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ABSTRACT

Introduction: In the INBUILD trial in patients
with progressive pulmonary fibrosis other than
idiopathic pulmonary fibrosis (IPF), nintedanib
slowed the rate of decline in forced vital
capacity (FVC; mlL/year) over 52 weeks com-
pared with placebo. We assessed the efficacy of
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nintedanib across subgroups in the INBUILD
trial by baseline characteristics.

Methods: We assessed the rate of decline in
FVC over 52 weeks and time to progression of
interstitial lung disease (ILD) (absolute decline
from baseline in FVC % predicted > 10%) or
death over the whole trial in subgroups based
on sex, age, race, body mass index (BMI), time
since diagnosis of ILD, FVC % predicted, dif-
fusing capacity of the lungs for carbon monox-
ide (DLco) % predicted, composite physiologic
index (CPI), GAP (gender, age, lung physiology)
stage, use of anti-acid therapy and use of dis-
ease-modifying antirheumatic drugs (DMARDs)
at baseline.

Results: The effect of nintedanib versus pla-
cebo on reducing the rate of decline in FVC over
52 weeks was consistent across the subgroups by
baseline characteristics analysed. Interaction
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p values did not indicate heterogeneity in the
treatment effect between these subgroups
(p > 0.05). Over the whole trial (median follow-
up time ~ 19 months), progression of ILD or
death occurred in similar or lower proportions
of patients treated with nintedanib than pla-
cebo across the subgroups analysed, with no
heterogeneity detected between the subgroups.
Conclusions: In the INBUILD trial, no hetero-
geneity was detected in the effect of nintedanib
on reducing the rate of ILD progression across
subgroups based on demographics, ILD severity
or use of anti-acid therapy or DMARDs. These
data support the use of nintedanib as a treat-
ment for progressive pulmonary fibrosis.

Trial Registration Number: ClinicalTrials.gov
Identifier: NCT02999178.

Keywords: Nintedanib; Antifibrotic agents;
Interstitial lung diseases; Pulmonary fibrosis;
Demography

Key Summary Points

Why carry out this study?

In the INBUILD trial in patients with
progressive pulmonary fibrosis other than
idiopathic pulmonary fibrosis, nintedanib
slowed the rate of decline in forced vital
capacity (FVC; mL/year) over 52 weeks
compared with placebo

We investigated whether the effect of
nintedanib on slowing the rate of decline
in FVC was consistent across subgroups
based on characteristics at baseline of the
INBUILD trial

A. U. Wells

National Institute for Health Research Respiratory
Biomedical Research Unit, Royal Brompton and
Harefield NHS Foundation Trust, and National Heart
and Lung Institute, Imperial College, London, UK

What was learned from the study?

No heterogeneity was detected in the
effect of nintedanib on reducing the rate
of decline in FVC across subgroups based
on demographics, severity of interstitial
lung disease, use of anti-acid therapy or
use of disease-modifying antirheumatic
drugs at baseline

These data support the use of nintedanib
as a treatment for progressive pulmonary
fibrosis

DIGITAL FEATURES

This article is published with digital features,
including a slide deck, to facilitate understand-
ing of the article. To view digital features for
this article, go to https://doi.org/10.6084/m9.
figshare.24033384.

INTRODUCTION

A proportion of patients with interstitial lung
diseases (ILDs) develop progressive disease,
characterised by increasing fibrosis on high-
resolution computed tomography (HRCT),
worsening of lung function and symptoms, and
early mortality [1-3]. It has been proposed to
use the term “progressive pulmonary fibrosis” or
“PPF” to describe such disease in individuals
with an ILD other than idiopathic pulmonary
fibrosis (IPF) [1]. Decline in forced vital capacity
(FVC; mL/year) in patients with PPF is associ-
ated with an increased risk of mortality [4-9].
Nintedanib is a tyrosine kinase inhibitor that
inhibits processes fundamental to the progres-
sion of lung fibrosis [10]. Nintedanib has been
licensed for the treatment of IPF, fibrosing ILD
associated with systemic sclerosis (SSc-ILD), and
progressive fibrosing ILDs of any aetiology. In
the randomised placebo-controlled INBUILD
trial in patients with PPF (other than IPF), nin-
tedanib reduced the rate of decline in FVC, with
an adverse event profile characterised mainly by
gastrointestinal events [11-13]. Previous studies
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have identified patient characteristics associated
with a greater rate of ILD progression, including
lower FVC, lower diffusing capacity of the lungs
for carbon monoxide (DLco) and a usual inter-
stitial pneumonia (UIP) pattern on HRCT
[9, 14, 15]. We assessed the efficacy of ninteda-
nib on slowing decline in FVC in the INBUILD
trial in subgroups based on baseline
characteristics.

