-0.009) A (0.007 —0.010)
Lower zone 0.0085 0.0082 0.011 0.0083 0.0082
(0.007 - 0.011) | (0.006 —0.011) | (0.007 —0.014) | (0.005-0.009) @ (0.007 —0.010)
Central 0.0096 0.0096 0.011 0.0072 0.0096
zone (0.007 - 0.011) | (0.007 —0.012) | (0.008-0.013) | (0.005-0.009)  (0.007 —0.011)
Peripheral 0.0094 0.0093 0.011 0.0081 0.0094
zone (0.007 - 0.011) | (0.006 —0.011) | (0.009—0.021) | (0.006—0.009) @ (0.007 —0.011)
RBC:Gas
Ubper zone 0.0019 0.0020 0.002 0.0014 0.0016
PP (0.001 -0.002) | (0.001-0.003) & (0.001-0.003) @ (0.001-0.002) (0.001-0.002)
Middle zone 0.0014 0.0013 0.0017 0.0012 0.0014
(0.001 -0.002) | (0.001-0.002) & (0.001-0.003) @ (0.001-0.002) (0.001 - 0.002)
Lower zone 0.0016 0.0015 0.0017 0.0013 0.0016
(0.001-0.002) | (0.001-0.003) & (0.001-0.003) @ (0.001-0.002) (0.001-0.002)
Central 0.0015 0.0014 0.0018 0.0012 0.0015
zone (0.001-0.002) | (0.001-0.003) & (0.001-0.003) @ (0.001-0.002) (0.001-0.002)
Peripheral 0.0017 0.0016 0.0017 0.0014 0.0014
zone (0.001 -0.002) | (0.001-0.003) & (0.002-0.003) @ (0.001-0.002) (0.001 - 0.002)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis; RBC: Red
blood cell; TP: Tissue plasma.

Table 4.16. Regional ?°Xe RBC:TP, TP:Gas and RBC:Gas results at visit 1 for the
total cohort and each ILD subtype. Results are presented as median (inter-quartile

range).
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Fibrotic (n =9) Inflammation (n = 11) p value
RBC:TP
Upper zone 0.19 + 0.039 0.20 + 0.043 0.55
Middle zone 0.16 £ 0.035 0.17 £ 0.038 0.59
Lower zone 0.17 £ 0.042 0.18 + 0.054 0.46
Central zone 0.17 £ 0.039 0.18 £ 0.040 0.48
Peripheral zone 0.18 £ 0.036 0.19 £ 0.042 0.43
TP:Gas
Upper zone 0.0096 + 0.0022 0.011 + 0.0058 >0.99
Middle zone 0.0090 + 0.0019 0.010 + 0.0050 0.42
Lower zone 0.0086 + 0.0017 0.010 £ 0.0043 0.31
Central zone 0.0091 + 0.0020 0.010 £ 0.0051 0.47
Peripheral zone 0.0090 £ 0.0017 0.011 £ 0.0058 0.64
RBC:Gas
Upper zone 0.0018 £ 0.0004 0.0021 £ 0.0010 0.38
Middle zone 0.0014 + 0.0003 0.0019 + 0.0010 0.23
Lower zone 0.0014 £ 0.0003 0.0019 £ 0.0008 0.16
Central zone 0.0015 £ 0.0004 0.0018 £ 0.0008 0.26
Peripheral zone 0.0016 + 0.0003 0.0022 + 0.0015 0.44

RBC: Red blood cell; TP: Tissue plasma.

Table 4.17. Regional 12°Xe RBC:TP, TP:Gas and RBC:Gas results at visit 1 in the

fibrotic and inflammation groups. Results are presented as mean + standard deviation.

4.3.3 Visit 2 (6 weeks or 6 months depending on ILD subtype)

4.3.3.1 High-resolution dissolved phase spectroscopy

There was a statistically significant decrease in 1?°Xe RBC:TP between visits 1 and 2
in the IPF group (mean: 0.18 + 0.06 vs 0.14 + 0.03; p=0.014; n=11) (Figure 4.8a-b)
and in the fibrotic group (mean: 0.17 + 0.05 vs 0.14 * 0.04; p=0.006; n=21) (Figure
4.8c-d). There was no statistically significant change in FVC, FVC%, DLco or DLco%
between visits 1 and 2 in the IPF and fibrotic groups. This suggests that global 1>°Xe
RBC:TP is more sensitive to early disease progression in fibrotic ILD compared to
PFTs. The repeatability coefficient of 12°Xe RBC:TP was 0.09 in ten healthy volunteers
using the same MRI protocol and performed at the University of Sheffield. The
repeatability coefficient is a measurement of precision, representing the value below
which the absolute difference between two repeated measurements on the same
subject is expected to lie with a 95% probability (95% limit of agreement) (360).
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Figure 4.8. 12°Xe RBC:TP at visit 1 versus visit 2 in the IPF group (n=11; a-b) and the
fibrotic group (n=21; c-d). Statistical test: pared t test.

Total CTD-ILD DI-ILD HP iNSIP IPF
(n =38) (n=5) (n=11) (n=9) (n=2) (n=11)

] 0.13 0.13 0.12 0.15 0.12 0.13
RBC:TP (0.11-0.17) (0.12 - 0.20) (0.09 —0.19) (0.11-0.16) (0.10 — 0.14) (0.11-0.18)
RBC:TP -0.003 0.006 -0.004 0.003 -0.027 -0.023
change (-0.02-0.01) | (-0.05-0.02) | (-0.02-0.01) | (-0.01-0.02) | (-0.05-0.00) | (-0.08—0.00)
RBC:TP -3.16 5.73 -3.60 2.07 -15.0 -11.4

change (%) | (148-512) | (-240-138)  (-11.6-3.96) (541-204)  (-27.2--272) | (-35.7-2.20)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis; RBC: Red
blood cell; TP: Tissue plasma.

Table 4.18. 2°Xe RBC:TP at visit 2, and the longitudinal change in 2°Xe RBC:TP
between visit 1 and visit 2 for the total cohort and the ILD subtypes. Results are

presented as median (inter-quartile range).
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Fibrotic (n =21) | Inflammation (n = 17) p value

RBC:TP 0.14 £ 0.04 0.14 £ 0.05 0.64
RBC:TP change -0.025 £ 0.04 0.004 £ 0.02 0.007
RBC:TP change (%) -11.7+£18.3 3.34+£175 0.015

RBC: Red blood cell; TP: Tissue plasma.
Table 4.19. *°Xe RBC:TP at visit 2, and the longitudinal change in 12°Xe RBC:TP
between visit 1 and visit 2 in the fibrotic and inflammation groups. Results are

presented as mean * standard deviation.

Two-way ANOVA statistical analysis confirmed a statistically significant difference in
129Xe RBC:TP between visits 1 and 2 in the fibrotic group (Figure 4.9).
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Figure 4.9. 1?°Xe RBC:TP (a), FVC % predicted (b), and DiLco % predicted (c) at visit
1 versus visit 2 in the fibrotic (n=21) and inflammation (n=17) groups. Statistical test:
two-way ANOVA.
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4.3.3.2 IDEAL spectroscopic imaging technigue

Total (n =9) DI-ILD (n = 4) HP (n =3) iNSIP (n =2)
RBC:TP change (%)
Upper zone -4.95 -10.2 -28.5 -3.65
(-33.3-15.8) (-33.7-32.7) (-43.5-31.4) (-4.95 - -2.34)
Middle zone 2.88 0.34 -15.8 5.59
(-20.0-15.2) (-18.7 — 25.3) (-35.1-24.2) (4.92 - 6.25)
Lower zone 0.010 2.92 -13.9 -7.70
(-14.0 - 8.36) (0.23-10.1) (-36.2 — 22.8) (-14.2 - -1.21)
Central zone 0.72 0.39 -11.7 10.2
(-7.05-19.5) (-1.77 — 19.4) (-35.2-22.0) (3.37-16.9)
Peripheral zone -1.19 0.30 -22.9 -7.38
(-19.3-10.2) (-8.23-14.4) (-35.8 — 36.8) (-15.7 — 0.96)
TP:Gas change (%)
Upper zone 4.95 8.20 -1.44 13.2
(-3.46 — 20.6) (-2.33-12.3) (-9.85 -44.9) (-2.15 - 28.6)
Middle zone 412 6.14 -3.79 8.44
(-1.12-13.4) (3.27-10.7) (-10.8-35.1) (1.55-15.3)
Lower zone 2.89 2.30 -1.17 11.4
(-1.81 - 16.0) (-1.49 -9.80) (-18.6 — 34.2) (2.89 - 20.0)
Central zone 4.69 5.51 1.10 12.9
(0.17 - 14.5) (0.26 — 7.88) (-13.9-34.7) (4.69-21.1)
Peripheral zone 4.15 5.11 -6.88 5.60
(-5.44 — 13.4) (-0.76 — 10.2) (-13.3-34.4) (-3.99-15.2)
RBC:Gas change (%)
Upper zone -4.47 -3.92 -5.66 7.74
(-7.24 - 20.4) (-7.73-47.0) (-26.7 — 20.3) (-4.98 — 20.5)
Middle zone 9.96 12.0 -11.6 12.3
(-4.78 — 17.4) (4.06 — 33.6) (-18.2-11.0) (3.68 - 20.8)
Lower zone 2.10 9.17 -14.3 2.15
(-6.59 - 9.17) (3.18-16.7) (-15.2 - 1.09) (2.10-2.19)
Central zone 6.49 7.99 -10.1 23.1
(-2.76 — 17.4) (5.06 — 21.3) (-13.0 - 6.07) (6.63 —39.5)
Peripheral zone -2.93 3.54 -14.6 -3.70
(-10.1 - 13.9) (-4.10 — 23.6) (-27.4-21.1) (-4.46 - -2.93)

DI-ILD: Drug induced interstitial lung disease; HP: Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial

pneumonia; RBC: Red blood cell; TP: Tissue plasma.

Table 4.20. % change in regional *°Xe RBC:TP, TP:Gas and RBC:Gas results

between visit 1 and visit 2 for the total cohort and each ILD subtype. Results are

presented as median (inter-quartile range).
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Fibrotic (n = 3) Inflammation (n = 6) p value
RBC: TP change (%)
Upper zone (-2.321—.443.6) (-39._52‘-1.-?3.69) 0.048
Middle zone (4.922 41232.7) (-27._3 ?2.72) 0.048
Lower zone (-1.21.?622.8) (-19.-5 31.59) 0.26
Central zone (3.3722—25.6) (_17:;'_13_77) 0.048
Peripheral zone (0.9;8—.26.8) (-26.-11?.-20.45) 0.048
TP:Gas change (%)
Upper zone (-9.8-52 -—1512.6) (-2.23'3032.7) 0.38
Middle zone (-10.;'554.12) (1.23 'fgo.s) 0.17
Lower zone (-18;.382.89) (-1.4;'?023.5) 0.26
Central zone (-13.-9())-—73.69) (2.757'53224.5) 0.10
Peripheral zone (_13._???%.07) (_3.5;'?420.0) 0.26
RBC:Gas change (%)
Upper zone (-4.920—.363.7) (-13.-;3 f)72.59) 0.26
Middle zone (3.6; 1—.810.1) (-13.2.8315.8) 0.38
Lower zone (1.05 Eg;.ss) (-14.2'?412.9) 0.91
Central zone (6.076 '_6325.2) (-10.2'2417.0) 0-55
Peripheral zone (_4.421_'129.3) (_17._:_2?.95) 0.17

RBC: Red blood cell; TP: Tissue plasma.

Table 4.21. % change in regional ?°Xe RBC:TP, TP:Gas and RBC:Gas results
between visit 1 and visit 2 in the fibrotic and inflammation groups. Results are

presented as median (inter-quartile range).
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4.4  12°Xe Diffusion-weighted MRI (airway microstructure)

4.4.1 Study visits and examples of images

There was an error with the 12°Xe DW-MRI sequence in one of the visit 1 scans, and
therefore 12°Xe DW-MRI data was available for 54 subjects at visit 1. Although 39
subjects completed visit 2, there was an error with the scan for this sequence in two
of the visit 2 scans. Therefore, the longitudinal change in 12°Xe ADC and Lmp between
visit 1 and visit 2 could not be calculated in two of the 39 subjects that completed visit
2.

37 successful

129Xe DW-MRI at
both study visits
B —

m 39 completed visit 2
?z‘!;)?g %:V?,Sfﬂfg: m > died before visit 2
|

11 withdrawn before
visit 2

55 completed
visit 1

(4 due to patient choice,
7 due to COVID-19
restrictions)

Figure 4.10. Summary of the number of subjects that had '2°Xe DW-MRI performed
at each study visit.
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(a) 129Xe Diffusion - ADC

Mean ADC: 0.063 0.057 0.060 0.062 0.063 0.068
Std ADC: 0.015 0.016 0.016 0.013 0.015 0.018

Mean ADC: 0.070 0.068 0.069 0.070 0.067 0.065

Std ADC:  0.018 0.018 0.017 0.013 0.009 0.012
(b) 129Xe Diffusion - Lm,

Lm; X : :

(pm) o 50 100 150 200 250 300 350 400 450 500

Mean LmD: 402 355 381 392 354 404
Std LmD

Mean LmD: 415 407 407 430 429 40s
Std LmD: 68 68 66 58 53 61

(c)

Mean ADC: 0.065 cm?/s
Mean Lmp: 399.4 pm
FVC: 109 % predicted

D\ co: 35 % predicted

Figure 4.11. Example of a 12Xe ADC map (a), 12°Xe Lmp map (b) and corresponding

coronal HRCT image (c) in an IPF subject.
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4.4.2 Visit 1 (baseline)

There was a statistically significant difference between the five ILD subtypes at visit 1
in global 12°Xe ADC (p=0.014; HP vs IPF: p=0.011) and Lmp (p=0.015; HP vs IPF:
p=0.013) (Figure 4.12). There was a statistically significant difference between the
fibrotic and inflammation groups at visit 1 in global 12°Xe ADC (mean (cm?/s): 0.046 +
0.008 vs 0.042 + 0.006; p=0.034) and Lmp (mean (um): 333 + 34 vs 316 + 27; p=0.046)
(Figure 4.13). These findings suggest that *°Xe DW-MRI has value in differentiating
between the pathological processes that cause the physiological abnormalities in the

various ILD subtypes.

(a) (b)
0.08 450
& 0.011 0 0.013
s = 400
0 0.06 £
[a)] -
< T T Q T -|—
P T §<350 T
(o2} —
S 0.04 Q _— = -
S = 3 300
T o !
0.02 - 250 T T T T T
CTD-ILD DHLD ~ HP  iNSIP  IPF CTD-LD DHLD HP  iNSIP  IPF

Figure 4.12. Difference between ILD subtypes at visit 1 in global *?°Xe ADC (a) and
Lmp (b). Statistical test: Kruskal-Wallis.

(a) (b)
p = 0.034 p = 0.046
$0.08 . 450
(\Jg \E%
S o 400
Q0.06 T £ '|'
B T 2 350 T
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Figure 4.13. Difference between fibrotic (n=31) and inflammation (n=23) groups at
visit 1 in global 2°Xe ADC (a) and Lmp (b). Statistical test: independent samples t test.
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Total CTD-ILD DI-ILD HP iNSIP IPF

(n =54) (n=5) (n=13) (n =15) (n=3) (n=18)
ADC 0.044 0.041 0.044 0.039 0.041 0.049
(cm?/s) | (0.039-0.050) | (0.036-0.051) | (0.035-0.048) | (0.037—0.046) | (0.039-0.042) | (0.043 - 0.055)
Lmp 323 319 327 304 314 343

(um) | (303-347) @ (289-350) @ (285-342) (291-334) @ (306-317) @ (322-367)

ADC: Apparent diffusion coefficient; CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug
induced interstitial lung disease; HP: Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF:
Idiopathic pulmonary fibrosis; Lmp: mean diffusive length scale.

Table 4.22. Global 2°Xe ADC and Lmp at visit 1 for the total cohort and ILD subtypes.

Results are presented as median (inter-quartile range).

Fibrotic (n =31) Inflammation (n = 23) p value
ADC (cm?/s) 0.046 + 0.008 0.042 + 0.006 0.034
Lmo (um) 333+34 316 = 27 0.046

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale.

Table 4.23. Global 12°Xe ADC and LmD at visit 1 in the fibrotic and inflammation

groups. Results are presented as mean + standard deviation.

In the DI-ILD group (n=13), there was a statistically significant difference between the
upper and middle zone in 12°Xe ADC (median (cm?/s): 0.041 (0.035 — 0.044) vs 0.045
(0.037 — 0.047); p=0.018) (Figure 4.14a) and **°Xe Lmp (median (um): 311 (283 — 326)
vs 324 (292 — 345); p=0.015) (Figure 4.14b). In the HP group (n=15), there was a
statistically significant difference between the middle and lower zone in 2°Xe ADC
(median (cm?/s): 0.042 (0.037 — 0.048) vs 0.037 (0.035 — 0.043); p<0.001) (Figure
4.14c) and *?°Xe Lmp (median (um): 315 (292 — 350) vs 296 (280 — 318); p<0.001)
(Figure 4.14d). In the IPF group (n=18), there was a statistically significant difference
between the upper and middle zone in ?°Xe ADC (median (cm?/s): 0.045 (0.042 —
0.049) vs 0.050 (0.045 — 0.055); p<0.001) (Figure 4.14e) and 1**Xe Lmp (median (um):
328 (316 — 349) vs 348 (322 — 374); p<0.001) (Figure 4.14f). There was also a
statistically significant difference in 12°Xe Lmp between the upper and lower zone in
the IPF group (median (um): 328 (316 — 349) vs 344 (323 — 378); p=0.043) (Figure
4.14f). 12°Xe DW-MRI provides unigue information regarding microstructural changes,
especially in fibrotic ILD. This is supported by the regional variation found between ILD

subtypes.
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Figure 4.14. 12°Xe ADC and Lmp in the upper, middle and lower zones in the DI-ILD
group (a-b), the HP group (c-d) and the IPF group (e-f) at visit 1. Statistical test: one-
way ANOVA.

There was a statistically significant difference in 12°Xe ADC between the central zone
and the peripheral zone in the HP group (median (cm?/s): 0.041 (0.038 — 0.046) vs
0.038 (0.036 — 0.046); p=0.020; n=15) and the IPF group (median (cm?/s): 0.050
(0.045 - 0.056) vs 0.048 (0.042 — 0.055); p=0.005; n=18) (Figure 4.15).
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Figure 4.15. 2°Xe ADC in the central and peripheral zones for the HP group (a) and
the IPF group (b). Statistical test: pared t test.

There was a statistically significant difference in **Xe Lmp between the central zone
and the peripheral zone in the DI-ILD group (median (um): 329 (293 — 346) vs 319
(279 — 341); p=0.001; n=13), HP group (median (um): 314 (297 — 336) vs 297 (289 —
332); p=0.001; n=15), and the IPF group (median (um): 351 (332 — 377) vs 338 (314
— 368); p<0.001; n=18) (Figure 4.16). It is likely that this finding is due to the higher
density of large airways in the central zones when compared to the peripheral zone.
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Figure 4.16. 12°Xe Lmp in the central and peripheral zones for the DI-ILD group (a),

HP group (b) and the IPF group (c). Statistical test: pared t test.
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Total CTD-ILD DI-ILD HP iNSIP IPF
(n =54) (n=5) (n =13) (n =15) (n=3) (n =18)
ADC (cm?/s)
Upper 0.042 0.038 0.041 0.041 0.039 0.045
zone (0.038 - 0.046) (0.034 - 0.043) (0.035 — 0.044) (0.037 - 0.046) (0.038 - 0.041) (0.042 - 0.049)
Middle 0.045 0.041 0.045 0.042 0.043 0.050
zone (0.040 - 0.051) (0.038 — 0.049) (0.037 — 0.047) (0.037 — 0.048) (0.040 — 0.044) (0.045 — 0.055)
Lower 0.043 0.043 0.040 0.037 0.039 0.048
zone (0.036 — 0.050) (0.035 — 0.058) (0.034 — 0.051) (0.035 — 0.043) (0.039 — 0.042) (0.043 — 0.056)
Central 0.044 0.042 0.044 0.041 0.043 0.050
zone (0.041 - 0.050) (0.038 — 0.049) (0.037 - 0.048) (0.038 — 0.046) (0.041 - 0.044) (0.045 - 0.056)
Peripheral 0.043 0.040 0.043 0.038 0.040 0.048
zone (0.038 — 0.049) (0.035 - 0.051) (0.034 — 0.049) (0.036 — 0.046) (0.038 — 0.040) (0.042 - 0.055)
Lmo (um)
Upper 317 300 311 312 307 328
zone (298 —335) | (277 —318) (283 -—1326) @ (290 —333) @ (298 —309) @ (316 — 349)
Middle 329 322 324 315 314 348
zone (310 — 356) | (298 —347) | (292 —345) @ (292-350) @ (312-330) (332-374)
Lower 319 326 310 296 306 344
zone (293 —349) | (286 -372)  (278-351) @ (280-318) @ (302-316) (323 —378)
Central 332 327 329 314 321 351
zone (313-358) | (302-1352) (293 —346) (297 —336) (316 —331) (332 -377)
Peripheral 317 313 319 297 307 338
zone (297 — 343) | (280 —349) @ (279 -341) (289 -332) (298 —309) (314 — 368)

ADC: Apparent diffusion coefficient; CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug
induced interstitial lung disease; HP: Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF:
Idiopathic pulmonary fibrosis; Lmp: mean diffusive length scale.

Table 4.24. Regional **Xe ADC and LmD results at visit 1 for the total cohort and
each ILD subtype. Results are presented as median (inter-quartile range).

In the fibrotic group (n=31), there was a statistically significant difference in *°Xe ADC
between the upper and middle zone (mean (cm?/s): 0.043 + 0.007 vs 0.047 + 0.008;
p<0.001), between the upper and lower zone (mean (cm?/s): 0.043 + 0.007 vs 0.047
+0.011; p=0.013), and between the central and peripheral zone (mean (cm?/s): 0.047
+ 0.008 vs 0.046 + 0.009; p=0.002) (Figure 4.17a-b). In the inflammation group (n=23),
there was a statistically significant difference in >°Xe ADC between the upper zone
and the middle zone (mean (cm?/s): 0.042 + 0.007 vs 0.044 + 0.006; p=0.019),
between the middle zone and the lower zone (mean (cm?/s): 0.044 + 0.006 vs 0.040
+ 0.007; p<0.001), and between the central zone and the peripheral zone (mean
(cm?/s): 0.043 + 0.006 vs 0.041 + 0.006; p<0.001) (Figure 4.17c-d).
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Figure 4.17. 12°Xe ADC for the fibrotic group (n=31) in the upper, middle and lower
zones (@), and in the central and peripheral zones (b). 12°Xe ADC for the inflammation
group (n=23) in the upper, middle and lower zones (c), and in the central and

peripheral zones (d). Statistical test: one-way ANOVA.

In the fibrotic group (n=31), there was a statistically significant difference in 12°Xe Lmp
between the upper and middle zone (mean (um): 320 + 32 vs 337 = 34; p<0.001),
between the upper and lower zone (mean (um): 320 £ 32 vs 336 + 42; p=0.013), and
between the central and peripheral zone (mean (um): 341 + 35 vs 328 + 34; p<0.001)
(Figure 4.18a-b). In the inflammation group (n=23), there was a statistically significant
difference in 12°Xe Lmp between the upper and middle zone (mean (um): 315 + 33 vs
325 + 28; p=0.014), between the middle and lower zone (mean (um): 325 + 28 vs 305
+ 30; p<0.001), and between the central and peripheral zone (mean (um): 324 + 28 vs
310 * 28; p<0.001) (Figure 4.18c-d).
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Figure 4.18. 12°Xe Lmp in the upper, middle and lower zones (a), and in the central
and peripheral zones (b) in the fibrotic group (n=31). 2°Xe Lmp in the upper, middle
and lower zones (c), and in the central and peripheral zones (d) in the inflammation
group (n=23). Statistical test: one-way ANOVA.

Fibrotic (n =31) | Inflammation (n = 23) p value
ADC (cm?/s)
Upper zone 0.043 = 0.007 0.042 = 0.007 0.50
Middle zone 0.047 £ 0.008 0.044 £ 0.006 0.12
Lower zone 0.047 £0.011 0.040 + 0.007 0.004
Central zone 0.047 + 0.008 0.043 + 0.006 0.047
Peripheral zone 0.046 £ 0.009 0.041 + 0.006 0.030
Lmop (um)
Upper zone 320+ 31 315+ 33 0.58
Middle zone 337+ 34 325+ 28 0.16
Lower zone 336+ 42 305+ 30 0.004
Central zone 341 + 35 324 + 28 0.063
Peripheral zone 328 £ 34 310 £ 28 0.040

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale.

Table 4.25. Regional 1?°Xe ADC and LmD results at visit 1 in the fibrotic and

inflammation groups. Results are presented as mean + standard deviation.
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4.4.3 Visit 2 (6 weeks or 6 months depending on ILD subtype)

In the DI-ILD group (n=10), there was a statistically significant increase in global *°Xe
ADC (mean (cm?/s): 0.045 + 0.007 vs 0.047 + 0.008; p=0.005) and Lmp (mean (um):
329 £ 32 vs 333 * 34, p=0.017) between visits 1 and 2 (Figure 4.19). The repeatability
coefficient of 12°Xe ADC and Lmp was 0.002 and 11.3 respectively in ten healthy
volunteers using the same MRI protocol and performed at the University of Sheffield.
Although the increase in 12°Xe ADC and Lmp occurred over a short period of time, it is
possible that these findings were due to fibrotic microstructural changes. Three out of
the ten DI-ILD subjects were treated with prednisolone between visits 1 and 2. Four
out of the ten DI-ILD subjects were in the fibrotic group (one was treated with

prednisolone).
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Figure 4.19. Global '2°Xe ADC (a-b) and Lmp (c-d) at visit 1 versus visit 2 in the DI-
ILD group (n=10). The three subjects were treated with prednisolone between visits 1
and 2 are highlighted in red. Statistical test: pared t test.
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Total CTD-ILD DI-ILD HP iNSIP IPF

(n=37) (n=5) (n =10) (n=9) (n=2) (n=11)
ADC (cm?/s) 0.044 0.041 0.046 0.040 0.040 0.051
(0.039 - 0.051) (0.036 — 0.048) (0.041 - 0.053) (0.037 — 0.046) (0.039 - 0.041) (0.048 — 0.057)
ADC change | 0,0001 -0.0006 0.0016 -0.0011 0.0000 -0.0001
(cm 2/s,) (-0.0015 — 0.0016) (-0.002 — 0.0004) (0.0003 - 0.0023) (-0.003 — 0.003) ’ (-0.003 — 0.0009)
ADC change 0.24 -1.62 3.16 -2.72 0.12 -0.18
(%) (-3.75-3.51) | (-4.32-1.00) (0.81-4.87) (-6.01 — 6.34) (0.00 —0.24) | (-6.46 —1.65)
Lmo (um) 328 319 329 306 310 328
o (302 — 351) (292 — 339) (309 — 361) (296 — 333) (303 - 318) (302 — 351)
Lmo change -0.30 -6.10 3.25 -0.90 -1.10 -1.30
(um) (-7.15-5.75) | (-10.7 -5.20) (0.48 —10.5) (-13.5-11.5) | (-3.00-0.80) | (-15.2 --0.30)
Lmo change -0.090 -2.06 0.99 -0.30 -0.37 -0.35
(%) (-2.29-1.67) | (-3.02-1.85) (0.14 - 3.04) (-4.07-3.71) | (-0.98-0.25) | (-4.26 - -0.08)

ADC: Apparent diffusion coefficient; CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug
induced interstitial lung disease; HP: Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF:
Idiopathic pulmonary fibrosis; Lmp: mean diffusive length scale.

Table 4.26. Global ?°Xe ADC and LmD results at visit 2, and the longitudinal change
in global 12°Xe ADC and LmD between visit 1 and visit 2 for the total cohort and each

ILD subtype. Results are presented as median (inter-quartile range).

Fibrotic (n =21) | Inflammation (n = 16) p value
ADC (cm?/s) 0.048 + 0.008 0.042 + 0.005 0.031
ADC change (cm?/s) 0.0004 + 0.0035 -0.0002 £ 0.0016 0.58
ADC change (%) 1.20+8.19 -0.38 £ 3.48 0.48
Lmp (um) 338 + 36 317 +24 0.049
Lmp change (um) 1.11+16.5 -1.21+7.33 0.60
Lmp change (%) 0.45+5.29 -0.37 £2.27 0.56

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale.

Table 4.27. Global ?°Xe ADC and LmD results at visit 2, and the longitudinal change
in global 12°Xe ADC and LmD between visit 1 and visit 2 in the fibrotic and inflammation

groups. Results are presented as mean + standard deviation.

In the DI-ILD group, between visits 1 and 2, there was a statistically significant increase
in 2°Xe ADC in the middle zone (mean (cm?/s): 0.046 + 0.007 vs 0.047 + 0.008;
p=0.040), lower zone (mean (cm?/s): 0.045 + 0.009 vs 0.047 + 0.010; p=0.003), central
zone (mean (cm?/s): 0.046 + 0.008 vs 0.048 + 0.008; p=0.009) and peripheral zone
(mean (cm?/s): 0.045 + 0.008 vs 0.046 + 0.008; p=0.019), and a statistically significant
increase in 12°Xe Lmp in the lower zone (mean (um): 325 + 39 vs 333 * 44; p=0.017)
and the peripheral zone (mean (um): 323 + 32 vs 327 + 34; p=0.027).
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Total CTD-ILD DI-ILD HP iNSIP IPF
(n =37) (n =5) (n=9) (n =8) (n=2) (n =11)
ADC change (%)

Upper 1.02 1.05 3.41 5.59 1.83 -1.79
zone (-4.03-5.48) | (-7.55-7.46) | (-2.33-6.65) | (-19.8-23.4) | (0.77-2.89) | (-13.1-16.6)

Middle -0.34 -2.65 2.77 2.85 0.64 1.50
zone (-3.77-3.26) | (-6.40--0.07) | (0.71-6.86) | (-11.1-15.7) | (-0.23-1.50) | (-9.92 —5.35)

Lower 0.92 -1.16 2.28 4.09 -2.86 4.22
zone (-3.87-5.44) | (-3.12--0.28) | (1.83-6.56) | (-19.0-13.6) | (-6.75-1.03) | (-9.64 —21.3)

Central 0.00 -4.05 3.76 5.02 -0.09 -4.12
zone (-4.92-4.36) | (-5.88--1.78) | (0.75-6.12) | (-6.99-15.8) | (-0.92-0.74) | (-6.63—8.01)

Peripheral 0.74 -0.56 3.46 -0.50 -0.15 7.73
zone (-3.99-3.99) | (-4.05-4.24) | (0.33-514) | (-11.9-13.6) | (-0.79-0.50) | (-12.1-14.1)

Lmp change (%)

Upper 0.03 0.56 1.79 -2.11 0.90 -1.30
zone (-2.84-2.83) | (-5.30-6.18) | (-1.79-3.41) | (-6.24—-1.94) | (0.62—1.17) | (-3.09 —3.50)

Middle -0.58 -2.13 0.96 -1.55 0.18 -1.36
zone (-2.42-2.47) | (-3.87-1.03) | (-0.64—3.49) | (-5.93-3.04) | (-0.32-0.67) | (-3.23--0.84)

Lower -0.39 -1.32 1.74 -2.10 -2.65 -1.48
zone (-2.58-2.76) | (-3.00—1.04) | (0.37-4.74) | (-555-2.36) | (-4.90--0.39) | (-5.23-2.68)

Central -0.60 -2.79 1.12 -0.59 -0.51 -0.77
zone (-279-2.69) | (-3.15--0.71) | (-0.31-3.15) | (-4.05-3.18) | (-0.60--0.41) | (-5.10-0.29)

Peripheral -0.33 -1.29 1.29 -2.86 -0.50 -0.33
zone (-2.18-2.60) | (-3.13-4.06) | (-0.64—3.13) | (-4.78-1.75) | (-1.61-0.61) | (-2.43-1.72)

ADC: Apparent diffusion coefficient; CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug
induced interstitial lung disease; HP: Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF:
Idiopathic pulmonary fibrosis; Lmp: mean diffusive length scale.

Table 4.28. % change in regional 12°Xe ADC and LmD results between visit 1 and visit
2 for the total cohort and each ILD subtype. Results are presented as median (inter-

quartile range).

Fibrotic (n = 21) Inflammation (n = 16) p value
ADC change (%)
Upper zone 0.68 £10.8 0.32£5.72 0.012
Middle zone 0.17 +8.30 -0.96 £4.12 0.007
Lower zone 1.90+9.17 -0.14 £5.85 0.072
Central zone 1.07 £8.83 -0.58 £4.19 0.011
Peripheral zone 1.34 +8.22 -0.31 +4.09 0.017
Lmp change (%)
Upper zone 0.29 + 6.96 -0.12 + 3.88 0.83
Middle zone -0.17 £ 5.27 -0.82 £ 2.55 0.65
Lower zone 0.85+6.01 0.03 + 3.66 0.63
Central zone 0.30 £ 6.15 -0.59 £ 2.25 0.59
Peripheral zone 0.61 +5.13 -0.30 £ 3.23 0.54

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale.

Table 4.29. % change in regional 1?°Xe ADC and Lmp results between visit 1 and visit
2 in the fibrotic and inflammation groups. Results are presented as mean + standard

deviation.
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45 129Xe Ventilation MRI

4.5.1 Study visits and examples of images

129X e ventilation MRI was implemented from the beginning of the study. Following an
interim analysis in September 2019, a decision was made to remove the '2°Xe
ventilation MRI sequence from the protocol. The reason for this was its inability to
demonstrate any statistically significant differences between groups and a lack of

sensitivity to longitudinal change between visits. '2°Xe ventilation MRI data was

available for 41 subjects at visit 1 and 34 subjects at visit 2.

Figure 4.20. Example of a 1?°Xe ventilation image (a) and the corresponding coronal
HRCT image (b) in a DI-ILD subject. VV%: 82.3%, CV%: 20.8%, FVC % predicted:
60.5%, DLco % predicted: 28.6%. Example of a 1?°Xe ventilation image (c) and the
corresponding coronal HRCT image (d) in an IPF subject. VV%: 93.9%, CV%: 14.1%,
FVC % predicted: 70.2%, DiLco % predicted: 22.1%.
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4.5.2 Visit 1 (baseline)

Total CTD-ILD DI-ILD HP IPF
(n=41) (n=5) (n=11) (n=11) (n=14)
VW% 92.0 92.2 92.0 92.8 88.6
(87.5-93.8) (86.6-94.8)  (89.2—-94.6) (89.6-96.8) (86.2—-93.0)
CV% 17.9 15.4 16.0 16.5 19.5
(146 -20.7) (13.9-17.2)  (145-20.8) (13.0-20.3) (18.9-21.0)

CTD-ILD: Connective tissue disease associated interstitial lung disease; CV: Coefficient of variation; DI-ILD: Drug induced
interstitial lung disease; HP: Hypersensitivity pneumonitis; IPF: Idiopathic pulmonary fibrosis; VV: Ventilation volume.

Table 4.30. 12°Xe VV% and CV% at visit 1 for the total cohort and each ILD subtype.

Results are presented as median (inter-quartile range).

Fibrotic (n = 24) Inflammation (n =17) p value
VV% 88.7 £ 7.06 92.3+4.25 0.075
CV% 18.8 £ 3.32 16.7 £ 3.76 0.065

CV: Coefficient of variation; VV: Ventilation volume.

Table 4.31. 12°Xe VV% and CV% at visit 1 in the fibrotic and inflammation groups.

Results are presented as mean + standard deviation.

4.5.3 Visit 2 (6 weeks or 6 months depending on ILD subtype)

Total CTD-ILD DI-ILD HP IPF
(n =34) (n=5) (n =10) (n=28) (n=11)

VW% 91.3 92.7 92.8 90.6 89.9
(87.2-93.4) | (86.2—-96.3) | (88.2-97.0) (88.0-93.4) | (86.2—-91.8)

VV% absolute -0.25 -2.90 1.20 -1.40 0.60
change (%) (-4.15-4.08)  (-6.85-9.75) | (-4.33-5.80) | (-3.48 — 2.25) | (-6.70 — 3.80)

VV% relative -0.27 -3.03 1.29 -1.51 0.67
change (%) (-4.49-4.57) | (-7.40-11.6) | (-4.64-7.04) | (-3.78 - 2.56) | (-7.17 - 4.32)

CV% 19.1 151 17.6 18.2 194
(16.0-20.6) | (14.1-19.7)  (14.2-21.9) | (15.7-20.7) | (18.2-20.8)

CV% absolute 0.35 1.00 0.75 0.90 -0.60
change (%) (-1.23-1.68) | (-0.45-2.50) | (-1.73-2.35) | (-1.03-2.20) | (-1.60 — 0.50)

CV% relative 2.17 7.09 4.32 5.45 -3.00
change (%) (-6.27 —9.90) | (-2.76 — 14.6) | (-8.32-15.9) | (-5.18 -13.7) | (-7.37 — 2.65)

CTD-ILD: Connective tissue disease associated interstitial lung disease; CV: Coefficient of variation; DI-ILD: Drug induced
interstitial lung disease; HP: Hypersensitivity pneumonitis; IPF: Idiopathic pulmonary fibrosis; VV: Ventilation volume.

Table 4.32. 12°Xe VV% and CV% results at visit 2, and the longitudinal change in
129%e VW% and CV% between visit 1 and visit 2 for the total cohort and each ILD

subtype. Results are presented as median (inter-quartile range).
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Fibrotic Inflammation
(n = 19) (n = 15) p value
VV% 89.3+5.10 91.3+5.06 0.27
VV% absolute change (%) 0.62 +6.24 -0.52 £ 6.48 0.61
VV% relative change (%) 1.15+7.57 -0.36 + 7.36 0.56
CV% 18.9+2.73 17.7 £ 3.23 0.24
CV% absolute change (%) 0.06 £1.47 0.39+221 0.61
CV% relative change (%) 1.34 £ 8.64 3.13+12.4 0.62

CV: Coefficient of variation; VV: Ventilation volume.

