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Take-home message: In post-hoc analyses of pooled data from the INPULSIS® trials, the 

treatment effect of nintedanib versus placebo was not influenced by the presence of 

emphysema (yes vs no) or by FEV1/FVC ratio (≥0.7 to ≤0.8 vs >0.8) at baseline. 

mailto:vincent.cottin@chu-lyon.fr


 
 

 

Emphysema is a common comorbidity in patients with idiopathic pulmonary fibrosis (IPF) [1–4]. 

Due to the combination of restrictive and obstructive effects, patients with concomitant IPF and 

emphysema typically present with normal or elevated forced vital capacity (FVC) but reduced 

diffusing capacity [5]. Data from retrospective studies have demonstrated that lung function 

decline is attenuated in patients with IPF who have emphysema [6], with some evidence 

suggesting a threshold for extent of emphysema beyond which FVC decline is reduced [7]. 

 

Nintedanib is a tyrosine kinase inhibitor approved for the treatment of IPF. In the two Phase III 

INPULSIS® trials, nintedanib reduced disease progression by reducing the annual rate of 

decline in FVC (the primary endpoint) versus placebo (difference of 109.9 mL/year [95% CI: 

75.9, 144.0] based on pooled data) [8]. Based on pooled data, nintedanib was associated with 

numerical but not statistically significant benefits on the key secondary endpoints of time to first 

investigator-reported acute exacerbation and change from baseline in St. George’s Respiratory 

Questionnaire (SGRQ) total score over 52 weeks [8]. To participate in the INPULSIS® trials, 

patients were required to have an FVC ≥50% predicted, a forced expiratory volume in 1 second 

(FEV1)/FVC ratio of ≥0.7 and a diffusing capacity of the lungs for carbon monoxide (DLco) 30–

79% predicted. The presence of emphysema (yes/no) at screening was determined by 

qualitative assessment of high-resolution computed tomography (HRCT) scans by a single 

expert radiologist.  

 

We investigated whether the presence of emphysema, or the degree of airway obstruction 

assessed by FEV1/FVC ratio, at baseline influenced the treatment effect of nintedanib in the 

INPULSIS® trials. In post-hoc analyses, the primary analyses of the primary and key secondary 

endpoints (described in [8]) were repeated in subgroups of patients with versus without 

emphysema at baseline and with a baseline FEV1/FVC ratio ≥0.7 and ≤0.8 versus >0.8 (a 



 
 

threshold chosen arbitrarily). For the primary endpoint, the term subgroup and the interaction 

terms treatment-by-subgroup, time-by-subgroup and treatment-by-time-by-subgroup were 

included in the model. For the key secondary endpoints, the term subgroup and interaction term 

treatment-by-subgroup were included in the model. Absolute change from baseline in composite 

physiologic index (CPI) over 52 weeks was also assessed in these subgroups. The CPI is 

calculated based on percent predicted values for FVC, DLco and FEV1 and correlates with 

extent of fibrosis on HRCT, irrespective of presence of emphysema [9]. 

 

Of the 1061 patients treated in the INPULSIS® trials, 420 (39.6%) had emphysema based on 

qualitative assessment of an HRCT scan (yes/no) and 412 (38.8%) had a baseline FEV1/FVC 

ratio ≤0.8 at baseline. Baseline characteristics were generally similar between the subgroups by 

emphysema at baseline and by FEV1/FVC ratio ≤0.8 versus >0.8 at baseline, except for a 

higher proportion of males and ex/current smokers in the subgroups with emphysema and with 

an FEV1/FVC ratio ≤0.8. The effect of nintedanib on FVC decline was consistent between 

patients with or without emphysema at baseline. In patients with emphysema at baseline, the 

adjusted annual rate (SE) of decline in FVC was −105.1 (18.8) mL/year with nintedanib and 

−207.2 (23.2) mL/year with placebo (difference of 102.0 mL/year [95% CI: 43.2, 160.9]) while in 

patients without emphysema, it was −118.8 (13.4) mL/year with nintedanib and −234.2 (16.4) 

mL/year with placebo (difference of 115.4 mL/year [95% CI: 73.8, 157.1]) (treatment-by-time-by-

subgroup interaction p=0.6771). The effect of nintedanib on FVC decline was consistent 

between patients with a baseline FEV1/FVC ratio ≤0.8 versus >0.8. In patients with an 

FEV1/FVC ratio ≤0.8, the adjusted annual rate (SE) of decline in FVC was −88.6 (18.1) mL/year 

with nintedanib and −184.0 (20.3) mL/year with placebo (difference of 95.5 mL/year [95% CI: 

41.9, 149.1]) while in patients with an FEV1/FVC ratio >0.8, it was −128.1 (13.8) mL/year with 

nintedanib and −254.2 (17.9) mL/year with placebo (difference of 126.1 mL/year [95% CI: 81.6, 

170.6]) (treatment-by-time-by-subgroup interaction p=0.3735). Consistent results were observed 



