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ABSTRACT

Introduction: The effect of nintedanib on
slowing the rate of decline in forced vital
capacity (FVC) has been investigated in ran-
domized placebo-controlled trials in subjects
with idiopathic pulmonary fibrosis (IPF), other
progressive fibrosing interstitial lung diseases
(ILDs), and ILD associated with systemic scle-
rosis (SSc-ILD). We assessed the consistency of
the effect of nintedanib on the rate of decline in
FVC over 52 weeks across four placebo-con-
trolled phase III trials.

Methods: We used data on FVC decline from
the INPULSIS-1 and INPULSIS-2 trials in sub-
jects with IPF, the INBUILD trial in subjects with
progressing fibrosing ILDs other than IPF, and
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the SENSCIS trial in subjects with SSc-ILD. In
each trial, the primary endpoint was the annual
rate of decline in FVC (mL/year) assessed over
52 weeks. We performed fixed effect and ran-
dom effects meta-analyses based on the relative
treatment effect of nintedanib versus placebo
on the rate of decline in FVC (mL/year) over
52 weeks. Heterogeneity of the relative treat-
ment effect of nintedanib across populations
was assessed using the I? statistic, t* and corre-
sponding p value from a Qtest for
heterogeneity.

Results: The combined analysis comprised
1257 subjects treated with nintedanib and 1042
subjects who received placebo. Nintedanib
reduced the rate of decline in FVC (mlL/year)
over 52weeks by 51.0% (95% CI 39.1, 63.0)
compared with placebo. The relative effect
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(95% CI) was the same using the fixed effect and
random effects models. There was no evidence
of heterogeneity in the relative treatment effect
of nintedanib across the populations studied
(> = 0%, t* =0, p = 0.93).

Conclusions: A meta-analysis of data from four
placebo-controlled trials demonstrated that

nintedanib approximately halved the rate of
decline in FVC over 52 weeks across subjects
with different forms of pulmonary fibrosis, with
no evidence of heterogeneity in its relative
treatment effect across patient populations.
Graphical abstract:
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Meta-analysis of effect of nintedanib on reducing FVC
decline across interstitial lung diseases (ILDs)

Francesco Bonella, Vincent Cottin, Claudia Valenzuela, Marlies Wijsenbeek,
Florian Voss, Klaus B Rohr, Susanne Stowasser, Toby M Maher

' Introduction
The effect of nintedanib on

To assess whether the

the rate of decline in FVC has effect of nintedanib on
been investigated in placebo- slowing the rate of decline in
controlled trials in subjects with FVC was consistent across
IPF, other progressive fibrosing a spectrum of fibrosing ILDs

ILDs and systemic sclerosis-
associated ILD (SSc-ILD)

)

Fixed effect and random effects meta-analyses were performed
based on the relative treatment effect of nintedanib versus placebo
on the rate of decline in FVC (mL/year) over 52 weeks in the INPULSIS,
SENSCIS and INBUILD trials

Relative effect of nintedanib vs placebo on the rate of FVC decline

(mL/year) over 52 weeks in the INPULSIS, SENSCIS and INBUILD trials

Relative effect
Weight, of nintedanib

% vs placebo
% (95% CI)
52.2
-1 —_— .
INPULSIS-1: IPF 36.5 (32.4,72.0)
. 452
INPULSIS-2: IPF —— 25.8 (217, 68.8)
e _ o . 439
SENSCIS: SSc-ILD 8.6 (3.2, 84.6)
INBUILD: non-IPF 60.7
progressive fibrosing ILDs —@®—— 195 (337 .87 8)
with UIP-like fibrotic pattern o
INBUILD: non-IPF
progressive fibrosing ILDs ® 9.6 (10‘(‘38.887 3)
with other fibrotic patterns o
) - 51.0
Combined analysis —@— 100 (39.1, 63.0)

-20 0 20 40 60 80 100
Relative effect of nintedanib vs placebo, % (95% CI)

*Test for heterogeneity: 2=0%, 12=0, p=0.93.
Fixed and random effects meta-analyses were identical.

@ A meta-analysis of data from four placebo-controlled trials

demonstrated that nintedanib approximately halved the rate of decline in

FVC over 52 weeks across subjects with different forms of pulmonary

fibrosis, with no evidence of heterogeneity in its relative treatment effect
across patient populations

FVC, forced vital capacity. IPF, idiopathic pulmonary fibrosis. _ﬁ\ Adis
UIP, usual interstitial pneumonia.
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Key Summary Points

Why carry out this study?

Decline in forced vital capacity (FVC) is
variable both across interstitial lung
diseases (ILDs) and among patients with
the same ILD.

