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ABSTRACT

Introduction: In the European Union (EU), the
indication for the antifibrotic pirfenidone prior
to April 2023 did not include patients with
advanced idiopathic pulmonary fibrosis (IPF).
This analysis compared the efficacy and safety
of pirfenidone in advanced IPF versus non-ad-
vanced IPF.
Methods: Data were included from the follow-
ing studies of pirfenidone: ASCEND

(NCT01366209); CAPACITY (004
[NCT00287716] and 006 [NCT00287729]);
RECAP (NCT00662038; advanced IPF defined as
percent predicted forced vital capacity
[%FVC]\50% and/or percent predicted carbon
monoxide diffusing capacity [%DLco]\ 35% at
baseline); PASSPORT (NCT02699879; advanced
IPF defined as baseline %FVC\50%); and SP-
IPF (NCT02951429; patients with advanced IPF
[defined as %DLco B 40% at screening] at risk
of group 3 pulmonary hypertension).
Results: In the pooled ASCEND/CAPACITY
studies, the annual mean rate of FVC decline
from baseline to Week 52 was significantly
lower for pirfenidone versus placebo in
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advanced (p = 0.0035) and non-advanced IPF
(p = 0.0001). Rate of all-cause mortality over
52 weeks was numerically lower for pirfenidone
versus placebo in advanced and non-advanced
IPF. In RECAP, the mean annual rate of FVC
decline from baseline to Week 180 of pir-
fenidone treatment was similar in patients with
advanced (- 141.5 mL) and non-advanced IPF
(- 153.5 mL). In SP-IPF, the mean annual rate
of FVC decline and rate of all-cause mortality
from baseline to Week 52 in patients treated
with placebo ? pirfenidone were - 93.0 mL
and 20.2%, respectively. No new safety signals
were identified, and the safety profile of pir-
fenidone in patients with advanced IPF was
generally consistent with that of non-advanced
IPF.
Conclusions: These results highlight the bene-
fit of pirfenidone treatment in patients with
advanced and non-advanced IPF. As such, the
indication for pirfenidone in the EU has now
been updated to include the treatment of adult
patients with advanced IPF.
Trial Registrations: ASCEND (NCT01366209),
CAPACITY 004 (NCT00287716), CAPACITY 006
(NCT00287729), RECAP (NCT00662038), PASS-
PORT (NCT02699879), and SP-IPF
(NCT02951429).

Keywords: Advanced idiopathic pulmonary
fibrosis; Non-advanced idiopathic pulmonary
fibrosis; Pirfenidone

Key Summary Points

Why carry out this study?

Idiopathic pulmonary fibrosis (IPF) is a
chronic, fibrosing interstitial lung disease
that has a poor prognosis.

In the European Union (EU), the
antifibrotic pirfenidone was first approved
in 2011 for thetreatment of IPF. On the
basis of the available data at that time, the
approval did not includepatients with
advanced IPF.

With the aim of supporting the inclusion
of patients with advanced IPF to the
indication of pirfenidone in the EU, this
post-hoc analysis compared the safety and
efficacy of pirfenidone in patients with
advanced IPF versus those with non-
advanced IPF.

What was learned from this study?

The results of this post-hoc analysis
highlight the benefit of pirfenidone
treatment inpatients with advanced and
non-advanced IPF. The safety profile of
pirfenidone was alsogenerally consistent
between patients with advanced IPF and
non-advanced IPF.