Table 4.33. 12°Xe VV% and CV% results at visit 2, and the change in 2°Xe VV% and
CV% between visit 1 and visit 2 in the fibrotic and inflammation groups. Results are

presented as mean * standard deviation.
4.6 Dynamic contrast enhanced MRI

4.6.1 Study visits and examples of images

Accurate DCE-MRI analysis could not be performed in 12 of the visit 1 scans and
therefore DCE-MRI data was available for only 43 subjects at visit 1. Although 39
subjects completed visit 2, accurate DCE-MRI analysis could not be performed in
seven of the visit 2 scans. As a result, the longitudinal change in MTT, PBF and PBV
between visit 1 and visit 2 could only be calculated in 28 subjects.

o0 completed Visit 2

28 successful
_ — DCE-MRI at both
= 5 died before visit 2 study visits

11 withdrawn before
visit 2

{4 due to patient choice,

¥ due to COVID-19

43 successful
DCE-MRI
[

55 completed
visit 1

restrictions)

Figure 4.21. The number of subjects that had DCE-MRI performed at each study visit.
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Figure 4.22. Example of DCE-MRI images of MTT (a), PBF (b), PBV (c), and
corresponding coronal HRCT image (d) and UTE-MRI image in a subject with DI-ILD.
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Figure 4.23. Example of DCE-MRI images of MTT (a), PBF (b), PBV (c), and
corresponding coronal HRCT image (d) and UTE-MRI image in an IPF subject.

4.6.2 Visit 1 (baseline)

Total CTD-ILD DI-ILD HP iNSIP IPF
(n=42) (n=3) (n=9) (n =13) (n=3) (n=14)

MTT (s) 1.83 1.82 1.84 1.94 1.74 1.81
(1.68-2.54) | (1.79-3.57) | (1.64-2.73) | (1.71-2.97) | (1.47-2.39) | (1.57 —2.18)

PBF 0.19 0.25 0.14 0.18 0.16 0.19
(ml.mm3.s?t) | (0.13-0.27) | (0.08-0.28) | (0.12-0.32) | (0.13-0.22) | (0.10-0.20) | (0.13-0.27)

PBV 0.37 0.43 0.37 0.38 0.24 0.35
(ml.mm?) (0.28 —0.48) | (0.27 —0.49) | (0.23-0.54) | (0.27 —0.46) | (0.24 —0.34) | (0.30 —0.51)

CTD-ILD: Connective tissue disease associated interstitial lung disease;

DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis; MTT: Mean
transit time; PBF: Pulmonary blood flow; PBV: Pulmonary blood volume.

Table 4.34. MTT, PBF and PBV at visit 1 for the total cohort and ILD subtypes. Results

are presented as median (inter-quartile range).
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Fibrotic (n =23) | Inflammation (n =19) p value

MTT (s) 1.96 + 0.58 2.21+0.73 0.33
PBF (ml.mm?3.s™) 0.22 +0.10 0.18 +0.09 0.23
PBV (ml.mm3) 0.39+0.13 0.37 +0.14 0.78

MTT: Mean transit time; PBF: Pulmonary blood flow; PBV: Pulmonary blood volume.

Table 4.35. MTT, PBF and PBV at visit 1 in the fibrotic and inflammation groups.

Results are presented as mean + standard deviation.

4.6.3 Visit 2 (6 weeks or 6 months depending on ILD subtype)

In the HP group (n=8), there was a statistically significant difference between visits 1
and 2 in MTT (mean (s): 2.58 £ 0.77 vs 1.97 = 0.63; p=0.025) and PBF (mean
(ml.mm3.s1): 0.16 + 0.05 vs 0.24 + 0.10; p=0.037) (Figure 4.24). Six out of the eight
HP subjects were in the inflammation group and five of these six subjects were taking
prednisolone at some point between visits 1 and 2. It is possible that the decrease in
MTT and increase in PBF was associated with a reduction in inflammation due to a

response to steroids in subjects with inflammation predominant HP.
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Figure 4.24. MTT (a-b) and PBF (c-d) in the HP group at visit 1 versus visit 2 (n=8).
The two subjects highlighted red were in the fibrotic group (visual CT ground glass

score <2). Statistical test: pared t test.
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Total CTD-ILD DI-ILD HP iNSIP IPF

(n =28) (n=2) (n=8) (n=8) (n=2) (n=8)
MTT (s) 2.04 1.31 2.43 1.86 2.36 2.27
(1.69-2.76) | (1.29-1.34) | (1.76-3.27) | (1.50-2.29) | (1.98 —2.75) | (1.76 —2.76)
MTT change -0.15 -0.49 -0.11 -0.56 0.76 0.58
(s) (-054-0.69) | (-0.50--0.48) | (-0.29-1.32) | (-1.11--0.01) | (0.50-1.01) | (-0.25-0.89)
MTT change -6.44 -27.2 -4.39 -21.2 46.1 31.7
(%) (-25.2-40.0) | (-28.1--26.3) | (-12.1-73.5) | (-39.7--1.13) | (34.0-58.3) | (-9.05-69.3)
PBF 0.19 0.40 0.16 0.21 0.16 0.17
(ml.mm3.s?) | (0.15-0.25) | (0.40-0.41) | (0.12-0.25) | (0.16-0.31) | (0.10-0.22) | (0.15-0.20)
PBF change 0.034 0.14 0.025 0.066 -0.013 -0.038
(ml.mm3.s?t) | (-0.05-0.11) (0.12 - 0.15) (-0.07 - 0.09) (0.03-0.15) (-0.09-0.07) | (-0.21-0.07)
PBF change 25.8 51.2 24.4 66.5 -2.39 -18.7
(%) (-21.0-74.7) (43.8 - 58.6) (-21.1 - 78.0) (19.4 - 99.3) (-47.2-425) | (-52.3-23.2)
PBV 0.42 0.53 0.41 0.42 0.36 0.39
(ml.mms3) (0.35-0.46) | (0.51-0.54) | (0.35-0.44) | (0.38-0.46) | (0.29—0.43) | (0.31-0.48)
PBV change 0.047 0.066 0.047 0.052 0.073 -0.026
(ml.mm3) (-0.09 - 0.12) (0.05 - 0.08) (-0.16 - 0.18) | (0.001-0.12) | (-0.05-0.20) | (-0.20-0.11)
PBV change 12.3 14.5 12.3 14.1 34.0 -1.00
(%) (-15.9 — 48.8) (10.2 - 18.8) (-27.0-73.3) (0.66 - 43.4) (-15.3-83.3) | (-41.0-41.6)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis; MTT: Mean
transit time; PBF: Pulmonary blood flow; PBV: Pulmonary blood volume.

Table 4.36. DCE-MRI results at visit 2, and the longitudinal change in MTT, PBF and
PBV between visit 1 and visit 2 for the total cohort and each ILD subtype. Results are

presented as median (inter-quartile range).

Fibrotic (n =15) | Inflammation (n = 13) p value
MTT (s) 2.06 £ 0.69 2.35+1.01 0.39
MTT change (s) 0.046 £0.75 0.069 £ 1.25 0.95
MTT change (%) 9.10£42.7 11.6 +61.5 0.62
PBF (ml.mm?3s7?) 0.34+£0.11 0.20£0.10 0.41
PBF change (ml.mm3.s™) 0.020 + 0.16 0.014 +0.11 0.90
PBF change (%) 28.8 £ 66.3 21.1+£51.6 0.74
PBV (ml.mm?3) 0.43+£0.09 0.40 £0.08 0.40
PBV change (ml.mm?) 0.032 +0.18 0.005 + 0.14 0.66
PBV change (%) 21.2+48.4 16.8 +51.2 0.82

MTT: Mean transit time; PBF: Pulmonary blood flow; PBV: Pulmonary blood volume.

Table 4.37. DCE-MRI results at visit 2, and the longitudinal change in MTT, PBF and
PBV between visit 1 and visit 2 in the fibrotic and inflammation groups. Results are

presented as mean + standard deviation.
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4.7 CALIPER CT analysis

4.7.1 Study visits and examples of images

CALIPER CT analysis was performed on all available HRCT scans which provided
both a global and regional measure of ground glass, honeycomb, reticular and VRS.
Honeycomb and reticular were combined and termed fibrosis. Also, ground glass,
honeycomb and reticular were combined and termed ILD. CALIPER CT data were

available for all subjects that completed each of visits 1 (n=55), 2 (n=39) and 3 (n=31).

¥ '
Normal @ Honeycomb

Figure 4.25. Example of a coronal HRCT image (a) and corresponding CALIPER CT

texture analysis (b) in an IPF subject.
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4.7.2 Visit 1 (baseline)

Total CTD-ILD DI-ILD HP iNSIP IPF
(n =55) (n=5) (n=13) (n =15) (n=3) (n=19)
. . 4.77 2.30 5.09 4.95 2.59 4.93
Fibrosis %

(246-7.81) | (0.85—-5.14) | (2.34—10.9) | (4.33-6.43) | (1.64—4.85) | (1.96—7.04)

Ground 8.07 7.44 9.09 14.8 155 4.89
glass % (3.07-18.7) | (6.43-11.0)  (1.95-16.7) @ (5.29-30.2) | (2.97-20.8) | (1.80-11.0)

Honeycomb 0.10 0.02 0.04 0.09 0.08 0.24
% (0.03-0.63) | (0.01-1.23) | (0.01-0.55) | (0.03-0.32) | (0.02-0.72) | (0.10-0.67)

ILD % 155 11.7 17.6 26.8 17.2 10.0
(743-26.8) | (7.27-15.2) | (7.48-25.9) | (11.4—-35.6) (7.82-23.4) | (5.73-19.8)

Reticular % 4.42 2.30 4.50 4.69 2.50 4.86
(2.30-6.50) | (0.83-3.91) | (2.31-10.8) | (4.32-6.40)  (1.63-4.12) | (1.80 —6.50)

VRS % 3.49 2.82 3.79 4.02 3.47 3.82
(2.60-4.87) | (240-3.75) | (2.11-5.23) @ (2.77-5.55) | (3.40—3.49) | (2.47 —4.66)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; ILD: Interstitial lung disease; iINSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic
pulmonary fibrosis; VRS: Vessel related structures.

Table 4.38. Global CALIPER CT results at visit 1 for the total cohort and ILD subtypes.

Results are presented as median (inter-quartile range).

There was a statistically significant difference between the fibrotic and inflammation
groups at visit 1 in global CALIPER ground glass % (median (%): 5.99 (1.96 — 10.9)
vs 12.9 (6.68 — 22.7); p=0.004), honeycomb % (median (%): 0.14 (0.07 — 0.66) vs 0.03
(0.01 — 0.32); p=0.022) and ILD % (median (%): 11.7 (5.76 — 21.0) vs 22.7 (11.7 —
35.6); p=0.005).

Fibrotic (n =32) | Inflammation (n = 23) p value
Fibrosis % 4.85 (2.60 — 7.62) 4.70 (2.30 — 9.35) 0.97
Ground glass % 5.99 (1.96 — 10.9) 12.9 (6.68 — 22.7) 0.004
Honeycomb % | 0.14 (0.07 — 0.66) 0.03 (0.01-10.32) 0.022
ILD % 11.7 (5.76 — 21.0) 22.7 (11.7 — 35.6) 0.005
Reticular % 4.46 (2.13 - 6.48) 4.42 (2.30 - 9.35) 0.79
VRS % 3.81 (2.56 — 4.76) 3.33(2.63-5.24) 0.80

ILD: Interstitial lung disease; VRS: Vessel related structures.

Table 4.39. Global CALIPER CT results at visit 1 in the fibrotic and inflammation

groups. Results are presented as median (inter-quartile range).
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Total CTD-ILD | DI-ILD HP iNSIP IPF
(n =55) (n=5) (n=13) | (n=15) (n=3) (n=19)

Fibrosis %
Upper zone 1.82 0.53 2.23 5.50 0.95 1.66
Middle zone 4.35 1.54 5.03 5.07 2.58 4.42
Lower zone 7.92 417 9.91 5.90 5.25 8.92
Central zone 2.31 1.43 3.06 2.90 1.08 1.46
Peripheral zone 6.79 3.21 7.93 6.63 2.76 8.62
Ground glass %
Upper zone 2.13 0.20 1.31 8.87 1.44 0.85
Middle zone 6.40 2.66 6.43 12.5 8.95 3.79
Lower zone 16.6 25.0 16.6 8.94 36.9 12.8
Central zone 3.84 3.85 6.54 7.63 7.36 0.94
Peripheral zone 12.0 115 12.8 18.4 23.8 10.4
ILD %
Upper zone 5.59 0.78 5.88 24.0 2.61 4.14
Middle zone 13.8 5.45 14.4 21.8 9.78 8.66
Lower zone 28.3 35.6 28.3 45.9 40.5 21.7
Central zone 6.70 5.43 10.5 16.0 8.01 2.49
Peripheral zone 22.8 19.4 20.6 35.0 26.5 19.4
VRS %
Upper zone 2.37 2.05 1.96 3.98 2.28 2.32
Middle zone 3.86 3.08 4.20 3.92 3.85 4.05
Lower zone 3.92 3.77 3.50 3.24 4.05 4.28
Central zone 5.04 4.25 5.19 6.09 5.04 4.37
Peripheral zone 1.92 1.23 1.45 1.92 1.73 2.32

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; ILD: Interstitial lung disease; iINSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic
pulmonary fibrosis; VRS: Vessel related structures.

Table 4.40. Regional CALIPER fibrosis %, ground glass %, ILD % and VRS % results

at visit 1 for the total cohort and each ILD subtype. Results are presented as median.

In the DI-ILD group (n=13), there were statistically significant regional differences
between the upper and lower zone, and between the central and peripheral zone in
CALIPER fibrosis %, ground glass % and ILD %. There were also statistically
significant regional differences in CALIPER VRS % (upper vs lower zone: p=0.010;
upper vs middle zone: p=0.001; central vs peripheral zone: p<0.001).

In the HP group (n=15), there were statistically significant regional differences in
CALIPER fibrosis % (central vs peripheral zone: p<0.001), ILD % (central vs peripheral
zone: p=0.015), and VRS % (upper vs middle zone: p=0.003; central vs peripheral
zone: p<0.001).
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In the IPF group (n=19), there were statistically significant regional differences in
CALIPER fibrosis % (upper vs lower zone: p<0.001; upper vs middle zone: p=0.004;
middle vs lower zone: p=0.017; central vs peripheral zone: p<0.001), ground glass %
(upper vs lower zone: p<0.001; upper vs middle zone: p=0.006; middle vs lower zone:
p=0.006; central vs peripheral zone: p<0.001), ILD % (upper vs lower zone: p<0.001;
upper vs middle zone: p=0.004; middle vs lower zone: p=0.017; central vs peripheral
zone: p<0.001), and VRS % (upper vs lower zone: p<0.001; upper vs middle zone:

p<0.001; central vs peripheral zone: p<0.001).

Fibrotic (n =32) | Inflammation (n = 23) p value
Fibrosis %
Upper zone 1.64 2.99 0.25
Middle zone 4.19 4.45 0.69
Lower zone 8.89 5.90 0.36
Central zone 1.73 2.90 0.052
Peripheral zone 8.34 5.65 0.39
Ground glass %
Upper zone 0.92 4.85 0.015
Middle zone 4.01 10.6 0.006
Lower zone 12.7 20.7 0.083
Central zone 1.52 7.63 <0.001
Peripheral zone 10.8 18.3 0.043
ILD %
Upper zone 1.64 13.1 <0.001
Middle zone 4.19 17.1 <0.001
Lower zone 8.89 40.1 <0.001
Central zone 1.73 16.0 <0.001
Peripheral zone 8.34 27.3 <0.001
VRS %
Upper zone 2.62 2.22 0.85
Middle zone 3.97 3.50 0.82
Lower zone 4.17 3.77 0.46
Central zone 4,99 5.04 0.44
Peripheral zone 2.33 1.45 0.13

ILD: Interstitial lung disease; VRS: Vessel related structures.

Table 4.41. Regional CALIPER CT fibrosis %, ground glass %, ILD % and VRS %
results at visit 1 in the fibrotic and inflammation groups. Results are presented as

median.
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In the fibrotic group (n=32), there were statistically significant regional differences in
CALIPER fibrosis % (upper vs lower zone: p<0.001; upper vs middle zone: p<0.001;
middle vs lower zone: p=0.012; central vs peripheral zone: p<0.001), ground glass %
(upper vs lower zone: p<0.001; upper vs middle zone: p=0.003; middle vs lower zone:
p=0.002; central vs peripheral zone: p<0.001), ILD % (upper vs lower zone: p<0.001;
upper vs middle zone: p=0.004; middle vs lower zone: p=0.026; central vs peripheral
zone: p<0.001), and VRS % (upper vs lower zone: p<0.001; upper vs middle zone:

p<0.001; central vs peripheral zone: p<0.001).

In the inflammation group (n=23), there were statistically significant regional
differences in CALIPER fibrosis % (upper vs lower zone: p=0.002; middle vs lower
zone: p=0.015; central vs peripheral zone: p<0.001), ground glass % (upper vs lower
zone: p<0.001; central vs peripheral zone: p=0.003), ILD % (upper vs lower zone:
p<0.001; central vs peripheral zone: p<0.001), and VRS % (upper vs lower zone:

p<0.001; upper vs middle zone: p<0.001; central vs peripheral zone: p<0.001).

4.7.3 Visit 2 (6 weeks or 6 months depending on ILD subtype)

In the IPF group (n=11), there was a statistically significant increase in global
CALIPER VRS % between visits 1 and 2 (mean (%): 3.35 + 0.94 vs 3.84 + 1.30;
p=0.010) (Figure 4.26). In the same subjects, there was no statistically significant
change in FVC, FVC%, Dico or DL.co% over 6 months. This suggests that CALIPER
VRS % is more sensitive to early disease progression in IPF compared to PFTs.
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Figure 4.26. Global CALIPER VRS % at visit 1 versus visit 2 for the IPF group (n=11).

Statistical test: pared t test.
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Total CTD-ILD DI-ILD HP iNSIP IPF
(n =39) (n=5) (n=11) (n =10) (n=2) (n=11)
. . 2.72 0.74 4.24 4.44 1.28 412
Fibrosis %

(1.12-5.93) | (0.30-5.47) | (1.52-5.40) | (1.31-7.23) | (1.12-1.44) | (0.95-5.93)

Fibrosis % -0.48 -0.48 -0.86 -1.56 -0.84 0.03
change (-1.82-0.70) | (-1.32-0.57) | (-4.65—1.29) | (-4.48-0.97) | (-1.47--0.20) (-1.55 — 1.41)

Ground 5.98 1.74 9.83 15.2 3.09 4.03
glass % (2.12-14.7) | (0.24-6.08) | (4.44-16.1) (4.05-38.0) @ (0.19-5.98) | (2.83-8.55)

Ground

glass % -0.04 -6.08 -0.04 1.42 -15.1 0.95
change (-5.99-1.98) | (-9.98--0.99) | (-4.84-1.87)  (-18.0—12.0) | (-20.6--9.55) (-0.83 —1.98)

Honeycomb 0.090 0.030 0.030 0.055 0.13 0.18
% (0.03-0.24) | (0.02-1.94)  (0.02-0.29) (0.01-0.16) | (0.07-0.19) | (0.10-0.39)

Honeycomb 0.00 0.03 0.01 -0.03 0.08 0.04
% change (-0.03-0.10) | (-0.01-0.72) | (-0.01-0.10) | (-0.27--0.01) | (0.05-0.11) (-0.02 — 0.11)

ILD % 105 3.71 14.2 21.6 4.37 105
(3.71-21.2) | (0.565-10.9) | (8.67—-28.2) | (5.24—-53.0) | (1.31-7.42) | (4.99—-15.4)

ILD % -0.86 -6.94 -3.08 2.02 -15.9 0.55
change (-1.80-0.24) | (-11.1--0.42) | (-16.8-1.68) | (-20.7-13.4) | (-22.1--9.74) | (-1.30—2.96)

Reticular % 2.70 0.72 2.74 4.40 1.15 3.60
(0.92-5.82) | (0.29-3.53)  (1.48-5.39)  (1.24-7.20) | (0.92-1.38) | (0.87-5.82)

Reticular % -0.86 -0.86 -1.36 -1.54 -0.92 0.03
change (-1.80-0.24) (-1.40 - 0.12) (-4.67 — 1.30) (-4.15-1.38) (-1.58 - -0.25) (-1.02 - 0.69)

VRS % 3.36 2.27 3.58 4.09 2.43 4.22
(2.27-4.68) | (1.67-3.41) | (1.97-5.62) | (2.30—-5.30) | (2.23-2.62) | (2.58-4.73)

VRS % 0.08 -0.39 0.38 -0.14 -1.01 0.40
change (-0.81-0.73) | (-0.92--0.23) | (-0.81-1.70) | (-1.29-1.21) | (-1.23--0.78) (0.08-0.77)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:

Hypersensitivity pneumonitis; ILD: Interstitial lung disease; iINSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic
pulmonary fibrosis; VRS: Vessel related structures.

Table 4.42. Global CALIPER CT results at visit 2, and the longitudinal change in
global CALIPER CT measurements between visit 1 and visit 2 for the total cohort and

each ILD subtype. Results are presented as median (inter-quartile range).

In the fibrosis group (n=22), between visit 1 and visit 2 there was a no statistically
significant change in any CALIPER CT measurements. In the inflammation group
(n=17), between visit 1 and visit 2 there was a statistically significant decrease in global
CALIPER fibrosis % (median (%): 4.70 (2.00 — 7.89) vs 1.98 (0.77 — 4.59); p=0.008),
ground glass % (median (%): 13.9 (7.95 — 22.2) vs 6.72 (1.26 — 14.6); p=0.023), ILD
% (median (%): 22.7 (12.1 — 31.9) vs 8.34 (2.64 — 19.2); p=0.006) and reticular %
(median (%): 4.63 (1.99 — 7.88) vs 1.48 (0.72 — 4.57); p=0.008) (Figure 4.27). There
were no statistically significant changes in PFTs over the same study visit period. This
suggests that CALIPER CT measurements may have the potential to identify early
structural improvements in

inflammation predominant ILD, before significant

physiological changes are seen.
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Figure 4.27. Global CALIPER fibrosis % (a), ground glass % (b), ILD % (c) and

reticular % (d) at visit 1 versus visit 2 in the inflammation group (n=17). Statistical test:

Wilcoxon test.

Fibrotic (n = 22)

Inflammation (n = 17)

p value

Fibrosis %

Fibrosis % change

Ground glass

Ground glass % change

%

Honeycomb %

Honeycomb % change

ILD %

ILD % change

Reticular %

Reticular % change

VRS %

VRS % change
ILD: Interstitial lung disease; VRS: Vessel related structures.

4.25 (2.55 — 4.88)
0.025 (-1.40 — 1.52)
5.41 (2.65 — 15.9)
0.68 (-1.84 — 5.14)
0.19 (0.06 — 0.40)
0.03 (-0.02 — 0.18)
12.3 (4.67 — 22.7)
0.49 (-2.19 — 6.24)
3.91 (1.00 - 6.11)
-0.01 (-1.37 — 0.84)
4.25 (2.55 — 4.88)
0.37 (-0.18 — 1.35)

2.62 (2.12 — 4.26)
-1.75 (-4.37 - -0.10)
6.72 (1.26 — 14.6)
-4.67 (-11.0 — 0.37)
0.03 (0.02 - 0.11)
-0.01 (-0.11 — 0.03)
8.34 (2.64 - 19.2)
-7.95 (-20.7 — 0.85)
1.48 (0.72 — 4.57)
-1.72 (-4.37 - -0.10)
2.62 (2.12 — 4.26)
-0.39 (-1.11 — 0.38)

0.081
0.019
0.99
0.031
0.012
0.13
0.68
0.007
0.091
0.017
0.10
0.029

Table 4.43. Global CALIPER CT results at visit 2, and the longitudinal change in

global CALIPER CT measurements between visit 1 and visit 2 in the fibrotic and

inflammation groups. Results are presented as median (interquartile range).
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Total CTD-ILD | DI-ILD HP iNSIP IPF
(n=39) (n=5) (n=11)  (n=10) (n=2) (n=11)
Fibrosis % change

Upper zone -0.23 -0.13 -0.25 -2.10 -0.58 -0.03
Middle zone -0.55 -0.47 -0.55 -1.23 -1.10 0.03
Lower zone -0.55 0.20 -1.25 -0.68 -0.61 -0.23
Central zone -0.37 -0.41 -0.75 -1.02 -0.98 -0.09
Peripheral zone -0.64 -0.41 -0.80 -2.06 -0.68 -0.10
Ground glass % change
Upper zone -0.05 -0.20 0.00 -2.98 -3.14 0.10
Middle zone -1.14 -1.82 -1.63 2.07 -14.2 0.33
Lower zone -0.13 -16.7 -0.13 0.25 -31.8 2.50
Central zone -0.18 -2.57 -0.18 1.48 -8.83 0.10
Peripheral zone -0.18 -11.4 -0.18 -0.72 -21.5 2.01
ILD % change
Upper zone -0.10 -0.32 0.01 -0.85 -3.71 0.03
Middle zone -1.55 -1.93 -7.03 0.12 -15.3 -0.22
Lower zone -1.38 -18.6 -8.09 -0.95 -32.4 0.93
Central zone -0.49 -2.69 -5.55 1.16 -9.81 0.10
Peripheral zone -1.19 -12.7 -2.3 -0.50 -22.2 1.06
VRS % change
Upper zone 0.16 -0.28 0.20 -0.12 -0.50 0.32
Middle zone 0.11 -0.32 0.18 -0.18 -0.90 0.38
Lower zone 0.27 -0.68 0.55 0.39 -1.91 0.63
Central zone 0.09 -0.60 0.19 -0.15 -1.34 0.49
Peripheral zone 0.16 -0.22 0.32 -0.05 -0.69 0.41

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; ILD: Interstitial lung disease; iINSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic
pulmonary fibrosis; VRS: Vessel related structures.

Table 4.44. Change in regional CALIPER CT fibrosis %, ground glass %, ILD % and
VRS % results between visit 1 and visit 2 for the total cohort and each ILD subtype.

Results are presented as median.

In the IPF group (n=11), there was a statistically significant increase in CALIPER VRS
% between visit 1 and visit 2 in the upper zone (median (%): 2.26 (1.37 — 3.27) vs 2.63
(1.42 — 3.85); p=0.017), middle zone (median (%): 3.67 (2.95 — 4.84) vs 5.20 (2.90 —
5.75); p=0.032), lower zone (median (%): 3.91 (3.44 — 4.96) vs 4.60 (3.72 — 5.74);
p=0.007), central zone (median (%): 4.23 (3.18 — 5.09) vs 4.66 (3.45 — 6.34); p=0.016)
and peripheral zone (median (%): 2.09 (1.31 — 3.45) vs 3.00 (1.45 — 3.87); p=0.008).
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Fibrotic (n =22) | Inflammation (n = 17) p value
Fibrosis % change

Upper zone -0.08 -0.84 0.036
Middle zone -0.06 -1.43 0.025
Lower zone -0.11 -1.96 0.036
Central zone -0.005 -1.31 0.013
Peripheral zone -0.28 -1.95 0.048
Ground glass % change
Upper zone 0.05 -0.73 0.012
Middle zone 0.17 -4.11 0.007
Lower zone 1.61 -4.05 0.072
Central zone 0.05 -2.57 0.011
Peripheral zone 1.45 -4.77 0.017
ILD % change
Upper zone 0.02 -0.94 0.016
Middle zone -0.06 -8.05 0.002
Lower zone 0.72 -13.8 0.002
Central zone 0.10 -5.25 0.002
Peripheral zone 0.93 -12.7 0.005
VRS % change
Upper zone 0.26 -0.28 0.031
Middle zone 0.33 -0.32 0.013
Lower zone 0.48 -0.57 0.030
Central zone 0.40 -0.60 0.023
Peripheral zone 0.31 -0.22 0.019

ILD: Interstitial lung disease; VRS: Vessel related structures.
Table 4.45. Change in regional CALIPER CT fibrosis %, ground glass %, ILD % and
VRS % results between visit 1 and visit 2 in the fibrotic and inflammation groups.

Results are presented as median.

In the inflammation group (n=17), between visits 1 and 2 there was a statistically
significant decrease in regional CALIPER fibrosis % (upper zone: p=0.008; middle
zone: p=0.002; lower zone: p=0.035; central zone: p=0.005; peripheral zone:
p=0.013), ground glass % (middle zone: p=0.017; lower zone: p=0.018; central zone:
p=0.027; peripheral zone: p=0.020), and ILD % (upper zone: p=0.045; middle zone:
p=0.007; lower zone: p=0.002; central zone: p=0.008; peripheral zone: p=0.006). The

treatment these subjects received is presented in Table 4.3.
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4.7.4 Visit 3 (6 months or 12 months depending on ILD subtype)

In the DI-ILD group (n=8), there was a statistically significant increase in global
CALIPER honeycomb % between visit 1 and visit 3 (median (%): 0.015 (0.00 — 0.085)
vs 0.12 (0.005 — 0.63); p=0.031) (Figure 4.28). Five out of the eight DI-ILD subjects

were in the fibrotic group. Two out of the eight DI-ILD subjects were taking
prednisolone during the study.
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Figure 4.28. Global CALIPER honeycomb % at visit 1 versus visit 3 in the DI-ILD

group (n=8). The five subjects highlighted in red were in the fibrotic group. Statistical
test: Wilcoxon test.

In the IPF group (n=11), there was a statistically significant increase in global
CALIPER VRS % between visit 1 and visit 3 (mean (%): 3.35 + 0.94 vs 4.30 = 1.30;
p=0.010) (Figure 4.29).
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Figure 4.29. Global CALIPER VRS % at visit 1 versus visit 3 in the IPF group (n=11).
Statistical test: pared t test.
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Total CTD-ILD DI-ILD HP IPF
(n=31) (n=5) (n=8) (n=7) (n=11)

Fibrosis % 3.29 0.64 2.42 3.17 5.13
(0.86 — 6.41) (0.28 - 3.47) (0.84 - 6.20) (0.31-8.78) (2.73-7.27)

Fibrosis % 0.10 0.06 0.10 -0.63 0.93
change (-0.80-1.27) | (-2.39-0.29) | (-2.15-0.55) | (-2.24-1.96) | (-0.20-1.88)

Ground glass 6.60 1.24 3.64 13.3 7.05
% (1.96 — 15.6) (0.33-18.78) (1.60-20.1) (0.28-32.1) (4.62 - 9.39)

Ground glass -0.50 -0.03 -5.06 -0.72 1.06
% change (-4.76 —2.05) | (-2.63-5.19) | (-6.54--1.54) | (-19.5-16.3) | (-2.15-3.81)

Honeycomb 0.11 0.03 0.12 0.06 0.24
% (0.03-0.52) (0.02-0.79) (0.01 -0.63) (0.02 - 0.08) (0.12 -0.76)

Honeycomb 0.01 0.00 0.08 0.01 0.04
% change (-0.01-0.08) | (-1.23-0.08) | (-0.01-0.30) | (-0.06 —0.03) | (-0.01-0.08)

ILD % 10.6 2.39 7.27 15.2 10.8
(3.69 — 22.4) (0.72-11.9) (2.97 — 25.8) (0.59 — 39.8) (10.3-15.1)

ILD % -0.03 0.04 -5.13 -1.35 1.40
change (-5.08 —3.74) | (-2.56-3.01) | (-9.18--0.43) | (-21.6—-18.9) | (-1.96-5.52)

Reticular % 3.23 0.61 2.31 3.11 4.05
(0.82 -5.57) (0.27 — 2.68) (0.83 - 5.08) (0.23 -8.70) (2.61-7.03)

Reticular % 0.11 0.07 -0.05 -0.57 0.87
change (-0.74-0.88) | (-1.18-0.22) | (-2.17-0.33) | (-2.31-1.92) @ (0.10-1.81)

VRS % 3.71 2.19 3.01 3.99 4.26
(2.40-5.12) (1.52 - 4.07) (1.94 - 5.51) (1.84 - 4.89) (3.53-5.24)

VRS % 0.03 -0.04 -0.12 -0.55 0.56
change (-0.36 - 0.69) | (-0.28-0.77) | (-0.48-0.32) | (-1.51-0.61) | (-0.19 — 0.95)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; ILD: Interstitial lung disease; iINSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic
pulmonary fibrosis; VRS: Vessel related structures.

Table 4.46. Global CALIPER CT results at visit 3, and the longitudinal change in
global CALIPER CT measurements between visit 1 and visit 3 in the total cohort and

each ILD subtype. Results are presented as median (inter-quartile range).

At visit 3, there was a statistically significant difference between the fibrotic and
inflammation groups in all global CALIPER CT measurements with all of them being
significantly higher in the fibrotic group (Figure 4.30). This is in contrast to the findings
at visit 1 in which the inflammation group had a significantly higher CALIPER ground
glass % (p=0.004) and ILD % (p=0.005) compared to the fibrotic group.
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Figure 4.30. Difference between the fibrotic (h=19) and inflammation (n=12) groups
in global CALIPER fibrosis % (a), ground glass % (b), honeycomb % (c), ILD % (d),
reticular % (e) and VRS % (f) at visit 3. Statistical test: Mann-Whitney test.
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In the fibrotic group (n=19), between visits 1 and 3 there was a statistically significant
increase in global CALIPER VRS % (mean (%): 3.57 £ 1.30 vs 4.42 + 1.51; p=0.004)
(Figure 4.31). The treatment these subjects received is provided in Table 4.3.
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Figure 4.31. Global CALIPER VRS % at visit 1 versus visit 3 in the fibrotic group
(n=19). Statistical test: pared t test.

In the inflammation group (n=12), between visits 1 and 3 there was a statistically
significant decrease in global CALIPER fibrosis % (median (%): 4.59 (1.85 — 6.18) vs
1.19 (0.34 — 2.99); p=0.005), ground glass % (median (%): 13.4 (7.31 — 28.3) vs 1.60
(0.36 — 11.9); p=0.003), ILD % (median (%): 19.6 (8.61 — 33.8) vs 3.13 (0.75 — 14.1);
p<0.001), reticular % (median (%): 4.53 (1.83 — 6.15) vs 1.10 (0.27 — 2.82); p=0.004)
and VRS % (median (%): 2.75 (2.26 — 4.80) vs 2.32 (1.80 — 3.68); p=0.033) (Figure
4.32). The treatment these subjects received is shown in Table 4.3.
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Figure 4.32. Global CALIPER fibrosis % (a), ground glass % (b), honeycomb % (c),
ILD % (d), reticular % (e) and VRS % (f) at visit 1 vs visit 3 in the inflammation group
(n=12). Statistical test: Wilcoxon test.
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Fibrotic Inflammation
(n = 19) (n=12) p value
Fibrosis % 5.40(2.73-8.78) | 1.19(0.34-2.99) 0.001
Fibrosis % change 0.59 (-0.74—-1.88) | -0.14 (-2.48 —0.36) 0.055
Ground glass % 7.33(3.95-17.4) 1.60 (0.36 — 11.9) 0.047
Groundglass % ', 46 (292 -381)  -2.74 (-11.5- 0.15) 0.071
change
Honeycomb % 0.24 (0.08 -0.76) = 0.04 (0.02 —0.08) 0.004
Honeycomb % 0.005 (-0.01 -
change 0.04 (-0.01 - 0.24) 0.03) 0.39
ILD % 14.6 (9.73-24.6)  3.13(0.75-14.1) 0.025
ILD % change 1.02 (-2.67 —5.52) | -3.22 (-14.3 - 0.24) 0.053
Reticular % 4.05(2.61-8.49) 1.10(0.27 —2.82) 0.003
Reticular % change 0.47 (-0.28 —1.74) | -0.22 (-2.49-0.27) 0.022
VRS % 4.36 (3.40-5.67)  2.32(1.80—3.68) 0.003
VRS % change 0.42 (-0.19-0.74) | -0.14 (-1.03-0.08) 0.027

ILD: Interstitial lung disease; VRS: Vessel related structures.
Table 4.47. Global CALIPER CT results at visit 3, and the longitudinal change in
global CALIPER CT measurements between visit 1 and visit 3 in the fibrotic and

inflammation groups. Results are presented as median (interquartile range).

Two-way ANOVA statistical analysis was used in the 31 subjects that had CALIPER
CT data at each of the three study visits (Figure 4.33). In the inflammation group
(n=12), between visits 1 and 3 there was a statistically significant decrease in global
CALIPER fibrosis % (p<0.001), ground glass % (p=0.029), ILD % (p=0.012) and
reticular % (p=0.011). There was also a statistically significant decrease in global
CALIPER fibrosis % between visits 1 and 2 (p=0.027), and a statistically significant
decline in FVC% between visits 2 and 3 (p=0.024). In the fibrotic group (n=19), there
was a statistically significant increase in global CALIPER VRS% between visits 1 and
3 (p=0.011), but not between visits 1 and 2. The treatment these subjects received is

demonstrated in Table 4.3.
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Figure 4.33. Global CALIPER fibrosis % (a), ground glass % (b), honeycomb % (c),
ILD % (d), reticular % (e), VRS % (f), FVC % predicted (g), and DLco % predicted (h)
at visits 1, 2 and 3 for the fibrotic and inflammation groups. Statistical test: two-way
ANOVA.
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Total CTD-ILD DI-ILD HP IPF

(n=31) (n=5) (n=8) (n=7) (n=11)
Fibrosis % change
Upper zone 0.01 0.00 -041 -0.32 0.07
Middle zone 0.13 0.00 -0.20 -0.86 0.67
Lower zone 0.27 0.16 0.21 0.77 3.22
Central zone 0.00 0.00 -0.45 -0.26 0.41
Peripheral zone 0.20 0.14 -0.05 -1.01 1.48
Ground glass % change
Upper zone 0.00 0.00 -2.40 -0.35 0.04
Middle zone -0.23 0.00 -5.77 -0.87 1.00
Lower zone 0.32 -0.10 -1.14 -0.85 3.28
Central zone -0.14 0.01 -2.97 -0.45 0.37
Peripheral zone -0.52 -0.07 -5.90 -0.98 2.11
ILD % change
Upper zone -0.01 -0.01 -3.30 -0.67 0.11
Middle zone 0.03 0.03 -6.20 -1.74 2.28
Lower zone 0.96 0.59 0.85 -1.47 5.16
Central zone 0.01 0.02 -3.80 -0.71 0.76
Peripheral zone -0.12 0.07 -6.83 -1.99 2.32
VRS % change
Upper zone -0.02 -0.03 -0.06 -0.2 0.28
Middle zone 0.06 -0.06 -0.16 -0.40 0.40
Lower zone 0.05 0.00 0.01 -0.76 0.88
Central zone 0.06 -0.11 -0.35 -0.81 0.41
Peripheral zone 0.05 -0.03 0.10 -0.34 0.33

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; ILD: Interstitial lung disease; iINSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic
pulmonary fibrosis; VRS: Vessel related structures.

