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Abstract

Background—Forced vital capacity (FVC) is a key measure of disease severity in patients with
idiopathic pulmonary fibrosis (IPF) and is an important clinical trial endpoint. We hypothesize
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that reversible airflow limitation co-exists in a subgroup of patients with IPF, and that
bronchodilator use will improve the performance characteristics of FVC.

Methods—IPF patients with pre and post-bronchodilator spirometry testing performed were
identified from two tertiary referral cohorts. The difference between pre and post-bronchodilator
FVC (intra-test difference) was calculated. The test characteristics of pre and post-bronchodilator
FVC change over time (inter-test difference) were assessed in patients with sequential spirometry,
and were used to generate sample size estimates for hypothetical clinical trials using change in
FVC as the primary endpoint.

Results—There were 551 patients, contributing 967 unique spirometry tests. The mean intra-test
increase in FVC with bronchodilator use was 0.04 liters (2.71 vs. 2.75 liters, p <0.001). Reversible
airflow limitation (increase in FEVq or FVC of 212% and =200 milliliters) occurred in 9.1% of
patients. The inter-test difference in change in FVC over time were equivalent for pre and post-
bronchodilator (p = 0.65), leading to similar sample size estimates in a hypothetical clinical trial
using change in FVC as the primary endpoint.

Conclusion—Approximately one in ten patients with IPF has physiological evidence of
reversible airflow limitation, and bronchodilator use in these patients may improve the assessment
of disease progression based on FVVC change over time. Bronchodilator use does not appear to
meaningfully impact the precision of FVC as an endpoint in clinical trials.

Keywords
Idiopathic pulmonary fibrosis; Spirometry; Lung function; Bronchodilators; Clinical trials

INTRODUCTION

Forced vital capacity (FVC) is a standard spirometric measure that quantifies the volume of
air moved during forced exhalation, defined as the difference between total lung capacity
and residual volume.[1, 2] In interstitial lung diseases like idiopathic pulmonary fibrosis
(IPF), the FVC is generally reduced in proportion to the total lung capacity and is used as a
measure of disease severity.[3] Longitudinal decline in FVC is a key metric of disease
progression in IPF and is reliably associated with reduced survival.[4—7] For these and other
practical reasons, FVC has been the most common measure of disease progression in
clinical practice and the primary endpoint for most recent clinical trials in IPF.[8-15]

FVC is influenced by the presence of both physiologic restriction and obstruction, and its
value can fluctuate in patients, particularly in those with reversible airflow limitation.[1] The
extent to which FVC is influenced by reversible airflow limitation in patients with IPF is
unknown. However, common comorbidities in IPF include asthma and emphysema,[16] a
history of cigarette smoking is present in the majority of patients with IPF,[3] and
emphysema on chest imaging is common,[17-19] all of which suggest patients with IPF
may often have comorbid obstructive airways disease with some degree of reversibility.

We hypothesize that reversible airflow limitation co-exists in a subgroup of patients with
IPF, and that its presence reduces the performance characteristics of FVC as a measure of
IPF disease severity and progression. The objective of this study was to determine the
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prevalence of physiologically-defined reversible airflow limitation in a large, well-
characterized IPF population, describe the impact of inhaled bronchodilator use on the
measurement of FVVC (and other spirometric measures) and clinical trial design.

MATERIALS AND METHODS

Patients were retrospectively identified from two ongoing longitudinal cohorts of IPF
patients - one at the University of California San Francisco (San Francisco, CA) and the
other at the Mayo Clinic, Rochester (Rochester, MN). Patients were enrolled between the
years 2001 and 2013, and all patients provided informed consent to use their de-identified
data for future research. Institutional review board at both institutions approved this study.
As part of the parent cohort studies, all patients were prospectively evaluated with
multidisciplinary review, and a diagnosis of IPF was made in accordance with consensus
guidelines.[3, 20] Patients with IPF and at least one spirometry test with pre and post-
bronchodilator values were included in the current study.

