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Abstract
Copyright ©The authors 2024 Background Acute exacerbations of fibrosing interstitial lung diseases (ILDs) are associated with high
. o mortality. We used prospective data from the INBUILD trial to investigate risk factors for acute
I;‘;st:frzzogf':hzlsct:;::tleed under exacerbations and the impact of these events in patients with progressive pulmonary fibrosis.
Commons Attribution Licence 4.0.  Methods Patients with progressive fibrosing ILDs other than idiopathic pulmonary fibrosis (IPF) were
randomised to receive nintedanib or placebo. Associations between baseline characteristics and time to first
Received: 18 April 2024 acute exacerbation were assessed using pooled data from both treatment groups using Cox proportional
Accepted: 25 July 2024 hazard models, firstly univariable models and then a multivariable model using forward stepwise selection.
The risk of death was estimated based on the Kaplan—Meier method.
Results Over a median follow-up of approximately 19 months, acute exacerbations were reported in 58
(8.7%) of 663 patients. In the risk factor analysis, the final model included diffusing capacity of the lung
for carbon monoxide (Dy o) % predicted, treatment and age. Lower Dy co % predicted was associated with
an increased risk of acute exacerbation with a hazard ratio (HR) of 1.56 (95% CI 1.21-2.02) per 10 units
lower (p<0.001). Age >65 years was associated with a numerically increased risk (HR 1.55, 95% CI 0.87—
2.77; p=0.14). Treatment with nintedanib conferred a numerically reduced risk versus placebo (HR 0.60,
95% CI 0.35-1.02; p=0.06). The estimated risks of death <30 days and <90 days after an acute
exacerbation were 19.0% (95% CI 8.9-29.2) and 32.0% (95% CI 19.7-44.2).
Conclusions Acute exacerbations of progressive pulmonary fibrosis may have similar risk factors and
prognostic impact as acute exacerbations of IPF.

Introduction

Interstitial lung diseases (ILDs) are a large and heterogeneous group of disorders. Idiopathic pulmonary

fibrosis (IPF) is an ILD of unknown cause that is always characterised by progressive pulmonary fibrosis

[1]. A subset of patients with other fibrosing ILDs also develop progressive fibrosis, characterised by

increasing radiological fibrosis, decline in lung function, worsening symptoms and high mortality [1-3].

The term “progressive fibrosing ILD” or “progressive pulmonary fibrosis” (PPF) is generally used to
a describe PPF in patients with a fibrosing ILD other than IPF. Various criteria have been proposed for the

BY

identification of PPF [1, 4-6]. All identify patients with progressive disease and poor outcomes [7, 8].
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Acute exacerbations of fibrosing ILDs, characterised by acute deterioration in respiratory function and new
widespread alveolar abnormality, are associated with high morbidity and mortality [9-12]. Acute
exacerbations are a well-known feature of the natural history of IPF [10], but less is known about acute
exacerbations of other ILDs. All of the available evidence comes from retrospective observational studies
[11, 12-15], mostly conducted at single centres. To address this gap, we used prospective data from the
INBUILD trial of nintedanib versus placebo [4, 16] to investigate risk factors for acute exacerbations and
the prognostic impact of acute exacerbations in a broad population of patients with PPF.

Materials and methods

Patients

The design of the INBUILD trial (NCT02999178) has been published and the protocol is publicly
available [4]. Briefly, patients had diffuse fibrosing ILD of >10% extent on high-resolution computed
tomography (HRCT), forced vital capacity (FVC) >45% predicted and diffusing capacity of the lungs for
carbon monoxide (Dicp) >30% to <80% predicted. Patients with IPF were excluded. Patients met >1 of
the following criteria for ILD progression at any time within the prior 24 months, despite management
deemed appropriate in clinical practice: a relative decline in FVC >10% predicted; a relative decline in
FVC >5-<10% predicted and increased extent of fibrosis on HRCT; a relative decline in FVC >5-<10%
predicted and worsened respiratory symptoms; worsened respiratory symptoms and increased extent of
fibrosis on HRCT. Use of oral glucocorticoids at a dose of <20 mg-day™" prednisone or equivalent was
permitted. Patients taking azathioprine, cyclosporine, mycophenolate, tacrolimus, rituximab, cyclophosphamide
or oral glucocorticoids >20 mg-day~' prednisone or equivalent were not enrolled. Initiation of these
medications was permitted after 6 months of the trial in patients with clinically significant deterioration of
ILD or connective tissue disease, at the discretion of the investigator. The trial was carried out in
compliance with the protocol, the principles of the Declaration of Helsinki and the Harmonised Tripartite
Guideline for Good Clinical Practice from the International Conference on Harmonisation, and was
approved by local authorities. All patients provided written informed consent before study entry.

Trial design

Patients were randomised 1:1 to receive nintedanib 150 mg bid or placebo, stratified by fibrotic pattern on
HRCT (usual interstitial pneumonia (UIP)-like fibrotic pattern or other fibrotic patterns) [4]. Patients
continued to receive blinded randomised treatment until all patients had completed the post-treatment
follow-up visit or entered the open-label extension study, INBUILD-ON (NCT03820726). The data
available at this point comprised the data from the whole trial.

The criteria used for an acute exacerbation in the INBUILD trial were the same as the criteria for an acute
exacerbation of IPF published by an international working group [10] except that they referred to a
fibrosing ILD other than IPF. Thus, an acute exacerbation was defined as an event meeting all these
criteria: acute worsening or development of dyspnoea (typically <1 month duration); computed
tomography with new bilateral ground-glass opacity or consolidation superimposed on a background
pattern consistent with fibrosing ILD; deterioration not fully explained by cardiac failure or fluid overload.
Infection was not an exclusion criterion. Acute exacerbations were reported by the investigators as adverse
events and were not adjudicated.

Analyses

Analyses were conducted in patients who received >1 dose of trial drug and were conducted post hoc. The
baseline characteristics of patients who had and did not have an acute exacerbation during the trial were
assessed descriptively based on pooled data from both treatment groups. Comorbidity burden was assessed
using the Charlson Comorbidity Index (CCI), which allocates scores based on age and the presence/
absence of 19 comorbidities to provide a total score between 0 and 37 [17]. The seasonality of acute
exacerbations was assessed based on the occurrence of the event in the Spring (Northern hemisphere:
March—-May; Southern hemisphere: September—November), Summer (Northern hemisphere: June—August;
Southern hemisphere: December—February), Autumn (Northern hemisphere: September—November;
Southern hemisphere: March-May) or Winter (Northern hemisphere: December—February; Southern
hemisphere: June—August).