Table 4.48. Change in regional CALIPER CT fibrosis %, ground glass %, ILD % and
VRS % results between visit 1 and visit 3 in the total cohort and each ILD subtype.

Results are presented as median.

In the IPF group (n=11), between visits 1 and 3 there was a statistically significant
increase in CALIPER VRS % in the upper zone (mean (%): 2.30£0.91vs 2.92 £ 1.18;
p=0.003), middle zone (mean (%): 3.86 + 1.02 vs 4.90 = 1.31; p=0.002), lower zone
(mean (%): 4.21 + 1.32 vs 5.68 + 1.61; p=0.011), central zone (mean (%): 4.26 £ 1.01
vs 5.26 + 1.15; p=0.003) and peripheral zone (mean (%): 2.28 + 1.06 vs 3.23 + 1.37,;
p=0.002). The treatment these subjects received is presented in Table 4.3.
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Fibrotic (n = 19) Inflammation (n = 12) p value
Fibrosis % change

Upper zone 0.10 -0.09 0.053
Middle zone 0.63 -0.11 0.006
Lower zone 1.26 -0.23 0.053
Central zone 0.41 -0.29 0.10
Peripheral zone 0.61 -0.08 0.060
Ground glass % change
Upper zone 0.01 -0.18 0.24
Middle zone 0.00 -1.27 0.14
Lower zone 2.67 -1.15 0.12
Central zone 0.15 -1.15 0.15
Peripheral zone 0.84 -4.23 0.12
ILD % change
Upper zone 0.11 -0.33 0.16
Middle zone 0.63 -1.77 0.060
Lower zone 3.37 -0.71 0.069
Central zone 0.43 -1.53 0.087
Peripheral zone 1.04 -4.88 0.082
VRS % change
Upper zone 0.16 -0.07 0.045
Middle zone 0.40 -0.16 0.059
Lower zone 0.52 -0.21 0.035
Central zone 0.33 -0.35 0.065
Peripheral zone 0.33 -0.07 0.007

ILD: Interstitial lung disease; VRS: Vessel related structures.
Table 4.49. Change in regional CALIPER CT fibrosis %, ground glass %, ILD % and
VRS % results between visit 1 and visit 3 in the fibrotic and inflammation groups.

Results are presented as median.

In the fibrotic group (n=19), between visits 1 and 3 there was a statistically significant
increase in regional CALIPER fibrosis % (middle zone: p=0.024; peripheral zone:
p=0.049), ILD % (middle zone: p=0.029), and VRS % (upper zone: p=0.009; middle
zone: p=0.004; lower zone: p=0.005; central zone: p=0.013; peripheral zone:
p=0.001). In the inflammation group (n=12), between visits 1 and 3 there was a
statistically significant decrease in CALIPER fibrosis %, ground glass % and ILD % in
all five zones. There was also a statistically significant decrease in CALIPER VRS %
between visit 1 and visit 3 in the lower zone (p=0.004). The treatment these subjects

received is provided in Table 4.3.
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4.8 Visual CT scoring

Visual CT scoring was performed by two consultant thoracic radiologists on all
available HRCT scans. This provided global and regional ground glass, honeycomb
and reticular scores. As with the CALIPER CT data, honeycomb and reticular scores
were combined and termed fibrosis score. Also, ground glass, honeycomb and
reticular scores were combined and termed ILD score. Visual CT scoring data were

available for all subjects that completed each of visits 1 (n=55), 2 (n=39) and 3 (n=31).

4.8.1 Visit 1 (baseline)

There was a statistically significant difference between the HP (n=15) and IPF (n=19)
groups in global visual CT fibrosis score (median: 4.0 (0.0 - 12.0) vs 13.0 (8.0 - 17.0);
p=0.022) and ground glass score (median: 10.0 (0.0 — 14.0) vs 0.0 (0.0 — 4.0);
p=0.032) (Figure 4.34).
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Figure 4.34. Difference between ILD subgroups at visit 1 in global visual CT fibrosis

score (a) and ground glass score (b). Statistical test: Kruskal-Wallis test.
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Total CTD-ILD DI-ILD HP iNSIP IPF

(n =55) (n=5) (n =13) (n =15) (n=3) (n=19)
Fibrosis 10.0 4.0 8.0 4.0 6.0 13.0
score (40-140) | (20-12.0) @ (25-14.0) @ (0.0-12.0) (20-6.0) | (8.0—17.0)
Ground 2.0 4.0 4.0 10.0 6.0 0.0
glass score | (0.0-9.0) (1.0 - 9.0) (0.0-10.0) | (0.0-14.0) (0.0 —8.0) (0.0 — 4.0)
Honeycomb 0.0 0.0 0.0 0.0 0.0 2.0
score (0.0 —2.0) (0.0 - 6.0) (0.0 - 0.5) (0.0 - 0.0) (0.0-0.0) (0.0 - 6.0)
ILD score 14.0 10.0 13.0 14.0 10.0 15.0
(10.0-18.0) | (7.0-16.0) | (9.5-185) | (12.0-17.0) | (6.0-12.0) | (12.0-20.0)
Reticular 8.0 4.0 7.0 4.0 6.0 10.0
score (4.0 -11.0) (2.0-6.0) (25-115) | (0.0-12.0) (20-6.0) | (8.0—12.0)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis.

Table 4.50. Global visual CT score results at visit 1 for the total cohort and ILD

subtypes. Results are presented as median (inter-quartile range).

There was a statistically significant difference between the fibrotic (n=32) and
inflammation (n=23) groups in global CT visual fibrosis score (median: 13.0 (8.5 —
17.0) vs 4.0 (0.0 — 6.0); p<0.001), ground glass score (median: 0.0 (0.0 - 1.0) vs 10.0
(6.0 — 12.0); p<0.001), honeycomb score (median: 1.0 (0.0 — 7.5) vs 0.0 (0.0 — 0.0);
p<0.001) and reticular score (median: 10.0 (8.0 — 12.0) vs 4.0 (0.0 — 6.0); p<0.001).

Fibrotic (n = 32) Inflammation (n = 23) p value

Fibrosis score 13.0(8.5-17.0) 4.0 (0.0-6.0) <0.001

Ground glass score 0.0 (0.0-1.0) 10.0 (6.0 -12.0) <0.001

Honeycomb score 1.0(0.0-7.5) 0.0 (0.0-0.0) <0.001
ILD score 14.0 (10.25 - 19.0) 13.0 (10.0 — 16.0) 0.44

Reticular score 10.0 (8.0-12.0) 4.0 (0.0-6.0) <0.001

Table 4.51. Global visual CT score results at visit 1 in the fibrotic and inflammation

groups. Results are presented as median (inter-quartile range).

In the DI-ILD group (n=13), there was a statistically significant difference between the
middle and lower zone in visual CT fibrosis score (p=0.021) and ILD score (p=0.007),

and between the upper and lower zone in visual CT ILD score (p=0.021).
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In the IPF group (n=19), there was a statistically significant difference between the
upper and lower zone in visual CT fibrosis score (p<0.001) and ILD score (p<0.001),

and between the middle and lower zone in visual CT ILD score (p=0.045).

Total CTD-ILD DI-ILD HP iNSIP IPF
(n = 55) (n=5) (n=13)  (n=15) n=3) | (n=19)
Fibrosis score

Upper zone 2.0 0.0 2.0 2.0 2.0 3.0
Middle zone 3.0 1.0 2.0 2.0 2.0 4.0
Lower zone 4.0 3.0 4.0 0.0 2.0 5.0
Ground glass score
Upper zone 0.0 0.0 0.0 2.0 2.0 0.0
Middle zone 0.0 1.0 1.0 3.0 2.0 0.0
Lower zone 2.0 3.0 2.0 3.0 2.0 0.0
ILD score
Upper zone 4.0 0.0 4.0 5.0 2.0 4.0
Middle zone 4.0 4.0 4.0 4.0 2.0 4.0
Lower zone 6.0 6.0 6.0 4.0 4.0 7.0

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis.

Table 4.52. Regional visual CT fibrosis, ground glass and ILD scores at visit 1 for the

total cohort and each ILD subtype. Results are presented as median.

In the fibrotic group, there was a statistically significant difference in visual CT fibrosis
score between the upper and lower zone (p=0.003), and the middle and lower zone
(p=0.031). There was also a statistically significant difference in visual CT ILD score
between the upper and lower zone (p=0.001), and the middle and lower zone
(p=0.012).

In the inflammation group, there was a statistically significant difference in visual CT

ground glass score between the upper and lower zone (p<0.001).
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Fibrotic (n = 32) Inflammation (n = 23) p value
Fibrosis score

Upper zone 4.0 0.0 <0.001
Middle zone 4.0 1.0 <0.001
Lower zone 5.0 2.0 <0.001
Ground glass score
Upper zone 0.0 2.0 <0.001
Middle zone 0.0 3.0 <0.001
Lower zone 0.0 4.0 <0.001
ILD score
Upper zone 4.0 4.0 0.57
Middle zone 4.0 4.0 0.99
Lower zone 6.0 6.0 0.51

Table 4.53. Regional CT fibrosis, ground glass and ILD scores at visit 1 in the fibrotic

and inflammation groups. Results are presented as median

4.8.2 Visit 2 (6 weeks or 6 months depending on ILD subtype)

Total CTD-ILD DI-ILD HP iNSIP IPF
(n = 39) (n=5) (n =11) (n =10) (n=2) (n=11)
Fibrosis 10.0 4.0 9.0 10.5 5.0 16.0
score (4.0 - 16.0) (1.0 -12.0) (6.0 - 14.0) (0.0 —13.25) (2.0-8.0) (8.0 —20.0)
Fibrosis 0.0 0.0 0.0 0.0 1.0 0.0
score change | (0.0-0.0) (-1.0-0.0) (0.0-3.0) (0.0-0.0) (0.0-2.0) (0.0-0.0)
Ground glass 1.0 1.0 3.0 15 7.0 0.0
score (0.0-6.0) (0.0-5.0) (0.0-8.0) (0.0 —11.25) (6.0 -8.0) (0.0-0.0)
Ground glass 0.0 0.0 0.0 0.0 3.0 0.0
score change (0.0-0.0) (-6.5-0.0) (-2.0-4.0) (-1.5-0.0) (0.0-6.0) (0.0-0.0)
Honeycomb 0.0 0.0 0.0 0.0 0.0 2.0
score (0.0 -3.0) (0.0 - 6.0) (0.0 -1.0) (0.0 —2.25) (0.0-0.0) (0.0 -8.0)
Honeycomb 0.0 0.0 0.0 0.0 0.0 0.0
score Change (0.0-0.0) (0.0-0.0) (0.0-0.0) (0.0-0.0) (0.0-0.0) (0.0-0.0)
ILD 13.0 8.0 14.0 12,5 12.0 16.0
score (10.0-20.0) | (1.5-15.0) | (11.0-25.0) | (8.75-19.25) @ (10.0—14.0) | (10.0—20.0)
ILD score 0.0 0.0 0.0 0.0 4.0 0.0
change (0.0-0.0) (-7.5-0.0) (-1.0-5.0) (-1.5-0.0) (0.0-8.0) (0.0-0.0)
Reticular 8.0 4.0 9.0 8.0 5.0 10.0
score (4.0 -11.0) (1.0 - 6.0) (6.0 —13.0) (0.0-12.0) (2.0-8.0) (8.0-12.0)
Reticular 0.0 0.0 0.0 0.0 1.0 0.0
score change | (0.0-0.0) (-1.0-0.0) (0.0-3.0) (0.0-0.0) (0.0-2.0) (0.0-0.0)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iINSIP: Idiopathic non-specific interstitial pneumonia; IPF: Idiopathic pulmonary fibrosis.

Table 4.54. Global visual CT scores at visit 2, and the longitudinal change in global
visual CT scores between visit 1 and visit 2 for the total cohort and each ILD subtype.

Results are presented as median (inter-quartile range).
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Fibrotic Inflammation

(n = 22) (n=17) b value

Fibrosis score 12.5(8.75 - 20.0) 4.0(0.0-9.5) <0.001
Fibrosis score change 0.0 (0.0-10.0) 0.0 (0.0-1.0) 0.45

Ground glass score 0.0 (0.0-10.0) 5.0 (2.0-11.5) <0.001
Ground glass score change 0.0 (0.0-10.0) 0.0 (-4.5-10.0) 0.024

Honeycomb score 1.5(0.0-8.0) 0.0 (0.0-0.0) <0.001
Honeycomb score change 0.0 (0.0-10.0) 0.0 (0.0-0.0) >0.99
ILD score 14.0 (11.0-20.0) 11.0(5.0-18.5) 0.15
ILD score change 0.0 (0.0-10.0) 0.0 (-3.5-10.0) 0.15
Reticular score 10.0 (8.0 - 12.0) 4.0 (0.0-9.5) 0.005
Reticular score change 0.0 (0.0-10.0) 0.0(0.0-1.0 0.29

Table 4.55. Global visual CT scores at visit 2, and the longitudinal change in global
visual CT scores between visit 1 and visit 2 in the fibrotic and inflammation groups.

Results are presented as median (interquartile range).

There was a statistically significant difference between the fibrotic and inflammation
groups at visit 2 in visual CT fibrosis score (median: 12.5 (8.75 — 20.0) vs 4.0 (0.0 —
9.5); p<0.001), ground glass score (median: 0.0 (0.0 — 0.0) vs 5.0 (2.0 — 11.5);
p<0.001), honeycomb score (median: 1.5 (0.0 — 8.0) vs 0.0 (0.0 — 0.0); p<0.001) and
reticular score (median: 10.0 (8.0 — 12.0) vs 4.0 (0.0 — 9.5); p=0.005).

Between visits 1 and 2, there was no statistically significant change in any of the
regional visual CT scores in any of the ILD subtypes, or the fibrotic and inflammation

groups.
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4.8.3 Visit 3 (6 months or 12 months depending on ILD subtype)

Total CTD-ILD DI-ILD HP IPF
(n=31) (n=5) (n=8) (n=7) (n=11)
Fibrosis 9.0 4.0 9.0 0.0 16.0
score (1.0-17.0) (1.5-12.0) (2.0-19.5) (0.0-11.0) (8.0-20.0)
Fibrosis 0.0 0.0 0.0 0.0 0.0
score change (0.0-0.0) (0.0-0.5) (0.0-0.75) (0.0-0.0) (0.0-0.0)
Ground glass 0.0 1.0 1.0 5.0 0.0
score (0.0-5.0) (0.0-5.0) (0.0-4.5) (0.0-9.0) (0.0-0.0)
Ground glass 0.0 0.0 0.0 0.0 0.0
score change (0.0-0.0) (0.0-0.0) (-1.5-0.0) (-6.0-0.0) (0.0-0.0)
Honeycomb 0.0 0.0 0.0 0.0 2.0
score (0.0-7.0) (0.0-6.0) (0.0-7.0) (0.0-0.0) (0.0-10.0)
Honeycomb 0.0 0.0 0.0 0.0 0.0
score change (0.0-0.0) (0.0-0.0) (0.0-10.0) (0.0-0.0) (0.0-0.0)
ILD score 12.0 8.0 12.0 11.0 16.0
(6.0 - 19.0) (2.0-15.0) (2.5-23.75) (5.0-14.0) (8.0-20.0)
ILD score 0.0 0.0 0.0 0.0 0.0
change (0.0-0.0) (0.0-0.5) (0.0-0.75) (-6.0-10.0) (0.0-0.0)
Reticular 8.0 4.0 8.5 0.0 10.0
score (2.0 -10.0) (1.5-6.0) (2.0 -12.75) (0.0-10.0) (8.0-10.0)
Reticular 0.0 0.0 0.0 0.0 0.0
score change (0.0-0.0) (0.0-0.5) (0.0-0.75) (0.0-0.0) (0.0-0.0)

CTD-ILD: Connective tissue disease associated interstitial lung disease; DI-ILD: Drug induced interstitial lung disease; HP:
Hypersensitivity pneumonitis; iNSIP: Idiopathic non-specific interstitial pneumonia; IPF: ldiopathic pulmonary fibrosis.

Table 4.56. Global visual CT scores at visit 3, and the longitudinal change in global
visual CT scores between visit 1 and visit 3 for the total cohort and each ILD subtype.

Results are presented as median (inter-quartile range).

Fibrotic (n =19) | Inflammation (n = 12) p value

Fibrosis score 12.0 (8.0 — 20.0) 1.5(0.0-7.0) <0.001
Fibrosis score change 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.65
Ground glass score 0.0 (0.0-0.0) 3.5(0.25-6.0) 0.005
Ground glass score change 0.0 (0.0-0.0) 0.0 (-4.75-10.0) 0.15
Honeycomb score 2.0 (0.0-10.0) 0.0 (0.0-0.0) 0.002
Honeycomb score change 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.91
ILD score 14.0 (10.0 - 20.0) 7.0(2.0-115) 0.008
ILD score change 0.0 (0.0-0.0) 0.0 (-4.75-10.0) 0.31
Reticular score 10.0 (8.0 - 12.0) 1.5(0.0-7.0) 0.001
Reticular score change 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.65

Table 4.57. Global visual CT scores at visit 3, and the longitudinal change in global
visual CT scores between visit 1 and visit 3 in the fibrotic and inflammation groups.

Results are presented as median (interquartile range).
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There was a statistically significant difference between the fibrotic (n=19) and
inflammation (n=12) groups at visit 3 in visual CT fibrosis score (median: 12.0 (8.0 —
20.0) vs 1.5 (0.0 — 7.0); p<0.001), ground glass score (median: 0.0 (0.0 — 0.0) vs 3.5
(0.25 - 6.0); p=0.005), honeycomb score (median: 2.0 (0.0 — 10.0) vs 0.0 (0.0 — 0.0);
p=0.002), ILD score (median: 14.0 (10.0 — 20.0) vs 7.0 (2.0 — 11.5); p=0.008) and
reticular score (median: 10.0 (8.0 — 12.0) vs 1.5 (0.0 — 7.0); p=0.001).

In the inflammation group (n=12), there was a statistically significant decrease in the
global visual CT ground glass score between visit 1 and visit 3 (mean: 9.08 £ 5.04 vs
4.17 £ 4.22; p=0.023) (Figure 4.35). There were no statistically significant changes in
PFTs over the same study visit period. This suggests that the semi-quantitative
assessment of GGO on HRCT by radiologists may be useful to determine response
to immunosuppressant treatment in inflammation predominant ILD, before significant

physiological changes are identified.

p =0.023
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Figure 4.35. Global visual CT ground glass score at visit 1 versus visit 3 in the

inflammation group. Statistical test: pared t test.

In the inflammation group (n=12), between visit 1 and visit 3 there was a statistically
significant decrease in the visual CT ground glass score in the middle zone (median:
3.0 (2.0 -4.0) vs 0.5 (0.0 — 2.0); p=0.031) and the lower zone (mean: 3.67 + 1.37 vs
2.08 + 1.56; p=0.035).
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49 The effect of steroids on pulmonary function tests and imaging
measurements in the drug induced ILD subjects

Of the 11 DI-ILD subjects that completed visit 1 and visit 2, two of them were taking
prednisolone daily during the six-week period in addition to withholding the offending
drug. One subject (highlighted in red in Figures 4.36 — 4.39) commenced prednisolone
113 days prior to visit 1, and was taking a dose of 10mg once daily between visit 1
and visit 2. This subject died four weeks after visit 2. The other subject (highlighted in
blue in Figures 4.36 — 4.40) commenced prednisolone 40mg once daily 17 days prior
to visit 1, with a reducing dose regimen of 5mg every two weeks until reaching a
maintenance dose of 10mg once daily, which was the dose at visit 3. Another DI-ILD
subject (highlighted in green in Figures 4.36 — 4.40) commenced prednisolone 20mg
14 days after visit 2 and the treatment duration was 21 days only.
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Figure 4.36. FVC % predicted (a) and DiLco % predicted (b) at visit 1 versus visit 2 in
the DI-ILD group (n=11). FVC % predicted (c) and DiLco % predicted (d) at visits 1, 2
and 3 in the DI-ILD group (n=9).
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Figure 4.37. 12°Xe RBC:TP (a), ADC (b) and Lmp (c) at visit 1 versus visit 2 in the DI-
ILD group (n=11).
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Figure 4.38. Mean transit time (a), blood flow (b) and blood volume (c) at visit 1 versus
visit 2 in the DI-ILD group (n=11).
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Figure 4.39. CALIPER fibrosis % (a), ground glass % (b), honeycomb % (c), ILD %
(d), reticular % (e) and VRS % (f) at visit 1 versus visit 2 in the DI-ILD group (n=11).
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Figure 4.40. CALIPER fibrosis % (a), ground glass % (b), ILD % (c) and VRS % (d) at
visits 1, 2 and 3 in the DI-ILD group (n=9).

410 Summary of the imaging outcomes from the TRISTAN-ILD study
The key imaging outcomes which demonstrated statistical significance were:

1. A difference in global 1°Xe ADC and Lmp between the ILD subtypes, and
between the fibrotic and inflammation groups, with higher values seen in IPF
versus HP, and in the fibrotic versus inflammation groups.

2. A decrease in global 1?°Xe RBC:TP and an increase in global CALIPER CT
VRS % in the IPF group over six months, with no statistically significant PFT
change over the same time period.

3. Anincrease in global 1°Xe ADC and Lmp over six weeks in the DI-ILD group,
with no statistically significant PFT change over the same time period.

4. A decrease in global MTT and increase in global PBF over six weeks in the HP
group, with no statistically significant PFT change over the same time period.

5. A decrease in global CALIPER CT fibrosis %, ground glass %, ILD % and
reticular % between visits 1 and 2 in the inflammation group, with no statistically
significant PFT change over the same time period.
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The change between visits 1 and 2 in some of the biomarkers differed between the
DI-ILD, HP and IPF groups (Table 4.58). Statistical analysis was not performed due to
the small sample sizes. The proportion of DI-ILD and HP subjects receiving
prednisolone between visits 1 and 2 differed, with the majority of DI-ILD subjects being

managed by withdrawal of the offending drug only.

DI-ILD HP IPF Inflammation group
(n=11) =~ (=9 = (=11 "pLD(h=6)  HP(n=6)

Prednisolone

treatment, n (%) 3(27.3) 8 (88.9) 0 2(33.3) 5 (83.3)
PFT
FvC i T l l T
Dico 1 ! l | 1
MRI
129Xe RBC:TP ! 1 ! | ;
129%e ADC / Lmp 1 ! l 1 !
MTT ! ! 1 T |
PBF 1 1 1 | T
PBV 0 1 ! | T
CALIPER CT
Fibrosis % ! l 1 l l
Ground glass % ! l 1 l l
Honeycomb % 0 0 1 l 1
ILD % ! ! 1 | |
Reticular % ! l 1 l l
VRS % 0 1 1 1 l
Visual CT score

Fibrosis « - o 1 >
Ground glass - o < ! l
Honeycomb > o 1 > -
ILD - PN o l 1
Reticular - - “ 1 o

ADC: Apparent diffusion coefficient; CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT:
Computed tomography; DI-ILD: Drug induced interstitial lung disease; Dco: Diffusing capacity of the lung for carbon monoxide;
FVC: Forced vital capacity; HP: Hypersensitivity pneumonitis; ILD: Interstitial lung disease; IPF: Idiopathic pulmonary fibrosis;
Lmp: mean diffusive length scale; MTT: Mean transit time; PBF: Pulmonary blood flow; PBV: Pulmonary blood volume; RBC: Red
blood cell; TP: Tissue plasma; VRS: Vessel related structures; 12°Xe: 129-xenon.

Table 4.58. Change between visits 1 and 2 in the various biomarkers in the DI-ILD,
HP and IPF groups, as well as the DI-ILD and HP subjects in the inflammation group.
The number and proportion of subjects in each group that were taking prednisolone

between visits 1 and 2 is also displayed.
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4.11 Correlations

Correlation analysis involving data from PFTs, global MRl measurements and global
CT measurements were performed for each study visit. Data from each study visit for
each type of measurement were also combined. The same approach was taken for
the regional **°Xe MRI and CT data to perform correlation analysis. In addition to this,
correlation analysis of the longitudinal change in the various measurements was

performed.

4.11.1 Strong correlations (r = 0.60 - 0.79)

129%e DW-MRI measurement Visual CT score Visit(s)
ADC Fibrosis 2;1 & 2 (combined)
Lmp Fibrosis 2

ADC: Apparent diffusion coefficient; CT: Computed tomography; DW-MRI: Diffusion weighted magnetic resonance imaging; Lmp:
mean diffusive length scale; 1?°Xe: 129-xenon.

Table 4.59. Strong correlations between global 2°Xe DW-MRI measurements and

visual CT fibrosis score.

CALIPER CT measurement PFT Visit(s)
Fibrosis % Fvci/f;\/[l)iolz;\gcmo% 2 2 3
Reticular % FVC; Fvc;l;z\gmo; Dico% 2 2 3

Vessel related structures % DLc:ZL%OTCO% 2831 -Zs&(fombine d)

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; D, co: Diffusing
capacity of the lung for carbon monoxide; FEV;: Forced expiratory volume in one second; FVC: Forced vital capacity; ILD:
Interstitial lung disease; PFT: Pulmonary function test.

Table 4.60. Strong correlations between global CALIPER CT measurements and PFT.

CALIPER CT measurement Visual CT score(s) Visit(s)
Fibrosis & ILD 3
Honeycomb %
y ° Honeycomb 2&3
Vessel related structures % Fibrosis & ILD 3

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography.
Table 4.61. Strong correlations between global CALIPER CT measurements and

visual CT scores.
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129Xe DW-MRI measurement Visual CT score(s) Visit(s)

ADC Fibrosis & reticular 2; 1 & 2 (combined)
Honeycomb & ILD 2
Lms Fibrosis 1;2; 1 & 2 (combined)
ILD & reticular 2

ADC: Apparent diffusion coefficient; CT: Computed tomography; DW-MRI: Diffusion weighted magnetic resonance imaging; Lmp:
mean diffusive length scale; 1°Xe: 129-xenon.

Table 4.62. Strong correlations between regional *°Xe DW-MRI measurements and

visual CT scores in the lower zone.

4.11.2 Moderate correlations (r = 0.40 — 0.59)

MRI measurements Visit(s)
129Xe RBC:TP Pulmonary blood volume 2; 1 & 2 (combined)
129Xe ADC Ventilated volume % 1
129Xe Lmp Ventilated volume % 1

ADC: Apparent diffusion coefficient; MRI: Magnetic resonance imaging; Lmp: mean diffusive length scale; RBC: Red blood cell;
TP: Tissue plasma; *?°Xe: 129-xenon.

Table 4.63. Moderate correlations between MRl measurements.

129%e MRI measurement PFT Visit(s)
RBC:.TP Dico & Dico % 1; 1 & 2 (combined)
ADC Dico % 1
Lmp Dico % 1; 2; 1&2 (Combined)

ADC: Apparent diffusion coefficient; D co: Diffusing capacity of the lung for carbon monoxide; Lmp: mean diffusive length scale;
MRI: Magnetic resonance imaging; PFT: Pulmonary function test; RBC: Red blood cell; TP: Tissue plasma; *°Xe: 129-xenon.

Table 4.64. Moderate correlations between global 12°Xe MRI and PFTs.

129%e MRI measurement Visual CT score(s) Visit(s)
ADC Fibrosis . 1 .
Honeycomb; ILD; reticular 1; 2; 1 & 2 (combined)
Lm Fibrosis 1; 1 & 2 (combined)
P Honeycomb; ILD; reticular 1;2; 1 & 2 (combined)

ADC: Apparent diffusion coefficient; CT: Computed tomography; ILD: Interstitial lung disease; Lmp: mean diffusive length scale;
MRI: Magnetic resonance imaging; *°Xe: 129-xenon.

Table 4.65. Moderate correlations between global 12°Xe MRI and visual CT scores.
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MRI measurement CALIPER CT measurement Visit
129Xe ADC & Lmp Honeycomb % 2

Pulmonary blood volume Honeycomb % 1

ADC: Apparent diffusion coefficient; CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT:
Computed tomography; Lmp: mean diffusive length scale; MRI: Magnetic resonance imaging; *?°Xe: 129-xenon.

Table 4.66. Moderate correlations between global MRI and CALIPER honeycomb %.

CALIPER CT measurement PFT Visit(s)
FEV1; FVC 2; 1 - 3 (combined)
. . FEV1% 2; 3; 1 - 3 (combined)
Fibrosis % FVC% 1 - 3 (combined)
Dico & Dico% 1; 1 - 3 (combined)
Ground glass % FEV1& FVC 2&3
Dico 1; 3; 1 - 3 (combined)
Honeycomb % Dico% 2; 3; 1 - 3 (combined)
ILD % FEV1; FEV1%; FVC; FVC%; Dico | 2; 3; 1 - 3 (combined)
DiLco% 2; 1 - 3 (combined)
FEV: 2
. FEV1% 2&3
Reticular % FVC & FVC% 1 - 3 (combined)
Dico & Dico% 1; 1 - 3 (combined)
FEV: 2&3
FEV1% 2; 1 - 3 (combined)
Vessel related structures % FvC 2; 3; 1 - 3 (combined)
FVC% 1; 1 - 3 (combined)
Dico & DiLco% 1

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; D, co: Diffusing
capacity of the lung for carbon monoxide; FEV;: Forced expiratory volume in one second; FVC: Forced vital capacity; ILD:
Interstitial lung disease; PFT: Pulmonary function test.

Table 4.67. Moderate correlations between global CALIPER CT and PFTs.
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CALIPER CT measurement Visual CT score(s) Visit(s)
Fibrosis % Fibrosis &'honeycomb 2&3
Reticular 3
Ground glass % Ground glass 1
Fibrosis 2; 1 - 3 (combined)
Honeycomb 1 - 3 (combined)
0,
Honeycomb % LD 1&2
Reticular 3
ILD % Ground glass 1
Reticular % Fibrosis 3
Fibrosis 2; 1 - 3 (combined)
Honeycomb 2; 3; 1 - 3 (combined)
V | related struct % .
essel related structures % LD 1: 1- 3 (combined)
Reticular 3

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; ILD: Interstitial
lung disease.

Table 4.68. Moderate correlations between global CALIPER CT and visual CT scores.

Visual CT score PFT Visit(s)
Fibrosis D?;zg/o 1 z 5
Honeycomb D[L):;f’)/o 11 2; 23
D 1,2;3
ILD DLI(;(;(ZA) 2&3
Reticular DLco% 3

CT: Computed tomography; D,co: Diffusing capacity of the lung for carbon monoxide; ILD: Interstitial lung disease; PFT:
Pulmonary function test.

Table 4.69. Moderate correlations between global visual CT scores and PFTs.

DCE-MRI measurement PFT
Mean transit time change FEV: change

Pulmonary blood flow change Dico change

DCE-MRI: Dynamic contrast enhanced magnetic resonance imaging; D co: Diffusing capacity of the lung for carbon monoxide;
FEV,: Forced expiratory volume in one second; PFT: Pulmonary function test.

Table 4.70. Moderate correlations between the change in global DCE-MRI

measurements and the change in PFTs.
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DCE-MRI measurement Visual CT score(s)
Mean transit time change Fibrosis change

Pulmonary blood flow change Fibrosis & honeycomb change
CT: Computed tomography; DCE-MRI: Dynamic contrast enhanced magnetic resonance imaging.

Table 4.71. Moderate correlations between the change in global DCE-MRI

measurements and the change in global visual CT scores.

CALIPER CT measurement Visual CT score(s)
Fibrosis % change Ground glass change
Ground glass % change Ground glass change
ILD % change Ground glass change
Reticular % change Ground glass & ILD change

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; ILD: Interstitial
lung disease.

Table 4.72. Moderate correlations between the change in global CALIPER CT

measurements and the change in global visual CT scores (visits 1-3).

Visual CT score PFT

Fibrosis change FEV:1 & D.co change
ILD change FVC change

Reticular change FEV: change

CT: Computed tomography; D.co: Diffusing capacity of the lung for carbon monoxide; FEV,: Forced expiratory volume in one
second; FVC: Forced vital capacity; ILD: Interstitial lung disease; PFT: Pulmonary function test.

Table 4.73. Moderate correlations between the change in global visual CT scores and
the change in PFTs (visits 1-2).

Between visits 1 and 3, the change in CALIPER VRS % correlated moderately with
the change in FEV1% (r=-0.44; p=0.014) and FVC% (r=-0.41; p=0.024).
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129Xe IDEAL spectroscopic 129Xe DW-MRI

: . Zone(s) Visit(s)
imaging measurement measurements
TP:Gas ADC & Lmp Upper 1&2
RBC:Gas ADC & Lmp Upper 1&2

ADC: Apparent diffusion coefficient; DW-MRI: Diffusion weighted magnetic resonance imaging; IDEAL: Iterative decomposition
of water and fat with echo asymmetry and least-squares estimation Lmp: mean diffusive length scale; RBC: Red blood cell; TP:
Tissue plasma; *?°Xe: 129-xenon.

Table 4.74. Moderate correlations between regional '>°Xe IDEAL spectroscopic

imaging measurements and '2°Xe DW-MRI measurements.

129X e IDEAL spectroscopic CALIPER CT .
: : Zone(s) Visit(s)
imaging measurement measurement(s)
RBC:TP Ground glass % & ILD % Lower 1&2
RBC:Gas Honeycomb % Lower & peripheral 1

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; IDEAL: Iterative
decomposition of water and fat with echo asymmetry and least-squares estimation; ILD: Interstitial lung disease; RBC: Red blood
cell; TP: Tissue plasma; '2°Xe: 129-xenon.

Table 4.75. Moderate correlations between regional 1?°Xe IDEAL spectroscopic
imaging measurements and CALIPER CT measurements.

129 i i
?(e IQEAL spectroscopic Visual CT Zone(s) Visit(s)
imaging measurement score(s)
RBC-TP Fibrosis & reticular Lower 1; 1 & 2 (combined)
ILD Lower 1
RBC:Gas Fibrosis & reticular | Middle & lower 1&2 (comb!ned)
ILD Lower 1 & 2 (combined)

CT: Computed tomography; IDEAL: Iterative decomposition of water and fat with echo asymmetry and least-squares estimation;
ILD: Interstitial lung disease; RBC: Red blood cell; TP: Tissue plasma; 2°Xe: 129-xenon.

Table 4.76. Moderate correlations between regional *°Xe IDEAL spectroscopic

imaging measurements and visual CT scores.
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129Xe DW-MRI CALIPER CT

measurement | measurement(s) Zone(s) Visit(s)
Fibrosis % Lower 1; 2; 1 & 2 (combined)
Honeycomb % Lower; cent.ral; peripheral | 1;2;1 &2 (compined)
ADC Middle 1;1 & 2 (combined)
. Lower 1;2; 1 & 2 (combined)
Reticular % .
Peripheral 1
VRS % Lower & peripheral 1;2; 1 & 2 (combined)
Fibrosis % & Lower 1;2; 1 & 2 (combined)
reticular % Peripheral 1
Lmp Lower; central; peripheral | 1;2; 1 & 2 (combined)
0,
Honeycomb % Middle 1: 1 & 2 (combined)
VRS % Lower & peripheral 1;2; 1 & 2 (combined)

ADC: Apparent diffusion coefficient; CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT:
Computed tomography; DW-MRI: Diffusion weighted magnetic resonance imaging; Lmp: mean diffusive length scale; VRS:
Vessel related structures; 2°Xe: 129-xenon.

Table 4.77. Moderate correlations between regional ?°Xe DW-MRI measurements
and CALIPER CT measurements.

“Xe DW-MRI Visual CT score(s) Zone(s) Visit(s)
measurement
ADC Fibrosis; ILD; reticular Middle 1;2; 1 & 2 (combined)
Honeycomb Middle 2; 1 & 2 (combined)
Fibrosis Middle 1;2; 1 & 2 (combined)
Honeycomb Middle 2 .
Lmp Lower 1;2; 1 & 2 (combined)
Middle 1;2; 1 & 2 (combined)

ILD & reticul i
reticular Lower 1; 1 & 2 (combined)

ADC: Apparent diffusion coefficient; CT: Computed tomography; DW-MRI: Diffusion weighted magnetic resonance imaging; ILD:
Interstitial lung disease; Lmp: mean diffusive length scale; 2°Xe: 129-xenon.

Table 4.78. Moderate correlations between regional 2°Xe DW-MRI measurements

and visual CT scores.

