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ABSTRACT

Objectives Idiopathic pulmonary fibrosis (IPF) is

a progressive interstitial lung disease. Chest high-
resolution CT (HRCT) is instrumental in IPF management,
and the Quantitative Lung Fibrosis (QLF) score is a
computer-assisted metric for quantifying lung disease
using HRCT. This study aimed to assess the change

in QLF score associated with a minimum clinically
important difference (MCID) of IPF symptoms and
physiological lung function, and also determine the
MCID of QLF change associated with all-cause mortality
to serve as an imaging biomarker to confirm disease
progression and response to therapy.

Design and study setting We conducted post hoc
analyses of prospective data from two IPF phase Il studies
of pamreviumab, a fully human monoclonal antibody

that binds to and inhibits connective tissue growth factor
activity.

Participants Overall, 152 patients with follow-up visits
after week 24.

Methods We used the anchor-based Jaeschke’s method
to estimate the MCID of the QLF score that corresponded
with the already established MCID of St. George’s
Respiratory Questionnaire (SGRQ) and percent-predicted
forced vital capacity (ppFVC). We also conducted a Cox
regression analysis to establish a sensitive and robust
MCID of the QLF score in predicting all-cause mortality.
Results QLF changes of 4.4% and 3.6% corresponded to
the established MCID of a 5-point increase in SGRQ and

a 3.4% reduction in ppFVC, respectively. QLF changes of
1% (HR=4.98, p=0.05), 2% (HR=4.04, p=0.041), 20 mL
(HR=6.37, p=0.024) and 22 mL (HR=6.38, p=0.024)
predicted mortality.

Conclusion A conservative metric of 2% can be used as
the MCID of QLF for predicting all-cause mortality. This
may be considered in IPF trials in which the degree of
structural fibrosis assessed via HRCT is an endpoint. The
MCID of SGRQ and FVC corresponds with a greater amount
of QLF and may reflect that a greater amount of change in
fibrosis is required before there is functional change.

Trial registration number NCT01262001, NCT01890265.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study demonstrates the utilisation of an anchor-
based approach and an early prediction of mortality
in estimating a minimum clinically important differ-
ence (MCID).

= This study estimates the MCID for extensive pulmo-
nary fibrosis in idiopathic pulmonary fibrosis using
high-resolution CT (HRCT) as an imaging biomarker
based on two clinical trials, in which subjects un-
derwent HRCT scans according to clinical proto-
cols—reducing the potential bias compared with
observational data.

= The limitation of this study is that the MCID estima-
tion was based on post hoc research of using the
existing data from clinical trials.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a
rare, progressive interstitial lung disease that
includes symptoms of cough, worsening of
dyspnoea and progressive lung injury and
scarring. Together, these symptoms limit
physical activity and reduce patient health-
related quality of life (HRQOL)."™ There
is no cure for IPE,” and its prognosis is very
poor. Median survival is estimated to be no
more than 2-5 years after diagnosis." Two
approved antifibrotic drugs (pirfenidone
and nintedanib) significantly reduce the rate
of lung-function decline in IPE> However,
individual responses to treatment are vari-
able and unpredictable, and HRQOL does
not improve.’” Identifying individual small,
detectable and clinically meaningful changes
in patient-level correlation will be beneficial
for both physicians and patients in making
informed decisions for available antifibrotic
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treatments and for ongoing novel therapeutic discovery
in clinical trials.

Pamrevlumab is a fully human monoclonal antibody
that binds to and inhibits the activity of connective tissue
growth factor.*” Two phase II studies, one open-label
and the other placebo-controlled intravenous adminis-
tration of pamrevlumab, demonstrated slowing the rate
of lung-function decline, progression of lung fibrosis
evident on CT, and a trend towards improved HRQOL.
Adverse events were generally mild.”'* However, a recent
phase III trial of pamrevlumab for IPF (ZEPHYRUS-1)
did not meet its primary endpoint of absolute change in
forced vital capacity (FVC) from baseline to week 48.'" 12
Its companion study (ZEPHYRUS-2) was terminated."”

