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CLINICAL TRIAL STUDY
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Pulmonary Fibrosis

Lisa Lancaster1,* ,  Jonathan Goldin2,  Matthias Trampisch3,  Grace Hyun Kim2,4 ,  Jonathan Ilowite5 ,  Lawrence
Homik6, David L. Hotchkin7, Mitchell Kaye8, Christopher J. Ryerson9, Nesrin Mogulkoc10 and Craig S Conoscenti11

1Department of Medicine, Vanderbilt University Medical Center, Nashville, Tennessee, USA
2Department of Radiology, University of California, Los Angeles, California, USA
3Boehringer Ingelheim International GmbH, Ingelheim am Rhein, Germany
4Department of Biostatistics, University of California, Los Angeles, California, USA
5Division of Pulmonary and Critical Care Medicine, Department of Medicine, Hofstra North Shore-LIJ School of Medicine, New Hyde Park, New
York
6Department of Respiratory Medicine and Bronchoscopy, Winnipeg Clinic, Winnipeg, Manitoba, Canada
7The Oregon Clinic, Division of Pulmonary, Critical Care & Sleep Medicine, Portland, Oregon, USA
8Department of Pulmonary Medicine, Minnesota Lung Center, Ltd., Minneapolis, Minnesota, USA
9Department of Medicine & Centre for Heart Lung Innovation, University of British Columbia, Vancouver, Canada
10Department of Pulmonology, Ege University Hospital, Bornova, Izmir, Turkey
11Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, Connecticut, USA

Abstract:

Background:

Nintedanib slows disease progression in patients with Idiopathic Pulmonary Fibrosis (IPF) by reducing decline in Forced Vital Capacity (FVC).
The effects of nintedanib on abnormalities on high-resolution computed tomography scans have not been previously studied.

Objective:

We conducted a Phase IIIb trial to assess the effects of nintedanib on changes in Quantitative Lung Fibrosis (QLF) score and other measures of
disease progression in patients with IPF.

Methods:

113 patients were randomized 1:1 to receive nintedanib 150 mg bid or placebo double-blind for ≥6 months, followed by open-label nintedanib. The
primary endpoint was the relative change from baseline in QLF score (%) at month 6. Analyses were descriptive and exploratory.

Results:

Adjusted mean relative changes from baseline in QLF score at month 6 were 11.4% in the nintedanib group (n=42) and 14.6% in the placebo group
(n=45) (difference 3.2% [95% CI: −9.2, 15.6]). Adjusted mean absolute changes from baseline in QLF score at month 6 were 0.98% and 1.33% in
these groups, respectively (difference 0.35% [95% CI: −1.27, 1.96]). Adjusted mean absolute changes from baseline in FVC at month 6 were −14.2
mL and −83.2 mL in the nintedanib (n=54) and placebo (n=54) groups, respectively (difference 69.0 mL [95% CI: −8.7, 146.8]).

Conclusion:

Exploratory data suggest that in patients with IPF, 6 months’ treatment with nintedanib was associated with a numerically smaller degree of
fibrotic change in the lungs and reduced FVC decline versus placebo. These data support previous findings that nintedanib slows the progression of
IPF.
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1. INTRODUCTION

Idiopathic  Pulmonary  Fibrosis  (IPF)  is  a  progressive
fibrosing  Interstitial  Lung  Disease  (ILD)  [1].  As  IPF
progresses, lung function declines, dyspnea and cough worsen,
exercise capacity is reduced and health-related quality of life
deteriorates [2, 3]. Decline in Forced Vital Capacity (FVC) and
a reduction in  the  distance  walked over  6  minutes  (6-minute
walk distance, 6MWD) are predictors of mortality in patients
with IPF [4 - 8].

IPF is characterized by the presence of a Usual Interstitial
Pneumonia  (UIP)  pattern  on  High-Resolution  Computed
Tomography  (HRCT).  A  typical  UIP  pattern  includes
subpleural  basal  predominance  and  honeycombing  with  or
without peripheral traction bronchiectasis or bronchiolectasis
[1].  The  extent  of  the  lung  affected  by  reticulation  and
honeycombing,  and  changes  in  this  extent  over  time,  are
predictors of mortality in patients with IPF [9 - 14]. There is
increasing  interest  in  the  role  of  HRCT  in  assessing  disease
progression  and  the  efficacy  of  treatments.  Computer
algorithms,  developed  by  computer  vision  and/or  deep
learning, can detect and quantify the amount of parenchymal
lung disease on an HRCT scan. The Quantitative Lung Fibrosis
(QLF)  score  measures  the  extent  of  reticular  patterns  with
architectural  distortion due to fibrosis  using a support  vector
machine classifier and has been shown to correlate with lung
function measurements in patients with ILDs [15 - 23].

Nintedanib is an approved treatment for IPF. In the Phase
II TOMORROW trial [24] and the two Phase III INPULSIS®

trials  [25],  nintedanib  150  mg  bid  significantly  reduced  the
annual rate of decline in FVC in patients with IPF compared
with  placebo.  Here  we  describe  the  results  of  a  Phase  IIIb
placebo-controlled  trial  (clinicaltrials.gov,  NCT01979952)
conducted  to  assess  the  effects  of  nintedanib  on  changes  in
QLF  score,  lung  function,  exercise  capacity  and  patient-
reported  outcomes  in  patients  with  IPF.

2. METHODS

2.1. Trial Design

Eligible  patients  had  IPF  diagnosed  within  5  years,
confirmed  by  the  investigator  based  on  the  2011
ATS/ERS/JRS/ALAT  guidelines  [26],  FVC  ≥50%  predicted
and  DLco  30–79%  predicted.  The  HRCT  scans  used  for
diagnosis  were  taken  <24  months  before  screening.  Patients
whose  HRCT  scan  showed  a  pattern  of  possible  UIP  or
inconsistent  with  UIP  had  confirmatory  pathology  reviewed
centrally.  Exclusion  criteria  included  alanine  transaminase
(ALT),  aspartate  aminotransferase  (AST),  or  total  bilirubin
>1.5 × upper limit of normal and bleeding risk (e.g., full-dose
anticoagulation or high-dose antiplatelet therapy). Patients who
required  >12  L/min  oxygen,  were  not  ambulatory,  could  not
complete a 6MWT, or required use of a walker or cane during
6MWT were excluded.

Recruitment began in December 2013. Originally patients

*  Address  correspondence  to  this  author  at  the  Department  of  Medicine,
Vanderbilt University Medical Center, 1301 22nd Avenue South, Suite B-817
TVC, Nashville, Tennessee 37232. Tel: +1 615 322 5879,
E-mail: lisa.lancaster@Vanderbilt.Edu

were randomized 1:1 to receive nintedanib 150 mg bid or
placebo  double-blind  for  12  months;  however,  this  was
amended  to  6  months  in  a  protocol  amendment  in  October
2014  due  to  difficulties  with  enrolment  following  the  US
regulatory approval of nintedanib. As a result, the sample size
of  the  study  was  reduced  from  275  to  approximately  150
patients, the primary endpoint was evaluated at month 6 rather
than  month  12,  and  all  efficacy  analyses  were  deemed
exploratory. For some patients, the double-blind period was >6
months. The randomized treatment period was followed by an
open-label  period  in  which  all  patients  received  nintedanib
(Fig. 1).