METHODS

Trial Design

The design of the INBUILD trial (NCT02999178)
has been described and the protocol is publicly
available [11]. Briefly, patients had an ILD other
than IPF with reticular abnormality with trac-
tion bronchiectasis (with or without honey-
combing) of>10% extent on HRCT,
FVC > 45% predicted and DLco > 30% to < 80%
predicted. Patients met criteria for ILD progres-
sion within the prior 24 months, based on
worsening of FVC, abnormalities on HRCT, or
symptoms, despite management deemed
appropriate in clinical practice. Patients were
randomised to receive nintedanib 150 mg twice
daily or placebo, stratified by fibrotic pattern on
HRCT (UIP-like fibrotic pattern or other fibrotic
patterns [11]). The primary endpoint was the
rate of decline in FVC over 52 weeks, assessed in
two co-primary analysis populations: the overall
population and patients with a UIP-like fibrotic
pattern on HRCT. The first 52 weeks of the trial
were followed by a period of variable duration
during which patients continued to receive
blinded treatment until all the patients had
completed the trial. The final database lock took
place after all patients had completed the fol-
low-up visit or had entered the open-label
extension study, INBUILD-ON (NCT03820726);
the data available at this point are referred to as
data from the whole trial [12]. The INBUILD
trial protocol was approved by an Ethics Com-
mittee or Institutional Review Board at all the
participating centres. The INBUILD trial was
carried out in compliance with the protocol and
with the principles of the Declaration of Hel-
sinki and the Harmonised Tripartite Guideline

for Good Clinical Practice of the International
Conference on Harmonisation. The trial was
approved by local authorities. All patients pro-
vided written informed consent prior to their
participation.

Analyses

We assessed the rate of decline in FVC over
52 weeks in subgroups based on the following
baseline characteristics: sex (male, female); age
(< 65, > 65 years); race (White, Asian, Black);
body  mass index (BMI) (<25,=25
to <30, > 30 kg/mz); time since diagnosis of
ILD (=1,>1 to<3,>3 to <3, >35years); FVC
% predicted (<50,>50 to<70,>70
to <90, >90); DLco % predicted [< and > me-
dian (43.3)]; composite physiologic index (CPI)
[16] (<45, >45); GAP stage [17] (I, II or III);
taking anti-acid therapy (yes, no); taking dis-
ease-modifying anti-rheumatic drugs
(DMARDs) (yes, no). Anti-acid therapies were
defined based on the WHO Drug Dictionary
(version 19.MAR) [Anatomical Therapeutic
Chemical codes for ‘antacids’ and ‘drugs for
peptic ulcer and gastro-oesophageal reflux dis-
ease (GORD)’ and preferred name ‘drugs for acid
related disorders’]. DMARDs were defined based
on the WHO Drug Dictionary (version 19.MAR)
standardised drug grouping excluding deno-
sumab, plus baricitinib.

The rate of decline in FVC over 52 weeks was
analysed using a random coefficient regression
model (with random slopes and intercepts)
including baseline FVC (mL) and HRCT pattern
(UIP-like fibrotic pattern or other fibrotic pat-
terns), and interaction terms for baseline-by-
time, treatment-by-subgroup and treatment-by-
subgroup-by-time. Interaction p values (based
on F tests) were calculated as an indicator of the
potential heterogeneity of the effect of ninte-
danib versus placebo across subgroups. In the
same subgroups, we analysed the time to pro-
gression of ILD (defined as an absolute decline
in FVC % predicted > 10%) or death over the
whole ftrial, using Cox proportional hazards
models (stratified by HRCT pattern) with terms
for treatment to derive hazard ratios and 95%
confidence intervals (ClIs). Cox proportional
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hazards models with additional terms for sub-
group and treatment-by-subgroup were used to
calculate interaction p values. No adjustments
for multiplicity were made. Analyses were per-
formed using SAS version 9.4.

The analyses of the rate of decline in FVC
over 52 weeks in subgroups by sex, age and race
were pre-specified. The other analyses were
conducted post hoc.