IPF treatment options are limited, and improved moni-
toring and a sensitive metric for assessing therapeutic
efficacy are needed. Radiologically detected lung fibrosis
correlates with physiological lung function and symp-
tomatic changes in IPF, and early and sensitive imaging
biomarkers are needed to confirm disease progression
or worsening of FVC and response to therapy as quickly
as possible to optimise drug development and patient
care 231417

FVC is the most common measure for assessing treat-
ment efficacy in IPE'® ' HRQOL and other patient-
reported outcome (PRO) measures are also important
endpoints for evaluating disease progression and treat-
ment efficacy including St. George’s Respiratory Ques-
tionnaire (SGRQ).>* Use of chest high-resolution CT
(HRCT) is expanding and is instrumental in the diagnosis
and management of IPE.' Computer-assisted methods
for quantifying lung disease on HRCT calculate textural
features derived from image data and classify different
patterns of interstitial lung diseases based on machine
learning algorithms.* ™ Computational quantitative
scoring systems that analyse HRCT images have been
used as imaging biomarkers in IPF clinical trials to assess
the degree and progression of structural lung fibrosis.

texture features

Figure 1

Of these, the Quantitative Lung Fibrosis (QLF) score
has demonstrated high reproducibility*** (figure 1).
QLF is associated with more prospective validation than
other quantitative CT techniques and has been used in
recent clinical trials of IPF.*' ® In two phase II IPF trials
of pamrevlumab, significant correlations were observed
between QLF changes and the changes in percent-
predicted FVC (ppFVC) (ranging from -0.51 to -0.64), as
well as with changes in PRO, SGRQ (ranging from 0.27 to
0.30). 1% Furthermore, QLF changes of <2% were asso-
ciated with better long-term survival than changes >2%
for patients with interstitial lung disease in scleroderma.””

The minimum clinically important difference (MCID)
is an important standard for determining meaningful
changes related to a clinical intervention or measure-
ment tool®® and represents the smallest detectable and
beneficial change.” Both distribution-based methods
(using variations from repeated measures) and anchor-
based approaches (relying on established MCIDs from
other relevant clinical variables) are used to determine
MCIDs.* The MCID of QLF changes in an IPF cohort
has not been evaluated. For clinically meaningful valida-
tion, an MCID of the QLF threshold should provide a tool
for both identifying an effective treatment and detecting
a difference in mortality over time. This is especially
important in IPF, which is a progressive disease with a
considerably shorter median survival than other chronic
lung diseases.”’

Our aim is to assess the change in QLF score associated
with MCID of a PRO measure, SGRQ), and a key measure
in lung function physiology, FVC, using the anchor-based
Jaeschke’s method, and to determine the MCID of QLF
change based on its association with all-cause mortality
through a post hoc analysis of prospective data from two
phase II studies of pamrevlumab, exploring the potential
of QLF as an imaging marker to confirm disease progres-
sion and response to therapy.

Sample each pixel
from 4x4 grid

Formula for QLF Scoring?

1=LF
0= not LF

aLF(%) = __E Fofl's
(£ 8 of 1's and 0's)

QLF{mL) = QLF{%)*total lumg valume

Use of HRCT to calculate QLF. QLF is a specific method (UCLA patent) that uses image normalisation (denoising)

to minimise cross-site variability within images, resulting in decomposed CT images prior to texture calculation. HRCT, high-
resolution CT; LF, lung fibrosis; QLF, Quantitative Lung Fibrosis; UCLA, University of California at Los Angeles.

Kim GH, et al. BMJ Open 2025;15:6094559. doi:10.1136/bmjopen-2024-094559



METHODS

Patients

This was a secondary analysis of Study 049 and the
phase II PRAISE study.w The two study populations were
pooled to include a total of 190 patients with IPF. Eligi-
bility criteria for the two studies were similar.” ' Study
049 (NCT01262001), conducted between March 2011
and December 2012 at 18 centres in the USA, was a
single-arm, open-label study.” Pamrevlumab was adminis-
tered every 3 weeks for 45 weeks: cohort 1 received 15 mg/
kg and cohort 2 received 30mg/kg.” PRAISE (Study
067 (NCT01890265)), conducted between August 2013
and July 2017 at 39 centres throughout North America,
Australia, Africa and Europe, was a double-blind, placebo-
controlled study."’ Patients were randomised to receive
placebo or pamrevlumab 30 mg/kg every 3 weeks for 45
weeks.'?

Local ethics committees/institutional review boards
(EGs/IRBs) approved the protocol for each site, and
all patients provided written informed consent before
enrolment (Study 049: Aspire IRB00004587; Study 067
(PRAISE): Quorum (now Advarra) 00023875; both
studies WIRB (now WCG IRB) IRB00000533).

Of the 190 patients, 155 had follow-up visits after week
24 and data from week 48 visits, including the primary
outcome measure of FVC. For both studies, pulmonary
function tests, including spirometry, were performed at
baseline and every 12 weeks thereafter, and HRCT was
performed at baseline and every 24 weeks. SGRQ was
completed at baseline and weeks 24 and 48. Mortality data
were collected for the lengths of the respective studies.