Dose reductions to 100 mg bid and treatment interruptions
were allowed to manage adverse events. Re-escalation to 150
mg bid was permitted once an adverse event had resolved. The
trial  was  carried  out  in  compliance with  the  protocol,  and in
accordance with the principles of the Declaration of Helsinki,
the  International  Council  on  Harmonization  Good  Clinical
Practice guideline and applicable regulatory requirements. An
independent ethics committee or institutional review board at
each  participating  center  approved  the  trial  protocol.  All
patients  provided  written  informed  consent.

2.2. Patients and Public Involvement

Patients were not involved in the design, recruitment to, or
conduct of the study included in this analysis.

2.3. Endpoints

The  primary  endpoint  was  the  relative  change  from
baseline  in  QLF  score  (%)  at  month  6.  Protocol-defined
secondary  endpoints  were  absolute,  relative  and  categorical
changes from baseline in FVC at month 6 (categorical changes:
decline  in  FVC  >10%  predicted  or  200  mL,  change  in  FVC
≤10%  predicted  and  ≤200  mL,  or  increase  in  FVC  >10%
predicted  or  200  mL);  absolute  changes  from  baseline  in
6MWD, St George’s Respiratory Questionnaire (SGRQ) total
score [27] and University of California San Diego Shortness of
Breath  Questionnaire  (UCSD-SOBQ)  score  [28]  at  month  6;
time  to  all-cause  mortality,  respiratory-related  mortality,
respiratory-related  hospitalization  and  investigator-reported
acute  exacerbation  (defined  in  [25])  over  6  months;  and
relative change from baseline in QLF score (%) at month 12.
Further  endpoints  were  changes  from  baseline  in  velocity
during  6MWT,  oxygen  saturation  nadir  (lowest  SpO2  during
6MWT), delta desaturation (resting SpO2  minus lowest SpO2

during  6MWT)  and  the  proportion  of  patients  with  oxygen
saturation  nadir  ≤88%  at  month  6;  absolute  and  relative
changes from baseline in FVC (mL) at month 12; and absolute
changes  from  baseline  in  6MWD,  SGRQ  total  score  and
UCSD-SOBQ  score  at  month  12.  In  post-hoc  analyses,  we
assessed  correlations  between  changes  in  QLF score  (% and
mL) and changes in FVC (mL) at month 6.

Standardized  non-contrast  thin  section  volumetric  chest
HRCT was performed at screening (baseline) at months 6, 12,
and 18. All scans were digitally transferred for central review.
Generation of the QLF score (%) required lung segmentation,
de-noising  (normalization  of  the  image),  grid  sampling,
calculation of texture features, classification by support vector

mailto:lisa.lancaster@Vanderbilt.Edu
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machine  and  calculation  of  the  percentage  of  pulmonary
fibrosis  [15].  A  more  detailed  explanation  of  how  the  QLF
score  is  calculated  and  example  HRCT  scans  illustrating  a
change  in  QLF  score  are  provided  in  Appendix  S1.  The
reproducibility  of  the  QLF  score  had  previously  been
established for the 4 by 4 pixel grid (i.e., 16 pixels) as 0.008%
(±0.072)  for  the  whole  lung.  On  Bland  Altman  analysis,
±0.14%  (i.e.,  2  ×  SD)  was  the  margin  of  variation  due  to
measurement variation [29]. With regards to the repeatability
coefficient, the variation due to measurement variation in the
grid sampling was ±0.19% (i.e., 2.77 × SD) [30]. Assessment
of  QLF  score  in  %  was  defined  in  the  protocol.  Absolute
changes  from  baseline  in  QLF  score,  measured  in  mL,  at
months 6 and 12 were assessed post-hoc. QLF score in mL was
calculated as the product of the segmented lung volume in mL
and the % of pulmonary fibrosis. This allowed for the effect of
lung  volume,  which  could  be  influenced  by  different  breath
hold efforts, to be minimized.

Spirometry  (FVC)  was  conducted  at  baseline  and  at
months  3,  6,  9,  12,  15  and  18  using  sponsor-provided
spirometers and in compliance with ATS/ERS guidance [31].
A 6MWT was performed at baseline and at months 3, 6, 9, 12,
15 and 18.  A practice 6MWT was conducted at  screening to
acquaint the patient with the procedure and determine the level
of  oxygen  needed  for  subsequent  tests.  Investigators  were
provided with a strict protocol for conducting the 6MWT and a
video  for  training  their  staff  (available  at:  http://www.ussci
comms.com/respiratory/lancaster/6mwt/).

Safety was assessed by clinical and laboratory evaluation
and the recording of  adverse events  with onset  after  the first
dose  and  up  to  28  days  after  the  last  dose  of  study  drug.
Adverse  events  were  coded  according  to  the  Medical
Dictionary for Regulatory Activities (MedDRA) version 19.1.

2.4. Statistical Analyses

All  analyses  were  exploratory  and  descriptive.  Analyses
were  based  on  patients  who  received  ≥1  dose  of  trial
medication. Relative change from baseline in QLF score (%) at
month 6 was analyzed using an analysis of covariance model,
with fixed effects for treatment and baseline QLF score (%), in
patients  who  had  valid  data  for  this  endpoint.  Change  from
baseline  in  QLF  score  (%)  at  month  12  was  analyzed  in
patients who had valid QLF scores (%) at both months 6 and
12. Changes from baseline in QLF score (mL) at months 6 and
12  were  analyzed  in  the  same  patients  using  an  analysis  of
covariance model, with fixed effects for treatment and baseline
QLF  score  (mL).  Changes  from  baseline  in  FVC,  6MWD,
SGRQ total score and UCSD-SOBQ score at months 6 and 12
were  analyzed  using  a  mixed  model  for  repeated  measures,
with  fixed  effects  for  treatment,  visit,  treatment-by-visit,
baseline value of the endpoint in question, baseline value of the
endpoint  in  question-by-visit  and  random  effect  for  patient.
The model for change from baseline in FVC included sex, age
and  height  as  additional  fixed  effects.  Analyses  of  time-to-
event endpoints were not performed due to the small number of
events.  Correlations  between  changes  in  QLF  score  and
changes  in  FVC at  month  6  were  assessed  using  Pearson  (r)

and Spearman correlation coefficients. Missing data were not
imputed.

3. RESULTS

3.1. Patients

In total, 56 and 57 patients received ≥1 dose of nintedanib
and placebo, respectively (Fig. 2). There was a higher propor-
tion  of  male  patients  in  the  nintedanib  group  than  in  the
placebo group (80.4% vs  64.9%).  At  baseline,  FVC,  6MWD
and QLF score were similar between treatment groups (Table
1). However, mean (SD) SGRQ and UCSD-SOBQ total scores
were lower in the nintedanib group than in the placebo group
(SGRQ, 35.8 [17.5] vs 44.4 [18.5]; UCSD-SOBQ, 25.4 [19.9]
vs 42.3 [24.6]).