RESULTS

A total of 663 patients were treated (332 with
nintedanib, 331 with placebo). Their ILD diag-

noses were hypersensitivity pneumonitis
(26.1%), autoimmune disease-related ILDs
(25.6%), idiopathic non-specific interstitial

pneumonia (iNSIP) (18.9%), unclassifiable idio-
pathic interstitial pneumonia (IIP) (17.2%) and
other fibrosing ILDs (12.2%) [11]. At baseline,
53.7% were male; 60.8% were aged > 65 years;
73.6% were White; 28.4%, 36.6% and 35.0%

had a BMI <25, > 25 to<30 and > 30 kg/mz,
respectively; 20.2%, 34.3%, 19.8% and 25.7%
had a time since diagnosis of ILD of <1,>1
to<3,>3 to<S5 and>Syears, respectively.
Regarding disease severity, 11.3%, 47.4%,
31.5% and 9.8% of patients had FVC % pre-
dicted <50, >50 to<70,>70 to<90,>90,
respectively; 69.1% had CPI > 45; 55.7% were at
GAP stage II or IIl. Anti-acid medication was
taken by 57.3% of patients and DMARDs by
13.7% of patients. The baseline characteristics
of the subgroups are summarised in
Tables S1-S11 in the Supplementary Material.

The effect of nintedanib versus placebo on
reducing the rate of decline in FVC over
52 weeks was consistent across the subgroups
based on baseline characteristics (p > 0.05 for
all) (Fig.1; Table S12 in the Supplementary
Material).

The median follow-up time for progression
of ILD or death was ~ 19 months. Progression of
ILD or death occurred in similar or lower pro-
portions of patients treated with nintedanib

nanalysed Difference(95%Cl)  Treatment-by-subgroup-
Nintedanib  Placebo by-time interaction

All subjects 332 331 —— 107.0(65.4,148.5)

Sex  Male 179 177 —— 145.2(88.5,201.9) p=0.06

Female 153 154 —e— 64.2(3.9, 124.6)

Age  <65years 139 121 ———t 86.9(21.5,152.2) p=051
265 years 193 210 —— 1156.1(61.4,168.8)

Race*  White 242 246 —— 110.6(62.0,159.2) p=0.77

Asian 84 80 ——t 93.0(9.3,176.7)

Bodymassindex <25kg/m? 90 98 —— 106.1(28.3,184.0) p=083
225 to <30kg/m? 130 112 ————i 93.7(24.7,162.6)
230 kg/m? 111 121 ———t 124.3(55.4,193.3)

Time since diagnosis ofILD <1 year 67 67 ————— 101.6(7.5, 195.6) p=0.89
>1to <3 years 115 112 —— 87.8(17.0, 158.5)
>3 to <5 years 74 57 — ey 117.7(23.2,212.1)
>5 years 75 95 —— 129.4(45.6,213.1)

FVC  <50% predicted 42 33 ol e 98.3(-28.9, 225.5) p=0.38
>50% to <70% predicted 154 160 —— 101.3(41.7,160.9)
>70%to <90% predicted 104 105 ———y 98.6(26.1,171.1)
>90% predicted 32 33 " 220.8(92.7,348.8)

DLcot  =median (43.3% predicted) 177 150 —— 92.4(32.3,152.5) p=0.40
>median (43.3% predicted) 149 178 —— 128.4(70.1,186.8)

CPlI =45 82 120 - 138.4(62.7,214.1) p=0.48
>45 244 208 ° 105.9(55.2, 156.5)

GAPstage | 142 152 —— 98.0(37.6, 158.3) p=0.60
llorlil 190 179 ° 119.8(63.4,176.2)

Anti-acid therapy* Yes 200 180 . 113.9(58.8,169.0) p=0.66
No 132 1561 . 95.2(31.5, 158.9)

DMARDsS  Yes 43 48 " 148.4(33.9,262.9) p=044
No 289 283 ° 99.5(54.8, 144.2)

-200 -100 0 100 200 300 400

Favours placebo

Favours nintedanib

CPI composite physiologic index, DLco diffusing capacity of the lung for carbon monoxide, DMARD:s disease-modifying anti-rheumatic drugs, FVC forced vital capacity, /LD interstitial lung disease.
*The effectin Black patients is not shown as the number of patients in this subgroup (n=10) was too small for the data to be interpreted. tCorrected for haemoglobin.

#Based on WHO Drug Dictionary (version 19.MAR) (Anatomical Therapeutic Chemical codes for ‘antacids’ and ‘drugs for peptic ulcer and gastro-oesophageal reflux disease [GORD]'and preferred
name ‘drugs for acid related disorders’). $Based on WHO Drug Dictionary (version 19.MAR) standardised drug grouping excluding denosumab, plus baricitinib.