Patient and public involvement

No patients or members of the public were involved in
the design, conduct, reporting or dissemination plans of
this study.

Outcomes

QLF scores were estimated from standardised non-
contrast thin-section volumetric HRCT scans using an
established radiomic texture-based quantification algo-
rithm. QLF uses image normalisation (denoising) to
minimise cross-site variability within images prior to
texture calculation.?? QLF was measured as extent (%)
and volume (mL). Online supplemental figure 1 provides
an example of QLF extent (%) and volume (mL) on
HRCT and overlaid images for a patient with IPF. QLF
measures the amount of reticulation with architectural
distortion in the lung. Scores range from 0% to 100%
for extent of fibrosis and from O mL to total lung capacity
for volume of fibrosis. Greater scores represent increased
fibrosis.'” *' For this analysis, we considered 24-week or
48-week changes in QLF in the whole lung, which were
calculated from the QLF scores of baseline HRCT.

Estimation of an MCID
We used the anchor-based Jaeschke’s method with
predefined criteria for establishing the MCID of QLF that

corresponded with the established MCIDs of SGRQ and
ppFVC. We used a landmark Cox proportional hazards
regression analysis using all-cause mortality as an anchor
by applying several thresholds of 24-week QLF changes.
Patients did not have follow-up visits if they died or
received a lung transplant.

The SGRQ is a self-administered questionnaire that
assesses HRQOL in respiratory diseases. SGRQ total score
ranges from 0 to 100, and greater scores indicate deteri-
oration in HRQOL, and in this study, SGRQ was used to
represent severity of symptoms. The MCID of the SGRQ
was assumed to be +5 points.”® Changes in FVC are often
used as primary endpoints in trials of respiratory diseases.
The ppFVC is an estimate of lung function, with greater
percentages indicating better function. The MCID of
ppFVC was assumed to be +3.4%. In this study, SGRQ
was used to represent the severity of symptoms and lung
function, respectively.

Changes in longitudinal QLF scores were initially
correlated with established MCID changes in SGRQ and
ppFVC. The anchor-based Jaeschke’s method was used
to estimate the MCID of QLF scores from these changes
in SGRQ and ppFVC from baseline at weeks 24 and 48.
Jaeschke’s method describes the mean change in the
measurement of interest for patients who experience a
change in an anchor.” Multiple anchors were chosen
to obtain robust, unbiased estimates of the MCID.*
Another anchor-based Cox proportional hazards regres-
sion was used for all-cause mortality, in which dura-
tion of survival or time to death was used as an anchor.
A preliminary threshold was derived from a previous
reproducibility study”® and 6-month change observed
in a clinical trial.* The reproducibility coefficient of
QLF score was estimated to be approximately 0.4%
(2.77x0.14=v/2 x 1.96 x 0.14),”® *® and the mean of
6-month change was 0.98% for extent QLF and 21.7mL
for volume QLF from a nintedanib arm.*' Thresholds
increased incrementally as extent changes of 1%, 2%, 3%
and 4% and volume changes of 20, 22, 24 and 26 mL. 2 3
Covariates of age and ppFVC at baseline were adjusted in
the regression analysis. (Of note, the covariates of sex and
percent-predicted diffusing capacity of lungs for carbon
monoxide (ppDLCO) were not used in Cox regression
due to the imbalanced distribution of sex in the multiple
thresholds and the collinearity among ppDLCO, ppFVC
and QLF.) Continuous scale and multiple thresholds
of QLF scores were compared with test differences in
mortality risk. In addition, the MCID from each anchor
(SGRQ and ppFVC) was tested in a Cox regression model
as a threshold.

Summary statistics are reported for demographics and
clinical variables. Continuous variables are reported as
mean and SD, and categorical variables are reported as
frequencies and percentages.

RESULTS
There were no notable differences in demographics or
baseline characteristics between the cohorts (table 1,
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Table 1 Demographics and baseline clinical characteristics

