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Research in Context

Evidence Before the Study

We searched PubMed for reports published up to Jul 20 2017, using the search terms “ldiopathic
Pulmonary Fibrosis”, “biomarkers”, “surfactant protein D”, “matrix metalloproteinase”, “CA-125",
and “CA19-9”. No language restrictions were applied. At the time of the search there had been no
biomarker studies that had undertaken a two-stage hypothesis free discovery and targeted
validation design. Similarly only 1 study (our prior report from the PROFILE study) has previously
assessed longitudinal change of biomarkers in a treatment naive cohort of patients with IPF.
Although tumour markers have been assessed in patients with IPF, no studies have identified the

tumour marker CA-125 as a dynamic biomarker or CA19-9 as a biomarker of disease progression for

IPF.
Added value of this study

This is the largest study to prospectively and systematically assess the role of known and novel
serum biomarkers in Idiopathic Pulmonary Fibrosis (IPF). Furthermore, the two stage discovery and
validation design; the use of two distinct assays; prospective, systematic longitudinal sample
measurement; assessment of over 300 patients with long term follow data; appropriately powered
sample size for an a priori defined outcome; thorough evaluation of four epithelial-derived
biomarkers; represent a definitive step-change over the currently available literature in terms of
both the methodological approach and the resulting findings. Thus, this study clarifies the role of

known biomarkers and highlights the importance of 2 previously unvalidated biomarkers for IPF.
Interpretation

These data represent the largest prospective analysis of serum biomarkers in IPF. The two stage
design permitted us to adopt an unbiased approach to identifying the most promising biomarkers
based on their ability to 1) distinguish individuals with disease from age and gender matched healthy
controls 2) identify individuals with IPF who have progressive disease and 3) identify changes in
biomarkers over time to predict death as an outcome, that may therefore have potential as
theranostic biomarkers. The most promising biomarkers in the discovery set were independently
validated using singleplex ELISA’s including those available in routine clinical practice. These results
identified epithelial derived proteins as promising biomarkers in all three categories. Validation
analysis confirmed that high levels of baseline Surfactant protein D and MMP7 distinguishes

individuals with disease from controls and are predictive of outcome. In contrast high levels of CA19-



9 were able to predict 12-month disease progression whilst rising levels of CA-125 after three
months were predictive of 12 month-disease progression, and overall mortality. Changes in these
tumour markers were independent of baseline physiological parameters. These data identify
biomarkers of IPF that could be used to streamline clinical trial design, identify individuals at high

risk of progression and to assess clinical response to therapy.



Abstract

Background: Idiopathic Pulmonary Fibrosis (IPF) is a progressive, fatal condition with a variable
disease trajectory. The aim of this study was to evaluate potential biomarkers that predict outcome

for people with IPF.

Method: The PROFILE study is a large prospective longitudinal cohort of treatment naive IPF
patients. We adopted a two-stage discovery and validation design using the PROFILE cohort. For the
discovery analysis 106 individuals were examined alongside 50 age and gender matched healthy
controls. We undertook an unbiased, multiplex evaluation of 123 biomarkers. Promising, novel,
markers were further evaluated by immunohistochemical assessment of IPF lung tissue. The
validation analysis examined samples from 206 IPF subjects, from the remaining 212 IPF patients
recruited to PROFILE Central England, and were used for replication of the biomarkers identified
from the discovery analysis using singleplex assays. This study addressed the predictive power of
selected biomarkers to identify individuals with IPF at risk of: 1) progression and 2) death. The
PROFILE studies are registered on clinicaltrials.gov (PROFILE Central England NCT01134822; PROFILE

Royal Brompton Hospital NCT01110694).

Findings: The discovery analysis identified four serum biomarkers (Surfactant Protein D, Matrix
Metalloproteinase 7, CA19-9 and CA-125) suitable for replication. Histological assessment of CA19-9
and CA-125 established these proteins as markers of epithelial damage. Replication analysis
confirmed that baseline values of SP-D (46.6ng/ml vs 34.6 ng/ml; p =0.002) and CA19-9 (53.7 U/ml
vs 22.2 U/ml p<0.001) were significantly higher in patients with progressive disease, and rising levels
of CA-125 over 3 months were associated with increased risk of mortality (HR 2.542 Cl 1.493-4.328 p

<0.001).

