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Abstract

Background and objective: Antifibrotic therapy with nintedanib or pirfenidone slows
disease progression and reduces mortality in patients with idiopathic pulmonary fibrosis
(IPF). However, patients with advanced IPF, as defined by forced vital capacity (FVC)
< 50% and/or diffusion capacity for carbon monoxide (DLCO) < 30% of predicted, have
not been included in randomized trials, and the outcomes of such patients who initiate
treatment are not well understood. We determined lung function, disease progression and
mortality outcomes following initiation of antifibrotic therapy in patients with advanced
IPF at the time of treatment initiation compared to those with mild-moderate IPF.
Methods: We included 502 patients enrolled in IPF registries from four Nordic coun-
tries. Linear mixed models were used to assess change in FVC and DLCO over time.
Cox proportional hazards models were used to assess transplant-free survival and
progression- and transplant-free survival.

Results: Of 502 patients, 66 (13%) had advanced IPF. Annual change in FVC was
—125ml (95% CI —163, —87) among patients with mild-moderate IPF, and +28 ml
(95% CI —96, +152) among those with advanced IPF. Advanced IPF at treatment initia-
tion was associated with poorer transplant-free survival (hazard ratio [HR] 2.39 [95% CI
1.66, 3.43]) and progression- and transplant-free survival (HR 1.60 [95% CI 1.15, 2.23]).
Conclusion: In a broadly representative IPF population, patients with advanced IPF
at the initiation of antifibrotic therapy did not have greater lung function decline over
time compared with those with mild-moderate IPF, but had substantially higher mor-
tality. Prospective studies are needed to determine the effect of antifibrotic therapy in
patients with advanced IPF.

KEYWORDS
advanced idiopathic pulmonary fibrosis, antifibrotic therapy, interstitial lung disease, mortality, nintedanib,
pirfenidone, transplant-free survival
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INTRODUCTION

Treatment of idiopathic pulmonary fibrosis (IPF) with
pirfenidone or nintedanib reduces loss of lung function over
time."” Randomized trials have excluded patients with
forced vital capacity (FVC) < 50% of predicted and/or diffu-
sion capacity for carbon monoxide (DLCO) <30% of
predicted, but in practice many patients receiving
antifibrotic treatment have more severe lung function
impairment.” Outcomes in such patients have been assessed
primarily in follow-up analyses of clinical trials* or in post-
marketing studies,” in which treatment appears to benefit
patients with advanced IPF. However, such patients remain
a highly selected group, in that they have survived an initial
study observation period and thus cannot be assumed to
represent patients with severe lung function impairment at
the start of treatment.

FVC and DLCO at a given timepoint are predictive of
mortality in IPE,*” but do not necessarily predict future tra-
jectory of lung function.>” A substantial minority of patients
with IPF are not treated with antifibrotic drugs,'’ likely
related to limited or uncertain benefit,'' patient preference
or limitations on reimbursement. In summary, patients, cli-
nicians and health care authorities may reasonably share
uncertainty about the benefits of initiating treatment when
lung function impairment is already severe.

We leveraged registry data from four Nordic countries to
assess change in lung function and transplant-free survival
among patients with advanced IPF at treatment initiation,
defined as FVC < 50% of predicted and/or DLCO < 30% of
predicted, compared with patients with mild to moderate IPF.

METHODS

We performed a retrospective cohort study using four inter-
stitial lung disease registries: the Swedish IPF registry,'>"?
the Aarhus University Hospital IPF registry,'* the
FinnishIPF registry,'” and the Oslo University Hospital ILD
registry (Tables S1 and S2 in the Supporting Information).
All included consecutively evaluated patients with IPF. Of
note, the Oslo University Hospital registry initially included
only patients who were treated with antifibrotic therapy.

We included patients with IPF who initiated treatment
with nintedanib or pirfenidone from August 2011 to
November 2019. Multidisciplinary discussion is standard in
the diagnosis of IPF at all participating centres, and diagno-
sis was based on consensus guidelines.'®'” Patients were
classified as having ‘advanced IPF’ if their FVC was less
than 50% of predicted, and/or DLCO less than 30% of
predicted, at the time treatment with nintedanib or
pirfenidone was initiated (Table S3 in the Supporting Infor-
mation). Patients who were unable to perform the DLCO
manoeuvre were also classified as advanced IPF.° Patients
with both FVC > 50% of predicted and DLCO > 30% of
predicted were classified as having ‘mild-moderate IPF’
(Figure 1). The FVC and DLCO measurements performed

SUMMARY AT A GLANCE

Patients with advanced idiopathic pulmonary fibro-
sis (IPF) have not been included in randomized tri-
als of nintedanib or pirfenidone, but are often

treated with these drugs. We show that in a real-
world setting, patients with severe compared to
mild-moderate IPF may not have lung function
decline during treatment, but show substantially
greater mortality.

closest to the date of treatment initiation were considered
the baseline values for classification. Patients with no lung
function measurements within 30 days of treatment initia-
tion were not included (Figure 1). The date of treatment ini-
tiation was considered time zero for all longitudinal and
survival analyses.

