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Abstract
Background Idiopathic pulmonary fibrosis (IPF) is a devastating interstitial lung disease (ILD) with a high mortality 
rate. The antifibrotic medications pirfenidone and nintedanib have been in use since 2014 for this disorder and are 
associated with improved rate of lung function decline. Less is known about their long-term outcomes outside of the 
clinical trial context.

Methods The Pulmonary Fibrosis Foundation Patient Registry was used for this study. Patients with an IPF diagnosis 
made within a year of enrollment were included. The treated group was defined as patients receiving either 
pirfenidone or nintedanib for at least 180 days. The untreated group did not have any record of antifibrotic use. 
Demographic data, comorbidities, serial lung function, hospitalization, and vital status data were collected from the 
registry database. The primary outcomes were transplant-free survival, time to first respiratory hospitalization, and 
time to 10% absolute FVC decline. Time-to-event analyses were performed utilizing Cox proportional hazards models 
and the log-rank test. Model covariates included age, gender, smoking history, baseline lung function, comorbidities, 
and oxygen use.

Results The registry contained 1212 patients with IPF; ultimately 288 patients met inclusion criteria for the treated 
group, and 101 patients were designated as untreated. Patients treated with antifibrotics were significantly younger 
(69.8 vs. 72.6 years, p = 0.008) and less likely to have smoked (61.1% ever smokers vs. 72.3% never smokers, p = 0.04). 
No significant differences were seen in race, gender, comorbidities, or baseline pulmonary function between groups. 
The primary outcome of transplant-free survival was not significantly different between the two groups (adjusted HR 
0.799, 95% CI 0.534–1.197, p = 0.28). Time to respiratory hospitalization was significantly shorter in the treated group 
(adjusted HR 2.12, 95% CI 1.05–4.30, p = 0.04). No significant difference in time to pulmonary function decline was 
seen between groups.

Conclusions This multicenter study demonstrated 63% of newly diagnosed IPF patients had continuous antifibrotic 
usage. Antifibrotics were not associated with improved transplant-free survival or pulmonary function change but 
was associated with an increased hazard of respiratory hospitalization. Future studies should further investigate the 
role of antifibrotic therapy in clinically important outcomes in real-world patients with IPF and other progressive ILDs.
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Background
Idiopathic pulmonary fibrosis (IPF) is a progressive 
and fatal pulmonary condition with high morbidity and 
median survival of 3–5 years [1]. Crucially, the antifi-
brotic agents pirfenidone and nintedanib were approved 
by the Food and Drug Administration (FDA) in 2014 for 
the treatment of IPF. Pirfenidone’s mechanism of action 
is incompletely understood, but it contributes to the sup-
pression of a variety of inflammatory and fibrotic path-
ways [2]. Nintedanib, a tyrosine kinase inhibitor, inhibits 
pro-fibrotic growth factor receptors and extracellular 
matrix deposition [3].

While not a cure, antifibrotics have demonstrated 
effectiveness in randomized controlled trials and slow the 
rate of decline of lung function in patients with IPF [4, 
5]. These studies demonstrated a clear benefit in forced 
vital capacity (FVC) change at one year after therapy 
initiation. Less established, however, are the effects of 
antifibrotics on longer-term outcomes, including trans-
plant-free mortality. While some retrospective studies 
have shown increased survival in IPF patients receiving 
antifibrotics, others have failed to find a significant asso-
ciation [6–8]. This variability could be due to differences 
in cohort selection, duration of therapy, and approach to 
minimizing confounding between treated and untreated 
groups. Additionally, the characteristics of patients, 
including demography, comorbidities, symptoms, and 
geography, that are associated with antifibrotic use out-
side of the controlled trial setting are less understood.

This study utilized the Pulmonary Fibrosis Foundation 
Patient Registry (PFF-PR) to examine the characteristics 
and outcomes of patients treated with antifibrotic agents 
in a real-world multicenter patient cohort. We hypoth-
esized that patients on antifibrotic therapy would be 
younger, have fewer comorbidities, decreased numbers of 
respiratory hospitalization, and improved survival com-
pared to patients not receiving antifibrotic therapy.