Combined group (Study Study 067
Variable Category 049+Study 067) (n=190) Study 049 (n=89) (n=101)
Age, years Mean (SD) 68.1 (7.06) 67.9 (7.04) 68.2 (7.11)
Sex, n (%) Male 145 (76.3) 71 (79.8) 74 (73.3)
Female 45 (23.7) 18 (20.2) 27 (26.7)
Race, n (%) American Indian or Alaska Native 1(0.5) 1(1.1) 0
Asian 8 (4.2) 0 8 (7.9)
Black or African American 1(0.5) 1(1.1) 0
White 172 (90.5) 87 (97.8) 85 (84.2)
Other 8 (4.2) 0 8 (7.9)
Weight, kg n 190 89 101
Mean (SD) 86.40 (16.46) 89.50 (14.82) 83.67 (17.39)
Time since first IPF n 189 89 100
diagnosis, years Mean (SD) 1.60 (1.35) 1.91 (1.54) 1.32 (1.09)
Tobacco smoking Current 3(1.6) 0 3 (3.0)
status, n (%) Former 60 (31.6) 0 60 (59.4)
Never 38 (20.0) 0 38 (37.6)
Missing 89 (46.8) 89 (100.0) 0
Lung function
FVC, L n 190 89 101
Mean (SD) 2.79 (0.78) 2.73 (0.80) 2.84 (0.76)
FVC, % predicted n 190 89 101
Mean (SD) 70.44 (13.42) 66.79 (14.68) 73.66 (11.33)
DLCO, % predicted n 190 89 101
Mean (SD) 51.38 (13.72) 48.85 (13.32) 53.61 (13.74)
FEV,/FVC ratio n 190 89 101
Mean (SD) 0.81 (0.06) 0.82 (0.06) 0.80 (0.06)
HRCT*
Whole lung volume, n 185 89 96
L Mean (SD) 3.95 (1.01) 3.81 (0.94) 4.07 (1.05)
QLF, % n 185 89 96
Mean (SD) 16.8 (10.33) 19.6 (11.20) 14.3 (8.76)
QLF, mL n 185 89 96
Mean (SD) 622.74 (367.67) 701.13 (395.62)  550.07 (325.19)
GAPt
GAP score n 190 89 101
Mean (SD) 3.8 (1.33) 4.1 (1.33) 3.6 (1.30)
Symptom score
SGRQ n 186 88 98
Mean (SD) 44.04 (17.87) 46.24 (14.78) 42.05 (20.11)
UCSD-SOBQ n 135 89 46
Mean (SD) 33.10 (20.32) 32.13 (18.68) 34.98 (23.28)

*Computer-assisted QLF scores were derived from volumetric scans of the whole lung.
TGender-Age-Pulmonary (GAP) function score. Median and ranges were reported in online supplemental table 1.
DLCO, diffusing capacity for carbon monoxide; FEV,, forced expiratory volume in 1second; FVC, forced vital capacity; GAP, gender,

age, physiology; HRCT, high-resolution CT; IPF, idiopathic pulmonary fibrosis; QLF, Quantitative Lung Fibrosis score; SGRQ, St. George’s
Respiratory Questionnaire; UCSD-SOBQ, University of California San Diego, Shortness of Breath Questionnaire.
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Table 2 Relationship of QLF extent (%) and volume (mL) with the anchor-based MCID of SGRQ and FVC using Jaeschke’s

method
Adjusted corresponding QLF values of thresholds compared with stable condition*
Anchor Week 24 Week 48
SGRQ change
SGRQ Whole lung Improvedt (N=48) Worsenedt (N=41) Improvedt (N=41) Worsenedt (N=42)
QLF, % <0.5 >4.4% <-2.8% >2.3
95% Cl (-1.5,2.5) (2.3, 6.5) (-5.4,-0.2) (-0.3, 4.9)
QLF, mL <10 >01f <-54 >81%
95% Cl (-38, 58) (41, 141) (-118,9) (18, 144)
ppFVC change
Improvedt (N=20) Worsenedt (N=49) Improvedt (N=20) Worsenedt (N=53)
ppFVC QLF, % <-2.0 >3.6% <-2.1 >4.3%
95% Cl (4.5, 0.6) (1.7,5.4) (-5.1,0.8) (2.1, 6.4)
QLF, mL <-56 >65% <-65 >108%
95% Cl (-118,7) (20, 110) (143, 13) (51, 164)

*Shifted by the mean changes at +5 points SGRQ and +3.4% ppFVC; stated with two significant figures.

TWorsened: SGRQ change >5 points or ppFVC change <3.4%; stable: SGRQ change between -5 and 5 points or ppFVC change between
-3.4% and 3.4%; improved: SGRQ change <-5 points or ppFVC change >3.4%.

FTwo 95% Cls of the difference between the improved and stable groups and the difference between worse and stable groups are not
overwrapped. 95% Cls were obtained from a one-way ANOVA model in the model. Comparisons are obtained from the same model using the

least squares means (LSMEANS) statement.