The primary outcomes were estimated annual rate of
change in FVC from zero to one year following antifibrotic
therapy initiation, based on a repeated measures approach
as described below, and transplant-free survival. Ascertain-
ment of death was based on complete national registries in
each country, as described in greater detail in Appendix S1
in the Supporting Information. All deaths, including
patients listed for and awaiting lung transplantation, were
included. Secondary outcomes included change in DLCO
from zero to one year, and progression- and transplant-free
survival. For the latter outcome, disease progression was
defined as a 10% relative decline in the % predicted value
for FVC. All available follow-up data were used for time-to-
event outcomes. Longitudinal analyses of FVC and DLCO
were limited to 15 months of follow-up due to the paucity
of available measurements beyond that period.

Descriptive statistics are presented as mean (SD) or
n (%). Baseline characteristics were compared using two-
sample t-tests or chi-square tests, except for time from IPF
diagnosis to treatment initiation which was compared with a
Kruskal-Wallis test due to non-linear distribution. Linear
mixed models were used to assess change in lung function
over time, with a random intercept and slope to account for
each patient’s baseline value and within-subject correlation,
respectively. Such models accommodate missing data with-
out imputation provided that missingness is non-informa-
tive. We included fixed effects for time from treatment
initiation, comparison group (advanced vs. mild-moderate
IPF) and their interaction, as well as gender and age at treat-
ment initiation. Patient height was also included in the
models assessing FVC in litres. All covariates were selected a
priori based on their known associations with outcomes in
IPF, or because they were essential to interpreting FVC
values in millilitres (in the case of the height covariate). An
unstructured covariance matrix was used to account for the
irregular and variable timing of lung function measurements
both within and among patients.
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FIGURE 1 Study cohort. Patients who
initiated antifibrotic therapy were included in
one of the four idiopathic pulmonary fibrosis
(IPF) registries, and classified as having
mild-moderate or advanced IPF based on
forced vital capacity and diffusion capacity
for carbon monoxide (DLCO) at the time of
treatment initiation. Patients who could not
perform the DLCO manoeuvre were
classified as advanced IPF, and patients with

Swedish IPF Registry
N =183

Aarhus IPF Registry
N =169

FinnishIPF Registry
N =208

Oslo IPF Registry
N =117

677 patients initiating

antifibrotic thera issi i
py Excluded (N = 175): missing lung function data at treatment
initiation for other or unknown reasons were
« No FVC available (N = 18) excluded
* No FVC and/or DLCO at
treatment initiation (N = 156)
502 patients included + Technically unreliable
. N spirometry (N = 1)
in analysis
Mild-moderate IPF Advanced IPF
(FVC 2 50% and DLCO = 30% predicted) (FVC < 50% and/or DLCO < 30% predicted*)
N = 436 N =66
*or unable to perform DLCO
TABLE 1 Patient characteristics at the initiation of antifibrotic therapy
Mild-moderate IPF Advanced IPF
n =436 n =66 p-Value
Age at treatment initiation (years) 70 (8) 70 (8) 0.805
Time from diagnosis to treatment initiation (days 62 (7-330) 66 (3-414) 0.746
[median, IQR"])

Smoking status (n = 374°) 0.569

Never 86 (27) 12 (23)

Former 222 (69) 40 (75)

Current 13 (4) 1(2)
Female 105 (24) 11 (17) 0.183
FVC (L) 2.88 (0.79) 2.08 (0.74) <0.001
FVC (% predicted) 77 (17) 55 (20) <0.001
DLCO (% predicted)® 49 (12) 31 (12) <0.001
Pirfenidone 279 (65) 40 (61) 0.439
Nintedanib 147 (35) 26 (39) 0.439

Note: Results presented as mean (SD) or # (%) unless otherwise indicated. p-Values from two-sample t-tests or chi-square tests unless otherwise indicated.
Abbreviations: DLCO, diffusion capacity for carbon monoxide; FVC, forced vital capacity; IPF, idiopathic pulmonary fibrosis; IQR, interquartile range.
*Presented as median (IQR) due to non-normal distribution. p-Value from Kruskal-Wallis rank test.

“Smoking status not available in FinnishIPF patients.

“Twelve patients with advanced IPF could not perform the DLCO manoeuvre. These values were not imputed.

The Kaplan-Meier estimator and Cox proportional haz-
ards models were used to compare time-to-event outcomes.
Adjusted models included age and gender a priori based on
their known associations with outcomes in IPE.° All Cox
models were also stratified by the enrolling centre, to
account for potential differences in patient population or
management patterns.

