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A B S T R A C T   

Background: The efficacy of nintedanib in progressive fibrosing interstitial lung diseases (ILDs) was demonstrated 
in the randomised, double-blind, placebo-controlled INBUILD trial. This subgroup analysis evaluated the efficacy 
and safety of nintedanib in the Japanese population. 
Methods: Patients with progressive fibrosing ILDs (evaluated by physicians within 24 months of screening) were 
randomised (1:1) to twice-daily 150-mg nintedanib or placebo; treatment continued until the last patient 
completed 52 weeks. The primary endpoint was the annual rate of decline in forced vital capacity (FVC) over 52 
weeks. Time-to-first acute ILD exacerbation or death and time-to-death up until the last patient had completed 
the week 52 visit were evaluated. This subgroup analysis included 108 Japanese patients. 
Results: The adjusted annual rates of FVC decline (mL/year) over 52 weeks for Japanese patients were − 148.31 
(nintedanib) and − 240.36 (placebo), adjusted difference: 92.05 (95% CI: − 10.69–194.80) and for non-Japanese 
patients were − 67.41 (nintedanib) and − 177.65 (placebo), adjusted difference: 110.24 (95% CI: 64.97–155.52). 
No heterogeneity in treatment effect between Japanese and non-Japanese subgroups was observed (treatment- 
by-subgroup interaction, p = 0.75). The risks of “acute exacerbation or death” (hazard ratio, 0.30 [95% CI: 
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confidence interval; DLco, diffusing capacity of the lung for carbon monoxide; DMARD, disease-modifying anti-rheumatic drug; FVC, forced vital capacity; HR, 
hazard ratio; HRCT, high-resolution computed tomography; ILD, interstitial lung disease; IPAF, interstitial pneumonia with autoimmune features; IPF, idiopathic 
pulmonary fibrosis; K-BILD, King’s Brief Interstitial Lung Disease questionnaire; SD, standard deviation; SSc, systemic sclerosis; UIP, usual interstitial pneumonia. 

* Corresponding author. Clinical Research Center, National Hospital Organization Kinki-Chuo Chest Medical Center, 1180 Nagasone-cho, Kita-ku, Sakai, Osaka, 
591-8555, Japan. 

E-mail addresses: giichiyi@me.com (Y. Inoue), suda@hama-med.ac.jp (T. Suda), kitamura@kanagawa-junko.jp (H. Kitamura), okamoto_masaki@med.kurume-u. 
ac.jp (M. Okamoto), azuma_arata@yahoo.co.jp (A. Azuma), inase-n@kkr.hiratsuka.kanagawa.jp (N. Inase), kuwanam@nms.ac.jp (M. Kuwana), shigeki.makino@ 
ompu.ac.jp (S. Makino), yasuhiko@tokushima-u.ac.jp (Y. Nishioka), takaoguogu@gmail.com (T. Ogura), ayako.takizawa@boehringer-ingelheim.com 
(A. Takizawa), hiroyuki.ugai@merck.com (H. Ugai), susanne.stowasser@boehringer-ingelheim.com (S. Stowasser), schlenkerherceg@comcast.net (R. Schlenker- 
Herceg), tsutake@z5.keio.jp (T. Takeuchi).  

Contents lists available at ScienceDirect 

Respiratory Medicine 

journal homepage: www.elsevier.com/locate/rmed 

https://doi.org/10.1016/j.rmed.2021.106574 
Received 4 March 2021; Received in revised form 28 July 2021; Accepted 9 August 2021   

mailto:giichiyi@me.com
mailto:suda@hama-med.ac.jp
mailto:kitamura@kanagawa-junko.jp
mailto:okamoto_masaki@med.kurume-u.ac.jp
mailto:okamoto_masaki@med.kurume-u.ac.jp
mailto:azuma_arata@yahoo.co.jp
mailto:inase-n@kkr.hiratsuka.kanagawa.jp
mailto:kuwanam@nms.ac.jp
mailto:shigeki.makino@ompu.ac.jp
mailto:shigeki.makino@ompu.ac.jp
mailto:yasuhiko@tokushima-u.ac.jp
mailto:takaoguogu@gmail.com
mailto:ayako.takizawa@boehringer-ingelheim.com
mailto:hiroyuki.ugai@merck.com
mailto:susanne.stowasser@boehringer-ingelheim.com
mailto:schlenkerherceg@comcast.net
mailto:tsutake@z5.keio.jp
www.sciencedirect.com/science/journal/09546111
https://www.elsevier.com/locate/rmed
https://doi.org/10.1016/j.rmed.2021.106574
https://doi.org/10.1016/j.rmed.2021.106574
https://doi.org/10.1016/j.rmed.2021.106574
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rmed.2021.106574&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Respiratory Medicine 187 (2021) 106574

2

0.10–0.91]) and mortality (hazard ratio, 0.54 [95% CI: 0.14–2.11]) in Japanese patients were numerically lower 
for nintedanib than placebo. There were no new or unexpected safety findings. 
Conclusions: In Japanese patients, nintedanib slowed ILD progression, evidenced by a reduction in the annual rate 
of decline in FVC vs placebo. The efficacy and safety of nintedanib in Japanese patients were consistent with the 
overall INBUILD population. 
Clinicaltrials.gov: NCT02999178 (21-Dec-2016).   

1. Introduction 

Interstitial lung diseases (ILDs) represent a spectrum of lung pa
thologies of non-autoimmune and autoimmune background that 
commonly manifest with a progressive fibrosing phenotype [1–5]. 
Chronic progressive fibrosing ILDs, which include idiopathic pulmonary 
fibrosis (IPF), are characterised by worsening lung function and quality 
of life, and early mortality [2,6–8]. Although progressive fibrosing ILDs 
can have different aetiologies, they share similar pathophysiological 
mechanisms in fibrotic remodelling commonalities during clinical 
courses, which suggests that treatments for IPF may be of benefit for 
patients with other progressive fibrosing ILDs [2,8,9]. 