Interpretation: We have identified serum proteins secreted from metaplastic epithelium that predict

disease progression and death in IPF.
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Introduction

Idiopathic Pulmonary Fibrosis (IPF) is a progressive, fatal condition with a variable disease trajectory.
The advent of effective therapy for IPF has generated an urgent need to identify biomarkers of
multiple aspects of disease behaviour, particularly those that may be used to stratify therapy, enable
the delivery of personalised medicine and which provide robust and reliable measures of response

to anti-fibrotic therapy.

The current accepted pathogenic paradigm suggests that IPF occurs in genetically susceptible
individuals following repeated or persistent epithelial injury. This in turn activates fibroblasts that
display an invasive phenotype and secrete abundant extra-cellular matrix proteins resulting in the

progressive parenchymal destruction characteristic of IPF?.

A number of serum biomarkers have been consistently described in case-control and point of
diagnosis studies including markers reflective of epithelial dysfunction; matrix metalloproteinase
(MMP)-7, surfactant protein-D (SP-D) and Krebs von den Lungen (KL)-6 (MUC1). Putative
inflammatory molecules such osteopontin and CCL18 have also been identified as potential
prognostic biomarkers?. More recently we described biomarkers of matrix turnover which, when

measured longitudinally, identify individuals with increased risk of disease progression and death?.

In the current study, by utilising a two-stage discovery and validation analysis from the PROFILE
study cohort, we sought to identify potential biomarkers of prognosis and disease progression in IPF.
This is the first study to adopt such an approach to biomarker discovery in a prospectively enrolled,
longitudinally sampled cohort of IPF patients. In so doing we report a novel epithelial biomarker

signature predictive of prognosis, disease progression and risk of death in IPF.



Methods

Participants

The PROFILE study is a prospective, multi-centre, observational cohort study of incident cases of
fibrotic interstitial lung disease®. Participants with IPF or idiopathic NSIP were identified through two
co-ordinating centres: Nottingham, UK and, Royal Brompton Hospital (RBH), London, UK. The
PROFILE study is registered on clinicaltrials.gov (NCT01134822 and NCT01110694). These
independent cohorts were set up to reflect the different referral patterns throughout the UK, with
RBH recruiting patients following tertiary referrals, and Nottingham co-ordinating predominantly
primary care referrals to regional hospitals. This ensures that the findings are generalizable across a
broad population and facilitates replication in two separate cohorts. The human biological samples
were sourced ethically and their research use was in accord with the terms of the informed

consents.

Study design
A two-stage discovery analysis of 106 samples from multidisciplinary team (MDT)-confirmed IPF
cases and 50 age and gender matched healthy control and validation with 206 samples taken from

MDT-confirmed IPF cases was undertaken. (See on-line supplement for details)

Discovery Analysis

Concentrations of 123 cytokines (Supplementary table 1), chemokines, growth factors, MMPs,
extracellular matrix proteins and markers of epithelial injury and apoptosis were analysed using a
range of Human Discovery multiplex bead-based immunoassays (Myriad Rules-Based Medicine,
Austin, Texas, USA). Proteins were excluded from analyses if greater than 95% of values were

outside the upper and/or lower limits of detection of the assay.



Validation Analysis

Concentrations of four biomarkers, identified from the discovery analysis, were measured in serum

using independent assays for each biomarker. For details see on-line supplement

Immunohistochemistry

Lung tissue from patients with IPF or non-IPF controls was analysed by immunohistochemistry using

standard methodology* (see online supplement for details).

Statistical analyses

Disease progression was defined as all-cause mortality within the first year, or 210% decline in FVC
at 12 months. In cases where 12 month FVC data were absent, subjects were considered to have
progressed if a 210% decline in FVC was observed at any time within 6 months. Where no lung
function data were available beyond baseline, cases were adjudicated, following case note review,
by the local principal investigator blinded to biomarker results. Missing lung function data were not
imputed. Where biomarker data were below the lower limit of detection, values were imputed to be
half the lower limit of detection. Values above the upper limit were conservatively imputed as the
upper limit of detection. Except where stated the percentage of imputed data was below 1% of all
measurements for each biomarker. Sensitivity analyses were performed to ensure that data
imputation did not alter the impact of the reported findings. Overall mortality was determined using
censor dates of 315 October 2014 and 4™ April 2016 for the discovery and validation cohorts

respectively.