4.12 Variables that predict disease progression

Univariate logistic regression analysis was performed to identify any variables that
were able to predict disease progression. The cohort included a total of 46 subjects in
which data was available to determine whether disease progression had occurred
between visit 1 (baseline) and visit 3 (6 months or 12 months depending on ILD
subtype).
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Disease progression was defined as death, lung transplantation, 210% absolute
reduction in FVC% and/or 215% absolute reduction in DLco%. The following variables

were investigated:

e Age

e Gender

e Ever smoker

e BMI

e |LD subtype and fibrotic group

e Immunosuppressant treatment during study

e Antifibrotic therapy during study

e Visit 1 oxygen saturations

e Oxygen therapy during study

e Hospitalisation during study

e Visit 1 PFTs (including FEV1, FEV1%, FVC, FVC%, DLco and DLco%) and visit
1-2 change

e Visit 1 129Xe RBC:TP (global) and visit 1-2 change

e Visit 1 12°Xe RBC:TP, TP:Gas and RBC:Gas (regional), and visit 1-2 change
Visit 1 2°Xe ADC and Lmp (global and regional), and visit 1-2 change

e Visit 1 129Xe VV% and CV%, and visit 1-2 change

e Visit 1 MTT, PBF and PBV, and visit 1-2 change

e Visit 1 CALIPER CT measurements (global and regional) and visit 1-2 change

e Visit 1 visual CT scores (global and regional) and visit 1-2 change

Variable Odds ratio 95% confidence interval P value

Age 1.09 1.02-1.18 0.023

FVC change 0.0045 3.79e-005 - 0.18 0.010
FVC% absolute change 0.84 0.72-0.95 0.012
FVC% relative change 0.88 0.77 - 0.97 0.018
D.co change 0.064 0.0066 — 0.30 0.003
DLco% absolute change 0.82 0.70-0.91 0.003
DLco% relative change 0.91 0.85-0.96 0.003

D, co: Diffusing capacity of the lung for carbon monoxide; FVC: Forced vital capacity;
Table 4.79. Variables with a statistically significant odds ratio for predicting disease

progression using univariate logistic regression analysis.

Page | 165



95% confidence

Variable Odds ratio : P value
interval
IPF 2.95 0.86 — 10.7 0.090
Antifibrotic therapy 5.63 1.05-43.3 0.057
FEV1% absolute change 0.90 0.79-0.99 0.053
FEV1% relative change 0.91 0.81-0.99 0.065
Visit 1 2°Xe RBC:TP 1.71e-06 1.64e-13-1.45 0.075
Visit 1 CALIPER VRS % 1.43 0.96 — 2.22 0.088
Visit 1 CALIPER VRS % upper zone 1.56 0.95-2.72 0.091
Visit 1 CALIPER VRS % middle zone 1.37 0.97 - 2.03 0.086
Visit 1 CALIPER VRS % peripheral zone 1.44 0.97 - 2.25 0.083

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; FEV;: Forced expiratory volume in one
second; IPF: Idiopathic pulmonary fibrosis; RBC: Red blood cell; TP: Tissue plasma; VRS: Vessel related structures; 1°Xe: 129-
xenon.

Table 4.80. Variables that had odds ratios with p values 0.05 — 0.10 for predicting
disease progression using univariate logistic regression analysis.

When age was added to the logistic regression model, all the variables in Table 4.79

had a statistically significant odds ratio for predicting disease progression (Table 4.81).

Variable Odds ratio 95% confidence interval P value
FVC change 1.91e-05 2.23e-10 - 0.020 0.015
FVC% absolute change 0.73 0.51-0.92 0.034
FVC% relative change 0.75 0.54 -0.92 0.030
Dico change 0.054 0.002 -0.33 0.014
DLco% absolute change 0.82 0.66 —0.93 0.015
DLco% relative change 0.92 0.84 -0.98 0.017

D.co: Diffusing capacity of the lung for carbon monoxide; FVC: Forced vital capacity.
Table 4.81. Variables for predicting disease progression with age added to the logistic

regression model.

413 Summary

The results reported in this chapter represent the first known longitudinal data
combining hyperpolarised '*°Xe MRI and DCE-MRI with QCT alongside PFTs in
various ILD subtypes. Novel findings include significant differences in *°Xe DW-MRI
measurements between HP and IPF subjects, and significant changes in pulmonary

perfusion over short time periods were found using DCE-MRI in subjects with HP.
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Chapter 5: The Assessment of Interstitial Lung Disease Using

Imaging Biomarkers — IPF Study Results

Page | 167



5.1 Recruitment and demographic data

51 patients with IPF (diagnosed within 12 months) were recruited from ILD clinics at
Northern General Hospital, Sheffield, between February 2016 and November 2019.
49 of them completed at least one study visit. 22 subjects were recruited by Dr
Weatherley, as part of his PhD, between February 2016 and February 2018. The study
visit time periods for these subjects were baseline, 6 months and 12 months. The
remaining 29 subjects were recruited by myself, between November 2018 and
November 2019. The study visit time periods for these subjects were baseline, 3
months, 6 months and 12 months with the 3-month visit added to assess rate of

progression over a shorter time period.

Subjects 19-49 refers to the 31 subjects that completed at least one study visit and
were not included in Dr Weatherley’s thesis. | performed the MRI analysis for all 31
subjects. Subjects 1-18 refers to the 18 subjects recruited by Dr Weatherley and were
included in his thesis. The total study cohort refers to the 49 subjects (subjects 1-49)

that completed at least one study visit between February 2016 and November 2019.
The key MRI findings in IPF patients previously published from this study include:

1. A statistically significant median change over 12 months in RBC:TP (p=0.001)
and FVC (p=0.048) but not DiLco (-0.5%; p=0.881), as shown in Figure 5.1
(232). There was a statistically significant correlation between baseline
RBC:TP and D.co (r=0.68), but not FVC (r=0.34).

2. 3He ADC and Lmp correlate with DLco, KCO and regional fibrosis on CT (240).
There was no significant longitudinal change in ADC, FVC or Di.co, although
Lmp increased significantly over 12-months (p=0.001).

3. A statistically significant increase in mean FWHM (p=0.040) over a 6-month
period, with a decrease in FVC (p=0.040) and Kco (p=0.014), but no significant
change in Dico (p=0.090) (211).
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Figure 5.1. Longitudinal change in FVC, DLCO and RBC:TP in IPF patients (A—C).
Individual patients’ measurements of FVC, DLCO and RBC:TP at baseline, 6 and 12
months are plotted in (D), (E) and (F), respectively (232).

5.1.1 Study visits

33 completed
12-month visit
il 30 completed
6-month visit 6 withdrawn before
Il 4 died before
6-month visit
Bl 22 completed il
3-month visit |l

1 couldn't attend
3-month vist due

12-month visit due
to patient choice

9 couldn't attend
6-month vist due
to COVID-19
restrictions

49 completed il
baseline visit

to COVID-19
restrictions

4 withdrawn
before 6-month

4 withdrawn

before 3-month
visit due to
patient choice

visit due to

patient choice

Figure 5.2. Summary of subject numbers at each study visit and reasons for not

completing study visits for the total study cohort (n=49).
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5.1.2 Days between baseline and follow-up study visits

Due to COVID-19 restrictions, seven of the 12-month study visits were delayed for 2
— 5 months, and several of the earlier study visits were missed (Figure 5.2). Once the
impact of COVID-19 on the study was realised, the study protocol was amended and
subsequently approved to allow the 12-month study visit to take place up to 18 months

post baseline visit.

0 - 3 months 0 - 6 months 0 -12 months

(n =22) (n =30) (n =33)
Mean (days) 97 189 394
Standard deviation (days) 11 18 57
Range (days) 78 —124 147 — 229 304 - 535

Table 5.1. Number of days between the baseline and follow-up study visits.
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w
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0-3 mbnths 0-6 mbnths 0-12 rﬁonths

Figure 5.3. Number of days between the baseline and follow-up study visits. The
dotted lines represent the ideal number of days between the baseline and follow-up
study visits for each time point.
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5.1.3 Days between diagnostic CT scan and first study visit

The CT scan which was used in the ILD MDT meeting for diagnostic purposes was
used as the baseline CT scan in the study. Therefore, a baseline HRCT scan was not
acquired routinely for research purposes unless the diagnostic CT scan was not a
volumetric inspiratory non-contrast HRCT scan. As a result, there was a period of up

to 12 months between the baseline HRCT scan and the first study visit.

13 out of 49 baseline CT scans failed the protocol requirements and were therefore
repeated for research purposes at the first study visit. The median (IQR) time between
the baseline HRCT and the first study visit was 101 days (0 — 195).

5.1.4 Subject demographics

Baseline characteristics are presented in Table 5.2. Of the 28 ever smokers in the total
cohort, only one was a current smoker. The subjects in the IPF study were of a similar
age and BMI when compared to the incident IPF subgroup in the INSIGHTS-IPF
registry (359) which reported the following data: mean age 71.0, male gender 86.6%,
ever smoker 67.8%, mean BMI 28.2.

Subjects Age (years),  Male gender, Ever smoker, Body mass index,

median (IQR) n (%) n (%) mean (SD)
72.0
1-49 (67.5—75.8) 40 (81.6) 28 (57.1) 28.5+4.38
19-49 733 24 (77.4) 16 (51.6) 28.0£4.22
(66.4 — 76.7) ' ' R

IQR: interquartile range; SD: standard deviation

Table 5.2. Demographic data for the total study cohort (n=49) and subjects 19-49
(n=31).
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5.1.5 Co-morbidities

Type 2 diabetes i
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OSA .
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Depression
COPD
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Asthma
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Hy
Hypercho
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Number of subjects

AF: Atrial fibrillation; BPH: Benign prostatic hypertrophy; COPD: Chronic obstructive pulmonary disease; GORD:
Gastroesophageal reflux disease; IHD: ischaemic heart disease; OSA: Obstructive sleep apnoea.

Figure 5.4. Co-morbidities in the total cohort (n=49). Other was defined as any co-

morbidity that occurred in only one subject out of the total cohort.

5.2  Pulmonary function tests

5.2.1 Baseline visit

Subjects 1 -49

Subjects 19 - 49

FEV1 (L) 2.39+0.51 2.44 + 0.53

FEV1 (% predicted) 85.1+15.1 88.6 +15.1
FVC (L) 3.21+0.79 3.28+0.76

FVC (% predicted) 86.7+17.1 90.5+16.1
FEV1/ FVC (%) 75.2+7.13 75.0 + 6.33

DLco (mmol. min-t.kPal) 4.83+1.74 5.36 + 1.60
Dico (% predicted) 61.9 £ 20.0 69.2 + 16.3
Kco (mmol.min-tkPalL?) 1.08 +0.28 1.16 +0.24
Kco (% predicted) 78.8+19.9 84.8+17.8

D.co: Diffusing capacity of the lung for carbon monoxide; FEV,: Forced expiratory volume in one second; FVC: Forced vital
capacity; Kco: Carbon monoxide transfer coefficient.

Table 5.3. PFT results at the baseline visit for the total study cohort (n=49) and
subjects 19-49 (n=31). Results are presented as mean + standard deviation.
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The subjects in the IPF study had higher PFT values when compared to the incident
IPF subgroup in the INSIGHTS-IPF registry (359) which had the following results
(mean): FEV176.9%, FVC 73.7%, DLco 37.7%.

5.2.2 3-month visit

Mean Standard deviation
FVC (L) 3.30 0.81
FVC change (L) -0.07 0.16
FVC change (%) -1.83 5.27
FVC (% predicted) 90.4 16.5
FVC% absolute change (%) -1.59 4.17
FVC% relative change (%) -1.58 5.20

FVC: Forced vital capacity.

Table 5.4. FVC and FVC% results at the 3-month visit, and the longitudinal change
in FVC and FVC% between the baseline and 3-month visits (n=22).

There was a statistically significant decrease in FVC between the baseline visit and
the 3-month visit (mean (L): 3.37 £ 0.86 vs 3.30 £ 0.81; p=0.040) (Figure 5.5).

p = 0.040

5000 5000 —

4000 T I 4000 =
= =
£.3000 £.3000
o 1 T Q Eggééééééééééé
> 2000 & 2000

1000 1000

, 0 ,
Baseline 3-month Baseline 3-month

Figure 5.5. FVC at baseline visit versus 3-month visit (n=22).
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Mean Standard deviation

DLco (mmol.min-t.kPa?) 5.58 1.63
DLco change (mmol.min-t.kPa?) -0.006 0.35
DLco change (%) 0.34 5.91

Dirco (% predicted) 71.3 16.4
DLco% absolute change (%) 0.17 4.56
DLco% relative change (%) 0.37 5.85

D, co: Diffusing capacity of the lung for carbon monoxide.

Table 5.5. Dico and DiLco% results at the 3-month visit, and the longitudinal change

in DLco and DLco% between the baseline and 3-month visits (n=22).

Mean Standard deviation
Kco (mmol.mintkPalL?) 1.19 0.24
Kcochange (mmol.min-t.kPalL"1) 0.003 0.06
Kco change (%) 0.37 4.99
Kco (% predicted) 86.6 17.6
Kco% absolute change (%) 0.22 4.68
Kco% relative change (%) 0.46 5.07

Kco: Carbon monoxide transfer coefficient.

Table 5.6. Kco and Kco% results at the 3-month visit, and the longitudinal change in

Kco and Kco% between the baseline and 3-month visits (n=22).

5.2.3 6-month visit

In the total cohort (n=30), between the baseline and 6-month visits there was a
statistically significant decrease in FVC (mean (L): 3.41 + 0.87 vs 3.32 £ 0.90;
p=0.010), FVC% (mean (%): 89.0 £ 17.7 vs 86.8 + 18.5; p=0.018), DLco (mean
(mmol.mint.kPa?): 5.13 + 1.70 vs 4.95 + 1.68; p=0.016), Kco (mean (mmol.min-t.kPa-
1L1):1.12 £ 0.24 vs 1.08 + 0.23; p<0.001) and Kco% (mean (%): 80.9 + 17.7 vs 78.3
+ 16.9; p=0.001) (Figures 5.6 — 5.8).

In subjects 19-49 (n=16), over the six-month period there was a statistically significant
decrease in Dico (mean (mmol.mint.kPa?): 5.77 + 1.65 vs 5.51 + 1.60; p=0.024), Kco
(mean (mmol.mint.kPa*L?'): 1.18 + 0.26 vs 1.13 + 0.25; p=0.004) and Kco% (mean
(%): 85.5 + 18.9 vs 82.1 + 18.1; p=0.006).
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Subjects 1 - 49 Subjects 19 - 49

FVC (L) 3.32+0.90 3.58+£0.78

FVC change (L) -0.09+£0.18 -0.03£0.15

FVC change (%) -2.87 £5.50 -0.81+£4.01

FVC (% predicted) 86.8 £ 18.5 93.6+16.1
FVC% absolute change (%) -2.11 +4.61 -0.40 £ 3.93
FVC% relative change (%) -2.47 £5.18 -0.38 £ 3.86

FVC: Forced vital capacity.

Table 5.7. FVC and FVC% results at the 6-month visit, and the longitudinal change
in FVC and FVC% between the baseline and 6-month visits in the total study cohort

(n=30) and subjects 19-49 (n=16). Results are presented as mean * standard
deviation.
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Figure 5.6. FVC (a-b) and FVC% (c-d) at baseline visit versus 6-month visit in the total
study cohort (n=30). Statistical test: pared t test.
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Subjects 1 - 49

Subjects 19 - 49

DLco (mmol.min-t.kPa?) 495+ 1.68 5.51 +1.60
DLco change (mmol.min-t.kPa?) -0.18 £0.38 -0.25 +0.40
DLco change (%) -3.33+£7.37 -4.02£6.41

Drco (% predicted) 62.3+19.0 68.8+16.4
DLco% absolute change (%) -1.49 £ 5.45 -2.05+£6.12
DLco% relative change (%) -2.35+9.12 -2.46 £ 9.89

D, co: Diffusing capacity of the lung for carbon monoxide.

Table 5.8. Dico and DiLco% results at the 6-month visit, and the longitudinal change
in DLco and DLco% between the baseline and 6-month visits in the total study cohort
(n=30) and subjects 19-49 (n=16). Results are presented as mean * standard
deviation.
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Figure 5.7. Dico (a-b) and DiLco% (c-d) at baseline visit versus 6-month visit in the
total study cohort (n=30). Statistical test: pared t test.
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Subjects 1 - 49

Subjects 19 — 49

Kco (mmol.mintkPalL?)

Kcochange (mmol.min-t.kPalL1)
Kco change (%)

Kco (% predicted)
Kco% absolute change (%)
Kco% relative change (%)

1.08 £0.23
-0.04 £ 0.05
-3.29 £ 4.68
78.3+16.9
-2.62 + 3.99
-3.08 + 4.68

1.13+0.25
-0.05 £ 0.06
-4.13 £ 4.57
82.1+18.1
-3.42 +4.30
-3.91 +£4.58

Kco: Carbon monoxide transfer coefficient.

Table 5.9. Kco and Kco% results at the 6-month visit, and the longitudinal change in
Kco and Kco% between the baseline and 6-month visits in the total study cohort (n=30)

and subjects 19-49 (n=16). Results are presented as mean + standard deviation.

(@) p <0.001 (b)

T
1

o
o
N
o

Kco (mmol.mintkPa-1L1)
[N [N
o (62

Kco (mMmol.mint.kPa-1LY)
[N [N
o a1

0.5 0.5
OC T T OC T 1
Baseline 6-month Baseline 6-month
(c) (d)
p =0.001
140~ 140
g 1204 '|' :003 120 — —
.2 1001 .2 100
o o
L 80- ® 80
Q o
S 60- J_ s 60 = =
g 407 g 40
X 204 X 5
0 0
Basleline 6-m(I)nth Baseline 6-month

Figure 5.8. Kco (a-b) and Kco% (c-d) at baseline visit versus 6-month visit in the total
study cohort (n=30). Statistical test: pared t test.
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5.2.4 12-month visit

Between the baseline visit and the 12-month visit, there was no statistically significant

PFT changes for both the total study cohort (n=33) and subjects 19-49 (n=20).

Subjects 1 - 49 Subjects 19 - 49

FVC (L) 3.20+0.84 3.36 £0.74

FVC change (L) -0.12 £ 0.39 -0.06 £ 0.45

FVC change (%) -2.98 £ 9.86 -0.65 £ 10.7

FVC (% predicted) 87.7+185 92.8+16.3
FVC% absolute change (%) -1.89 £10.3 -0.49£12.2
FVC% relative change (%) -1.73+£10.0 -0.28 £ 11.0

FVC: Forced vital capacity.

Table 5.10. FVC and FVC% results at the 12-month visit, and the longitudinal change
in FVC and FVC% between the baseline and 12-month visits in the total study cohort

(n=33) and subjects 19-49 (n=20). Results are presented as mean * standard
deviation.

Subjects 1 - 49 Subjects 19 - 49

DLco (mmol.mint.kPa?) 5.07 £ 1.88 5.40 +1.93
DLco change (mmol.min-t.kPa?) -0.15 + 0.66 -0.21 +0.70
DLco change (%) -3.50 £ 14.9 -4.84 £16.1

Drco (% predicted) 65.3+21.2 69.6 + 20.9
DLco% absolute change (%) -1.30 + 8.64 -2.03+£9.21
DLco% relative change (%) -2.85+15.1 -4.13+16.3

D.co: Diffusing capacity of the lung for carbon monoxide.

Table 5.11. Dico and Dico% results at the 12-month visit, and the longitudinal
change in DLco and DLco% between the baseline and 12-month visits in the total study

cohort (n=33) and subjects 19-49 (n=20). Results are presented as mean + standard
deviation.
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Subjects 1 - 49 Subjects 19 — 49

Kco (mmol.mintkPalL?) 1.12+0.28 1.17 +0.30
Kcochange (mmol.min-t.kPalL1) -0.02 £ 0.10 -0.03 £ 0.10
Kco change (%) -251+104 -3.30+£10.5

Kco (% predicted) 81.3+20.3 84.8+21.9

Kco% absolute change (%) -1.48 £7.52 -1.81+£7.10
Kco% relative change (%) -2.23+104 -3.07 £ 10.5

Kco: Carbon monoxide transfer coefficient.

Table 5.12. Kco and Kco% results at the 12-month visit, and the longitudinal change
in Kco and Kco% between the baseline and 12-month visits for the total study cohort
(n=33) and subjects 19-49 (n=20). Results are presented as mean * standard
deviation.

5.2.5 Baseline, 3-month, 6-month and 12-month visits

PFT data was available at each of the baseline, 3-month, 6-month and 12-month visits
in 12 subjects. There was a statistically significant decrease between the baseline and
3-month visits in FVC only (p=0.042) (Figure 5.9). There was a statistically significant
decrease between the baseline visit and 6-month visits in Kco (p=0.007) and Kco%
(p=0.009) (Figure 5.11). There was also a statistically significant decrease between
the 3-month and 6-month visits in Kco (p=0.014) and Kco% (p=0.015).
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Figure 5.9. FVC (a-b) and FVC % predicted (c-d) at baseline, 3-month, 6-month and
12-month visits (n=12). The subject highlighted in blue commenced nintedanib
approximately three months after the baseline study visit. Statistical test: one-way
ANOVA.
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Figure 5.10. Dico (a-b) and Dico % predicted (c-d) at baseline, 3-month, 6-month and
12-month visits (n=12). The subject highlighted in blue commenced nintedanib

approximately three months after the baseline study visit. Statistical test: one-way

ANOVA.
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Figure 5.11. Kco (a-b) and Kco % predicted (c-d) at baseline, 3-month, 6-month and
12-month visits (n=12). The subject highlighted in blue commenced nintedanib
approximately three months after the baseline study visit. Statistical test: one-way
ANOVA.

5.2.6 Baseline, 6-month and 12-month visits in the total cohort

Out of the total study cohort, 27 subjects had standard PFTs performed at each of the
baseline, 6-month and 12-month visits. There was a statistically significant decrease
between the baseline and 6-month visits in FVC (p=0.032), FVC% (p=0.046), Kco
(p=0.007) and Kco% (p=0.014) (Figures 5.12 and 5.16). There was a statistically
significant decrease between the baseline and 12-month visits in FVC (p=0.049). Four
subjects had been commenced on antifibrotic therapy prior to the baseline visit and an
additional subject started nintedanib three months after the baseline visit (Figures
5.13,5.15 and 5.17).
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Figure 5.12. FVC (a-b) and FVC % predicted (c-d) at baseline, 6-month and 12-month
visits (n=27). Statistical test: one-way ANOVA.

(a) (b)
4000 100
D 90
_3000 0‘0 L
|
E o T T 80
o
O 2000 .
> —e S 70
- Q ;>\<%
1000
o 60
- 50 T T T
Baseline 6-month  12-month Baseline 6-month 12-month

Figure 5.13. FVC (a-b) and FVC % predicted (c-d) at baseline, 6-month and 12-month
visits in five subjects taking antifibrotic therapy during the study. The subject
highlighted in blue commenced nintedanib approximately three months after the

baseline study visit.
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Figure 5.14. DiLco (a-b) and DLco % predicted (c-d) at baseline, 6-month and 12-month
visits (n=27). Statistical test: one-way ANOVA.
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Figure 5.15. Dico (a-b) and DLco % predicted (c-d) at baseline, 6-month and 12-month
visits in five subjects taking antifibrotic therapy during the study. The subject
highlighted in blue commenced nintedanib approximately three months after the

baseline study visit.
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Figure 5.16. Kco (a-b) and Kco % predicted (c-d) at baseline, 6-month and 12-month
visits (n=27). Statistical test: one-way ANOVA.
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Figure 5.17. Kco (a-b) and Kco % predicted (c-d) at baseline, 6-month and 12-month
visits in five subjects taking antifibrotic therapy during the study. The subject
highlighted in blue commenced nintedanib approximately three months after the
baseline study visit.
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5.3 Dissolved 12°Xe MRI

5.3.1 Study visits

Due to changes in the spectroscopy sequence, 13 of the 49 subjects in the total study
cohort had 1?°Xe RBC:TP data analysed using a manual method. In this method, once
both RBC and TP peaks were phased, points were manually selected where the
spectra crossed the y axis at zero, each spectral curve was integrated, and then the
RBC area was divided by the TP area to calculate the RBC:TP. The remaining 36
subjects had ?°Xe RBC:TP data analysed using a double Lorentzian, two peak
automated method. However, the flip angle and repetition time in the spectroscopy
sequence remained consistent for all 49 subjects. Bland-Altman statistical analysis
demonstrated a negligible mean bias (-0.0076) between the manual versus the
automated method of 12°Xe RBC:TP analysis (Figure 5.18), and hence the automated
method was thereafter used throughout.
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Figure 5.18. Bland-Altman statistical analysis of the manual versus the automated
method of 12°Xe RBC:TP analysis.
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In subjects 19-49, there was an error with the high-resolution dissolved phase
spectroscopy in one of the baseline scans, one of the 3-month scans and two of the
12-month scans. The IDEAL technique was implemented in March 2019 and provided
a regional measure of 1?°Xe RBC:TP, RBC:Gas and TP:Gas, separated into upper,
middle and lower zones, as well as central and peripheral zones. There was an error

with the IDEAL spectroscopy in one baseline scans and one of the 6-month scans.

High-resolution dissolved phase

IDEAL
spectroscopy
- : spectroscopy
Subjects 1 - 49 | Subjects 19 —49
Baseline visit, n 48 30 15
3-month visit, n 21 21 12
6-month visit, n 29 16 5
12-month visit, n 31 18 9
All 4 visits, n 10 10 5

IDEAL: iterative decomposition of water and fat with echo asymmetry and least squares estimation
Table 5.13. The number of subjects in which dissolved 12°Xe spectroscopy data was

available for each study visit.

5.3.2 Baseline visit

5.3.2.1 High-resolution dissolved phase spectroscopy

At the baseline visit, the mean 12°Xe RBC:TP was 0.20 + 0.08 for subjects 1-49 (n=48)
and 0.18 + 0.06 for subjects 19-49 (n=30).

5.7.2.2 IDEAL spectroscopic imaging technigue

There was a statistically significant difference between the upper, middle and lower
zones in 12°Xe RBC:TP (p=0.003; upper vs middle zone: p=0.001; upper vs lower
zone: p=0.008) and '2°Xe RBC:Gas (p<0.001; upper vs middle zone: p=0.002; upper
vs lower zone: p=0.014) at the baseline visit (Figure 5.19).
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RBC:TP TP:Gas RBC:Gas

Upper zone 0.24 0.0084 0.0019
(0.18 - 0.28) (0.0070 — 0.010) (0.0017 — 0.0023)

Middle zone 0.20 0.0084 0.0016
(0.17-0.27) (0.0067 — 0.0095) @(0.0014 —0.0018)

Lower zone 0.17 0.0088 0.0016
(0.16 — 0.22) (0.0073 —0.0096) @ (0.0013 - 0.0017)

Central zone 0.21 0.0087 0.0018
(0.17 - 0.28) (0.0075 - 0.010) (0.0014 — 0.0024)

Peripheral zone 0.19 0.0088 0.0016
(0.17 -0.23) (0.0072 —0.0098) @ (0.0014 — 0.0020)

RBC: Red blood cell; TP: Tissue plasma.

Table 5.14. Regional *°Xe RBC:TP, TP:Gas and RBC:Gas results at the baseline visit

(n=15). Results are presented as median (interquartile range).
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Figure 5.19. 1?9Xe RBC:TP (a) and RBC:Gas (b) in the upper, middle and lower zones.

Statistical test: Friedman test.
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5.7.3 3-month visit

5.7.3.1 High-resolution dissolved phase spectroscopy

Median Interquartile range
RBC:TP 0.18 0.15-0.22
RBC:TP change 0.0057 -0.007 - 0.028
RBC:TP change (%) 3.43 -3.98 - 16.2

RBC: Red blood cell; TP: Tissue plasma.

Table 5.15. ?°Xe RBC:TP at the 3-month visit (n=21), and the longitudinal change
in 12°Xe RBC:TP between the baseline and 3-month visits (n=20).

5.7.3.2 IDEAL spectroscopic imading technigue

RBC:TP change TP:Gas change RBC:Gas change

(%) (%) (%)
Upper zone 8.81(-3.81-24.0) 2.69(-7.31-9.12) 12.7 (-16.6 — 30.0)
Middle zone 8.36 (-4.20-16.8) 3.56 (-2.44-5.34) | 13.5(-8.63 —20.2)
Lower zone 11.1 (-0.86-17.6) | -0.82 (-3.50-3.48)  8.34 (-7.00 — 18.9)
Central zone 8.40 (-1.29 - 15.6) @ -1.00 (-3.86 —4.49)  10.3 (-6.87 — 16.8)
Peripheral zone | 10.6 (0.84-21.3) 4.43(-2.13-5.94)  11.3 (-10.6 —19.9)

RBC: Red blood cell; TP: Tissue plasma.

Table 5.16. % change in regional 12°Xe RBC:TP, TP:Gas and RBC:Gas between the

baseline and 3-month visits (n=12). Results presented as median (interquartile range).

5.3.4 6-month visit

5.3.4.1 High-resolution dissolved phase spectroscopy

Subjects 1 - 49 Subjects 19 - 49
RBC:TP 0.18 (0.15-10.28) 0.18 (0.16 — 0.21)
RBC:TP change -0.016 (-0.050 — 0.010) -0.0045 (-0.032 — 0.031)
RBC:TP change (%) -8.12 (-20.5 — 4.60) -2.74 (-13.9 - 19.9)

RBC: Red blood cell; TP: Tissue plasma.

Table 5.17. 129Xe RBC:TP at the 6-month visit, and the longitudinal change in 1?°Xe
RBC:TP between the baseline and 6-month visits for the total study cohort (n=28) and

subjects 19-49 (n=15). Results are presented as median (interquartile range).
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In the total cohort (n=28), over the six months there was a statistically significant
decrease in 12°Xe RBC:TP (mean: 0.23 + 0.08 vs 0.21 + 0.07; p=0.049) (Figure 5.20).
However, in subjects 19-49 (n=15), there was no statistically significant change in
129Xe RBC:TP between the baseline visit and the 6-month visit. The repeatability
coefficient of 12°Xe RBC:TP was 0.09 in ten healthy volunteers using the same MRI

protocol and performed at the University of Sheffield.
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Figure 5.20. 1?°Xe RBC:TP at baseline visit versus 6-month visit for the total study
cohort (n=28). The subjects highlighted in red represent those taking antifibrotic
therapy during the six-month period. The subject highlighted in blue commenced

nintedanib approximately three months after the baseline study visit. Statistical test:

paired t test.

5.3.4.2 IDEAL spectroscopic imaging technigue

RBC:Gas change
(%)

TP:Gas change
(%)

RBC:TP change
(%)

Upper zone | -3.88 (-16.3—27.5) | 9.65(5.78 —17.1) 14.0 (-5.66 — 34.4)
Middle zone | 5.10(-13.7-24.7) 10.2 (5.80 —15.0) | 14.5 (0.53 — 32.0)
Lower zone 14.2 (-13.4—-26.6) | 10.5(1.02—11.3) 25.9 (-4.01 — 31.8)

Central zone -0.36 (-10.6 — 22.0)
Peripheral zone | 8.43 (-17.9 — 28.4)

RBC: Red blood cell; TP: Tissue plasma.

9.46 (5.03 — 13.5)
12.5 (3.36 — 16.0)

7.26 (0.01 — 33.3)
23.4 (-3.16 — 31.5)

Table 5.18. % change in regional >°Xe RBC:TP, TP:Gas and RBC:Gas between the

baseline and 6-month visits (n=5). Results are presented as median (interquartile

range).
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5.3.5 12-month visit

5.3.5.1 High-resolution dissolved phase spectroscopy

In the total cohort (n=31), over the 12 months there was a statistically significant
decrease in 12°Xe RBC:TP (mean: 0.22 + 0.09 vs 0.18 + 0.06; p=0.008) (Figure 5.21).
However, in subjects 19-49 (n=18), there was no statistically significant change in
129%e RBC:TP between the baseline visit and the 12-month visit. The repeatability
coefficient of 12°Xe RBC:TP was 0.09 in ten healthy volunteers using the same MRI

protocol and performed at the University of Sheffield.

Subjects 1 -49 Subjects 19 - 49
RBC:TP 0.18 (0.15 — 0.25) 0.17 (0.15 — 0.20)
RBC:TP change -0.023 (-0.060 — 0.014) -0.004 (-0.024 — 0.020)
RBC:TP change (%) -10.3 (-21.0 - 8.52) -2.23 (-10.7 - 13.2)

RBC: Red blood cell; TP: Tissue plasma.

Table 5.19. 129Xe RBC:TP at the 12-month visit, and the longitudinal change in *°Xe
RBC:TP between the baseline and 12-month visits for the total study cohort (n=31)

and subjects 19-49 (n=18). Results are presented as median (interquartile range).
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Figure 5.21. 12°Xe RBC:TP at baseline visit versus 12-month visit for the total study
cohort (n=31). The subjects highlighted in red represent those taking antifibrotic
therapy during the 12-month period. The subject highlighted in blue commenced
nintedanib approximately three months after the baseline study visit. Statistical test:

paired t test.
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5.3.5.2 IDEAL spectroscopic imaging technigue

RBC:TP change
(%)

TP:Gas change
(%)

RBC:Gas change
(%)

Upper zone 6.34 (-5.79-29.1) -5.68 (-13.3--0.58) 5.07 (-11.5-15.4)
Middle zone 6.67 (-5.35-37.9)  -2.77(-9.85-2.01)  11.3(-7.76 — 29.3)
Lower zone 7.68 (-8.73-37.4) | -3.64 (-11.8--1.73) 2.87 (-9.16 — 30.9)

Central zone

9.67 (-4.77 - 37.2)

-3.90 (-12.3 — 2.61)

10.0 (-5.47 — 23.8)

Peripheral zone | 7.11 (-6.34 — 37.9) 6.93 (-8.80 — 26.6)

RBC: Red blood cell; TP: Tissue plasma.

-4.04 (-10.6 — 1.39)

Table 5.20. % change in regional >°Xe RBC:TP, TP:Gas and RBC:Gas between the
baseline and 12-month visits (n=9). Results are presented as median (interquartile

range).

5.3.6 Baseline, 3-month, 6-month and 12-month visits

High-resolution dissolved phase spectroscopy

129% e RBC:TP data were available at each of the baseline, 3-month, 6-month and 12-

month visits in a subset of 10 subjects (Figure 5.22).
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Figure 5.22. 2°Xe RBC:TP at baseline, 3-month, 6-month and 12-month visits (n=10).
The subject highlighted in blue commenced nintedanib approximately three months

after the baseline study visit. Statistical test: one-way ANOVA.
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5.3.7 Baseline, 6-month and 12-month visits in the total cohort

High-resolution dissolved phase spectroscopy

Out of a total study cohort of 49 subjects, 22 had high-resolution dissolved phase ?°Xe
spectroscopy performed successfully at baseline, 6-month and 12-month visits. There
was a statistically significant decrease in *°Xe RBC:TP between the baseline and 6-
month visits (p=0.045), and between the baseline and 12-month visits (p=0.045)
(Figure 5.21a-b). In the same 22 subjects, there were no statistically significant
differences in FVC, FVC%, Dico or DLco% between any of the study visits. Between
the baseline and 6-month visits, there was a statistically significant decrease in Kco
(p=0.002) and Kco% (p=0.003) (Figure 5.23c-d). However, there was no statistically
significant change in Kco or Kco% between the baseline and 12-month visits.
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Figure 5.23. 12°Xe RBC:TP (a-b), Kco (c) and Kco% (d) at baseline, 6-month and 12-
month visits (n=22). The subjects highlighted in red were taking antifibrotic therapy
throughout the study. The subject highlighted in blue commenced nintedanib
approximately three months after the baseline study visit. Statistical test: one-way
ANOVA.
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5.4  Diffusion-weighted MRI (airway microstructure)

Out of a total study cohort of 49 subjects, all had DW-MRI scans performed
successfully at the baseline visit. However, DW-MRI was performed using *He instead
of 12°Xe in subjects 1-18. Only the Lmp data could be combined for subjects 1-18 and
subjects 19-49. 13 study visit datasets were available for subjects that had both 3He
and 2°Xe DW-MRI performed and after Bland-Altman statistical analysis, there was a
mean bias of -40um towards 2°Xe Lmp (Figure 5.24). Therefore, the *He Lmp values

were corrected by -40um when combined with the 12°Xe Lmp values.
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Figure 5.24. Bland-Altman statistical analysis of 12°Xe versus 3He LmD.

5.4.1 Baseline visit

At the baseline visit, the mean global Lmp was 329um + 33.5 um for the total cohort

(n=49).

Mean Standard deviation Range
ADC (cm?/s) 0.044 0.007 0.034 - 0.065
Lmpo (um) 324 27.4 279 — 395

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale.

Table 5.21. Global 12°Xe ADC and Lmp at the baseline visit in subjects 19-49 (n=31).
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ADC (cm?/s)

Lmp (um)

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

0.042 (0.037 — 0.045)
0.045 (0.040 — 0.049)
0.043 (0.037 — 0.049)
0.045 (0.040 — 0.050)
0.043 (0.037 — 0.046)

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale.

318 (296 — 327)
332 (305 — 346)
318 (290 — 348)
327 (304 — 355)
321 (292 — 331)

Table 5.22. Regional ?°Xe ADC and Lmp results at the baseline visit in subjects 19-

49 (n=31). Results are presented as median (interquartile range).

There was a statistically significant difference between the upper, middle and lower
zones in 12°Xe ADC (p=0.002; upper vs middle zone: p=0.001) and '?°Xe Lmp
(p<0.001; upper vs middle zone: p<0.001; middle vs lower zone: p=0.033) at the

baseline visit (Figure 5.25a-b). There was also a statistically significant difference

between the central and peripheral zones in 2°Xe ADC (p<0.001) and ?°Xe Lmp
(p<0.001) at the baseline visit (Figure 5.25c-d).
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Figure 5.25. 129Xe ADC (a) and Lmp (b) in the upper, middle and lower zones. 1?°Xe

ADC (c) and Lmp (d) in the central and peripheral zones. Statistical tests: Friedman

test and Wilcoxon test (n=31).
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5.4.2 3-month visit

Mean Standard deviation Range
ADC (cm?/s) 0.044 0.007 0.032 - 0.065
ADC change (cm?/s) 0.0002 0.003 -0.005 - 0.005
ADC change (%) 0.39 6.09 -10.2-10.3
Lmp (um) 322 30.9 270 - 403
Lmpchange (um) 0.97 12.5 -25.9-21.0
Lmp change (%) 0.27 3.86 -7.65 - 6.28

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale.

