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BACKGROUND
Preclinical data have suggested that nintedanib, an intracellular inhibitor of tyro-
sine kinases, inhibits processes involved in the progression of lung fibrosis. Although 
the efficacy of nintedanib has been shown in idiopathic pulmonary fibrosis, its ef-
ficacy across a broad range of fibrosing lung diseases is unknown.

METHODS
In this double-blind, placebo-controlled, phase 3 trial conducted in 15 countries, 
we randomly assigned patients with fibrosing lung disease affecting more than 
10% of lung volume on high-resolution computed tomography (CT) to receive 
nintedanib at a dose of 150 mg twice daily or placebo. All the patients met criteria 
for progression of interstitial lung disease in the past 24 months despite treatment 
and had a forced vital capacity (FVC) of at least 45% of the predicted value and a 
diffusing capacity of the lung for carbon monoxide ranging from 30 to less than 
80% of the predicted value. Randomization was stratified according to the fibrotic 
pattern (a pattern of usual interstitial pneumonia [UIP] or other fibrotic patterns) 
on high-resolution CT. The primary end point was the annual rate of decline in 
the FVC, as assessed over a 52-week period. The two primary populations for analy-
sis were the overall population and patients with a UIP-like fibrotic pattern.

RESULTS
A total of 663 patients were treated. In the overall population, the adjusted rate of 
decline in the FVC was −80.8 ml per year with nintedanib and −187.8 ml per year 
with placebo, for a between-group difference of 107.0 ml per year (95% confidence 
interval [CI], 65.4 to 148.5; P<0.001). In patients with a UIP-like fibrotic pattern, 
the adjusted rate of decline in the FVC was −82.9 ml per year with nintedanib and 
−211.1 ml per year with placebo, for a difference of 128.2 ml (95% CI, 70.8 to 185.6; 
P<0.001). Diarrhea was the most common adverse event, as reported in 66.9% and 
23.9% of patients treated with nintedanib and placebo, respectively. Abnormalities 
on liver-function testing were more common in the nintedanib group than in the 
placebo group.

CONCLUSIONS
In patients with progressive fibrosing interstitial lung diseases, the annual rate of 
decline in the FVC was significantly lower among patients who received nintedanib 
than among those who received placebo. Diarrhea was a common adverse event. 
(Funded by Boehringer Ingelheim; INBUILD ClinicalTrials.gov number, NCT02999178.)
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P atients with a spectrum of lung 
disorders, including idiopathic pulmonary 
fibrosis (IPF),1,2 have a progressive fibrosing 

clinical phenotype that is characterized by an 
increasing extent of fibrosis on high-resolution 
computed tomography (CT), decline in lung func-
tion, worsening of symptoms and quality of life, 
and early death despite current therapy.3-6 On the 
basis of the clinical and pathophysiological simi-
larities among these diseases, it has been postu-
lated that such disorders with a progressive phe-
notype have a common pathobiologic mechanism 
regardless of the cause and thus could all have a 
response to similar treatment.4

Nintedanib is an intracellular inhibitor of tyro-
sine kinases.7 Preclinical data have suggested that 
nintedanib inhibits processes involved in the pro-
gression of lung fibrosis.7-11 In patients with IPF 
and systemic sclerosis-associated interstitial lung 
disease, treatment with 150 mg of nintedanib 
twice daily reduced the rate of decline in the 
forced vital capacity (FVC).12-14 We conducted the 
INBUILD trial to investigate the efficacy and safety 
of nintedanib in patients with fibrosing intersti-
tial lung diseases with a progressive phenotype.

Me thods

Trial Design and Oversight

The INBUILD trial was a randomized, double-
blind, placebo-controlled, parallel-group trial con-
ducted at 153 sites in 15 countries.3 The trial was 
carried out in compliance with the protocol (avail-
able with the full text of this article at NEJM.org) 
and with the principles of the Declaration of Hel-
sinki and the Harmonised Tripartite Guideline for 
Good Clinical Practice of the International Con-
ference on Harmonisation; the trial was approved 
by the local authorities. All the patients provided 
written informed consent before trial entry.

All the authors had access to the data, which 
were analyzed by the sponsor, Boehringer Ingel-
heim. The authors assume responsibility for the 
accuracy and completeness of the data and for 
the fidelity of the trial to the protocol. Medical 
writing assistance, funded by the sponsor, was 
provided by FleishmanHillard Fishburn.

Patients

Recruitment began in February 2017 and ended in 
April 2018. Eligible patients were adults (≥18 years 

of age) with a physician-diagnosed fibrosing in-
terstitial lung disease. Because patients with IPF 
had already been studied, specific efforts were 
made to enroll patients with a progressive fibrotic 
phenotype other than IPF. Enrolled patients had 
features of fibrosing lung disease affecting more 
than 10% of lung volume on high-resolution CT, 
as confirmed by central review (Section B in the 
Supplementary Appendix, available at NEJM.org).