Statistical analyses were performed with STATA version
16.1 (College Station, TX, USA).

RESULTS

Of 502 included patients, 66 (13%) had advanced IPF at
initiation of nintedanib or pirfenidone treatment, with
FVC <50% of predicted and/or DLCO <30% of
predicted. The proportion of patients treated with
nintedanib versus pirfenidone appeared to be similar
between those with advance and mild-moderate IPF
(Table 1).
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FIGURE 2 Change in forced vital capacity (FVC) following the
initiation of antifibrotic therapy. Lines represent the estimated rate of
change in FVC over time based on a linear mixed model including time,
age at treatment initiation, height, comparison group (advanced vs. mild-
moderate idiopathic pulmonary fibrosis) and group-by-time interaction.
Shaded areas represent 95% CI
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FIGURE 3 Change in diffusion capacity for carbon monoxide

(DLCO) following the initiation of antifibrotic therapy. Lines represent the
estimated rate of change in DLCO (% predicted) over time based on a
linear mixed model including time, age at treatment initiation, height,
comparison group (advanced vs. mild-moderate idiopathic pulmonary
fibrosis) and group-by-time interaction. Shaded areas represent 95% CI

The estimated annual change in FVC was —125 ml
(95% CI —163, —87) among patients with mild-moderate
IPF and +28 ml (95% CI —96, +152) among patients with
advanced IPF (Figure 2). The group-by-time interaction
(p = 0.021) suggested that the rate of change in FVC over
time among advanced IPF patients differed from the rate of
change among mild-moderate IPF patients.

The annual rate of change in DLCO (% predicted) was
—2.9% (95% CI —3.8, —1.9) among patients with mild-
moderate IPF, and —0.3% (95% CI —3.6, +3.1) among
patients with advanced IPF (Figure 3). The group-by-time
interaction (p = 0.145) suggested that the rates of change
did not differ by group.

Median follow-up time was 2.2 years. During the study
period, 137 (31%) patients with mild-moderate IPF died

Mild—moderate IPF

Advanced IPF

FIGURE 4
therapy
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FIGURE 5 Progression- and transplant-free survival from the
initiation of antifibrotic therapy. Progression defined as 10% relative decline
in the % predicted value for forced vital capacity

and 22 (5%) were transplanted, whereas 32 (48%) patients
with advanced IPF died and five (8%) were transplanted.
Median transplant-free survival was 1.9 years among
patients with advanced IPF, and 4.2 years among those with
mild-moderate IPF (log-rank p < 0.001) (Figure 4). The risk
of death or transplant was more than twice as high for
patients with advanced IPF (hazard ratio [HR] 2.39 [95% CI
1.66, 3.43], p < 0.001). After adjustment for age at treatment
initiation and gender, advanced IPF at treatment initiation
remained associated with a similar increase in risk of death
(HR 2.41 [95% CI 1.67, 3.47], p < 0.001).

Median time to disease progression, transplant or death
was 1.5 years among patients with advanced IPF compared
with 2.8 years among those with mild-moderate IPF (log-
rank p = 0.003; Figure 5). The risk of disease progression,
transplant or death was just over 50% greater among
patients with advanced IPF (HR 1.60 [95% CI 1.15, 2.23],
p = 0.005). After adjustment for age at treatment initiation
and gender, advanced IPF was similarly associated with risk
of disease progression, transplant or death (HR 1.62 [95%
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CI 1.16, 2.27], p = 0.004). These differences appeared to be
primarily driven by mortality rather than disease progres-
sion (Figure S1 in the Supporting Information).

DISCUSSION

Our study demonstrates that in a large, multicentre cohort
treated with nintedanib or pirfenidone, FVC decreases sub-
stantially over time among patients with mild-moderate IPF
at the time of treatment initiation, but remains more stable
among patients with advanced IPF. By contrast, patients
with advanced IPF had substantially poorer transplant-free
survival than those with mild-moderate IPF.

Interestingly, we did not observe FVC decline at the
group level among treated patients with advanced IPF, in
contrast to those with more moderate disease severity at
treatment onset. This may be due to a partial floor effect on
FVC, limiting the measurable further decline that can be
detected among patients with poor baseline lung function.
Any interpretation of lung function outcomes in IPF must
take into account that the measurements themselves become
increasingly difficult for patients with more advanced dis-
ease. Indeed, inability to perform the DLCO manoeuvre is
an established prognostic factor,® and even spirometry may
be difficult among the most advanced patients.

Annual decline in FVC among patients with mild-
moderate IPF in our study was nominally greater than that
of actively treated patients in INPULSIS,” but less than those
in the placebo groups. This likely reflects the less selected
patient population in our registry-based study compared
with a narrowly defined clinical trial population. Annual
FVC decline in ASCEND' was greater in both arms,
although this is related in part to the imputation strategy
used in that trial. Interestingly, FVC over time in the
advanced IPF patients in our study was more stable than in
similar patients from the post-authorization INPULSIS-ON
study, in which patients with FVC < 50% predicted at the
start of follow-up had an annual FVC decline of —62 ml/
year.”