In a risk factor analysis, associations between patient characteristics at baseline and time to first acute
exacerbation were assessed using pooled data from both treatment groups using Cox proportional hazard
models. Associations were assessed first in univariable models and then in a multivariable model that
employed forward stepwise selection. In the univariable models, p<0.05 was regarded as indicating a
significant difference. To facilitate comparison with an analysis conducted using data from two similarly
designed trials in patients with IPF [18], in the multivariable model, risk factors for acute exacerbation
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were identified by consecutively adding candidates into the model, selecting the covariate with the smallest
p-value at each step, and selection was stopped when no further covariate achieved p<0.2. Candidate
variables, selected based on prior associations with the risk of an acute exacerbation or mortality in
patients with IPF or PPF, were age (<65 or >65 years), sex (male or female), race (Asian or non-Asian),
body mass index (BMI) (<25, >25-<30 or >30 kg-m~?), smoking status (never or current/former), HRCT
pattern (UIP-like fibrotic pattern or other fibrotic patterns), time since diagnosis of ILD (<3 or >3 years),
ILD diagnosis (unclassifiable idiopathic interstitial pneumonia (IIP), hypersensitivity pneumonitis,
idiopathic nonspecific interstitial pneumonia (NSIP), autoimmune disease-related ILDs or other ILDs),
FVC % predicted, Dy co % predicted (corrected for haemoglobin), supplemental oxygen use (yes or no),
use of corticosteroid or disease-modifying anti-rheumatic drug (DMARD) (yes or no), anti-acid medication
use (yes or no) and trial medication (nintedanib or placebo). The Akaike information criterion (AIC) was
calculated at each step to assess the goodness of fit of the statistical models. Hazard ratios and 95% Wald
confidence intervals (CIs) were calculated to evaluate associations between each variable and time to first
acute exacerbation.

The time from first acute exacerbation to hospitalisation and to death were analysed using pooled data from
both treatment groups. The risks of hospitalisation and death were estimated based on the Kaplan—Meier
method and 95% CIs were based on Greenwood’s variance estimates.

Results

Patients

A total of 663 patients were treated in the INBUILD trial (332 with nintedanib and 331 with placebo). The
baseline characteristics of these patients have been published [4]. In summary, mean (sp) age was 65.8
(9.8) years, 53.7% of patients were male, 73.6% were white, 51.0% were current or former smokers. Mean
(sp) FVC was 69.0 (15.6) % predicted, mean (sp) Dyco was 46.1 (13.6) % predicted. The ILD diagnoses
were hypersensitivity pneumonitis (26.1%), autoimmune disease-related ILDs (25.6%), idiopathic NSIP
(18.9%), unclassifiable ITP (17.2%) and other ILDs (12.2%).

Baseline characteristics of patients with acute exacerbations during follow-up

Median follow-up during the INBUILD trial was approximately 19 months. Over this period, 58 patients
(8.7%) had >1 acute exacerbation. Of these patients, 18 (31.0%) had hypersensitivity pneumonitis, 15
(25.9%) had unclassifiable IIP, 12 (20.7%) had autoimmune disease-related ILDs, 6 (10.3%) had
idiopathic NSIP and 7 (12.1%) had other fibrosing ILDs. With regards to seasonality, 18 (31.0%),
19 (32.8%), 9 (15.5%) and 12 (20.7%) patients had their acute exacerbation in the Winter, Spring, Summer
and Autumn, respectively.

Compared with the patients who did not have an acute exacerbation, the patients who had an acute
exacerbation included a greater proportion of males (65.5% versus 52.6%) and patients with
hypersensitivity pneumonitis (31.0% versus 25.6%) or unclassifiable ITP (25.9% versus 16.4%), a smaller
proportion of patients with autoimmune disease-related ILDs (20.7% versus 26.1%) or idiopathic NSIP
(10.3% versus 19.7%) and had a lower mean FVC (65.7% versus 69.3% predicted) and Dico (40.7%
versus 46.6% predicted) at baseline (table 1). Mean (sp) CCI was 3.0 (1.4) and 2.8 (1.4) in patients who
did and did not have an acute exacerbation, respectively. The inclusion criterion of a relative decline in
FVC >10% predicted within the prior 24 months was met by a similar proportion of patients who did
versus did not have an acute exacerbation (53.4% versus 49.9%, respectively).

Risk factors for acute exacerbation

In the univariable models, lower D;co % predicted at baseline was significantly associated with an
increased risk of acute exacerbation (HR 1.56, 95% CI 1.20-2.02 per 10 units lower) (figure 1). Lower
FVC % predicted at baseline was associated with a numerically increased risk of acute exacerbation (HR
1.18, 95% CI 0.98-1.41 per 10 units lower) but statistical significance was not reached (p=0.08). A
diagnosis of idiopathic NSIP was associated with a reduced risk of acute exacerbation compared with a
diagnosis of unclassifiable IIP (figure 1). Age >65 years was associated with a numerically increased risk
of acute exacerbation (HR 1.73, 95% CI 0.97-3.07; p=0.06) and female sex with a numerically reduced
risk (HR 0.59, 95% CI 0.35-1.02; p=0.06) (figure 1).

The stepwise variable selection in the multivariable model for associations between baseline characteristics
and time to first acute exacerbation is shown in supplementary table 1. The final model included three
variables: Dy co % predicted, treatment (nintedanib versus placebo) and age (table 2). Lower Dyco %
predicted at baseline was associated with a significantly increased risk of acute exacerbation (HR 1.56,
95% CI 1.21-2.02 per 10 units lower) (figure 2) (p=0.0006). Age >65 years was associated with a

https://doi.org/10.1183/23120541.00403-2024 3

Downloaded from https://publications.ersnet.org on January 20, 2025 by guest. Please see licensing information on first page for reuse rights.


https://publications.ersnet.org/lookup/doi/10.1183/23120541.00403-2024#supplementary

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE | M. KREUTER ET AL.

TABLE 1 Baseline characteristics of patients who did and did not have an acute exacerbation during the

INBUILD trial
Had an acute Did not have an acute
exacerbation (n=58) exacerbation (n=605)

Age, years, mean (sp) 67.8 (9.1) 65.6 (9.8)
Male 38 (65.5) 318 (52.6)
Body mass index, kg:m™2, mean (sb) 27.4 (3.9) 28.4 (5.4)
Current or former smoker 31 (53.4) 307 (50.7)
Race

White 43 (74.1) 445 (73.6)

Asian 15 (25.9) 148 (24.5)

Black/African-American 0 10 (1.7)

American Indian/Alaska Native/Native Hawaiian/ 0 1(0.2)

other Pacific Islander
UIP-like fibrotic pattern on HRCT 38 (65.5) 374 (61.8)
FVC % predicted, mean (sp) 65.7 (15.6) 69.3 (15.6)
D\ co % predicted, mean (sp) 40.7 (12.0) 46.6 (13.7)
Time since diagnosis of ILD, years, mean (sp) 3.5(3.2) 3.8(3.8)
Use of DMARDs and/or corticosteroids 35 (60.3) 348 (57.5)
ILD diagnosis

Hypersensitivity pneumonitis 18 (31.0) 155 (25.6)