The patients were required to meet at least 
one of the following criteria for progression of 
interstitial lung disease within the 24 months 
before screening, despite standard treatment 
with an agent other than nintedanib or pirfeni-
done: a relative decline in the FVC of at least 
10% of the predicted value, a relative decline in 
the FVC of 5% to less than 10% of the predicted 
value and worsening of respiratory symptoms or 
an increased extent of fibrosis on high-resolu-
tion CT, or worsening of respiratory symptoms 
and an increased extent of fibrosis. At the time 
of enrollment, patients were required to have an 
FVC of at least 45% of the predicted value and a 
diffusing capacity of the lung for carbon monox-
ide (corrected for hemoglobin) of 30 to less than 
80% of the predicted value.

Patients who were treated with azathioprine, 
cyclosporine, mycophenolate mofetil, tacrolimus, 
rituximab, cyclophosphamide, or oral glucocor-
ticoids (at a dose of more than 20 mg per day for 
glucocorticoids) were excluded. At the discretion 
of the investigator, initiation of these medications 
was allowed after 6 months of trial treatment in 
patients with clinically significant deterioration 
of interstitial lung disease or connective tissue 
disease. Key exclusion criteria are provided in Sec-
tion C in the Supplementary Appendix.

Trial Treatment

Patients were randomly assigned in a 1:1 ratio to 
receive oral nintedanib (at a dose of 150 mg 
twice daily) or placebo with the use of interac-
tive-response technology. Since some studies 
have suggested that the progression of fibrosing 
interstitial lung disease is more rapid in patients 
with an imaging pattern of usual interstitial pneu-
monia (UIP) on high-resolution CT than in those 
with other fibrotic patterns,15-18 randomization 
was stratified according to the imaging pattern 
(UIP-like fibrotic pattern or other fibrotic patterns) 
on the basis of central review. An enrichment 
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design19 was planned, with stratification of the 
trial population so that two thirds of the patients 
had a UIP-like fibrotic pattern (as identified ac-
cording to the criteria of the INPULSIS trials13) 
(Section B in the Supplementary Appendix) and 
one third had other fibrotic patterns (i.e., a 2:1 
ratio). However, stratification caps were not im-
plemented, since recruitment led to a ratio close 
to 2:1 without the need for active management.

For each patient, the trial consisted of two 
parts: Part A, which was conducted during the 
first 52 weeks, and Part B, which was a variable 
treatment period beyond week 52 during which 
patients continued to receive either nintedanib 
or placebo until all the patients had completed 
Part A. (Details are provided in Section D in the 
Supplementary Appendix.) At the end of the tri-
al, all the patients had the option of receiving 
nintedanib in an open-label extension trial. Pa-
tients who had adverse events were permitted to 
interrupt treatment or to reduce the dose of 
nintedanib to 100 mg twice daily. Patients who 
discontinued either nintedanib or placebo were 
asked to attend all visits as originally planned. 
The first database lock took place after the last 
patient had completed the week 52 visit.

End Points

The primary end point was the annual rate of 
decline in the FVC, as assessed over the 52-week 
period. Spirometry was performed at baseline 
and at weeks 2, 4, 6, 12, 24, 36, and 52, in accor-
dance with international guidelines20 with the use 
of sponsor-provided spirometers (Flowscreen CT).

The main secondary end points were the ab-
solute change from baseline in the total score on 
the King’s Brief Interstitial Lung Disease (K-BILD) 
questionnaire at week 52, the time until the first 
acute exacerbation of interstitial lung disease or 
death over the 52-week period, and the time until 
death over the 52-week period. (The K-BILD ques-
tionnaire is a self-administered health-status 
questionnaire that has been developed in patients 
with interstitial lung diseases.21 It consists of 15 
items in three domains: breathlessness and ac-
tivities, psychological factors, and chest symp-
toms. Domain and total scores range from 0 to 
100, with higher scores representing better health 
status. The minimal clinically important differ-
ence has not been established, but a change of 
between 4 and 8 points has been suggested to 

represent a meaningful change.22-24) Further end 
points included a composite of an acute exacer-
bation of interstitial lung disease or death or 
death alone as assessed during the period until 
the first database lock.

In line with the categorization of acute exac-
erbations of IPF in the latest international work-
ing group report,25 we defined acute exacerbations 
of interstitial lung disease as acute, clinically sig-
nificant respiratory deteriorations characterized by 
evidence of new, widespread alveolar abnormality 
meeting all the following criteria: acute worsening 
or development of dyspnea (typically of <1 month 
duration), CT with new bilateral ground-glass 
opacity or consolidation superimposed on a back-
ground pattern consistent with fibrosing intersti-
tial lung disease, and deterioration not fully 
explained by cardiac failure or f luid overload. 
Infection was not an exclusion criterion for an 
acute exacerbation. Safety was assessed by clinical 
and laboratory evaluation and the recording of 
adverse events, as coded with the use of the Medi-
cal Dictionary for Regulatory Activities, version 22.0.