 
 

for changes from baseline in FVC over time (Figure). In patients with emphysema at baseline, 

the adjusted mean (SE) change from baseline in CPI was 3.5 (0.7) with nintedanib and 3.4 (0.8) 

with placebo (difference of 0.2 [95% CI: −1.5, 1.9]) while in patients without emphysema, it was 

2.5 (0.6) with nintedanib and 4.3 (0.7) with placebo (difference of −1.9 [95% CI: −3.5, −0.3]) 

(treatment-by-subgroup interaction p=0.2328). In patients with an FEV1/FVC ratio ≤0.8, the 

adjusted mean (SE) change from baseline in CPI was 3.0 (0.8) with nintedanib and 3.6 (0.8) 

with placebo (difference of −0.7 [95% CI: −2.4, 1.1]) while in patients with an FEV1/FVC ratio 

>0.8, it was 2.7 (0.5) with nintedanib and 4.4 (0.7) with placebo (difference of −1.6 [95% CI: 

−3.2, 0.0]) (treatment-by-subgroup interaction p=0.8797). 

 

In patients with emphysema at baseline, acute exacerbations occurred in 2.8% and 7.2% of 

patients treated with nintedanib and placebo, respectively. In patients without emphysema at 

baseline, acute exacerbations occurred in 6.3% and 7.8% of patients treated with nintedanib 

and placebo, respectively. The HR for time to first acute exacerbation was 0.36 (95% CI: 0.14, 

0.91) in patients with emphysema and 0.82 (95% CI: 0.45, 1.49) in patients without emphysema 

at baseline, but the treatment-by-subgroup interaction was not significant (p=0.1449). The effect 

of nintedanib on reducing the risk of a first acute exacerbation was not significantly different 

between patients with a baseline FEV1/FVC ratio ≤0.8 versus >0.8 (treatment-by-subgroup 

interaction p=0.6118). The HR for time to first acute exacerbation was 0.79 (95% CI: 0.28, 2.25) 

in patients with an FEV1/FVC ratio ≤0.8 and 0.57 (95% CI: 0.33, 1.00) in patients with an 

FEV1/FVC ratio >0.8. Acute exacerbations occurred in 3.0% and 4.0% of nintedanib- and 

placebo-treated patients with an FEV1/FVC ratio ≤0.8, and 6.0% and 10.1% of nintedanib- and 

placebo-treated patients with an FEV1/FVC ratio >0.8.  

 

The effect of nintedanib on change in SGRQ total score was consistent between patients with or 

without emphysema. Nintedanib- and placebo-treated patients with a baseline FEV1/FVC ratio 



 
 

>0.8 had a numerically greater increase (worsening) in SGRQ total score (4.43 and 7.27, 

respectively) than nintedanib- and placebo-treated patients with a baseline FEV1/FVC ratio ≤0.8 

(1.95 and 2.16 points, respectively). Between-group differences in change from baseline in 

SGRQ total score were −1.71 points (95% CI: −4.32, 0.90) in patients with emphysema and 

−1.23 points (95% CI: −3.39, 0.92) in patients without emphysema (treatment-by-subgroup 

interaction p=0.7723). Between-group differences in change from baseline in SGRQ total score 

were −0.21 points (95% CI: −2.71, 2.29) in patients with a baseline FEV1/FVC ratio ≤0.8 and 

−2.83 points (95% CI: −5.04, −0.63) in patients with a baseline FEV1/FVC ratio >0.8 (treatment-

by-subgroup interaction p=0.1251).  

 

In conclusion, in post-hoc analyses of pooled data from the INPULSIS® trials, the treatment 

effect of nintedanib was not influenced by the presence of emphysema or by FEV1/FVC ratio at 

baseline. These findings are consistent with previous subgroup analyses of the INPULSIS® 

trials showing that the effect of nintedanib is consistent across subgroups of patients by 

thresholds of FVC at baseline [10,11] and across subgroups defined based on other baseline 

characteristics [12-15]. Interpretation of our findings is limited by the lack of an assessment of 

the extent or distribution of emphysema or fibrosis on HRCT at baseline. Further research is 

warranted into the potential impact of emphysema on FVC decline in patients with IPF.  

 

Acknowledgements 

The authors acknowledge the contribution of David M. Hansell, formerly of the Department of 

Radiology, Royal Brompton and Harefield NHS Foundation Trust, London, UK, for reading the 

HRCT scans in the INPULSIS® trials. Medical writing assistance, supported financially by 

Boehringer Ingelheim, was provided by Julie Fleming and Wendy Morris of FleishmanHillard 

Fishburn, Ltd, London, UK, during the preparation of this article. The authors were fully 



 
 

responsible for all content and editorial decisions, were involved in all stages of manuscript 

development, and approved the final version. 

 

Funding statement 

The INPULSIS® trials were funded by Boehringer Ingelheim. 