Autoimmune disease-related ILDs 12 (20.7) 158 (26.1)

Idiopathic NSIP 6 (10.3) 119 (19.7)

Unclassifiable IIP 15 (25.9) 99 (16.4)

Other fibrosing ILDs 7(12.1) 74 (12.2)
Inclusion criteria for ILD progression

Relative decline in FVC >10% predicted 31 (53.4) 302 (49.9)

Relative decline in FVC >5-<10% predicted and worsened 18 (31.0) 151 (25.0)

respiratory symptoms

Relative decline in FVC >5-<10% predicted and increased 6 (10.3) 73 (12.1)

extent of fibrosis on HRCT

Worsened respiratory symptoms and increased extent of 18 (31.0) 219 (36.2)

fibrosis on HRCT

Data are presented as n (%) unless otherwise specified. Not all patients provided data for all variables.
Autoimmune disease-related ILDs: RA-ILD, SSc-ILD, MCTD-ILD, autoimmune ILDs in “Other fibrosing ILDs”
category of case report form. Other fibrosing ILDs: sarcoidosis, exposure-related ILDs and other terms in “Other
fibrosing ILDs” category of case report form. UIP: usual interstitial pneumonia; HRCT: high-resolution computed
tomography; FVC: forced vital capacity; D, co: diffusing capacity of the lung for carbon monoxide; ILD: interstitial
lung disease; NSIP: nonspecific interstitial pneumonia; DMARD: disease-modifying anti-rheumatic drug; IIP:
idiopathic interstitial pneumonia.

numerically increased risk (HR 1.55, 95% CI 0.87-2.77; p=0.14). Treatment with nintedanib versus
placebo was associated with a numerically reduced risk (HR 0.60, 95% CI 0.35-1.02; p=0.06) (figure 2).
To assess whether the thresholds used for age and Dy o % predicted had an impact on the associations
observed, alternative thresholds were examined (>Q1 versus <Q1; >median versus <median; >Q3 versus
<Q3; 2nd versus 1st quartile; 3rd versus 1st quartile; and 4th versus 1st quartile). Older age was
significantly associated with an increased risk of acute exacerbation when the threshold was based on the
median (>67 versus <67 years) (supplementary table 2). Lower Dyco % predicted was significantly
associated with an increased risk of acute exacerbation for all the thresholds examined (supplementary
table 2).

Risk of hospitalisation and risk of death associated with acute exacerbation

The estimated risk (95% CI) of hospitalisation associated with the acute exacerbation or within 30 days
following the event was 80.2% (69.7-90.7). The estimated risks (95% CI) of death <30, <60, <90 and
<180 days after an acute exacerbation were 19.0% (8.9-29.2), 28.1% (16.4-39.8), 32.0% (19.7-44.2) and
37.0% (23.8-50.2) (figure 3). In patients with a UIP-like fibrotic pattern on HRCT, the estimated risk of
death <180 days after an acute exacerbation was 39.3% (95% CI 22.9-55.7). In patients with other fibrotic
patterns on HRCT, the estimated risk of death <180 days after an acute exacerbation was 33.3% (95% CI
10.5-56.2).
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HR (95% Cl) p-value

Age =265 years# 0 — 1.73(0.97-3.07) 0.06
Female e 0.59 (0.35-1.02) 0.06
Asian race" —— 1.02 (0.57-1.84) 0.94
BMI=25-<30 kg-mg~2* 00— 1.32(0.71-2.45) 0.38
BMI =30 kg:mg=2* e — 0.75(0.37-1.53) 0.43
UIP-like fibrotic pattern on HRCT —T 00— 1.17(0.68-2.01) 0.57
Current or former smoker T — 1.14 (0.68-1.90) 0.63
Time since diagnosis of ILD >3 years$ e 0.94 (0.56-1.59) 0.83
Hypersensitivity pneumonitisf ——— 0.77(0.39-1.54) 0.47
Idiopathic NSIPf f @ { 0.36 (0.14-0.92) 0.03
Autoimmune ILDsf ; @ f 0.53(0.25-1.13) 0.10
Other ILDsf f @ f 0.65(0.27-1.60) 0.35
Oxygen use T 1.20 (0.64-2.22) 0.57
Corticosteroid or DMARD use f @ ! 0.65 (0.28-1.52) 0.32
Anti-acid medication use — 1.34(0.78-2.29) 0.29
Treatment (nintedanib versus placebo) —— 0.64 (0.38-1.08) 0.09
FVC % predicted 0.08
Per 5 units lower 1@ 1.08 (0.99-1.19)
D\ co % predicted 0.0008
Per 5 units lower @ 1.25(1.10-1.42)
T T T T 1
0.1 0.3 0.5 1.0 2.0 4.0
HR (95% Cl)

FIGURE 1 Associations between baseline characteristics and time to first acute exacerbation in the univariable
model. HR, hazard ratio; Cl: confidence interval; BMI: body mass index; UIP: usual interstitial pneumonia;
HRCT: high-resolution computed tomography; ILD: interstitial lung disease; NSIP: nonspecific interstitial
pneumonia; DMARD: disease-modifying anti-rheumatic drug; FVC: forced vital capacity; Dico: diffusing capacity
of the lung for carbon monoxide. *: versus <65 years; ": versus non-Asian race; *: versus <25 kg:-mg~% *: versus
<3 years;

: versus unclassifiable idiopathic interstitial pneumonia.

Discussion

We used data from the INBUILD trial to investigate acute exacerbations in patients with PPF. To our
knowledge, these are the first prospectively collected data assessing the frequency and impact of acute
exacerbations in a multicentre study of patients with PPF.

While there is no established definition of an acute exacerbation in patients with PPF [19], studies of acute
exacerbations in these patients have used definitions similar to those used to define acute exacerbations of
IPF [10, 20]. In a recent consensus statement, experts agreed that acute exacerbations in patients with
fibrosing ILDs are typically defined based on changes in symptoms and imaging, as per the definition of

TABLE 2 Summary of variables selected in the forward stepwise selection analysis

Step Variable selected at the respective step p-value AIC for model after the respective step
1 Dy co % predicted at baseline 0.0010 712.3
2 Treatment (nintedanib versus placebo) 0.039 710.0
3 Age 0.13 709.7

Lower AIC values indicate better performance of the statistical model. The following variables were considered
for selection in the model: age (<65 or >65 years), sex (male or female), race (Asian or non-Asian), body mass
index (<25, >25-<30, or >30 kg:m~?), smoking status (never or current/former), high-resolution computed
tomography pattern (usual interstitial pneumonia-like fibrotic pattern or other fibrotic patterns), time since
diagnosis of interstitial lung disease (ILD) (<3 or >3 years), ILD diagnosis (unclassifiable idiopathic interstitial
pneumonia, hypersensitivity pneumonitis, idiopathic nonspecific interstitial pneumonia, autoimmune
disease-related ILDs or other ILDs), forced vital capacity % predicted, D,co % predicted, supplemental oxygen
use (yes or no), corticosteroid or disease-modifying anti-rheumatic drug use (yes or no), anti-acid medication
use (yes or no) (all assessed at baseline) and treatment (nintedanib or placebo). Covariates that achieved p<0.2
in the stepwise selection procedure are shown. AIC: Akaike information criterion; D, co: diffusing capacity of the
lung for carbon monoxide.
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HR (95% Cl) p-value