Patient demographics, clinical characteristics, self-reported comorbidities, inhaled
medication use, and spirometry results (FVC, forced expiratory volume in 1 second (FEV1),
and FEV1/FVC ratio) were extracted. All spirometry testing was performed as part of the
patients’ clinical care in certified pulmonary function laboratories according to American
Thoracic Society / European Respiratory Society standards.[21] The best spirometric
maneuver was selected according to guidelines. All available pre and post-bronchodilator
spirometry tests were included (i.e. patients could contribute more than one spirometry test
over time). A 12% and at least 200 milliliter increase in FEV; or FVC following
bronchodilator was considered physiological evidence of clinically significant reversible
airflow limitation. An obstructive pattern on spirometry was defined as an FEV1/FVC ratio
<0.7.[22]

Conventional statistics (mean, standard deviation, median, range) were used to describe the
study population. The difference between pre and post-bronchodilator values within the
same spirometry test (defined as the intra-test difference) was calculated with statistical
significance determined by the paired t-test. Mixed effects regression models were used to
determine if baseline demographics and clinical characteristics were predictive of the
observed intra-test difference.

The test characteristics of the change in F\VC measurement over time (defined as the inter-
test difference) were assessed in the subgroup of patients with at least two spirometry tests
separated by 6 (+/- 3) months. Mixed effects regression models were used to determine if
baseline demographics and clinical characteristics were predictive of the observed inter-test
difference. The mean and standard deviation of the 6-month change in FVC (both pre and
post-bronchodilator) were calculated. Confidence intervals and p-values for the inter-test
difference in FVVC were obtained using bootstrapping. To demonstrate the impact of
bronchodilator use on sample size requirements for a hypothetical clinical trial in IPF using
FVC as a primary endpoint, we calculated the sample size needed to provide 90% power
with a 2-sided type-I error rate of 5% at varying effect sizes. The standard deviation from
the inter-test difference in FVC for both pre and post-bronchodilator measurements were
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used for the sample size calculations. Statistical analyses were performed in Stata (Version
13.1 StataCorp, College Station, Texas) and R (Version 3.0.2, R Foundation for Statistical
Computing, Vienna).

RESULTS

Patient Characteristics

There were 551 patients who met inclusion criteria, contributing 967 unique spirometry tests
with pre and post-bronchodilator values. Baseline demographics and clinical characteristics
are detailed in Table 1. There were no significant differences in patient characteristics
between the two parent cohorts (data not shown). The mean age was 69.3 years (SD + 8.7
years) and 71% of patients were male. The majority of patients (71%) had a history of
smoking (either current or former). A self-reported diagnosis of asthma was present in 9% of
patients, and 14% reported a history of chronic obstructive pulmonary disease (COPD).
Regular bronchodilator use at time of entry into the parent cohorts was reported in 30% of
patients.

Intra-test difference

The mean pre-bronchodilator FVC was 2.71 liters; the mean post-bronchodilator FVC was
2.75 liters (Table 2). The mean intra-test difference in FVC with bronchodilator use was
0.043 liters, or 1.6% of the mean pre-bronchodilator FVC value. Similar findings were noted
for FEV1. There were no clinical variables that significantly predicted intra-test change in
FEV after bronchodilator use, including a diagnosis of concomitant obstructive lung
disease (asthma and COPD) and inhaled bronchodilator/corticosteroid use (Supplementary
Table 1). Male gender and presence of wheezing were predictive of intra-test change in FVC
on unadjusted analysis. Clinically significant reversible airflow limitation was seen in 50
(9.1%) patients and in 58 (6%) spirometry tests (Figure 1). An obstructive pattern on
spirometry was seen in 31 (5.6%) patients and in 46 (4.8%) spirometry tests and was
correlated with the presence of reversible airflow limitation (odds ratio 2.51, 95% CI 1.02 to
6.18). Patients with reversible airflow limitation did not differ significantly from IPF
patients without airflow limitation in terms of their demographics, smoking history, or self-
reported comorbid obstructive airways disease.

Interestingly, the presence of reversible airflow limitation on one test did not predict the
presence of reversible airflow limitation on a second test. Figure 2 illustrates the intra-test
difference in FEV, and FVC after bronchodilator in patients with two or more tests over
time and at least one test with significant reversible airflow limitation. Of these 33 patients,
only 5 (15%) had two or more tests with a 12% or greater increase in FEVq following
bronchodilator.

Inter-test difference

There were 194 patients who contributed 322 unique pairs of serial spirometry tests to the
inter-test analysis. There were no significant differences in demographics or clinical
characteristics between this subgroup and the overall cohort (data not shown). The inter-test
difference over 6 months was —0.077 liters (2.8% decline, standard deviation 0.267 liters)
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using the pre-bronchodilator FVC values, and —0.080 liters (2.9% decline, standard
deviation 0.260 liters) using the post-bronchodilator F\VC values (Table 2). These point
estimates and standard deviations were not significantly different. The presence of cough
was negatively associated with, and the use of long-term oxygen therapy was positively
associated with, the inter-test change in FVC, with or without bronchodilator use
(Supplementary Table 2).