A power calculation was conducted using data obtained at three-months in the discovery cohort
using a two sample t-test of the difference in means for levels of MMP7 in progressive versus stable
disease. MMP7 was selected as the most conservative of the four biomarkers for replication, having
the lowest threshold for biomarker change and least statistical significance, thus powering on MMP7
would ensure the other biomarkers would be analysed with adequate power. This demonstrated

that a sample size of 100 patients per outcome group would be adequate to detect a statistically



significant difference, with 80% power at an alpha level of 5%. Therefore the validation analysis was

conducted on 100 patients per group.

Prior to performing any association analysis, relevant variables were transformed to hold normality

assumption using base 10 or base 2 logarithms.

When comparing baseline biomarker values between healthy controls and IPF groups adjusted
estimates of group effect were obtained using a general linear model with age, gender and group as
explanatory variables. Baseline characteristics including age, gender and baseline lung function were
summarised by cohort. To control the false discovery rate that could result from multiple
comparisons the Benjamini Hochberg procedure was applied to the discovery analysis. Biomarkers
with >95% imputation were excluded from analysis. When there was between 50-95% imputation
the biomarker result was treated as binary, based on whether the result was imputed or not and an

alternative analysis model was used suitable for binary data as opposed to continuous data.

A mixed-effects model with repeated measures was used to evaluate association between
progression status, visit, visit by progression status and the continuous biomarker value, and to
provide an estimate of the effect of the progression status group, least square means adjusted for

the effects of age, gender, site and smoking status and the significance of progression status by visit.

The impact of biomarker result on mortality was thoroughly investigated using univariate analyses to
assess the correlation between biomarker baseline levels and overall survival and a proportional
hazards model to evaluate association between time-to-death or censoring. The gradient of the
biomarker over three months was first treated as a continuous explanatory variable, and a separate

analysis used a binary version of gradient dichotomised by whether this was rising or falling.

Receiver Operating Characteristics (ROC) curve analysis was conducted to select a cut-point using
Youden’s J Statistic which maximises sensitivity and specificity. Hazard ratios were generated

comparing patient groups assigned based on the optimal cut-point



Role of the funding source

The PROFILE study was funded by the Medical Research Council (G0901226) and GlaxoSmithKline
R&D (CRT114316), and was sponsored by Nottingham University and Royal Brompton and Harefield
NHS Foundation Trust. Investigators received no financial incentives from the funding sources.
GlaxoSmithKline R&D participated in the study design, coordination of biomarker analysis, and
statistical analysis. TMM and RGJ were involved in all stages of study development and delivery, had
full access to all data in the study, and had final responsibility for the decision to submit the

publication.
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Results

Patient cohorts

106 patients with an MDT-confirmed diagnosis of IPF were included in the discovery analyses. Of the
remaining 252 eligible subjects recruited to PROFILE Central England 206 had a confirmed diagnosis
of IPF and were included in the validation analysis (See Figure 1). Subjects in both the discovery and
validation cohorts were predominantly male (78.3% discovery, 76.7% validation) with a mean (+
S.D.) age of 70.8+8.33 (discovery) and 72.5+7.66 (validation) years. 103 participants in the discovery
cohort had baseline FVC data and 76 had 12-month FVC measurements available. 28 of the
remaining 30 subjects with missing 12-month FVC had sufficient clinical information available for a
progression status to be assigned. Repeated measures of FVC were unavailable due to death in 15
(15%) cases and progression adjudicated in 2 cases (2%). Overall survival was determined at the date
of censoring, when 51 (48.1%) of subjects had died. 202 participants in the validation cohort had
baseline FVC data and 139 had available 12-month FVC measurements. 65 of the remaining 67
subjects missing 12-month FVC had sufficient clinical information available for a progression status
to be assigned. Repeated measures of FVC were unavailable due to death in 35 cases and
progression adjudicated in 2 cases (2%). 19 patients received pirfenidone in the first 12 months of
the study; 9 with progressive and 10 with stable disease. At the date of censoring 92 (44.6%) of
subjects had died. Demographics for the discovery and validation cohorts and the 50 gender-

matched control subjects are given in Supplementary Table 2.