Statistical Analysis

All analyses were conducted in patients who had 
received at least one dose of nintedanib or place-
bo. The two primary populations were the overall 
population and patients with a UIP-like fibrotic 
pattern on high-resolution CT. The primary end 
point and safety were assessed in the overall popu-
lation, in patients with a UIP-like fibrotic pattern, 
and in patients with other fibrotic patterns. Analy-
ses of the secondary and further efficacy end 
points were limited to the overall population and 
to patients with a UIP-like fibrotic pattern. The 
primary end point was analyzed with the use of a 
random coefficient regression model (with ran-
dom slopes and intercepts), including baseline 
FVC (reported in milliliters) and imaging pattern 
as covariates. The slope of the FVC decline was 
calculated for every patient and the average com-
pared between the two assigned groups. The 
analysis was based on all measurements obtained 
over the 52-week period, including those from 
patients who had discontinued nintedanib or pla-
cebo. The model allowed for missing data on the 
assumption that data were missing at random.

To maintain a type I error rate of 5%, a Hoch
berg procedure was used.26 For the primary end 
point, statistical significance was indicated if 
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the analyses in the two primary populations 
were significant at a two-sided 5% level or the 
analysis in either primary population was sig-
nificant at a two-sided 2.5% level. Sensitivity 
analyses for the primary end point were per-
formed to analyze the potential effects of miss-
ing data and assumptions made in the primary 
analysis model. (Details are provided in Sections 
E and F in the Supplementary Appendix.) All 
other end points were exploratory (Section G in 
the Supplementary Appendix). Because the sta-
tistical analysis plan did not include a provision 
for correcting for multiple comparisons for sec-
ondary or other outcomes, results are reported 
as point estimates and 95% confidence intervals. 
The widths of the confidence intervals have not 
been adjusted for multiple comparisons, so the 
intervals should not be used to infer definitive 
treatment effects.

In the determination of sample size, between-
group differences in the adjusted rate of decline 
in the FVC were assumed to be 75 to 100 ml per 
year in patients with a UIP-like fibrotic pattern 
and 60 to 75 ml per year among those with other 
fibrotic patterns. This calculation was based on 
assumptions that the rate of decline in the FVC 
in the trial population would be similar to that 
in patients with IPF but slightly lower in patients 
with a fibrotic pattern other than a UIP-like pat-
tern, along with the assumption that as in patients 
with IPF,13 the rate of decline in the FVC would be 
50% lower in the nintedanib group than in the 
placebo group. We determined that a sample of 
600 patients, including two thirds (400 patients) 
with a UIP-like fibrotic pattern, would provide a 
power of approximately 90% to detect a between-
group difference of 100 ml per year in patients 
with a UIP-like fibrotic pattern (assumed stan-
dard deviation, 300 ml) and to detect a between-
group difference of 92 ml per year in the overall 
population (assumed standard deviation, 337 ml).

R esult s

Patients

A total of 663 patients underwent randomization 
and received at least one dose of nintedanib or 
placebo (332 in the nintedanib group and 331 in 
the placebo group); of the 663 patients, 412 (62.1%) 
had a UIP-like fibrotic pattern (Fig. 1). The base-
line characteristics of the patients were similar 

in the two primary populations and in the two 
treatment groups (Table 1, and Sections H and I 
in the Supplementary Appendix).

In the overall population, the mean (±SD) age 
was 65.8±9.8 years, the FVC was 69.0±15.6% of 
the predicted value, and the diffusing capacity of 
the lung for carbon monoxide was 46.1±13.6% 
of the predicted value. The most frequent diag-
noses of interstitial lung disease were chronic 
hypersensitivity pneumonitis (in 26.1% of the 
patients) and autoimmune interstitial lung dis-
eases (in 25.6%). Section J in the Supplementary 
Appendix provides details regarding the use of 
restricted background therapies at baseline (a use 
that was balanced in the two trial groups) and 
regarding restricted therapies that were added 
over the 52 weeks of treatment.

In the overall population, 252 patients (75.9%) 
in the nintedanib group and 282 (85.2%) in the 
placebo group completed 52 weeks of treatment 
(Fig. 1). The mean duration of exposure during 
52 weeks was 10.3±3.8 months in the nintedanib 
group and 11.2±2.6 months in the placebo group. 
The mean duration of exposure before the first 
database lock was 15.0±6.8 months in the nin
tedanib group and 16.2±5.5 months in the pla-
cebo group.

Primary and Other FVC End Points

In the overall population, the adjusted rate of 
decline in the FVC over the 52-week period (the 
primary end point) was −80.8 ml per year in the 
nintedanib group and −187.8 ml per year in the 
placebo group (between-group difference, 107.0 
ml; 95% confidence interval [CI], 65.4 to 148.5; 
P<0.001). In patients with a UIP-like fibrotic pat-
tern, the adjusted rate of decline in the FVC over 
the 52-week period was −82.9 ml per year in the 
nintedanib group and −211.1 ml per year in the 
placebo group (between-group difference, 128.2 
ml; 95% CI, 70.8 to 185.6; P<0.001) (Table 2, and 
Section K in the Supplementary Appendix). Box-
and-whisker plots of the adjusted annual rate of 
decline in the FVC are provided in Section L in 
the Supplementary Appendix.