On the basis of these data, the indication
for pirfenidone in the EU has been
expanded to includethe treatment of
patients with advanced IPF.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a chronic,
fibrosing interstitial lung disease that is char-
acterized by progressive worsening of dyspnea
and lung function, and has a poor prognosis
[1–3]. In general, the progression of IPF is not
linear [4–6]; some patients may experience
rapid deterioration and progression to death,
whereas others can experience periods of rela-
tive stability followed by periods of acute res-
piratory decline [1, 7]. There is no standardized
definition for the staging of IPF [3, 4]; however,
IPF staging has traditionally been defined by
terms such as ‘‘mild,’’ ‘‘moderate,’’ and ‘‘severe’’
or ‘‘early’’ and ‘‘advanced,’’ and has typically
been based on pulmonary function test results
[4, 8–10]. Previous studies have generally clas-
sified patients with IPF as having mild-to-mod-
erate lung impairment based on a percent
predicted forced vital capacity (%FVC) of C 50%
to 55% and a percent predicted carbon
monoxide diffusing capacity (%DLco) of C 30%
to 40%, while those with severe or advanced IPF
have been classified as having %FVC and
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%DLco values lower than these thresholds
[4, 11–14].

The inclusion criteria for clinical trials of
patients with IPF have varied, and many clinical
trials in IPF have excluded patients with
advanced disease [11, 15–18]. For example, the
multinational, placebo-controlled trial of inter-
feron gamma-1b only included patients with
%FVC 50–90% and %DLco C 25% [18]; the
pivotal Phase 3 trials of pirfenidone only inclu-
ded patients with %FVC C 50%, %DLco C 35%,
and either %FVC or %DLco B 90% (CAPACITY)
[15], or %FVC 50–90% and %DLco 30–90%
(ASCEND) [16]; and the Phase 3 trials of ninte-
danib (INPULSIS-1 and INPULSIS-2) only
included patients with %FVC C 50% and
%DLco 30–79% [17].

Nintedanib and pirfenidone are the only two
antifibrotics approved for the treatment of
patients with IPF [19]. Pirfenidone was first
approved for the treatment of IPF by the Euro-
pean Medicines Agency (EMA) in 2011 [20];
however, this approval was limited to patients
with mild-to-moderate IPF based on available
data at the time of approval. In 2014, the US
Food and Drug Administration granted
approvals for both pirfenidone and nintedanib
for the treatment of patients with IPF regardless
of disease severity [21, 22], and in 2015, the
EMA also approved nintedanib for the treat-
ment of patients with IPF regardless of disease
severity [23]. No evidence of new safety con-
cerns relating to the use of pirfenidone in
specifically patients with advanced IPF has
emerged in over 10 years of post-marketing
experience outside the European Union (EU;
i.e., in countries where it is approved for the
treatment of patients with IPF regardless of
severity), and several studies have highlighted
that pirfenidone may have a favorable bene-
fit–risk profile in patients with advanced IPF
[24–26].

Therefore, this post-hoc analysis aimed to
compare the efficacy and safety of pirfenidone
in patients with advanced IPF versus those with
non-advanced IPF using data from six studies of
pirfenidone in patients with IPF.