Over 6 months of randomized treatment, the proportion of
patients who permanently discontinued study drug was similar
between the nintedanib and placebo groups (19.6% and 21.1%,
respectively). Dose reductions occurred in 12 patients (21.4%)
treated with nintedanib and one (1.8%) treated with placebo.
Treatment interruptions occurred in 13 patients (23.2%) treated
with nintedanib and three (5.3%) treated with placebo. Mean
(SD) exposure to nintedanib and placebo over the double-blind
period  was  6.7  (2.9)  and  6.7  (3.0)  months,  respectively.
Maximum exposure was 12.1 and 11.3 months, respectively.

3.2. QLF Scores

Adjusted mean (SE) relative changes from baseline in QLF
score (%) at month 6 were 11.4 (4.5) % in the nintedanib group
(n=42)  and  14.6  (4.3)  %  in  the  placebo  group  (n=45)
(difference of 3.2% [95% CI: −9.2, 15.6]) (Fig. 3A). Adjusted
mean  (SE)  absolute  changes  from  baseline  in  QLF  score  at
month 6 were 0.98 (0.58) % in the nintedanib group (n=42) and
1.33 (0.56) % in the placebo group (n=45) (difference of 0.35%
[95% CI: −1.27, 1.96]) (Fig. 3B). Adjusted mean (SE) absolute
changes from baseline in QLF score (mL) at month 6 were 21.7
(17.6) mL in the nintedanib group (n=42) and 37.3 (17.0) mL
in the placebo group (n=45) (difference of 15.6 mL [95% CI:
−33.0, 64.2]) (Fig. 3C). Changes from baseline in QLF score
(% and mL) at month 12 are shown in Table 2.

3.3. Forced Vital Capacity (FVC)

Adjusted  mean  (SE)  absolute  changes  from  baseline  in
FVC at month 6 were −14.2 (31.1) mL with nintedanib (n=54)
and −83.2 (28.1) mL with placebo (n=54) (difference of 69.0
mL  [95%  CI:  −8.7,  146.8]).  Adjusted  mean  (SE)  relative
changes from baseline in FVC at month 6 were −0.7 (1.0) % in
the nintedanib group (n=54) and −3.0 (1.0) % in the placebo
group  (n=54)  (difference  of  2.4%  [95%  CI:  −0.29,  5.0]).  A
decline in FVC >10% predicted or >200 mL at month 6 was
observed in 6.5% of patients in the nintedanib group and 23.9%
in the placebo group. An increase in FVC >10% predicted or
>200 mL at month 6 was observed in 17.4% of patients in the
nintedanib group and 4.3% of patients in the placebo group. A
change in FVC ≤10% predicted and ≤200 mL at month 6 was
observed  in  76.1%  of  patients  in  the  nintedanib  group  and
71.7% of patients in the placebo group.

http://www.usscicomms.com/respiratory/lancaster/6mwt/
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Fig. (1). Trial design.

Fig. (2). Patient disposition. QLF, quantitative lung fibrosis.

Adjusted  mean  (SE)  absolute  changes  from  baseline  in
FVC  at  month  12  were  −30.9  (39.2)  mL  in  patients  who
received nintedanib for 12 months (n=54) and −94.1 (37.1) mL
in patients  who received placebo for  ≥6 months followed by
open-label nintedanib (n=54) (difference of 63.2 mL [95% CI:
−39.9,  166.3]).  Adjusted  mean  (SE)  relative  changes  from
baseline in FVC at month 12 were −1.4 (1.4) % and −3.0 (1.3)
% in these groups, respectively (difference of 1.7% [95% CI:
−1.9, 5.3]).

3.4.  Correlations  between  changes  in  QLF  score  and
changes in FVC

Moderate  negative  correlations  were  observed  between
change in QLF score (%) at month 6 and change in FVC (mL)

at  month  6  (r2=0.34;  Spearman  =  −0.62)  (Figure  S1)  and
between change in QLF score (mL) at month 6 and change in
FVC  (mL)  at  month  6  (r2=0.43;  Spearman  =  −0.63)  (Figure
S2).

3.5. 6-Minute Walk Test

6MWT outcomes at month 6 are summarized in Table 3.
Adjusted mean (SE) absolute changes from baseline in 6MWD
at month 6 were 5 (11) m with nintedanib (n=55) and ‒13 (11)
m with placebo (n=52) (difference of 18 m [95% CI: −14, 50]).

Adjusted  mean  (SE)  absolute  changes  from  baseline  in
6MWD at month 12 were −15 (13) m in patients who received
nintedanib  for  12  months  (n=55)  and −11 (12)  m in  patients
who received placebo for  ≥6 months  followed by open-label

Open-label periodRandomized double-blind period

Nintedanib 150 mg bid

Placebo
Screening

R
Nintedanib 150 mg bid

Follow-up

4

Visit 

7865521280Week

1 2 3 4 5 6 7 8 9

18 36

10 11

24

12

1:1

R, randomization. 
Following a protocol amendment, the original 12-month placebo-controlled period was reduced to 6 months. Some patients who were enrolled early received 
double-blind treatment for ≥6 months. Mean (SD) exposure to nintedanib and placebo over the double-blind period was 6.7 (2.9) and 6.7 (3.0) months, respectively. 

Screened (n=161)

Randomized (n=113)

Not randomized (n=48)
• Eligibility criteria not met (n=39)
• Consent withdrawn (n=5)
• Other reasons (n=4)

Treated with nintedanib (n=56) Treated with placebo (n=57)

Completed 6 months of nintedanib treatment (n=45)
Prematurely discontinued nintedanib (n=11)
• Adverse event (n=5)
• Patient refusal to continue (n=2)
• Other (n=4)

Completed 6 months of placebo treatment (n=45)
Prematurely discontinued placebo (n=12)
• Adverse event (n=6)
• Non-compliant with protocol (n=1)
• Other (n=5)

Provided valid QLF scores at months 6 and 12 (n=30) Provided valid QLF scores at months 6 and 12 (n=31)
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nintedanib (n=52) (difference of –4 m [95% CI: −39, 31]).

3.6. Health-Related Quality of Life

Results related to health-related quality of life are included
in Appendix S2.

3.7. Hospitalizations, Acute Exacerbations and Deaths

Based on time to each event over 6 months, one patient in
each  group  had  an  investigator-reported  acute  exacerbation;
respiratory  hospitalizations  occurred  in  no  patients  in  the
nintedanib group and four patients (7.0%) in the placebo group;

no  patients  died  in  the  nintedanib  group  and  three  patients
(5.3%) died in the placebo group.

3.8. Adverse Events

Adverse events are summarized in Table 4. Over 6 months,
diarrhea  was  reported  in  38  patients  (67.9%)  treated  with
nintedanib  and  18  patients  (31.6%)  treated  with  placebo.
Adverse  events  leading to  permanent  discontinuation  of  trial
medication  occurred  in  five  patients  (8.9%)  treated  with
nintedanib and three (5.3%) treated with placebo. Two patients
(3.6%) in the nintedanib group and one (1.8%) in the placebo
group had ALT and/or AST ≥3 × upper limit of normal.

Table 1. Baseline characteristics.

