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Abstract

, Jonathan G. Goldin, Wendy Hayes, Andrea Oh,

Background: Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive fibrotic lung disease
characterized by worsening dyspnea and lung function and has a median survival of 2-3years.
Forced vital capacity (FVC) is the primary endpoint used most commonly in IPF clinical trials as it
is the best surrogate for mortality. This study assessed quantitative scores from high-resolution
computed tomography (HRCT) developed by machine learning as a secondary efficacy endpoint
in a 26-week phasell study of BMS-986020 - an LPA, receptor antagonist - in patients with IPF.
Methods: HRCT scans from 96% (137/142) of randomized subjects were utilized. Quantitative
lung fibrosis (QLF) scores were calculated from the HRCT images. QLF improvement was
defined as =2% reduction in QLF score from baseline to week 26.

Results: In the placebo arm, 5% of patients demonstrated an improvement in QLF score

at week 26 compared with 15% and 27% of patients in the BMS-986020 600 mg once daily

(QD) and twice daily (BID) arms, respectively [versus placebo: p=0.08 (600 mg QDJ; p=0.0098
(600 mg BIDJ]. Significant correlations were found between changes in QLF and changes

in percent predicted FVC, diffusing capacity for carbon monoxide (DLCO], and shortness of
breath at week 26 (p=-0.41, p=-0.22, and p=0.27, respectively; all p<0.01).

Conclusions: This study demonstrated the utility of quantitative HRCT as an efficacy endpoint
for IPF in a double-blind, placebo-controlled clinical trial setting.

The reviews of this paper are available via the supplemental material section.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic,
progressive fibrotic lung disease characterized by
worsening dyspnea and lung function and has a
median survival of 2-3years from the time of
diagnosis.!»?2 Two anti-fibrotic drugs (pirfenidone
and nintedanib) are approved for the treatment
of IPF as each demonstrated significant impact
on the slope of FVC decline. Although these
therapies slow the rate of disease progression,
they are often poorly tolerated,>* and many
patients progress despite treatment. Given the
limited options for this life-threatening disease,

there is a need for improved IPF therapies and
measurable, reliable biomarkers to better moni-
tor disease progression and the response to thera-
peutic intervention.?

Forced vital capacity (FVC) has been the primary
endpoint used most commonly in IPF clinical
trials.%7 Additional measures of treatment efficacy
include the patient reported outcome of dyspnea,
measured by the California San Diego Shortness
of Breath Questionnaire (UCSD-SOBQ),® and
diffusing capacity for carbon monoxide (DLCO)
— a physiologic measure of oxygen uptake.!»%10

Ther Adv Respir Dis
2021, Vol. 15: 1-11

DOI: 10.1177/
17534666211004238

© The Authorl(s), 2021.

Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Shuyan Du

Bristol Myers Squibb,
Princeton, NJ, USA
shuyan.dufdbms.com

Grace Hyun J. Kim
Department of
Radiological Sciences,
David-Geffen School of
Medicine, and Department
of Biostatistics, Fielding
School of Public Health,
University of California,
Los Angeles, CA, USA

Jonathan G. Goldin
Department of
Radiological Sciences,
David-Geffen School of
Medicine, University of
California, Los Angeles,
CA, USA

Wendy Hayes
Bristol Myers Squibb,
Princeton, NJ, USA

Andrea Oh

Department of Radiology,
National Jewish Health,
Denver, CO, USA

Benjamin Soule
Bristol Myers Squibb,
Princeton, NJ, USA

journals.sagepub.com/home/tar

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/tar
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:shuyan.du@bms.com