METHODS

Study Designs

This post-hoc analysis included data from the
ASCEND (NCT01366209), CAPACITY (004
[NCT00287716] and 006 [NCT00287729]),
RECAP (NCT00662038), PASSPORT
(NCT02699879), and SP-IPF (NCT02951429)
studies of pirfenidone (Fig. 1). The designs and
inclusion/exclusion criteria for these studies
have been previously reported in detail
[15, 16, 25, 27, 28]. Briefly, the ASCEND study
was a 52-week Phase 3 trial of pirfenidone (2403
mg/day) versus placebo (1:1) in 555 patients
with IPF with %FVC 50–90% and %DLco
30–90% [16]. The CAPACITY studies (004 and
006) were pivotal 72-week Phase 3 trials of pir-
fenidone versus placebo in 779 patients with IPF
with %FVC C 50%, %DLco C 35%, and either
%FVC or %DLco B 90%. In CAPACITY 004,
patients were randomized 2:1:2 to pirfenidone
2403 mg/day, pirfenidone 1197 mg/day, or pla-
cebo, and in CAPACITY 006, patients were
randomized 1:1 to pirfenidone (2403 mg/day)
versus placebo [15]. The RECAP study was an
open-label extension (OLE) study for patients
who completed the ASCEND or CAPACITY
studies (n = 1058), during which they could
continue or start to receive pirfenidone
(B 2403 mg/day) [27]. PASSPORT was a multi-
center, prospective, post-authorization study of
1009 patients (99.7% with IPF) who were fol-
lowed for up to 2 years after initiating treatment
with pirfenidone [28]. As a result of the real-
world nature of the PASSPORT study, the
inclusion/exclusion criteria were minimally
restrictive, and patients were not included/ex-
cluded on the basis of their %FVC and %DLco.
Lastly, the SP-IPF study was a Phase 2b 52-week
trial of sildenafil (60 mg/day) plus pirfenidone
(2403 mg/day) (sildenafil ? pirfenidone) versus
placebo with added pirfenidone (2403 mg/day)
(placebo ? pirfenidone) in patients with
advanced IPF (DLco B 40% predicted at
screening) at risk of group 3 pulmonary hyper-
tension (PH) [25]. No prospective data were
collected during this post-hoc analysis; there-
fore, ethical approval was not required.
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However, during the original trials, all patients
provided informed consent, the protocols were
approved by the institutional review boards or
ethics committees at each participating center,
and the trials were conducted in accordance
with the Declaration of Helsinki.

Patient Populations

This post-hoc analysis included patients who
participated in the ASCEND, CAPACITY (004
and 006), and RECAP trials, split by those with
advanced IPF (defined as %FVC\50% and/or
%DLco\35%) or non-advanced IPF (defined as
%FVC C 50% and %DLco C 35%) at baseline
for ASCEND and CAPACITY or at time of
enrollment for RECAP; patients who partici-
pated in the PASSPORT study with advanced IPF
(defined as baseline %FVC\50% only, because

no %DLco data were collected in this study);
and patients with advanced IPF (defined as
%DLco B 40% at screening) at risk of group 3
PH who participated in the SP-IPF study (Fig. 1).

Differences in study designs prevented any
direct comparisons between all patients in a
pooled efficacy population; therefore, three
separate patient populations were used for the
efficacy analyses. The first efficacy population
included patients randomized to pirfenidone or
placebo in the pooled ASCEND/CAPACITY
studies. The second population included
patients who had %FVC and/or %DLco data
available at baseline and received pirfenidone
up to 180 weeks in RECAP, and the third pop-
ulation included patients with advanced IPF at
risk of group 3 PH who received placebo ? pir-
fenidone over 52 weeks in SP-IPF. Given that
PASSPORT was a safety study, no efficacy data
were collected in that study.

Fig. 1 Overview of the studies and patient populations
included in the post-hoc analysis. No imputation was
performed for missing data. aEfficacy data were pooled for
the ASCEND and CAPACITY studies. The RECAP and
SP-IPF studies were analyzed separately. bAssessment at
12 months was chosen for the pooled ASCEND/CAPA-
CITY population since this is the duration of ASCEND
for which data were available to be pooled with data from

CAPACITY. cThe pooled safety population included data
from ASCEND, CAPACITY, RECAP, and SP-IPF. Data
from PASSPORT were analyzed separately. dExposure-
adjusted data were used for this analysis to account for the
differences in study duration and follow-up. 6MWD
6-min walk distance; FVC forced vital capacity, IPF idio-
pathic pulmonary fibrosis, OLE open-label extension,
TEAE treatment-emergent adverse event
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Direct comparison of the frequency of treat-
ment-emergent adverse events (TEAEs) between
patients with advanced and non-advanced IPF
in the pooled safety population was deemed
inappropriate because of the different study
designs and duration of follow-up between
studies. Instead, exposure-adjusted data were
used to account for the differences in study
duration and follow-up, and TEAE rates were
calculated as a rate per 100 patient-years (PY).
Additionally, analyses of clinical safety were
split by patients who were pirfenidone treat-
ment naı̈ve and those who were pre-treated
with pirfenidone at baseline, to control for any
potential confounders caused by prior exposure
to pirfenidone. Therefore, the pooled safety
population included pirfenidone treatment-
naı̈ve patients with advanced and non-ad-
vanced IPF enrolled in the ASCEND, CAPACITY,
and RECAP studies, pirfenidone pre-treated
patients with advanced and non-advanced IPF
enrolled in the RECAP study, and pirfenidone
pre-treated patients with advanced IPF enrolled
in the SP-IPF study. Patients who were treated
with pirfenidone in the ASCEND or CAPACITY
studies, and subsequently enrolled in RECAP,
were considered pre-treated for this analysis. As
a result of differences in study assessments,
safety data from the PASSPORT study were
reported separately to the pooled safety
population.