ANOVA, analysis of variance; FVC, forced vital capacity; MCID, minimum clinically important difference; ppFVC, percent-predicted forced vital
capacity; QLF, Quantitative Lung Fibrosis score; SGRQ, St. George’s Respiratory Questionnaire.

online supplemental table 1). The median (+IQR) length
of the follow-up period was 337 (+504) days. Because
changes in QLF outcomes for all-cause mortality were
derived from week 24 data and the screening HRCT scan,
the median observed survival was relatively short. In total,
185 available screening HRCT scans, 33 patients had no
available survival analyses after week 24 because they
discontinued prior to week 24 visits (n=19), or they died
prior to week 24 (n=13) or did not undergo scan (n=1)
(online supplemental figure 2).

Anchor-based analyses assessed the relationship
between QLF and the established MCIDs for SGRQ,
ppFVC (table 2) or both (online supplemental table 2).
Thresholds of QLF changes (extent and volume) at week
24 were 4.4% and 91mL for symptomatic worsening,
respectively, when applying Jaeschke’s method using
SGRQ as an anchor, and 3.6% and 65 mL for worsening
lung function, respectively, when using ppFVC as an
anchor. For improved condition of symptom by SGRQ or
lung function by ppFVC, the thresholds of QLF changes
were <0.5%and 10mL and -2.0% and -56mL, respec-
tively. At week 48 for worsened condition, the thresholds
of QLF changes were 2.3% and 81 mL by SGRQ), and 4.3%
and 108 mL by ppFVC, respectively, and for improved
condition, the QLF changes were —2.8% and -54mL by
SGRQ, and -2.1% and -65mL by ppFVC, respectively.

Agreement between the two components of symptoms
and lung function and their corresponding changes in
QLF score are reported in online supplemental table 2.

Similar percentages of patients experienced concordance
in changes at weeks 24 and 48. If changes in SGRQ and
FVC were both considered worsened, the mean (SD)
changes in extent of QLF were 8.1% (8.27) at week 24
and 7.9% (7.37) at week 48. If changes were both consid-
ered stable, the mean (SD) changes in QLF were 0.5%
(3.75) at week 24 and 2.5% (4.31) at week 48. If changes
were both considered improved, the mean (SD) changes
in QLF were -1.6% (3.71) at week 24 and -3.4% (6.50) at
week 48. Overall, the concordant changes for worsening,
stability and improvement followed expected directional
changes in QLF scores.

IPF is a complex disease that includes dynamic changes
in lung symptoms, function and structure over time.
These changes do not always progress at the same rate,
and most patients experienced discordance in symp-
toms and lung function. The discordant changes when
one parameter worsened were associated with the mean
QLF changes of approximately 2%; discordant changes
with one parameter improved were associated with QLF
changes of approximately within +1% (online supple-
mental table 2).

The relationship of QLF changes to each of the MCIDs
of SGRQ and ppFVC is provided in online supplemental
table 3. Unadjusted analyses demonstrated that mean
changes in MCIDs were greater (eg, 4.88%, 95% CI
(3.46%, 6.30%) vs 4.39%, 95% CI (2.97%, 5.81%) when
applying SGRQ) as an anchor at week 24) compared with
the stable group (eg, 0.49%, 95% CI (-0.31%, 2.32%) vs
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Table 3 Cox proportional hazards model using all-cause mortality as an anchor with QLF with cut-off of week 24 changes

QLF changes in whole

lung Total patients (N=152)  Total deaths (n=11) (%) HR (95% CI) P value
Continuous*, % 1.20 (1.08, 1.34) 0.001
Continuous*, mL 1.01 (1.01, 1.02) <0.001
Week 24 QLF changes in Total patients meeting Total deaths meeting listed
whole lung listed threshold, n (%) threshold, n (%) HR (95% CI) P value
>0% 118 (78) 9(82) 1.48 (0.31, 7.02) 0.623
>0mL 99 (65) 9 (82) 2.57 (0.55, 12.1) 0.232
Thresholds QLF, %
>1% 101 (66) 9 (82) 4.98 (1.00, 24.8) 0.050
>2% 87 (57) 8 (73) 4.04 (1.06, 15.4) 0.041
>3% 66 (43) 6 (55) 4.69 (1.24,17.7) 0.023
>4% 50 (33) 5 (45) 4.52 (1.18,17.3) 0.028
QLF volume
>20mL 84 (55) 8 (73) 6.37 (1.27, 32.0) 0.024
>22mL 83 (55) 8 (73) 6.38 (1.27, 32.0) 0.024
>24 mL 81 (53) 8 (73) 6.83 (1.37, 34.2) 0.019
>26 mL 80 (53) 8 (73) 7.63 (1.51, 38.6) 0.014

Note: Mean change from previously modelled measurement variation of QLF of 0.4% (2.77x2xSD).
*The proportional hazards assumption is being examined and met using Schoenfield residuals.