Therapeutic Advances in Respiratory Disease 15

In addition, high resolution computed tomography
(HRCT) plays a central role in the diagnosis and
management of IPF.! The extent of radiologically
detected lung fibrosis correlates with physiologic
measures of lung function and can act as an impor-
tant predictor of prognosis.!! However, studies
supporting the role of HRCT in evaluating fibrotic
lung disease have used semi-quantitative visual
scoring methods, which can be limited by interob-
server variability.!1-13 Computer-based quantita-
tive HRCT evaluation has the potential for greater
precision than visual scoring in the estimation of
IPF extent and additionally allows for an assess-
ment of changes that is more reproducible and
objective.1415 The quantitative lung fibrosis (QLF)
score, an estimation of the extent of reticular pat-
terns on a computed tomography (CT) scan using
a machine learning algorithm, correlates with
treatment outcomes and changes in physiological
measurements in patients with IPF and sclero-
derma-related interstitial lung disease.!-18 Many
computer-based algorithms have been developed
with HRCT for IPF diagnosis and fibrosis quanti-
fication using machine learning and, more recently,
deep learning, both of which are part of artificial
intelligence (AI).1%19-21 However, few algorithms
have been applied in a prospective, blinded clinical
study. To enable robust Al development, it is criti-
cal to lock the algorithm, implement it into a sys-
tem, then apply it in prospective studies.

The purpose of this study was to evaluate the util-
ity of computer-based quantitative HRCT as an
efficacy endpoint for assessing the change of extent
of lung disease. Our approach was to examine the
relationship between HRCT QLF score and select
clinical and physiological variables of disease sever-
ity using data from a prospective, randomized,
double-blind, placebo-controlled study of 26-week
treatment with BMS-986020 — an anti-fibrotic
drug candidate — in patients with IPF. This study
demonstrated a statistically significant slowdown
of the rate of FVC decline in patients with IPF
treated with BMS-986020 600mg twice daily
(BID) compared with placebo.??

Methods

Study design

NCTO01766817 was a multicenter, randomized,
double-blinded, placebo-controlled, phasell trial
to examine the efficacy and safety of BMS-
986020, a lysophosphatidic acid receptor 1 (LPA,)

antagonist, (Bristol Myers Squibb, Princeton, NJ,
USA) in patients with IPF.22 Eligible patients
were blinded and randomized to receive BMS-
986020 600mg once daily (QD), BMS-986020
600mg BID, or placebo orally for 26 weeks.

Patients

Eligible patients were adults between 40 and
90years of age who had been diagnosed with
usual interstitial pulmonary fibrosis (UIP) or IPF
by the central multi-disciplinary team via HRCT
or surgical lung biopsy (SLB) collected less than
6 years before randomization.

Eligible patients had symptoms consistent with
IPF, greater extent of fibrotic changes (i.e., hon-
eycombing and reticular changes) than emphy-
sema on HRCT scan, post-bronchodilator
percent predicted FVC between 45% and 90%,
DLCO between 30% and 80%, no evidence of
improvement in measures of IPF disease severity
over the preceding year, ability to walk 150m or
more, and demonstrated an exertional decrease in
oxygen saturation of 2% or greater.

Key exclusion criteria included (1) significant
clinical worsening of IPF during the 30 day
screening period, (2) forced expiratory volume in
1second (FEV,)/FVC ratio less than 0.8 after
administration of a bronchodilator, and (3) abso-
lute increase of 12% or greater and increase of
200ml in FEV,, FVC, or both after bronchodila-
tor use.

Study endpoints

The primary endpoint was the rate of change in
FVC (liters) over 26 weeks. Secondary and explor-
atory efficacy endpoints included change in QLF
score on HRCT, change in percent predicted
FVC, change in 6-minute walk test (6MWT) dis-
tance, change in DLCO, and change in patient
reported dyspnea (UCSD-SOBQ) at week 26
compared with baseline. QLF score improvement
from baseline was assessed by a predetermined
smallest detectable change (SDC) value of 2%,
which is the product of 0.72% and 2.77 (=2 X /2).18

Automated quantitative CT image analysis

All HRCT images were acquired while patients
were in the prone position. Out of 142 randomized
patients, HRCT scans from 137 patients (46/47 of
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BMS-986020 600mg QD arm; 46/48 of BMS-
986020 600mg BID arm, and 45/47 of placebo
arm) were volumetric series and utilized in the
QLF analysis. QLF scores were calculated using a
machine learning technique and automated using
five steps after the visually confirmed lung segmen-
tation. The five steps were (a) denoise, (b) grid-
sampling, (c) calculation of selected important
texture features, (d) classification with support
vector machine, and (e) production of a ratio of
the classified fibrotic reticulation to the total grid
sample in a percent scale.!%17 Of these 137 patients,
an additional 7 were excluded due to HRCT scans
with motion artifacts, inconsistent positioning,
and/or  improper  Digital Imaging and
Communications in Medicine (DICOM) format-
ting. The motion artifacts and inconsistent posi-
tioning in prone and supine images were confirmed
by a central radiologist (N=6). Improper DICOM
formatting was checked by standard technical
quality control in the imaging analyses (N=1),
where DICOM formatting is a necessary condition
in quantification of CT images.