Nintedanib, a small molecule inhibitor of selected tyrosine kinases 
[10,11], is approved for treatment of IPF based on results of the 
INPULSIS and TOMORROW trials [12,13], for systemic 
sclerosis-associated ILD (SSc-ILD) based on the results of the SENSCIS 
trial [4,14,15], and for progressive fibrosing ILD based on the results of 
the INBUILD trial [16,17]. In the multinational INBUILD phase 3 trial 
[16,17], the efficacy of nintedanib in patients with progressive fibrosing 
ILDs (excluding IPF) was confirmed by a significant reduction in the 
annual rate of decline in forced vital capacity (FVC, primary endpoint) 
compared with placebo, independent of the fibrotic pattern on 
high-resolution computed tomography (HRCT) [17]. The efficacy of 
nintedanib for patients with progressive fibrosing ILDs was also sup
ported by time-to-event outcomes in terms of acute exacerbation or 
death up to the first database lock which took place after the last patient 
completed the 52 week visit. Although the INBUILD trial was not 
designed or powered to evaluate the potential benefit of nintedanib in 
specific ILD subgroups, recent subgroup analyses from the INBUILD trial 
suggest that nintedanib reduces the annual rate of decline in lung 
function irrespective of underlying ILD diagnoses [18]. This is supported 
by preclinical data showing that nintedanib inhibits important pathways 
involved in fibrosis progression [19,20] and has antifibrotic activity in 
various animal models of pulmonary fibrosis that replicate the different 
features and triggers of human pathology [21]. In addition, based on the 
antifibrotic effect of nintedanib in preclinical models of SSc and SSc-ILD 
[22,23] and the absence of differences in protein expression in 
nintedanib-targeted molecular pathways in IPF, SSc-ILD, and progres
sive fibrosing ILDs, it is speculated that nintedanib would achieve 
similar performance in different aetiologies [24]. 

Here we report the Japanese subgroup analysis of the INBUILD trial 
in order to evaluate the consistency of the efficacy and safety of ninte
danib in Japanese patients with progressive fibrosing ILDs compared 
with the overall INBUILD trial. 

2. Materials and methods 

2.1. Study design 

INBUILD was a multinational, randomised, double-blind, placebo- 
controlled trial conducted in 15 countries from February 2017 to August 
2019 (ClinicalTrials.gov, NCT02999178) [16,17]. The trial was con
ducted in accordance with the Declaration of Helsinki, International 
Council for Harmonisation Good Clinical Practice guidelines, local reg
ulations, and the protocol, which was approved by the Independent 
Ethics Committees (Supplementary Table S1). All patients provided 
written informed consent to participate in the trial. 

2.2. Study population 

The INBUILD trial design has been described and the trial protocol is 
publicly available [16,17]. Briefly, the key inclusion criteria were out
patients aged ≥18 years (≥20 years in Japan) with physician-diagnosed 
fibrosing ILDs who met ≥ 1 of the following criteria for progression in 
the 24 months before screening, despite management considered 
appropriate in clinical practice for individual ILDs: ≥ 10% relative 
decline in FVC; relative decline of ≥5% to < 10% in FVC and worsening 
clinical symptoms or increasing extent of fibrotic changes on chest im
aging; worsening respiratory symptoms together with increasing extent 
of fibrotic changes. Patients also had fibrosis on HRCT with disease 
extent >10% confirmed by central review, diffusing capacity of the lung 
for carbon monoxide (DLco) corrected for haemoglobin ≥30% and 
<80% of predicted normal, FVC ≥ 45% of predicted normal, and stable 
disease for patients with underlying connective tissue disease. 

Key exclusion criteria were bilirubin, aspartate aminotransferase 
(AST) or alanine aminotransferase (ALT) > 1.5 times the upper limit of 
normal; creatinine clearance < 30 mL/min according to the Cockcroft- 
Gault formula; diagnosis of IPF (ATS/ERS/JRS/ALAT 2011 Guide
lines) [25]; and underlying chronic liver disease, bleeding risk, signifi
cant pulmonary arterial hypertension, or primary obstructive airway 
physiology. 

2.3. Treatment protocol 

Patients were randomised 1:1 to oral nintedanib 150 mg twice daily 
(BID) or placebo with stratification in a 2:1 ratio according to HRCT 
pattern (usual interstitial pneumonia [UIP]-like or other fibrotic pat
terns). Dose reductions from 150 mg BID to 100 mg BID and treatment 
interruptions were permitted to manage adverse events (AEs). 
Maximum duration of interruption was 4 weeks for AEs considered 
related to study medication and 8 weeks for other AEs. The trial 
comprised Parts A and B. In Part A, all patients were treated for 52 
weeks. In Part B, the treatment period varied in that patients continued 
blinded, randomised treatment beyond 52 weeks until the last patient 
completed Part A. Unless patients withdrew their consent, efficacy and 
safety were evaluated for all patients, including those who discontinued 
their trial medication. The first database lock took place after the last 
patient had completed the week 52 visit. 

Restricted therapies were azathioprine, cyclosporine, mycopheno
late mofetil, tacrolimus, oral glucocorticoids >20 mg/day, or the com
bination of oral glucocorticoids, azathioprine and N-acetylcysteine 
(within 4 weeks of randomisation); cyclophosphamide (within 8 weeks 
of randomisation); and rituximab (within 6 months of randomisation). 
Patients with autoimmune disease that was managed with any restricted 
therapy could not participate in the trial. Patients who used a restricted 
therapy to treat their ILD, and whose ILD was progressing, could 
participate in the trial if the restricted therapy was discontinued. Initi
ation of restricted therapies was allowed after 6 months of trial treat
ment in patients whose ILD or connective tissue disease had 
deteriorated. There was no limit on stable doses of biologic or non- 
biologic disease-modifying anti-rheumatic drugs, including abatacept 
and tocilizumab. Use of nintedanib and pirfenidone was prohibited at 
randomisation and during the trial. 