Methods
Cohort description
This retrospective cohort study utilized the Pulmonary 
Fibrosis Foundation Patient Registry (PFF-PR), a regis-
try of over 2000 patients seeing physicians from the PFF 
Care Center Network, the largest collection of ILD clin-
ics in the United States (US) [9]. Data collection began 
in 2016, two years after the FDA approved pirfenidone 
and nintedanib for use in the US. All patients provided 
written informed consent, and IRB approval was granted 
via each individual participating center. Demographic 
data, comorbidities, medication information, serial lung 
function, radiologic data, and vital status information 

are collected on participants regularly. Patients also 
completed the Fatigue Severity Scale, Leicester Cough 
Questionnaire, Rand SF-6D questionnaire, and UCSD 
shortness of breath questionnaires both at enrollment 
and at subsequent visits.

Follow-up data was collected for each individual 
patient by their respective PFF Care Center via data 
abstraction forms completed every six months [9]. These 
forms contained information regarding any office visits, 
test results, or hospitalization in the interim, includ-
ing updates to medications, pulmonary function testing, 
diagnoses, oxygen use, hospitalizations, referrals to pal-
liative care, transplantation, and death. Patients who have 
not returned within twelve months of enrollment into the 
study were contacted by the individual PFF Care Center 
staff in attempts to complete assessments.

Patient selection, primary and secondary outcomes
IPF patients enrolled in the registry within one year of 
diagnosis were included in this study. This restriction by 
diagnosis time was made in an attempt to limit variabil-
ity of disease severity at the time of study entry. Patients 
were defined as “treated” if they were recorded as ever 
taking pirfenidone or nintedanib for a duration of at 
least 180 days continuously after consent into the regis-
try. We chose 180 days as the continuous treatment time 
threshold to ensure that drug was taken for long enough 
to be considered effective. Patients that received pirfeni-
done and nintedanib for greater than 0 but less than 180 
days were included in a sensitivity analysis. Patients were 
defined as “untreated” if they were recorded as not being 
on pirfenidone or nintedanib for the duration of follow-
up. The primary outcomes studied were transplant-free 
survival, respiratory hospitalization, and time to 10% 
absolute FVC decline. Time zero for all outcomes was at 
study enrollment for both treated and untreated groups. 
Event time was restricted to 2000 days since enrollment. 
Secondary outcomes studied were survival (with trans-
plant a censoring event) and time to 5% absolute FVC 
decline. In the treatment group, the prespecified 5% and 
10% thresholds for FVC decline were not noted as an 
event if they occurred prior to 180 days of treatment.

Statistical analysis
T-tests and Chi squared tests were performed to compare 
treated and untreated groups for continuous and categor-
ical variables, respectively. Fisher’s exact test was used 
for categorical variables when counts were less than 5. 
Time-to-event analyses compared treated and untreated 
groups for the primary and secondary outcomes utiliz-
ing Cox proportional hazards models and the log-rank 
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test. Both unadjusted analyses as well as those adjusted 
for age, gender, smoking history, baseline lung function, 
select comorbidities known to affect survival and hospi-
talization rates (coronary artery disease (CAD), chronic 
obstructive pulmonary disease (COPD), and pulmonary 
hypertension), and oxygen use were performed [10, 11]. 
Kaplan-Meier curves were generated to visualize time to 
primary and secondary outcomes by antifibrotic use. A 
Poisson regression model was employed for the outcome 
of frequency of respiratory hospitalization. All statistical 
analyses were performed using SAS version 9.4 (Cary, 
NC, USA).

Results
Twelve hundred twelve patients in the PFF Registry had 
a diagnosis of IPF. The mean time between diagnosis of 
IPF and enrollment into the registry was 910 days. Three 
hundred and eighty-nine patients met the inclusion crite-
ria of (1) IPF diagnosis within one year of consent and (2) 
either experienced 180 days or more of continuous antifi-
brotic exposure (treatment group, 288 patients) or 0 days 
of antifibrotic exposure (untreated group, 101 patients); 
this comprised our study cohort. Those excluded were 
622 patients on antifibrotics but not enrolled within a 
year of diagnosis, 65 patients enrolled within a year of 
diagnosis but not on antifibrotics continuously, and 136 
patients who were never on antifibrotics and were not 
consented within one year of diagnosis (Fig.  1). In the 
treatment group, the mean duration of antifibrotic use 
was 1113 days (range: 186–2106 days).