Of the 130 patients, 124 had paired HRCT
images at baseline and at week 26. A thoracic
radiologist reviewed the 124 sets of paired HRCT
images and excluded an additional 6 sets with
=700cc in change of total lung capacity (TLC)
volume and motion artifacts between baseline
and week 26 scans.232* Thus, a total of 118
patients had paired HRCT scans (=39 for
BMS-986020 600mg QD; n=41 for BMS-
986020 600mg BID; n=38 for placebo) that
were utilized in this study to assess change in
QLF between baseline and week 26.

As previously reported,?5:2¢ an automated lung fibro-
sis classification system was used to compute the
percentage of CT pixels representing QLF, quanti-
tative honeycomb cysts (QHC), and quantitative
ground-glass (QGG) in the whole lung. Quantitative
interstitial lung disease (QILD) score was defined as
the sum of QLF, QGG, and QHC. QLF (mL) was
derived from the product of CT TLC volume and
QLF (%); QILD (mL) was derived from the prod-
uct of CT TLC volume and QILD (%).

Statistical analysis

Baseline characteristics were summarized by treat-
ment arm. Changes from baseline to week 26 in
QLF assessments for the treatment arms were
compared with those for the placebo arm using ¢

tests or Wilcoxon rank tests depending upon meet-
ing the normality assumption. A waterfall plot was
used to show QLF changes at week 26 by treat-
ment arm. The two-sample test of proportions was
applied to measure the differences in QLF scores in
each treatment arm compared with the placebo
arm. The Holm—Bonferroni method was used to
compare the proportion of responders in the three
study arms by accounting for the family-wise error
rate of 5% for multiple comparisons.?” As part of
the post hoc analyses, Spearman rank correlations
were used to test for associations between pulmo-
nary function (percent predicted FVC and DLCO),
dyspnea (UCSD-SOBQ), and QLF scores at base-
line and their change at week 26. All statistical anal-
yses were performed using STATA V.14.0
(StataCorp LLC, College Station, TX, USA).

Results

Baseline characteristics

There were no statistically significant differences
in the percent predicted FVC, DLCO, UCSD-
SOBQ, or QLF scores across treatment arms at
baseline (Table 1). Of note, mean QILD scores in
both percentage scale and volume (mL) were
numerically higher in the BMS-986020 600 mg
QD arm compared with the other two arms.

Treatment changes from baseline at week 26
Results of key clinical endpoints at week 26 are
summarized in Table 2. Mean percent predicted
FVC decreased by 5.78% in the placebo arm
compared with 2.08% (p=0.08 versus placebo)
and 2.71% (p=0.03 versus placebo) in the BMS-
986020 600mg QD and BMS-986020 600 mg
BID arms, respectively.

Though no statistically significant differences were
observed in the mean changes in DLCO and
UCSD-SOBQ scores in the BMS-986020 treat-
ment arms compared with placebo, a numeric
increase of DLCO and a decrease in UCSD-SOBQ
score were observed in the BMS-986020 600 mg
BID arm compared with the BMS-986020 600 mg
QD and placebo arms. There were no significant
differences in the mean change in QLF and QILD
scores in the BMS-986020 treatment arms com-
pared with placebo, though there was a numerically
smaller increase of QLF and QILD in the BMS-
986020 600 mg BID arm compared with the BMS-
986020 600mg QD and placebo arms.
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Table 1. Baseline characteristics of patients from study [ClinicalTrials.gov identifier: NCT01766817].