Y. Inoue et al.                                                                                                                                                                                                                                   

http://ClinicalTrials.gov


Respiratory Medicine 187 (2021) 106574

3

2.4. Outcome measures 

The primary endpoint was the annual rate of decline in FVC in mL 
over 52 weeks. Secondary endpoints included the change from baseline 
in the self-administered 15-item King’s Brief Interstitial Lung Disease (K- 
BILD) questionnaire total score at Week 52 [26]. The K-BILD question
naire was developed in patients with ILD in the UK [26], and the Jap
anese translation has been validated for use in Japan [27]. Here, we 
present the results of the subgroup analyses in Japanese patients for 
these endpoints over 52 weeks and for the time-to-first acute ILD exac
erbation or death or time-to-death up to the first database lock. 

Safety was assessed descriptively with AEs coded using the Medical 
Dictionary for Regulatory Activities version 22.0. 

2.5. Statistical analysis 

Analyses were based on data from Japanese and non-Japanese pa
tients who received ≥1 dose of nintedanib or placebo (ie, treated set). 
For the primary endpoint, a subgroup model was used that included data 
from all patients in the treated set with the subgroup variable Japanese 
or non-Japanese applied to all patients and subpopulations by HRCT 
pattern. 

The primary endpoint was analysed using a random coefficient 
regression model (fixed effects: HRCT pattern [for the overall popula
tion], baseline FVC [mL], including baseline-by-time, treatment-by- 
subgroup [Japanese, non-Japanese], and treatment-by-subgroup-by- 
time interactions). Patient-specific intercept and time were included as 
random effects. The primary analysis was based on all data obtained 
from baseline to Week 52, including data from patients who had dis
continued nintedanib or placebo. The primary analysis model assumed 
that missing data were missing at random. We did not conduct statistical 
tests for comparisons of demographics and AEs because of the objective 
for this subpopulation analysis and issues with multiplicity. Data were 
analysed using SAS® software, version 9.4 (SAS Institute, Cary, NC, 
USA). 

3. Results 

3.1. Disposition, baseline characteristics, and exposure 

A total of 108 Japanese patients were randomised to nintedanib 150 

mg BID (n = 52) or placebo (n = 56). Similar percentages of patients 
completed 52 weeks of treatment (n = 41 and n = 45, respectively) and 
planned observation time (n = 50 and n = 52, respectively) (Fig. 1). 

There was a numerical imbalance in baseline demographics and 
disease characteristics of Japanese patients (Table 1) between the 
treatment groups with respect to sex, smoking status, percentage of 
heavy smokers (≥40 pack-years), and some clinical ILD diagnoses 
(rheumatoid arthritis-ILD and SSc-ILD). 

There were several numerical imbalances in baseline demographics 
between Japanese and non-Japanese patients (Table 1). Japanese pa
tients were slightly older and shorter, and of lower weight and body 
mass index (BMI) than non-Japanese patients (Table 1). In addition, 
numerically more Japanese patients were heavy smokers (40.0% vs 
21.9%), had a UIP-like fibrotic pattern on HRCT (77.8% vs 59.1%), and 
had a clinical ILD diagnosis of unclassifiable idiopathic interstitial 
pneumonia (36.1% vs 13.5%) than non-Japanese patients, and numer
ically fewer Japanese patients had hypersensitivity pneumonitis (13.0% 
vs 28.6%) and idiopathic non-specific interstitial pneumonia (13.0% vs 
20.0%) than non-Japanese patients. Lung function parameters (FVC and 
DLco as a percentage of the predicted values) were similar between 
Japanese and non-Japanese patients. 

For Japanese patients, mean (standard deviation [SD]) exposure on 
the planned 150 mg BID dose (31.8 [22.1] vs 46.4 [14.1] weeks) and 
mean (SD) dose intensity (87.7% [15.2] vs 99.6% [1.9]) were lower in 
the nintedanib group vs the placebo group (Supplementary Table S2). 
Over 52 weeks of treatment, 44.2% and 0% of patients in the nintedanib 
and placebo groups, respectively, needed a dose reduction. Use of 
restricted medication at baseline and during the trial is shown in Sup
plementary Table S3. 

3.2. FVC outcomes 

For Japanese patients over 52 weeks, the adjusted annual rate of 
decline in FVC (standard error) was − 148.31 (37.12) mL/year for nin
tedanib and − 240.36 (36.90) mL/year for placebo, and the adjusted 
treatment difference (nintedanib minus placebo) was 92.05 mL (95% 
confidence interval [CI]: − 10.69 to 194.80) (Fig. 2, Supplementary 
Fig. S1). For non-Japanese patients over 52 weeks, the adjusted annual 
rate of decline in FVC (standard error) was − 67.41 (16.46) mL/year for 
nintedanib and − 177.65 (16.15) mL/year for placebo, and the adjusted 
treatment difference (nintedanib minus placebo) was 110.24 mL/year 

Fig. 1. Patient disposition over 52 weeks (Part A) for Japanese patients in the INBUILD trial. BID, twice daily.  
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Table 1 
Baseline characteristics of the Japanese and non-Japanese patients in the INBUILD trial (treated set).  

Variable Japanese patients Non-Japanese patients 

Nintedanib (n 
= 52) 

Placebo (n 
= 56) 

Total (n 
= 108) 

Nintedanib (n 
= 280) 

Placebo (n 
= 275) 

Total (n 
= 555) 

Male sex, n (%) 28 (53.8) 34 (60.7) 62 (57.4) 151 (53.9) 143 (52.0) 294 
(53.0) 

Age, mean (SD), years 68.1 (7.2) 68.2 (9.8) 68.1 (8.6) 64.7 (10.0) 65.9 (9.8) 65.3 (9.9) 
Race, n (%) 

White 0 (0) 0 (0) 0 (0) 242 (86.4) 246 (89.5) 488 
(87.9) 

Asian 52 (100) 56 (100) 108 (100) 31 (11.1) 24 (8.7) 55 (9.9) 
Black or African American 0 (0) 0 (0) 0 (0) 5 (1.8) 5 (1.8) 10 (1.8) 
Native Hawaiian or other Pacific Islander 0 (0) 0 (0) 0 (0) 1 (0.4) 0 (0) 1 (0.2) 