Efficacy Endpoints

To assess the efficacy of pirfenidone in patients
with advanced IPF versus non-advanced IPF, the
annual rate of change from baseline in FVC
volume (mL) and rate of all-cause mortality
were assessed in all three efficacy populations.
Outcomes were assessed at Week 52 for the
pooled ASCEND/CAPACITY studies and the SP-
IPF study, and at Week 180 for RECAP. Addi-
tionally, categorical change in FVC C 10% or
death, mean change in 6-min walk distance
(6MWD), and categorical change in
6MWD C 50 m or death from baseline to
Week 52 for pirfenidone versus placebo were
assessed in the pooled ASCEND/CAPACITY
studies only (Fig. 1).

Safety Endpoints

To assess the safety of pirfenidone in patients
with advanced IPF and those with non-ad-
vanced IPF, exposure-adjusted rate of TEAEs,
defined as adverse events with an onset date
from first date of study drug administration
until last date of study drug administration,
were assessed in the pooled safety population.
Additionally, the safety profile of pirfenidone
versus placebo patients with advanced IPF was
assessed in the pooled ASCEND/CAPACITY
studies only. Ancillary safety data from the
PASSPORT study were reported separately, as
this study collected adverse drug reactions
(ADRs), i.e., only AEs deemed causally related to
pirfenidone, rather than all TEAEs regardless of
causality (Fig. 1).

Statistical Analyses

Data from the pooled ASCEND/CAPACITY
studies were analyzed until Week 52 for efficacy
in order to provide comparable results because
of differences in study length (52 weeks for
ASCEND and 72 weeks for the CAPACITY trials).
Linear slope analysis of change from baseline to
Week 52 in FVC volume (mL) was performed
using a mixed model, and slopes were calcu-
lated on the basis of observed data using actual
observation times. Categorical change in FVC
C 10% or death was calculated using the dif-
ference between baseline and Week 52% FVC
values; if a patient died before Week 52, their
death was counted as an event. Mean change in
6MWD from baseline to Week 52 was calculated
using the observed values at the two time
points; patients who died before Week 52 were
excluded from the analysis. Categorical change
in 6MWD C 50 m or death was calculated using
change in 6MWD between baseline and
Week 52; if a patient died before Week 52, their
death was counted as an event. All-cause mor-
tality was compared between pirfenidone and
placebo using the log rank test. A proportional
hazards model, with treatment as a fixed effect,
was used to estimate the hazard ratio (HR) and
95% confidence intervals (CI). Kaplan–Meier
curves were used to display event times and the
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number of patients at risk. Patients without an
event were censored at or prior to 52 weeks, as
appropriate, for each outcome and 52-week
completion status. All p values reported for the
efficacy endpoints are of exploratory nature, as
all analyses were performed retrospectively.

In patients from the RECAP study, decline in
FVC volume over 180 weeks was measured
using change from baseline and linear slope
analysis of annual rate of decline. Annual FVC
decline was estimated using a single-arm repe-
ated-measures model for patients with
advanced and non-advanced IPF.