Table 5.23. Global '*°Xe ADC and Lmp at the 3-month visit (n=22), and the
longitudinal change in global 12°Xe ADC and Lmp between the baseline and 3-month
visits (n=22).

ADC change (%) Lmpchange (%)
Upper zone 0.73 (-8.02 - 6.15) 0.66 (-3.52 — 2.73)
Middle zone 1.68 (-5.25 - 5.43) 1.67 (-3.18 — 3.24)
Lower zone 1.77 (-4.14-5.71) 0.15 (-2.87 — 4.33)
Central zone 1.25 (-5.77 - 5.93) 2.60 (-5.92 - 3.78)
Peripheral zone 2.30 (-5.63 - 4.40) 0.95 (-3.99 — 2.66)

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale.

Table 5.24. % change in regional ***Xe ADC and Lmp between the baseline and 3-

month visits (n=22). Results are presented as median (interquartile range).

5.4.3 6-month visit

Subjects 1 - 49 (n=30) @ Subjects 19 - 49 (n=16)

ADC (cm?/s) NA 0.045 + 0.009
ADC change (cm?/s) NA 0.001 £ 0.002
ADC change (%) NA 2.29 +5.50

Lmp (um) 330 £33.5 327 £35.7
Lmpchange (um) 5.64+11.7 4.96 +£9.41
Lmpchange (%) 1.72 £ 3.65 1.46 £ 3.00

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale; NA: Not applicable.

Table 5.25. Global ADC and Lmp at the 6-month visit and the longitudinal change in
global ADC and Lmp between the baseline and 6-month visits. Results are presented
as mean = standard deviation.
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In subjects 19-49, there was no statistically significant change between the baseline
visit and the 6-month visit in global 12°Xe ADC or Lmp (n=16). However, there was a
statistically significant increase in global Lmp between the baseline and 6-month visits
(mean (um): 326 + 34.9 vs 332 + 37.2; p=0.013) in the total study cohort (n=30) (Figure
5.26). The repeatability coefficient of ?°Xe ADC and Lmp was 0.002 and 11.3
respectively in ten healthy volunteers using the same MRI protocol and performed at
the University of Sheffield.
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Figure 5.26. Global Lmp at baseline visit versus 6-month visit for the total study cohort
(n=30). The subjects highlighted in red represent those taking antifibrotic therapy
during the six-month period. The subject highlighted in blue commenced nintedanib
approximately three months after the baseline study visit. Statistical test: paired t test.

ADC change (%)

Lmpchange (%)

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

0.92 (-4.58 — 2.59)
3.13 (-0.34 — 5.95)
4.05 (-2.01 — 9.48)
4.13 (-1.09 — 6.52)
1.80 (-1.55 — 6.98)

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale.

Table 5.26. % change in regional 1?°Xe ADC and Lmp between the baseline and 6-

0.08 (-1.16 — 2.66)
2.22 (-0.15 — 2.84)
4.27 (-1.45 — 6.39)
1.74 (-0.83 — 5.28)
0.79 (-0.74 — 3.29)

month visits (n=16). Results are presented as median (interquartile range).
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There was a statistically significant increase in 1°Xe Lmp between the baseline visit
and the 6-month visit in the middle zone (mean (um): 327 + 30.0 vs 333 £ 34.5;

p=0.044) and the central zone (mean (um): 329 £ 30.8 vs 335 + 36.4; p=0.030) (Figure
5.27).
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Figure 5.27. 12°Xe Lmp at the baseline visit versus the 6-month visit in the middle zone

(a-b) and central zone (c-d). Statistical test: paired t test (n=16).

5.4.4 12-month visit

Figures 5.28 and 5.29 are examples of 2°Xe ADC and Lmp maps at the baseline visit

compared to the 12-month visit in one of the subjects in the study.
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(a) 129X @ Diffusion - ADC

Mean ADC: 0.055 0.061 0.061 0.062 0.064 0.066
Std ADC: 0.018 0.017 0.017 0.015 0.015 0.017

Mean ADC: 0.068 0.072 0.071 0.069 0.068 0.066
Std ADC: 0.017 0.016 0.015 0.015 0.014 0.015
(b) 129X e Diffusion - ADC
ADC  m——— : .
(cm?/s) g 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Mean ADC: 0.071 0.071 0.071 0.072 0.073 0.074
Std ADC: 0.020 0.020 0.019 0.018 0.016 0.016

Mean ADC: 0.074 0.074 0.071 0.067 0.068 0.068
Std ADC: 0.016 0.015 0.013 0.011 0.010 0.013

Figure 5.28. Example of 12°Xe ADC maps at the baseline visit (a) and 12-month visit

(b) in the same IPF subject.
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(a) 129X e Diffusion - Lm,
Lmg 3 =  — :
(bm) o 50 100 150 200 250 300 350 400 450 500

Mean LmD: 364 383 385 389 381 392
Std LmbD: 74 75 71 72 71 7 4

Mean LmD: 401 420 418 414 408 393
Std LmD: 75 63 67 67 67 73
(b) 129X e Diffusion - Lmg

Lmg =

(pm) o 50 100 150 200 250 300 350 400 450 500

Mean LmD: 404 408 416 419 427 431
Std LmD: 73 67 61 62 54 56

Mean LmD: 423 426 427 420 427 411
Std LmD: 57 55 48 48 4s 67

Figure 5.29. Example of 12°Xe Lmp maps at the baseline visit (a) and 12-month visit
(b) in the same IPF subject.
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Subjects 1 - 49 (n=33) Subjects 19 — 49 (n=20)

ADC (cm?/s) NA 0.045 + 0.009
ADC change (cm?/s) NA 0.001 £ 0.003
ADC change (%) NA 274 +6.41

Lmp (um) 331 +39.7 325+ 36.6
Lmpchange (um) 7.33+13.7 5.18+12.7
Lmpchange (%) 219+£4.25 1.50 £ 3.97

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale; NA: Not applicable.

Table 5.27. Global ADC and Lmp at the 12-month visit and the longitudinal change
in global ADC and Lmp between the baseline and 12-month visits. Results are

presented as mean * standard deviation.

In subjects 19-49, there was a statistically significant increase in global ?°Xe ADC
between the baseline and the 12-month visits (mean (cm?/s): 0.043 + 0.008 vs 0.045
+ 0.009; p=0.044) (Figure 5.30), with no statistically significant change in PFTs over
12 months. There was no statistically significant change in global ?°Xe Lmp between
the baseline and the 12-month visits in subjects 19-49. However, there was a
statistically significant increase in global Lmp between the baseline and the 12-month
visits (mean (um): 324 + 34.2 vs 331 £ 39.7; p=0.004) in the total study cohort (n=33)
(Figure 5.31), with no statistically significant change in PFTs over 12 months. These
results suggest that 2°Xe DW-MRI measurements are more sensitive to early
progression of microstructural changes in IPF compared to PFTs. The repeatability
coefficient of 12°Xe ADC and Lmp was 0.002 and 11.3 respectively in ten healthy

volunteers using the same MRI protocol and performed at the University of Sheffield.

p =0.044
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Figure 5.30. Global 1?°Xe ADC at the baseline visit versus the 12-month visit (n=20).

Statistical test: paired t test.

Page | 201



p =0.004

450 450
— 400 — 400 -
E T £
2 =2
o 350 o 350
£ £
- -
300 T 300 ——
J_ T \0

250

250

Baseline 12-month

1 1
Baseline 12-month

Figure 5.31. Global Lmp at baseline visit versus 12-month visit for the total study
cohort (n=33). The subjects highlighted in red represent those taking antifibrotic
therapy during the 12-month period. The subject highlighted in blue commenced
nintedanib approximately three months after the baseline study visit. Statistical test:

paired t test.

ADC change (%)

Lmpchange (%)

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

1.08 (-4.85 — 8.96)
3.03 (-2.58 — 8.25)
5.89 (-3.90 — 12.9)
3.85 (-2.88 — 7.96)
2.41 (-0.75 — 7.99)

0.90 (-4.73 — 6.04)
1.55 (-1.52 — 5.09)
2.68 (-2.10 — 9.04)
2.76 (-1.35 — 5.16)
0.89 (-0.62 — 9.71)

ADC: Apparent diffusion coefficient; Lmp: mean diffusive length scale.

Table 5.28. % change in regional 12°Xe ADC and Lmp between the baseline and 12-

month visits (n=20). Results are presented as median (interquartile range).

There was a statistically significant increase in 12°Xe ADC between the baseline and
12-month visits in the lower zone (median (cm?/s): 0.039 (0.037 — 0.045) vs 0.043
(0.037 — 0.048); p=0.027) and the peripheral zone (median (cm?/s): 0.042 (0.037 —
0.045) vs 0.043 (0.037 — 0.048); p=0.041) (Figure 5.32). There was also a statistically
significant increase in ?°Xe Lmp between the baseline and 12-month visits in the lower
zone (median (um): 302 (290 — 331) vs 320 (297 — 343); p=0.033) (Figure 5.33).

Page | 202



,\
&

o o o
o o P
D ® o

©
o
=

Mean 12°Xe ADC (cm?/sec)

—~

(@)

~
o o o
o o o
[*2) [ee) N

o
o
=

Mean 12°Xe ADC (cm?/sec)

o
o
]

(b)
p = 0.027
R
3 0.10
N
e
£.0.08 /
O /4
&)
< 0.06
(]
X
& 0.04
4 1 Hc '
©
[¢}]
- = 0.02 -
Baseline 12-month Baseline 12-month
(d)
p = 0.041
3
& 0.08
N
= /
L
5 0.06 -—
la)
< —
(]
L 1 -
@
(]
- = 0.02 -
Baseline 12-month Baseline 12-month

Figure 5.32. 12°Xe ADC at the baseline visit versus the 12-month visit in the lower

zone (a-b) and peripheral zone (c-d) (n=20). Statistical test: Wilcoxon test.
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Figure 5.33. $2°Xe Lmp at the baseline visit versus the 12-month visit in the lower zone
(n=20). Statistical test: Wilcoxon test.
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5.45 Baseline, 3-month, 6-month and 12-month visits

129%e ADC and Lmp data were available at each of the baseline, 3-month, 6-month
and 12-month visits in 12 subjects. There were no statistically significant differences
in global 2°Xe ADC or Lmp between any of the study visits. For the same 12 subjects,
there was a statistically significant decrease between the baseline and 3-month visits
in FVC (p=0.042), between the baseline visit and 6-month visits in Kco (p=0.007) and
Kco% (p=0.009), and between the 3-month and 6-month visits in Kco (p=0.014) and
Kco% (p=0.015), as presented in Figures 5.9 and 5.11 in section 5.2.5. In the middle
zone, there were statistically significant differences in 12°Xe ADC between the study
visits (p=0.022; 3-month visit vs 12-month visit: p=0.049) (Figure 5.34). However, there

were no statistically significant differences in regional *°Xe Lmp between any of the

study visits.
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Figure 5.34. 12°Xe ADC at baseline, 3-month, 6-month and 12-month visits in the
middle zone (n=12). The subject highlighted in blue commenced nintedanib
approximately three months after the baseline study visit. Statistical test: one-way
ANOVA.

5.4.6 Baseline, 6-month and 12-month visits in the total cohort

Out of the total study cohort (n=49), 27 subjects had DW-MRI data available at the
baseline, 6-month and 12-month visits. There were statistically significant differences
in Lmp between the study visits (p<0.001; baseline vs 6-month: p=0.047; baseline vs
12-month: p=0.003; 6-month vs 12-month: p=0.047) (Figure 5.35).
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Figure 5.35. Lmp at baseline, 6-month and 12-month visits (n=27). Subjects
highlighted in red were taking antifibrotic therapy throughout the study. The subject
highlighted in blue commenced nintedanib approximately three months after the
baseline visit. Statistical test: one-way ANOVA.

In the same 27 subjects, between the baseline and 6-month visits, there was a
statistically significant decrease in FVC (p=0.032), FVC% (p=0.046), Kco (p=0.007)
and Kco% (p=0.014) (Figures 5.12 and 5.16 in section 5.2.6). There was also a
statistically significant decrease in FVC between the baseline and 12-month visits
(p=0.049) (Figure 5.12a-b in section 5.2.6).

5.5 Dynamic contrast enhanced MRI

22 (16.4%) of DCE-MRI scans were not of sufficient quality to perform accurate

analysis.
Subjects 1 -49 Subjects 19 - 49
Baseline visit, n 40 28
3-month visit, n 20 20
6-month visit, n 27 16
12-month visit, n 25 16
All 4 visits, n 9 9

Table 5.29. The number of subjects in which DCE-MRI data was available for each

study visit in the total study cohort and subjects 19-49.
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5.5.1 Baseline visit

Subjects 1 -49

FWHM (s) 7.04 (6.39 — 8.01)
MTT (s) 14.5 (13.1 — 15.9)
PBF (ml.mm?3.s1) 38.4 (26.3 — 50.4) 42.6 (29.9 - 57.3)
PBV (ml.mm?3) 9.04 (5.67 — 11.9) 10.8 (8.4 — 13.5)

FWHM: Full width of half maximum; MTT: Mean transit time; PBF: Pulmonary blood flow; PBV: Pulmonary blood volume.

Table 5.30. Global DCE-MRI results at the baseline visit in the total cohort (n=40)

Subjects 19 - 49
7.08 (6.48 — 8.11)
15.2 (13.5-17.1)

and subjects 19-49 (n=28). Results are presented as median (interquartile range).

Subjects 1 - 49
Full width of half maximum (s)

Subjects 19 - 49

Upper zone 7.10 (5.97 — 7.83) 7.13 (6.19 — 8.15)
Middle zone 6.87 (6.39 — 7.98) 6.88 (6.42 — 8.10)
Lower zone 7.61 (7.03 — 8.66) 7.77 (7.05-9.11)

Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

6.82 (6.19 — 7.99)
7.23 (6.37 - 8.17)

Mean transit time (s)

14.1 (12.9 - 15.7)
14.3 (13.0 - 15.8)
15.2 (13.4 — 16.9)
14.3 (12.7 — 15.6)
14.9 (13.5 — 16.4)

Pulmonary blood flow (ml.mm?3.s1)

34.3 (22.7 — 43.8)
39.1 (26.6 — 54.9)
45.4 (31.7 - 52.7)
40.2 (26.7 — 52.8)
35.0 (24.5 — 45.6)

Pulmonary blood volume (ml.mm?3)

8.03 (4.83 — 10.9)
9.23 (5.70 — 13.1)
12.0 (7.45 — 13.7)
9.63 (5.70 — 12.4)
9.23 (5.63 — 11.8)

6.86 (6.28 — 7.97)
7.28 (6.70 — 8.29)

15.0 (13.3 — 16.5)
14.9 (13.3 - 16.8)
15.7 (14.3 - 17.7)
14.7 (12.9 — 16.7)
15.5 (13.9 — 17.3)

41.5 (26.9 — 47.3)
42.4 (28.9 — 59.3)
47.7 (37.8 — 59.6)
47.9 (32.5 - 58.3)
41.3 (29.1 - 56.6)

9.52 (6.93 — 11.0)
10.6 (8.36 — 14.0)
12.6 (11.3 — 15.9)
10.8 (9.45 — 14.6)
10.5 (8.17 — 13.6)

Table 5.31. Regional DCE-MRI results at the baseline visit in the total cohort (n=40)

and subjects 19-49 (n=28). Results are presented as median (interquartile range).
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In the total cohort (n=40), there was a statistically significant difference between the
upper, middle and lower zones in FWHM (p<0.001; upper vs lower zone: p<0.001;
middle vs lower zone: p<0.001), MTT (p<0.001; upper vs lower zone: p<0.001; middle
vs lower zone: p<0.001), PBF (p<0.001; upper vs middle zone: p<0.001; upper vs
lower zone: p<0.001) and PBV (p<0.001; upper vs middle zone: p<0.001; upper vs
lower zone: p<0.001; middle vs lower zone: p<0.001) (Figures 5.36 and 5.37). There
was also a statistically significant difference between the central and peripheral zones
in FWHM (p<0.001), MTT (p<0.001), PBF (p<0.001) and PBV (p=0.046) (Figures 5.36
and 5.37).
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Figure 5.36. Regional differences in MTT (a-b) and FWHM (c-d) at the baseline visit
(n=40). Statistical tests: one-way ANOVA (a), paired t test (b), Friedman test (c) and
Wilcoxon test (d).
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Figure 5.37. Regional differences in PBF (a-b) and PBV (c-d) at the baseline visit

(n=40). Statistical tests: Friedman test and Wilcoxon test.

In subjects 19-49 (n=28), there was a statistically significant difference between the
upper, middle and lower zones in FWHM (p<0.001; upper vs lower zone: p=0.004;
middle vs lower zone: p=0.005), MTT (p<0.001; upper vs lower zone: p<0.001; middle
vs lower zone: p<0.001), PBF (p<0.001; upper vs middle zone: p<0.001; upper vs
lower zone: p<0.001) and PBV (p<0.001; upper vs middle zone: p=0.003; upper vs
lower zone: p<0.001; middle vs lower zone: p=0.010). There was also a statistically
significant difference between the central and peripheral zones in FWHM (p<0.001),
MTT (p<0.001) and PBF (p=0.001).
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5.5.2 3-month visit

Median Interquartile range
FWHM (s) 8.44 6.53 — 9.60
FWHM change (s) 0.15 -1.23-1.96
FWHM change (%) 1.72 -145-27.3
MTT (s) 16.2 13.7-18.1
MTT change (s) 0.42 -0.61-2.36
MTT change (%) 2.78 -3.64-14.3
PBF (ml.mm3.s?) 47.4 34.3-72.0
PBF change (ml.mm3.s?) 0.30 -20.4 - 29.0
PBF change (%) 0.73 -35.4-83.8
PBV (ml.mm?3) 11.3 9.32-17.3
PBV change (ml.mm?3) -0.54 -4.26 — 7.86
PBV change (%) -4.56 -28.2 - 89.5

FWHM: Full width of half maximum; MTT: Mean transit time; PBF: Pulmonary blood flow; PBV: Pulmonary blood volume.
Table 5.32. Global DCE-MRI results at the 3-month visit, and the longitudinal change
in global FWHM, MTT, PBF and PBV between the baseline and 3-month visits (n=20).

5.5.3 6-month visit

Subjects 1 - 49 Subjects 19 - 49

FWHM (s) 6.87 (6.28 — 8.33) 7.13 (6.38 — 8.44)
FWHM change (s) -0.11 (-1.37 — 1.03) -0.32 (-1.36 — 1.07)
FWHM change (%) -1.61 (-17.2 — 19.5) -4.96 (-22.3 — 15.1)
MTT (s) 14.7 (13.2 - 16.0) 14.6 (13.5 — 16.8)

MTT change (s) 0.72 (-0.67 — 1.65) 0.36 (-0.88 — 1.50)
MTT change (%) 5.11 (-4.71 — 12.6) 2.62 (-7.05 — 10.1)
PBF (ml.mm3.s?) 31.2 (22.0 - 57.3) 50.0 (38.1 — 58.7)
PBF change (ml.mm?3.s%) -8.83 (-13.3 - 4.97) -8.40 (-15.6 — 9.76)
PBF change (%) -22.0 (-32.2 — 14.5) -16.2 (-31.2 — 18.4)
PBV (ml.mm?) 8.57 (5.70 — 14.5) 13.4 (9.17 — 15.6)
PBV change (ml.mm?3) -1.57 (-2.27 — 1.34) -1.74 (-4.00 — 3.53)
PBV change (%) -15.2 (-25.3 — 20.4) -16.9 (-24.9 — 35.6)

FWHM: Full width of half maximum; MTT: Mean transit time; PBF: Pulmonary blood flow; PBV: Pulmonary blood volume.
Table 5.33. Global DCE-MRI results at the 6-month visit, and the longitudinal
change in global FWHM, MTT, PBF and PBV between the baseline and 6-month
visits in the total study cohort (n=27) and subjects 19-49 (n=16). Results are

presented as median (interquartile range).
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5.5.4 12-month visit
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Figure 5.38. Example of FWHM maps at the baseline visit (a) and 12-month visit (b)

in the same IPF subject.
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Figure 5.39. Example of MTT maps at the baseline visit (a) and 12-month visit (b) in

the same IPF subject.
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Figure 5.40. Example of PBF maps at the baseline visit (a) and 12-month visit (b) in
the same IPF subject.
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Figure 5.41. Example of PBV maps at the baseline visit (a) and 12-month visit (b) in

the same IPF subject.
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Subjects 1 - 49

Subjects 19 - 49

FWHM (s)
FWHM change (s)
FWHM change (%)

MTT (s)
MTT change (s)
MTT change (%)
PBF (ml.mm3.s?)

PBF change (ml.mm?3.s?)

PBF change (%)
PBV (ml.mm?3)

PBV change (ml.mm?3)

PBV change (%)

6.62 (6.05 — 7.96)
0.04 (-0.68 — 1.12)
0.58 (-9.92 — 17.0)
14.1 (12.9 — 15.7)
0.86 (-1.33 — 2.09)
7.26 (-9.53 — 17.5)
39.3 (29.3 - 59.0)
2.43 (-8.31 — 24.2)
6.54 (-19.5 — 58.1)
11.1 (5.97 — 12.8)
0.81 (-1.51 — 7.01)
10.5 (-18.5 — 70.8)

6.56 (5.97 — 8.88)
-0.19 (-2.02 — 1.91)
-3.05 (-25.6 — 24.5)

14.1 (12.7 - 17.1)
0.54 (-3.55 — 3.60)
3.99 (-20.6 — 27.6)

54.8 (38.2 — 79.3)
11.7 (-10.8 — 36.1)
30.9 (-19.6 — 68.8)

12.4 (11.2 — 18.2)
3.58 (-3.10 — 7.73)
40.4 (-22.8 — 105)

FWHM: Full width of half maximum; MTT: Mean transit time; PBF: Pulmonary blood flow; PBV: Pulmonary blood volume.
Table 5.34. Global DCE-MRI results at the 12-month visit, and the longitudinal
change in global FWHM, MTT, PBF and PBV between the baseline and 12-month
visits in the total study cohort (n=25) and subjects 19-49 (n=16). Results are
presented as median (interquartile range).

5.5.5 Baseline, 3-month, 6-month and 12-month visits

DCE-MRI data were available at each of the baseline, 3-month, 6-month and 12-month
visits in 9 subjects. There were no statistically significant differences in global FWHM,
MTT, PBF or PBV between any of the study visits. For the same 9 subjects, there was
a statistically significant decrease between the baseline and 6-month visits in Kco
(p=0.011) and Kco % predicted (p=0.013).

5.5.6 Baseline, 6-month and 12-month visits in the total cohort

Out of the total study cohort (n=49), 20 subjects had DCE-MRI data available at the
baseline, 6-month and 12-month visits. There were no statistically significant
differences in global FWHM, MTT, PBF or PBV between any of the study visits. For
the same 20 subjects, there was a statistically significant decrease between the
baseline and 6-month visits in Kco (p=0.008) and Kco % predicted (p=0.013).

In the lower zone, there were statistically significant differences in PBV between the
study visits (p=0.024; 6-month visit vs 12-month visit: p=0.023) (Figure 5.42).
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Figure 5.42. PBV at baseline, 6-month and 12-month visits in the lower zone (n=20).
The subjects highlighted in red represent those taking antifibrotic therapy during the
12-month period. The subject highlighted in blue commenced nintedanib
approximately three months after the baseline study visit. Statistical test: Friedman

test.

5.6 CALIPER CT analysis

CALIPER CT analysis was performed on all available HRCT scans which provided
both a global and regional measure of ground glass, honeycomb, reticular and VRS.
Honeycomb and reticular measurements were combined and termed fibrosis. Ground

glass, honeycomb and reticular measurements were also combined and termed ILD.

5.6.1 Study visits

In six subjects, the baseline visit CT was insufficient (not volumetric or contrast
enhanced) for accurate CALIPER analysis and were not included in the dataset.
Therefore, at the baseline visit, 43 out of the total study cohort of 49 subjects (27 out
of 31 in subjects 19-49) were included in the CALIPER CT dataset. Only 20 of the 33
subjects in the total study cohort that completed the study had a CT performed at the
12-month study visit. Of the 20 subjects that had a CT performed at the 12-month
study visit, in eight subjects the CT was insufficient (not volumetric or contrast
enhanced) for accurate CALIPER analysis and were not included in the dataset.
Therefore, at the 12-month visit, only 12 out of 33 subjects in the total study cohort
(eight out of 20 in subjects 19-49) were included in the CALIPER CT dataset.
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5.6.2 Baseline visit

Subjects 1 -49

Subjects 19 - 49

Fibrosis %
Ground glass %
Honeycomb %
ILD %

2.59 (1.46 — 5.84)
4.04 (1.35 - 12.4)
0.09 (0.03 — 0.46)
7.60 (3.40 — 19.4)

2.24 (1.38 — 5.06)
2.27 (1.23 — 6.51)
0.09 (0.04 — 0.55)
4.76 (3.27 — 11.5)

Reticular %
Vessel related structures %

1.81 (1.32 — 4.51)
2.57 (2.16 — 3.51)

2.16 (1.43 — 4.57)
2.88 (2.17 — 4.65)

Table 5.35. Global CALIPER CT results at the baseline visit in the total study cohort
(n=43) and subjects 19-49 (n=27). Results are presented as median (interquartile

range).

In the total study cohort (n=43), at the baseline visit there was a statistically significant
difference (p<0.001) between the upper and middle zones, upper and lower zones,
and middle and lower zones in fibrosis %, ground glass %, honeycomb %, ILD %, and
reticular %, as well as a statistically significant difference (p<0.001) between the upper
and middle zones, and upper and lower zones in VRS % (Figure 5.43). In the total
study cohort (n=43), at the baseline visit there was a statistically significant difference
between the central and peripheral zones in fibrosis % (p<0.001), ground glass %
(p<0.001), honeycomb % (p=0.019), ILD % (p<0.001), reticular % (p<0.001) and VRS
% (p<0.001) (Figure 5.44).
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Figure 5.43. CALIPER fibrosis % (a), ground glass % (b), honeycomb % (c), ILD %
(d), reticular % (e), VRS % (f) in the upper, middle and lower zones at baseline visit
(n=43). Statistical test: Friedman test.
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Figure 5.44. CALIPER fibrosis % (a), ground glass % (b), honeycomb % (c), ILD %
(d), reticular % (e), VRS % (f) in the central and peripheral zones at the baseline visit
(n=43). Statistical test: Wilcoxon test.
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Subjects 1 - 49

Subjects 19 - 49

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Fibrosis %
0.86 (0.12 — 3.52)
1.94 (0.74 — 5.94)
5.85(3.12 -11.4)
0.86 (0.31 —2.21)
4.50 (2.59 — 9.06)
Ground glass %
0.28 (0.01 — 3.50)
2.92 (0.34 —9.63)
9.14 (4.23 — 25.5)
0.30 (0.08 — 3.81)
7.91 (2.67 — 21.5)

Honeycomb %
0.01 (0.00 — 0.14)
0.05 (0.02 — 0.33)
0.18 (0.07 — 0.75)
0.07 (0.03-0.47)
0.07 (0.03 - 0.48)

ILD %
1.04 (0.19 — 6.88)
5.28 (1.46 — 16.9)
16.4 (7.33 — 36.0)
1.69 (0.44 — 7.87)
13.3 (6.47 — 34.0)

Reticular %
0.47 (0.11 - 3.16)
1.87 (0.69 — 4.07)
5.51 (3.06 — 10.2)
0.59 (0.23-1.72)
4.21 (2.34 — 8.44)

Vessel related structures %

2.25 (1.67 — 3.40)
3.42 (2.57 — 5.25)
3.36 (2.25 — 4.88)
4.25 (3.43 - 6.11)
1.49 (0.78 — 3.26)

0.44 (0.03 — 1.44)
1.50 (0.59 — 4.26)
5.68 (3.14 — 12.0)
0.54 (0.31 — 1.86)
3.83 (2.59 — 9.06)

0.10 (0.00 — 1.44)
1.29 (0.30 — 6.75)
6.58 (2.80 — 12.7)
0.23 (0.04 — 0.82)
4.66 (2.65 — 13.2)

0.01 (0.00 — 0.35)
0.05 (0.02 — 0.33)
0.24 (0.09 — 0.84)
0.09 (0.03 — 0.51)
0.12 (0.03 - 0.62)

0.63 (0.03 — 3.85)
3.48 (0.68 — 9.57)
12.6 (7.31 — 24.7)
0.73 (0.37 — 2.67)
8.74 (6.25 — 21.1)

0.39 (0.03 — 1.42)
1.50 (0.56 — 3.70)
4.16 (3.06 — 10.2)
0.45 (0.23 — 1.41)
3.62 (2.52 — 8.44)

1.86 (1.66 — 2.30)
2.87 (2.46 — 4.22)
3.15 (2.22 — 4.20)
3.85 (3.39 — 4.63)
1.29 (0.69 — 2.71)

Table 5.36. Regional CALIPER CT results at the baseline visit in the total study cohort
(n=43) and subjects 19-49 (n=27). Results are presented as median (interquartile

range).
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5.6.3 12-month visit

Subjects 1 -49

Subjects 19 — 49

Fibrosis %
Fibrosis % change
Ground glass %

Ground glass % change

Honeycomb %

Honeycomb % change

ILD %
ILD % change
Reticular %
Reticular % change

3.96 (1.20 — 6.17)
0.45 (-0.03 — 2.08)
3.27 (0.84 — 7.83)
0.66 (-0.16 — 4.14)
0.14 (0.03 — 0.76)
0.03 (-0.02 — 0.56)
7.54 (2.00 — 19.0)
2.12 (-0.09 — 4.51)
3.92 (1.07 — 5.56)
0.03 (-0.40 — 2.37)

3.96 (1.46 — 14.2)
0.82 (-0.03 — 2.08)
2.23 (0.54 — 7.47)
-0.12 (-0.22 — 3.44)
0.36 (0.05 — 3.25)
0.08 (-0.02 — 1.56)
7.43 (2.00 — 19.0)
0.62 (-0.41 — 6.44)
3.92 (1.17 - 7.75)
0.00 (-0.40 — 2.37)

3.21 (2.46 — 4.71)
0.09 (-0.12 — 0.90)

Vessel related structures %
Vessel related structures % change

3.21 (2.34 — 4.81)
0.30 (0.06 — 1.19)

Table 5.37. Global CALIPER CT results at the 12-month visit and the change in the
global CALIPER CT measurements between the baseline and 12-month visits in the
total study cohort (n=12) and subjects 19-49 (n=8). Results are presented as median

(interquatrtile range).

There was no statistically significant change in global CALIPER CT measurements
between the baseline and 12-month visits in the total study cohort or subjects 19-49.
In the total study cohort (n=12), between the baseline and 12-month visits there was
a statistically significant increase in ground glass % (median (%): 0.24 (0.01 — 1.33)
vs 0.61 (0.17 — 3.52); p=0.024), honeycomb % (median (%): 0.01 (0.00 — 0.28) vs 0.03
(0.00 — 0.43); p=0.033) and VRS % (median (%): 2.19 (1.69 — 2.71) vs 2.83 (1.75 —
3.67); p=0.042) in the upper zone (Figure 5.42). There was also a statistically
significant increase in ground glass % (median (%): 0.21 (0.02 — 0.52) vs 0.61 (0.04 —
3.06); p=0.034) and ILD % (median (%): 0.82 (0.37 — 2.08) vs 2.44 (0.37 — 12.2);
p=0.012) in the central zone (Figure 5.43). In the same 12 subjects, between the
baseline and 12-month visits there was a statistically significant decrease in FVC
(p=0.043) and FVC % predicted (p=0.007). It is possible that the increase in CALIPER
ground glass % in the central and upper zones represent early fine fibrosis which may
progress to reticulation over time and it is conceivable that regions of emphysema in

the upper zone of IPF subjects were incorrectly classified as honeycombing.
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Figure 5.45. Upper zone ground glass % (a-b), honeycomb % (c-d) and VRS % (e-f)
change between the baseline and 12-month visits in the total study cohort (n=12).
Statistical test: Wilcoxon test.
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Figure 5.46. Central zone ground glass % (a-b) and ILD % (c-d) change between the

baseline and 12-month visits in the total study cohort (n=12). Statistical test: Wilcoxon
test.

Page | 220



Subjects 1 - 49

Subjects 19 - 49

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Upper zone
Middle zone
Lower zone
Central zone
Peripheral zone

Fibrosis % change
0.15 (-0.10 — 1.15)
0.27 (-0.31 - 2.23)
1.45 (-0.24 - 3.30)
0.37 (-0.11 -0.92)
0.60 (-0.10 — 3.45)

Ground glass % change

0.29 (0.03 — 2.85)
0.94 (-0.04 — 4.10)
1.52 (-0.40 — 7.45)
0.26 (-0.02 — 2.43)
1.26 (-0.31 — 5.80)

Honeycomb % change

0.01 (0.00 - 0.18)
0.03 (-0.02 — 0.65)
0.02 (-0.05 - 0.85)
0.04 (-0.01-0.47)
0.05 (-0.02 — 0.66)
ILD % change
0.55 (-0.02 — 2.25)
2.19 (-0.20 - 4.36)
3.72 (-1.12 -12.3)
1.00 (0.03 - 3.14)
0.41 (-0.52 — 6.98)
Reticular % change
0.04 (-0.14 — 0.65)
-0.03 (-0.41 - 2.15)
0.89 (-0.36 — 3.75)
0.07 (-0.18 — 0.70)
0.22 (-0.69 — 3.65)

0.18 (0.00 — 1.06)
0.49 (-0.07 — 1.00)
0.26 (-0.18 — 1.28)
0.50 (-0.12 — 1.39)
0.17 (0.02 — 0.92)

0.11 (-0.10 — 2.12)
0.84 (-0.31 — 2.32)
1.48 (-0.10 — 3.30)
0.59 (0.00 — 1.08)
0.88 (-0.10 — 3.45)

0.09 (0.00 — 2.76)
0.34 (-0.36 — 3.18)
-0.33 (-1.88 — 2.98)
0.14 (-0.11 — 1.54)
-0.15 (-1.52 — 5.12)

0.03 (0.00 — 0.97)
0.03 (-0.05 — 1.52)
0.20 (-0.05 — 1.00)
0.10 (-0.03 — 1.28)
0.10 (-0.02 — 1.80)

0.34 (-0.02 — 4.24)
1.61 (-0.77 — 5.04)
0.28 (-1.97 — 11.3)
0.74 (0.03 — 2.56)
-0.10 (-0.90 — 11.3)

0.02 (-0.14 — 0.95)
-0.10 (-0.41 — 2.37)
0.93 (-0.36 — 3.75)
0.07 (-0.14 — 1.17)
0.05 (-0.69 — 3.65)

Vessel related structures % change

0.06 (-0.10 — 1.17)
0.12 (-0.16 — 0.90)
0.12 (-0.30 — 0.81)
0.10 (-0.36 — 1.27)
0.15 (-0.08 — 0.62)

Table 5.38. Change in regional CALIPER CT measurements between the baseline
visit and the 12-month visit in the total study cohort (n=12) and subjects 19-49 (n=8).
Results are presented as median (interquartile range).
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5.7 Visual CT scoring

Visual CT scoring was performed by two consultant thoracic radiologists on all
available CT scans. This provided global and regional ground glass, honeycomb and
reticular scores. As with the CALIPER CT data, honeycomb and reticular scores were
combined and termed fibrosis score. Also, ground glass, honeycomb and reticular

scores were combined and termed ILD score.

5.7.1 Study visits

Visual CT score data was available for each subject that completed the baseline visit
and for each subject that had a CT scan performed at the 12-month visit. At the 12-
month visit, the visual CT scoring dataset included 20 subjects in the total study cohort

and ten in subjects 19-49.

5.7.2 Baseline visit

Subjects 1 - 49 Subjects 19 - 49
Fibrosis score 8.00 (5.00 — 13.50) 8.00 (4.00 —11.00)
Ground glass score 1.00 (0.00 — 4.00) 2.00 (0.00 - 6.00)
Honeycomb score 0.00 (0.00 — 4.50) 0.00 (0.00 — 1.00)
ILD score 12.00 (6.50 — 16.00) 11.00 (6.00 — 16.00)
Reticular score 8.00 (5.00 — 10.00) 6.00 (4.00 — 8.00)

Table 5.39. Global visual CT scores at the baseline visit in the total study cohort (n=49)

and subjects 19-49 (n=31). Results are presented as median (interquartile range).

In the total study cohort (n=49), at the baseline visit there was a statistically significant
difference (p<0.001) between the upper and lower zones, and between the middle and
lower zones in fibrosis score, ILD score and reticular score (Figure 5.47). In subjects
19-49 (n=31), at the baseline visit there was also a statistically significant difference
(p<0.001) between the upper and lower zones, and between the middle and lower

zones in fibrosis score, ILD score and reticular score.
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Figure 5.47. Visual CT fibrosis score, ILD score (b) and reticular score (c) in the upper,
middle and lower zones at the baseline visit in the total study cohort (n=49). Statistical

test: Friedman test.
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Subjects 1 - 49

Subjects 19 - 49

Upper zone
Middle zone
Lower zone

Upper zone
Middle zone
Lower zone

Upper zone
Middle zone
Lower zone

Upper zone
Middle zone
Lower zone

Upper zone
Middle zone
Lower zone

Table 5.40. Regional visual CT scores at the baseline visit in the total study cohort
(n=49) and subjects 19-49 (n=31). Results are presented as median (interquartile

range).

5.7.3 12-month visit

There was no statistically significant change in any global or regional visual CT scores

between the baseline visit and the 12-month visit in the total study cohort or subjects

19-49.