QLF, Quantitative Lung Fibrosis score.

0.00%, 95%CI (-1.15%, 1.15%) when applying SGRQ
as an anchor) and trended in the correct direction. The
effect sizes of QLF changes (both extent and volume)
were approximately 1 or slightly greater for patient
groups with worsened SGRQ) scores and worsened ppFVC
(ie, 1.08 for extent and 1.03 for volume when applying
SGRQ as an anchor, 1.02 for extent and 0.93 for volume
when applying ppFVC as an anchor, respectively), indi-
cating a strong relationship between QLF and the anchor
parameter. The effect sizes for worsened conditions
were greater than those observed for patients with not-
worsened conditions (ie, 0.93, 0.33, —0.17 for worsening,
stable and better in the effect size of QLF volume change,
respectively, when applying ppFVC as an anchor).

A Cox proportional hazards regression model of QLF
changes is presented in table 3. Changes ranging from
1% to 4% and from 20 to 26 mL were associated with
statistically significant differences in all-cause mortality.
A minimum threshold of a 1% change in QLF at week
24 was associated with an increased risk of death. A
twofold to fivefold increased risk of death was observed
for patients with sizeable changes in QLF (ie, changes
greater than the thresholds established by the single-
variable anchor-based analyses). Online supplemental
figure 3A,B presents patients with IPF with QLF changes
of 1% (25 mL) and 2% (46 mL), respectively, at week 24.
We used an MCID derived from the increase in SGRQ and
the decrease in ppFVC, which indicates worsening in IPF,
from table 2. After applying these thresholds, estimated
MCID from QLF changes at week 24, using all-cause

mortality, Cox proportional hazards model revealed a
fourfold to ninefold increased risk of death for patients
with sizeable changes in QLF at week 24 (table 4). Signif-
icant differences were observed from 1% to 4% changes
(20-26 mL for QLF volume) (table 3), whereas 4.4% or
3.6% changes (or 91 or 65 mL) for volume changes were
derived from the changes of QLF corresponding to the
anchors of SGRQ and ppFVC, respectively (table 4).

DISCUSSION

This study established the MCID for change in QLF score
in the setting of IPF as it relates to all-cause mortality. A
minimum threshold of change in QLF of 1% or 20mL
at week 24 was associated with an increased risk of death
for patients with IPF. To include changes observed with
SGRQ and FVC, a conservative estimate of 2% can be
adopted as the MCID of QLF, based on the week 24 mean
QLF changes when patients experienced worsening of
either SGRQ or ppFVC. An increased risk of death was
also associated with sizeable QLF changes using Jaeschke’s
method with anchors of IPF symptoms (SGRQ) and lung
function (ppFVC) to determine MCID.

Changes in QLF were consistent with changes in SGRQ
and ppFVC, and mean QLF changes coincided with both
symptom and lung-function changes. Changes in QLF
and SGRQ) were positively correlated, and changes in
QLF and ppFVC were inversely correlated.” '”*® This indi-
cates that, generally, a responder in IPF clinical trial was
associated with a reduction in QLF, a reduction in SGRQ

6
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Table 4 Anchor-based Cox proportional hazards model with an MCID derived from SGRQ and ppFVC as anchors

Total (N=155) Total deaths (n=11) Risk of death, HR (95% CI) P value
QLF changes in whole lung by SGRQ using +5 as anchor
>4.4% 27 (18%) 4 (36%) 6.17 (1.63, 23.4) 0.007
>91mL 47 (31%) 6 (55%) 7.35 (1.98, 27.3) 0.003
QLF changes in whole lung by ppFVC with +3.4% as anchor
>3.6% 41 (27%) 4 (36%) 4.33 (1.14, 16.5) 0.031
>65mL 60 (39%) 7 (64%) 8.89 (2.13, 37.0) 0.003

Note: The anchor-based values, marked with bold fonts, are results from table 2.
. MCID, minimum clinically important difference; ppFVC, percent-predicted forced vital capacity; QLF, Quantitative Lung Fibrosis score;

SGRQ, St. George’s Respiratory Questionnaire.

and an increase in ppFVC. The threshold of QLF change
for improved symptoms was close to zero (ie, 0.5%) at
week 24 compared with the reduction (-2.0%) in MCID
for improved lung function, but at week 48, further
reduced in both symptomatic changes (ie, -2.8%) and
functional changes (-2.1%) (see table 2 for the details).
In contrast, the threshold of QLF change for worsened
symptoms had a greater magnitude at week 24 (ie, 4.4%)
than the threshold for worsened lung function (ie,
3.6%), but at week 48, functional changes (ie, 4.3%) were
greater than symptomatic changes (ie, 2.3%) (see table 2
for the details). This suggests that symptomatic changes
(measured by SGRQ) improve slower or more inconsis-
tently than functional changes (FVC) for improvement
but were sensitive in worsening faster. This is likely a
result, in part, of the effects of limited symptom recall and
the subjective nature of HRQOL.