In patients with other fibrotic patterns, the 
adjusted rate of decline in FVC was −79.0 ml per 
year in the nintedanib group and −154.2 ml per 
year in the placebo group (between-group differ-
ence, 75.3 ml; 95% CI, 15.5 to 135.0). The treat-
ment effect between subgroups according to the 
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imaging pattern was consistent (Section M in the 
Supplementary Appendix). All sensitivity analyses 
related to the handling of missing data were sup-
portive of the findings in the primary analysis 
(Sections E and F in the Supplementary Appen-
dix). In addition, the curves of observed change 
from baseline in the FVC in the two groups sepa-
rated early and continued to diverge (Fig. 2).

Main Secondary End Points

At week 52, the adjusted mean absolute change 
from baseline in the total score on the K-BILD 

questionnaire (measuring activity level, psycho-
logical factors, and chest symptoms) was 0.55 
points in the nintedanib group and −0.79 points 
in the placebo group (between-group difference, 
1.34 points; 95% CI, −0.31 to 2.98) in the overall 
population and 0.75 points and −0.78 points, re-
spectively (between-group difference, 1.53; 95% CI, 
−0.68 to 3.74) in patients with a UIP-like fi-
brotic pattern. The percentage of patients who 
either died or had an acute exacerbation of inter-
stitial lung disease over the 52-week period was 
7.8% in the nintedanib group and 9.7% in the 

Figure 1. Enrollment and Randomization in the Overall Population.

A list of other key exclusion criteria is provided in Section C in the Supplementary Appendix.

663 Underwent randomization
and were treated

1010 Patients were assessed for eligibility

347 Were excluded
304 Did not meet inclusion criteria or met exclusion

criteria
88 Did not have fibrosing lung disease of >10%

extent on high-resolution CT
74 Did not have diffusing capacity for carbon

monoxide of 30% to <80% of predicted value
142 Did not meet ≥1 other inclusion criterion

or met additional exclusion criteria
22 Withdrew consent
5 Had adverse event

16 Had other or unknown reason

332 Were assigned to receive nintedanib 331 Were assigned to receive placebo

311 Completed 52-wk observation period314 Completed 52-wk observation period

18 Did not complete 52-wk
observation period

20 Did not complete 52-wk
observation period

252 Did not prematurely discontinue
nintedanib before wk 52

80 Prematurely discontinued
nintedanib

65 Had adverse event
11 Withdrew
1 Had protocol deviation
3 Had other reason

282 Did not prematurely discontinue
placebo before wk 52

49 Prematurely discontinued placebo
34 Had adverse event
9 Withdrew
2 Had protocol deviation
1 Was lost to follow-up
3 Had other reason
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placebo group (hazard ratio, 0.80; 95% CI, 0.48 
to 1.34) in the overall population and 8.3% and 
12.1%, respectively (hazard ratio, 0.67; 95% CI, 
0.36 to 1.24) in patients with a UIP-like fibrotic 
pattern. The percentage of patients who died 
over the 52-week period was 4.8% in the ninted
anib group and 5.1% in the placebo group (haz-
ard ratio, 0.94; 95% CI, 0.47 to 1.86) in the overall 
population and 5.3% and 7.8% (hazard ratio, 0.68; 
95% CI, 0.32 to 1.47) in patients with a UIP-like 
fibrotic pattern.

Additional Prespecified End Points

During the period until the first database lock, 
the percentage of patients in the overall popula-
tion who either died or had an acute exacerbation 
of interstitial lung disease was 12.3% in the nin
tedanib group and 17.8% in the placebo group 
(hazard ratio, 0.68; 95% CI, 0.46 to 1.01); the per-
centage of patients who died was 8.1% and 11.5%, 
respectively (hazard ratio, 0.70; 95% CI, 0.43 to 
1.15). Similar results were observed in patients 

with a UIP-like fibrotic pattern (Table  2, and 
Section N in the Supplementary Appendix).

Adverse Events

In the overall population over the 52-week period, 
the percentages of patients with any adverse events 
and serious adverse events were similar in the 
nintedanib group and the placebo group (Ta-
ble  3). A greater percentage of patients in the 
nintedanib group than in the placebo group had 
adverse events leading to a permanent dose re-
duction (33.1% vs. 4.2%) and to discontinuation 
of either nintedanib or placebo (19.6% vs. 
10.3%). Fatal adverse events were less frequent in 
the nintedanib group than in the placebo group 
(3.3% vs. 5.1%). The most frequent adverse event 
was diarrhea, which was reported in 222 pa-
tients (66.9%) in the nintedanib group and in 79 
patients (23.9%) in the placebo group. The worst 
episode of diarrhea (according to the Common 
Terminology Criteria for Adverse Events, version 
4.03) was grade 3 in 23 patients in the nintedanib 

Characteristic
Nintedanib 
(N = 332)

Placebo  
(N = 331)

Male sex — no. (%) 179 (53.9) 177 (53.5)

Age — yr 65.2±9.7 66.3±9.8

Former or current smoker — no. (%) 169 (50.9) 169 (51.1)

UIP-like fibrotic pattern on high-resolution CT — no. (%) 206 (62.0) 206 (62.2)

Criteria for disease progression in previous 24 mo — no. (%)

Relative decline in FVC of ≥10% of predicted value 160 (48.2) 172 (52.0)

Relative decline in FVC of 5% to <10% of predicted value plus wors‑
ening of respiratory symptoms or increased extent of fibrosis on 
high-resolution CT