- Nintedanib
(n=56)

Placebo
(n=57)

Male, n (%) 45 (80.4) 37 (64.9)
Age, years, mean (SD) 68.8 (7.6) 66.2 (9.4)

Race, n (%) - -
White 54 (96.4) 54 (94.7)
Asian 2 (3.6) 3 (5.3)

Time since diagnosis of IPF, years, mean (SD) 1.5 (1.4) 1.5 (1.4)
Smoking status, n (%) - -

Never 14 (25.0) 17 (29.8)
Former 41 (73.2) 40 (70.2)
Current 1 (1.8) 0 (0.0)

Body mass index, kg/m2, mean (SD) 29.4 (3.8) 30.3 (5.4)
FVC, mL, mean (SD) 2997 (831) 2921 (834)

FVC, % predicted, mean (SD) 78.0 (17.4) 78.1 (19.4)
DLco, % predicted, mean (SD) 53.6 (13.6) 52.5 (14.7)

QLF score, %, mean (SD)* 12.7 (7.9) 13.6 (8.1)
QLF score, mL, mean (SD)* 536 (316) 518 (262)

6MWD, m, mean (SD) 345 (141) 348 (146)
Oxygen saturation nadir during 6MWT, %,

mean (SD)
89.6 (2.7) 89.7 (2.7)

Delta desaturation†, %, mean (SD) 6.2 (3.5) 6.3 (3.5)
Velocity during 6MWT, m/min, mean (SD) 57.6 (23.5) 58.0 (24.4)

SGRQ total score, mean (SD) 35.8 (17.5) 44.4 (18.5)
UCSD-SOBQ total score, mean (SD)‡ 25.4 (19.9) 42.3 (24.6)

*n=42 and n=45 in the nintedanib and placebo groups, respectively. †Resting SpO2 minus lowest SpO2 during 6MWT. ‡n=54 and n=55 in nintedanib and placebo groups,
respectively. 6MWD, six-minute walk distance; 6MWT, six-minute walk test; DLco, diffusing capacity of the lung for carbon monoxide; FVC, forced vital capacity; IPF,
idiopathic  pulmonary  fibrosis;  QLF,  quantitative  lung  fibrosis;  SGRQ,  St  George’s  Respiratory  Questionnaire;  UCSD-SOBQ,  University  of  California  San  Diego
Shortness of Breath Questionnaire.

Table 2. Changes from baseline in QLF score at month 12

Endpoint Nintedanib (n=30) Placebo* (n=31)
Adjusted mean (SE) relative changes from baseline in QLF score (%) at month 12, % 13.1 (4.5) 15.6 (4.5)

Difference (95% CI) 2.5 (−10.3, 15.3)
Adjusted mean (SE) absolute changes from baseline in QLF score (%) at month 12, % 1.4 (0.6) 2.2 (0.5)

Difference (95% CI) 0.8 (−0.8, 2.3)
Adjusted mean (SE) absolute changes from baseline in QLF score (mL) at month 12, mL 27.6 (18.0) 67.0 (17.7)

Difference (95% CI) 39.5 (−11.1, 90.0)
*Patients received placebo for ≥6 months (mean: 6.7 months) followed by open-label nintedanib. QLF, quantitative lung fibrosis



Effects of Nintedanib on Quantitative Lung Fibrosis The Open Respiratory Medicine Journal, 2020, Volume 14   27

Fig. (3). Relative (A) and absolute (B) changes from baseline in Quantitative Lung Fibrosis (QLF) score (%) at month 6; (C) absolute change from
baseline in QLF score (mL) at month 6.
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Table 3. Changes from baseline in 6MWT endpoints at month 6.

Endpoint Nintedanib Placebo
6MWD - -

Number of patients 55 52
Mean (SE) change from baseline at month 6, m 5 (11) ‒13 (11)

Velocity during 6MWT - -
Number of patients 46 46

Mean (SD) change from baseline at month 6, m/min 1.2 (12.8) −2.1 (13.7)
Oxygen saturation nadir during 6MWT - -

Number of patients 46 46
Mean (SD) change from baseline at month 6, % 1.2 (5.4) 1.4 (3.1)

Resting SpO2 minus lowest SpO2 during 6MWT (delta desaturation) - -
Number of patients 46 46

Mean (SD) change from baseline at month 6, % 1.1 (5.3) 1.4 (3.2)
6MWD, six-minute walk distance; 6MWT, six-minute walk test; SpO2, oxygen saturation.

Table 4. Most frequent adverse events reported over 6 months of randomized treatment.

- Nintedanib
(n=56)

Placebo
(n=57)

Any adverse event(s) 55 (98.2) 51 (89.5)
Most frequent adverse event(s)* - -

Diarrhea 38 (67.9) 18 (31.6)
Nausea 16 (28.6) 11 (19.3)
Fatigue 10 (17.9) 6 (10.5)

Decreased appetite 9 (16.1) 4 (7.0)
Vomiting 9 (16.1) 2 (3.5)
Headache 7 (12.5) 6 (10.5)

Cough 4 (7.1) 7 (12.3)
Any serious adverse event(s)† 4 (7.1) 7 (12.3)

Fatal adverse event 1 (1.8) 4 (7.0)
Any adverse event(s) leading to treatment discontinuation 5 (8.9) 3 (5.3)

Progression of IPF‡ 0 (0.0) 3 (5.3)
Other 5 (8.9) 0 (0.0)

Data shown are n (%) of patients in whom ≥1 such adverse event was reported. *Adverse events reported in >12% of patients in either treatment group. †Event that resulted
in death, was immediately life-threatening, resulted in persistent or clinically significant disability or incapacity, required or prolonged hospitalization, was related to a
congenital anomaly or birth defect, or was deemed serious for any other reason. ‡Corresponds to Medical Dictionary for Regulatory Activities term ‘IPF’, which included
disease worsening and acute exacerbations of IPF. IPF, idiopathic pulmonary fibrosis.

Serious  adverse  events  were  reported  in  four  patients
(7.1%)  in  the  nintedanib  group  and  seven  (12.3%)  in  the
placebo group (Table S1). Based on adverse events classified
based on MedDRA preferred term, no type of serious adverse
event  was  reported  in  ≥1  patient  treated  with  nintedanib.
Adverse events leading to death were reported in one patient
(1.8%) in the nintedanib group and four patients (7.0%) in the
placebo group (Table S2).

4. DISCUSSION

This is the first trial to assess the effects of nintedanib on
fibrotic  changes  evident  on HRCT.  Exploratory  data  suggest
that  compared  with  placebo,  6  months’  treatment  with
nintedanib was associated with a numerically smaller degree of
fibrotic change in the lungs assessed by relative change in QLF
score.  A  numerically  smaller  degree  of  fibrotic  change  was
observed  in  patients  treated  with  nintedanib  for  12  months

compared  with  placebo  for  at  least  6  months  followed  by
nintedanib  until  month  12.  These  data  support  the
consideration  of  early  treatment  of  IPF  rather  than  delaying
therapy. The finding of a reduced degree of fibrotic change in
the  lungs  on  HRCT  is  consistent  with  non-clinical  research,
which has shown that nintedanib, through inhibition of tyrosine
kinase signaling pathways, interferes with processes involved
in the progression of pulmonary fibrosis [32 - 34].

