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SUMMARY AT A GLANCE 

We assessed relationships between baseline and time-varying factors and 

mortality over 52 weeks in 1061 subjects with interstitial pulmonary fibrosis (IPF) 

and 663 subjects with other progressive fibrosing interstitial lung diseases (ILD). 

Our findings support similarity in the course of IPF and ILD and an association 

between decline in forced vital capacity and mortality.  
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ABSTRACT 

Background and objective: Demographic and clinical variables, measured at 

baseline or over time, have been associated with mortality in subjects with 

progressive fibrosing interstitial lung diseases (ILDs). We used data from the 

INPULSIS trials in subjects with idiopathic pulmonary fibrosis (IPF) and the 

INBUILD trial in subjects with other progressive fibrosing ILDs to assess 

relationships between demographic/clinical variables and mortality.   

Methods: The relationships between baseline variables and time-varying 

covariates and time to death over 52 weeks were analyzed using pooled data from 

the INPULSIS trials and, separately, the INBUILD trial using a Cox proportional 

hazards model.  

Results: Over 52 weeks, 68/1061 (6.4%) and 33/663 (5.0%) subjects died in the 

INPULSIS and INBUILD trials, respectively. In the INPULSIS trials, a relative 

decline in FVC >10% predicted within 12 months (HR 3.77) and age (HR 1.03 per 

1-year increase) were associated with increased risk of mortality, while baseline 

FVC % predicted (HR 0.97 per 1-unit increase) and DLco % predicted (HR 0.77 

per 1-unit increase) were associated with lower risk. In the INBUILD trial, a relative 

decline in FVC >10% predicted within 12 months (HR 2.60) and a usual interstitial 

pneumonia-like fibrotic pattern on high-resolution computed tomography (HR 2.98) 

were associated with increased risk of mortality, while baseline DLco % predicted 

(HR 0.95 per 1-unit increase) was associated with lower risk.  
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Conclusion: These data support similarity in the course of lung injury between IPF 

and other progressive fibrosing ILDs and the value of FVC decline as a predictor of 

mortality.  

 

Key words: clinical trial; death; forced vital capacity; pulmonary fibrosis; 

pulmonary function test, fibrosing interstitial lung disease  

 

Short title: Predictors of death in fibrosing ILDs 

  

  



6 
 

INTRODUCTION 

Idiopathic pulmonary fibrosis (IPF) is, by definition, a progressive fibrosing 

interstitial lung disease (ILD).1 Other chronic fibrosing ILDs may also develop a 

progressive phenotype characterized by an increasing extent of fibrotic features on 

high-resolution computed tomography (HRCT); declining lung function; worsening 

symptoms, functional impairment and quality of life; and early mortality.2-4 

In the INPULSIS trials in subjects with IPF, and the INBUILD trial in subjects 

with fibrosing ILDs other than IPF that had shown progression within the previous 

two years despite management deemed appropriate in clinical practice, nintedanib 

reduced the rate of decline in forced vital capacity (FVC) (mL/year) over 52 weeks 

by approximately 50% compared to placebo.5-7 In the placebo groups of these 

trials, the rate of decline in FVC and the risk of mortality were similar anda relative 

decline in FVC of >10% of the predicted value was associated with a more than 

three-fold increase in the risk of death over 52 weeks.8  

In addition to a decline in FVC, in subjects with fibrosing ILDs, other 

demographic/clinical characteristicshave been associated with mortality, including 

higher age, more severely impaired lung function, and the presence of 

honeycombing or traction bronchiectasis on HRCT.3,9-20 We used data from the 

INPULSIS and INBUILD trials to assess the relationship between 

demographic/clinical variables and mortality and to determine the relative 

importance of a decline in FVC after accounting for these variables.   
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METHODS 

INBUILD and INPULSIS trials 

The designs of the INBUILD trial (NCT02999178) and INPULSIS trials 

(NCT01335464, NCT01335477) have been published and the protocols are 

publicly available.5,6 Briefly, subjects in the INPULSIS trials were aged ≥40 years, 

with IPF, FVC ≥50% predicted and diffusing capacity of the lungs for carbon 

monoxide (DLco) ≥30–<80% predicted.5 Subjects in the INBUILD trial were aged 

≥18 years; had a chronic fibrosing ILD other than IPF; met criteria for ILD 

progression within the previous two years, despite management deemed 

appropriate in clinical practice; had FVC ≥45% predicted and DLco ≥30%–<80% 

predicted.6 The INBUILD trial and INPULSIS trials were conducted in accordance 

with the principles of the Declaration of Helsinki and the Harmonized Tripartite 

Guideline for Good Clinical Practice from the International Conference on 

Harmonization, and were approved by local authorities.  