110 (33.1) 97 (29.3)

Worsening of respiratory symptoms and increased extent of fibrosis 
on high-resolution CT

62 (18.7) 61 (18.4)

FVC

Mean value — ml 2340±740 2321±728

Percent of predicted value 68.7±16.0 69.3±15.2

Diffusing capacity for carbon monoxide†

Mean value — mmol/min/kPa 3.5±1.2 3.7±1.3

Percent of predicted value 44.4±11.9 47.9±15.0

Total score on K-BILD questionnaire‡ 52.5±11.0 52.3±9.8

*	�Plus–minus values are means ±SD. FVC denotes forced vital capacity, and UIP usual interstitial pneumonia.
†	�The values for diffusing capacity for carbon monoxide were corrected for the hemoglobin level.
‡	�Scores on the King’s Brief Interstitial Lung Disease (K-BILD) questionnaire range from 0 to 100, with higher scores rep‑

resenting better health status.

Table 1. Characteristics of the Overall Population at Baseline.*
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group and in 5 patients in the placebo group. No 
patients in either group had grade 4 or 5 diarrhea. 
Nausea, vomiting, abdominal pain, decreased ap-
petite, and weight decrease were more frequent in 
the nintedanib group than in the placebo group. 
Adverse events that were evaluated during the pe-
riod until the first database lock were consistent 

with those reported over the 52-week period (Sec-
tion O in the Supplementary Appendix).

Hepatic adverse events were more common in 
patients treated with nintedanib than in those 
treated with placebo (Table 3). On the basis of 
laboratory tests, elevations in alanine aminotrans-
ferase, aspartate aminotransferase, or both to lev-

End Point
Nintedanib 
(N = 332)

Placebo 
(N = 331)

Difference 
(95% CI)

Primary end point

Rate of decline in the FVC at 52 wk — ml/yr†

Overall population −80.8±15.1 −187.8±14.8 107.0 (65.4 to 148.5)‡

Patients with a UIP-like fibrotic pattern −82.9±20.8 −211.1±20.5 128.2 (70.8 to 185.6)‡

Patients with other fibrotic patterns −79.0±21.6 −154.2±21.2 75.3 (15.5 to 135.0)§

Main secondary end points

Absolute change from baseline in total score on K-BILD 
questionnaire at 52 wk¶

Overall population 0.55±0.60 −0.79±0.59 1.34 (−0.31 to 2.98)§

Patients with a UIP-like fibrotic pattern 0.75±0.80 −0.78±0.79 1.53 (−0.68 to 3.74)§

Acute exacerbation of interstitial lung disease or death at 
52 wk — no. with event/total no. (%)

Overall population 26/332 (7.8) 32/331 (9.7) 0.80 (0.48 to 1.34)§‖

Patients with a UIP-like fibrotic pattern 17/206 (8.3)   25/206 (12.1) 0.67 (0.36 to 1.24)§‖

Death at 52 wk — no. with event/total no. (%)

Overall population 16/332 (4.8) 17/331 (5.1) 0.94 (0.47 to 1.86)§‖

Patients with a UIP-like fibrotic pattern 11/206 (5.3) 16/206 (7.8) 0.68 (0.32 to 1.47)§‖

Additional end points assessed during period until first 
database lock

Acute exacerbation of interstitial lung disease or death  
— no. with event/total no. (%)

Overall population   41/332 (12.3)   59/331 (17.8) 0.68 (0.46 to 1.01)§‖

Patients with a UIP-like fibrotic pattern   28/206 (13.6)   44/206 (21.4) 0.61 (0.38 to 0.98)§‖

Death — no. with event/total no. (%)

Overall population 27/332 (8.1)   38/331 (11.5) 0.70 (0.43 to 1.15)§‖

Patients with a UIP-like fibrotic pattern 20/206 (9.7)   31/206 (15.0) 0.63 (0.36 to 1.10)§‖

*	�Changes from baseline are adjusted means ±SE based on the statistical models. The two primary populations for analy‑
sis were the overall population and patients with a UIP-like fibrotic pattern.

†	�For the primary end point, the patients with a UIP-like fibrotic pattern included 206 in each treatment group. The patients 
with other fibrotic patterns included 126 in the nintedanib group and 125 in the placebo group.

‡	�P<0.001.
§	� The widths of the confidence intervals have not been adjusted for multiple comparisons, so the intervals should not be 

used to infer definitive treatment effects.
¶	�For the analysis of the scores on the K-BILD questionnaire, 332 patients were included in the nintedanib group and 330 in 

the placebo group in the overall population; among the patients with a UIP-like fibrotic pattern, included were 206 patients 
and 205 patients, respectively.

‖	�The difference was assessed as a hazard ratio.

Table 2. Efficacy End Points.*
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els that were at least three times the upper limit 
of the normal range were observed in 43 patients 
(13.0%) treated with nintedanib and 6 patients 
(1.8%) treated with placebo over the 52-week pe-
riod (Section P in the Supplementary Appendix). 
One patient in each treatment group had concur-
rent elevations in liver enzymes and bilirubin that 
met the criteria for Hy’s law. Elevations in liver 
enzymes were reversible, with a normalization of 
values or a trend toward normalization on dose 
reduction and after treatment interruption or 
discontinuation, along with some instances of 
spontaneous normalization. The side-effect pro-
file of nintedanib was similar in patients with a 
UIP-like fibrotic pattern and in those with other 
fibrotic patterns (Section Q in the Supplemen-
tary Appendix).