Fig. 1 Rate of decline in FVC (mL/year) over 52 weeks of the INBUILD trial in subgroups by baseline characteristics
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Table 1 Time to ILD progression (absolute decline in FVC % predicted > 10%) or death over the whole INBUILD trial
in subgroups by baseline characteristics

Baseline characteristic

n/N (%) with event

Hazard ratio

Treatment-by-subgroup

Nintedanib Placebo (95% CI) interaction
p value
Sex
Male 76/179 (42.5) 105/177 (59.3) 0.62 (0.46, 0.84) 0.66
Female 58/153 (37.9) 76/154 (49.4) 0.72 (0.51, 1.01)
Age
< 65 years 49/139 (35.3) 54/121 (44.6) 0.74 (0.50, 1.09) 0.58
> 65 years 85/193 (44.0) 127/210 (60.5) 0.64 (0.49, 0.85)
Race®
White 100/242 (41.3) 137/246 (55.7) 0.65 (0.50, 0.84) 0.93
Asian 32/84 (38.1) 41/80 (51.3) 0.71 (0.45, 1.13)
Body mass index (BMI)
<25 kg/m® 44/90 (48.9) 59/98 (60.2) 0.74 (0.50, 1.10) 0.85
> 25 to < 30 kg/m* 48/130 (36.9) 61/112 (54.5) 0.65 (0.44, 0.94)
> 30 kg/m* 42/111 (37.8) 61/121 (50.4) 0.64 (0.43, 0.95)
Time since diagnosis of ILD
<1 year 23/67 (34.3) 41/67 (61.2) 0.44 (0.26, 0.74) 0.09
> 1 to < 3 years 54/118 (45.8) 59/112 (52.7) 0.82 (0.56, 1.18)
>3 to < S years 24/73 (32.9) 34/57 (59.6) 0.50 (0.29, 0.84)
> 5 years 33/73 (45.2) 47/95 (49.5) 0.88 (0.56, 1.39)
FVC % predicted
<50% 25/42 (59.5) 20/33 (60.6) 0.70 (0.38, 1.29) 0.44
> 50 to < 70% 55/154 (35.7) 89/160 (55.6) 0.57 (0.41, 0.80)
> 70 to < 90% 41/104 (39.4) 50/105 (47.6) 0.80 (0.53, 1.21)
> 90% 13/32 (40.6) 22/33 (66.7) 0.51 (0.26, 1.03)
DLco % predicted”
< median (43.3%) 82/177 (46.3) 92/150 (61.3) 0.65 (0.48, 0.88) 0.97
> median (43.3%) 51/149 (34.2) 87/178 (48.9) 0.66 (0.46, 0.93)
CPI
<45 25/82 (30.5) 57/120 (47.5) 0.61 (0.38, 0.98) 0.77
> 45 108/244 (44.3) 122/208 (58.7) 0.66 (0.51, 0.85)
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Table 1 continued

Baseline characteristic

n/N (%) with event

Nintedanib

Placebo

Hazard
ratio(95% CI)

Treatment-by-subgroup
interactionp value

GAP stage
I
II or III
Taking anti-acid therapy®
Yes
No
DMARDs*
Yes
No

41/142 (28.9)
93/190 (48.9)

88/201 (43.8)
46/131 (35.1)

16/43 (37.2)
118/289 (40.8)

68/152 (44.7)
113/179 (63.1)

101/180 (56.1)
80/151 (53.0)

31/48 (64.6)
150/283 (53.0)

0.59 (0.40, 0.88)
0.70 (0.53, 0.93)

0.72 (0.54, 0.96)
0.58 (0.40, 0.83)

0.49 (0.26, 0.91)
0.70 (0.55, 0.89)

0.42

0.34

0.28

CPI composite physiologic index, DLco diffusing capacity of the lung for carbon monoxide, DMARDs disease-modifying
anti-rheumatic drugs, FV'C forced vital capacity, GAP gender, age, lung physiology, ILD interstitial lung disease

“Data on Black patients are not shown as the number of patients in this subgroup (7 = 10) was too small for the data to be
interpretedbCOrrected for haemoglobin
“Based on WHO Drug Dictionary [version 19.MAR) (Anatomical Therapeutic Chemical codes for ‘antacids’ and ‘drugs for
peptic ulcer and gastro-oesophageal reflux disease (GORD)’ and preferred name ‘drugs for acid related disorders’]

9Based on WHO Drug Dictionary (version 19.MAR) standardised drug grouping excluding denosumab, plus baricitinib

than placebo across the subgroups analysed,
with no heterogeneity detected across sub-
groups (p > 0.05 for all) (Table 1).