We investigated whether the effect of
nintedanib on slowing decline in FVC was
consistent across a spectrum of fibrosing
ILDs.

What was learned from the study?

This meta-analysis of data from four
placebo-controlled phase III trials showed
that nintedanib had a consistent relative
effect on reducing the rate of decline in
FVC across subjects with different
fibrosing ILDs.

These data show that nintedanib slows the
progression of pulmonary fibrosis
irrespective of the aetiology.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.19411025.

INTRODUCTION

The ILDs are a heterogeneous group of diffuse
parenchymal lung disorders that may manifest
as pulmonary fibrosis [1]. Pulmonary fibrosis
may become progressive. Idiopathic pulmonary
fibrosis (IPF) is often viewed as the “prototypic”
progressive fibrosing ILD, but patients with
other chronic ILDs may also develop a

progressive fibrosing phenotype, characterised
by increasing fibrotic abnormalities on high-
resolution computed tomography (HRCT),
decline in lung function, worsening symptoms
and quality of life, and early mortality [2-6].
The course of fibrosing ILD is variable both
across ILDs and among patients with the same
ILD [7-10]. Decline in forced vital capacity
(FVQ) reflects the progression of ILD and has
been associated with mortality in studies in
several ILDs [4, 11-14].

Nintedanib is an intracellular inhibitor of
tyrosine kinases with anti-inflammatory and
anti-fibrotic effects [15-17]. The effect of nin-
tedanib on slowing the rate of decline in FVC
has been investigated in randomized placebo-
controlled trials in subjects with IPF [18-21],
fibrosing ILDs other than IPF that had pro-
gressed despite management deemed appropri-
ate in clinical practice [20, 23], and ILD
associated with systemic sclerosis (SSc-ILD) [24].
In this analysis, we assessed the consistency of
the effect of nintedanib on the rate of decline in
FVC (mL/year) over 52 weeks across four pla-
cebo-controlled phase III trials in subjects with
different forms of pulmonary fibrosis.

METHODS

We used data on FVC decline from the INPUL-
SIS trials (INPULSIS-1 and INPULSIS-2) in sub-
jects with IPF [19], the SENSCIS trial in subjects
with SSc-ILD [24] and the INBUILD trial in
subjects with progressive fibrosing ILDs other
than IPF [22] (Table 1). The INPULSIS, SENSCIS
and INBUILD trials were carried out in compli-
ance with the protocol and with the principles
of the Declaration of Helsinki and the Har-
monised Tripartite Guideline for Good Clinical
Practice of the International Conference on
Harmonisation. The trials were approved by the
local authorities. All subjects provided written
informed consent prior to their participation.
The designs of the INPULSIS, SENSCIS and
INBUILD trials have been published and the
protocols are publicly available [19, 22, 24].
Briefly, subjects in the INPULSIS trials had IPF,
FVC at least 50% predicted and diffusing
capacity of the lungs for carbon monoxide
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Table 1 Key inclusion criteria for the INPULSIS, SEN-
SCIS and INBUILD trials

INPULSIS SENSCIS trial INBUILD trial
trials [19] [24] [22]

Age > 40 years Age > 18 years Age > 18 years

Diagnosis of IPF
based on 2011
ATS/ERS/JRS/
ALAT
guidelines [43]

Diagnosis of SSc
based on ACR/
EULAR 2013
classification
criteria [44]

with first non-

Clinical diagnosis
of diffuse
fibrosing ILD
other than IPF

Reticulation with

Fibrotic pattern traction
on HRCT Raynaud bronchiectasis
consistent with ~ Symptom in (with or without
UIP prior < 7 years honeycombing)
EVC > 50% Predominant on HRCT
predicted features on Progressive ILD
HRCT
DLeo 30-79% consistent with dehned by
. worsening in
predicted SSc-ILD

lung function,
Fibrotic ILD of

> 10% extent

symptoms and/

or imaging

on HRCT Fibrotic ILD of
FVC > 40% > 10% extent
predicted on HRCT
DLco 30-89% FVC > 45%
predicted predicted
DLco 30-80%
predicted

IPF idiopathic pulmonary fibrosis, A47S American Tho-
racic Society, ERS European Respiratory Society, JRS
Japanese Respiratory Society, ALATHRCT high-resolu-
tion computed tomography, FVC forced vital capacity,
DLco diftusing capacity of the lungs for carbon monoxide,
Y systemic sclerosis, EULAR European League Against
Rheumatism, ACR American College of Rheumatology