Age (265 versus <65 years) —_—e—— 1.55 (0.87-2.77) 0.14
Treatment (nintedanib versus placebo) ——@— 0.60 (0.35-1.02) 0.058
D\co % predicted —o— 1.25(1.10-1.42)  0.0006
Per 5 units lower
T T T
0.3 0.5 1.0 2.0
HR (95% Cl)

FIGURE 2 Associations between variables selected in the stepwise selection analysis and time to first acute
exacerbation. The following variables were considered in the model: age, sex, race, body mass index, smoking
status, high-resolution computed tomography pattern, time since diagnosis of interstitial lung disease (ILD),
ILD diagnosis, forced vital capacity % predicted, diffusing capacity of the lung for carbon monoxide (D co) %
predicted, supplemental oxygen use, corticosteroid or disease-modifying anti-rheumatic drug use, anti-acid
medication use (all assessed at baseline) and treatment (nintedanib or placebo). Covariates that achieved
p<0.2 in the stepwise selection procedure are shown. HR: hazard ratio; Cl: confidence interval.

acute exacerbations of IPF [21]. In the American Thoracic Society/European Respiratory Society/Japanese
Respiratory Society/Latin American Thoracic Association clinical practice guideline on PPF published in
May 2022, the committee regarded the definition of an acute exacerbation of IPF as sufficient and did not
propose an alternative, but acute exacerbation was not included in the criteria for ILD progression [1].

The reported frequency of acute exacerbations in patients with non-IPF ILDs varies widely [9, 11, 12, 14, 22],
likely reflecting differences in the methodology used to define and capture acute exacerbations, as well as
in the populations studied. In our analyses of data from the INBUILD trial, 8.7% of all patients had an
acute exacerbation over a median follow-up of approximately 19 months. Among patients with IPF in the
INPULSIS trials, 5.9% of all patients had an acute exacerbation over 52 weeks [23]. These data suggest
that the risk of acute exacerbation is similar in patients with IPF and PPF, although it should be noted that
the patients with PPF in the INBUILD trial had greater FVC impairment at baseline than patients with IPF
in the INPULSIS trials (mean FVC 69% versus 80% predicted) [4, 23].

In our analyses, the risk of acute exacerbation was higher in patients who were aged >65 years or had
lower Dy co % predicted at baseline. Consistent with these findings, older age and greater impairment in
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Time from first acute exacerbation (days)
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FIGURE 3 Time from first acute exacerbation to death.
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D, o have been associated with risk of acute exacerbations in previous studies of patients with various
ILDs [9, 11, 13, 14, 24, 25]. Unlike previous studies [9, 14, 26, 27], in our analysis, we did not observe a
significant relationship between a UIP-like pattern on HRCT and the risk of acute exacerbation. This may
reflect the inclusion criteria used in the INBUILD trial, which required that patients had reticular
abnormality with traction bronchiectasis on HRCT as well as progression of lung fibrosis [4], or to
differences in the risk of acute exacerbations between ILDs that are typically associated with a UIP-like
pattern and those that are not.

We found that the risk of acute exacerbation was higher in patients with a lower FVC % predicted at
baseline (by 18% per 10 units), although statistical significance was not reached. Prior studies have also
shown that lower FVC % predicted is associated with an increased risk of acute exacerbations in patients
with IPF and non-IPF ILDs [18, 28-31]. These findings suggest that treatments that slow lung function
decline may reduce the risk of an acute exacerbation. Nintedanib inhibits processes fundamental to the
progression of lung fibrosis [32] and has a consistent effect on slowing FVC decline across different types
[33] and severities [34] of fibrosing ILD. Treatment with nintedanib has been associated with a reduced
risk of acute exacerbation in patients with IPF in clinical trials and in observational studies [14, 18, 35,
36]. A multivariable analysis of data from the INPULSIS trials based on stepwise selection showed that
patients with IPF who received nintedanib rather than placebo had a 34% reduction in the risk of acute
exacerbation over 52 weeks [18]. In the current analysis of data from the INBUILD trial, treatment with
nintedanib was associated with a numerically reduced risk of an acute exacerbation (HR 0.60, 95% CI
0.35-1.02; p=0.06).

Some studies have suggested that acute exacerbations of ILD may be more common in Winter than in
other seasons, possibly due to an increased prevalence of respiratory infections during colder months
[18, 37, 38]. In our analysis, the proportion of patients who had an acute exacerbation in Winter or Spring
was two-fold greater than the proportion who had an acute exacerbation in Summer. Further research is
needed into environmental conditions and other factors that may be triggers for acute exacerbations of ILD.
Vaccination has been proposed as a measure to prevent acute exacerbations of ILD [19].

In the INBUILD trial, the risk of mortality in the 30 days following acute exacerbation was 19%. In the
INPULSIS trials in patients with IPF, mortality within 30 days of an acute exacerbation was higher (21%
in the nintedanib group and 40% in the placebo group) [18]. Previous studies have also found a higher risk
of short-term mortality following acute exacerbations of IPF versus non-IPF ILDs [15, 24] although this
has not been observed in all studies [11, 39]. Across studies, mortality following acute exacerbation in
patients with TPF and other ILDs is very high, reflecting the need for effective treatments.

The strengths of our analyses include the collection of data in the setting of a clinical trial, with defined
criteria for an acute exacerbation and standardised data collection. Limitations include the small number of
patients who had an acute exacerbation, which limited the identification of risk factors and precluded
conclusions being drawn on acute exacerbations in patients with particular ILD diagnoses. Stepwise
selection procedures are established methods to select covariates that improve the fit of a statistical model.
However, they have limitations, such as potential for bias and overfitting of the models [40]. No data were
collected on whether patients had experienced acute exacerbations prior to the trial. There was no central
review or adjudication of events. The number of patients with more than one acute exacerbation during the
trial was too small to allow analyses of recurrent acute exacerbations. The effect of nintedanib on outcomes
following an acute exacerbation could not be determined due to the low number of events. The CCI has
limitations as a measure of comorbidity burden in patients with ILDs.

Conclusions

In the INBUILD trial in patients with PPF, the risk of acute exacerbation was higher in patients who were
aged >65years, had a lower Dyco % predicted or received placebo rather than nintedanib. Acute
exacerbations were associated with a high risk of death in the subsequent 180 days. These data suggest
that, as in patients with IPF, acute exacerbations have an important impact on outcomes in patients with
PPF and may have similar risk factors. Further research is needed to inform the prevention and treatment
of acute exacerbations of fibrosing ILDs.