 

Data analysis 

We analyzed the relationship between baseline variables and time-varying 

covariates (Table 1) and time to death over 52 weeks in the INBUILD trial and, 

separately, in pooled data from the INPULSIS trials. Subjects who received ≥1 

dose of nintedanib or placebo were included. Associations between variables and 

mortality were assessed using a Cox proportional hazards model where time-
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varying covariates were included using the programming statements method; 

missing data were not imputed. 

The main model selection algorithm employed was “stepwise selection”but 

“forward selection” and “backward elimination” were also utilized. Change in the 

Akaike Information Criterion (AIC) was used to determine important variables. The 

threshold to include or remove a variable was P=0.05. To evaluate the impact of a 

selected variable on mortality, hazard ratios (HRs) and their confidence intervals 

were calculated. HRs for continuous variables reflect the impact of a unit change in 

the underlying variable on mortality. HRs for categorical variables reflect the impact 

on mortality of being in a defined group compared with the reference group, or, for 

time-varying covariates, of having the defined decline compared with not having 

that decline. Sensitivity analyses based on multiple imputation, jump to reference 

and copy reference21 were conducted to determine whether the findings were 

robust irrespective of the amount of missing data or the imputation method used.  

To identify the threshold of FVC decline that was associated with the highest 

risk of death, the relationship between three alternative measure of FVC decline 

(relative decline in FVC >10% predicted within 6 months, and relative decline in 

FVC >5% predicted within 6 and 12 months) and mortality was evaluated by: i) 

replacing decline in FVC >10% predicted within 12 months with one of the 

alternative FVC decline measures in a model that included all other variables; ii) 

including all four decline in FVC covariates in a model with all other variables; and 

iii) including all four decline in FVC covariates in a model without any other 
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variables. The decline in FVC and mortality were assessed within the same time 

period i.e., 12 months.  

 

RESULTS 

Study participants 

In total, 1061 and 663 subjects received ≥1 dose of nintedanib or placebo in the 

INPULSIS trials and  INBUILD trial, respectively. Their baseline characteristics 

have been described.5,6  

Over 52 weeks, 68 subjects (6.4%) died in the INPULSIS trials and 33 

subjects (5.0%) died in the INBUILD trial (27 [6.6%] of subjects with a usual 

interstitial pneumonia (UIP)-like fibrotic pattern on HRCT and 6 [2.4%] of subjects 

with other fibrotic patterns on HRCT).  

 

Selected variables and their association with mortality  

In the INPULSIS trials, a relative decline in FVC >10% predicted within 12 months, 

FVC % predicted at baseline, age, and DLco % predicted at baseline were 

selected as variables associated with mortality (see Table S1 in the Supporting 

Information). A relative decline in FVC >10% predicted within 12 months (HR 3.77 

[95% CI: 2.28, 6.24]) and older age (HR 1.03 [95% CI: 1.00, 1.07] per 1-year 

increase) were associated with a significantly increased risk of mortality, whereas 

higher FVC % predicted at baseline (HR 0.97 [95% CI: 0.95, 0.99] per 1-unit 
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increase) and higher DLco % predicted at baseline (HR 0.77 [95% CI: 0.61, 0.98] 

per 1-unit increase) were associated with a lower risk of mortality (Table 2).  

In the INBUILD trial, a relative decline in FVC >10% predicted within 12 

months, DLco % predicted at baseline and HRCT pattern were selected as 

variables associated with mortality (see Table S2 in the Supporting Information). A 

relative decline in FVC >10% predicted within 12 months (HR 2.60 [95% CI: 1.28, 

5.31]) and a UIP-like fibrotic pattern on HRCT versus other fibrotic patterns (HR 

2.98 [95% CI: 1.23, 7.22]) were associated with an increased risk of mortality while 

higher DLco % predicted at baseline was associated with a lower risk of mortality 

(HR 0.95 [95% CI: 0.91, 0.98] per 1-unit increase) (Table 2). The same variables 

were selected by all of the algorithms. 

 

Sensitivity analyses assessing handling of missing data 

In the INPULSIS trials, the variables selected when the multiple imputation method 

was used to impute missing data were consistent with the original analysis. 