Discovery analysis

For the initial discovery analysis 123 serum proteins were measured in 106 IPF subjects and 50
controls. Of these proteins, 23 had greater than 95% of measures imputed and were excluded from
subsequent analyses, 16 had greater than 50% of measures imputed and were treated as categorical

variables, 84 had less than 50% of measures imputed and were treated as continuous variables. The
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proteins that most clearly distinguished IPF subjects from controls were surfactant protein D (SP-D),
alpha2 macroglobulin, matrix metalloproteinase (MMP)-7, T-cadherin, AXL receptor tyrosine-kinase
and MMP-9 (Figure 2A; supplementary table 3). When correcting for possible false discovery using
the Benjamini-Hockberg 44 proteins continued to distinguish IPF from healthy controls (Figure 2B;
supplementary table 3). To assess the relationship between baseline biomarker concentrations and
subsequent outcome, IPF subjects were dichotomised into those with stable (n=54) or progressive
(n=50) disease. The protein that most clearly distinguished progressive from stable disease was
CA19-9 (see Figure 2C) and it was the only biomarker that remained significantly elevated following
multiplicity correction (Figure 2D; Supplementary Table 4). To determine the relationship between
changing levels of protein biomarkers with outcome, the rate of change in biomarker levels between
baseline and month 3 were calculated, and 10 proteins including increasing CA-125, Macrophage
migration inhibitory factor (MIF), Carcinoembryonic Antigen (CEA), free Prostate-Specific Antigen
(PSAf) and MMP7 were associated with a significant increase in overall mortality (See figure 2E and

2F; supplementary tables 5).

Choice of biomarkers for validation

Assessment of the discovery cohort analyses suggested that SP-D, CA19-9 and CA-125 were the most
discriminatory biomarkers, based on having the greatest statistical significance for biomarkers
reaching a threshold of 75% increase in disease versus control, progression versus stable disease and
rate of change predicting mortality respectively. MMP7 appeared to have predictive values in two of
these categories and, along with SP-D, has been one of the most frequently studied epithelial
biomarker in IPF2. Although CA19-9 and CA-125 have been linked with IPF in a small number of
studies®’ the cellular source of these markers in the IPF lung has not been fully evaluated. To ensure
disease relevance of these markers we evaluated the immunohistochemical localization of CA19-9
and CA-125 in control and fibrotic lung tissue (See Figure 3). In normal lungs CA19-9 and CA-125

were only observed in the apical aspect of bronchial epithelium, without any expression in alveolar
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epithelium (See Figure 3A and B). In fibrotic lung tissue there was an increase in CA19-9 and CA-125
throughout the metaplastic epithelium in fibrotic lesions. Furthermore, this was associated with
mucous secretion that was particularly apparent within honeycomb cysts (Figure 3C and D). Rising
levels of CEA were associated with increased mortality in the discovery cohort, and although not
meeting the criteria for replication, the analysis platform for CA-125 and CA19-9 also included CEA

(see Supplementary Figure 1).

Validation Cohort

Levels of SP-D were significantly elevated in patients with progressive IPF compared with stable
disease, however there was little change in levels over time (See Figure 4A). Levels of MMP7 and
CEA did not significantly predict progressive disease, nor did they change over time (See Figure 4B;
Supplementary Figure 1). Levels of CA19-9 were substantially elevated in patients with progressive
disease, whereas levels were within the ‘normal’ range for stable disease (see Figure 4C). Levels of
CA-125 similarly discriminated between stable and progressive disease at baseline and, in marked
contrast with the other biomarkers, levels of CA-125 increased over three months in progressive
disease (see Figure 4D). Reassuringly, findings in the validation cohort were consistent with those
observed in the discovery cohort (Supplementary figure 2). When only paired samples for CA-125
were analysed, patients with stable disease had a mean of 20.16 U/mL that reduced to 18.6 U/mL at
three months whereas patients with progressive disease had a baseline value of 21.46 U/mL that
increased to 26.14 U/mL, and this mean change of 4.7 U/mL in patients with progressive disease was

significantly greater than for patients with stable disease (-1.6 U/mL: p <0.01).