Parameter BMS-986020 600mg BMS-986020 600mg Placebo (n=45) Total (N=137)
QD (n=46) BID (n=46)

Age, mean (SD), years 68.52 (6.65) 69.17 (8.36) 69.33 (7.56) 69.00 (7.55)
Sex, male, n (%) 32 (70) 34 (74) 33 (73] 99 (72)
Predicted FVC, mean (SD), % 69.95 (12.28) 68.59 (12.32) 69.22 (11.27) 69.25(11.89)
Predicted DLCO, mean (SD), % 45.69 (16.92) 40.23 (12.62) 44.33 (12.77) 43.41 (14.34)
UCSD-S0BAQ score, mean (SD) 45.76 (23.51) 42.52 (23.64) 37.42 (23.35) 41.93(23.58)
QLF whole lung, mean (SD), % 19.00 (9.71) 17.90 (8.03) 17.36 (7.08) 18.09 (8.32)
QILD whole lung, mean (SD), % 40.54 (13.19) 37.82(11.55) 37.07 (10.24) 38.48 (11.74)

QLF whole lung, mean (SD), mLa

QILD whole lung, mean (SDJ, mLb

703.18 (393.36)
1,491.37 (560.44)

623.93 (246.91)
1,349.32 (439.83)

622.91(262.79)
1,348.52 (455.14)

650.21 (308.45)
1,396.75 (489.40)

aQLF (mL) was derived from the product of CT TLC volume and QLF (%).

QILD (mL) was derived from the product of CT TLC volume and QILD (%).

BID, twice daily; DLCO, diffusing capacity of the lungs for carbon monoxide; FVC, forced vital capacity; QD, once daily; QILD, quantitative interstitial
lung disease; QLF, quantitative lung fibrosis; SD, standard deviation; TLC, total lung capacity; UCSD-SOBQ, University of California San Diego
Shortness of Breath Questionnaire.

Table 2. Week 26 changes in clinical measurements and quantitative HRCT findings from baseline.

Parameter, mean (SD)

BMS-986020 600 mg QD

BMS-986020 600 mg BID

Placebo (n=38)

(n=39) (n=41)

Predicted FVC, % -2.08 (8.16) -2.71(9.81) -5.78 (8.20)
Predicted DLCO, % -4.34 (9.94) 2.90 (34.33) -3.74 (18.57)
UCSD-S0BAQ score 4.54 (17.24) -2.54 (21.45) 3.63(18.67)
QLF whole lung, %2 2.26 (6.62) 1.60 (6.49) 2.22 (3.37)
QILD whole lung, %® 2.77 (8.54) 1.85 (8.65) 2.77 (6.67)
QLF whole lung, mLa 57.99 (189.74) 40.35 (160.34) 59.11(96.82)
QILD whole lung, mL® 73.46 (213.68) 31.41(228.11) 55.66 (186.22)

n=38, n=41, and n=38 for DLCO; n=40, n=43, and n=40 for UCSD-SOBQ; for BMS-986020 600 mg QD, BMS-986020 600 mg
BID, and placebo, respectively.
aQLF (mL) was derived from the product of CT TLC volume and QLF (%).
QILD (mL) was derived from the product of CT TLC volume and QILD (%).
BID, twice daily; DLCO, diffusing capacity of the lungs for carbon monoxide; FVC, forced vital capacity; HRCT, high-
resolution computed tomography; QD, once daily; QILD, quantitative interstitial lung disease; QLF, quantitative lung
fibrosis; SD, standard deviation; TLC, total lung capacity; UCSD-SOBQ, University of California San Diego Shortness of

Breath Questionnaire.

Changes in QLF scores from baseline are illustrated
in Figure 1 for each of the three treatment arms. The
predetermined SDC value was 2%. In the placebo
arm, 5% of patients demonstrated a QLF score

response, while 18% (p=0.08 wversus placebo) and
27% (p=0.0098 versus placebo) of patients showed
a QLF response in the BMS-986020 600mg QD
and BMS-986020 600mg BID arms, respectively.
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N: (6, 14, 19) > (15%, 36%, 49%) | N: (11, 10, 20) > (27%, 24%, 49%) | N: (2, 19, 17) > (5%, 50%, 45%)

A trend and significant differences in improvement in QD and BID doses compared with placebo
(p=0.08 and p=0.0098, respectively)

Figure 1. Drop line plot of individual QLF scores at week 26 for the two BMS-986020 treatment groups and placebo group.
N=number of patients within each of the three arms that had better, same, or worse QLF scores compared with baseline. Of note,
two patients had a reduction of 5% in the BMS-986020 600mg QD arm, thus only six drop lines can be seen, instead of seven.