(DLco) 30-79% predicted. Subjects in the SEN-
SCIS trial had SSc with first non-Raynaud
symptom in the prior 7 years or less, extent of
fibrotic ILD on HRCT of at least 10%, FVC at
least 40% predicted and DLco 30-89% pre-
dicted. Patients on prednisone dose of at most
10 mg/day or equivalent and/or stable therapy

with mycophenolate or methotrexate for at
least 6 months were allowed to participate.
Subjects in the INBUILD trial had a chronic
fibrosing ILD other than IPF of at least 10%
extent on HRCT, met criteria for ILD progres-
sion within the previous 2 years despite man-
agement deemed appropriate in clinical
practice, and had FVC at least 45% predicted
and DLco 30-80% predicted; the protocol
excluded patients taking azathioprine, cyclos-
porine, mycophenolate, tacrolimus, rituximab,
cyclophosphamide, or oral glucocorticoids at a
dose of more than 20 mg/day. Since the pres-
ence of an usual interstitial pneumonia (UIP)-
like fibrotic pattern on HRCT has been associ-
ated with a faster rate of disease progression in
studies in several ILDs [3, 25, 26], we also
analysed the effect of nintedanib on the rate of
decline in FVC in the INBUILD trial in subjects
with a UIP-like fibrotic pattern on HRCT (de-
fined in [22]) and in subjects with other fibrotic
patterns on HRCT.

In every trial, the primary endpoint was the
rate of decline in FVC (mL/year) assessed over
52 weeks using a random coefficient regression
model (with random slopes and intercepts). The
model assumed that data were missing at ran-
dom. Missing data were not imputed. We per-
formed fixed effect and random effects meta-
analyses, based on the relative treatment effect
(%) of nintedanib versus placebo on the rate of
decline in FVC (mL/year) over 52 weeks. For
each population, the relative treatment effect
was calculated as the absolute treatment effect
(and related standard error) normalised by the
adjusted rate of decline in FVC (mL/year) in the
placebo group to account for differences in
natural history across ILDs. Heterogeneity of
the relative treatment effect of nintedanib
across populations was assessed using the I*
statistic, > and corresponding p value from a
Q test for heterogeneity.

RESULTS

The baseline characteristics of subjects treated
in the INPULSIS, SENSCIS and INBUILD trials
have been published [19, 22, 24] and are sum-
marised in Table 2. Over 52 weeks, nintedanib

A\ Adis



Adv Ther (2022) 39:3392-3402

3397

Table 2 Baseline characteristics of subjects in clinical trials of nintedanib

INPULSIS- INPULSIS- SENSCIS
1 (2 =513) 2 (n =548) (n = 576)

INBUILD: UIP-like
fibrotic pattern on HRCT

INBUILD: other fibrotic
patterns on HRCT

(n = 412) (n = 251)
Male, 7 (%) 414 (80.7) 427 (77.9) 143 (24.8) 247 (60.0) 109 (43.4)
Age, years 66.9 (8.3) 66.6 (7.8) 54.0 (12.2) 68.0 (8.4) 62.1 (10.7)
Former or 391 (76.2) 374 (682) - 236 (57.3) 102 (40.6)
current
smoker, 7 (%)
FVC mL 2792 (771) 2651 (780) 2500 (777) 2369 (741) 2268 (719)
FVC % 799 (17.1) 792 (18.5) 725 (16.7) 70.6 (15.9) 66.4 (14.8)
predicted
DLco % 47.7 (12.1)  46.8 (14.6) 53.0 (15.1) 46.6 (14.3) 45.4 (12.4)
predicted

Data are mean (SD) unless otherwise stated

HRCT high-resolution computed tomography, FV'C forced vital capacity, DLco diffusing capacity of the lungs for carbon

monoxide, UIP usual interstitial pneumonia

significantly reduced the rate of decline in FVC
versus placebo in all the populations studied.
The between-group absolute differences in the
rate of decline in FVC were 125.3 mL/year
(95% CI 77.7, 172.8) in INPULSIS-1, 93.7 mL/
year (95% Cl 44.8, 142.7) in INPULSIS-2,
41.0 mL/year (95% CI 2.9, 79.0) in SENSCIS and
107.0 mL/year (95% CI 65.4, 148.5) in INBUILD
(128.2 mL/year [95% CI 70.8, 185.6] in subjects
with a UIP-like fibrotic pattern on HRCT and
75.3 mL/year [95% CI 15.5, 135.0] in subjects
with other fibrotic patterns on HRCT).