Baseline levels of all CA-125, CA19-9, and SP-D were associated with increased mortality in both
discovery and validation cohorts, whereas baseline levels of all four biomarkers were associated with
increased mortality in the validation cohort (Supplementary table 6). Receiver Operator
Characteristic (ROC) curve defined thresholds, performed on the validation cohort, revealed that
levels of CA-125 of 12 U/mL or above and CA19-9 22 U/mL or above were associated with a three-
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fold increased risk of mortality, whereas MMP7 and SP-D were associated with a 2.4 and 2.7 fold
increased risk of mortality (Supplementary Figure 3). However, to identify whether the four chosen
epithelial biomarkers change dynamically in response to progression of fibrosis each marker was
dichotomised to separate individuals into those with either rising or stable/falling levels over three
months based on paired samples at 0 and 3 months. Rising levels of CA-125 were significantly
associated with overall mortality (HR2.542 (Cl 1.493-4.328; p<0.001: see Figure 5A) even when
adjusted for baseline FVC (HR2.390 (Cl 1.400-4.078; p=0.001) or DLco (HR2.673 (Cl 1.477-4.840;
p=0.001: Supplementary Figure 4 and 5 respectively). There was a trend to rising levels of CA19-9
associating with mortality (HR 1.707 (Cl0.985-2.959; p=0.057: Figure 5B) although this reduced when
adjusted for FVC or DLco (Supplementary Figure 4 and 5). However, there was no association
between rising levels of MMP7 HR 1.184 (Cl 0.706-1.985; p=0.523) or SP-D and overall mortality (HR

1.096 (Cl 0.651-1.844; p=0.731: see Figure 5C-D).
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Discussion

This analysis from the PROFILE study systematically assessed a large number of serum proteins using
a two-stage experimental approach in patients with incident IPF, initially undertaking a discovery
analysis using a multiplex platform, followed by specific replication with individual ELISAs for the
most promising candidate biomarkers. This robust approach to biomarker evaluation identified
three biomarkers, SP-D, CA19-9 and CA-125, which have potential clinical utility based on their
performance characteristics. These three biomarkers are all secreted at low levels by the pulmonary
epithelium in health, with SP-D being secreted by alveolar type 2 cells and CA19-9 and CA-125 being
secreted by the bronchial epithelium. However, all are secreted in abundance by the metaplastic

epithelium associated with IPF.

Our data confirm previous studies demonstrating that MMP7, an epithelial secreted matrix
metalloproteinase, is raised in IPF compared with healthy controls®°. In contrast with other studies,
baseline values, when considered as a continuous variable, failed to consistently predict progressive
disease or increased mortality. However, using a ROC defined threshold to dichotomise subjects in
to MMP7-high and —low groups produced findings consistent with previous reports that high levels
of MMP7 are associated with poorer survival'®! , albeit with only moderate sensitivity and
specificity. Nonetheless, the totality of our data would suggest MMP7 is inferior to baseline lung

function or biomarkers with superior discrimination such as SP-D, CA-125 and CA19-9.

Surfactant Protein D is a protein that, in health, is secreted by alveolar type 2 cells, with only low
levels normally detected in plasma®. Levels were substantially raised in IPF, with higher levels
significantly associating with progressive disease and increased overall mortality consistent with
previous reports'*13, However, levels of SP-D remained fairly constant over three months and rising
levels did not alter risk of mortality. Furthermore, previous studies have suggested that SP-D levels
may distinguish IPF from other interstitial lung diseases®. These data suggest that SP-D is a useful

baseline marker of IPF and can identify individuals more likely to progress. Therefore, baseline

15



measurements of SP-D may be particularly useful in primary care to aid referral decisions where the

diagnosis IPF may be uncertain.

Of particular interest was the observation that raised levels of the tumour marker CA19-9 were
highly predictive of progressive fibrosis and rising levels of CA-125 predicted both disease
progression and overall survival. In these studies patients with progressive disease had
approximately a 25% increase in CA-125 levels at 3 months, over two times the lower limit of
detection (2U/mL) and substantially greater than the 4% coefficient of variation of the assay.
Previous studies have highlighted CA19-9 and CA-125 in patients with interstitial lung disease. Mean
levels of CA19-9 and CA-125 were elevated in 61 patients with IPF compared with COPD®, and levels
of CA19-9 above 37 U/mL have been associated with worse survival in 30 patients with ILD®.
Interestingly, levels of CA19-9, although not CA-125, have been noted to reduce in patients with IPF
following lung transplantion®, but no prior study has demonstrated a dynamic increase in tumour

markers predicting disease progression.