QD, once daily; QLF, quantitative lung fibrosis.

Table 3. Correlation between clinical measurements and quantitative HRCT findings at baseline.

Parameter, rho (p value) % predicted FVC % predicted DLCO? UCSD-S0BAQ total score
Predicted DLCO?, % 0.2528 (p=0.0029)

UCSD-SOBAQ score -0.0543 (p=0.53) -0.0385 (p=0.65)

QLF whole lung, % -0.3656 (p<0.0001) -0.3816 (p<0.0001) ~ 0.1049 (p=0.29)

QILD whole lung, % -0.3328 (p=0.0001) -0.2625 (p=0.0019) 0.09297 (p=0.25]

QLF whole lung, mL -0.2699 (p=0.0014) -0.3025 (p=0.0003) 0.0537 (p=0.53)

QILD whole lung, mL -0.1737 (p=0.0423) -0.1254 (p=0.14) 0.0583 (p=0.50)

aQILD=QLF + QGG + QHC; QLF (mL) was derived from the product of CT TLC volume and QLF (%]); Similarly, QILD (mL) was
derived from the product of CT TLC volume and QILD (%).

DLCO, diffusing capacity of the lungs for carbon monoxide; FVC, forced vital capacity; HRCT, high-resolution computed
tomography; QILD, quantitative interstitial lung disease; QLF, quantitative lung fibrosis; SD, standard deviation; TLC, total
lung capacity; UCSD-SOBQ, University of California San Diego Shortness of Breath Questionnaire.
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Table 4. Correlation between change in clinical measurements and HRCT at week 26.

Parameter, rho (p value)

Changes in % predicted DLCO? 0.3659 (p=0.0001)

Changes in UCSD-SOBAQ total
score

~0.1772 (p=0.0549)

Changes in QLF whole lung, % -0.4142 (p<0.0001)

Changes in QILD whole lung, %" -0.3775 (p<0.0001)

-0.3540 (p=0.0001)
-0.2700 (p=0.0031)

Changes in QLF whole lung, mL
Changes in QILD whole lung, mL®

Changes in % predicted FVC Change in % predicted DLCO?

-0.1217 (p=0.19)

-0.2166 (p=0.0196)
-0.2136 (p=0.0213)

-0.2022 (p=0.0295)
-0.2069 (p=0.0258)

Change in UCSD-SOBAQ total
score

0.2680 (p=0.0034)

0.1972 (p=0.0323)

0.2723 (p=0.0029)
0.1491 (p=0.1072)

an=116 for DLCO.
bQILD =(QLF + QGG + QHC).

QLF (mL]) was derived from the product of CT TLC volume and QLF (%]; Similarly, QILD (mL) was derived from the product of CT TLC volume and QILD (%).
DLCO, diffusing capacity of the lungs for carbon monoxide; FVC, forced vital capacity; HRCT, high-resolution computed tomography; QILD, quantitative
interstitial lung disease; QLF, quantitative lung fibrosis; UCSD-SOBAQ, University of California San Diego Shortness of Breath Questionnaire.

Association of quantitative HRCT findings with
clinical/physiologic measurements at baseline

A statistically significant inverse correlation was
found between the quantitative HRCT Ilung
fibrosis and ILD radiological scores (QLF and
QILD) and pulmonary function measurements
(percent predicted FVC and DLCO) at baseline
(Table 3). Higher reticular or ILD patterns on
HRCT indicated poorer lung function as indi-
cated by pulmonary function measurements. No
statistically significant correlations were found
between the UCSD-SOBQ dyspnea score and
pulmonary function measurements (FVC and
DLCO) or quantitative lung fibrosis scores (QLF
and QILD).

Correlations of quantitative HRCT findings with
clinical/physiologic measurements of change at
week 26

Statistically significant inverse correlations were
found between changes in quantitative lung fibro-
sis scores (QLF and QILD) and pulmonary func-
tion measurements (percent predicted FVC and
DLCO) at week 26 (Table 4). A statistically sig-
nificant correlation was also observed between
change in quantitative lung fibrosis scores (QLF
and QILD) and the UCSD-SOBQ scores. The
correlation between the change in UCSD-SOBQ
scores and pulmonary function measurements
(percent predicted FVC and DLCO) did not
reach statistical significance (p=0.0549).