The relative effect of nintedanib versus pla-
cebo on the rate of decline in FVC ranged from
44% in SENSCIS to 61% in subjects with a UIP-
like fibrotic pattern on HRCT in INBUILD
(Fig. 1). There was no evidence of heterogeneity
in the relative treatment effect of nintedanib
across the patient populations studied (I* = 0%,
*=0, p=0.93). In the combined analysis,
which comprised 1257 subjects in the ninteda-
nib group and 1042 subjects in the placebo
group, nintedanib reduced the rate of decline in
FVC (mL/year) over 52 weeks by 51.0% (95% CI
39.1, 63.0). The relative effect (95% CI) was the
same using the fixed effect and random effects
models.

DISCUSSION

We conducted a meta-analysis of the effect of
nintedanib on the rate of decline in FVC based
on data from over 2000 subjects with pul-
monary fibrosis. We found that the relative
effect of nintedanib on slowing the rate of FVC
decline was consistent across patients with dif-
ferent types of ILD, with a relative reduction of
approximately 50% across populations. The rate
of FVC decline differed across the populations
studied [19, 22, 24], leading to differences in the
absolute effect of nintedanib that may be of
clinical relevance, for example, in the impact of
the same relative reduction in the rate of FVC
decline on the risk of mortality. However, of
note, the absolute rate of FVC decline observed
in patients with IPF was similar to that observed
in patients with other progressive fibrosing ILDs
[14].

The pathobiology of progressive fibrosing
ILD remains incompletely understood [27], but
these findings support the proposition that
fibrosing ILDs show commonalities in the
pathobiological pathways that lead to progres-
sion of fibrosis [14, 27-30] and that nintedanib
slows the progression of pulmonary fibrosis
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Weight(ixea  Realieutectot
N analyzed effect and
random effects placebo on rate of
models), % decline in FVC (mLlyear),
Nintedanib Placebo Kis % (95% Cl)
INPULSIS-1 309 204 —_———— 36.5 52.2 (32.4,72.0)
INPULSIS-2 329 219 —_—————— 25.8 45.2 (21.7,68.8)
SENSCIS 287 288 - 8.6 43.9 (3.2, 84.6)
INBUILD: UIP-like fibrotic pattern on HRCT 206 206 —_——————— 19.5 60.7 (33.7, 87.8)
INBUILD: other fibrotic patterns on HRCT 126 125 9.6 48.8 (10.3, 87.3)
Combined analysis 1257 1042 g 100 51.0 (39.1, 63.0)
Heterogeneity: 2=0%, 12=0, p=0.93
-40 -20 0 20 40 60 80 100

Relative effect of nintedanib versus placebo, % (95% CI)

Fig. 1 Relative effect of nintedanib versus placebo on the rate of decline in FVC (mL/year) over 52 weeks in the

INPULSIS, SENSCIS and INBUILD trials

irrespective of its aetiology [14, 17, 29-31].
Further support for this hypothesis is provided
by subgroup analyses of data from the INBUILD
trial that suggested that the effect of nintedanib
on FVC decline was consistent irrespective of
the underlying diagnosis [29, 30]. Subgroup
analyses have also shown that nintedanib has a
consistent effect on reducing FVC decline in
subjects of different ages and disease severities
based on FVC, DLco, or staging systems such as
the composite physiologic index or GAP index
[32-37].

These findings should not undermine the
importance of determining an accurate diag-
nosis in patients with ILDs to ensure that indi-
vidual patients can receive the appropriate care.
Rather these data emphasise the importance of
rigorous follow-up and prompt identification of
disease progression in patients with fibrosing
ILDs so that therapy that targets fibrosis can be
initiated in a timely manner to slow further loss
of lung function. Such close monitoring should
involve regular assessment of pulmonary func-
tion and symptoms, and, when required, HRCT
[38-40]. In the absence of clinical practice
guidelines for fibrosing ILDs other than IPF, the
management of patients with ILDs requires an
individualised and multidisciplinary approach,
including input from an expert pulmonologist.

Prompt initiation or escalation of therapy in
patients with progressive fibrosis is needed to
improve outcomes [38-40].

Our analyses have some limitations. The
data on FVC decline were collected over a fol-
low-up period of only 52 weeks. The data col-
lected did not allow analyses to be conducted of
the effects of nintedanib in patients with
specific rare ILDs, or in patients taking particu-
lar immunomodulatory medications. However,
previous analyses have demonstrated that nin-
tedanib had a consistent effect on reducing FVC
decline between subgroups based on use of
immunomodulatory therapies in the INBUILD
trial [41], and between subgroups based on use
of a stable dose of mycophenolate for at least
6 months in patients with SSc-ILD in the SEN-
SCIS trial [42].

CONCLUSION

A meta-analysis of data from four phase III
clinical trials showed that despite differences in
the rate of FVC decline across fibrosing ILDs,
nintedanib approximately halved the rate of
FVC decline over 52 weeks across the spectrum
of pulmonary fibrosis.
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