In patients from the SP-IPF study, change
from baseline in FVC volume at 52 weeks was
measured using linear slope analysis.

TEAEs in the safety population were sum-
marized descriptively. Descriptive comparison
of TEAEs between patients with advanced and
non-advanced IPF was performed at the system
organ class (SOC) level, followed by an investi-
gation of preferred terms for SOCs with a higher
frequency in patients with advanced versus
non-advanced IPF.

RESULTS

Patients

The efficacy analysis population included 1247
patients from the pooled ASCEND/CAPACITY
studies, of whom 170 had advanced IPF (pir-
fenidone, n = 90; placebo, n = 80) and 1077 had
non-advanced IPF (pirfenidone, n = 533; pla-
cebo, n = 544); 596 patients who received pir-
fenidone in the RECAP study, of whom 187 had
advanced IPF and 409 had non-advanced IPF;
and 89 patients with advanced IPF and risk of
group 3 PH who received placebo ? pirfenidone
in the SP-IPF study (Fig. 1).

Baseline demographics for the efficacy pop-
ulation were generally similar for patients with
advanced and non-advanced IPF across the
pooled ASCEND/CAPACITY population and the
RECAP population, regardless of disease severity
or treatment received (Table 1). However, some
notable differences in other baseline character-
istics were observed. For example, prior to
enrollment in these studies, patients with

advanced IPF had a shorter duration of treat-
ment, and a longer time from diagnosis to
treatment versus those with non-advanced IPF.
Other observed differences in baseline charac-
teristics between the severity groups were con-
sistent with the selection criteria and natural
history of IPF. Baseline characteristics from
patients with advanced IPF in the SP-IPF study
have been published previously [25].

The pooled safety analysis population inclu-
ded a total of 1308 patients treated with pir-
fenidone. Overall, 894 patients were classified as
treatment naı̈ve (advanced IPF, n = 177; non-
advanced IPF, n = 717) and 414 patients were
classified as pre-treated (advanced IPF, n = 189;
non-advanced IPF, n = 225). Additionally, 1009
patients (144 patients with advanced IPF) from
the PASSPORT study were included in the sep-
arate safety analysis (Fig. 1). Baseline character-
istics for the pooled safety analysis population
are presented in the Supplementary Material.

Efficacy Outcomes

All efficacy data for patients with advanced and
non-advanced IPF are presented in Table 2.

Pooled ASCEND/CAPACITY Studies

The annual mean rate of FVC decline from
baseline to Week 52 was significantly lower for
pirfenidone versus placebo in patients with
advanced IPF (- 150.9 vs - 277.6; p = 0.0035)
and in patients with non-advanced IPF (- 128.7
vs - 216.7; p\0.0001). The absolute and rela-
tive treatment differences for pirfenidone versus
placebo did not differ in a clinically meaningful
way between patients with advanced IPF
(126.7 mL and 45.6%, respectively) and non-
advanced IPF (88.0 mL and 40.6%, respectively).
Furthermore, there were significantly fewer
patients in the pirfenidone group versus the
placebo group who experienced a categorical
decline in FVC C 10% or death in both the
advanced (18.9% vs 42.5%; p = 0.0008) and
non-advanced (14.1% vs 23.9%; p\ 0.0001)
groups (Table 2).

In both the advanced IPF and non-advanced
IPF groups, mean change in 6MWD from
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baseline to Week 52 was significantly lower for
pirfenidone versus placebo (advanced IPF,
- 62.7 m vs - 112.4 m, p = 0.0477; non-ad-
vanced IPF, - 25.7 m vs - 45.5 m, p = 0.0031),
and there were significantly fewer patients in
the pirfenidone group versus the placebo group
who experienced a categorical decline in
6MWD C 50 m or death (advanced IPF, 43.3%
vs 60.0%, p = 0.0305; non-advanced IPF, 21.4%
vs 30.5%, p = 0.0006; Table 2).