By contrast with lung function outcomes, mortality in
our study was substantially higher for patients with
advanced IPF at the time of treatment onset compared
with patients with mild-moderate IPF. Mortality has been
reported as substantially lower in a small group of patients
with advanced IPF who were enrolled in ASCEND and
CAPACITY due to decline in lung function between screen-
ing and randomization'®; this difference again likely reflects
the more selected patient population enrolled in trials.
Median survival in mild-moderate IPF, while approximately
twice as long as in advanced IPF, was still just over 4 years
in our cohort, highlighting the poor prognosis even among
treated patients with mild-moderate disease as convention-
ally defined.

Although international guidelines do not differentiate
advanced IPF from less advanced disease with respect to
antifibrotic therapy,'® the decision to treat patients with

advanced disease is less certain, including in the Nordic
countries.”® In practice, however, patients with advanced
IPF are commonly treated with nintedanib or pirfenidone,
with as many as one in five treated patients having FVC
and/or DLCO values below the thresholds for inclusion in
trials.” Existing insights into the outcomes of such patients
have come largely from secondary analyses of clinical trials
or from open-label post-authorization studies. In ASCEND,
outcomes of patients who experienced a 10% relative decline
in FVC during the trial were analysed during a subsequent
defined follow-up period, and appeared to have continued
benefit from pirfenidone compared to placebo.* Patients
with ‘baseline’ FVC < 50% of predicted in RECAP, which
followed up patients who had completed ASCEND and
CAPACITY, had a similar FVC trajectory compared with
patients with better preserved FVC at baseline.*’ In
INPULSIS-ON, 41 (6%) patients had an FVC < 50% at base-
line.” It is notable that in all of these prior studies, patients
had been followed up from the time of enrolment in the par-
ent clinical trial. By contrast, our study included patients
with advanced IPF at the start of treatment, who would not
have been eligible for enrolment in trials. As such, our
results may be less subject to survivor bias.

In the absence of clinical trials focusing specifically on
advanced patients, observational data may still inform the
expectations of clinicians and especially patients when con-
sidering the risks and benefits of treatment. In addition, our
findings may inform future study design if randomized trials
are pursued in patients with more advanced IPF. For exam-
ple, FVC may be neither the most relevant outcome to
affected patients nor the most efficient for detecting the
effect of an intervention. Historically, mortality as a primary
endpoint in IPF clinical trials has been viewed as impractical
due to the low event rate in trial populations and accord-
ingly large sample sizes required,” but if a more broadly
representative IPF population is combined with a composite
event-driven outcome incorporating both mortality and dis-
ease progression, such a strategy may not be impossible.

Our study has several limitations. Most importantly,
while our primary aim was to describe outcomes of patients
with advanced IPF who initiate antifibrotic treatment, the
lack of an untreated comparator group precludes us from
estimating a treatment effect. Estimating a treatment effect
using observational data requires accounting for con-
founding to a degree that was not possible using the avail-
able data; furthermore, the Oslo University Hospital registry
in particular was originally developed as a treatment-specific
registry, limiting the ability to include a representative
untreated group.

Second, because of differences in data collection among
the registries, we could not assess the impact of com-
orbidities. Concomitant emphysema in particular may be
associated with low DLCO relative to FVC, and with more
modest loss of FVC over time, but nonetheless high mortal-
ity risk—in other words, the pattern observed in the
advanced IPF patients in our study. The impact of concomi-
tant emphysema on outcomes in advanced IPF warrants
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further investigation. We were also unable to account for
abdominal obesity; while development or reduction of obe-
sity over time could confound change in FVC over time for
a given patient, our primary intent in classification at base-
line was to mirror lung function criteria used in previous
clinical trials in IPF, which did not adjust for body weight or
BMI. Furthermore, BMI in previous reports from portions
of our cohort has been similar to in the general
population.'*"

Finally, for similar reasons, we cannot report on hospital
admissions or acute exacerbations, specific causes of death
or safety outcomes apart from mortality. There is an unmet
need to characterize the effect of antifibrotic therapy on
acute exacerbations and hospital admissions in particular, as
treatment appears to impact such outcomes in clinical trial
populations.*?’

In conclusion, in a broadly representative population of
over 500 patients with IPF from four Nordic countries, we
have demonstrated that patients with advanced IPF at the
time of treatment initiation have more stable lung function
during follow-up, but substantially greater risk of mortality,
compared with patients with mild-moderate IPF. There is a
need for prospective studies specifically designed to deter-
mine the effect of antifibrotic therapy in patients with
advanced IPF.
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