 Discussion

In the INBUILD trial, we enrolled patients who 
had a broad range of fibrosing interstitial lung 
diseases, which were identified on the basis of 
the presence of pulmonary fibrosis on chest 

imaging and common progressive clinical fea-
tures. The patients who received nintedanib had 
a slower progression of interstitial lung disease 
than those who received placebo, as shown by a 
lower annual rate of decline in the FVC over the 
52-week period, both in the overall trial popula-
tion and in patients with a UIP-like fibrotic pat-
tern on high-resolution CT. The absolute treat-
ment effects in these patient populations were 
similar in magnitude to those observed in pooled 
data from the INPULSIS trials in patients with 
IPF (a between-group difference of 107.0 ml in 
the overall population and 128.2 ml in patients 
with a UIP-like fibrotic pattern in our trial, as 
compared with a between-group difference of 
109.9 ml in the INPULSIS trials). The relatively 
lower rate of FVC decline with nintedanib than 
with placebo was similar in patients with a UIP-
like fibrotic pattern and in those with other fi-
brotic patterns. Changes in health-related quality 
of life, as measured on the K-BILD questionnaire 
over the 52-week period, were small in the two 
treatment groups.

The safety and side-effect profile of nintedanib 

Figure 2. Decline from Baseline in Forced Vital Capacity (FVC).

Shown is the observed mean change from baseline in FVC over the 52‑week trial period in the overall population and in patients with an 
imaging pattern of usual interstitial pneumonia (UIP) on high‑resolution computed tomography in the nintedanib group and the placebo 
group. The I bars indicate the standard error.
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in patients with progressive fibrosing interstitial 
lung diseases was similar to that observed in 
patients with IPF27 and systemic sclerosis-associ-
ated interstitial lung disease.14 More patients 
stopped nintedanib than stopped placebo because 
of adverse effects, with diarrhea being the most 
common adverse event. Liver-enzyme elevations 
were more frequently observed in patients in the 
nintedanib group than in the placebo group.

Beyond exploring the effects of nintedanib, 
the INBUILD trial provided insights into the natu-
ral history of progressive fibrosing interstitial lung 
diseases. The annual rates of decline in the FVC 
in placebo-treated patients in the overall popula-
tion and in patients with a UIP-like fibrotic pat-
tern were similar to those seen in pooled data 
from the INPULSIS trials in patients who met a 
case definition for IPF (−187.8 ml per year, −211.1 
ml per year, and −223.5 ml per year, respectively). 
In our trial, the rate of decline in the FVC in 
placebo-treated patients with other (non–UIP-
like) fibrotic patterns (−154.2 ml per year) was 
only slightly lower than that in patients with a 
UIP-like fibrotic pattern and was still clinically 
relevant, a finding that was consistent with pre-
vious observations.15-18 These data support the 
hypothesis that progressive fibrosing interstitial 
lung diseases, regardless of clinical diagnosis, 
have a similar pathobiologic mechanism.

In conclusion, we found that patients who 
received nintedanib had a slower rate of progres-
sion of interstitial lung disease than those who 
received placebo, independent of the fibrotic 
pattern on high-resolution CT. This change in 
physiological outcomes was not accompanied by 
meaningful changes in measures of quality of life, 
although nintedanib was associated with a higher 
frequency of diarrhea, nausea, and vomiting.
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Event
Nintedanib 
(N = 332)

Placebo 
(N = 331)

no. of patients (%)

Adverse event

Any 317 (95.5) 296 (89.4)

Any except for progression of interstitial 
lung disease†

317 (95.5) 295 (89.1)

Most frequent adverse events‡

Diarrhea 222 (66.9) 79 (23.9)

Nausea 96 (28.9) 31 (9.4)

Bronchitis 41 (12.3) 47 (14.2)

Nasopharyngitis 44 (13.3) 40 (12.1)

Dyspnea 36 (10.8) 44 (13.3)

Vomiting 61 (18.4) 17 (5.1)

Cough 33 (9.9) 44 (13.3)

Decreased appetite 48 (14.5) 17 (5.1)

Headache 35 (10.5) 23 (6.9)

Alanine aminotransferase increased 43 (13.0) 12 (3.6)

Progression of interstitial lung disease† 16 (4.8) 39 (11.8)

Weight loss 41 (12.3) 11 (3.3)

Aspartate aminotransferase increased 38 (11.4) 12 (3.6)

Abdominal pain 34 (10.2) 8 (2.4)

Severe adverse event§ 60 (18.1) 73 (22.1)

Serious adverse event¶ 107 (32.2) 110 (33.2)

Fatal adverse event

Any 11 (3.3) 17 (5.1)

Any except for progression of interstitial 
lung disease†

10 (3.0) 14 (4.2)

Adverse event leading to treatment 
discontinuation

65 (19.6) 34 (10.3)

Adverse event leading to permanent 
dose reduction

110 (33.1) 14 (4.2)

*	�Listed are adverse events that were reported over the 52-week trial period or 
until 28 days after the last dose in patients who discontinued nintedanib or 
placebo before week 52.