Quantitative HRCT tools for measuring pulmonary
fibrosis are critical in therapeutic development in ILD to
confirm efficacy or evaluate the safety of an experimental
drug.'® *' ® Assessments of QLF change have mostly
served as secondary or exploratory quantitative imaging
outcomes to estimate changes in lung fibrosis in clinical
trials."" ' QLF score based on HRCT images is trace-
able and can visualise regions of fibrosis. The incremental
changes in QLF extent (%) or volume (mL) highlight
the structural worsening in IPF that is associated with
decreased FVC." The incremental worsening in ppFVC
from week 24 and week 48 confirms that FVC is a reason-
ably reliable assessment in IPF and supports its use as the
primary efficacy endpoint in clinical trials.'” A role of
quantitative tools in the future can be expanded in patient
care using a digital Al platform, when a trial is approved
with a positive outcome from a primary endpoint or a
secondary endpoint of an imaging outcome.

In this post hoc analysis of prospective IPF clinical trial
data, an anchor-based method was used to estimate the
threshold of QLF change associated with established
MCIDs of SGRQ and ppFVC, and a sensitivity-based
method was used to establish the MCID of QLF from all-
cause mortality. Sensitivity-based methods for estimating
MCID ideally require a baseline variable or character-
istic to reliably quantify disease severity. For HRCT-based

QLF, this requires repeat HRCT scans in a coffee break
type (ie, approximately 15 min)¥ * of experiment for
patients with IPF, but this method poses ethical chal-
lenges because of the unnecessary risk of radiation expo-
sure. The variability can be estimated statistically,” but
we recognise this as a limitation of the analysis. Because
repeated HRCT scans were not usually available, an
anchor-based approach, which relies on the variability
of anchored measurements, was selected in this study.
Anchor-based methods require measurements of longi-
tudinal change for the tool of interest and other anchor
measurements that already have an established MCID.
The estimates of MCIDs from other anchored measure-
ments are likely overestimated because of the nature of
additive variabilities. MCID estimates are approxima-
tions, and the recommended approach is to use multiple
anchors to define a range of MCID estimates.” Both
function and PROs are relevant when interpreting the
outcomes of clinical trials.

The MCIDs of the relationships between QLF and SGRQ
(PRO) or FVC (lung function) in this study were less
sensitive than the MCID of QLF using all-cause mortality
as an anchor. The degree of QLF change needed to attain
a meaningful, absolute change was 0.5-4.4% for SGRQ
as an anchor, 2.0-4.3% for FVC as an anchor and -1.6%—
8.1% for concordance of SGRQ and FVC in non-stable
change. This suggests that, for a meaningful change in
PROs and function derived from Jaeschke’s method, a
greater amount of QLF change is needed in the evalua-
tion of QLF with SGRQ or FVC than when using all-cause
mortality as an anchor with multiple QLF thresholds. This
reflects the progressive nature of IPF, which contrasts with
other chronic lung diseases, and the fact that the observa-
tions from the follow-up visits are based on stable or wors-
ening disease. This is similar to findings by Kon et al, who
reported that the MCID of an assessment tool for chronic
obstructive pulmonary disease from a receiver operating
characteristic analysis was smaller than the MCID from an
anchor-based approach.*” Further, multivariable regres-
sion modelling, such as the anchor-based Jaeschke’s
method, that combine both clinical and subjective (eg,
PRO) parameters to quantify changes in the outcome of
interest (eg, QLF) offer less-biased estimates of MCIDs
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than distribution-based methods, which only assess the
statistical significance of a change."!