The mean age of the cohort was 71, 81% were male, and 
96% were White (Table  1). Patients treated with antifi-
brotics were significantly younger (69.8 vs. 72.6 years, 
p = 0.008) and less likely to have smoked (61.1% ever 
smokers vs. 72.3% never smokers, p = 0.04) than their 
untreated counterparts. Additionally, patients treated 

with antifibrotics had a statistically significantly lon-
ger time since diagnosis (mean 146 days vs. 110 days in 
untreated group), but this difference was small in magni-
tude. No significant differences were seen in race, ethnic-
ity, BMI, comorbidities, insurance status, or geography 
between treated and untreated patients. No significant 
differences in measures of baseline pulmonary function 
were observed.

In unadjusted analyses, untreated patients had signifi-
cantly more baseline fatigue and shortness of breath as 
demonstrated by their mean Fatigue Severity Scale and 
UCSD Shortness of Breath scores (Table  2). No overall 
difference in mortality was detected between groups, and 
the proportion of patients who had a respiratory hospi-
talization was significantly higher in the treated com-
pared to the untreated group.

The restricted mean transplant free survival time 
was 1567 days in the entire cohort; 1614 days in those 
treated with antifibrotics compared with 1422 days in the 
untreated group. While antifibrotic usage was associated 
with a significant reduction in death in the unadjusted 
analysis, the primary outcome of time to composite out-
come of death or lung transplant was not significantly 
different between the two groups (Table  3; Fig.  2). The 
hazard of respiratory hospitalization was significantly 
higher in the treated group in both unadjusted and 
adjusted analyses (HR 2.12, 95% CI 1.05–4.30, p = 0.04, 
Table 3; Fig. 3). Patients on antifibrotics had an incident 
rate ratio of 2.60 (95% CI, 1.42–4.76, p = 0.002) of respi-
ratory hospitalizations compared to patients not on 
antifibrotics, after multivariable adjustment. No signifi-
cant differences in time to pulmonary function decline, 
regardless of FVC threshold used, was seen between 
groups (Table 3; Figs. 4 and 5). Similar effects were seen 
in a sensitivity analysis in which the same methods were 

Fig. 1 Patient classification
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Table 1 Patient characteristics
Total Cohort (n = 389) Antifibrotic

(n = 288)
No Antifibrotic
(n = 101)

p-value*

Age, mean (SD), years 70.6(7.9)
(n = 389)

69.8(7.2)
(n = 288)

72.6(9.5)
(n = 101)

0.008

Male, n (%) 313(80.5) (n = 389) 230(79.9)
(n = 288)

83(82.2)
(n = 101)

0.61

Race
 White, n (%) 359(95.7) 269(96.4) 90(93.8) 0.35
 Black, n (%) 4(1.1) 3(1.1) 1(1.0)
 Asian, n (%) 12(3.2) 7(2.5) 5(5.2)

(n = 375) (n = 279) (n = 96)
Hispanic, n (%) 18(4.8) 13(4.7) 5(5.3) 0.79

(n = 372) (n = 277) (n = 95)
Body mass index, mean (SD) 29.5(5.2) 29.7(5.1) 29.2(5.6) 0.48

(n = 358) (n = 267) (n = 91)
Days since diagnosis, mean (SD) 136.7(118.4) 146.1(118.3) 109.9(115.1) 0.008

(n = 389) (n = 288) (n = 101)
Region 0.71
 West, n (%) 85(21.9) 65(22.6) 20(19.8)
 Midwest, n (%) 67(17.2) 46(16.0) 21(20.8)
 South, n (%) 161(41.4) 121(42.0) 40(39.6)
 Northeast, n (%) 76(19.5) 56(19.4) 20(19.8)

(n = 389) (n = 288) (n = 101)
Insurance 0.77
 Private, n (%) 208(53.5) 155(53.8) 53(52.5)
 Medicare, n (%) 157(40.4) 114(39.6) 43(42.6)
 Others, n (%) 24(6.2) 19(6.6) 5(5.0)