Relative decline in DLco >15% predicted within 12 months was selected as an 

additional variable when the jump to reference and copy reference methods were 

used to impute missing data (see Table S3 in the Supporting Information). When 

the jump to reference method was used, age was only selected as a variable when 

the forward selection algorithm was used. In the INBUILD trial, the same variables 

were selected when all three imputation methods were used as in the original 

analysis (see Table S4 in the Supporting Information).  
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Association between alternative categorical declines in FVC and mortality 

In the INPULSIS trials, all three alternative measures of decline in FVC were 

consistently selected when they replaced relative decline in FVC >10% predicted 

within 12 months in the model (see Tables S5–S10 in the Supporting Information). 

In the INBUILD trial, none of the alternative measures of FVC decline was selected 

using the stepwise or backward selection algorithms when they replaced relative 

decline in FVC >10% predicted within 12 months in the model (see Tables S11–

S14 in the Supporting Information). Decline in FVC >5% predicted within 12 

months was selected when forward selection was used. 

When all four decline in FVC variables were included in a model with all 

other variables, none of the alternative measures was selected in place of relative 

decline in FVC >10% predicted within 12 months in INPULSIS or INBUILD (see 

Tables S15 and S16 in the Supporting Information). When all four decline in FVC 

variables were included without any other variables, relative decline in FVC >10% 

predicted within 12 months was selected using all three selection algorithms in the 

INPULSIS trials (HR 4.54 [95% CI: 2.76, 7.46]; P<0.0001) and the INBUILD trial 

(HR 2.91 [95% CI: 1.43, 5.90]; P=0.0031) (see Tables S17 and S18 in the 

Supporting Information). 
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DISCUSSION 

We used data from the INPULSIS trials in subjects with IPF and the INBUILD trial 

in subjects with progressive fibrosing ILDs other than IPF to investigate the impact 

of demographic and clinical variables on mortality over 52 weeks. In both the 

INPULSIS and INBUILD trials, a relative decline in FVC of >10% predicted within 

12 months had the strongest association with mortality: compared with subjects 

who did not have such a decline, this decline in FVC increased the risk of death 

over 52 weeks 3.8-fold in subjects with IPF and 2.6-fold in subjects with other 

progressive fibrosing ILDs. This is supportive of previous studies that have 

consistently demonstrated an increased risk of mortality in patients with fibrosing 

ILDs whose FVC % predicted declined from baseline by 10% within 12 

months.11,14,15,22-24  

A relative decline in FVC >5% predicted within 6 or 12 months, and a 

relative decline in FVC >10% predicted within 6 months, were associated with 

mortality when they replaced a relative decline in FVC >10% predicted within 12 

months in the model in our analyses of the INPULSIS trials, but not in the analyses 

of the INBUILD trial. This might have been due to the lower number of FVC 

declines and deaths observed in the INBUILD trial than in the INPULSIS trials. In 

the INPULSIS trials, the other categorical declines in FVC were not as strongly 

associated with mortality as a relative decline in FVC >10% predicted within 12 

months. Together with evidence from previous studies, these data support the use 

of a relative decline in FVC >10% predicted within 12 months as a robust predictor 

of mortality in patients with fibrosing ILDs.  
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Consistent with previous studies,13,18,20,24-26 in our analyses, lower DLco % 

predicted at baseline was associated with a higher risk of mortality over 52 weeks. 

Interestingly, lower FVC % predicted at baseline, which has been associated with 

mortality in other studies in subjects with IPF20,25,27 and with other fibrosing 

ILDs,3,14,16,23 was identified as a factor associated with mortality in the INPULSIS 

trials, but not in the INBUILD trial. This may reflect the inclusion criteria used in the 

INBUILD trial, which required recent progression of ILD based on decline in FVC or 

worsening of symptoms and abnormalities on HRCT within the 24 months prior to 

enrollment, and/or the difference in FVC % predicted at baseline, which was higher 

in the INPULSIS trials than in the INBUILD trial (mean [SD] 79.6 [17.8] vs 69.0 

[15.6] % predicted). In the INPULSIS and INBUILD trials, nintedanib reduced the 

rate of decline in FVC compared to placebo.5,6 The confounding effect of the 

association between treatment with nintedanib and reduced FVC decline meant 

that treatment with nintedanib was not selected as a variable associated with 

reduced mortality in these analyses.   