A graphical abstract of the data presented in this manuscript is available at: www.globalmedcomms.com/
respiratory/INBUILD_AcuteExacerbations.

Provenance: Submitted article, peer reviewed.

https://doi.org/10.1183/23120541.00403-2024 7

Downloaded from https://publications.ersnet.org on January 20, 2025 by guest. Please see licensing information on first page for reuse rights.


https://www.globalmedcomms.com/respiratory/INBUILD_AcuteExacerbations
https://www.globalmedcomms.com/respiratory/INBUILD_AcuteExacerbations

ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE | M. KREUTER ET AL.

Acknowledgements: Writing assistance was provided by Julie Fleming and Wendy Morris of Fleishman-Hillard,
London, UK, which was contracted and funded by Boehringer Ingelheim. Boehringer Ingelheim was given the
opportunity to review the manuscript for medical and scientific accuracy as well as intellectual property
considerations.

Data availability: To ensure independent interpretation of clinical study results and enable authors to fulfil their
role and obligations under the International Committee of Medical Journal Editors criteria, Boehringer Ingelheim
grants all authors access to relevant clinical study data. In adherence with the Boehringer Ingelheim Policy on
Transparency and Publication of Clinical Study Data, scientific and medical researchers can request access to
clinical study data, typically 1 year after the approval has been granted by major regulatory authorities or after
termination of the development programme. Researchers should use https://vivli.org/ to request access to study
data and visit www.mystudywindow.com/msw/datasharing for further information.

The INBUILD trial investigators: Argentina: S. Quadrelli, Fundacién Sanatorio Gliemes, Buenos Aires; M. Otaola,
Centro de Investigaciones Metabdlicas (CINME), Buenos Aires; M.A. Bergna, CEMER-Centro Médico De Enfermedades
Respiratorias, Florida; P. Elias, INSARES, Mendoza; G. Arce, Instituto Médico de la Fundacién Estudios Clinicos,
Rosario; A. Cazaux, Centro Dr Lazaro Langer SRL, Alberdi Sur. Belgium: W. Wuyts, UZ Leuven, Leuven; J. Guiot, CHU
Sart Tilman, Angleur; B. Bondue, Erasme University Hospital, Bruxelles; C. Dahlqvist, Cliniques universitaires UCL
de Mont-Godinne, Yvoir. Canada: L. Homik, Concordia Hospital Respiratory Research, Winnipeg; S. Shapera,
Toronto General Hospital, Toronto; A. Cantin, CHUS-Fleurimont Centre Recherche Clinique, Sherbrooke; M. Kolb, St
Joseph’s Healthcare Firestone Institute for Respiratory Health, Hamilton. Chile: M. Salinas Fénero, Instituto
Nacional del Térax Departamento de Neumonologia, Providencia, Santiago; R. Maturana Rozas, Hospital Clinico
Regional de Concepcién Dr Guillermo Grant Benavente, Concepcidn; A. Silva Orellana, Centro de Investigacidn del
Maule, Talca. China: Z. Xu, Peking Union Medical College Hospital, Beijing; Q. Luo, The First Affiliated Hospital of
Guangzhou Medical University, Guangzhou; J. Kang, The First Hospital of China Medical University, Shenyang;
H. Cai, Nanjing Drum Tower Hospital Neurology, Nanjing. France: S. Marchand-Adam, Hopital Bretonneau - CHRU
de Tours, Tours; E. Bergot, Hopital Cote de Nacre - CHU de Caen, Caen; A. Gamez-Dubuis, Hopital Arnaud de
Villeneuve - CHRU de Montpellier, Montpellier; F. Riviere, Hopital d’Instruction des Armées Percy, Clamart;
R. Kessler, Hopital Civil - Nouvel Hopital Civil - CHU de Strasbourg, Strasbourg; H. Nunes, Hopital Avicenne,
Bobigny; C. Marquette, Hopital Pasteur - CHU de Nice, Nice; L. Wemeau, Hopital Calmette - CHRU de Lille, Lille;
S. Jouneau, Hopital Pontchaillou - CHU de Rennes, Rennes; F. Lebargy, Hopital Maison Blanche - CHU de Reims,
Reims; B. Crestani, Hopital Bichat - AP-HP, Paris; V. Cottin, Hopital Louis Pradel - Groupement Hospitalier Est -
CHU de Lyon HCL, Bron; M. Reynaud-Gaubert, Hopital Nord - AP-HM, Marseille. Germany: S. Blaas, Klinik
Donaustauf Zentrum flir Pneumologie, Donaustauf; F. Bonella, Ruhrlandklinik Westdeutsches Lungenzentrum,
Essen; W. Randerath, Krankenhaus Bethanien GmbH, Solingen; J. Hetzel, Universitaetsklinikum Tuebingen,
Tuebingen; D. Koschel, Fachkrankenhaus Coswig GmbH, Coswig; M. Kreuter, Thoraxklinik-Heidelberg gGmbH am
Universitatsklinikum Heidelberg, Heidelberg; A. Prasse, Medizinische Hochschule Hannover, Hannover;
D. Skowasch, Universitatsklinikum Bonn AGR, Bonn; S. Stieglitz, Petrus Krankenhaus Wuppertal, Wuppertal. Italy:
R. Refini, Azienda Ospedaliera Universitaria Senese, Siena; S. Cerri, Clinica Malattie Apparato Respiratorio
Policlinico di Modena, Modena; A. Pesci, Azienda Ospedaliera San Gerardo di Monza UO Clinica Pneumologica,
Monza; S. Tomassetti, AUSL di Forli U.O., Forli; C. Vancheri, A.O.U. Policlinco Vittorio Emanuele UOPI
interstiziopatie e malattie rare del polmone, Catania; F. Varone, Policlinico Universitario A. Gemelli UOC
Pneumologia, Rome. Japan: N. Sakamoto, Nagasaki University Hospital, Nagasaki; S. Abe and H. Hayashi, Nippon
Medical School Hospital, Tokyo, Bunkyo-ku; T. Saito, Ibarakihigashi National Hospital, Ibaraki, Naka-gun; T. Suda,
Hamamatsu University Hospital, Shizuoka, Hamamatsu; H. Kitamura, Kanagawa Cardiovascular and Respiratory
Center, Kanagawa, Yokohama; M. Okamoto, Kurume University Hospital, Fukuoka, Kurume; Y. Kondoh, Tosei
General Hospital, Aichi, Seto; S. Makino and T. Takeuchi, Osaka Medical College Hospital, Osaka, Takatsuki;
Y. Yamada and C. Kono, JR Tokyo General Hospital, Tokyo, Shibuya-ku; Y. Inoue, National Hospital Organization
Kinki-Chuo Chest Medical Center, Osaka, Sakai; H. Sugiura, Tohoku University Hospital, Miyagi, Sendai; K. Kishi and
H. Takaya, Toranomon Hospital, Tokyo, Minato-ku; H. Yamauchi, Jichi Medical University Hospital, Tochigi,
Shimotsuke; K. Ichikado, Saiseikai Kumamoto Hospital, Kumamoto; K. Tomii, Kobe City Hospital Organization
Kobe City Medical Center General Hospital, Hyogo, Kobe; H. Takahashi, Sapporo Medical University Hospital,
Hokkaido, Sapporo; S. Izumi, National Center for Global Health and Medicine, Tokyo, Shinjuku-ku; T. Kawamura,
National Hospital Organization Himeji Medical Center, Hyogo, Himeji; Y. Nishioka, Tokushima University Hospital,
Tokushima; Y. Miyazaki, Tokyo Medical and Dental University, Tokyo, Bunkyo-ku. Republic of Korea: J.W. Song,
Asan Medical Center, Seoul; J.S. Park, Seoul National University Bundang Hospital, Seongnam; Y. Kim, The Catholic
University of Korea, Bucheon St.Mary’s Hospital, Bucheon. Poland: E. Jassem, University Clinical Center, Gdansk;
J. Kus, National Institute of Tuberculosis and Lung Diseases Outpatient Clinic, Warsaw; W. Piotrowski, Department
of Pneumology and Allergy, Medical University of Lodz, Lodz; A. Barczyk, Leszek Giec Upper-Silesian Medical
Centre, Katowice; D. Ziora, Department and Clinic of Internal Diseases/Pulmonary Department, Zabrze. Russian
Federation: E. Bazdyrev, Res.Inst.-Compl.Iss.Cardi.Dis., Kemerovo; S. Moiseev, Sechenov First Moscow State Medical