DISCUSSION

We used data from the INBUILD trial to assess
the effect of nintedanib on slowing the pro-
gression of pulmonary fibrosis across subgroups
based on baseline characteristics. No hetero-
geneity was detected in the effect of nintedanib
on reducing the rate of FVC decline across
subgroups based on demographics (age, sex,
race, BMI), measures of disease severity (FVC,
DLco, CPI, GAP stage, time since diagnosis of
ILD), or use of anti-acid therapy or DMARDs at
baseline. These findings are in line with the
consistent effect of nintedanib across subgroups
based on baseline characteristics observed in
clinical trials in patients with IPF [18-25] and
SSc-ILD [26-30]. Previous analyses of data from
the INBUILD trial also found no heterogeneity
in the effect of nintedanib across five subgroups

by ILD diagnosis (hypersensitivity pneumonitis,
autoimmune ILDs, iNSIP, unclassifiable IIP,
other ILDs) [31] or among subgroups with ILD
associated with rheumatoid arthritis, SSc, mixed
connective tissue disease, or other autoimmune
diseases [32]. Further, in a meta-analysis of data
from the INBUILD trial, INPULSIS trials in
patients with IPF and the SENSCIS trial in
patients with SSc-ILD, there was no evidence of
heterogeneity in the relative effect of ninteda-
nib on reducing the rate of decline in FVC
across these patient populations [33]. Com-
bined data from these trials indicated that nin-
tedanib reduced the rate of decline in FVC over
52 weeks by 51%.

Previous analyses of data from the INBUILD
trial found no heterogeneity in the relative
treatment effect of nintedanib between patients
with a UlP-like fibrotic pattern versus other
fibrotic patterns on HRCT [11, 32]. However,
the absolute rate of decline in FVC was numer-
ically greater in patients with a UIP-like fibrotic
pattern than in those with other fibrotic pat-
terns on HRCT [8, 11], consistent with previous
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studies showing that a UIP pattern on HRCT is
associated with a higher risk of mortality in
patients with progressive pulmonary fibrosis of
varying aetiologies [4, 34-37].

Immunomodulatory medications have been
shown to reduce ILD progression in specific
populations of patients with autoimmune dis-
ease-related ILDs [38-42]. In our analyses, no
heterogeneity was detected in the effect of
nintedanib on reducing the rate of decline in
FVC across subgroups based on the use of
DMARDs at baseline in the overall INBUILD
trial population, consistent with analyses in the
subgroup of patients with autoimmune disease-
related ILDs [32]. Similarly, previous analyses of
data from the overall INBUILD trial population
found no heterogeneity in the effect of ninte-
danib on slowing FVC decline between sub-
groups by use of glucocorticoids at baseline, or
in analyses excluding patients taking restricted
immunomodulatory medications at baseline or
over 52 weeks of the trial [43]. Data from the
INBUILD and SENSCIS trials suggest that the
adverse event profile of nintedanib is also sim-
ilar between patients who do and do not use
immunomodulatory medications [28, 43]. For
some patients with progressive pulmonary
fibrosis associated with an autoimmune disease,
combination therapy with immunomodulatory
therapy and nintedanib may be the most
appropriate treatment regimen for slowing ILD
progression [1, 2, 44-46], but more research is
needed to inform in which patients combina-
tion therapy should be used.

Previous analyses of data from the INBUILD
trial demonstrated that the adverse event profile
of nintedanib was generally consistent across
subgroups based on ILD diagnosis, age, sex, race
and weight, but nausea, vomiting, liver enzyme
elevations and dose reductions used to manage
adverse events were more common among
female than male patients [13, 31]. An analysis
of pooled data from the INBUILD, INPULSIS
and SENSCIS trials also showed that nausea,
vomiting and hepatic adverse events, and dose
reductions and treatment interruptions, were
more frequent in female than male patients
[47].

The strengths of our analyses include the
randomised placebo-controlled trial design of

the INBUILD trial and the standardised collec-
tion of data on FVC and adverse events. A lim-
itation of our analyses is that the trial was not
designed or powered to show a benefit of nin-
tedanib in these subgroups of patients, and the
interaction p values should be regarded as
exploratory. The results obtained in small sub-
groups should in particular be interpreted with
caution. The number of Black patients and the
numbers of patients with specific comorbidities
or taking specific comedications were too small
for the data from these subgroups to be
interpreted.

CONCLUSION

In the INBUILD trial, nintedanib had a consis-
tent effect on reducing the rate of ILD progres-
sion across subgroups of patients with
progressive pulmonary fibrosis based on demo-
graphics, measures of ILD severity, and use of
comedications.
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