(n = 389) (n = 288) (n = 101)
History of smoking tobacco, n (%) 249(64.0) 176(61.1) 73(72.3) 0.04

(n = 389) (n = 288) (n = 101)
No. of medical comorbidities, mean (SD) 2.0(1.5) 2.0(1.4) 2.1(1.8) 0.60

(n = 389) (n = 288) (n = 101)
Medical comorbidities
 GERD, n (%) 44(11.3) 29(10.1) 15(14.9) 0.19
 OSA, n (%) 88(22.6) 64(22.2) 24(23.8) 0.75
 Arrhythmia, n (%) 46(11.8) 33(11.5) 13(12.9) 0.71
 CAD, n (%) 93(23.9) 68(23.6) 25(24.8) 0.82
 CHF, n (%) 16(4.1) 11(3.8) 5(5.0) 0.57
 COPD, n (%) 31(8.0) 21(7.3) 10(9.9) 0.40
 Cancer, n (%) 65(16.7) 43(14.9) 22(21.8) 0.11
 Depression, n (%) 50(12.9) 37(12.9) 13(12.9) 1.00
 Diabetes, n (%) 72(18.5) 58(20.1) 14(13.9) 0.16
 Cirrhosis, n (%) 2(0.5) 1(0.4) 1(1.0) 0.45
 Obesity, n (%) 68(17.5) 52(18.1) 16(15.8) 0.61
 PAH, n (%) 11(2.8) 7(2.4) 4(4.0) 0.49

(n = 389) (n = 288) (n = 101)
Family history of ILD 0.81
 Yes, n (%) 65(16.7) 50(17.4) 15(14.9)
 No, n (%) 278(71.5) 205(71.2) 73(72.3)
 Unknown, n (%) 46(11.8) 33(11.5) 13(12.9)

(n = 389) (n = 288) (n = 101)
SD = standard deviation; GERD = gastro-esophageal reflux disease, OSA = obstructive sleep apnea, CAD = coronary artery disease, CHF = congestive heart failure, 
COPD = chronic obstructive pulmonary disease, PAH = pulmonary hypertension, ILD = interstitial lung disease
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used after removing patients in the study for less than six 
months total.

A sensitivity analysis including the 65 patients who 
were on antifibrotics for more than 0 but less than 180 
days found similar results regarding clinical outcomes 
with the exception of the baseline USCD shortness of 

breath score, which was no longer significantly different 
between the two groups (Supplemental Tables 1–3).

Discussion
In this study of the largest collection of tertiary ILD cen-
ters in the United States, we found that 63% of newly 
diagnosed IPF patients were treated continuously with 
antifibrotics for 180 days. Antifibrotic use was associ-
ated with younger age, less tobacco use, significantly 
lower mortality, and a numerically but not significantly 
lower hazard of transplant-free survival. Contrary to our 
hypothesis, we found an increased hazard of respiratory 
hospitalization and no statistically significant difference 
in time to FVC decline between treatment groups. We 
also found that patients treated continuously with anti-
fibrotics had fewer baseline respiratory symptoms com-
pared to those not treated.

Despite this cohort’s creation nearly two years after 
FDA approval of both pirfenidone and nintedanib for IPF, 
antifibrotic use was not universal. Of the four hundred 
and fifty-four patients diagnosed with IPF within a year 
of enrollment into the registry, two hundred and eighty-
eight (63%) patients diagnosed with IPF in the past year 
were subsequently treated continuously with antifi-
brotics for 180 days, and 101 (22%) of newly diagnosed 
patients never received antifibrotic therapy during the 
study follow-up. Overall antifibrotic uptake in our study 
was higher than described in a recent large study by Kaul 
et al. of veterans with IPF (17%) and another study by 
Dempsey et al. investigating an insurance claims cohort 
(26%), neither of which restricted study patients to those 
diagnosed within the past year [12, 13]. This difference 
becomes even more apparent when considering both the 
Kaul and Dempsey cohorts only required a single pre-
scription fill for either medication in comparison with 
our more stringent 180 continuous days of use criterion. 
The centers contained within PFF-PR are majority ter-
tiary care ILD sites with familiarity in prescribing these 
medications, which could explain the higher uptake; the 
similar prescription rate in a recent analysis of the IPF-
PRO database supports this conclusion [6]. Regardless, 
even within tertiary ILD centers, there remains a signifi-
cant proportion of patients who are not receiving antifi-
brotics for six months or more.