Fibrosis score
2.00 (0.50 — 4.00)
2.00 (2.00 — 4.00)
4.00 (2.00 — 6.00)

Ground glass score

0.00 (0.00 — 2.00)
0.00 (0.00 — 2.00)
0.00 (0.00 — 2.00)
Honeycomb score
0.00 (0.00 —1.00)
0.00 (0.00 —1.50)
0.00 (0.00 — 2.00)
ILD score
2.00 (1.00 — 5.50)
4.00 (2.00 — 6.00)
5.00 (4.00 — 7.00)
Reticular score
2.00 (0.50 — 2.00)
2.00 (2.00 — 4.00)
4.00 (2.00 — 4.00)

2.00 (0.00 — 3.00)
2.00 (2.00 — 4.00)
4.00 (2.00 — 5.00)

0.00 (0.00 — 2.00)
0.00 (0.00 — 2.00)
2.00 (0.00 — 2.00)

0.00 (0.00 — 0.00)
0.00 (0.00 — 0.00)
0.00 (0.00 — 1.00)

2.00 (0.00 — 5.00)
2.00 (2.00 — 4.00)
4.00 (4.00 — 7.00)

2.00 (0.00 — 2.00)
2.00 (2.00 — 2.00)
4.00 (2.00 — 4.00)
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Subjects 1 - 49 Subjects 19 - 49

Fibrosis score 10.00 (6.25 — 12.75) 9.50 (4.75 - 11.50)
Fibrosis score change 0.00 (0.00 — 0.00) 0.00 (0.00 — 0.00)
Ground glass score 0.00 (0.00 - 5.75) 2.50 (0.00 - 6.00)
Ground glass score change 0.00 (0.00 — 0.00) 0.00 (0.00 — 0.00)
Honeycomb score 1.50 (0.00 — 5.75) 2.00 (0.00 — 5.50)
Honeycomb score change 0.00 (0.00 — 0.00) 0.00 (0.00 — 0.00)

ILD score 12.50 (8.00 — 15.75) 12.50 (6.50 — 15.25)

ILD score change 0.00 (0.00 — 0.00) 0.00 (-2.00 — 0.00)
Reticular score 8.00 (5.25 - 8.00) 6.00 (4.00 — 8.00)
Reticular score change 0.00 (0.00 — 0.00) 0.00 (0.00 — 0.00)

Table 5.41. Global visual CT scores at the 12-month visit and the change in the global

visual CT scores between the baseline and 12-month visits in the total study cohort

(n=20) and subjects 19-49 (n=10). Results are presented as median (interquartile

range).

5.8

Summary of the imaging outcomes in the IPF study

The key imaging outcomes which demonstrated statistical significance were:

1)

2)

3)

In the total study cohort, there was a decrease in global *?®Xe RBC:TP and an
increase in global Lmp between the baseline and 6-month visits, and between
the baseline and 12-month visits. There was a statistically significant decrease
in FVC, FVC % predicted, DLco, Kco and Kco % predicted between the baseline

and 6-month visits, but not between the baseline and 12-month visits.

In subjects 19-49, there was an increase in global 1?°Xe ADC between the
baseline and 12-month visits, whereas there was no statistically significant
change in PFTs over the same time period. There was also an increase in 12°Xe
ADC in the lower and peripheral zones, and an increase in *?°Xe LmD in the

lower zone between the baseline and 12-month visits.

In subjects 19-49, there was an increase in 12°Xe ADC in the middle and central
zones between the baseline and 6-month visits. There was a statistically

significant decrease in DLco, Kco and Kco % predicted over the six months.
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4) In 12 subjects out of the total cohort, between the baseline and 12-month visits
there was an increase in CALIPER CT ground glass %, honeycomb % and VRS
% in the upper zone, and an increase in CALIPER CT ground glass % and ILD

% in the central zone.

5.9 Correlations

Correlation analysis involving data from PFTs, global MRl measurements and global
CT measurements were performed for each study visit in the total study cohort. Data
from each study visit for each type of measurement was also combined. The same
approach was taken for the regional MRI and CT data to perform correlation analysis.
In addition to this, correlation analysis of the longitudinal change in the various

measurements was performed.

5.9.1 Very strong correlations (r = 0.80 — 0.99)

At the 12-month visit, there were very strong negative correlations between CALIPER
ILD % and Kco (r=-0.81; p=0.002), and between ?°Xe DW-MRI measurements and
Kco (Figure 5.48).

(a) (b)
r=-0.81; p <0.001 r =-0.80; p < 0.001

n
o
o
o

=
o
=
a

Kco (mmol.mintkPa-1L1)
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=
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Figure 5.48. Correlation between Kco and 12°Xe ADC (a), and between Kco and 1?°Xe

Lmp (b) at the 12-month visit (n=20). Statistical test: Pearson correlation coefficient.
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CALIPER CT measurement Visual CT score(s) Visit(s)
Honeycomb % Honeycomb 12-month
ILD % Fibrosis & ILD 12-month
. . Baseline; 12-month;
Fibrosis

Vessel related structures %

baseline & 12-month combined

12-month

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; ILD: Interstitial
lung disease.

Table 5.42. Very strong correlations between global CALIPER CT measurements and

visual CT scores.

In the lower zone, there was a very strong correlation between the change in 2°Xe

RBC:Gas and the change in PBF between the baseline and 12-month visits (r=-0.90;

p=0.028). In the peripheral zone, very strong correlations were found between the

change in CALIPER honeycomb % and the change in 12°Xe DW-MRI measurements

between the baseline and 12-month visits (Figure 5.49).

Honeycomb % change

r=0.81; p =0.022

©0.002 0.004 0.006

Mean 12°Xe ADC change (cm?/s)

-10

“. Honeycomb % change

r =0.83; p=0.015

D
1

N
1

N
1

5 10 15 20
Mean 12°Xe LmD change (pm)

Figure 5.49. Correlations between the change in CALIPER honeycomb % and the

change in 12°Xe ADC (a) and Lmp (b) between the baseline and 12-month visits (n=8).

Statistical test: Spearman’s rank correlation.
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5.9.2 Strong correlations (r = 0.60 - 0.79)

129%e MRI measurement PFT Visit(s)
Dico 6-month; 12-month; 4 visits combined
DLco% Baseline; 3-month; 12-month
ADC Kco Baseline; 6-month; 4 visits combined
Keo% Baseline; 3—m9nth; 6—mqnth;
12-month; 4 visits combined
Dico 3-month; 6-month; 12-month; 4 visits combined
DLco% Baseline; 3-month; 12-month
Lmp Kco Baseline; 6-month; 4 visits combined
Keo% Baseline; 3—m9r.1th; 6—mqnth;
12-month; 4 visits combined
FVvVC 3-month
RBC:. TP Drco 3-month & 12-month
Dico% & Kco% 12-month

ADC: Apparent diffusion coefficient; D co: Diffusing capacity of the lung for carbon monoxide; FVC: Forced vital capacity; Kco:
Carbon monoxide transfer coefficient; Lmp: Mean diffusive length scale; MRI: Magnetic resonance imaging; PFT: Pulmonary
function test; RBC: Red blood cell; TP: Tissue plasma; '2°Xe: 129-xenon.

Table 5.43. Strong correlations between global 12°Xe MRI measurements and PFTSs.

CALIPER CT Visual CT score(s) Visit(s)
measurement
Fibrosis Baseline; 12-month; baseline & 12-month combined
Ground glass % ILD 12-month; baseline & 12-month combined
Reticular Baseline; baseline & 12-month combined
Fibrosis & ILD Baseline; 12-month; baseline & 12-month combined
Fibrosis % Honeycomb 12-month; baseline & 12-month combined
Reticular Baseline; baseline & 12-month combined
Honeycomb % Honeycomb Baseline; baseline & 12-month combined
Fibrosis; ILD Baseline; baseline & 12-month combined
ILD % Honeycomb 12-month
Reticular Baseline; 12-month; baseline & 12-month combined
Fibrosis & ILD Baseline; 12-month; baseline & 12-month combined
Reticular % Honeycomb 12-month
Reticular Baseline; baseline & 12-month combined
VRS % Honeycomb & reticular | Baseline; 12-month; baseline & 12-month combined
ILD Baseline; baseline & 12-month combined

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; ILD: Interstitial
lung disease; VRS: Vessel related structures.

Table 5.44. Strong correlations between global CALIPER CT measurements and

global visual CT scores.
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CALIPER CT

PFT Visit(s)
measurement
FVC; Kco; Kco% 12-month
Fibrosis % FVC% Baseline & 12-month
Dico & Dico% Baseline; 12-month; baseline & 12-month combined
FVvVC 12-month; baseline & 12-month combined
Ground glass % FVC% & Dico Baseline; baseline & 12-month combined
DLco% Baseline; 12-month; baseline & 12-month combined
Kco & Kco% 12-month
Honeycomb % FVC% 12-month
FVvC Baseline; baseline & 12-month combined
ILD % FVC%; Dico; DLco% Baseline; 12-month; baseline & 12-month combined
Kco% 12-month
FvC Baseline
FVC% Baseline; baseline & 12-month combined

Reticular %

VRS %

DiLco & Dico%
Kco & Kco%
FvC
FVC%; DiLco; DLco%
Kco & Kco%

Baseline; 12-month; baseline & 12-month combined
12-month
Baseline

Baseline; 12-month; baseline & 12-month combined
12-month

CPI: Composite physiologic index; D.co: Diffusing capacity of the lung for carbon monoxide; FVC: Forced vital capacity; ILD:
Interstitial lung disease; Kco: Carbon monoxide transfer coefficient; PFT: Pulmonary function test; VRS: Vessel related structures.

Table 5.45. Strong correlations between global CALIPER CT measurements and PFT.

Visual CT score PFT Visit(s)
Fibrosis Dico Baseline
DiLco% Baseline; baseline & 12-month combined
Honeycomb Dico% 12-month
ILD Dico% Baseline

CPI: Composite physiologic index; CT: Computed tomography; D, co: Diffusing capacity of the lung for carbon monoxide; ILD:
Interstitial lung disease; PFT: Pulmonary function test.

Table 5.46. Strong correlations between global visual CT scores and PFTs.

There was a strong correlation between global FWHM and CALIPER reticular %
(r=0.76; p=0.015) at the 12-month visit. Between the baseline and 12-month visits, a
strong negative correlation was seen between the change in global 12°Xe RBC:TP and
ADC (r=-0.64; p=0.005), between the change in global **Xe ADC and Kco (r=-0.64;
p=0.002), between the change in global ?°Xe Lmp and Kco (r=-0.62; p=0.004), and
between the change in CALIPER VRS % and PFTs (FVC, DLco and Kco). The change
in CALIPER ILD % also correlated strongly with DLco and Kco between the baseline

and 12-month visits.
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129Xe IDEAL spectroscopic Other MRI

: . Zone(s) Visit
imaging measurement measurement(s)
TP-Gas ADC & Lmp Lovyer & peripheral 12-month
PBF Middle & central 3-month
Lmp Lower 12-month
RBC.:
C:Gas PBF Central 3-month

ADC: Apparent diffusion coefficient; IDEAL: Iterative decomposition of water and fat with echo asymmetry and least-squares
estimation; Lmp: Mean diffusive length scale; MRI: Magnetic resonance imaging; PBF: Pulmonary blood flow; RBC: Red blood
cell; TP: Tissue plasma; '#°Xe: 129-xenon.

Table 5.47. Strong correlations between regional 2°Xe IDEAL spectroscopic imaging

measurements and other regional MRl measurements.

MRI measurement | CALIPER CT measurement(s) Zone(s) Visit
FWHM Fibrosis % & honeycomb % Upper 12-month
Fibrosis % & reticular % Peripheral 12-month
129X e TP:Gas Ground glass % Upper & peripheral = Baseline
Honeycomb % Middle Baseline

129X e RBC:Gas . .
Vessel related structures % Middle & lower Baseline

Upper; middle; .
129%Xe RBC:TP Vessel related structures % - Baseline

central; peripheral

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; FWHM: Full width
of half maximum; MRI: Magnetic resonance imaging; RBC: Red blood cell; TP: Tissue plasma; '?°Xe: 129-xenon.

Table 5.48. Strong correlations between regional MRl measurements and regional
CALIPER CT measurements.

MRI measurement Visual CT score Visit Zone
FWHM Honeycomb 12-month Middle

MTT Honeycomb 12-month Middle

129%a ADC Ground glass 12-month Lower
129%e RBC:TP ILD Baseline Middle

ADC: apparent diffusion coefficient; CT: Computed tomography; FWHM: Full width of half maximum; MRI: Magnetic resonance
imaging; MTT: Mean transit time; RBC: Red blood cell; TP: Tissue plasma; *?°Xe: 129-xenon.

Table 5.49. Strong correlations between regional MRl measurements and regional

visual CT measurements.
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5.9.3 Moderate correlations (r = 0.40 — 0.59)

MRI measurements Visit

129Xe RBC:TP 12-month

129
Xe ADC PBF & PBV Baseline
129Xe RBC:TP 12-month
129%e Lmp PBF & PBV Baseline
MTT 3-month
129 RBC:TP MTT Baseline

ADC: Apparent diffusion coefficient; Lmp: Mean diffusive length scale; MRI: Magnetic resonance imaging; MTT: Mean transit
time; PBF: Pulmonary blood flow; PBV: Pulmonary blood volume; RBC: Red blood cell; TP: Tissue plasma; ?°Xe: 129-xenon.

Table 5.50. Moderate correlations between different global MRI measurements.

MRI measurement PFT Visit(s)
129% 6 ADC Dico Baseline & .3-month'
DiLco% 6-month & 4 visits combined
Dico Baseline
#Xe Lmo DLco% 6-month & 4 visits combined
FEV: & FVC% 3-month
FvC 12-month & 4 visits combined
129Xe RBC:TP Dico 6-month & 4 visits combined
DLco% 3-month; 6-month; 4 visits combined
Kco 12-month
MTT Kco & Kco% 3-month
PBF Dico & Dico% Baseline
PBV Dico; DLco®; Kco; Kco% Baseline

ADC: Apparent diffusion coefficient; D co: Diffusing capacity of the lung for carbon monoxide; FEV;: Forced expiratory volume in
1 second; FVC: Forced vital capacity; Kco: Carbon monoxide transfer coefficient; Lmp: Mean diffusive length scale; MRI: Magnetic
resonance imaging; MTT: Mean transit time; PBF: Pulmonary blood flow; PBV: Pulmonary blood volume; PFT: Pulmonary
function test; RBC: Red blood cell; TP: Tissue plasma ratio.

Table 5.51. Moderate correlations between global MRl measurements and PFTSs.

CALIPER CT Visual CT score(s) Visit(s)
measurement
Honeycomb Baseline; baseline & 12-month combined
Ground glass % :
ILD Baseline
Fibrosis % Honeycomb Baseline
Honeycomb % Fibrosis & ILD Baseline; baseline & 12-month combined
ILD % Honeycomb Baseline; baseline & 12-month combined
Reticular % Honeycomb Baseline; baseline & 12-month combined

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography.

Table 5.52. Moderate correlations between global CALIPER CT measurements and
global visual CT scores.
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CALIPER CT

PFT Visit(s)
measurement
. i FvC Baseline; baseline & 12-month combined
Fibrosis % - .
FVC%:; Kco; Kco% Baseline & 12-month combined
FEV:; FEV1%; Kco% Baseline; baseline & 12-month combined
FvC Baseline
round gl %
Ground glass % Dico 12-month
Kco Baseline & 12-month combined
ILD % FEV:; FEV1%; Kco; Kco% | Baseline; baseline & 12-month combined
° FVC 12-month
. FEV. Baseline; baseline & 12-month combined
Reticular % . g
FEV1%:; FVC; Kco; Kco% Baseline & 12-month combined
VRS % FEV:& FEV1% Baseline; baseline & 12-month combined
0 FvC Baseline & 12-month combined

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; D, co: Diffusing
capacity of the lung for carbon monoxide; FVC: Forced vital capacity; ILD: Interstitial lung disease; Kco: Carbon monoxide transfer
coefficient; PFT: Pulmonary function test; VRS: Vessel related structures.

Table 5.53. Moderate correlations between global CALIPER CT measurements and
PFTs.

Visual CT score PFT Visit(s)
Baseline; 12-month;
baseline & 12-month combined

FVC%; Kco; Kco%

Fibrosis Dico 12-month; baseline & 12-month combined
DiLco% 12-month
Baseline; 12-month;
0 1 b
Honeveomb FVC% & Dico baseline & 12-month combined
y DiLco% Baseline; baseline & 12-month combined
Kco & Kco% 12-month
Baseline; 12-month;
0 1 1
FVC% baseline & 12-month combined
ILD Dico Baseline; baseline & 12-month combined
DiLco% 12-month; baseline & 12-month combined
Kco & Kco% Baseline
Baseline; 12-month;
. FVC% . ’ T
Reticular 0 baseline & 12-month combined
Dico & Dico% Baseline; baseline & 12-month combined

CPI: Composite physiologic index; CT: Computed tomography; D.co: Diffusing capacity of the lung for carbon monoxide; ILD:
Interstitial lung disease; PFT: Pulmonary function test.

Table 5.54. Moderate correlations between global visual CT scores and PFTs.
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At the 12-month visit, there was a moderate negative correlation between global 12°Xe
RBC:TP and CALIPER ILD % (r=-0.59; p=0.049), and between global 2°Xe RBC:TP
and visual CT honeycomb score (r=-0.48; p=0.044). At the baseline visit, moderate
negative correlations were seen between global CALIPER ground glass % and both
PBF (r=-0.40; p=0.019) and PBV (r=-0.41; p=0.015).

Between the baseline and 12-month visits, a moderate negative correlation was seen
between the change in global 1?°Xe RBC:TP and '2°Xe Lmp (r=-0.59; p=0.010) and
between the change in global ***Xe ADC and D.co (r=-0.50; p=0.026).

129X e IDEAL spectroscopic CALIPER CT Zone
imaging measurement measurement(s)
Fibrosis % & ILD % Middle
RBC:TP Ground glass % & ILD % Peripheral
Vessel related structures % Lower
TP-Gas Ground glass % & reticular % Central
ILD % Upper

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; IDEAL: Iterative
decomposition of water and fat with echo asymmetry and least-squares estimation; ILD: Interstitial lung disease; RBC: Red blood
cell; TP: Tissue plasma; ?°Xe: 129-xenon.

Table 5.55. Moderate correlations between regional '*°Xe IDEAL spectroscopic
imaging measurements and CALIPER CT measurements at the baseline visit.

129Xe MRI measurement Visual CT score(s) Zone
ADC Fibrosis; honeycomb; ILD Lower

Lmpb Fibrosis; honeycomb; ILD Lower

RBC:Gas Fibrosis & reticular Lower
RBC:TP Fibrosis; ground glass; reticular Middle

TP:Gas Ground glass & ILD Upper

ADC: Apparent diffusion coefficient; CT: Computed tomography; ILD: Interstitial lung disease; Lmp: Mean diffusive length scale;
MRI: Magnetic resonance imaging; RBC: Red blood cell; TP: Tissue plasma; 1%°Xe: 129-xenon.

Table 5.56. Moderate correlations between regional **°Xe MRI measurements and

visual CT scores at the baseline visit.
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129Xe DW-MRI Other MRI

measurement measurement(s) Zone(s) Visit(s)
129Xe TP:Gas Middle; lower; peripheral 4 visits combined
MTT Upper & central 3-month
AD ; mi ; .
¢ PBF & PBV Upper; middle; Baseline
central; peripheral
PBF & PBV Lower Baseline & 12-month
129Xe TP:Gas Middle; lower; peripheral 4 visits combined
Lm MTT Upper & peripheral 3-month
D .
; le; | ,
PBF & PBV Upper; middle; lower Baseline

central; peripheral

ADC: Apparent diffusion coefficient; DW-MRI: Diffusion weighted magnetic resonance imaging; Lmp: mean diffusive length scale;
MRI: Magnetic resonance imaging; MTT: mean transit time; PBF: pulmonary blood flow; PBV: pulmonary blood volume; TP:
tissue plasma; 1?°Xe: 129-xenon.

Table 5.57. Moderate correlations between regional 2°Xe DW-MRI measurements

and other regional MRI measurements.

129Xe DW-MRI measurement = DCE-MRI measurement(s) Zone
ADC change Change in: MTT & PBV Peripheral
Lmo change Change in: MTT & PBF Peripheral

PBV change Middle

ADC: apparent diffusion coefficient; DCE-MRI: dynamic contrast enhanced magnetic resonance imaging; DW-MRI: diffusion
weighted magnetic resonance imaging; Lmp: mean diffusive length scale; MTT: mean transit time; PBF: pulmonary blood flow;
PBV: pulmonary blood volume; *2°Xe: 129-xenon.

Table 5.58. Moderate correlations between the change in regional **Xe DW-MRI
measurements and the change in regional DCE-MRI measurements between the

baseline and 6-month visits.

5.10 Variables that predict disease progression

Univariate logistic regression analysis was performed to identify any variables that
were able to predict disease progression. The cohort included a total of 37 IPF subjects
in which data was available to determine whether disease progression had occurred
between the baseline visit and the 12-month visit. Disease progression was defined
as death, lung transplantation, 210% absolute reduction in FVC% and/or 215%

absolute reduction in DLco%.
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The following variables were investigated:

e Age

e Gender

e Ever smoker

e BMI

e Antifibrotic therapy during study

e Baseline visit oxygen saturations

e Baseline visit PFTs (FEV1, FEV1%, FVC, FVC%, Dico, DLco%, Kco and Kco%),
and the change between baseline and 3-month visits, and between baseline
and 6-month visits.

e Baseline visit global ?°Xe RBC:TP, and the change between baseline and 3-
month visits, and between baseline and 6-month visits.

e Baseline visit regional ?°Xe RBC:TP, TP:Gas and RBC:Gas, and the change
between baseline and 3-month visits, and between baseline and 6-month visits.

e Baseline visit 2°Xe ADC and Lmp (global and regional), and change between
baseline and 3-month visits, and between baseline and 6-month visits.

e Baseline visit FWHM, MTT, PBF and PBV (global and regional), and change
between baseline and 3-month visits, and between baseline and 6-month visits.

e Baseline visit CALIPER CT measurements (global and regional).

e Baseline visit visual CT scores (global and regional).
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Odds 95% confidence P

Variable ) .

ratio interval value

Baseline oxygen saturations 0.68 0.44 - 0.96 0.042

Baseline GAP stage 8.37 2.17 -56.2 0.007

Baseline Dico 0.47 0.21-0.84 0.031

Baseline D co% 0.93 0.87 -0.98 0.012

Baseline Kco 0.006 @ 5.17e-005-0.24 0.016

Baseline Kco% 0.94 0.88-0.98 0.020

Baseline global Lmp 1.03 1.01-1.07 0.019

Baseline global CALIPER CT fibrosis % 1.24 1.05-1.62 0.037

Baseline global CALIPER CT ILD % 1.08 1.01-1.17 0.026

Baseline global CALIPER CT reticular % 1.25 1.05-1.64 0.036

Baseline global visual CT fibrosis score 1.23 1.08 - 1.47 0.006

Baseline visual CT fibrosis score (upper zone) 1.91 1.28 - 3.40 0.007

Baseline visual CT fibrosis score (middle zone) 1.80 1.19-3.08 0.012

Baseline visual CT fibrosis score (lower zone) 1.44 1.07 - 2.06 0.023

Baseline global visual CT honeycomb score 1.24 1.04-1.52 0.020

Baseline visual CT honeycomb score 197 190 — 3.68 0.015
(upper zone)

Baseline V|sua'l CT honeycomb score 501 1.03 — 3.66 0.045
(middle zone)

Baseline visual CT honeycomb score 152 1.01—2.38 0.049
(lower zone)

Baseline global visual CT ILD score 1.25 1.09-151 0.006
Baseline visual CT ILD score (upper zone) 1.81 1.26 —2.94 0.004
Baseline visual CT ILD score (middle zone) 1.89 1.25-3.28 0.007
Baseline visual CT ILD score (lower zone) 1.42 1.06 — 2.03 0.029

Baseline global visual CT reticular score 1.91 1.28-3.45 0.009
Baseline visual CT reticular score (upper zone) 6.92 2.03-49.9 0.013
Baseline visual CT reticular score (middle zone) 2.95 1.39-7.46 0.010
Baseline visual CT reticular score (lower zone) 2.71 1.21-9.21 0.039

FVC change (baseline — 6-month visits) 0.99 0.98 -1.00 0.043

FVC% absolute change (baseline — 6-month) 0.75 0.54 - 0.96 0.042
FVC% relative change (baseline — 6-month) 0.78 0.58 -0.98 0.048

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; D co: Diffusing
capacity of the lung for carbon monoxide; FVC: Forced vital capacity; GAP: Gender-age-physiology; Kco: Carbon monoxide
transfer coefficient; Lmp: mean diffusive length scale.

Table 5.59. Variables with a statistically significant odds ratio for predicting disease

progression using univariate logistic regression analysis.

All of the variables in Table 5.59 still had a statistically significant odds ratio for

predicting disease progression when age was added to the logistic regression model.
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Odds 95% confidence

Imaging variable ratio interval P value
Baseline 12°Xe ADC (lower zone) 2.38e+046 | 2.803-005 — 8.66e+10 | 0.088
Baseline global 1°Xe RBC:TP 2.83e-005 1.14e-011 - 1.46 0.098
Baseline global CALIPER CT GG % 1.08 0.99-1.20 0.083
Baseline global CALIPER CT VRS% 1.50 0.99-251 0.078

Global *?°Xe ADC % change

(baseline — 3-month visits) 1.38 1.03-2.26 0.095
129Xe ADC % change (lower zone)
. . 1. 1.03-2. .
(baseline — 3-month visits) 33 03 09 0.086
Global Lmp change
. - 1.2 1.05-1.87 .072
(baseline — 3-month visits) 8 05 8 0.0
Global Lmp % change
(baseline — 3-month visits) 2.06 1.14-5.90 0.071
Lmp change (lower zone) 136 1.07 — 228 0.095
(baseline — 3-month visits) ' ' ' '
Lmp change (peripheral zone)
. . 1.21 1.03-1. .07
(baseline — 3-month visits) 03 o8 0.070
Lmp % change (peripheral zone) 173 1.08 — 3.86 0.077
(baseline — 3-month visits) ' ' ' '
Global FWHM % change 0.91 0.78 — 0.99 0.081
(baseline — 3-month visits) ' ' ' '
FWHM % change (middle zone)
. - : 77-0. .07
(baseline — 3-month visits) 0.90 0 0.98 0.079
FWHM % change (central zone) 0.90 0.78 — 0.99 0074
(baseline — 3-month visits) ' ' ' '
FWHM % change (peripheral zone) 0.92 0.80 — 0.99 0.094
(baseline — 3-month visits) ' ' ' '
PBF % change (lower zone) 102 1.00 —1.05 0.076

(baseline — 3-month visits)

ADC: apparent diffusion coefficient; CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT:
Computed tomography; FWHM: Full width of half maximum; GG: Ground glass; Lmp: mean diffusive length scale; PBF:
Pulmonary blood flow; RBC: Red blood cell; TP: Tissue plasma; VRS: Vessel related structures; ?°Xe: 129-xenon.

Table 5.60. Imaging variables that had odds ratios with p values 0.05 — 0.10 for

predicting disease progression using univariate logistic regression analysis.

5.11 Summary

The results reported in this chapter expands upon previous work involving novel MRI
techniques in IPF. Novel findings include a statistically significant change in global
Lmp and ?°Xe RBC:TP over both six and 12 months, despite relatively stable PFTs.
Also, there was evidence that DW-MRI measurements may have utility in the

monitoring and prediction of disease progression in IPF.
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Chapter 6: The Assessment of Interstitial Lung Disease Using

Imaging Biomarkers — Discussion of Two Longitudinal Studies
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6.1 Imaging outcomes

The results outlined in the previous two chapters builds on previously published work
regarding the assessment of IPF using *°Xe MRI and DCE-MRI techniques, and the
evaluation of ILD patients with CALIPER CT analysis. The TRISTAN-ILD study
demonstrates the first known application of 12°Xe MRI and DCE-MRI in subjects with

a variety of different ILD subtypes, rather than focusing only on IPF.

This section of the discussion chapter will summarise the clinical outcomes from the
TRISTAN-ILD and IPF studies and further explore the different imaging modalities in

the context of previously published work.

6.1.1 Summary of the imaging outcomes in the TRISTAN-ILD study

Tables 6.1 and 6.2 provide a summary of the results from the global imaging
measurements investigated in the TRISTAN-ILD study. The key imaging outcomes

which demonstrated statistical significance were:

1. A difference in global 1?°Xe ADC and Lmp between the ILD subtypes, and
between the fibrotic and inflammation groups, with higher values seen in IPF
versus HP, and in the fibrotic versus inflammation groups.

2. A decrease in global ?°Xe RBC:TP and an increase in global CALIPER CT
VRS % in the IPF group over six months, with no statistically significant PFT
change over the same time period.

3. Anincrease in global 12°Xe ADC and Lmp over six weeks in the DI-ILD group,
with no statistically significant PFT change over the same time period.

4. A decrease in global MTT and increase in global PBF over six weeks in the HP
group, with no statistically significant PFT change over the same time period.

5. A decrease in global CALIPER CT fibrosis %, ground glass %, ILD % and
reticular % between visits 1 and 2 in the inflammation group, with no statistically

significant PFT change over the same time period.
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129Xe 129Xe
129%e DW-MRI o DCE-MRI
spectroscopy ventilation
Differences ADC and Lmp at
between ILD No visits 1 and 2 (higher No No
subtypes in IPF vs HP group)
Difference ADC and Lmp at
between visits 1 and 2
fibrotic & No . L . No No
. . (higher in fibrotic
inflammation group)
groups
Change Decrease in Increase in ADC and Decrease in MTT and
between visit RBC:TP in IPF Lmoin DI-ILD group No increase in PBF in HP
1 & visit 2 and fibrotic groups group
Correlations
between MRI Moderate: 12°Xe RBC:TP with PBV (r=0.56); 12°Xe ADC and Lmp with VV%.
measurements
Strong:
Visual CT fibrosis Moderate:
score PBV with CALIPER

(ADC and Lmp). honeycomb %.

Moderate:

Correlations
with CT No CALIPER No

measurements honeycomb %
(ADC and Lmp).

MTT change with
visual CT fibrosis
score change.

PBF change with
change in visual CT
fibrosis and
honeycomb scores.

Visual CT fibrosis,
honeycomb, ILD and
reticular scores
(ADC and Lmp).

Moderate:
. ) Moderate: MTT change with
CV‘\)/:E 'st;gs 5 M‘;ﬂgrgte' 5. | ADCand Lmo with No FEV: change.
Leo Lo DLco%. PBF change with
DiLco change.
Predictor of No o
disease (close to statistical No No No
. significance;
progression 0=0.075)

ADC: apparent diffusion coefficient; CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT:
Computed tomography; DCE-MRI: Dynamic contrast enhanced magnetic resonance imaging; DI-ILD: Drug induced interstitial
lung disease; D co: Diffusing capacity of the lung for carbon monoxide; DW-MRI: Diffusion weighted magnetic resonance imaging;
FEV:: Forced expiratory volume in one second; HP: Hypersensitivity pneumonitis; ILD: Interstitial lung disease; IPF: Idiopathic
pulmonary fibrosis; Lmp: mean diffusive length scale; MTT: Mean transit time; PBF: Pulmonary blood flow; PBV: Pulmonary blood
volume; PFT: Pulmonary function test; RBC: Red blood cell; TP: Tissue plasma; VV: Ventilated volume; 1Xe: 129-xenon.

Table 6.1. Summary of the global MRI results in the TRISTAN-ILD study.
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CALIPER CT analysis Visual CT scoring
. Higher fibrosis score and
Differences .
lower ground glass score in

y .

Higher ground glass % and ILD % in
inflammation group at visit 1.

Higher fibrosis, honeycomb
and reticular scores, and

Difference lower ground glass score in
between Higher honeycomb % in fibrotic group at visit 1 . g 9 .
. ) - fibrotic group at visits 1, 2
fibrotic & and visit 2.
. . and 3.
inflammation
groups Higher fibrosis %, ground glass %, honeycomb . o
. T Higher ILD fibrot
%, ILD %, reticular % and VRS % in fibrotic 'gner scorg .|n ibrotic
s group at visit 3.
group at visit 3.
Increase in honeycomb % between visits 1 and 3
in DI-ILD group.
Increase in VRS % between visits 1 and 2 in IPF
group.
Increase in VRS % between visits 1 and 3 in IPF .
Change & fibrofic arouns Decrease in ground glass
9 groups. score between visits 1 and 3

between visits in inflammation group.
Decrease in fibrosis %, ground glass %, ILD %
and reticular % between visits 1 and 2 in
inflammation group.
Decrease in fibrosis %, ground glass %, ILD %,
reticular % and VRS % between visits 1 and 3 in
inflammation group.
Strong:
CALIPER honeycomb % with visual CT fibrosis, honeycomb and ILD scores.
CALIPER VRS % with visual CT fibrosis and ILD scores.

Correlations Moderate:
between CT CALIPER fibrosis % with visual CT fibrosis, honeycomb and reticular scores.
measurements CALIPER ground glass % with visual CT ground glass score.

CALIPER honeycomb % with visual CT reticular score.
CALIPER ILD % with visual CT ground glass score.
CALIPER reticular % with visual CT fibrosis score.
CALIPER VRS % with visual CT honeycomb and reticular scores.

Correlations Fibrosis % with FEV1, FVC, FVC%, DLco, DLco%. Fibrosis with DLco%.
(strong only) Reticular % with FVC, FVC%, DLco, DLco%. Honeycomb and ILD with
with PFTs VRS % with FVC%, Dico and DLco%. DiLco%.
Predictor of No
disease (CALIPER VRS % close to statistical No
progression significance; p=0.088)

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; DI-ILD: Drug
induced interstitial lung disease; D co: Diffusing capacity of the lung for carbon monoxide; FEV,: Forced expiratory volume in
one second; FVC: Forced vital capacity; HP: Hypersensitivity pneumonitis; ILD: Interstitial lung disease; IPF: Idiopathic
pulmonary fibrosis; PFT: Pulmonary function test; VRS: Vessel related structures.

Table 6.2. Summary of the global CT results in the TRISTAN-ILD study.
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6.1.2

Summary of the imaging outcomes in the IPF study

Tables 6.3 and 6.4 provide a summary of the results from the global imaging

measurements investigated in the IPF study. The key imaging outcomes which

demonstrated statistical significance were:

1)

2)

3)

4)

5)

Several imaging variables at the baseline visit were predictors of disease

progression over 12 months including:

a) Global LmD (OR 1.03).

b) Global CALIPER CT fibrosis % (OR 1.24), ILD % (OR 1.08) and reticular %
(OR 1.25).

c) Global visual CT fibrosis (OR 1.23), honeycomb (OR 1.24), ILD (OR 1.25)
and reticular (OR 1.91) scores.

d) Visual CT fibrosis, honeycomb, ILD and reticular scores in the upper, middle
and lower zones.

In the total study cohort, there was a decrease in global 1?°Xe RBC:TP and an

increase in global Lmp between the baseline and 6-month visits, and between

the baseline and 12-month visits. There was a statistically significant decrease

in FVC, FVC%, Di.co, Kco and Kco% between the baseline and 6-month visits,

but not between the baseline and 12-month visits.

In subjects 19-49, there was an increase in global 1?°Xe ADC between the

baseline and 12-month visits, with no statistically significant change in PFTs

over the same time period. There was also an increase in ?°Xe ADC in the

lower and peripheral zones, and an increase in 2°Xe LmD in the lower zone

between the baseline and 12-month visits.

In subjects 19-49, there was an increase in 12°Xe ADC in the middle and central

zones between the baseline and 6-month visits, with a statistically significant

decrease in Dico, Kco and Kco % predicted over the same time period.

In 12 subjects out of the total cohort, between the baseline and 12-month visits

there was an increase in CALIPER CT ground glass %, honeycomb % and VRS

% in the upper zone, and an increase in CALIPER CT ground glass % and ILD

% in the central zone.
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129X e spectroscopy DW-MRI DCE-MRI
Total cohort: Increase in

Total cohort: Lmp between baseline and 6-
Decrease in RBC:TP month visits, and baseline
Change between baseline and and 12-month visits. NoO
between visits 6-month visits, and
between baseline and | Subjects 19-49: Increase in
12-month visits. 129%e ADC between baseline

and 12-month visits.

Strong: 2°Xe RBC:TP change with 12°Xe ADC change over 12 months (r=-0.64).
Correlations

between MRI Moderate: 12°Xe RBC:TP with 2°Xe ADC, ?°Xe Lmp and MTT.
measurements 129%e ADC with PBF and PBV. 2°Xe Lmp with MTT, PBF and PBV.
129%e RBC:TP change with *?°Xe Lm; change over 12 months (r=-0.59).
Strong:
Moderate: FWHM with CALIPER
. CALIPER CT ILD % reticular % (r=0.76)
Corr.erllaggns (r=-0.59), \
Wi
meaSLErements . ° Moderate: )
Visual CT honeycomb PBF and PBV with
score (r=-0.48). CALIPER ground
glass %.
Very strong:
129%e ADC and Lmp with Kco. Moderate:
Strong: MTT with Kco and
FVC, Drco, DLco%, ) Kco%.
_ d Kea%. Strong: _
Correlations and Keo 129%e ADC and Lmp with PBE with D q
with PFTs Voderate. Di.co, Dico%, Kco and Kco%. V‘SLCOOXO an
FEV1, FVC% and .
Keco. Change in °Xe ADC and | oo/ ih b o DLco%,
Lmp with change in Kco and Keo and Keo%.
Kco% over 12 months.
Prgii'g;z;m No Baseline visit global Lmp No
) (OR 1.03; p=0.019)
progression

ADC: apparent diffusion coefficient; CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT:
Computed tomography; DCE-MRI: Dynamic contrast enhanced magnetic resonance imaging; D co: Diffusing capacity of the lung
for carbon monoxide; DW-MRI: Diffusion weighted magnetic resonance imaging; FEV,: Forced expiratory volume in one second;
FVC: Forced vital capacity; FWHM: Full width of half maximum; Kco: carbon monoxide transfer coefficient; Lmp: mean diffusive
length scale; MRI: Magnetic resonance imaging; MTT: Mean transit time; OR: Odds ratio; PBF: Pulmonary blood flow; PBV:
Pulmonary blood volume; PFT: Pulmonary function test; RBC: Red blood cell; TP: Tissue plasma; **°Xe: 129-xenon.