Height, mean (SD), cm 159.9 (8.1) 160.8 (9.3) 160.4 
(8.7) 

165.8 (9.5) 164.9 (10.6) 165.4 
(10.0) 

Weight, mean (SD), kg 60.2 (10.0) 62.9 (12.0) 61.6 
(11.1) 

80.0 (16.1) 79.8 (17.7) 79.9 
(16.9) 

BMI, mean (SD), kg/m2 23.5 (3.4) 24.2 (3.7) 23.9 (3.6) 29.0 (4.9) 29.2 (5.4) 29.1 (5.1) 
Smoking status, n (%) 

Never 26 (50.0) 22 (39.3) 48 (44.4) 137 (48.9) 140 (50.9) 277 
(49.9) 

Current 1 (1.9) 1 (1.8) 2 (1.9) 2 (0.7) 8 (2.9) 10 (1.8) 
Former 25 (48.1) 33 (58.9) 58 (53.7) 141 (50.4) 127 (46.2) 268 

(48.3) 
Patients who ever smoked, ≥ 40 pack-years 12 (46.2) 12 (35.3) 24 (40.0) 34 (23.8) 27 (20.0) 61 (21.9) 

FVC 
Mean (SD), mL 2124 (693) 2249 (624) 2189 

(658) 
2380 (743) 2336 (748) 2358 

(745) 
Percent of predicted value (SD) 68.1 (15.3) 70.8 (12.9) 69.5 

(14.1) 
68.8 (16.2) 69.0 (15.6) 68.9 

(15.9) 
DLcoa 

Percent of predicted value (SD) 43.1 (8.9) 45.7 (11.5) 44.4 
(10.4) 

44.6 (12.4) 48.3 (15.6) 46.5 
(14.2) 

Total score on K-BILD questionnaireb 55.4 (10.3) 55.7 (7.5) 55.5 (8.9) 51.9 (11.1) 51.6 (10.1) 51.8 
(10.6) 

Time elapsed since first diagnosis based on imaging, median years [min, max] 2.6 [0.1, 15.9] 2.4 [0.1, 
18.6] 

2.5 [0.1, 
18.6] 

2.8 [0.0, 30.2] 2.7 [0.0, 
18.0] 

2.8 [0.0, 
30.2] 

Criteria for progressive ILD group, n (%)       
Relative decline in FVC percent predicted ≥ 10% 25 (48.1) 34 (60.7) 59 (54.6) 135 (48.2) 138 (50.2) 273 

(49.2) 
Relative decline in FVC percent predicted ≥ 5 to < 10% combined with 
worsening of respiratory symptoms and/or increased extent of fibrotic 
changes on HRCT 

23 (44.2) 18 (32.1) 41 (38.0) 87 (31.1) 79 (28.7) 166 
(29.9) 

Worsened respiratory symptoms and increased extent of fibrotic changes on 
HRCT only 

4 (7.7) 4 (7.1) 8 (7.4) 58 (20.7) 57 (20.7) 115 
(20.7) 

Fibrotic patternc, n (%) 
UIP-like pattern on HRCT 39 (75.0) 45 (80.4) 84 (77.8) 167 (59.6) 161 (58.5) 328 

(59.1) 
Other fibrotic patterns 13 (25.0) 11 (19.6) 24 (22.2) 112 (40.0) 113 (41.1) 225 

(40.5) 
Clinical ILD diagnosis (grouped), n (%) 

Unclassifiable idiopathic interstitial pneumonia 20 (38.5) 19 (33.9) 39 (36.1) 44 (15.7) 31 (11.3) 75 (13.5) 
Autoimmune ILDs 16 (30.8) 17 (30.4) 33 (30.6) 66 (23.6) 71 (25.8) 137 

(24.7) 
Rheumatoid arthritis-associated ILD 5 (9.6) 8 (14.3) 13 (12.0) 37 (13.2) 39 (14.2) 76 (13.7) 
Systemic sclerosis-associated ILD 8 (15.4) 3 (5.4) 11 (10.2) 15 (5.4) 13 (4.7) 28 (5.0) 
Mixed connective tissue disease-associated ILD 1 (1.9) 1 (1.8) 2 (1.9) 6 (2.1) 11 (4.0) 17 (3.1) 
Other autoimmune ILDsd 2 (3.8) 5 (8.9) 7 (6.5) 8 (2.9) 8 (2.9) 16 (2.9) 

Hypersensitivity pneumonitis 6 (11.5) 8 (14.3) 14 (13.0) 78 (27.9) 81 (29.5) 159 
(28.6) 

Idiopathic non-specific interstitial pneumonia 6 (11.5) 8 (14.3) 14 (13.0) 58 (20.7) 53 (19.3) 111 
(20.0) 

Other ILDse 4 (7.7) 4 (7.1) 8 (7.4) 34 (12.1) 39 (14.2) 73 (13.2) 

BMI, body mass index; DLco, diffusing capacity of the lung for carbon monoxide; FVC, forced vital capacity; HRCT, high-resolution computed tomography; ILD, 
interstitial lung disease; IPAF, interstitial pneumonia with autoimmune features; K-BILD, King’s Brief Interstitial Lung Disease questionnaire; max, maximum; min, 
minimum; SD, standard deviation; UIP, usual interstitial pneumonia. 

a Corrected for haemoglobin. 
b Scores range from 0 to 100, with higher scores representing better health status. 
c Two patients with non-determined HRCT pattern in the non-Japanese population were randomised by mistake and were counted in the other fibrotic patterns on 

HRCT category. 
d Includes Sjögren’s syndrome, IPAF, and selected other terms for ILDs with autoimmune background in “Other fibrosing ILDs”. 
e Included sarcoidosis, exposure-related ILDs, and selected other terms in “Other fibrosing ILDs”. 
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(95% CI: 64.97 to 155.52) (Fig. 2). These effects were observed irre
spective of fibrotic pattern on HRCT, and no heterogeneity in treatment 
effects was detected between Japanese and non-Japanese patients 
(Fig. 2). The observed change from baseline in FVC (mL) was smaller for 
the nintedanib group compared with the placebo group at each time 
point up to 52 weeks in all Japanese patients and in patients with a UIP- 
like fibrotic pattern on HRCT (Fig. 3). An additional analysis where FVC 
measurements taken after the start of restricted medication were 
excluded is shown in Supplementary Table S4. 