Of note, a greater rate of progression (in
terms of change in FVC and 6MWD over
52 weeks) was observed for patients with
advanced IPF versus non-advanced IPF. More-
over, in the advanced IPF and non-advanced IPF
groups, the proportion of patients who had
FVC C 50% at baseline but progressed to
FVC\50% at Week 52 was lower for pir-
fenidone versus placebo (advanced IPF, 24.4%
vs 35.0%; non-advanced IPF, 10.1% vs 14.7%).

Table 1 Demographics and baseline characteristics for the pooled ASCEND/CAPACITY studies, and the RECAP study
(efficacy populations)

Pooled ASCEND/CAPACITY studies RECAP

Variablec Advanceda

n = 170

Non-advancedb

n = 1077

Advanceda

n = 187

Non-advancedb

n = 409

Pirfenidone

n = 90

Placebo

n = 80

Pirfenidone

n = 533

Placebo

n = 544

Pirfenidone

n = 187

Pirfenidone

n = 409

Age, years 68.9 (7.8) 68.5 (8.3) 66.9 (7.5) 67.0 (7.4) 68.1 (7.7) 68.3 (7.9)

Male, n (%) 74 (82.2) 59 (73.8) 389 (73.0) 406 (74.6) 140 (74.9) 289 (70.7)

White, n (%) 84 (93.3) 76 (95.0) 508 (95.3) 514 (94.5) 185 (98.9) 398 (97.3)

Ethnicity, n (%)

Hispanic or Latino 9 (10.0) 13 (16.3) 56 (10.5) 58 (10.7) 12 (6.4) 14 (3.4)

Not Hispanic

or Latino

81 (90.0) 67 (83.8) 477 (89.5) 486 (89.3) 175 (93.6) 395 (96.6)

BMI, kg/m2 29.0 (4.3) 28.8 (3.8) 30.0 (4.4) 29.8 (4.5) 29.4 (4.9)d 29.5 (4.5)e

%FVC 61.9 (11.7) 66.6 (13.4) 73.2 (12.7) 72.8 (13.5) 59.8 (14.1)f 76.1 (15.3)g

%DLco 32.9 (3.3) 32.3 (2.4) 47.7 (9.4) 47.5

(10.6)h
29.2 (6.1)i 47.0 (10.3)j

Duration of treatment,

months

12.1 (4.7) 12.3 (4.7) 14.5 (5.2) 14.7 (4.8) 28.3 (22.6) 42.9 (24.6)

Time from diagnosis

to treatment, years

1.6 (1.0) 1.7 (1.1) 1.4 (1.1) 1.4 (1.1)k 3.0 (1.1) 2.8 (1.1)l

%DLco percent predicted carbon monoxide diffusing capacity, %FVC percent predicted forced vital capacity, BMI body mass index, IPF

idiopathic pulmonary fibrosis, SD standard deviation
aPatients with advanced IPF were defined as those with %FVC\ 50% and/or %DLco\ 35% at baseline for ASCEND and CAPACITY

or at time of enrollment for RECAP; bPatients with non-advanced IPF were defined as those with %FVC C 50% and %DLco C 35%, or

%FVC C 50% or %DLco C 35% at baseline (ASCEND and CAPACITY) or at time of enrollment (RECAP), if other lung function

data were missing; cData presented as mean (SD) unless otherwise specified; dn = 186; en = 407; fn = 184; gn = 400; hn = 542;
in = 178; jn = 364; kn = 543; ln = 408
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The rate of all-cause mortality over 52 weeks
was numerically lower in patients who received
pirfenidone versus those who received placebo
in the advanced IPF group (4.4% vs 15.0%). In
the non-advanced IPF group, the rate of all-
cause mortality over 52 weeks was generally
similar for pirfenidone versus placebo (3.4% vs
5.5%). In time-to-event analyses, patients with
advanced IPF who received pirfenidone had a
significantly lower risk of all-cause mortality
over 52 weeks versus those treated with placebo
(HR 0.28 [95% CI 0.09, 0.88]; p = 0.0194)
(Fig. 2a), whereas the risk of all-cause mortality
over 52 weeks in patients with non-advanced
IPF was not significantly different for pir-
fenidone versus placebo (HR 0.61 [95% CI 0.34,
1.09]; p = 0.090) (Fig. 2b).