†	�The phrase “progression of interstitial lung disease” was based on the pre‑
ferred term “interstitial lung disease” in the Medical Dictionary for Regulatory 
Activities (MedDRA).

‡	�Listed are adverse events that were reported in more than 10% of the patients 
in either treatment group. These events were coded with the use of preferred 
terms in MedDRA.

§	� A severe adverse event was defined as an event that was incapacitating or that 
caused an inability to work or to perform usual activities.

¶	�A serious adverse event was defined as an event that resulted in death, in hos‑
pitalization or prolongation of hospitalization, or in persistent or clinically sig‑
nificant disability or incapacity; or was life-threatening, a congenital anomaly or 
birth defect, or deemed to be serious for any other reason.

Table 3. Adverse Events in the Overall Population.*

The New England Journal of Medicine 
Downloaded from nejm.org at Boehringer-Ingelheim Pharma KG on October 7, 2020. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 



n engl j med 381;18  nejm.org  October 31, 2019 1727

Nintedanib in Fibrosing Interstitial Lung Diseases

Appendix
The authors’ full names and academic degrees are as follows: Kevin R. Flaherty, M.D., Athol U. Wells, M.D., Vincent Cottin, M.D., 
Anand Devaraj, M.D., Simon L.F. Walsh, M.D., Yoshikazu Inoue, M.D., Luca Richeldi, M.D., Martin Kolb, M.D., Kay Tetzlaff, M.D., 
Susanne Stowasser, M.D., Carl Coeck, M.D., Emmanuelle Clerisme‑Beaty, M.D., Bernd Rosenstock, Ph.D., Manuel Quaresma, Lic., 
Thomas Haeufel, M.D., Rainer‑Georg Goeldner, Ph.D., Rozsa Schlenker‑Herceg, M.D., and Kevin K. Brown, M.D.

The authors’ affiliations are as follows: the Division of Pulmonary and Critical Care Medicine, University of Michigan, Ann Arbor 
(K.R.F.); the National Institute for Health Research Respiratory Biomedical Research Unit, Royal Brompton and Harefield NHS Founda-
tion Trust (A.U.W.), the National Heart and Lung Institute, Imperial College (A.U.W., A.D., S.L.F.W.), and the Department of Radiol-
ogy, Royal Brompton and Harefield NHS Foundation Trust (A.D.) — all in London; the National Reference Center for Rare Pulmonary 
Diseases, Louis Pradel Hospital, Hospices Civils de Lyon, Claude Bernard University Lyon 1, Unité Mixte de Recherche 754, Lyon, France 
(V.C.); the Clinical Research Center, National Hospital Organization Kinki-Chuo Chest Medical Center, Sakai City, Japan (Y.I.); Fondazi-
one Policlinico A. Gemelli IRCCS, Università Cattolica del Sacro Cuore, Rome (L.R.); McMaster University and St. Joseph’s Healthcare, 
Hamilton, ON, Canada (M.K.); Boehringer Ingelheim International, Ingelheim am Rhein (K.T., S.S., E.C.-B., M.Q., T.H.), the Depart-
ment of Sports Medicine, University of Tübingen, Tübingen (K.T.), and Boehringer Ingelheim Pharma, Biberach (B.R., R.-G.G.) — all 
in Germany; Boehringer Ingelheim, Brussels (C.C.); Boehringer Ingelheim Pharmaceuticals, Ridgefield, CT (R.S.-H.); and the Depart-
ment of Medicine, National Jewish Health, Denver (K.K.B.).

References
1.	 Raghu G, Remy-Jardin M, Myers JL,  
et al. Diagnosis of idiopathic pulmonary 
fibrosis: an official ATS/ERS/JRS/ALAT 
clinical practice guideline. Am J Respir 
Crit Care Med 2018;​198(5):​e44-e68.
2.	 Lederer DJ, Martinez FJ. Idiopathic 
pulmonary fibrosis. N Engl J Med 2018;​
378:​1811-23.
3.	 Flaherty KR, Brown KK, Wells AU,  
et al. Design of the PF-ILD trial: a double-
blind, randomised, placebo-controlled 
phase III trial of nintedanib in patients 
with progressive fibrosing interstitial 
lung disease. BMJ Open Respir Res 2017;​
4(1):​e000212.
4.	 Wells AU, Brown KK, Flaherty KR, 
Kolb M, Thannickal VJ. What’s in a name? 
That which we call IPF, by any other name 
would act the same. Eur Respir J 2018;​
51(5):​1800692.
5.	 Cottin V, Wollin L, Fischer A, Qua-
resma M, Stowasser S, Harari S. Fibrosing 
interstitial lung diseases: knowns and 
unknowns. Eur Respir Rev 2019;​28(151):​
180100.
6.	 Kolb M, Vašáková M. The natural his-
tory of progressive fibrosing interstitial 
lung diseases. Respir Res 2019;​20:​57. 
7.	 Wollin L, Wex E, Pautsch A, et al. 
Mode of action of nintedanib in the treat-
ment of idiopathic pulmonary fibrosis. 
Eur Respir J 2015;​45:​1434-45.
8.	 Wollin L, Maillet I, Quesniaux V, Hol-
weg A, Ryffel B. Antifibrotic and anti- 
inflammatory activity of the tyrosine ki-
nase inhibitor nintedanib in experimental 
models of lung fibrosis. J Pharmacol Exp 
Ther 2014;​349:​209-20.
9.	 Redente EF, Aguilar MA, Black BP, et al. 
Nintedanib reduces pulmonary fibrosis in a 
model of rheumatoid arthritis-associated 
interstitial lung disease. Am J Physiol 
Lung Cell Mol Physiol 2018;​314:​L998-
L1009.