3.3. Other outcomes 

At Week 52, the mean adjusted change (SE) from baseline in K-BILD 
total score was similar in both treatment groups for Japanese (ninte
danib vs placebo: 0.6 [1.5] points vs − 0.0 [1.4] points) and non- 

Japanese patients (nintedanib vs placebo: 0.5 [0.7] points vs − 1.0 
[0.6] points) and no heterogeneity in treatment effects was detected 
between Japanese and non-Japanese patients (Supplementary 
Table S5). The results were the same in those with a UIP-like fibrotic 
pattern on HRCT (Supplementary Table S5). The time course of the 
change from baseline in K-BILD total score over 52 weeks in Japanese 
patients is shown in Supplementary Fig. S2. 

With the longer observation period (ie, up to the first database lock), 
the risks of the composite measure “acute exacerbation or death” (haz
ard ratio [HR] 0.30, 95% CI: 0.10–0.91) and death (HR 0.54, 95% CI: 
0.14–2.11) were numerically lower in the nintedanib group than in the 
placebo group in the Japanese patient population (Fig. 4). The rate of 
events up to the first database lock is shown in Supplementary Table S6. 

Fig. 2. Forest plot of subgroup model showing 
the difference (nintedanib – placebo) for the 
adjusted rate of decline in FVC (mL) over 52 
weeks in all Japanese and non-Japanese patients 
(treated set) and in Japanese and non-Japanese 
patients with UIP-like fibrotic patterns and 
other fibrotic patterns on HRCT. Based on a 
random coefficient regression model (fixed ef
fects: HRCT pattern [overall population], base
line FVC [mL], including baseline-by-time, 
treatment-by-subgroup [Japanese, non- 
Japanese], and treatment-by-subgroup-by-time 
interactions). Patient-specific intercept and time 
were included as random effects. CI, confidence 
interval; FVC, forced vital capacity; HRCT, high- 
resolution computed tomography; UIP, usual 
interstitial pneumonia.   

Fig. 3. Mean observed absolute change from baseline in FVC (mL) over 52 weeks in the treated set for all Japanese patients (solid lines) and Japanese patients with 
UIP-like fibrotic patterns on HRCT (dashed lines). Data are means ± SE. BL, baseline; FVC, forced vital capacity; HRCT, high-resolution computed tomography; SE, 
standard error; UIP, usual interstitial pneumonia. 
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3.4. Safety and tolerability 

Over 52 weeks of treatment, the percentages of Japanese patients 
with any AEs, AEs leading to study drug discontinuation, and severe AEs 
were similar for nintedanib and placebo (Table 2). More Japanese pa
tients treated with nintedanib compared with placebo had study drug- 
related AEs (investigator-reported) or AEs leading to permanent dose 
reduction. On the other hand, the percentage of patients with AEs 
leading to permanent dose reduction was higher in Japanese patients 
treated with nintedanib than in non-Japanese patients treated with 
nintedanib. Although more Japanese patients treated with placebo 
compared with nintedanib had serious AEs, the percentages of Japanese 
patients with serious AEs in both treatment groups were higher than 
those of non-Japanese patients in both treatment groups. None of the 
Japanese nintedanib-treated patients died because of an AE. Diarrhoea, 
nasopharyngitis, nausea, hepatic function abnormal, AST increased, 
vomiting, bronchitis, weight decreased, and ALT increased occurred 
more frequently in Japanese patients treated with nintedanib than pla
cebo, and the percentages of patients with diarrhoea, nasopharyngitis, 
and hepatic function abnormal were higher in Japanese patients treated 
with nintedanib than in non-Japanese patients treated with nintedanib. 
ILD occurred more frequently with placebo than nintedanib in both 
Japanese and non-Japanese patients (Table 2). 

4. Discussion 

This publication extends the analysis of Japanese patients with IPF 
[28] and SSc-ILD [15], and presents findings in Japanese patients with 
progressive fibrosing ILDs other than IPF. In Japanese patients, the ef
ficacy and safety of nintedanib were consistent with the effects observed 
in the overall INBUILD population [16,17]. The benefit of nintedanib in 
slowing the decline in lung function was also supported by trends in 
clinically meaningful outcome measures such as time to acute exacer
bation or death. Collectively, these findings provide clinicians with as
surances regarding the efficacy and safety of nintedanib in Japanese 
patients with progressive fibrosing ILDs. 

A total of 108 Japanese patients with physician-diagnosed fibrosing 
ILDs other than IPF, who met at least one of the criteria for ILD pro
gression in the most recent 24 months despite receiving treatment 
considered appropriate in clinical practice, were randomised to ninte
danib 150 mg BID (n = 52) or placebo (n = 56). More Japanese patients 
had unclassifiable idiopathic interstitial pneumonia than non-Japanese 
patients and the overall INBUILD population [17]. Although the 
reason for the high percentage of patients with unclassifiable idiopathic 

interstitial pneumonia is unclear, it may partly be because Japanese 
clinicians tend to adhere closely to diagnostic criteria and, therefore, are 
more likely to diagnose patients with atypical symptoms as unclassifi
able [29]. In addition, there was a numerically higher percentage of 
heavy smokers and patients with a UIP-like fibrotic pattern on HRCT in 
the Japanese population, and Japanese patients were of lower BMI than 
their non-Japanese counterparts and the overall INBUILD population 
[17], which suggests that Japanese patients may be at higher risk of 
disease progression [30–35]. 