The absolute  changes in QLF score (%) observed in this
trial were largely consistent with those reported in other studies
in  patients  with  IPF  [16,  19]  and  SSc-ILD  [35,  36].  The
Minimal Clinically Important Difference (MCID) in change in
QLF score (%) in patients with IPF has not been established,
but  considering  that  the  reproducibility  of  the  QLF  score  is
<0.2% [29], the absolute changes at months 6 and 12 of 0.9%
and 1.4% in  the  nintedanib group and 1.3% and 2.2% in  the
placebo  group  support  a  positive  impact  of  nintedanib  on
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slowing the progression of fibrosis and the potential of the QLF
score  as  a  measure  of  treatment  effect  in  an  adequately
powered study. In a cohort of 157 patients with IPF, a change
in  QLF  score  of  4%  at  month  6  was  associated  with  an
approximately  6-fold  higher  risk  of  a  decline  in  FVC  ≥10%
predicted  than  a  change  in  QLF score  of  <4%,  adjusting  for
GAP stage [17].

The reduction in the decline in FVC with nintedanib versus
placebo  observed  in  this  trial  supported  the  findings  on  the
QLF  score  and  was  consistent  with  the  findings  of  the
INPULSIS  trials  [25,  37].  At  month  6,  mean  6MWD  and
velocity had increased in the nintedanib group and decreased in
the placebo group, with a between-group difference in 6MWD
of 18 m. This suggests that nintedanib may improve exercise
capacity in patients with IPF. The MCID for change in 6MWD
in  patients  with  IPF  has  been  estimated  as  22–45  m  over
approximately 1 year [7, 38, 39]; however, the use of different
6MWT protocols across studies limits comparisons [40].

Despite  randomization,  there  were  large  imbalances
between the treatment groups in SGRQ total score and UCSD-
SOBQ  score  at  baseline.  No  plausible  reason  could  be
identified  for  this.  Given  these  imbalances,  the  observed
changes  in  patient-reported  outcomes  at  month  6  are
challenging  to  interpret.  However,  the  lack  of  difference
between  treatment  groups  in  change  in  SGRQ  total  score  is
consistent  with  the  INPULSIS trials  [25].  The  adverse  event
profile of nintedanib observed in this trial was consistent with
previous trials, with diarrhea being the most frequent adverse
event [24, 25]. No serious gastrointestinal adverse events were
reported.

Our analyses have a number of limitations. Foremost, all
efficacy endpoints were exploratory given the changes to the
study  protocol  required  after  the  US approval  of  nintedanib:
following  the  reduction  in  sample  size,  the  trial  was  not
powered  to  show  significant  differences  between  treatment
groups.  Further,  the  protocol  amendment  resulted  in  patients
receiving  double-blind  treatment  for  varying  periods  beyond
month 6. Findings at month 6, and particularly at month 12, are
biased by premature discontinuations that were more frequent
in the placebo group.

CONCLUSION

In  this  exploratory  phase  IIIb  trial  in  patients  with  IPF,
treatment  with  nintedanib  was  associated  with  a  numerically
smaller degree of fibrotic change in the lungs compared with
placebo.  These  data,  combined  with  the  beneficial  effects
observed on FVC decline and 6MWD, support findings from
previous  trials  showing  that  nintedanib  reduces  disease
progression  in  patients  with  IPF.

LIST OF ABBREVIATIONS

6MWD = Six-Minute Walk Distance

6MWT = Six-Minute Walk Test

ALT = Alanine Transaminase

AST = Aspartate Aminotransferase

DLco = Diffusing  Capacity  of  the  Lung  for  Carbon
Monoxide

FVC = Forced vital capacity

HRCT = High-resolution Computed Tomography

ILD = Interstitial Lung Disease

IPF = Idiopathic Pulmonary Fibrosis

MedDRA = Medical Dictionary for Regulatory Activities

QLF = Quantitative Lung Fibrosis

SGRQ = St George’s Respiratory Questionnaire

UCSD-SOBQ = University  of  California  San  Diego Shortness  of
Breath Questionnaire

ETHICS  APPROVAL  AND  CONSENT  TO  PARTI-
CIPATE

All  clinical  trial  protocols  were  approved  by  an
independent ethics committee or institutional review board at
every  participating  institution:  Concordia  Hospital  Ethics
Committee;  Hamilton  Integrated  Research  Ethics  Board;
Capital Health Research Ethics Board; Health Research Ethics
Board-Biomedical  Panel;  University  of  British  Columbia-
Office  of  Research  Ethics;  University  of  British  Columbia-
Providence Health Care Research Institute; Centre Hospitalier
Universitaire  de  Sherbrooke  Human  Health  Research  Ethics
Board;  Ethics  Committee  of  Istanbul  University  Cerrahpasa
Faculty  of  Medicine;  CIRBI,  Center  for  IRB  Intelligence;
Mercy  St.  Vincent  Medical;  BRANY  IRB;  WIRB,  Western
Institutional  Review  Board;  Baylor  IRB;  Baptist  Health
Lexington  IRB.

HUMAN AND ANIMAL RIGHTS

No  animals  were  used.  The  trial  was  carried  out  in
compliance  with  the  protocol,  and  in  accordance  with  the
principles  of  the  Declaration  of  Helsinki,  the  International
Council  on  Harmonization  Good  Clinical  Practice  guideline
and applicable regulatory requirements.

STANDARDS OF REPORTING

CONSORT guidelines have been followed.

CONSENT FOR PUBLICATION

All patients provided written informed consent.

AVAILABILITY OF DATA AND MATERIALS

Data are available upon request,  which can be submitted
via https://trials.boehringer-ingelheim.com/trial_results/clinical
_submission_documents.html

FUNDING

This  trial  was  funded  by  Boehringer  Ingelheim
Pharmaceuticals,  Inc.

CONFLICT OF INTEREST

LL  has  served  on  advisory  boards  for  Genentech;  has
provided disease state education for Boehringer Ingelheim and
Genentech; and has received research grants from Bellerophon,
Boehringer Ingelheim, Celgene, Genentech and Novartis. JG is
the founder of  MedQIA, LLC. GHK has an issued patent  on
quantification  of  ILD  [US-2015-0324982-A1]  and  is  a

https://trials.boehringer-ingelheim.com/trial_results/clinical_submission_documents.html
https://trials.boehringer-ingelheim.com/trial_results/clinical_submission_documents.html


30   The Open Respiratory Medicine Journal, 2020, Volume 14 Lancaster et al.

consultant for MedQIA, LLC. JI, MK and NM have nothing to
disclose.  LH  reports  sponsorship  to  the  Air  Conference  and
honoraria  for  lectures  from  Hoffmann-La  Roche,  and
participation in clinical trials and honoraria for lectures from
Boehringer  Ingelheim.  DLH  reports  research  fees  from
Boehringer  Ingelheim.  CJR  reports  grants  and  personal  fees
from Boehringer Ingelheim and Hoffmann-La Roche. MT and
CSC are employees of Boehringer Ingelheim.