10.	 Huang J, Maier C, Zhang Y, et al. 
Nintedanib inhibits macrophage activa-
tion and ameliorates vascular and fibrotic 
manifestations in the Fra2 mouse model 
of systemic sclerosis. Ann Rheum Dis 
2017;​76:​1941-8.
11.	 Wollin L, Distler JHW, Redente EF,  
et al. Potential of nintedanib in treatment 
of progressive fibrosing interstitial lung 
diseases. Eur Respir J 2019;​54(3).
12.	Richeldi L, Costabel U, Selman M,  
et al. Efficacy of a tyrosine kinase inhibi-
tor in idiopathic pulmonary fibrosis. N Engl 
J Med 2011;​365:​1079-87.
13.	 Richeldi L, du Bois RM, Raghu G,  
et al. Efficacy and safety of nintedanib in 
idiopathic pulmonary fibrosis. N Engl J 
Med 2014;​370:​2071-82.
14.	 Distler O, Highland KB, Gahlemann 
M, et al. Nintedanib for systemic sclero-
sis–associated interstitial lung disease.  
N Engl J Med 2019;​380:​2518-28.
15.	 Kim EJ, Elicker BM, Maldonado F, et al. 
Usual interstitial pneumonia in rheumatoid 
arthritis-associated interstitial lung dis-
ease. Eur Respir J 2010;​35:​1322-8.
16.	 Walsh SLF, Sverzellati N, Devaraj A, 
Keir GJ, Wells AU, Hansell DM. Connec-
tive tissue disease related fibrotic lung 
disease: high resolution computed tomo-
graphic and pulmonary function indices 
as prognostic determinants. Thorax 2014;​
69:​216-22.
17.	 Salisbury ML, Gu T, Murray S, et al. 
Hypersensitivity pneumonitis: radiologic 
phenotypes are associated with distinct 
survival time and pulmonary function 
trajectory. Chest 2019;​155:​699-711.
18.	Adegunsoye A, Oldham JM, Bellam 
SK, et al. Computed tomography honey-
combing identifies a progressive fibrotic 
phenotype with increased mortality across 
diverse interstitial lung diseases. Ann Am 
Thorac Soc 2019;​16:​580-8.

19.	 Guidance for industry:​ adaptive de-
sign clinical trials for drugs and biologics 
(draft guidance). Silver Spring, MD:​ Food 
and Drug Administration, 2013.
20.	Miller MR, Hankinson J, Brusasco V, 
et al. Standardisation of spirometry. Eur 
Respir J 2005;​26:​319-38.
21.	 Patel AS, Siegert RJ, Brignall K, et al. 
The development and validation of the 
King’s Brief Interstitial Lung Disease  
(K-BILD) health status questionnaire. Tho-
rax 2012;​67:​804-10.
22.	Patel AS, Siegert RJ, Keir GJ, et al. The 
minimal important difference of the 
King’s Brief Interstitial Lung Disease 
questionnaire (K-BILD) and forced vital 
capacity in interstitial lung disease. 
Respir Med 2013;​107:​1438-43.
23.	 Sinha A, Patel AS, Siegert RJ, et al. 
The King’s Brief Interstitial Lung Disease 
(KBILD) questionnaire: an updated mini-
mal clinically important difference. BMJ 
Open Respir Res 2019;​6(1):​e000363.
24.	Nolan CM, Birring SS, Maddocks M, 
et al. Kings Brief Interstitial Lung Disease 
questionnaire: responsiveness and mini-
mum clinically important difference. Eur 
Respir J 2019;​54(3).
25.	 Collard HR, Ryerson CJ, Corte TJ, et al. 
Acute exacerbation of idiopathic pulmo-
nary fibrosis: an international working 
group report. Am J Respir Crit Care Med 
2016;​194:​265-75.
26.	Hochberg Y. A sharper Bonferroni pro-
cedure for multiple tests of significance. 
Biometrika 1988;​75:​800-2.
27.	 Lancaster L, Crestani B, Hernandez P, 
et al. Safety and survival data in patients 
with idiopathic pulmonary fibrosis treat-
ed with nintedanib: pooled data from six 
clinical trials. BMJ Open Respir Res 2019;​
6(1):​e000397.
Copyright © 2019 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at Boehringer-Ingelheim Pharma KG on October 7, 2020. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 