Study design implications

Figure 3 shows estimated sample sizes at varying effect sizes for hypothetical clinical trials
in IPF using change in FVC over time as the primary endpoint, for pre and post
bronchodilator FVVC. There were no significant differences in sample size requirements
noted with the use of pre or post bronchodilator FVC values. For example, a hypothetical
clinical trial with a 30% between group difference in longitudinal change in FVC and a two-
sided alpha of 0.05 would require 1972 subjects (95% CI 1608 to 2378) based on pre-
bronchodilator FVVC values versus 1868 subjects (95% Cl 1542 to 2222) based on post-
bronchodilator FVC values.

DISCUSSION

In a large, well-characterized cohort of patients with IPF, we found that approximately one
in ten IPF subjects demonstrated spirometric evidence of clinically significant reversible
airflow limitation, although this was true for less than 4% of subjects if using FVC change
alone. Reversibility correlated with the presences of an obstructive pattern on spirometry,
but did not correlate with a self-reported diagnosis of asthma or COPD. In patients with
multiple spirometric measurements, past reversibility did not predict future reversibility.
These findings suggest that reversible airflow limitation is present in a subgroup of patients
with IPF, but that screening populations of IPF patients cross-sectionally by history of
obstructive lung disease or previous spirometry is unlikely to reliably identify them.

In clinical practice, baseline FVC is used as the primary measure of disease severity and is a
central contributor to risk prediction.[23, 24] Importantly, patients with measured reductions
of 10% or greater in FVVC over time are classified as having disease progression, and
decisions about medical management and timing of transplantation are made based on this
distinction. Our data suggests that forgoing bronchodilator use prior to FVVC measurement
introduces a small but real risk of misclassification due to the potential for episodic
reversible airflow limitation. For example, a patient with non-progressing IPF could have an
FVC of 2.00 liters that declines 10% to 1.80 liters due to the presence of reversible airflow
limitation at the time of follow up spirometry (a false-positive for disease progression).
Alternatively, a patient with progressive IPF could have an FVC of 2.00 liters that remains
stable due to the absence of reversible airflow limitation at follow-up that was present at
baseline (a false negative for disease progression).

An alternative explanation for our findings is the inherent variability of spirometric
measurements. Perhaps the patients we classify as having “clinically significant reversible
airflow limitation” simply represent the extreme range of the intrinsic inter-test variability of
FEV1 and FVC measurement. Aside from the correlation of reversibility with evidence of
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obstructive physiology, there is little correlation with clinical features suggesting
concomitant obstructive lung disease (e.g. a history of asthma or COPD, the use of
bronchodilators). Arguing against this is the statistically significant increase in both FVC
and FEV1 after bronchodilator use demonstrated in our cohort; if observed reversibility was
completely explained by technical issues, we would expect to see the mean values
unaffected. Future research into the true prevalence and clinical significance of concomitant
obstructive airways disease and reversible airflow limitation in the IPF population is needed.
If our findings are confirmed, we believe the risk of misclassifying patients as progressors or
non-progressors using pre-bronchodilator spirometry is clinically significant, and that the
use of post-bronchodilator FVVC values might help mitigate this risk.

Change in FVC over time is an important endpoint in IPF; indeed, it has been the primary
endpoint in multiple clinical trials.[8-15] Clinical trials have approached the issue of pre-
spirometric bronchodilator use differently, and guidance on this issue is lacking. We found
no significant impact of bronchodilator use before FVC measurement on sample size
requirements in clinical trials using change in FVVC over time as the primary endpoint. This
is likely because the number of patients who have significant reversible airflow limitation is
small and the risk of misclassification two-sided. This is not to say there isn’t risk of
misclassification from reversible airflow limitation in individual patients (as discussed in the
above paragraphs); simply that the risk does not impact the precision (i.e. standard
deviation) of the mean change in FVC in groups of patients over time. Our results suggest
that using post-bronchodilator FVC offers limited benefits to study design considerations in
clinical trials with FVC as a primary endpoint. Because of the added complexity, cost, and
risk of including bronchodilator use pre-spirometry in clinical trial protocols, clinical
trialists should carefully consider their use.