Table 6.3. Summary of the global MRI results in the IPF study.
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CALIPER CT analysis Visual CT scoring

Change
between
baseline and

12-month visits

Correlations
between CT
measurements
(very strong
and strong
included only)

Correlations
with PFTs
(very strong
and strong
included only)

Predictors of
disease
progression

No No

Very strong:
CALIPER Honeycomb % with visual CT honeycomb score.
CALIPER ILD % with visual CT fibrosis and ILD scores.
CALIPER VRS% with visual CT fibrosis and ILD scores.

Strong:

CALIPER fibrosis % with visual CT fibrosis, honeycomb, ILD & reticular scores.
CALIPER ground glass % with visual CT fibrosis, ILD and reticular scores.
CALIPER ILD % with visual CT honeycomb and reticular scores.
CALIPER reticular % with visual CT fibrosis, honeycomb, ILD & reticular scores.
CALIPER VRS% with visual CT honeycomb and reticular scores.

Very strong:
ILD % with Kco.

Strong: Strong:
i s O 1 0, 0, .
Fibrosis % with FVC,KIZ\O/(E/ZOAJ, Dico, DLco%, Kco, Fibrosis score with Dico
: 0,
Ground glass % with FVC, FVC%, Dico, Dico%, and Dico%.
Kco, Kco%.

Honeycomb and ILD

0, I 0,
Honeycomb % with FVC9%. scores with Dico%.

ILD % with FVC, FVC%, DLco, DLco%, Kco%.
Reticular % with FVC, FVC%, Dico, DLco%, Kco,
Kco%.

VRS % with FVC, FVC%, Dico, Dico%, Kco, Kco%.
Baseline visit:
fibrosis (OR 1.23),
honeycomb (OR 1.24),

Baseline visit:
fibrosis % (OR 1.24; p=0.037),
ILD % (OR 1.08; p=0.026), ILD (OR 1.25)

reticular % (OR 1.25; p=0.036). reticular (OR 1.91)

CALIPER: Computer-Aided Lung Informatics for Pathology Evaluation and Rating; CT: Computed tomography; D, co: Diffusing
capacity of the lung for carbon monoxide; FVC: Forced vital capacity; ILD: Interstitial lung disease; Kco: carbon monoxide transfer
coefficient; OR: Odds ratio; PFT: Pulmonary function test; VRS: Vessel related structures.

Table 6.4. Summary of the global CT results in the IPF study.

6.1.3. Dissolved 12°Xe MRI

In the TRISTAN-ILD study, there was a statistically significant decrease in global 12°Xe
RBC:TP in the IPF group over six months, with no statistically significant change in
FVC, FVC%, DLco or DLco% over the same time period. Similarly, there was also a
statistically significant decrease in global 1?°Xe RBC:TP over six months and 12
months in the total study cohort of the IPF study. In these subjects there was a
statistically significant decrease in FVC, FVC%, Dico, Kco and Kco% between the
baseline and 6-month visits, but not between the baseline and 12-month visits. These
findings suggest that global 1?°Xe RBC:TP is more sensitive to early disease

progression in IPF when compared to PFTs.
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6.1.4. Diffusion weighted MRI

One of the novel findings from the TRISTAN-ILD study was the statistically significant
difference in global ?*Xe ADC and Lmp between the ILD subtypes and between the
fibrotic and inflammation groups, with higher values seen in IPF versus HP and in the
fibrotic versus inflammation groups. This suggests that >°Xe DW-MRI has value in
differentiating between the pathological processes that cause the physiological
abnormalities in the various ILD subtypes. ?°Xe DW-MRI also provides unique
information regarding microstructural changes, especially in fibrotic ILD. This is
supported by the regional variation found between ILD subtypes. For example, higher
129Xe ADC and Lmp in the middle zone versus the lower zone in HP subjects,
compared to higher 12°Xe Lmp in the lower zone versus the upper zone, and the lower
zone versus the middle zone in IPF subjects. There was a statistically significant
increase in global ?°Xe ADC and Lmp over six weeks in the DI-ILD group, with no
statistically significant PFT change over the same time period. Although the increase
in 2°Xe ADC and Lmp occurred over a short period of time, it is possible that these
findings were due to fibrotic microstructural changes. This is supported by the
statistically significant increase in CALIPER honeycomb % between visits 1 and 3 in
the DI-ILD group.

There were statistically significant longitudinal changes in global and regional *?°Xe
DW-MRI measurements in the IPF study, as described in section 6.1.2. These results
suggests that 12°Xe DW-MRI measurements are more sensitive to early progression
of microstructural changes in IPF compared to PFTs. These findings build upon the
3He DW-MRI results found in subjects 1-18, that showed a statistically significant
increase in Lmp over 12 months, whereas ADC, FVC and DiLco were not statistically

different over the same time period (240).

6.1.5. Dynamic contrast enhanced MRI

Another novel finding from the TRISTAN-ILD study was a statistically significant
decrease in global MTT and increase in global PBF over six weeks in the HP group,
whereas there was no statistically significant change in FVC, FVC%, DiLco or DLco%
over the same time period. 10 out of the 13 subjects with HP were categorised into the

inflammation group (visual CT ground glass score = 2). Therefore, it is possible that
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the decrease in MTT and increase in PBF was associated with a reduction in
inflammation due to a response to steroids and/or antigen avoidance. This suggests
that DCE-MRI measurements may be sensitive imaging biomarkers in subjects with
inflammation predominant ILD. There were moderate correlations between the change
in MTT and FEV1, (r=-0.40; p=0.033), and between the change in PBF and Di.co
(r=0.44; p=0.018) in the total study cohort. It is therefore possible that an improvement
in gas exchange in ILD is associated with increased perfusion to regions of the lung

previously affected by significant inflammation.

In the total cohort of the IPF study, none of the global DCE-MRI measurements
demonstrated a statistically significant change between visits. This is in contrast to the
findings of a statistically significant increase in FWHM over six months in a recent
publication by Weatherley et al, which included 19 subjects from the IPF study (211).
The majority of these 19 subjects were recruited between February 2016 and February
2018 by Dr Weatherley. Only 9.7% of subjects 19-49 experienced disease
progression, whereas disease progression occurred in 21.6% of the total cohort.
Therefore, it is likely that subjects 19-49 had more stable disease than the 19 subjects
that demonstrated the FWHM change over six months. In the total cohort of the IPF
study there was a statistically significant increase in PBV between the 6-month and
12-month visits in the lower zone which is consistent with the predominant location of
fibrotic changes (UIP) seen on CT in IPF. Therefore, regional changes in PBV, and
perhaps other DCE-MRI measurements, could provide useful information in the

assessment of early perfusion changes in IPF.

6.1.6. CALIPER CT analysis

In the IPF group of the TRISTAN-ILD study, there was a statistically significant
increase in global CALIPER VRS % between the baseline HRCT scan and the HRCT
scan at six months. In the same subjects, there was no statistically significant change
in FVC, FVC%, DiLco or DLco% over 6 months. This suggests that CALIPER VRS % is
more sensitive to early disease progression in IPF compared to PFTs. However, the
HRCT scan used for the baseline visit scan was performed up to 12 months before
the first study visit and therefore the increase in global CALIPER VRS % would have

occurred over a period of more than six months.
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In the IPF study, 12 subjects out of the total cohort had CALIPER CT data available at
both the baseline and 12-month visits. In these subjects, there was an increase in
CALIPER ground glass %, honeycomb % and VRS % in the upper zone, and an
increase in CALIPER ground glass % and ILD % in the central zone. In the same 12
subjects, over the 12-months there was a statistically significant decrease in FVC and
FVC%, but no statistically significant change in Dico, DLco%, Kco or Kco%. The
regional changes in CALIPER ground glass %, honeycomb % and ILD % are
surprising as the characteristic UIP pattern involves fibrotic changes at the bases and
periphery of the lungs. It is possible that the increase in CALIPER ground glass % in
the central and upper zones represent early fine fibrosis which may progress to
reticulation over time and it is conceivable that regions of emphysema in the upper

zone of IPF subjects were incorrectly classified as honeycombing.

CALIPER VRS % in the upper zones of IPF patients has previously been reported as
the strongest predictor of disease progression (210% FVC decline or death at 12
months) when compared to other regional CALIPER CT measurements and PFTs
(169). The pathophysiological mechanism associated with CALIPER VRS is not fully
understood. However, it has been suggested that in patients with fibrotic ILD, high
negative intrathoracic pressures produced during breathing may increase with disease
progression and that this could lead to more blood being diverted into the lungs (176).
It has also been proposed that destruction of the capillary bed in areas of the lung with
advanced fibrosis and localised raised pulmonary arterial pressure, may divert blood
flow to regions without significant fibrosis, such as the upper zones in IPF (168).
Therefore, these theories may explain the longitudinal change in CALIPER VRS % in

the upper zone seen in the IPF study.

6.1.7. Visual CT scores

In the inflammation group of the TRISTAN-ILD study, there was a statistically
significant decrease in the global visual CT ground glass score between visits 1 and
3, whereas there was no statistically significant change in PFTs over the same study
visit period. This suggests that the semi-quantitative assessment of GGO on HRCT by
radiologists may be useful to determine response to immunosuppressant treatment in

inflammation predominant ILD, before significant physiological changes are identified.
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The sensitivity of visual CT ground glass score to longitudinal change was inferior to
CALIPER CT fibrosis %, ground glass %, ILD % and reticular %, as the statistically
significant decrease in these measurements occurred between visits 1 and 2, as well

as between visits 1 and 3.

6.1.8 Correlations — TRISTAN-ILD study

129Xe RBC:TP correlated strongly with CALIPER CT fibrosis % and reticular % in the
peripheral zone, ground glass % in the upper and middle zones, and ILD % in the
upper zone. These regional correlations suggest that reduced '?°Xe RBC:TP is
associated with CT features of inflammation and/or fine fibrosis (CALIPER ground

glass %), in addition to fibrotic CT features.

It is likely that increased *?°Xe ADC and Lmp is a result of reduced acinar integrity as
a consequence of fibrotic changes in the lung, such as honeycombing and possibly
traction bronchiectasis. This is supported by the findings of a strong correlation
between global 12°Xe DW-MRI measurements and visual CT fibrosis score, and a
moderate correlation between global 1?°Xe DW-MRI measurements and CALIPER CT
honeycomb %, as well as visual CT fibrosis, ILD and reticular scores. 12°Xe ADC was
also strongly correlated with visual CT fibrosis, honeycomb, ILD and reticular scores
in the lower zone, and ?°Xe DW-MRI measurements were moderately correlated with

CALIPER CT honeycomb %, reticular % and VRS % in the lower and peripheral zones.

A moderate negative correlation was seen between PBV and CALIPER CT
honeycomb % in the TRISTAN-ILD study. Also, MTT change was correlated with
visual CT fibrosis score change, and PBF change was negatively correlated with
change in the visual CT fibrosis and honeycomb scores. These findings suggest
associations between pulmonary perfusion and fibrotic changes in the lung. It is
therefore likely that decreased pulmonary perfusion is associated with the

pathophysiological abnormalities seen with progression of fibrotic ILD.
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6.1.9 Correlations — IPF study

129Xe RBC:TP was negatively correlated with 12°Xe ADC, '?°Xe Lmp and MTT.
Between the baseline and 12-month visits, the change in 1?°Xe RBC:TP correlated
negatively with the change in 2°Xe ADC and ?*Xe Lmp. These global correlations
suggest that reduced ?°Xe RBC:TP in ILD is associated with pulmonary perfusion
limitation, and increased Brownian gas diffusion in the acinar airways as a result of

microstructural changes (reflected by 12°Xe DW-MRI changes).

In addition to the correlations between ?2°Xe RBC:TP and other MRI measurements,
there is evidence that 1?°Xe RBC:TP is related to the extent of disease on CT scans.
Moderate negative correlations were seen between ?°Xe RBC:TP and CALIPER CT
ILD %, and between 1?°Xe RBC:TP and visual CT honeycomb score. These findings
are in contrast to a study which found no correlation between '2°Xe RBC:TP and visual
CT fibrosis score in subjects with IPF (229).

129%e RBC:TP correlated strongly with FVC, DLco, DLco% and Kco%. The correlation
between 2°Xe RBC:TP and Dico is consistent with findings by Kaushik et al in a study
involving six IPF subjects (230). A more recent study by the same group which
included 12 patients with IPF (229), also reported a correlation between 2°Xe RBC: TP
and Dico (r=0.94; p<0.01), as well as a correlation between Xe RBC:TP and FVC
(r=0.75; p<0.01).

The change in CALIPER CT honeycomb % was very strongly correlated with the
change in 12°Xe ADC and Lmp in the peripheral zone. This suggests that in IPF, the
longitudinal changes in ?°Xe ADC and Lmp are due to increased '2°Xe diffusion

secondary to enlarged and/or increased numbers of honeycomb cysts.

129%e DW-MRI measurements correlated with Dico, DiLco%, Kco and Kco%. These
correlations suggest that the elevated 12°Xe DW-MRI measurements are associated
with decreased gas exchange in the alveoli due to a reduction in the alveolar surface
area and are in keeping with correlations seen between *He DW-MRI and the gas
exchange measurements Dico and Kco (240). Results from the IPF study also
demonstrated that the change in °Xe DW-MRI measurements were strongly

correlated with the change in Kco and Kco%.
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There were strong negative correlations between global CALIPER CT measurements
(fibrosis %, ground glass %, ILD %, reticular % and VRS %) and PFT values (FVC,
FVC%, DLco, DLco%, Kco and Kco%), as well as a strong negative correlation between
CALIPER honeycomb % and FVC%. The negative correlation of FVC with CALIPER
ILD % and VRS % has been reported in two retrospective studies involving patients
with IPF (167, 248). In one of these studies, DLco was also negatively correlated with
CALIPER ILD % and VRS % (167).

6.1.10. Predictors of disease progression

In the TRISTAN-ILD study, using univariate logistic regression analysis, none of the
global or regional imaging biomarkers were statistically significant predictors of
disease progression, with baseline global 12°Xe RBC:TP being the closest to reaching
statistical significance (p=0.075). It is possible that logistic regression analysis
involving a larger number of subjects and/or subjects with more advanced disease

would have resulted in the successful detection of ILD predictive imaging biomarkers.

In the IPF study, univariate logistic regression analysis identified several global
CALIPER CT measurements (fibrosis %, ILD % and reticular %), global visual CT
scores (fibrosis, honeycomb, ILD and reticular) and regional visual CT scores (fibrosis,
honeycomb, ILD and reticular scores in the upper, middle and lower zones) that were
statistically significant predictors of disease progression when the values at the
baseline visit were used. Also, baseline visit global LmD was shown to be a predictor
of disease progression (OR 1.03; 95% CI 1.01-1.07; p=0.019). All of these imaging
biomarkers continued to have a statistically significant odds ratio for predicting disease
progression when age was added to the logistic regression model. Visual CT reticular
score at the baseline visit was the strongest global predictor of disease progression
(OR 1.91; 95% CI 1.28-3.45; p=0.009) and baseline visual CT reticular score in the
upper zone was the strongest regional predictor of disease progression (OR 6.92; 95%
Cl 2.03-49.9; p=0.013). The finding that upper zone fibrosis in IPF is a significant
predictor of disease progression is likely a result of advanced disease. As IPF is
characteristically basal predominant, the presence of upper zone fibrosis may be

related to late presentation or aggressive disease.
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Several CALIPER CT measurements have demonstrated utility as predictors of
mortality and/or disease progression in IPF. In a study by Jacob et al, univariate Cox
regression analysis demonstrated that all baseline global CALIPER CT measurements
(ground glass %, ILD %, honeycomb % reticular % and PVV %) and corresponding
visual CT scores were predictive of mortality to a 0.01 level of statistical significance
(168). Following multivariate Cox regression analysis, CALIPER PVV % (HR 1.53;
95% CI 1.41-1.66; p<0.001) and honeycombing % (HR 1.12; 95% CI 1.04-1.21;
p=0.004) were the strongest predictors of death. Following on from this study, the
same group found that global CALIPER VRS %, as well as VRS % in the upper and
middle zones were the strongest predictors of disease progression (210% FVC decline
or death at 12 months), and that global VRS % and VRS % in the upper zone also
strongly predicted mortality (169). CALIPER variables of ILD % extent >20% and VRS
% score >5% have also been associated with reduced survival in IPF (248). A study
by Maldonado et al, reported that short-term (3-15 months) changes in global
CALIPER reticular % were associated with survival after a median follow-up of 2.4
years on both univariate (HR 1.38; 95% CI 1.03-1.84; p=0.032) and multivariate
analysis (HR 1.93; 95% CI 1.30-2.89; p=0.001) (165).

Multiple visual CT scores have been reported as predictors of mortality in IPF, as
shown in Table 2.3 in section 2.3.1. In IPF, fibrosis score has been associated with
progression free survival (284) and visual GGR score (combination of ground glass
and reticulation) has been found to be predictive of disease progression (157).

6.2. Limitations

6.2.1 Sample size

The main limitation of the work presented is the relatively small number of subjects in
the studies. However, the total number of subjects in each of the two studies is more
than previously published prospective 2°Xe MRI studies in IPF. Also, ILD studies
demonstrating CALIPER CT measurements and visual CT scores as predictive
biomarkers have been retrospective studies and thereby have larger numbers of

subjects, as the CTs will generally have been performed initially for clinical purposes.
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The power calculation for the TRISTAN-ILD study proposed 15 subjects in each ILD
subgroup. At baseline, this was achieved in the HP group (n=15), in the IPF group
(n=19), and almost in the DI-ILD group (n=13). However, recruitment of CTD-ILD
patients proved to be a challenge and only five of these patients entered the study.
Following amendments to the study, recruitment of INSIP patients commenced in June
2019 and was progressing reasonably well with three of these patients having entered
the study by the time all recruitment was suspended in March 2020 due to COVID-19
restrictions. Therefore, the study was only powered to detect a difference in
biomarkers between the HP and IPF groups at the baseline visit. It is hoped that
recruitment into the study will be able to restart soon, now that COVID-19 restrictions
are beginning to be removed. There was further reduction to the statistical power of
the longitudinal changes as data from follow-up visits were missing in multiple subjects
either due to death (n=7), withdrawal from the study (n=4) or missed visits due to
COVID-19 restrictions (n=13). As a result, only 31 of the 55 (56.4%) subjects recruited
completed all study visits. Less than 15 subjects from each ILD subtype group
completed visits 1 and 2, or all study visits. Therefore, the study was not powered to
detect longitudinal changes in the biomarkers when ILD subtype groups were
analysed separately, thereby increasing the risk of type 2 errors. When the total study
cohort was stratified into fibrotic and inflammation groups, the study was powered for
longitudinal changes between visits 1 and 2 as there were more than 15 subjects in
each of these two groups at both visits. However, only 12 subjects in the inflammation
group completed the study, whereas 19 subjects in the fibrotic group completed the
study.

The power calculation for the IPF study proposed a further recruitment of 32 patients,
in addition to the 21 that had been recruited by Dr Weatherley between February 2016
and February 2018. 30 IPF patients were recruited by myself between November 2018
and November 2019 but two of them did not complete the baseline MRI scan due to
claustrophobia. As mentioned above, study visits were suspended in March 2020 due
to COVID-19 restrictions, which resulted in the recruitment target not being achieved,
as well as one 3-month visits being missed and nine 6-month visits being missed
before follow-up study visits could resume again in October 2020. This missing data
prevented the comparison of the change in biomarkers over multiple time points in

these subjects. In ten subjects, the COVID-19 restrictions led to a delay of up to six
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months in the 12-month visit which may have affected the results of longitudinal
change in biomarkers between the baseline and 12-month visits. Despite these
limitations, the power calculation stated a minimum of 15 subjects to complete all study

visits, which was achieved.

6.2.2 Timing of follow-up study visits

In the TRISTAN-ILD study the timing of the follow-up study visits was determined by
the ILD subtype. In the DI-ILD, HP and iNSIP subjects, the follow-up visits occurred at
two weeks (visit 1A —introduced in June 2019), six weeks (visit 2) and six months (visit
3). In the CTD-ILD and IPF subjects, the follow-up visits occurred at three months (visit
1A), six months (visit 2) and 12 months (visit 3). The reason for this was that DI-ILD,
HP and INSIP subjects were expected to improve within six months, whereas
improvements or progression of disease in CTD-ILD and IPF were expected to occur
over longer periods of time. However, one could challenge the validity of the
comparison of longitudinal changes in biomarkers between ILD subtypes that have
different follow-up visit timepoints. This could also be the case when comparing
between the fibrotic and inflammation groups, and especially when evaluating the
longitudinal change in biomarkers in these two groups separately as they comprise of

ILD subtypes with inconsistent follow-up visit timepoints

6.2.3 Imaging methodology and biomarkers

The CT scan used for clinical diagnostic purposes was also used as the baseline CT
scan in both studies. The reason for this was to limit the radiation exposure for
subjects. These CT scans could have been performed up to 12 months prior to the
baseline study visit, and therefore the time period for the longitudinal changes in the
CALIPER CT measurements and the visual CT scores varied between subjects. One
could therefore argue the validity of comparing the longitudinal changes in these CT
biomarkers with the MRI biomarkers performed in the study. It is also likely that this
had an effect on the correlation at baseline between the CT biomarkers and other
types of biomarkers which could have been performed several months apart.
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In the IPF study, the 12-month CT scan dataset was incomplete, with only 20 of the
33 subjects who completed the 12-month MRI study visit also having a CT scan
performed. In subjects 19-49, in which | was present at the 12-month MRI study visit,
the reason for not having a CT scan performed was due to COVID-19 restrictions on
the use of the NHS radiology department for research purposes. Of the 20 subjects
that had both baseline and 12-month CT scans, only 12 were suitable at both
timepoints for accurate CALIPER CT analysis. Problems mainly occurred in subjects

1-18 due to some CT scans being contrast enhanced or non-volumetric.

There were inconsistencies in the technical CT parameters (e.g. reconstruction and
slice thickness) between subjects and at different time points in the same subject, due
to different scanners used in a variety of hospitals. However, similar issues would likely
occur in real-world application of QCT software, and it is debatable if these technical
differences would have significantly altered the results of the CALIPER CT
measurements. If QCT software becomes used clinically for routine monitoring of ILD
patients in the future then it is possible that the technical CT parameters may require
standardisation across different types of scanners to ensure reliable outcomes. Some
of the subjects in the IPF study had relatively high CALIPER ground glass % results
which may have been a consequence of the reconstruction parameters used. In this
study, of all the CALIPER CT measurements, ground glass % was the only one that

did not have a strong or very strong correlation with the corresponding visual CT score.

A significant limitation was the technical problems experienced with DCE-MRI scans.
There were several occasions in both studies when DCE-MRI measurements could
not be reliably produced. This was mainly due to contrast bolus not reaching the
pulmonary vessels in time for accurate assessment, and/or registration failures due to
poor quality images. Some of the issues with the image quality were a result of motion
artefact, which may have been due to some subjects having difficulty with breath hold
manoeuvres. Another limitation was that there were differences in the methodology of
DCE-MRI analysis between the TRISTAN-ILD study (performed by Bioxydyn Limited)
and the IPF study (performed at the University of Sheffield). These differences
included the arterial input function definition and the threshold value used in the
deconvolution analysis (see appendix 1 for a detailed technical explanation).
Therefore, the DCE-MRI measurements cannot be directly compared between the two

studies.
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Subjects 1-13 of the IPF study had '?°Xe RBC:TP data analysed using a manual
method (described in section 5.7), rather than the automated double Lorentzian, two
peak method (230) used in subjects 14-49. However, the flip angle and TR remained
consistent. Therefore, the slightly different methods are unlikely to have affected
results. This is supported by Bland-Altman statistical analysis of the data from subjects
that had both methods performed which demonstrated a mean bias of -0.0076 which
is negligible. Also, there was a consistent outcome in both studies in terms of a

statistically significant decrease in 12°Xe RBC:TP over six months in IPF subjects.

Subjects 1-18 of the IPF study had DW-MRI performed using 2He instead of %°Xe.
Only the Lmp data could be combined for subjects 1-18 and subjects 19-49. 13 study
visit datasets were available for subjects that had both 3He and *°Xe DW-MRI
performed and after Bland-Altman statistical analysis, there was a mean bias of -40pum
towards *2°Xe Lmp. Therefore, the 3He Lmp values were corrected by -40um when

combined with the 12°Xe Lmp values.

The 2°Xe MRI sequences involve breath hold manoeuvres performed at FRC plus
one litre of gas, although there is likely to be a degree of variability due to lack of
spirometric control. In theory, this could alter the alveolar inflation which could in turn
affect DW-MRI measurements. However, this is unlikely to be significant, especially
given the high degree of same day reproducibility previously demonstrated with the
use of 3He DW-MRI in IPF (240). Unpublished data from 10 healthy volunteers as part
of the TRISTAN-ILD study has also shown excellent repeatability in 12°Xe ADC
(1CC=0.98), 129Xe Lmp (ICC=0.97) and 1?°Xe RBC:TP (ICC=0.95).

Inconsistency in HRCT lung volume data could have affected some of the findings, as
inspiratory volume can have a significant effect on the characterisation of QCT
features in particular. In the TRISTAN-ILD study a QA process was implemented to
ensure consistent imaging acquisition but this was not the case in the IPF study.
Potential inconsistency in inspiratory volume could have been reduced with the use of
standardised breathing instructions. However, this was not possible as the CT scans
were performed by different radiographers and different sites. A potential method to
improve reproducibility of HRCT lung volume data is the use of spirometric control.
However, this would not have been feasible in the studies as the majority of the

baseline scans were performed clinically for diagnostic purposes prior to recruitment.
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6.2.4 Treatment effects

In both studies, several subjects were already taking antifibrotic therapy at the time of
recruitment and a few subjects commenced nintedanib after the baseline study visit (2
subjects in the TRISTAN-ILD study and one in the IPF study). It is difficult to determine
if antifibrotic therapy had an effect on the longitudinal changes in biomarkers due to
the small sample size. It would be interesting to incorporate the MRI and QCT

biomarkers into future randomised antifibrotic trials to investigate the treatment effects.

A limitation of the TRISTAN-ILD study was the non-standardised approach in the
management of the non-IPF subjects and the timing between their management and
the baseline study visit. Of the DI-ILD subjects that were recruited from Manchester,
four were taking prednisolone at some point during the study, whereas all except one
of the DI-ILD subjects recruited from Sheffield had relatively mild disease with the
management plan involving withdrawal of the causative drug only. Also, the timing of
the baseline study visits in relation to the management of non-IPF subjects varied
between the two centres. In the subjects recruited from Sheffield, the ILD management
(commencing prednisolone or stopping drugs causing DI-ILD) mainly occurred within
a week of the baseline study visit. However, this was not generally the case in the
subjects recruited from Manchester, with some of them having commenced
immunosuppressants or stopped medication weeks prior to the baseline study visit,
and in some cases, prednisolone was commenced weeks after the baseline study visit.
It is possible that the variation in the management of the non-IPF subjects in the
TRISTAN-ILD study could have had an effect on the longitudinal changes in the
biomarkers and that a more standardised approach may have resulted in different

outcomes.

6.2.5 Confounding effects of emphysema and pulmonary hypertension

The baseline CT scans were screened for significant emphysema prior to recruitment.
This was done subjectively using the CT report and/or in the ILD MDT meeting. It is
possible that some of the subjects may have had a significant amount of emphysema
that was under-reported. Therefore, it is possible that emphysema could have had a
confounding effect on FVC and 12°Xe DW-MRI measurements in some subjects.
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PH can have a confounding effect on Dico, DCE-MRI measurements and '2°Xe
RBC:TP. In the IPF study, the echocardiogram report at baseline (performed for
clinical purposes) was used to screen subjects for significant PH with only one subject
having evidence of significant PH (estimate systolic pulmonary artery pressure 53-
58mmHg). In the TRISTAN-ILD study PH was not screened for. Therefore, it is
possible that some of the subjects in the TRISTAN-ILD study could have had
significant PH.

6.2.6 Interpretation of findings when multiple outcome measures are used

The statistical analysis performed in the two studies did not involve any adjustment of
p-values when multiple outcome measures were investigated (such as several
imaging metrics being compared between the same groups). Therefore, one may
guestion the interpretation of these findings due to the increased risk of type | errors
(false positives). However, although p-value adjustments would have reduced the
possibility of type | errors occurring, this would have increased the risk of type Il errors
(false negatives) as the chances of these two types of errors happening are inversely

proportional.

6.3. Future work

Mortality data from the subjects in the TRISTAN-ILD study will be collected for up to
three years following the first study visit. It will be interesting to use this data in the
future to assess the biomarkers as predictors of mortality rather than disease

progression only.

In the IPF study, the plan is to continue recruitment, and in the future, mortality data
could be used to determine which imaging biomarkers can predict survival. It is
possible that a larger sample size would allow multivariate predictive models of
mortality and/or disease progression to be assessed using the various biomarkers. A
larger sample size could also enable the estimation of the minimal clinically important

difference of each of the imaging biomarkers.
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Advanced image registration techniques developed within the pulmonary imaging
department at the University of Sheffield have enabled regional microstructural
changes in the lung of ILD subjects to be accurately mapped between ?°Xe DW-MRI
and CALIPER CT. This has already been done in a small sample of TRISTAN-ILD
study subjects which has identified elevated >°Xe ADC and LmD values within regions
of the lung with a normal CALIPER CT classification. Future work in this will hopefully
be achieved with the remaining dataset and it is possible that it could also be applied
to the IPF study dataset. It should also be possible to use similar registration
techniques to compare regionally between CALIPER CT and other MRI
measurements, and possibly between different MRI metrics.

6.4. Conclusion

Despite evidence that hyperpolarised ?°Xe MRI combined with proton MRI, is able to
provide both structural and functional data, its clinical application has been relatively
limited in the field of ILD. However, following reduction in the cost of '2°Xe and
improvements in the availability of polarisers over the last several years it is hoped
that hyperpolarised 12°Xe MRI will become more widely accessible in the future. The
insensitivity of PFTs in early disease, and the ability of hyperpolarised 12°Xe MRI to
assess regional lung function makes it an appealing tool to explore in the diagnosis
and monitoring of ILD. However, the transition from research into clinical practice

remains a significant challenge.

CT involves ionising radiation and is unable to provide functional data. However, it has
some advantages over MRI in terms of its speed, image contrast and spatial
resolution. Various automated, computer based, QCT analysis methods have been
reported in ILD. There is evidence that texture analysis techniques are superior to
visual CT scores performed by radiologists. QCT variables such as CALIPER VRS are
particularly interesting but will likely require validation in a large prospective study to
confirm its superiority in predicting prognosis compared to visual CT scores and FVC.
It has also been suggested that the various types of QCT software currently available
should be compared against each other prospectively to identify a standard technology

that can be widely implemented in clinical practice (285).
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Despite the multiple individual predictors of survival and the numerous mortality
prediction models that have been developed in ILD, it remains unclear as to how they
should be implemented in routine clinical practice to stage disease and predict
prognosis. The optimal mortality prediction model for IPF has not yet been defined and
none have been included in clinical guidelines. Currently, FVC is the most widely used
single prognostic variable as a result of its availability, ease of measurement and
consistent performance in studies evaluating prognosis. However, there is potential
for combining novel imaging biomarkers with routine clinical findings in future research
to optimise ILD management and improve prediction of disease progression and
mortality. As new drug treatments are developed, the ability to quantify subtle changes

using QCT and MRI could be particularly valuable.

It is anticipated that MRI techniques, especially hyperpolarised 12°Xe MR, as well as
QCT, could play an important future role as objective, reproducible and sensitive
imaging biomarkers in the monitoring of ILD progression, assessment of response to
treatment and prediction of prognosis. In addition, it is hoped that they will be able to
perform accurate staging at baseline and identify subgroups of patients with ILD that
are most likely to benefit from lung transplantation or a particular drug treatment.

The findings reported in this thesis represent the first known longitudinal data
combining hyperpolarised *?°Xe MRI (dissolved and diffusion weighted) and DCE-MRI
with CALIPER CT measurements and visual CT scores alongside PFTs in a cohort of
various ILD subtypes. It also expands upon previous work involving these novel MRI
techniques in IPF, demonstrating the potential of imaging biomarkers as sensitive
modalities in assessing disease progression. However, before these imaging
biomarkers can be implemented into routine clinical practice, they will require technical
validation and will likely need to demonstrate utility as surrogate endpoints in future

multicentre ILD drug trials.
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Appendix 1: Differences in DCE-MRI calculations between
TRISTAN-ILD study and IPF study data (written by Paul Hughes)

One obvious difference in the work presented in this thesis is the DCE-MRI values
seen in patients analysed at the University of Sheffield when compared to those
analysed by Bioxydyn Ltd as part of the TRISTAN-ILD study. The primary cause for
these differences is the semi-quantitative and quantitative approaches employed as

explained below.

Firstly, data from the University of Sheffield does not make use of native T1 and proton
spin density to calculate contrast agent concentration whereas the data as part of the
TRISTAN-ILD study is converted from signal values (in arbitrary units) to contrast
concentration in mmol/L (361). To account for signal changes, the data at the
University of Sheffield was transformed to a pseudo concentration by subtracting the
first baseline point from every time course (362). Secondly, a deconvolution analysis
was employed in the TRISTAN-ILD data (363), which is not employed in the University
of Sheffield IPF study data (this is in part due to the uncertainty caused in the

deconvolution by the lack of signal normalisation to density).

£(S(t)—5(0)

Therefore, in this work the mean transit time (MTT) is described by: MTT = | S-5(0)

for the University of Sheffield data where S is the signal at time t, whereas the

TRISTAN-ILD data has MTT defined by: MTT = fM where I is the result of the

max (I)
deconvolution of a lung voxel time course signal curve and the arterial input (after

conversion to contrast concentration).

Put simply this means that the areas over which MTT are defined are going to be
different as not only will deconvolution reduce the amplitude of the measured curve,
but it will also impact the shape (example shown below — all normalised to range 0-1

for illustration and shown with maximum values).

Page | 280



—Pulmonary artery
—Lung
Deconvolution of lung and pulmonary artery curve

15
Time (s)

Figure 1: Example curves from a patient showing the normalised curves (left) and
the original curves (right). As can be seen there is a distinct difference in the values

seen and the shape of the deconvolved curve.

Deconvolution was also applied to the data where contrast was estimated by
subtraction of the baseline signal only. Given the linear correlations seen in Figure 2,
it is clear that a difference in analysis methodology can lead to fairly large variations
in the outcomes when considering DCE-MRI in the lungs of patients as has been

shown in previous work comparing the numerous models available (364).
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Figure 2: Differences in MTT between the DI-ILD patients in the TRISTAN-ILD study
analysed (pared t-test) using the aforementioned techniques and the correlation

between the values obtained.
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Appendix 2: Research Output

Research papers published as first author in peer reviewed journals during the
PhD (not directly related to this thesis)

1. Eaden JA, Skeoch S, Waterton JC, Chaudhuri N, Bianchi SM. How consistently
do physicians diagnose and manage drug-induced interstitial lung disease?
Two surveys of European ILD specialist physicians. ERJ Open Research.
2020, 6 (1) 00286-2019.

2. Eaden JA, Barber CM, Renshaw SA, Chaudhuri N, Bianchi SM. Real world
experience of response to pirfenidone in patients with idiopathic pulmonary
fibrosis: a two-centre retrospective study. Sarcoidosis Vasculitis and Diffuse
Lung Diseases. 2020;37(2):218-24.

Research papers published as second author in peer reviewed journals during
the PhD

1. Weatherley ND, Eaden JA, Stewart NJ, Bartholmai BJ, Swift AJ, Bianchi SM,
Wild JM. Experimental and quantitative imaging techniques in interstitial lung
disease. Thorax. 2019;74(6):611-619.

2. Saunders LC, Eaden JA, Bianchi SM, Swift AJ, Wild JM. Free breathing lung
T1 mapping using image registration in patients with idiopathic pulmonary
fibrosis. Magnetic Resonance in Medicine. 2020; 84(6):3088-3102.

3. Collier G, Eaden J, Hughes P, Bianchi S, Stewart N, Weatherley N, Norquay G,
Schulte R, Wild J. Dissolved 129Xe lung MRI with four-echo 3D radial
spectroscopic imaging: quantification of regional gas transfer in idiopathic
pulmonary fibrosis. Magnetic Resonance in Medicine. 2020; 85(5):2622-2633.

4. Weatherley ND, Eaden JA, Hughes PJC, Austin M, Smith L, Bray J, Marshall
H, Renshaw S, Bianchi SM, Wild JM. Quantification of pulmonary perfusion in
idiopathic pulmonary fibrosis with first pass dynamic contrast-enhanced
perfusion MRI. Thorax. 2021;76(2):144-151.
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Conference abstract proceedings and presentations as first author during the

PhD

1.