ACKNOWLEDGEMENTS

Some  of  the  data  from  this  study  were  presented  at  the
Pulmonary  Fibrosis  Foundation  (PFF)  Summit  in  November
2017,  the  American  Thoracic  Society  (ATS)  conference  in
May  2018,  and  the  International  Colloquium  on  Lung  and
Airway Fibrosis (ICLAF) conference in October 2018. Writing
support was provided by Julie Fleming BSc and Wendy Morris
MSc  of  FleishmanHillard  Fishburn,  London,  UK  which  was
contracted  and  compensated  by  Boehringer  Ingelheim
Pharmaceuticals,  Inc  for  these  services.  The  authors  meet
criteria  for  authorship  as  recommended  by  the  International
Committee of Medical Journal Editors (ICMJE), received no
direct  compensation  for  the  development  of  the  manuscript,
were fully responsible for all  content and editorial decisions,
were involved at all stages of development and have approved
the  final  version.  Boehringer  Ingelheim  was  given  the
opportunity to review the manuscript for medical and scientific
accuracy as well as intellectual property considerations.

SUPPLEMENTARY MATERIAL

Supplementary  material  is  available  on  the  publishers
website  along  with  the  published  article.

REFERENCES

Raghu G, Remy-Jardin M, Myers JL, et al. American thoracic society,[1]
european respiratory  society,  japanese  respiratory  society,  and latin
american thoracic society. An official ATS/ERS/JRS/ALAT clinical
practice guideline. Am J Respir Crit Care Med 2018; 198(5): e44-68.
[http://dx.doi.org/10.1164/rccm.201807-1255ST] [PMID: 30168753]
Glaspole IN, Chapman SA, Cooper WA, et al. Health-related quality[2]
of life in idiopathic pulmonary fibrosis: Data from the Australian IPF
Registry. Respirology 2017; 22(5): 950-6.
[http://dx.doi.org/10.1111/resp.12989] [PMID: 28166611]
Kreuter M, Swigris J, Pittrow D, et al. Health related quality of life in[3]
patients  with  idiopathic  pulmonary  fibrosis  in  clinical  practice:
Insights-IPF  registry.  Respir  Res  2017;  18(1):  139.
[http://dx.doi.org/10.1186/s12931-017-0621-y] [PMID: 28709421]
du  Bois  RM,  Weycker  D,  Albera  C,  et  al.  Forced  vital  capacity  in[4]
patients  with  idiopathic  pulmonary  fibrosis:  Test  properties  and
minimal clinically important difference. Am J Respir Crit Care Med
2011; 184(12): 1382-9.
[http://dx.doi.org/10.1164/rccm.201105-0840OC] [PMID: 21940789]
Richeldi L, Ryerson CJ, Lee JS, et al. Relative versus absolute change[5]
in forced vital capacity in idiopathic pulmonary fibrosis. Thorax 2012;
67(5): 407-11.
[http://dx.doi.org/10.1136/thoraxjnl-2011-201184] [PMID: 22426899]
Paterniti MO, Bi Y, Rekić D, Wang Y, Karimi-Shah BA, Chowdhury[6]
BA.  Acute  exacerbation  and  decline  in  forced  vital  capacity  are
associated with increased mortality in idiopathic pulmonary fibrosis.
Ann Am Thorac Soc 2017; 14(9): 1395-402.
[http://dx.doi.org/10.1513/AnnalsATS.201606-458OC]  [PMID:
28388260]
du  Bois  RM,  Weycker  D,  Albera  C,  et  al.  Six-minute-walk  test  in[7]
idiopathic pulmonary fibrosis: test validation and minimal clinically
important  difference.  Am  J  Respir  Crit  Care  Med  2011;  183(9):
1231-7.
[http://dx.doi.org/10.1164/rccm.201007-1179OC] [PMID: 21131468]

du Bois RM, Albera C, Bradford WZ, et al. 6-Minute walk distance is[8]
an  independent  predictor  of  mortality  in  patients  with  idiopathic
pulmonary fibrosis. Eur Respir J 2014; 43(5): 1421-9.
[http://dx.doi.org/10.1183/09031936.00131813] [PMID: 24311766]
Lynch DA, Godwin JD, Safrin S, et al. Idiopathic Pulmonary Fibrosis[9]
Study  Group.  High-resolution  computed  tomography  in  idiopathic
pulmonary fibrosis: Diagnosis and prognosis. Am J Respir Crit Care
Med 2005; 172(4): 488-93.
[http://dx.doi.org/10.1164/rccm.200412-1756OC] [PMID: 15894598]
Best  AC,  Meng J,  Lynch AM, et  al.  Idiopathic  pulmonary fibrosis:[10]
Physiologic  tests,  quantitative  CT indexes,  and CT visual  scores  as
predictors of mortality. Radiology 2008; 246(3): 935-40.
[http://dx.doi.org/10.1148/radiol.2463062200] [PMID: 18235106]
Lee  HY,  Lee  KS,  Jeong  YJ,  et  al.  High-resolution  CT  findings  in[11]
fibrotic idiopathic interstitial  pneumonias with little honeycombing:
Serial  changes  and  prognostic  implications.  AJR  Am  J  Roentgenol
2012; 199(5): 982-9.
[http://dx.doi.org/10.2214/AJR.11.8192] [PMID: 23096169]
Lee SM, Seo JB, Oh SY, et al. Prediction of survival by texture-based[12]
automated quantitative assessment of regional disease patterns on CT
in idiopathic pulmonary fibrosis. Eur Radiol 2018; 28(3): 1293-300.
[http://dx.doi.org/10.1007/s00330-017-5028-0] [PMID: 28929225]
Hansell  DM, Goldin JG, King TE Jr,  Lynch DA, Richeldi L, Wells[13]
AU. CT staging and monitoring of fibrotic interstitial lung diseases in
clinical  practice  and  treatment  trials:  A  position  paper  from  the
Fleischner Society. Lancet Respir Med 2015; 3(6): 483-96.
[http://dx.doi.org/10.1016/S2213-2600(15)00096-X]  [PMID:
25975761]
Wu  X,  Kim  GH,  Salisbury  ML,  et  al.  Computed  tomographic[14]
biomarkers in idiopathic pulmonary fibrosis: The future of quantitative
analysis. Am J Respir Crit Care Med 2019; 199(1): 12-21.
[http://dx.doi.org/10.1164/rccm.201803-0444PP] [PMID: 29986154]
Kim HG, Tashkin DP, Clements PJ, et al. A computer-aided diagnosis[15]
system  for  quantitative  scoring  of  extent  of  lung  fibrosis  in
scleroderma  patients.  Clin  Exp  Rheumatol  2010;  28(5)(Suppl.  62):
S26-35.
[PMID: 21050542]
Kim HJ, Brown MS, Chong D, et al. Comparison of the quantitative[16]
CT imaging biomarkers of idiopathic pulmonary fibrosis at baseline
and  early  change  with  an  interval  of  7  months.  Acad  Radiol  2015;
22(1): 70-80.
[http://dx.doi.org/10.1016/j.acra.2014.08.004] [PMID: 25262954]
Kim  GHJ,  Weigt  SS,  Belperio  JA,  et  al.  Prediction  of  idiopathic[17]
pulmonary fibrosis progression using early quantitative changes on CT
imaging  for  a  short  term  of  clinical  18-24-month  follow-ups.  Eur
Radiol 2020; 30(2): 726-34.
[http://dx.doi.org/10.1007/s00330-019-06402-6] [PMID: 31451973]
Park  HJ,  Lee  SM,  Song  JW,  et  al.  Texture-based  automated[18]
quantitative assessment of regional patterns on initial CT in patients
with idiopathic pulmonary fibrosis: Relationship to decline in forced
vital capacity. AJR Am J Roentgenol 2016; 207(5): 976-83.
[http://dx.doi.org/10.2214/AJR.16.16054] [PMID: 27533069]
Raghu G, Scholand MB, de Andrade J, et al. FG-3019 anti-connective[19]
tissue growth factor  monoclonal  antibody:  Results  of  an open-label
clinical  trial  in  idiopathic  pulmonary  fibrosis.  Eur  Respir  J  2016;
47(5): 1481-91.
[http://dx.doi.org/10.1183/13993003.01030-2015] [PMID: 26965296]
Belloni P, Cheung D, Odueyungbo A, et al. A retrospective analysis of[20]
CAPACITY006 using quantitative image analysis demonstrating the
prognostic effect on lung function and detection of changes in fibrosis
without  FVC  decline.  Poster  presented  at  the  Pulmonary  Fibrosis
Foundation Summit. November 9–11, 2017; Nashville, TN, US. 2017.
Goldin J, Kim G, Lu P, et al. Short term Quantitative Lung Fibrosis[21]
(QLF) change predicts rapid rate of FVC decline in patients with IPF.
Eur Respir J 2017; 50: PA853.
Kim  G,  Brown  M,  Goldin  J,  et  al.  Automatic  quantitative  fibrosis[22]
scores at baseline is a predictor of progression in patients with IPF.
Eur Respir J 2017; 50: OA1957.
Kim GJ, Shi Y, Hsu W, et al. Prediction of IPF with the early changes[23]
in  quantitative  imaging  patterns  using  high  resolution  computed
tomography using a single center interstitial lung disease registry. Am
J Respir Crit Care Med 2018; 197: A7476.
Richeldi L, Costabel U, Selman M, et al. Efficacy of a tyrosine kinase[24]
inhibitor  in  idiopathic  pulmonary  fibrosis.  N  Engl  J  Med  2011;
365(12): 1079-87.
[http://dx.doi.org/10.1056/NEJMoa1103690] [PMID: 21992121]
Richeldi  L,  du  Bois  RM,  Raghu  G,  et  al.  INPULSIS  Trial[25]