The presence of a UIP-like fibrotic pattern on HRCT has been associated 

with higher mortality in subjects with fibrosing ILDs,13,17,28-30 although this has not 

been observed in all studies.3 In the INBUILD trial, subjects who had a UIP-like 

fibrotic pattern on HRCT had approximately a 3-fold higher risk of mortality over 52 

weeks than subjects with other fibrotic patterns. However, it should be noted that 

placebo-treated subjects with other fibrotic patterns on HRCT still had a marked 

decline in FVC over 52 weeks (−154 mL) and that based on data from the whole 

INBUILD trial (median follow-up: approximately 19 months), a numerical 
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association was observed between a relative decline in FVC >10% predicted and 

mortality in these subjects (HR: 2.88).8    

In our analyses, ILD diagnosis (idiopathic non-specific interstitial 

pneumonia, unclassifiable idiopathic interstitial pneumonia, hypersensitivity 

pneumonitis, autoimmune ILDs, other ILDs) was not associated with mortality. 

Previous analyses of data from the INBUILD trial suggest that the rate of decline in 

FVC was consistent across subgroups by ILD diagnosis.8 This suggests that once 

a fibrosing ILD has become progressive, the risk of mortality that it confers is 

similar irrespective of etiology. It is important to bear in mind that these conclusions 

are based on a population of patients with fibrosing ILD that had shown 

progression within the prior 24 months and should not be applied to patients at 

diagnosis; an accurate initial differential diagnosis of ILD remains essential.  

Strengths of our analyses include the large number of subjects; the large 

quantity and high quality of FVC measurements collected in the setting of clinical 

trials, and the consistency of the findings across model selection algorithms and 

sensitivity analyses that investigated the impact of missing data. Limitations of our 

analyses include that interactions between variables were not evaluated; and the 

small number of deaths observed over 52 weeks. The mortality rate observed in 

the placebo group of the INPULSIS trials was lower than that observed in large 

observational studies in patients with IPF,31-33 presumably as patients with the 

most severe disease or certain comorbidities were not enrolled. Acute 

exacerbations could not be considered as a factor associated with mortality in 

these analyses due to the differing definitions used in the INPULSIS and INBUILD 
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trials. The potential association between patient-reported outcomes and mortality 

was not evaluated.  

 

In conclusion, the analysis of data from the INPULSIS and INBUILD trials provide 

further support for similarity in the course of lung injury between patients with IPF 

and with other forms of progressive fibrosing ILD and for the value of FVC decline 

as a predictor of short-term mortality in these patients.  
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SUPPORTING INFORMATION 

Additional supporting information may be found online in the Supporting 

Information section at the end of this article. 
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Table 1. Overview of variables 

Description  Nature   

HRCT pattern (UIP-like fibrotic pattern; other fibrotic 

patterns)* 

Baseline 

Relative decline in DLco† >15% predicted within 12 months Time-varying 

Relative decline in FVC >10% predicted with 12 months Time-varying 

Relative decline in weight >5% within 12 months Time-varying 

Age (years) Baseline 

Sex Baseline 

Treatment (nintedanib; placebo) Baseline 

FVC mL  Baseline 

FVC % predicted Baseline 

DLco % predicted† Baseline 

Race (Asian; Black/African-American; White) Baseline 

BMI (kg/m2) Baseline 

Tobacco consumption (current and former; never) Baseline 

Time since diagnosis (years) Baseline 

ILD diagnosis (iNSIP; unclassifiable IIP; HP; autoimmune 

ILDs; other ILDs)* 

Baseline 

*INBUILD trial only. †Corrected for hemoglobin. 

BMI = body mass index; DLco = diffusing capacity of the lung for carbon monoxide; 

FVC = forced vital capacity; HP = hypersensitivity pneumonitis; HRCT = high-
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resolution computed tomography; IIP = idiopathic interstitial pneumonia; ILD = 

interstitial lung disease; iNSIP = idiopathic non-specific interstitial pneumonia; UIP 

= usual interstitial pneumonia. 
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Table 2. Association between selected variables and mortality based on data from the 

INPULSIS and INBUILD trials 

 HR (95% CI) P-value 

Selected variables in INPULSIS   

Relative decline in FVC >10% predicted within 

12 months 

3.77 (2.28, 6.24) <0.0001 

Age 1.03 (1.00, 1.07) 0.037 

FVC % predicted at baseline 0.97 (0.95, 0.99) 0.0007 

DLco % predicted at baseline 0.77 (0.61, 0.98) 0.033 

Selected variables in INBUILD   

HRCT pattern* 2.98 (1.23, 7.22) 0.016 

Relative decline in FVC >10% predicted within 

12 months 

2.60 (1.28, 5.31) 0.0085 

DLco % predicted at baseline 0.95 (0.91, 0.98) 0.0046 

*HR for subjects with a UIP-like fibrotic pattern on HRCT compared with subjects with 

other fibrotic patterns on HRCT.  

 

 

 

 

 