https://doi.org/10.1183/23120541.00403-2024 8

Downloaded from https://publications.ersnet.org on January 20, 2025 by guest. Please see licensing information on first page for reuse rights.


https://vivli.org/
https://vivli.org/
https://www.mystudywindow.com/msw/datasharing

ERJ OPEN RESEARCH

ORIGINAL RESEARCH ARTICLE | M. KREUTER ET AL.

University, Moscow; S. Avdeev, Sechenov First Moscow State Medical University, Moscow; M. Ilkovich, Scientific
Research Institute of Pulmonology Pavlov State Medical University Clinical Center f. Inst, St. Petersburg;
V. Yakusevich, Clinical Hospital of Emergency Care n.a. N.V. Solovyev, Yaroslavl. Spain: C. Valenzuela, Hospital
Universitario de La Princesa, Madrid; O. Acosta, Hospital Universitario de Canarias, San Cristobal de La Laguna;
M. Martinez, Hospital Universitari i Politécnic La Fe, Valencia; L. Gomez Carrera, Hospital Universitario La Paz,
Madrid; M. Molina-Molina, Hospital Universitari de Bellvitge, L’Hospitalet de Llobregat; D.M. Castillo Villegas,
Hospital de la Santa Creu i Sant Pau, Barcelona; M. Aburto, Hospital de Galdakao, Galdakao; J.A. Rodriguez Portal,
Hospital Universitario Virgen del Rocio, Sevilla; A. Villar, Hospital Universitari Vall d’Hebron, Barcelona; A. Ledn
Jiménez, Hospital Puerta del Mar, Cadiz; J. Sauleda, Hospital Son Espases, Palma de Mallorca; M. Arias, Hospital
Central de Asturias, Oviedo. UK: T.M. Maher, Royal Brompton Hospital, London; P. Beirne, St James’s University
Hospital, Leeds; H. Stone, Royal Stoke University Hospital, Stoke-on-Trent; B. Hope-Gill, University Hospital
Llandough, Cardiff; N. Hirani, Royal Infirmary of Edinburgh, Edinburgh; N. Chaudhuri, Wythenshawe Hospital,
Manchester. USA: C. Andrews, Diagnostics Research Group, San Antonio, TX; A. Gifford, Dartmouth-Hitchcock
Medical Center, Lebanon, PA; L. Jones, University of Florida College of Medicine, Jacksonville, FL; L. Morrison, Duke
University Medical Center, Durham, NC; D. Antin-Ozerkis, Yale University School of Medicine, New Haven, CT;
N. Bhatt, The Ohio State University Wexner Medical Center, Columbus, OH; T. Kulkarni, University of Alabama at
Birmingham Lung Health Center, Birmingham, AL; T. Moua, Mayo Clinic, Rochester, MN; N. Ettinger, The Lung
Research Center, Chesterfield, MO; L. Pitts, University of Kansas Medical Center, Kansas City, KS; S. Veeraraghavan,
The Emory Clinic, Atlanta, GA; M. Padilla, Icahn School of Medicine at Mount Sinai - Mount Sinai Medical Center,
New York, NY; E.R. Fernandez Pérez, National Jewish Health, Denver, CO; G. Giessel, Pulmonary Associates of
Richmond, Inc., Richmond, VA; M. Strek, University of Chicago Medical Center, Chicago, IL; S. Danoff, Johns
Hopkins Asthma and Allergy Center, Baltimore, MD; J. Burk, Texas Pulmonary and Critical Care Consultants, PA,
Fort Worth, TX; M. Rossman, The Hospital of the University of Pennsylvania, Philadelphia, PA; N. Patel, Columbia
University Medical Center-New York Presbyterian Hospital, New York, NY; E. Belloli, Pulmonary and Critical Care
Medicine, Ann Arbor, MI; D. Hotchkin, The Oregon Clinic, Portland, OR; S. Weigt, Peter Morton Medical Building, Los
Angeles, CA; M.B. Scholand, University of Utah Health, Salt Lake City, UT; R. Kaner, New York Presbyterian
Hospital/ Weill Cornell Medical Center, New York, NY; B. Sigal, Southeastern Research Center, Winston-Salem, NC;
Z. Safdar, Houston Methodist Hospital, Houston, TX; L. Tolle, Cleveland Clinic, Cleveland, OH; R. Martinez,
Pulmonary and Sleep of Tampa Bay, Brandon, FL; M. Glassberg, University of Miami Pulmonary Research Office,
Miami, FL; R. Hallowell, Beth Israel Deaconess Medical Center, Boston, MA; J. Golden, University of California
San Francisco, San Francisco, CA; M. Schwartz, Pulmonary and Critical Care Associates of Baltimore, Towson, MD;
E. Britt, University of Maryland Medical Center, Baltimore, MD; L. Morrow, Creighton University School of Medicine,
Omaha, NE; Y. Mageto, Baylor University Medical Center, Dallas, TX; K. Buch and S. Chaaban, University of
Kentucky Medical Center, Lexington, KY; H. Poonyagariyagorn, The Oregon Clinic - Pulmonary, Critical Care and
Sleep Medicine - West, Portland, OR; D. Dilling, Loyola University Medical Center, Maywood, IL; O. Shlobin, Inova
Fairfax Medical Campus, Falls Church, VA; K. Thavarajah, Henry Ford Health System, Detroit, MI; A. Nambiar,
Medical Arts and Research Center (MARC), San Antonio, TX; |. Rosas, Brigham and Women’s Hospital, Boston, MA;
R. Bascom, Penn State Milton S. Hershey Medical Center, Hershey, PA; J. Oldham, UC Davis Medical Center,
Sacramento, CA; S. Schmidt, Spectrum Health, Grand Rapids, MI; J. Dematte D’Amico, Northwestern Memorial
Hospital, Chicago, IL; J. Falk, Cedars-Sinai Medical Center, Los Angeles, CA; C. Glazer, UT Southwestern Medical
Center, Dallas, TX; G. Criner, Temple University Hospital, Philadelphia, PA.