The QLF changes of 1% and 2% at week 24 presented
in online supplemental figure 3A,B, respectively, corre-
spond to 25 and 46 mL changes. The structural changes
are visualised both in the right side (online supplemental
figure 3A) and left side of the lung (online supplemental
figure 3B). These QLF changes are similar to the abso-
lute mean changes of 2% and 56 mL (table 2) when FVC
was used as an anchor in our analysis. When retesting the
MCID of the QLF score derived from the MCID using
SGRQ and ppFVC as anchors, the HR ranged from 4.33
to 8.89, which is similar to the HRs of 4.98 and 4.04 for
the relatively smaller MCIDs of 1% and 2%, respectively.
The QLF scores associated with the MCIDs of SGRQ and
ppFVC were greater than the QLF score associated with
survival, which suggests that these biomarkers require
greater structural disease progression before they can
detect meaningful change. This also suggests that QLF
may be more sensitive than either ppFVC or SGRQ as a
trial endpoint.**

There were 11 deaths in this study that occurred after
week 24. Because QLF changes were derived from week
24 and the screening HRCT scans, the median survivals
were relatively short. Week 48 data were omitted from
the survival analysis because most changes in QLF were
observed within 24 weeks. In addition, including data
beyond week 24 had the potential to skew the results by
including patients with mild to moderate IPF who were
more likely to remain alive at 1 year. QLF change as a
volume is a suitable clinical trial endpoint, as noted by the
high HR in table 4. Change in QLF extent can provide a
normalised measurement regardless of the volume differ-
ences between patients of different sex or height. Finally,
the MCID of QLF is an early biomarker of change in lung
fibrosis, so 48 weeks of data, which is often used for the
primary endpoints in IPF clinical trials, are not needed to
determine the value of the MCID of the QLF score and its
clinical applicability for predicting early change.

The multiple thresholds of QLF changes can be found
in other studies. In an independent cohort of patients
who received nintedanib (n=42), an antifibrotic approved
drug, mean absolute changes in QLF were 0.98% and a
21.7mL increase at month 6, and 1.4% and a 27.6mL
increase at month 12. In the placebo arm of the same
trial, the changes were 1.33% and 37.3mL at month 6
and 2.2% and 67.0mL at month 12. Negative correlations
were observed between change in QLF score and change
in FVC at month 6, supporting the findings of the QLF
score.” In a retrospective analysis of approximately 200
patients with IPF, a 4% change in QLF score for the most
severe lobe and for the whole lung at 6 months was associ-
ated with a threefold to fivefold increased risk of clinical
progression.*’ Further, a placebo-controlled phase I trial
of 137 patients with IPF reported significant correlations
between QLF and ppFVC changes, as well as other symp-
toms of IPF, where most subjects in the placebo arm were
within 2% changes at week 94.% Overall, QLF measured

on HRCT, where the most of 6-month mean changes
range from 1% to 4%, has proven to be useful as an effi-
cacy endpoint in clinical trial settings.

This study has several limitations. First, it was a post hoc
rather than an a priori analysis of data from two phase
I clinical trials. Thus, due to the nature of phase II
studies, mortality was based on a short follow-up period.
In addition, the allocation of treatment arms and study
locations was different between the studies. Specifically,
Study 049 was a single-arm study, whereas Study 067 was
a randomised study with one-to-one allocation of placebo
and pamrevlumab. Further, Study 049 took place only
in the USA, and Study 067 involved patients worldwide.
Subcohorts of patients who received pamrevlumab or
other treatments were not analysed separately here
for purposes of simplification. Additionally, this study
analysed the usefulness of QLF change for predicting
mortality risk only over a short period of time. Second, we
used MCID derived from a distribution-based approach
for ppFVC and the symmetric changes in +5 points SGRQ),
which is close to 4.9 changes reported by Prior et al for
deterioration, where most IPF subjects feel worsening or
stable in their symptoms. We used +5 where the subject-
level change of SGRQ) is an integer change, and MCID
of SGRQ is considered to be around 4-5 points.* ** *
Third, we did not estimate MCID using a distribution-
based approach because the extra radiation exposure
required for patients to estimate the MCID was not well-
justified. Fourth, a single quantitative HRCT score for IPF
was applied. The estimated MCID may not be generalis-
able to other available quantitative scores. Fifth, caution
should be applied when applying the estimated MCID
for the observational or registry studies, in which HRCT
scans are not performed routinely. In this study, HRCT
scans were scheduled and performed as part of clinical
trials. Lastly, phase III studies did not show the efficacy of
pamrevlumab.'"™" This study used survival as the primary
endpoint to assess MCID.

We believe our analyses begin the evidence-generation
process of using multiple thresholds for validation of
a biomarker."® The MCID of QLF in IPF has demon-
strated clinical validity. The estimated MCID of 2% may
be considered for associating changes in mortality, lung
function and patient symptoms in ongoing and future
trials of IPF, where the metric can be normalised to the
volume of QLF changes for both sexes. The greater MCID
of QLF using the MCID of SGRQ and ppFVC may suggest
that structural changes precede functional changes. The
change of QLF volume is a sensitive measurement that
can be considered in applying an imaging outcome as a
potential efficacy endpoint when the extent of structural
fibrosis is assessed via HRCT.
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