Representative HRCT images from baseline and
week 26 from a patient in the BMS-986020 600 mg
QD arm (Figure 2) show the associated changes in
QLF, FVC, and UCSD-SOBQ scores and dem-
onstrate overall improvement over time (Figure 2).
In comparison, representative HRCT images from
a patient in the placebo arm show worsening QLF,
FVC, and UCSD-SOBAQ scores (Figure 3).

Discussion

Automated quantitative analysis of HRCT images
from a prospective clinical trial demonstrated that
QLF and QILD can objectively measure changes
in the extent of lung fibrosis and ILD radiological
score as potential efficacy endpoints. The demon-
stration of an inverse correlation between QLF
changes and pulmonary function tests (percent
predicted FVC and DLCO) was consistent with
other published studies.!%:16:17:28-32 T'o our knowl-
edge, this is the first prospective clinical study for
which association of quantitative HRCT meas-
ures with changes in dyspnea (UCSD-SOBQ)
has been demonstrated in patients with IPF.

Quantitative HRCT scores generated using
machine learning have been previously developed
and implemented as a potential tool for a clinical
management or an outcome.!> Multiple clinical
studies have demonstrated the utility of quantitative
HRCT scores in IPF in retrospective and prospec-
tive trial settings.1>-17:29-33 Retrospective analysis
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Screening

Screening

"

\J 4

A FVC= 6%; AQLF= -5.4%; ASOBQ= -24

Figure 2. Representative coronal and axial HRCT images from a patient in the BMS-986020 QD arm at screening and week 26.

Change over 26 weeks: FVC: 6%; QLF score: -5.4%, UCSD-S0BQ: -24.

Classification overlay for QLF score in blue and red.

FVC, forced vital capacity; HRCT, high resolution computed tomography; QD, once daily; QLF, quantitative lung fibrosis; UCSD-SOBQ, University of

California San Diego Shortness of Breath Questionnaire.

Screening . Week26

Screening

Week26

AFVC = -24%; AQLF=7.8%; ASOBQ=30

Figure 3. Representative coronal and axial HRCT images from a patient in the placebo arm at screening and week 26. Change over

26 weeks: FVC: -24%; QLF score: 7.8%; UCSD-SOBAQ: 30.

Classification overlay for QLF score is in blue and red.

FVC, forced vital capacity; HRCT, high resolution computed tomography; QLF, quantitative lung fibrosis; UCSD-SOBAQ, University of California San

Diego Shortness of Breath Questionnaire.
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showed that pirfenidone-treated patients with IPF
had significantly lower increases in fibrotic reticula-
tion patterns (F-patterns) on HRCT compared
with age-matched controls, indicatve of a treatment
effect of pirfenidone in lung fibrosis.2® An open-
label study of an anti-connective tissue growth factor
antibody treatment reported that mean change in
HRCT QLF at month 6 is predictive of FVC change
at month 12.1¢ HRCT vessel-related structure extent
at baseline was reported asthe strongest predictor of
survival and FVC decline in observational studies.?°
A review of multiple methods of computer-based
quantitative HRCT provides insight into the use of
quantitative HRCT as a potential surrogate end-
point in clinical trials of IPF.15

One of the steps necessary to evaluate the accuracy
of HRCT in assessing change in disease extent is to
examine the relationship between prospectively-
collected imaging data with the established FVC
outcome in IPF patients.!>3* In our study, the
observed improvement in the proportion of patients
with HRCT QLF response in BMS-986020-
treated arms wversus the placebo arm is consistent
with the previously reported improvement in the
proportion of patients with no FVC decline in
BMS-986020-treated arms wversus the placebo
arm.??2 Of note, this study was a prospective, dou-
ble-blind, placebo-controlled phasell clinical trial
for patients with IPF in which 26-week treatment
with BMS-986020 600mg BID wersus placebo sig-
nificantly slowed the rate of decline in both FVC
(liters) and percent predicted FVC.22 Analyses
from this study demonstrated a significant inverse
association between change in lung fibrosis and
ILD radiological scores (QLF and QILD) and pul-
monary function measurements (percent predicted
FVC and percent predicted DLCO), suggesting
that, as pulmonary function declines, there is a
commensurate increase in lung fibrotic disease
extent in radiology. The most robust association
was observed between the QLF score and percent
predicted FVC, which is the endpoint used most
commonly in clinical trials for IPF. These study
results support automated quantitative measure-
ments of HRCT images as an efficacy endpoint to
complement the pulmonary function measurement
of percent predicted FVC in IPF clinical trials.