Ethics statement: The trial was carried out in compliance with the protocol, the principles of the Declaration of
Helsinki and the Harmonised Tripartite Guideline for Good Clinical Practice from the International Conference on
Harmonisation, and was approved by local authorities. All patients provided written informed consent before
study entry.

Conflict of interest: M. Kreuter reports grants, consulting fees and fees for speaking from Boehringer Ingelheim and
Roche; and holds leadership or fiduciary roles with the Deutsche Gesellschaft fiir Pneumologie, European
Respiratory Society and German Respiratory Society. E.A. Belloli reports fees from Boehringer Ingelheim for
participation in an advisory board meeting. E. Bendstrup reports an unrestricted grant from Boehringer Ingelheim;
fees for speaking from Boehringer Ingelheim, Chiesi, Daiichi Sankyo, GlaxoSmithKline, AstraZeneca and Roche;
support for travel from Boehringer Ingelheim and Roche; and has participated on Data Safety Monitoring Boards
or advisory boards for AbbVie, Veracyte and Boehringer Ingelheim. S. Cerri reports fees for speaking from
Boehringer Ingelheim. K.R. Flaherty reports grants paid to his institution from Boehringer Ingelheim; royalties from
UpToDate; consulting fees from Arrowhead, AstraZeneca, Bellerophon, CSL Behring, Daewoong, DevPro, Dispersol,
FibroGen, Horizon, Immunet, Insilico, Lupin, NeRRe, Pliant, Polarean, Pure Health, PureTech, Respivant, Roche/
Genentech, Shionogi, Sun Pharmaceuticals, Trevi, United Therapeutics and Vicore; he is a Steering Committee
Chair for the Pulmonary Fibrosis Foundation and was a member of the INBUILD trial Steering
Committee. S. Shapera reports grants to support fellowship training from the Canadian Pulmonary Fibrosis
Foundation; has participated on advisory boards for AstraZeneca and Hoffmann-La Roche; and has received fees

https://doi.org/10.1183/23120541.00403-2024 9

Downloaded from https://publications.ersnet.org on January 20, 2025 by guest. Please see licensing information on first page for reuse rights.



ERJ OPEN RESEARCH ORIGINAL RESEARCH ARTICLE | M. KREUTER ET AL.

for speaking from Boehringer Ingelheim and AstraZeneca. J.W. Song was supported by grants from the Basic
Science Research Program and the Bio & Medical Technology Development Program of the National Research
Foundation of Korea funded by the Ministry of Science & ICT and is supported by a National Institute of Health
research project and by the Korea Environment Industry & Technology Institute through Core Technology
Development Project for Environmental Diseases Prevention and Management Program funded by the Korea
Ministry of Environment; he reports fees for consulting or lectures from Boehringer Ingelheim, BMS, Taiho and
Daewoong. H. Mueller and K.B. Rohr are employees of Boehringer Ingelheim. Y. Kondoh reports consulting fees
from Asahi Kasei, Boehringer Ingelheim, Chugai, Healios, Janssen, Shionogi and Taiho; and fees for lectures from
Asahi Kasei, Boehringer Ingelheim, Bristol Myers Squibb, Eisai, Janssen, KYORIN, Mitsubishi Tanabe, Nippon
Shinyaku, Novartis, Shionogi and Teijin.

Support statement: The INBUILD trial was supported by Boehringer Ingelheim. Funding information for this article
has been deposited with the Crossref Funder Registry.

References

1 Raghu G, Remy-Jardin M, Richeldi L, et al. Idiopathic pulmonary fibrosis (an update) and progressive
pulmonary fibrosis in adults: an official ATS/ERS/JRS/ALAT clinical practice guideline. Am J Respir Crit Care
Med 2022; 205: e18-e47.

2 Gagliardi M, Berg DV, Heylen CE, et al. Real-life prevalence of progressive fibrosing interstitial lung diseases.
Sci Rep 2021; 11: 23988.

3 Hambly N, Farooqgi MM, Dvorkin-Gheva A, et al. Prevalence and characteristics of progressive fibrosing
interstitial lung disease in a prospective registry. Eur Respir J 2022; 60: 2102571.

4 Flaherty KR, Wells AU, Cottin V, et al. Nintedanib in progressive fibrosing interstitial lung diseases. N Engl J
Med 2019; 381: 1718-1727.

5 Maher TM, Corte TJ, Fischer A, et al. Pirfenidone in patients with unclassifiable progressive fibrosing
interstitial lung disease: a double-blind, randomised, placebo-controlled, phase 2 trial. Lancet Respir Med
2020; 8: 147-157.

6 Behr J, Prasse A, Kreuter M, et al. Pirfenidone in patients with progressive fibrotic interstitial lung diseases
other than idiopathic pulmonary fibrosis (RELIEF): a double-blind, randomised, placebo-controlled, phase 2b
trial. Lancet Respir Med 2021; 9: 476-486.

7 Khor YH, Faroogi M, Hambly N, et al. Patient characteristics and survival for progressive pulmonary fibrosis
using different definitions. Am J Respir Crit Care Med 2023; 207: 102-105.

8 Pugashetti JV, Adegunsoye A, Wu Z, et al. Validation of proposed criteria for progressive pulmonary fibrosis.
Am J Respir Crit Care Med 2023; 207: 69-76.

9 Hozumi H, Nakamura Y, Johkoh T, et al. Acute exacerbation in rheumatoid arthritis-associated interstitial
lung disease: a retrospective case control study. BMJ Open 2013; 3: e003132.

10  Collard HR, Ryerson CJ, Corte TJ, et al. Acute exacerbation of idiopathic pulmonary fibrosis. An international
working group report. Am J Respir Crit Care Med 2016; 194: 265-275.

11 Suzuki A, Kondoh Y, Brown KK, et al. Acute exacerbations of fibrotic interstitial lung diseases. Respirology
2020; 25: 525-534.

12 Enomoto N, Naoi H, Mochizuka Y, et al. Frequency, proportion of PF-ILD, and prognostic factors in patients
with acute exacerbation of ILD related to systemic autoimmune diseases. BMC Pulm Med 2022; 22: 387.