Both these biomarkers are mucous associated antigens. CA19-9 is a tumour associated carbohydrate
antigen secreted by mucin secreting tumours, particularly pancreatic cancer’*!®, whereas CA-125,
also known as MUC16, is a transmembrane mucin commonly used as an ovarian cancer biomarker?®.
IPF has traditionally been considered a disease of alveolar type 2 cells, however, an emerging role
for bronchial epithelium has been described'”*%, Additionally, the mucin gene MUC5B, expressed in
bronchial epithelium, is the strongest identified genetic risk factor for IPF'. An intriguing possibility
is that mucin related biomarkers are surrogates for MUC5B genotype and this is the subject of
ongoing analysis. However, we believe it is unlikely that the biomarkers map precisely to MUC5B
genotype because: a) MUCSB is a risk allele for IPF whereas CA-125 and Ca19-9 do not discriminate
between disease and controls b) the MUC5B polymorphism has a small protective effect on
prognosis whereas high levels of CA-125 and Cal9-9 imply a substantially worse prognosis.

Furthermore, genotype does not change over time whereas CA-125 levels rise in progressive disease.
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However, taken together these data suggest that mucin secreting epithelial cells play a greater role

in the pathogenesis of IPF than previously realised.

20,21

Recent work has focused on targeting CA-125/MUC16 therapeutically?®**, and intriguingly MUC16 is
known to bind galectins, including Galectin-3, on epithelial surfaces??. Galectin-3 is a recognised
therapeutic target in IPF%, raising the prospect that CA-125 may potentially be a useful theranostic

biomarker for Galectin inhibitors currently under development (NCT02257177). More speculatively,

novel CA-125 targeting therapies could be considered for assessment in IPF.

Our observation that increased tumour markers are predictive of mortality in IPF could reflect
occult, or undiagnosed tumours in our study cohort, and indeed the high levels of CA-125 and CEA
have been associated with an increased risk of cancer in patients with ILD’. However, we believe
that this is unlikely due to the large number of patients expressing high levels of CA-125 and CA19-9,
and the high levels of immunostaining observed in the fibrotic lesions. Furthermore, Individuals with
IPF are known to have shared risk factors and an increased risk of lung cancer?*?>, largely explaining
the excess cancer risk in IPF patients?*. Furthermore, the tyrosine kinase inhibitor nintedanib has
been approved for the treatment of both IPF and lung cancer implicating shared mechanisms of
pathogenesis?®28, We, therefore hypothesise that the striking expression of tumour biomarkers by
metaplastic epithelium contributes to the serum levels of these markers in progressive IPF and

reflects shared mechanisms between fibrogenesis and oncogenesis®.

The strengths of this study relate to the two-stage design, the longitudinal analysis of incident cases
and the identification of a biomarker signal reflective of underlying disease pathology. Lung function
test are often missed in prospective studies because patients feel unwell, choose not to do lung
function measurements or they die. This occurs in all studies including prospective interventional
clinical trials where approximately 20% of lung function data are missing. In the ASCEND*® and
CAPACITY*! studies missing data were imputed, and in the INPULSIS?® studies missing data were

adjusted for measurement of an annualized change in spirometry. Our prospective study design, the
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use of a composite for progression, and blinded assignment of progression status avoids the critical
problem of survival bias that afflicts retrospective studies. The real potential for serum biomarkers in
IPF management are as minimally invasive assessments that can be used to track change in disease
behaviour over time. Furthermore, the dynamic relationship between CA-125 and currently
accepted measures of disease progression suggest that CA-125 has potential as a theranostic marker
of response to anti-fibrotic therapy. The two-stage discovery and validation design ensured that
initial observations from the discovery platform could be independently validated in separate
patients in appropriately powered studies using specific assays optimised for the protein of interest.
Similarly, measuring biomarkers that reflect specific aspects of pathology®>*' may identify specific

endotypes of disease with the potential to direct personalised approaches to therapy®2.