http://dx.doi.org/10.1164/rccm.201807-1255ST
http://www.ncbi.nlm.nih.gov/pubmed/30168753
http://dx.doi.org/10.1111/resp.12989
http://www.ncbi.nlm.nih.gov/pubmed/28166611
http://dx.doi.org/10.1186/s12931-017-0621-y
http://www.ncbi.nlm.nih.gov/pubmed/28709421
http://dx.doi.org/10.1164/rccm.201105-0840OC
http://www.ncbi.nlm.nih.gov/pubmed/21940789
http://dx.doi.org/10.1136/thoraxjnl-2011-201184
http://www.ncbi.nlm.nih.gov/pubmed/22426899
http://dx.doi.org/10.1513/AnnalsATS.201606-458OC
http://www.ncbi.nlm.nih.gov/pubmed/28388260
http://dx.doi.org/10.1164/rccm.201007-1179OC
http://www.ncbi.nlm.nih.gov/pubmed/21131468
http://dx.doi.org/10.1183/09031936.00131813
http://www.ncbi.nlm.nih.gov/pubmed/24311766
http://dx.doi.org/10.1164/rccm.200412-1756OC
http://www.ncbi.nlm.nih.gov/pubmed/15894598
http://dx.doi.org/10.1148/radiol.2463062200
http://www.ncbi.nlm.nih.gov/pubmed/18235106
http://dx.doi.org/10.2214/AJR.11.8192
http://www.ncbi.nlm.nih.gov/pubmed/23096169
http://dx.doi.org/10.1007/s00330-017-5028-0
http://www.ncbi.nlm.nih.gov/pubmed/28929225
http://dx.doi.org/10.1016/S2213-2600(15)00096-X
http://www.ncbi.nlm.nih.gov/pubmed/25975761
http://dx.doi.org/10.1164/rccm.201803-0444PP
http://www.ncbi.nlm.nih.gov/pubmed/29986154
http://www.ncbi.nlm.nih.gov/pubmed/21050542
http://dx.doi.org/10.1016/j.acra.2014.08.004
http://www.ncbi.nlm.nih.gov/pubmed/25262954
http://dx.doi.org/10.1007/s00330-019-06402-6
http://www.ncbi.nlm.nih.gov/pubmed/31451973
http://dx.doi.org/10.2214/AJR.16.16054
http://www.ncbi.nlm.nih.gov/pubmed/27533069
http://dx.doi.org/10.1183/13993003.01030-2015
http://www.ncbi.nlm.nih.gov/pubmed/26965296
http://dx.doi.org/10.1056/NEJMoa1103690
http://www.ncbi.nlm.nih.gov/pubmed/21992121


Effects of Nintedanib on Quantitative Lung Fibrosis The Open Respiratory Medicine Journal, 2020, Volume 14   31

Investigators.  Efficacy  and  safety  of  nintedanib  in  idiopathic
pulmonary  fibrosis.  N  Engl  J  Med  2014;  370(22):  2071-82.
[http://dx.doi.org/10.1056/NEJMoa1402584] [PMID: 24836310]
Raghu  G,  Collard  HR,  Egan  JJ,  et  al.  ATS/ERS/JRS/ALAT[26]
Committee  on  Idiopathic  Pulmonary  Fibrosis.  An  official
ATS/ERS/JRS/ALAT  statement:  Idiopathic  pulmonary  fibrosis:
Evidence-based  guidelines  for  diagnosis  and  management.  Am  J
Respir Crit Care Med 2011; 183(6): 788-824.
[http://dx.doi.org/10.1164/rccm.2009-040GL] [PMID: 21471066]
Jones PW, Quirk FH, Baveystock CM. The St George's Respiratory[27]
Questionnaire. Respir Med 1991; 85(Suppl B): 25-31. discussion 33–7
[http://dx.doi.org/10.1016/S0954-6111(06)80166-6]
Eakin  EG,  Resnikoff  PM,  Prewitt  LM,  Ries  AL,  Kaplan  RM.[28]
Validation of a new dyspnea measure: The UCSD Shortness of Breath
Questionnaire.  University  of  California,  San  Diego.  Chest  1998;
113(3): 619-24.
[http://dx.doi.org/10.1378/chest.113.3.619] [PMID: 9515834]
Kim  HJ,  Brown  MS,  Elashoff  R,  et  al.  Quantitative  texture-based[29]
assessment of one-year changes in fibrotic reticular patterns on HRCT
in scleroderma lung disease treated with oral cyclophosphamide. Eur
Radiol 2011; 21(12): 2455-65.
[http://dx.doi.org/10.1007/s00330-011-2223-2] [PMID: 21927793]
Obuchowski NA, Reeves AP, Huang EP, et al. Algorithm Comparison[30]
Working  Group.  Quantitative  imaging  biomarkers:  A  review  of
statistical methods for computer algorithm comparisons. Stat Methods
Med Res 2015; 24(1): 68-106.
[http://dx.doi.org/10.1177/0962280214537390] [PMID: 24919829]
Miller  MR,  Hankinson  J,  Brusasco  V,  et  al.  ATS/ERS Task  Force.[31]
Standardisation of spirometry. Eur Respir J 2005; 26(2): 319-38.
[http://dx.doi.org/10.1183/09031936.05.00034805] [PMID: 16055882]
Hostettler KE, Zhong J, Papakonstantinou E, et al. Anti-fibrotic effects[32]
of nintedanib in lung fibroblasts derived from patients with idiopathic
pulmonary fibrosis. Respir Res 2014; 15: 157.
[http://dx.doi.org/10.1186/s12931-014-0157-3] [PMID: 25496490]
Wollin L, Wex E, Pautsch A, et al. Mode of action of nintedanib in the[33]