Despite the differences in baseline clinical characteristics, the effect 
of nintedanib on efficacy endpoints in Japanese patients with progres
sive fibrosing ILDs was consistent with those of non-Japanese patients 
and the overall INBUILD population. The between-group differences in 
the adjusted rate of decline in FVC over 52 weeks in Japanese and non- 
Japanese patients were 92.05 mL/year and 110.24 mL/year, respec
tively, for all patients, were 93.59 mL/year and 135.30 mL/year, 
respectively, for patients with a UIP-like fibrotic pattern on HRCT, and 
were 62.87 mL/year and 77.85 mL/year, respectively, for patients with 
other fibrotic patterns. The treatment-by-subgroup interaction p-values 
ranged from 0.5605 to 0.8892, suggesting there was no heterogeneity in 
treatment effects between Japanese and non-Japanese patients regard
less of the fibrotic pattern on HRCT. In addition, the 95% CIs for the 
overall INBUILD population included the point estimates for Japanese 
patients in this subgroup analysis regardless of the fibrotic pattern on 
HRCT, suggesting that the efficacy of nintedanib in Japanese patients is 
consistent with that of the overall INBUILD population. There was a 
slight numerical difference between the Japanese and non-Japanese 
subgroups for treatment effect (Fig. 2), which may be attributed to the 
concomitant use of restricted medication. The mean adjusted change 
from baseline in K-BILD total score was similar in both treatment groups 
in Japanese and non-Japanese patients, and no heterogeneity in treat
ment effects was detected regardless of the fibrotic pattern on HRCT. In 
addition, the 95% CIs for the overall INBUILD population included the 
mean treatment differences for Japanese patients in this subgroup 
analysis, suggesting that the effect on K-BILD in Japanese patients was 
also consistent with that of the overall INBUILD population. The small 
numbers of nintedanib-treated patients with acute exacerbations or 
death in Japanese patients up to the first database lock were similar to 
those in the overall population up to the first database lock [17] and to 
those in previous studies in patients with IPF [13,28]. In the current 
analysis, the reduction in risk of “acute exacerbation or death” and death 
tended to become evident over the longer observation period (ie, beyond 
52 weeks), which was similar to the INBUILD overall population [17]. 

This study confirms the safety profile of nintedanib in Japanese 

Fig. 4. Kaplan-Meier curve of the time-to-first acute ILD exacerbation or death (a) and time-to-death (b) up to the first database lock in Japanese patients (treated 
set). Analysis is based on a Cox regression model with terms for treatment and stratified by HRCT pattern. CI, confidence interval; HR, hazard ratio; HRCT, high- 
resolution computed tomography; ILD, interstitial lung disease. 
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patients with progressive fibrosing ILDs, with no new or unexpected 
safety findings. Overall, the safety profile was consistent not only with 
those of non-Japanese patients but also with those of the overall 
INBUILD population [17] and a pooled analysis of patients with IPF from 
6 clinical trials [36], which showed diarrhoea to be the most frequently 
reported AE with nintedanib and a higher rate of liver enzyme elevations 
with nintedanib than placebo. However, compared with non-Japanese 
patients in both treatment groups [17], the percentages of Japanese 
patients with serious AEs in both treatment groups were higher. The 
percentage of Japanese patients with AEs leading to permanent dose 
reduction in the nintedanib group were higher and the percentage of 
Japanese patients with AEs leading to death in the nintedanib group 
were lower than those of non-Japanese patients in the nintedanib group. 
Even compared with the overall INBUILD population [17], Japanese 
patients treated with either nintedanib (32.2% and 36.5%, respectively) 

or placebo (33.2% and 48.2%, respectively) reported a higher incidence 
of serious AEs, and those treated with nintedanib but not placebo re
ported a higher incidence of AEs leading to dose reduction (33.1% and 
44.2%, respectively) and a lower incidence of deaths (3.3% and 0%, 
respectively). In addition, Japanese patients treated with nintedanib 
reported higher incidences of diarrhoea, hepatic function abnormal, and 
nasopharyngitis, and similar levels of AST and ALT increased, weight 
decreased, and decreased appetite compared with non-Japanese pa
tients and the overall INBUILD population [17]. These trends towards a 
higher incidence of AEs in Japanese patients compared with the overall 
INBUILD population are similar to those observed in Japanese patients 
with IPF compared with the overall INPULSIS population [28]. 

The results from a prespecified subgroup analysis in the overall 
INBUILD population showed consistent treatment effects in patients 
with progressive fibrosing ILDs, irrespective of the ILD diagnosis group 
[18]. Therefore, it is reasonable that the effects of nintedanib in Japa
nese patients are consistent with those of non-Japanese patients and the 
INBUILD overall population although there were numerical imbalances 
between the populations regarding the percentage of patients with each 
ILD (ie, unclassifiable idiopathic interstitial pneumonia, autoimmune 
ILD, hypersensitivity pneumonitis, and idiopathic non-specific intersti
tial pneumonia). Unfortunately, because of the small size of the Japa
nese INBUILD population, it was not feasible to conduct a similar 
subgroup analysis by ILD diagnosis in Japanese patients and further 
studies are needed to confirm the effects of nintedanib in Japanese pa
tients by ILD diagnosis. 

5. Conclusions 

Similar to the overall INBUILD population [16,17], the annual rate of 
decline in FVC for Japanese patients was slower with nintedanib than 
placebo irrespective of fibrotic patterns on HRCT. Trends towards lower 
risks of clinically meaningful outcomes, including acute exacerbation or 
death, were also observed. Although some AEs occurred more frequently 
compared with the overall INBUILD population, the safety profile of 
nintedanib was consistent with Japanese patients in previous trials of 
patients with IPF [28] and SSc-ILD [15]. 
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To ensure independent interpretation of clinical study results, 
Boehringer Ingelheim grants all external authors access to all relevant 
material, including participant-level clinical study data, and relevant 
material as needed by them to fulfill their role and obligations as authors 
under the ICMJE criteria. 