The primary limitations of this study relate to the lack of an independent external replication cohort.
However, as far as we are aware this is the only longitudinal study of treatment naive patients with
multiple biological samples available and therefore external replication is not currently possible. A
further limitation is possible confounding in the validation cohort due to a small number of patients
receiving anti-fibrotic therapy during the course of the study. However, only three patients receiving
pirfenidone had samples available for three-month analysis, and it is therefore unlikely that the
biomarker values have been affected by therapy. Whilst it is possible that pirfenidone may have
altered the progression status of patients following initial biomarker assessment the numbers were
less than 10% of the total cohort and split evenly between stable and progressive disease. It is also
reassuring that the data from the validation cohort and discovery cohorts generated similar results,
suggesting minimal confounding due to pirfenidone therapy. However, the small numbers of
patients receiving anti-fibrotic therapy does mean it is not possible to determine how useful these
biomarkers will be at predicting response to therapy. We are reassured that the results will be
generalizable not least because we have replicated previously observed point of diagnosis biomarker

data.
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In conclusion, this study identifies a number of epithelial derived biomarkers that distinguish both
stable from progressive IPF and those individuals at increased risk of mortality. Furthermore, these
markers show disease relevance, reflecting histopathological abnormalities associated with IPF. In
addition, elevated levels of CA-125 are associated with severe disease and change dynamically with
progression of fibrosis suggesting it may have potential as a theranostic biomarker. This is a
particularly exciting observation given that CA-125 is a clinical grade assay that is widely and
routinely available in biochemistry laboratories throughout the world. The identification of a panel
of biomarkers reflecting epithelial injury, combined with our previous study identifying markers of
matrix turnover, raises real hope for precision approaches to treatment of IPF in an era of multiple

therapeutic options.
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Figure Legends

Figure 1: PROFILE Epithelial Biomarker Study Consort Diagram

Figure 2: Multiplex Discovery Analysis. A) Fold Change of biomarker in IPF patients compared with
Healthy control. B) False Discovery Rate of biomarker in IPF patients compared with healthy controls
using Benjamini-Hochberg procedure. C) Ratio of biomarker in progressive IPF patients compared
with stable IPF patients. D) False Discovery Rate of biomarker comparing stable IPF patients with IPF
patients with progressive disease using Benjamini-Hochberg procedure. 2 biomarkers were
significantly different with Brain-Derived Neurotrophic Factor marginally reduced. E) Risk of
mortality in patients with rising levels of biomarkers after 3 months of compared with stable or
falling levels of biomarkers. F) False Discovery Rate of biomarker comparing effect of rising levels of

biomarkers of three months versus stable levels of biomarker on overall survival.

Figure 3 Immunohistochemistry of lung tissue obtained from: A) control patients stained with anti-
CA-125 antibody; B) IPF patients stained with anti-CA-125 antibody; C) control patients stained with

anti-CA19-9 antibody and D) IPF patients stained with CA19-9 antibody.

Figure 4: Serum levels of four biomarkers assessed in the validation cohort in patients with
progressive disease (red bars) compared with patients with stable disease (blue bars) assessed at
baseline and three months A) SP-D B) MMP7 C) CA19-9 and D) CA-125. Mean plus standard

deviation shown.
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Figure 5: Kaplan Meier curves demonstrating risk of overall mortality in relation to rising biomarker
levels at 3 months (Red line) compared with stable or falling levels of biomarkers at 3 months (Blue
line). A) Patients with rising levels of CA-125 at 3 months had an increased risk of mortality
compared with patients with stable or falling levels of CA-125 (HR2.542 (Cl 1.493-4.328; p<0.001) ; B)
Patients with rising levels of CA19-9 at 3 months had a trend towards increased mortality compared
with stable or falling levels of CA19-9 (HR 1.707 (CI0.985-2.959; p=0.057). There was no difference in
survival between patients with rising or stable levels of MMP7 C) HR 1.184 (CI 0.706-1.985; p=0.523)
or SP-D D) HR 1.096 (ClI 0.651-1.844; p=0.731). Overall survival was adjusted for age, gender and

smoking status.
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