13 Kamiya H, Panlaqui OM. A systematic review of the incidence, risk factors and prognosis of acute
exacerbation of systemic autoimmune disease-associated interstitial lung disease. BMC Pulm Med 2021; 21:
150.

14 Kang J, Kim YJ, Choe J, et al. Acute exacerbation of fibrotic hypersensitivity pneumonitis: incidence and
outcomes. Respir Res 2021; 22: 152.

15 Miyashita K, Kono M, Saito G, et al. Prognosis after acute exacerbation in patients with interstitial lung
disease other than idiopathic pulmonary fibrosis. Clin Respir J 2021; 15: 336-344.

16 Flaherty KR, Wells AU, Cottin V, et al. Nintedanib in progressive interstitial lung diseases: data from the whole
INBUILD trial. Eur Respir J 2022; 59: 2004538.

17 Charlson ME, Pompei P, Ales KL, et al. A new method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis 1987; 40: 373-383.

18  Collard HR, Richeldi L, Kim DS, et al. Acute exacerbations in the INPULSIS trials of nintedanib in idiopathic
pulmonary fibrosis. Eur Respir J 2017; 49: 1601339.

19 Kreuter M, Polke M, Walsh SLF, et al. Acute exacerbation of idiopathic pulmonary fibrosis: international survey
and call for harmonisation. Eur Respir J 2020; 55: 1901760.

20  Collard HR, Moore BB, Flaherty KR, et al. Acute exacerbations of idiopathic pulmonary fibrosis. Am J Respir
Crit Care Med 2007; 176: 636-643.

21 Rajan SK, Cottin V, Dhar R, et al. Progressive pulmonary fibrosis: an expert group consensus statement. Eur
Respir J 2023; 61: 2103187.

https://doi.org/10.1183/23120541.00403-2024 10

Downloaded from https://publications.ersnet.org on January 20, 2025 by guest. Please see licensing information on first page for reuse rights.


https://www.crossref.org/services/funder-registry/

ERJ OPEN RESEARCH

ORIGINAL RESEARCH ARTICLE | M. KREUTER ET AL.

22 Okuda R, Takemura T, Misumi T, et al. Acute exacerbation and proposed criteria for progressive pulmonary
fibrosis in patients with fibrotic hypersensitivity pneumonitis and idiopathic pulmonary fibrosis. Respiration
2023; 102: 803-812.

23 Richeldi L, du Bois RM, Raghu G, et al. Efficacy and safety of nintedanib in idiopathic pulmonary fibrosis.
N Engl J Med 2014; 370: 2071-2082.

24 Cao M, Sheng J, Qiu X, et al. Acute exacerbations of fibrosing interstitial lung disease associated with
connective tissue diseases: a population-based study. BMC Pulm Med 2019; 19: 215.

25 Otsuka J, Yoshizawa S, Kudo K, et al Clinical features of acute exacerbation in rheumatoid
arthritis-associated interstitial lung disease: comparison with idiopathic pulmonary fibrosis. Respir Med 2022;
200: 106898.

26 Choe J, Chae EJ, Kim YJ, et al. Serial changes of CT findings in patients with chronic hypersensitivity
pneumonitis: imaging trajectories and predictors of fibrotic progression and acute exacerbation. Eur Radiol
2021; 31: 3993-4003.

27 lzuka S, Yamashita H, Iba A, et al. Acute exacerbation of rheumatoid arthritis-associated interstitial lung
disease: clinical features and prognosis. Rheumatology (Oxford) 2021; 60: 2348-2354.

28  Kondoh Y, Taniguchi H, Katsuta T, et al. Risk factors of acute exacerbation of idiopathic pulmonary fibrosis.
Sarcoidosis Vasc Diffuse Lung Dis 2010; 27: 103-110.

29  Song JW, Hong SB, Lim CM, et al. Acute exacerbation of idiopathic pulmonary fibrosis: incidence, risk factors
and outcome. Eur Respir J 2011; 37: 356-363.

30  Qiu M, Chen Y, Ye Q. Risk factors for acute exacerbation of idiopathic pulmonary fibrosis: a systematic review
and meta-analysis. Clin Respir J 2018; 12: 1084-1092.

31 Kwon BS, Lee HY, Choe J, et al. Acute respiratory deterioration in rheumatoid arthritis-associated interstitial
lung disease: a single-center study. Chest 2022; 162: 136-144.

32 Wollin L, Distler JHW, Redente EF, et al. Potential of nintedanib in treatment of progressive fibrosing
interstitial lung diseases. Eur Respir J 2019; 54: 1900161.

33 Bonella F, Cottin V, Valenzuela C, et al. Meta-analysis of effect of nintedanib on reducing FVC decline across
interstitial lung diseases. Adv Ther 2022; 39: 3392-3402.

34 Kolb M, Flaherty KR, Silva RS, et al. Effect of nintedanib in patients with progressive pulmonary fibrosis in
subgroups with differing baseline characteristics. Adv Ther 2023; 40: 5536-5546.

35  Richeldi L, Cottin V, du Bois RM, et al. Nintedanib in patients with idiopathic pulmonary fibrosis: combined
evidence from the TOMORROW and INPULSIS trials. Respir Med 2016; 113: 74-79.

36 Petnak T, Lertjitbanjong P, Thongprayoon C, et al. Impact of antifibrotic therapy on mortality and acute
exacerbation in idiopathic pulmonary fibrosis: a systematic review and meta-analysis. Chest 2021; 160:
1751-1763.

37 Collard HR, Yow E, Richeldi L, et al. Suspected acute exacerbation of idiopathic pulmonary fibrosis as an
outcome measure in clinical trials. Respir Res 2013; 14: 73.

38 Kato M, Yamada T, Kataoka S, et al. Prognostic differences among patients with idiopathic interstitial
pneumonias with acute exacerbation of varying pathogenesis: a retrospective study. Respir Res 2019; 20: 287.

39  Hozumi H, Kono M, Hasegawa H, et al. Acute exacerbation of rheumatoid arthritis-associated interstitial lung
disease: mortality and its prediction model. Respir Res 2022; 23: 57.

40  Harrell F. Regression Modeling Strategies: With Applications to Linear Models, Logistic Regression, and
Survival Analysis. New York, Springer-Verlag, 2001.

https://doi.org/10.1183/23120541.00403-2024 11

Downloaded from https://publications.ersnet.org on January 20, 2025 by guest. Please see licensing information on first page for reuse rights.



	Acute exacerbations in patients with progressive pulmonary fibrosis
	Abstract
	Introduction
	Materials and methods
	Patients
	Trial design
	Analyses

	Results
	Patients
	Baseline characteristics of patients with acute exacerbations during follow-up
	Risk factors for acute exacerbation
	Risk of hospitalisation and risk of death associated with acute exacerbation

	Discussion
	Conclusions

	References