Furthermore, clinical study documents (e.g. study report, study 
protocol, statistical analysis plan) and participant clinical study data are 
available to be shared after publication of the primary manuscript in a 
peer-reviewed journal and if regulatory activities are complete and 
other criteria met per the BI Policy on Transparency and Publication of 
Clinical Study Data: https://trials.boehringer-ingelheim.com/ 

Prior to providing access, documents will be examined, and, if 
necessary, redacted and the data will be de-identified, to protect the 
personal data of study participants and personnel, and to respect the 
boundaries of the informed consent of the study participants. 

Clinical Study Reports and Related Clinical Documents can also be 

Table 2 
Adverse events reported in Japanese and non-Japanese patients over 52 weeks 
(treated set).   

Japanese patients Non-Japanese patients 

Patients, n (%) Nintedanib 
150 mg BID 
(n = 52) 

Placebo 
(n = 56) 

Nintedanib 
150 mg BID 
(n = 280) 

Placebo 
(n = 275) 

Any AE 51 (98.1) 56 (100) 266 (95.0) 240 
(87.3) 

Investigator-reported 
drug-related AE 

47 (90.4) 21 (37.5) 215 (76.8) 105 
(38.2) 

AE leading to 
permanent study 
drug 
discontinuation 

11 (21.2) 10 (17.9) 54 (19.3) 24 (8.7) 

AE leading to 
permanent dose 
reduction 

23 (44.2) 0 (0) 87 (31.1) 14 (5.1) 

Severe AE 7 (13.5) 8 (14.3) 53 (18.9) 65 (23.6) 
Serious AE 19 (36.5) 27 (48.2) 88 (31.4) 83 (30.2) 
AE resulting in death 0 (0) 4 (7.1)a 11 (3.9) 13 (4.7) 
AEs reported in >5% of Japanese patients in the nintedanib group 
Diarrhoea 41 (78.8) 18 (32.1) 181 (64.6) 61 (22.2) 
Nasopharyngitis 19 (36.5) 16 (28.6) 25 (8.9) 24 (8.7) 
Nausea 15 (28.8) 1 (1.8) 81 (28.9) 30 (10.9) 
Hepatic function 

abnormal 
13 (25.0) 2 (3.6) 6 (2.1) 1 (0.4) 

Aspartate 
aminotransferase 
increased 

8 (15.4) 1 (1.8) 30 (10.7) 11 (4.0) 

Vomiting 8 (15.4) 0 (0) 53 (18.9) 17 (6.2) 
Interstitial lung 

disease 
7 (13.5) 18 (32.1) 9 (3.2) 21 (7.6) 

Bronchitis 7 (13.5) 4 (7.1) 34 (12.1) 43 (15.6) 
Weight decreased 7 (13.5) 3 (5.4) 34 (12.1) 8 (2.9) 
Alanine 

aminotransferase 
increased 

7 (13.5) 1 (1.8) 36 (12.9) 11 (4.0) 

Constipation 5 (9.6) 8 (14.3) 18 (6.4) 17 (6.2) 
Pyrexia 5 (9.6) 2 (3.6) 11 (3.9) 10 (3.6) 
Decreased appetite 4 (7.7) 5 (8.9) 44 (15.7) 12 (4.4) 
Back pain 4 (7.7) 5 (8.9) 15 (5.4) 11 (4.0) 
Influenza 4 (7.7) 0 (0) 3 (1.1) 6 (2.2) 
Pneumonia 4 (7.7) 4 (7.1) 15 (5.4) 16 (5.8) 
Stomatitis 4 (7.7) 2 (3.6) 1 (0.4) 0 (0.0) 
Haemorrhoids 4 (7.7) 1 (1.8) 2 (0.7) 2 (0.7) 
Dry skin 4 (7.7) 1 (1.8) 2 (0.7) 1 (0.4) 
Abdominal pain 

upper 
3 (5.8) 3 (5.4) 27 (9.6) 3 (1.1) 

Gastritis 3 (5.8) 1 (1.8) 1 (0.4) 3 (1.1) 
Hypertension 3 (5.8) 1 (1.8) 10 (3.6) 10 (3.6) 
Drug-induced liver 

injury 
3 (5.8) 0 (0) 3 (1.1) 0 (0.0) 

Malaise 3 (5.8) 0 (0) 5 (1.8) 3 (1.1) 

AE, adverse event; BID, twice daily. 
a AEs that resulted in death in the placebo group were interstitial lung disease 

(2 patients), pneumothorax (1 patient), and respiratory failure (1 patient). 
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access to de-identified, analysable participant clinical study data with 
corresponding documentation describing the structure and content of 
the datasets. Upon approval, and governed by a Data Sharing Agree
ment, data are shared in a secured data-access system for a limited 
period of 1 year, which may be extended upon request. 

Researchers should use the https://trials.boehringer-ingelheim. 
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Funding 

This study was sponsored by Boehringer Ingelheim, manufacturer of 
nintedanib. Boehringer Ingelheim was involved in the study design, data 
collection, data analysis, and preparation of the manuscript. Boehringer 
Ingelheim was given the opportunity to review the manuscript for 
medical and scientific accuracy as well as intellectual property consid
erations. Medical writing assistance was provided by Serina Stretton, 
PhD, CMPP, and Rebecca Lew, PhD, CMPP, of ProScribe – Envision 
Pharma Group, and was funded by Nippon Boehringer Ingelheim Co., 
Ltd., Tokyo, Japan. ProScribe’s services complied with international 
guidelines for Good Publication Practice (GPP3). 

Authors’ contributions 

The author(s) meet criteria for authorship as recommended by the 
International Committee of Medical Journal Editors (ICMJE). The au
thors received no direct compensation related to the development of the 
manuscript. YI, AT, HU, SS, RS-H, and TT were involved in the con
ceptualisation and methodology of the study. YI, TS, HK, MO, AA, NI, 
MK, SM, YN, TO, AT, HU, SS, and RS-H were study investigators. YI, TS, 
AA, NI, MK, SM, YN, TO, AT, HU, SS, RS-H, and TT were involved in the 
interpretation of study results. YI, AT, and HU had supervisory roles. AT, 
HU, SS, RS-H, and TT conducted the formal analyses. YI, AT, HU, and TT 
contributed to writing the original draft of the manuscript. All authors 
reviewed, edited, and approved the final manuscript. 