treatment of idiopathic pulmonary fibrosis. Eur Respir J 2015; 45(5):
1434-45.
[http://dx.doi.org/10.1183/09031936.00174914] [PMID: 25745043]
Wollin L, Distler JHW, Redente EF, et al. Potential of nintedanib in[34]
treatment of progressive fibrosing interstitial lung diseases. Eur Respir
J 2019; 54(3): 1900161.
[http://dx.doi.org/10.1183/13993003.00161-2019] [PMID: 31285305]
Kim  HJ,  Tashkin  DP,  Gjertson  DW,  et  al.  Transitions  to  different[35]
patterns of interstitial lung disease in scleroderma with and without
treatment. Ann Rheum Dis 2016; 75(7): 1367-71.
[http://dx.doi.org/10.1136/annrheumdis-2015-208929]  [PMID:
26757749]
Goldin  JG,  Kim  GHJ,  Tseng  CH,  et  al.  Longitudinal  changes  in[36]
quantitative  interstitial  lung  disease  on  computed  tomography  after
immunosuppression  in  the  Scleroderma  Lung  Study  II.  Ann  Am
Thorac Soc 2018; 15(11): 1286-95.
[http://dx.doi.org/10.1513/AnnalsATS.201802-079OC]  [PMID:
30265153]
Flaherty KR, Kolb M, Vancheri C, Tang W, Conoscenti CS, Richeldi[37]
L. Stability or improvement in forced vital capacity with nintedanib in
patients with idiopathic pulmonary fibrosis. Eur Respir J 2018; 52(2):
1702593.
[http://dx.doi.org/10.1183/13993003.02593-2017] [PMID: 29946007]
Nathan  SD,  du  Bois  RM,  Albera  C,  et  al.  Validation  of  test[38]
performance  characteristics  and  minimal  clinically  important
difference  of  the  6-minute  walk  test  in  patients  with  idiopathic
pulmonary  fibrosis.  Respir  Med  2015;  109(7):  914-22.
[http://dx.doi.org/10.1016/j.rmed.2015.04.008] [PMID: 25956020]
Swigris  JJ,  Wamboldt  FS,  Behr  J,  et  al.  The  6  minute  walk  in[39]
idiopathic  pulmonary  fibrosis:  Longitudinal  changes  and  minimum
important difference. Thorax 2010; 65(2): 173-7.
[http://dx.doi.org/10.1136/thx.2009.113498] [PMID: 19996335]
Lancaster  LH.  Utility  of  the  six-minute  walk  test  in  patients  with[40]
idiopathic pulmonary fibrosis. Multidiscip Respir Med 2018; 13: 45.
[http://dx.doi.org/10.1186/s40248-018-0158-z] [PMID: 30559965]

© 2020 Lancaster etal.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: (https://creativecommons.org/licenses/by/4.0/legalcode). This license permits unrestricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

http://dx.doi.org/10.1056/NEJMoa1402584
http://www.ncbi.nlm.nih.gov/pubmed/24836310
http://dx.doi.org/10.1164/rccm.2009-040GL
http://www.ncbi.nlm.nih.gov/pubmed/21471066
http://dx.doi.org/10.1016/S0954-6111(06)80166-6
http://dx.doi.org/10.1378/chest.113.3.619
http://www.ncbi.nlm.nih.gov/pubmed/9515834
http://dx.doi.org/10.1007/s00330-011-2223-2
http://www.ncbi.nlm.nih.gov/pubmed/21927793
http://dx.doi.org/10.1177/0962280214537390
http://www.ncbi.nlm.nih.gov/pubmed/24919829
http://dx.doi.org/10.1183/09031936.05.00034805
http://www.ncbi.nlm.nih.gov/pubmed/16055882
http://dx.doi.org/10.1186/s12931-014-0157-3
http://www.ncbi.nlm.nih.gov/pubmed/25496490
http://dx.doi.org/10.1183/09031936.00174914
http://www.ncbi.nlm.nih.gov/pubmed/25745043
http://dx.doi.org/10.1183/13993003.00161-2019
http://www.ncbi.nlm.nih.gov/pubmed/31285305
http://dx.doi.org/10.1136/annrheumdis-2015-208929
http://www.ncbi.nlm.nih.gov/pubmed/26757749
http://dx.doi.org/10.1513/AnnalsATS.201802-079OC
http://www.ncbi.nlm.nih.gov/pubmed/30265153
http://dx.doi.org/10.1183/13993003.02593-2017
http://www.ncbi.nlm.nih.gov/pubmed/29946007
http://dx.doi.org/10.1016/j.rmed.2015.04.008
http://www.ncbi.nlm.nih.gov/pubmed/25956020
http://dx.doi.org/10.1136/thx.2009.113498
http://www.ncbi.nlm.nih.gov/pubmed/19996335
http://dx.doi.org/10.1186/s40248-018-0158-z
http://www.ncbi.nlm.nih.gov/pubmed/30559965
https://creativecommons.org/licenses/by/4.0/legalcode

	Effects of Nintedanib on Quantitative Lung Fibrosis Score in Idiopathic Pulmonary Fibrosis 
	[Background:]
	Background:
	Objective:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. METHODS
	2.1. Trial Design
	2.2. Patients and Public Involvement
	2.3. Endpoints
	2.4. Statistical Analyses

	3. RESULTS
	3.1. Patients
	3.2. QLF Scores
	3.3. Forced Vital Capacity (FVC)
	3.4. Correlations between changes in QLF score and changes in FVC
	3.5. 6-Minute Walk Test
	3.6. Health-Related Quality of Life
	3.7. Hospitalizations, Acute Exacerbations and Deaths
	3.8. Adverse Events

	4. DISCUSSION
	CONCLUSION
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTI-CIPATE
	HUMAN AND ANIMAL RIGHTS
	STANDARDS OF REPORTING
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	SUPPLEMENTARY MATERIAL
	REFERENCES