Unsurprisingly, our study found that patients treated 
with antifibrotics were younger than those not treated 
and had a lower rate of ever smoking tobacco. Both of 
these differences likely reflect hesitancy among provid-
ers to prescribe antifibrotics to older smokers, either due 
to fear of side effects or delay in prescription until other 
interventions, such as tobacco cessation or assessment 
and/or treatment for concomitant COPD, is complete. 
While antifibrotics were associated with a statistically sig-
nificant reduction in unadjusted mortality in our study, 

Table 2 Pulmonary function, oxygen use, and patient-reported 
outcomes by antifibrotic use

Total 
Cohort 
(n = 389)

Antifibrotic
(n = 288)

No 
Antifibrotic
(n = 101)

p-
value

FVC % predicted, 
baseline, mean (SD)

70.6(16.3)
(n = 314)

70.6(15.5)
(n = 235)

70.6(18.7)
(n = 79)

1.00

DLCO uncorrected % 
predicted, baseline, 
mean (SD)

45.3(14.6)
(n = 278)

45.1(14.1)
(n = 211)

45.7(16.2)
(n = 67)

0.78

Gender-Age-Physiolo-
gy score

4.1(1.3)
(n = 278)

4.1(1.3)
(n = 211)

4.2(1.3)
(n = 67)

0.47

Supplemental oxygen 
use, n (%)

141(36.8)
(n = 383)

108(38.0)
(n = 284)

33(33.3)
(n = 99)

0.40

Fatigue Severity Scale 
score, mean (SD)

3.9(1.8)
(n = 375)

3.7(1.7)
(n = 279)

4.3(1.9)
(n = 96)

0.01

Leicester Cough 
Questionnaire score, 
mean (SD)

16.9(3.5)
(n = 373)

17.1(3.3)
(n = 278)

16.3(3.9)
(n = 95)

0.07

Rand SF-6D Health-
related Quality of Life 
score, mean (SD)

0.7(0.1)
(n = 374)

0.7(0.1)
(n = 278)

0.7(0.1)
(n = 96)

0.07

UCSD Shortness of 
Breath-score, mean 
(SD)

33.3(24.1)
(n = 370)

31.6(22.4)
(n = 276)

38.4(28.1)
(n = 94)

0.03

Death (all-cause) 118(30.3)
(n = 389)

83(28.8)
(n = 288)

35(34.7)
(n = 101)

0.27

Respiratory hospital 
visit

102 (26.2)
(n = 389)

90(31.3)
(n = 288)

12(11.9)
(n = 101)

0.0001

FVC = forced vital capacity; DLCO = diffusing capacity of carbon monoxide; 
UCSD = University of California San Diego

Table 3 Hazard ratios of death, lung transplant, and 
hospitalization by antifibrotic use
Outcome Unadjusted HR* Adjusted HR**

Hazard ratio 
(95% CI)

P-value Hazard ratio 
(95% CI)

P-
val-
ue

Death/Transplant 0.788 (0.557, 
1.115)

0.18 0.799 (0.534, 
1.197)

0.28

Death 0.621 (0.418, 
0.924)

0.02 0.724 (0.454, 
1.154)

0.17

Respiratory 
hospitalization

2.180 
(1.193,3.984)

0.01 2.122 
(1.047,4.301)

0.04

FVC 10% decline$ 1.420 
(0.848,2.376)

0.18 1.385 
(0.822,2.335)

0.22

FVC 5% decline% 1.079 
(0.727,1.600)

0.71 1.012 
(0.676,1.516)

0.95

*Hazard ratio-hazard of outcome in patients treated with antifibrotic compared 
to patients not treated with antifibrotic