Declaration of competing interest 

YI has received research fundings from the Japan Agency for Medical 
Research and Development and the Japanese Ministry of Health, Labour 
and Welfare, and consulting fees from Shionogi & Co., Ltd., Asahi Kasei 
Corp., Savara Inc., and Boehringer Ingelheim. 

AA has received lecture fees and consulting fees from Boehringer 
Ingelheim, lecture fees from Shionogi & Co., Ltd., and consulting fees 
from Taiho Pharmaceutical Co., Ltd. and Asahi Kasei Corp. 

MK has received research funding from Actelion Pharmaceuticals 
Ltd, consulting fees from Bayer, Nippon Boehringer Ingelheim, Chugai 
Pharmaceutical Co., Ltd, Corbus Pharmaceuticals, and CSL Behring, and 
serves on speaker bureaus for Actelion Pharmaceuticals Ltd, Nippon 
Boehringer Ingelheim, and Chugai Pharmaceutical Co., Ltd. 

YN has received research funding from the Japanese Ministry of 
Health, Labour and Welfare, Taiho Pharmaceutical Co., Ltd., Chugai 
Pharmaceutical Co., Ltd, Eli Lilly Japan K.K., MSD K.K., Ono Pharma
ceutical Co., Ltd., and Pfizer K.K., and serves on speaker bureaus for 
AstraZeneca K.K., Taiho Pharmaceutical Co., Ltd., Chugai Pharmaceu
tical Co., Ltd, Eli Lilly Japan K.K., MSD K.K., Ono Pharmaceutical Co., 
Ltd., and Pfizer K.K. 

TO has received consulting fees from Nippon Boehringer Ingelheim 
and serves on speaker bureaus for Eisai Co., Ltd., Nippon Boehringer 
Ingelheim, and Shionogi & Co., Ltd. 

TT has received research funding from Astellas, Chugai Pharma
ceutical Co., Ltd, Daiichi Sankyo, Takeda, AbbVie, Asahi Kasei Corp., 
Mitsubishi Tanabe, Pfizer, Eisai, Ayumi Pharmaceutical Corp., Nippon 
Kayaku, and Novartis, consulting fees from AstraZeneca, Eli Lilly, 

Novartis, Mitsubishi Tanabe, AbbVie, Nippon Kayaku, Janssen, Astellas, 
Taiho Pharmaceutical Co., Ltd., Chugai Pharmaceutical Co., Ltd, Taisho 
Toyama, GlaxoSmithKline, and UCB, and has served on speaker bureaus 
for AbbVie, Bristol-Myers Squibb, Chugai Pharmaceutical Co., Ltd, 
Mitsubishi Tanabe, Pfizer, Astellas, Daiichi Sankyo, Eisai, Sanofi, Teijin, 
Takeda, and Novartis. 

TS, HK, MO, NI, and SM have no conflicts of interest to declare. 
AT is an employee of Nippon Boehringer Ingelheim. At the time the 

work was conducted, HU was an employee of Nippon Boehringer 
Ingelheim. He is currently an employee of MSD K.K. SS is an employee of 
Boehringer Ingelheim International GmbH. At the time the work was 
conducted, RS-H was an employee of Boehringer Ingelheim Pharma
ceuticals, Inc. She is currently an employee of CSL Behring, PA, USA. 

Acknowledgements 

The authors would like to thank the following investigators for their 
participation in this study: Hisashi Takaya, Department of Respiratory 
Medicine, Toranomon Hospital, Tokyo, Japan; Hisatoshi Sugiura, 
Department of Respiratory Medicine, Tohoku University School of 
Medicine, Sendai, Japan; Shinyu Izumi, Department of Respiratory 
Medicine, Center Hospital of the National Center for Global Health and 
Medicine, Tokyo, Japan; Yasunari Miyazaki, Department of Respiratory 
Medicine, Tokyo Medical and Dental University Medical Hospital, 
Tokyo, Japan; Tohru Takeuchi, Rheumatology, Department of Internal 
Medicine IV, Osaka Medical College Hospital, Osaka, Japan; Chiyoko 
Kono, Department of Respiratory Medicine, JR Tokyo General Hospital, 
Tokyo, Japan; Keisuke Tomii, Department of Respiratory Medicine, 
Kobe City Medical Center General Hospital, Kobe, Japan; Hiroki Taka
hashi, Department of Respiratory Medicine and Allergology, Sapporo 
Medical University, Sapporo, Japan; Tetsuji Kawamura, Department of 
Respiratory Medicine, National Hospital Organization Himeji Medical 
Center, Hyogo, Japan; Yasuhiro Kondoh, Department of Respiratory 
Medicine and Allergy, Tosei General Hospital, Aichi, Japan; Kenichiro 
Atsumi, Department of Respiratory Medicine, Nippon Medical School 
Hospital, Tokyo, Japan; Takefumi Saito, Department of Respiratory 
Medicine, National Hospital Organization Ibarakihigashi National Hos
pital, Ibaraki, Japan; Hiroyoshi Yamauchi, Department of Respiratory 
Medicine, Jichi Medical University Hospital, Tochigi, Japan; Kazuya 
Ichikado, Department of Respiratory Medicine, Saiseikai Kumamoto 
Hospital, Kumamoto, Japan; and Noriho Sakamoto, Second Department 
of Internal Medicine, Nagasaki University Hospital, Nagasaki, Japan. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.rmed.2021.106574. 

References 

[1] V. Cottin, N.A. Hirani, D.L. Hotchkin, et al., Presentation, diagnosis and clinical 
course of the spectrum of progressive-fibrosing interstitial lung diseases, Eur. 
Respir. Rev. 27 (2018) 180076, https://doi.org/10.1183/16000617.0076-2018. 
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