 

References 

1. Behr J, Kreuter M, Hoeper MM, Wirtz H, Klotsche J, Koschel D, Andreas S, Claussen M, 

Grohé C, Wilkens H, Randerath W, Skowasch D, Meyer FJ, Kirschner J, Gläser S, Herth 

FJ, Welte T, Huber RM, Neurohr C, Schwaiblmair M, Kohlhäufl M, Höffken G, Held M, 

Koch A, Bahmer T, Pittrow D. Management of patients with idiopathic pulmonary fibrosis 

in clinical practice: the INSIGHTS-IPF registry. Eur Respir J 2015; 46: 186–196. 

2. Ryerson CJ, Hartman T, Elicker BM, Ley B, Lee JS, Abbritti M, Jones KD, King TE Jr, 

Ryu J, Collard HR. Clinical features and outcomes in combined pulmonary fibrosis and 

emphysema in idiopathic pulmonary fibrosis. Chest 2013; 144: 234–240. 

3. Cottin V, Nunes H, Brillet PY, Delaval P, Devouassoux G, Tillie-Leblond I, Israel-Biet D, 

Court-Fortune I, Valeyre D, Cordier JF; Groupe d'Etude et de Recherche sur les 

Maladies Orphelines Pulmonaires (GERM O P). Combined pulmonary fibrosis and 

emphysema: a distinct underrecogised entity. Eur Respir J 2005; 26: 568‒593. 

4. Jacob J, Bartholmai BJ, Rajagopalan S, Kokosi M, Maher TM, Nair A, Karwoski R, 

Renzoni E, Walsh SLF, Hansell DM, Wells AU. Functional and prognostic effects when 

emphysema complicates idiopathic pulmonary fibrosis. Eur Respir J 2017; 50. pii: 

1700379. 

5. Behr J, Furst DE. Pulmonary function tests. Rheumatology (Oxford) 2008;47 Suppl 

5:v65–67. 



 
 

6. Akagi T, Matsumoto T, Harada T, Tanaka M, Kuraki T, Fujita M, Watanabe K. Coexistent 

emphysema delays the decrease of vital capacity in idiopathic pulmonary fibrosis. Respir 

Med 2009; 103: 1209–1215.  

7. Cottin V, Hansell DM, Sverzellati N, Weycker D, Antoniou KM, Atwood M, Oster G, 

Kirchgaessler KU, Collard HR, Wells AU. Effect of emphysema extent on serial lung 

function in patients with idiopathic pulmonary fibrosis. Am J Respir Crit Care Med 2017; 

196: 1162–1171.  

8. Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel U, Cottin V, Flaherty 

KR, Hansell DM, Inoue Y, Kim DS, Kolb M, Nicholson AG, Noble PW, Selman M, 

Taniguchi H, Brun M, Le Maulf F, Girard M, Stowasser S, Schlenker-Herceg R, Disse B, 

Collard HR; INPULSIS Trial Investigators. Efficacy and safety of nintedanib in idiopathic 

pulmonary fibrosis. N Engl J Med 2014; 370: 2071‒2082. 

9. Wells AU, Desai SR, Rubens MB, Goh NS, Cramer D, Nicholson AG, Colby TV, du Bois 

RM, Hansell DM. Idiopathic pulmonary fibrosis: a composite physiologic index derived 

from disease extent observed by computed tomography. Am J Respir Crit Care Med 

2003; 167: 962–969. 

10. Costabel U, Inoue Y, Richeldi L, Collard HR, Tschoepe I, Stowasser S, Azuma A. 

Efficacy of nintedanib in idiopathic pulmonary fibrosis across prespecified subgroups in 

INPULSIS. Am J Respir Crit Care Med 2016; 193: 178–185. 

11. Kolb M, Richeldi L, Behr J, Maher TM, Tang W, Stowasser S, Hallmann C, du Bois RM. 

Nintedanib in patients with idiopathic pulmonary fibrosis and preserved lung volume. 

Thorax 2017; 72: 340–346. 

 

12. Taniguchi H, et al. Subgroup analysis of Asian patients in the INPULSIS trials of 

nintedanib in idiopathic pulmonary fibrosis. Respirology 2016;21:1425–30.  



 
 

13. Raghu G, et al. Effect of nintedanib in subgroups of idiopathic pulmonary fibrosis by 

diagnostic criteria. Am J Respir Crit Care Med 2017;195:78–85.  

14. Kreuter M, et al. Statin therapy and outcomes in trials of nintedanib in idiopathic 

pulmonary fibrosis. Respiration 2018;95:317-326.  

15. Costabel U, et al. Anti-acid therapy in idiopathic pulmonary fibrosis: insights from the 

INPULSIS trials. Respir Res 2018;19:167. 

 

  

https://www.ncbi.nlm.nih.gov/pubmed/29414827
https://www.ncbi.nlm.nih.gov/pubmed/29414827


 
 

Mean observed change from baseline in FVC over time by in subgroups of patients by (a) 

presence of emphysema at baseline and (b) FEV1/FVC ratio at baseline 

 