**Covariates include age, gender, smoking, FVC, DLCO, coronary artery disease, 
chronic obstructive pulmonary disease, pulmonary hypertension, and oxygen 
use
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there was not a significant difference in transplant-free 
survival or measures of longitudinal pulmonary func-
tion between treated and untreated groups. These find-
ings contrast not only with some RCTs demonstrating a 
reduction in rate of FVC decline in antifibrotics but also 
multiple retrospective cohort studies and a systematic 

review and meta-analysis finding a reduction in mortality 
with antifibrotics [4, 5, 7, 8, 14]. However, a recent retro-
spective analysis of the IPF-PRO database found similar 
results to our study, and another study found a survival 
benefit of antifibrotics only within the first two years of 
prescription [6, 15]. Thus, perhaps the longer follow-up 

Fig. 3 Unadjusted time to respiratory hospitalization, stratified by antifibrotic use (treatment = antifibrotic, control = no antifibrotic)

 

Fig. 2 Unadjusted time to composite outcome of death or lung transplant, stratified by antifibrotic use (treatment = antifibrotic, control = no antifibrotic)
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time afforded by these multicenter, real-world cohorts 
could explain these discrepancies.

An unanticipated finding was an increase in hazard of 
respiratory hospitalization in patients treated with anti-
fibrotics. Hospitalization and subsequent readmission 
are common outcomes in ILD patients [11]. Our find-
ings diverge from a pooled analysis of RCTs showing a 
decrease in respiratory hospitalization with antifibrotics 

as well as a systematic review that found a reduction in 
risk of IPF exacerbation with treatment [14, 16]. How-
ever, the multicenter IPF-PRO analysis found a similar 
increase in hospitalization hazard and posited it was sec-
ondary to a likely combination of unmeasured confound-
ing between treated and untreated groups, a potentially 
unintended result of longer survival of patients on antifi-
brotics, and the closer monitoring within the healthcare 

Fig. 5 Unadjusted time to absolute FVC decline of 5%, stratified by antifibrotic use (treatment = antifibrotic, control = no antifibrotic)

 

Fig. 4 Unadjusted time to absolute FVC decline of 10%, stratified by antifibrotic use (treatment = antifibrotic, control = no antifibrotic)
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system that can occur with patients on antifibrotics. 
While an increase in general healthcare utilization has 
not been clearly associated with antifibrotic use com-
pared to those not on antifibrotics, one study comparing 
nintedanib to pirfenidone did find higher global health-
care costs for patients on nintedanib [17].

Interestingly, patients on antifibrotic treatment had fewer 
symptoms at baseline compared to untreated patients. 
While this difference reflects a pre-treatment imbalance 
between groups, it contrasts with findings from IPF-PRO 
demonstrating worse quality of life scores in patients being 
treated [18]. As no clear relationship between antifibrotics 
and alleviation of symptom burden has been seen previ-
ously, this finding underscores that more study is needed 
regarding the relationship between symptom burden, anti-
fibrotic use, and disease progression in IPF.

Strengths of this multicenter study include the real-
world nature of patient enrollment as opposed to strin-
gent RCT exclusion criteria, the rigorous methodology 
used to ensure continuous usage of antifibrotics to 
improve validity, and length of follow-up time. Despite 
attempts to limit immortal time bias and misclassifi-
cation bias, an inherent limitation of this smaller, ret-
rospective study is that these biases are not able to be 
completely ameliorated. While antifibrotics are indicated 
for patients with IPF regardless of disease severity, bias 
by indication could have resulted in the treatment of 
patients with more clinical risk factors for deterioration. 
This phenomenon could partially explain the higher rates 
of respiratory hospitalization. As the point estimates for 
transplant-free survival and overall survival favored the 
treatment group but were not statistically significant, sta-
tistical power and a corresponding underrecognition of a 
clinically significant effect could be possible.

In summary, this study of the multicenter PFF-PR dem-
onstrated that 63% of patients with newly diagnosed IPF 
reported continuous antifibrotic usage for six months 
or more. Antifibrotic usage was not associated with 
improved transplant-free survival or longitudinal pulmo-
nary function but was associated with an increased haz-
ard of respiratory hospitalization. Future studies should 
further investigate the role of antifibrotic therapy as it 
relates to patient-centered outcomes, such as respiratory 
hospitalization and quality of life, in addition to studying 
real-world outcomes of antifibrotics on progressive pul-
monary fibrosis outside of the IPF paradigm.
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