These results should be interpreted in the context of several limitations. First, all spirometry
test results were analyzed retrospectively, and were performed at different clinical centers.
There are likely local differences in technique that could have affected the results. In
addition, only the numerical values of the best test per spirometry testing session were
available for review. Flow-volume loops and other measures of test quality were not
assessed. Secondly, although it is standard practice to withhold regular daily bronchodilator
use before spirometry testing, we do not know that this was done in all cases. Failure to
withhold regular bronchodilator use would likely result in fewer patients with a significant
intra-test bronchodilator response, meaning we may have underestimated the prevalence of
reversible airflow limitation. For these reasons and for validation of these findings, this
analysis should be repeated in a prospectively collected, quality controlled cohort of patients
such as those enrolled in clinical trials.

CONCLUSIONS

In conclusion, we believe that the use of bronchodilator prior to FVC measurement in
patients with IPF may reduce the risk of misclassification of disease progression due to the
variable presence of reversible airflow limitation in a minority of IPF patients. If confirmed,
this suggests post-bronchodilator spirometry may be preferred in clinical practice.
Conversely, in the context of clinical trials, using change in FVC as a primary endpoint,
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post-bronchodilator FVVC appears to offer no clear study design benefit and should be
avoided. These conclusions should be validated using data from prospective trials in IPF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Distribution of change in FEV; and FVC with bronchodilator use

N = 967 unique spirometry tests with pre and post-bronchodilator measurements of FEV
(a) and FVC (b). The dashed vertical line represents a 12% improvement in FEV or FVC
following bronchodilator, corresponding to physiologic airflow limitation.
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Figure 2.
Persistence of reversible airflow limitation across multiple spirometric tests

Of the patients with multiple spirometry tests over time, 33 demonstrated reversible airflow
limitation in at least one test by FEV1 criteria (a) and 13 by FVC criteria (b). Of those, only
5 patients had consistent evidence of reversible airflow limitation across all tests.
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Figure 3.
Sample size requirements using pre or post-bronchodilator FVC as the primary endpoint in a

clinical trial.

The sample size in each study arm required for a hypothetical trial in IPF is slightly smaller
when using the post-bronchodilator F\VC measurement, however the 95% confidence
intervals have substantial overlap. For purposes of demonstration, two-sided alpha is fixed at
0.05 and power is fixed at 0.9.
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Table 1

Baseline patient characteristics

Mean or N (Total N = 551)

Standard deviation or %

Age (years) 69.3
Male sex 390
Smoker (former or current) 387

Self reported co-morbid obstructive lung disease
Asthma 48
Chronic obstructive pulmonary disease 78

Bronchodilator medications

Bronchodilator” 165

Inhaled corticosteroid™ ™ 101
Long-term oxygen therapy 182
Pulmonary symptoms and signs

Cough 460

Wheezing on exam 21

Crackles on exam 519

8.7
70.9%
70.5%

8.7%
14.2%

30%

18.3%

33.6%

83.8%
3.9%
95.9%

Page 15

*
Bronchodilators include albuterol (n= 101), ipratropium (n= 46), salmeterol (n= 59), formoterol (n=8), tiotropium (n=29), levalbuterol (n=1),

pirbuterol (n=1). Some patients reported multiple bronchodilators.

*

patients reported multiple inhaled corticosteroids.
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Table 2

Table 2a. Intra-test difference in spirometry after bronchodilator

N Pre-BD mean (SD) Post-BD mean (SD) p-value

Intra-test difference

Baseline FVC (L) 967 2.71(0.79) 2.75 (0.80) <0.001
Baseline FEV; (L) 967 222 (0.85) 2.27(0.63) 0.03
Baseline FEV,/FVC ratio 967 0.83 (0.27) 0.83 (0.07) 0.71

Table 2b. Inter-test difference in spirometry after bronchodilator

N Pre-BD Post-BD p-value

Inter-test difference

Mean 6-month change in FVC (L) 322 -0.077 -0.080 0.65
SD of change (L) 322 0.267 0.260 0.40
95% CI for SD (L) 322 0.241t00.293 0.236 to 0.283 -
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Abbreviations: BD = bronchodilator; FVC = forced vital capacity; FEV1 = forced expiratory volume in one second; L = liters; SD = standard

deviation; Cl, confidence interval.
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