International Society of Magnetic Resonance in Medicine 28" Annual Meeting,
May 2019: Powerpitch and E-poster.
a. Hyperpolarised xenon-129 MR spectroscopy and diffusion-weighted
xenon-129 MRI at baseline in patients with interstitial lung disease.
European Respiratory Society International Congress, September 2019,
Madrid, Spain: Traditional poster.
a. Hyperpolarised 129-xenon diffusion-weighted MRI in interstitial lung
disease.
b. Longitudinal change in hyperpolarised 129-xenon MR spectroscopy in
interstitial lung disease.
British Thoracic Society Winter Meeting, December 2019, London, UK: Oral
presentation.
a. Quantitative CT and hyperpolarised 129-xenon diffusion-weighted MRI
in interstitial lung disease.
International Society of Magnetic Resonance in Medicine 27" Annual Meeting,
August 2020: E-poster.
a. Regional hyperpolarised 129-xenon MR spectroscopy and diffusion-
weighted MRI in patients with idiopathic pulmonary fibrosis.
European Respiratory Society International Congress, September 2020: Oral
presentation.
a. Regional hyperpolarised 129-xenon diffusion-weighted MRI in patients
with IPF.
British Thoracic Society Winter Meeting, February 2021: Oral presentation.
a. Hyperpolarised 129-xenon MRI in differentiating between fibrotic and

inflammatory interstitial lung disease and assessing longitudinal change.

Awards

The International Society of Magnetic Resonance in Medicine Annual Meeting Summa

Cum Laude Merit Award for the work presented at the ISMRM 27th Annual Meeting,
May 2019.
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Appendix 3: Participant Information Sheets

TRISTAN-ILD study: DI-ILD, HP or iNSIP patients

Invitation

Thank you for taking the time to read this information sheet. We would like to invite you to take
part in our research study about lung imaging. Before you decide whether to take part, we
would like you to understand why the research is being done and what it would involve for
you. Talk to other people about the study if you wish. Please ask us if there is anything that
is not clear. A member of the team will go through this information sheet with you and answer
any questions you have.

Why are we doing this research?

Interstitial lung disease (ILD) is a condition where inflammation and scarring occurs in the
lungs, making patients breathless. It can occur in patients who have started certain
medications such as cancer or arthritis drugs. It can also be as a result of conditions such as
rheumatoid arthritis or as a reaction to something in the environment. When developing new
medications it is important to be able to identify if the new drug could harm the lungs causing
ILD in which case it may not be further developed.

At the moment the tests we use do not always accurately in pick up ILD in the early stages or
detect improvements. In some patients it can be difficult to tell if the ILD has occurred due to
a condition such as rheumatoid arthritis or whether the drugs used to treat the condition are
in fact harming the lungs.

Advances in the way we take pictures of the lungs may provide an opportunity to improve the
way we diagnose and monitor ILD.

What is the purpose of this study?

We would like to test whether newly developed lung MRI and CT scans can be used to
diagnose ILD and monitor patient who have ILD. In particular we would like to see if the new
scans are better at detecting and monitoring ILD compared with the current tests we use. We
want to see if the scans can be used to decide if the ILD is due to reaction to medication rather
than another condition.

As a result of this study we hope to go on to develop a new type of test for diagnosing and
monitoring ILD patients and which can be used to assess safety of new drugs and to assess
ILD patients in clinic.

Why have | been asked to take part?
You have been asked to take part as you have ILD or your doctor suspects you might have
ILD.

What will happen to me if | take part?

We will ask you undertake some extra visits to the hospital to have some blood tests, breathing
tests and scans of the lungs. We would like to see you 3 times over a 6 month period. We will
try to arrange the visits for when you would be coming to see your lung doctor anyway.

The picture on the next gives an overview of what the study involves and further details of
each visit are described on the next page in the picture.
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Visit 1- attend the Hospital (either Royal Hallamshire or Northern General)
Doctor and nurse review
Blood tests
Breathing tests
MRI scan of the lungs

Visit 2- 6 weeks later at the same hospital
* Doctor and nurse review

Blood tests

Breathing tests

CT scan of the lungs

MRI scan of the lungs

Visit 3- 6 months after visit 1 at the same hospital
Doctor and nurse review
Blood tests
Breathing tests
CT scan of the lungs

Visit One

If you agree to take part, you will be asked to visit either the Northern General Hospital or the
Royal Hallamshire Hospital in Sheffield. You will be seen by a doctor who is a specialist in
ILD. We will ask you questions about your health and examine you. After this you will have
blood tests and breathing tests done which are described below. This visit will likely take
approximately 5 hours including lunch, although it may take longer if a lot of breaks are taken
during the MRI scan. Free refreshments will be provided.

Blood test: a blood sample (approximately 3.5 table spoonfuls of blood) will be taken.

Breathing tests: You will be asked to breath in and out several times into a tube which is
attached to a machine called a spirometer. We will then ask you to breath in harmless gas that
helps us measure how well the lung absorbs oxygen. These breathing tests are used in the
clinic to diagnose ILD and you may already have performed these tests at your own doctor’s
request. We like to repeat them in our own department as it is more accurate if to use the
same spirometry machine for each visit.

MRI scan: The medical team will discuss the scan with you. They will then ask you to lie down
on a bed in the MRI scanner and a cannula will be inserted in the vein in your arm. This is a
small plastic tube which allows us to give you an injection during the scan. During the scan
you will be asked to breath in a harmless gas which allows us to measure how well oxygen
and other gases can move in and out of your lungs. We will also give you an injection through
the cannula which allows us to see how well the blood flows into the lungs. This type of
injection is used commonly in the NHS when performing MRI scans.

The total time in the MRI scanner will be around 90 minutes but this will be broken up into
smaller periods of time and you can get up and walk around in these rest periods. We expect
that in total the scan will take around 2 hours but it could be longer if you need more breaks
between these scanning periods and we can discuss with you what you would prefer when
you visit. After the scan we will arrange for a taxi to take you home. If there any problems that
mean you cannot complete the MRI scan you may not need to come back for any further visits.
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We will ask you to complete a short patient satisfaction survey after the MRI scan (this can be
done over the phone at a later time if preferred). This is to help us find out how you find the
process of having the scan and how we can make any possible suggested improvements in
the experience in future.

Most patients have CT scans performed when the diagnosis of ILD is first suspected.
Therefore rather than asking you to have another CT scan when you first join the study, we
would like to examine the scan you have already had through your regular doctor. With your
permission we will arrange for the pictures from the previous CT scans to be anonymised and
transferred to our research team. If this scan is not of a high quality we might ask you to have
an extra CT scan at the same time as you have your 15t MRI scan.

Visit 2
6 weeks later we will invite you back to the hospital. We will repeat the assessments, breathing
tests and take another blood sample. We will also repeat the MRI scan.

During the visit we will also arrange for you to have a CT scan of your lungs. The scan
performed at this visit will be exactly the same type of scan that your own doctor would have
arranged when they first thought you might have ILD. You will be asked to lie down on the
scanner bed which will then move through the doughnut shaped scanner. No injection is
required and it usually only takes 15-30 minutes. If your own doctor has already arranged
another CT scan as part of your routine care we will not need to repeat the CT scan during
your Visit.

Visit 3

6 months after you first started the study we will invite you back for a final visit to the hospital.
You will be seen by the doctor and nurse and have a blood test, breathing tests and CT scan
repeated (if you have not had a scan within the last 2 months as part of your normal care).

If during the study period, you have a procedure called a bronchoscopy, as part of your routine
clinical care, we would like to keep a sample taken during this procedure for research
purposes. This will not require anything extra from you in regard to time or procedures. We
would only keep a sample if you are having the procedure done anyway. If you would prefer
us not to keep a sample you can just let us know and it will not impact on your involvement in
the study or your care. When you have finished the visits we would like to ask your own doctor
to update us on how your health is. This will help us understand how well the tests perform in
predicting long term problems in patients with ILD. You will not need to provide any information
but we will ask for your consent to contact your GP/specialist for further information about
your health for up to 2 and a half years after you have completed the study.

Do I have to take part?
No, if you decide not to take part, you do not have to give a reason for this. If you agree to
take part, you will be asked to sign a consent form and you are free to withdraw at any time
without giving a reason. If you decide not to take part, or to withdraw, this will not affect the
treatment you receive.

If you wish to withdraw from the study you can to decide if you would also like to withdraw any
data or samples already collected. You may wish for the data and samples to be used in the
research or in future research. You can discuss this with the research team should you wish
to withdraw.

What are the possible risks of taking part?

The risks of MRI scanning are very small. Safety is our first concern and we will give you a
guestionnaire to complete to make sure there is no significant risk of placing you into the
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magnetic field of the scanner. If we find any reason for the scanner to cause harm, we will not
perform the scan and you will not be able to take part in the study.

Inhaling xenon gas has previously been shown to be safe and well tolerated in people with
lung disease. However, you may find you become light-headed, drowsy or feel sick for a few
seconds. Holding your breath can cause a brief decrease in blood oxygen levels, which
reverses on breathing normally and is not harmful. We will closely monitor your oxygen levels
throughout the study.

Sometimes, the contrast that is injected into the vein (gadolinium) can cause dizziness and
light-headedness. Rarely, blood pressure can fall, which can be treated immediately with a
drip (fluid through the cannula). Very rarely (less than one in 1000 people) an allergic reaction
to the contrast is seen. This usually includes skin rash and itchy eyes for a short time, but
more severe reactions have been reported, which result in shortness of breath. In the unlikely
event of a severe reaction, medical staff are on site and will be able to deal with this quickly.

If you take part in this study you will have Chest CT scans, some of which may be extra to
those that you would have if you did not take part. These procedures use ionising radiation to
form images of your body and provide your doctor with clinical information. lonising radiation
can cause cell damage that may, after many years or decades, turn cancerous.

We are all at risk of developing cancer during our lifetime. The normal risk is that this will
happen to about 50% of people at some point in their life. Taking part in this study will increase
the chances of this happening to you from 50% to up to 50.15 %.

Results

It may be that some of the tests are relevant to your clinical care and we pass results of blood
tests and breathing tests on to your doctor at their request. If any unexpected results come up
we will inform you as soon as possible and also inform your GP and/or your hospital doctor
who can arrange any further management.

What are the possible benefits of taking part?

You may not receive any direct personal benefit from taking part in this study. However we
may assess your breathing in more detail than is done as part of routine practice. You may
have tests done which pick up health problems at an earlier stage which could lead to earlier
treatment. Some of the tests performed during the study such as the CT scans may be useful
to your own doctor for guiding treatment of your lung disease.

You will also be contributing to medical science, helping us develop better ways to identify and
monitor ILD and develop drugs in a safer way.

Will | be paid for taking part?

No, you will not be paid for helping us with this study, although we will reimburse reasonable
travel expenses including taxi fares, train tickets or mileage and we can arrange overnight
accommodation if required. We will also provide a £15 gift voucher for each visit as recognition
of you giving up your time to the study.

What will happen to the blood samples and scans?

The samples will be gifted to medical research and will be stored in a secure laboratory at The
University of Manchester. The samples will be anonymised so your personal details will not
be stored with the samples. We would be able to link the blood to other anonymised
information you have given us such as health conditions and medications that you are taking.
However, only authorised personnel will have access to the samples and information.
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The blood samples will be tested for proteins and markers associated with rheumatology and
lung conditions. On one of the blood tests will check for the presence of specific genes that
are associated with ILD. This may help us understand why some people are more at risk of
developing ILD. We will not test any genes associated with other conditions. We would like to
retain the blood samples at the end of the study. They may be valuable in future research into
ILD. However, if we were to use the samples in the future we would seek further ethical
approval as necessary. We may send the samples to be tested at other specialist laboratories.
However these laboratories would not receive any of your personal identifiable information
and would only perform tests that have been approved by an ethics committee.

All your lung scans will be anonymised and transferred securely to Bioxydyn Limited, an
imaging company based in Manchester who is a partner in the research group. Some blood
tests results that help with interpreting the scans will also be transferred but none of your
personal details will be included. The scans will be analysed by Bioxydyn Scientists and also
Scientists at the University of Sheffield. Some of the results may be analysed by researcher
at The University of Sheffield and University of Leeds. However none of your personal
information will be transferred with the scans or blood results.

What if there is a problem?
If you have a concern about any aspect of this study, you should ask to speak to the
researchers who will do their best to answer your questions.

Minor complaints: If you have a minor complaint then you need to contact the researcher(s) in
the first instance. You can contact Fiona Stirling on 0161 275 5504

Formal complaint: If you wish to make a formal complaint or if you are not satisfied with the
response you have gained from the researchers in the first instance then please contact the
Research Governance and Integrity Manager, Research Office, Christie Building, University
of Manchester, Oxford Road, Manchester, M13 9PL, by emailing:
research.complaints@manchester.ac.uk or by telephoning 0161 275 2674 or 275 2046.

You may also talk to patient advice and liaison service (PALS) staff within the hospital (contact
Patient Services Team, pst@sth.nhs.uk or Tel: 0114 2712400. They may be able to resolve
your concerns on the spot or can provide you with details of how to make an official complaint.

Statement on Harm

In the event that something does go wrong and you are harmed during the research you may
have grounds for a legal action for compensation against the University of Manchester or NHS
Trust but you may have to pay your legal costs. The normal National Health Service
complaints mechanisms will still be available to you.

Will my taking part in this study be kept confidential?

Information collected from you will be sent to The University of Manchester where it will be
stored securely under conditions in keeping with the Data Protection Act 1998. Your name
and any other personal information from which you could be identified will be kept separately
from any research data. Only individuals directly involved with the study will have access to
this information. The anonymised MRI and CT scans will be stored securely with Bioxydyn
Limited, Manchester.

After the study has finished the anonymised data will be kept securely at the University for up
to 25 years but your personal details will be destroyed. A copy of your consent form will be
kept securely in the long term and will be placed in your hospital records. The anonymised
scans and results will be also be archived at The European Organisation for Research and
Treatment of Cancer, who are responsible for safely storing all the data generated from this
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and other associated imaging studies. None of your personal information will be transferred
for archiving, all the data will be anonymised.

During the study some parts of your medical records will be looked at by responsible
individuals from the University of Manchester, the NHS Trusts and Regulatory Authorities.
This is necessary to make sure that the study is being carried out correctly. Research and
clinical team members may also look at your notes to check for information about your health
condition or treatment which might be relevant for the study. All individuals involved will have
a duty of confidentiality to you as a research participant and will never reveal your identity to
anyone who is not directly involved with the study.

What will happen to the results of the study?
The results of this study will be published in a professional medical journal. Your name, or any
details that could be used to identify you, will not be used in any such publications.

We will also arrange a feedback day for patients taking part in the study, to explain what we
have found and if you are not able to make this we can send you a summary of the results of
the study.

You have the right to request information about any personal data that we hold on you, or to
request that any inaccuracies be corrected. To make such a request you should contact your
rheumatologist or research nurse.

We may use the data in future studies or share it with other researchers working interested in
imaging and lung disease. All of the data anonymous before it is shared or used for future
research so no-one will be able to identify you and there will be a vetting process to ensure
the data is used for valid research purposes.

Who is organising and funding the research?

This research study has been organised by members of the respiratory (lung) and
rheumatology teams and researchers in Manchester, Sheffield and Leeds. We are part of a
bigger research group investigating the use of scans to detect drug toxicity in different parts
of the body which includes researchers from across Europe. The funding for the study has
been provided by Innovative Medicines Initiative which is a partnership between the European
Union and the Pharmaceutical Industry Association (EFPIA).

Who has reviewed and approved the study?
This research has been approved by the North West Research Ethics Committee and also the
hospital research departments.

What do | do now?
We would be happy to discuss the details of the study further with you but if you would like to
do away and think about the study more, you can contact us later on the details below.

Contact details

For further advice regarding this study you can contact:
Dr James Eaden

Department of Academic Radiology

C Floor, Royal Hallamshire Hospital

Sheffield

S10 2JF

email: .a.eaden@sheffield.ac.uk
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TRISTAN-ILD study: CTD-ILD or IPF patients

Invitation

Thank you for taking the time to read this information sheet. We would like to invite you to take
part in our research study about lung imaging. Before you decide whether to take part, we
would like you to understand why the research is being done and what it would involve for
you. Talk to other people about the study if you wish. Please ask us if there is anything that
is not clear. A member of the team will go through this information sheet with you and answer
any questions you have.

Why are we doing this research?

Interstitial lung disease (ILD) is a condition where inflammation and scarring occurs in the
lungs, making patients breathless. It can occur in patients who have started certain
medications such as cancer or arthritis drugs. It can also be as a result of conditions such as
rheumatoid arthritis or as a reaction to something in the environment. When developing new
medications it is important to be able to identify if the new drug could harm the lungs causing
ILD in which case it may not be further developed.

At the moment the tests we use do not always accurately in pick up ILD in the early stages or
detect improvements. In some patients it can be difficult to tell if the ILD has occurred due to
a condition such as rheumatoid arthritis or whether the drugs used to treat the condition are
in fact harming the lungs.

Advances in the way we take pictures of the lungs may provide an opportunity to improve the
way we diagnose and monitor ILD.

What is the purpose of this study?

We would like to test whether newly developed lung MRI and CT scans can be used to
diagnose ILD and monitor patient who have ILD. In particular we would like to see if the new
scans are better at detecting and monitoring ILD compared with the current tests we use. We
want to see if the scans can be used to decide if the ILD is due to reaction to medication rather
than another condition.

As a result of this study we hope to go on to develop a new type of test for diagnosing and
monitoring ILD patients and which can be used to assess safety of new drugs and to assess
ILD patients in clinic.

Why have | been asked to take part?
You have been asked to take part as you have ILD or your doctor suspects you might have
ILD.

What will happen to me if | take part?

We will ask you undertake some extra visits to the hospital to have some blood tests, breathing
tests and scans of the lungs. We would like to see you 3 times over a 12 month period. We
will try to arrange the visits for when you would be coming to see your lung doctor anyway.

The picture below gives an overview of what the study involves and further details of each visit
are described in the picture on the next page.
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Visit 1- attend the Hospital (either Royal Hallamshire or Northern General)
Doctor and nurse review
Blood tests
Breathing tests
MRI scan of the lungs

Visit 2- 6 Months later at the same hospital
* Doctor and nurse review

Blood tests

Breathing tests

CT scan of the lungs

MRI scan of the lungs

Visit 3- 12 months after visit 1 at the same hospital
Doctor and nurse review
Blood tests
Breathing tests
CT scan of the lungs

Visit One

If you agree to take part, you will be asked to visit either the Northern General Hospital or the
Royal Hallamshire Hospital in Sheffield. You will be seen by a doctor who is a specialist in
ILD. We will ask you questions about your health and examine you. After this you will have
blood tests and breathing tests done which are described below. This visit will likely take
approximately 5 hours including lunch, although it may take longer if a lot of breaks are taken
during the MRI scan. Free refreshments will be provided.Free refreshments will be provided.

Blood test: a blood sample (approximately 3.5 table spoonfuls of blood) will be taken.

Breathing tests: You will be asked to breath in and out several times into a tube which is
attached to a machine called a spirometer. We will then ask you to breath in harmless gas that
helps us measure how well the lung absorbs oxygen. These breathing tests are used in the
clinic to diagnose ILD and you may already have performed these tests at your own doctor’s
request. We like to repeat them in our own department as it is more accurate if to use the
same spirometry machine for each visit.

MRI scan: The medical team will discuss the scan with you. They will then ask you to lie down
on a bed in the MRI scanner and a cannula will be inserted in the vein in your arm. This is a
small plastic tube which allows us to give you an injection during the scan. During the scan
you will be asked to breath in a harmless gas which allows us to measure how well oxygen
and other gases can move in and out of your lungs. We will also give you an injection through
the cannula which allows us to see how well the blood flows into the lungs. This type of
injection is used commonly in the NHS when performing MRI scans.

The total time in the MRI scanner will be around 90 minutes but this will be broken up into
smaller periods of time and you can get up and walk around in these rest periods. We expect
that in total the scan will take around 2 hours but it could be longer if you need more breaks
between these scanning periods and we can discuss with you what you would prefer when
you visit. After the scan we will arrange for a taxi to take you home. If there any problems that
mean you cannot complete the MRI scan you may not need to come back for any further visits.
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We will ask you to complete a short patient satisfaction survey after the MRI scan (this can be
done over the phone at a later time if preferred). This is to help us find out how you find the
process of having the scan and how we can make any possible suggested improvements in
the experience in future.

Most patients have CT scans performed when the diagnosis of ILD is first suspected.
Therefore rather than asking you to have another CT scan when you first join the study, we
would like to examine the scan you have already had through your regular doctor. With your
permission we will arrange for the pictures from the previous CT scans to be anonymised and
transferred to our research team. If this scan is not of a high quality we might ask you to have
an extra CT scan at the same time as you have your 15t MRI scan.

Visit 2
6 months later we will invite you back to the hospital. We will repeat the assessments,
breathing tests and take another blood sample. We will also repeat the MRI scan.

During the visit we will also arrange for you to have a CT scan of your lungs. The scan
performed at this visit will be exactly the same type of scan that your own doctor would have
arranged when they first thought you might have ILD. You will be asked to lie down on the
scanner bed which will then move through the doughnut shaped scanner. No injection is
required and it usually only takes 15-30 minutes. If your own doctor has already arranged
another CT scan as part of your routine care we will not need to repeat the CT scan during
your Visit.

Visit 3

12 months after you first started the study we will invite you back for a final visit to the hospital.
You will be seen by the doctor and nurse and have a blood test, breathing tests and CT scan
repeated (if you have not had a scan within the last 2 months as part of your normal care).

If during the study period, you have a procedure called a bronchoscopy, as part of your routine
clinical care, we would like to keep a sample taken during this procedure for research
purposes. This will not require anything extra from you in regard to time or procedures. We
would only keep a sample if you are having the procedure done anyway. If you would prefer
us not to keep a sample you can just let us know and it will not impact on your involvement in
the study or your care. When you have finished the visits we would like to ask your own doctor
to update us on how your health is. This will help us understand how well the tests perform in
predicting long term problems in patients with ILD. You will not need to provide any information
but we will ask for your consent to contact your GP/specialist for further information about your
health for up to 2 years after you have completed the study.

Do | have to take part?
No, if you decide not to take part, you do not have to give a reason for this. If you agree to
take part, you will be asked to sign a consent form and you are free to withdraw at any time
without giving a reason. If you decide not to take part, or to withdraw, this will not affect the
treatment you receive.

If you wish to withdraw from the study you can to decide if you would also like to withdraw any
data or samples already collected. You may wish for the data and samples to be used in the
research or in future research. You can discuss this with the research team should you wish
to withdraw.

Page | 292



What are the possible risks of taking part?

The risks of MRI scanning are very small. Safety is our first concern and we will give you a
questionnaire to complete to make sure there is no significant risk of placing you into the
magnetic field of the scanner. If we find any reason for the scanner to cause harm, we will not
perform the scan and you will not be able to take part in the study.

Inhaling xenon gas has previously been shown to be safe and well tolerated in people with
lung disease. However, you may find you become light-headed, drowsy or feel sick for a few
seconds. Holding your breath can cause a brief decrease in blood oxygen levels, which
reverses on breathing normally and is not harmful. We will closely monitor your oxygen levels
throughout the study.

Sometimes, the contrast that is injected into the vein (gadolinium) can cause dizziness and
light-headedness. Rarely, blood pressure can fall, which can be treated immediately with a
drip (fluid through the cannula). Very rarely (less than one in 1000 people) an allergic reaction
to the contrast is seen. This usually includes skin rash and itchy eyes for a short time, but
more severe reactions have been reported, which result in shortness of breath. In the unlikely
event of a severe reaction, medical staff are on site and will be able to deal with this quickly.

If you take part in this study you will have Chest CT scans, some of which may be extra to
those that you would have if you did not take part. These procedures use ionising radiation to
form images of your body and provide your doctor with clinical information. lonising radiation
can cause cell damage that may, after many years or decades, turn cancerous.

We are all at risk of developing cancer during our lifetime. The normal risk is that this will
happen to about 50% of people at some point in their life. Taking part in this study will increase
the chances of this happening to you from 50% to up to 50.15 %.

Results

It may be that some of the tests are relevant to your clinical care and we pass results of blood
tests and breathing tests on to your doctor at their request. If any unexpected results come up
we will inform you as soon as possible and also inform your GP and/or your hospital doctor
who can arrange any further management.

What are the possible benefits of taking part?

You may not receive any direct personal benefit from taking part in this study. However we
may assess your breathing in more detail than is done as part of routine practice. You may
have tests done which pick up health problems at an earlier stage which could lead to earlier
treatment. Some of the tests performed during the study such as the CT scans may be useful
to your own doctor for guiding treatment of your lung disease.

You will also be contributing to medical science, helping us develop better ways to identify and
monitor ILD and develop drugs in a safer way.

Will | be paid for taking part?

No, you will not be paid for helping us with this study, although we will reimburse reasonable
travel expenses including taxi fares, train tickets or mileage and we can arrange overnight
accommodation if required. We will also provide a £15 gift voucher for each visit as recognition
of you giving up your time to the study.

What will happen to the blood samples and scans?

The samples will be gifted to medical research and will be stored in a secure laboratory at The
University of Manchester. The samples will be anonymised so your personal details will not
be stored with the samples. We would be able to link the blood to other anonymised
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information you have given us such as health conditions and medications that you are taking.
However, only authorised personnel will have access to the samples and information.

The blood samples will be tested for proteins and markers associated with rheumatology and
lung conditions. On one of the blood tests will check for the presence of specific genes that
are associated with ILD. This may help us understand why some people are more at risk of
developing ILD. We will not test any genes associated with other conditions. We would like to
retain the blood samples at the end of the study. They may be valuable in future research into
ILD. However, if we were to use the samples in the future we would seek further ethical
approval as necessary. We may send the samples to be tested at other specialist laboratories.
However these laboratories would not receive any of your personal identifiable information
and would only perform tests that have been approved by an ethics committee.

All your lung scans will be anonymised and transferred securely to Bioxydyn Limited, an
imaging company based in Manchester who is a partner in the research group. Some blood
tests results that help with interpreting the scans will also be transferred but none of your
personal details will be included. The scans will be analysed by Bioxydyn Scientists and also
Scientists at the University of Sheffield. Some of the results may be analysed by researchers
at The University of Sheffield and University of Leeds. However none of your personal
information will be transferred with the scans or blood results.

What if there is a problem?
If you have a concern about any aspect of this study, you should ask to speak to the
researchers who will do their best to answer your questions.

Minor complaints: If you have a minor complaint then you need to contact the researcher(s) in
the first instance. You can contact Fiona Stirling on 0161 275 5504

Formal complaint: If you wish to make a formal complaint or if you are not satisfied with the
response you have gained from the researchers in the first instance then please contact the
Research Governance and Integrity Manager, Research Office, Christie Building, University
of Manchester, Oxford Road, Manchester, M13 9PL, by emailing:
research.complaints@manchester.ac.uk or by telephoning 0161 275 2674 or 275 2046.

You may also talk to patient advice and liaison service (PALS) staff within the hospital. They
may be able to resolve your concerns on the spot or can provide you with details of how to
make an official complaint.

Statement on Harm

In the event that something does go wrong and you are harmed during the research you may
have grounds for a legal action for compensation against the University of Manchester or NHS
Trust but you may have to pay your legal costs. The normal National Health Service
complaints mechanisms will still be available to you.

Will my taking part in this study be kept confidential?

Information collected from you will be sent to The University of Manchester where it will be
stored securely under conditions in keeping with the Data Protection Act 1998. Your name
and any other personal information from which you could be identified will be kept separately
from any research data. Only individuals directly involved with the study will have access to
this information. The anonymised MRI and CT scans will be stored securely with Bioxydyn
Limited, Manchester.

After the study has finished the anonymised data will be kept securely at the University for up
to 25 years but your personal details will be destroyed. A copy of your consent form will be
kept securely in the long term and will be placed in your hospital records. The anonymised
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scans and results will be also be archived at The European Organisation for Research and
Treatment of Cancer, who are responsible for safely storing all the data generated from this
and other associated imaging studies. None of your personal information will be transferred
for archiving, all the data will be anonymised.

During the study some parts of your medical records will be looked at by responsible
individuals from the University of Manchester, the NHS Trusts and Regulatory Authorities.
This is necessary to make sure that the study is being carried out correctly. Research and
clinical team members may also look at your notes to check for information about your health
condition or treatment which might be relevant for the study. All individuals involved will have
a duty of confidentiality to you as a research participant and will never reveal your identity to
anyone who is not directly involved with the study.

What will happen to the results of the study?
The results of this study will be published in a professional medical journal. Your name, or any
details that could be used to identify you, will not be used in any such publications.

We will also arrange a feedback day for patients taking part in the study, to explain what we
have found and if you are not able to make this we can send you a summary of the results of
the study.

You have the right to request information about any personal data that we hold on you, or to
request that any inaccuracies be corrected. To make such a request you should contact your
rheumatologist or research nurse.

We may use the data in future studies or share it with other researchers working interested in
imaging and lung disease. All of the data anonymous before it is shared or used for future
research so no-one will be able to identify you and there will be a vetting process to ensure
the data is used for valid research purposes.

Who is organising and funding the research?

This research study has been organised by members of the respiratory (lung) and
rheumatology teams and researchers in Manchester, Sheffield and Leeds. We are part of a
bigger research group investigating the use of scans to detect drug toxicity in different parts
of the body which includes researchers from across Europe. The funding for the study has
been provided by Innovative Medicines Initiative which is a partnership between the European
Union and the Pharmaceutical Industry Association (EFPIA).

Who has reviewed and approved the study?
This research has been approved by the North West Research Ethics Committee and also the
hospital research departments.

What do | do now?
We would be happy to discuss the details of the study further with you but if you would like to
do away and think about the study more, you can contact us later on the details below.

Contact details

For further advice regarding this study you can contact:
Dr James Eaden

Department of Academic Radiology

C Floor

Royal Hallamshire Hospital

Sheffield

S10 2JF

email: j.a.eaden@sheffield.ac.uk
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IPF study

Short study title:

Assessing lung fibrosis with magnetic resonance imaging.

Invitation:

Thank you for taking the time to read this information sheet. We would like to invite you to
take part in our research study about lung imaging. Before you decide whether to take part,
we would like you to understand why the research is being done and what it would involve
for you. Talk to other people about the study if you wish. Please ask us if there is anything
that is not clear. A member of the team will go through this information sheet with you and

answer any questions you have.

Why have | been invited?
You have a condition known as idiopathic pulmonary fibrosis (IPF), which causes lung scarring.

We would like to discover more about the role of Magnetic Resonance Imaging (MRI) in IPF.

MRI is a type of scan which uses magnets to take images of the lungs. It may have a role in
looking at several lung diseases. In particular, we are interested to see if MRI can discover
more about what is happening to the lungs of patients with IPF. We are testing new
techniques, which improves the pictures received from the scanner by breathing in harmless

gas (xenon) during the scan.

At the moment, the tools we have to tell us if the health of patients with IPF is getting worse
or is likely to get worse in the future are not ideal. MRl may help us to assess the disease

process and may also help us to research treatments for the disease in the future.
Do | have to take part?

No. Itis up to you to decide whether or not to take part in this study. If you decide to take

part, you will be given this information sheet to keep and asked to sign a consent form before

Page | 296



the first scan. If you choose not to take part or you want to later withdraw from the study,

you do not need to give a reason and your medical care will not be affected in any way.

What will happen to me if | take part?

If you choose to take part, we will show you around the MRI department at the Royal
Hallamshire Hospital, Sheffield, and a doctor will check that you are well enough to be in the
study by asking a few questions about your health. We will need to put a cannula (thin tube)

into a vein.

You will then have a series of scans. The first two scans will happen on the same day. Further
scans will then take place after another 3, 6 and 12 months. The visits will each take 2 to 3

hours.

During each scan, we will ask you to lie still for periods of time, while monitoring your heart
rate and blood oxygen level. The scans take around an hour to complete, though we can give

you breaks during the scan to get up and walk around or have a drink.

At certain points during the scan, we will ask you to breathe in gas from a bag (containing
xenon) and hold your breath for up to 15 seconds. After the short breath-hold, you can
breathe again normally. At one stage of the scan, we will inject gadolinium contrast into the
cannula to look at the flow of blood through your lung. A dedicated radiographer or physicist
with experience in doing this will talk you through the whole process before and during the

scans.

During your study visit, we will ask you to have a lung function test (breathing test) . You will
likely have undergone a similar set of tests in chest clinic at the request of your doctor. In
addition we would like to perform a further breathing test looking at how well your lungs
transfer gases, such as oxygen and carbon dioxide, using a special gas mixture. To allow
comparisons to the measurements taken during the MRl scan this test will be performed both

lying down as well as sitting down.

We will provide lunch and transport to and from the department for each visit.
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You will have had a CT scan to determine the diagnosis and severity of your lung condition
and your doctor may ask you to have another CT scan in 12 months time, as part of a routine
assessment. If you don’t have another CT scan in 12 months time as part of routine clinical
assessment, we will ask you to undertake one specifically as part of this research study. These

scans will be looked at by the study team for comparison with the MRI images.

When do | have to decide?
We would prefer that you make a decision about taking part within two weeks of receipt of
this letter. However, we are very happy to discuss the study further and you can have more

time to think about it if needed.

Will this affect my existing treatment?
No. You will see a doctor and can continue, start or stop treatments as you usually would.

These treatments make no difference to our study.

What are the possible disadvantages and risks of taking part?

The risks of MRI scanning are very small. Safety is our first concern and we will give you a
qguestionnaire to complete to make sure there is no significant risk of placing you into the
magnetic field of the scanner. If we find any reason for the scanner to cause harm, we will not

perform the scan and you will not be able to take part in the study.

Lying in the scanner can be difficult for people who dislike being in small spaces. It can be

noisy at times, but we will provide you with ear defenders to reduce the noise.

Inhaling xenon gas has previously been shown to be safe and well tolerated in people with
lung disease. However, you may find you become light-headed, drowsy or feel sick for a few
seconds. Holding your breath can cause a brief decrease in blood oxygen levels, which
reverses on breathing normally and is not harmful. We will closely monitor your oxygen levels

throughout the study.

Sometimes, the contrast that is injected into the vein (gadolinium) can cause dizziness and

light-headedness. Rarely, blood pressure can fall, which can be treated immediately with a
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drip (fluid through the cannula). Very rarely (less than one in 1000 people) an allergic reaction
to the contrastis seen. This usually includes skin rash and itchy eyes for a short time, but more

severe reactions have been reported, which result in shortness of breath.

In the unlikely event of a severe reaction, medical staff are on site and will be able to deal

with this quickly.

If you take part in this study you will have CT Chest scans. These procedures use ionising
radiation to form images of your body and provide your doctor with clinical information.
lonising radiation can cause cell damage that may, after many years or decades, turn

cancerous.

In some cases you might have the CT Chest scans anyway as part of your normal clinical care.
If you do have an additional CT scan that is not part of your normal clinical care, the additional
risk of developing cancer as a consequence of the study is estimated as 0.02 % (1 in every
2000 people). For comparison, the natural lifetime cancer incidence in the general population
is about 50% (i.e. around half of the general population will develop some form of cancer over

their lifetime).

What are the possible benefits of taking part?

While the study is not designed for the benefit of individual participants, we are happy to
discuss the research and the MRI with you further. We will provide you with a lay summary
of the findings after completing the study, for your interest. Unfortunately, we won’t be able

to show you your own scans.

How long will this study last?

12 months.

Will my taking part in the study be kept confidential?
Yes. It will be governed by the General Data Protection Regulation and Data Protection Act
(2018) and has Research Ethics Committee approval. Information will be anonymised before

analysis or publication.
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Our administration staff will have access to your contact details in order to arrange future
scans. Physicists and radiographers will require your name and date of birth in order to

perform and analyse the scans.

Information that can identify you personally will never be given to anyone else or published.
Only doctors involved in the study, regulatory authorities, or your NHS Trust will look at only
sections of your medical notes that are relevant to this study. Personal data will only be
stored on NHS password protected computers and when this is partially anonymised the

identification list will be located on a separate NHS system.

What will happen if | don’t want to carry on with the study?

You can leave the study at any time in the future without giving a reason. If you withdraw
your consent to take part, or become unable to give informed consent, any information
collected up to that point will remain and be used in the study. No further information will be
collected and a record will be kept that you withdrew consent or were unable to continue to

provide consent.

Your medical care will not be affected if you withdraw from the study.

What if there is a problem?
Any complaints about the way you have been dealt with or ill effects you might suffer during
the study will be addressed by people outside of the research team. Information on who to

contact is given at the end of this information sheet.

What will happen to the results of the research study?

These will be analysed by the research team to look for information that will help us
understand more about the role of MRl in IPF. We will share information with other scientists
and doctors by publishing the information in journals, so that we can better understand this

form of lung disease. Any information we share will not identify your personal information.
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What if we find an unexpected abnormality?
If we find an abnormality that wasn’t expected and requires attention, we will either arrange
to contact your GP for follow up, or one of our doctors will arrange for you to be seen by a

hospital doctor.

Will my general practitioner (GP) be contacted?
Yes. We will tell your GP that you have chosen to be a part of this study. We will also need to
contact you and your GP if we find out any new information that affects your health during

the process of this study.

Who is organising and funding the research?
This research has been jointly organised by members of the respiratory (lung) team and
academic radiology (MRI specialist) team at Sheffield Teaching Hospitals. The National

Institute for Health Research has provided money for our department to perform these scans.

Who has reviewed the study?

All research in the NHS is looked at by an independent group of people, called a Research
Ethics Committee, to protect your interests. This study has been reviewed and given
favourable opinion by North West Research Ethics Committee and the Sheffield Teaching
Hospitals NHS Foundation Trust Research and Development Department (Clinical Research

Office).

Thank you for taking the time to read this information sheet and to consider whether to

take part in this study.
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Further information and contact details:
If you would like:
e Further information about the research
e To confirm that you would like to take part
e To withdraw from the study, or withdraw your interest

e To express a complaint

Then please contact:

Leanne Armstrong
Research Administrator
0114 215 9603

Alt 0114 215 9595

If you have any complaints that you would like to be dealt with independently please

contact:
The Patient Services Team Or write to: The Medical Director
Email: pst@sth.nhs.uk Sheffield Teaching Hospitals
Telephone: 0114 2712400 8 Beech Hill Rd
Sheffield
S10 2SB
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