HRCT scores, percent predicted FVC, and per-
cent predicted DLCO were not correlated with
UCSD-SOBQ scores at baseline. Changes in
HRCT scores were significantly associated with
change in UCSD-SOBQ scores at week 26.

Changes in percent predicted FVC and percent
predicted DLCO trended in the same direction
with UCSD-SOBQ score changes. This observa-
tion may be explained by interpatient differences
in the tolerance level for shortness of breath in
symptom scores. However, the intrapatient
changes in lung function (percent predicted
DLCO), lung structure (HRCT), and symptoms
(SOBQ) were correlated. Worsening dyspnea
was significantly correlated with decline in pul-
monary function and deterioration in the extent
of lung fibrosis. According to the United States
Food and Drug Administration’s patient—drug
development initiative, there is a need to system-
atically gather the patient perspective about their
condition and treatment options.3> The results of
this study that show a correlation between QLF
and UCSD-SOBQ scores support the idea that,
together with physiological assessments, quanti-
tative HRCT could play an important role in the
development and validation of patient-reported
outcomes or performance outcomes (e.g.,
6MWT) and biomarkers in patients with IPF.

This study had several limitations. First, the short
26-week follow-up time limited the sensitivity of
HRCT to assess disease extent changes because
study patients have a variable disease course com-
prised of a heterogeneously progressive overall
decline in lung function, intermittent exacerba-
tions, and variable response to BMS-986020
treatment. The imaging outcome of QLF was
part of the secondary endpoint outcome in a clini-
cal trial. The changes in radiological outcome is
dependent upon the available and analyzable
HRCT examinations in the trial. Second,
although BMS-986020 was well tolerated in most
study patients, hepatobiliary toxicity was observed
in several patients, which led to the termination of
BMS-986020 clinical development.22 Due to the
study’s early termination, a smaller than planned
number of study patients completed the trial,
which limited the statistical power to assess the
effect of BMS-986020 on lung fibrosis. In addi-
tion, the sample size was further reduced because
data from six study patients had to be excluded
from the HRCT quantitative analysis due to vol-
ume artifacts, inconsistent positioning, and
incomplete coverage of the lung in the field-of-
view. This occurrence emphasizes the importance
of standardization of the HRCT acquisition pro-
cedure in clinical trials to minimize quality control
failure and maximize image data completion. A final
limitation of this study was that it included

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

GHJ Kim, JG Goldin et al.

percent predicted FVC in the correlative analysis
with HRCT only when FVC (liters) was the pri-
mary endpoint of the clinical trial. In future stud-
ies, it would be desirable to include systematically
collected patient-report outcomes, reasons for
missing pulmonary functional tests, and a perfor-
mance measurement of 6MWT.

Conclusion

This study demonstrated the value of automated
quantitative HRCT as an efficacy endpoint in a
prospective, randomized, double-blind, placebo-
controlled IPF clinical trial of BMS-986020 in
assessing disease extent and changes over 26 weeks
of treatment. There was significant association
between pulmonary function (percent predicted
FVC and DLCO) and lung fibrotic extent
(QLF and QILD) on HRCT both at baseline and
week 26. In addition, significant correlations were
observed between the changes in lung fibrotic
extent (QLF and QILD) and changes in pulmo-
nary function (percent predicted FVC and
DLCO), and between the changes in lung fibrotic
extent and symptoms of shortness of breath
(UCSD-SOBQ) with IPF. Taken together, these
data suggest that quantitative HRCT is a valuable
tool to assess disease extent and treatment effi-
cacy in patients in IPF clinical trials.
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