RECAP Study

The mean annual rate of FVC decline from
baseline to Week 180 was similar with longer-
term pirfenidone treatment in patients with
advanced IPF (- 141.5 mL) and non-advanced
IPF (- 153.5 mL). The rate of all-cause mortality
over 180 weeks was numerically higher in
patients with advanced IPF (27.8%) versus those
with non-advanced IPF (12.0%).

SP-IPF Study

In patients with advanced IPF at risk of group 3
PH treated with placebo ? pirfenidone, the
mean annual rate of FVC decline from baseline
to Week 52 was - 93.0 mL and the rate of all-
cause mortality over 52 weeks was 20.2%.

Safety Outcomes

Exposure-Adjusted Safety Profile Summary
(Pooled Safety Patient Population)
Overall, in both pirfenidone treatment-naı̈ve
and pirfenidone pre-treated patients, similar
rates of TEAEs occurred in patients with
advanced IPF compared with non-advanced IPF
(868.5/100 PY versus 816.7/100 PY, respectively;
and 675.2/100 PY versus 673.1/100 PY, respec-
tively; Table 3). However, the exposure-adjusted
event rates of serious TEAEs, severe TEAEs,T
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TEAEs leading to death, and TEAEs leading to
treatment discontinuation in pirfenidone
treatment-naı̈ve patients and pre-treated
patients were higher in patients with advanced
IPF than in patients with non-advanced IPF
(Table 3).

Distribution of TEAEs by SOC (Safety Patient
Population)
Pirfenidone Treatment-Naı̈ve Patients When
TEAEs were analyzed in treatment-naı̈ve
patients by SOC, two SOCs showed a higher
TEAE rate (defined as a rate difference of C 10/
100 PY) in patients with advanced IPF versus
non-advanced IPF: respiratory, thoracic, and
mediastinal disorder; and cardiac disorders
(Fig. 3a). The exposure-adjusted event rate dif-
ference between patients with advanced IPF and
non-advanced IPF observed in the respiratory,
thoracic, and mediastinal disorders SOC was
primarily driven by the preferred term IPF (rate
difference 14.9/100 PY), followed by other
events directly or indirectly related to the
higher severity of the underlying disease, such
as dyspnea (rate difference 9.5/100 PY), pul-
monary hypertension (9.1/100 PY), and
hypoxia (5.5/100 PY). The CIs for the exposure-
adjusted rates of IPF and dyspnea were not
overlapping in both pirfenidone treatment-
naı̈ve and pre-treated patients, which is expec-
ted for events worsening in the advanced stages

of IPF. For PH and hypoxia, the CIs were not
overlapping in pirfenidone treatment-naı̈ve
patients only; however, the number of such
reports was too small for a robust assessment.
The exposure-adjusted event rate difference
between patients with advanced IPF and non-
advanced IPF observed in the cardiac disorders
SOC was mainly driven by atrial fibrillation
(rate difference 2.8/100 PY) and tachycardia
(2.3/100 PY). Atrial arrhythmias are the most
commonly seen arrhythmias in patients with
IPF, and supraventricular tachycardia and mul-
tifocal atrial tachycardia are known to be car-
diac manifestations of IPF [29].

Pirfenidone Pre-treated Patients When TEAEs
were analyzed in pre-treated patients by SOC,
two SOCs showed a higher TEAE rate (defined as
a rate difference of C 10/100 PY) in patients
with advanced IPF versus non-advanced IPF:
respiratory, thoracic, and mediastinal disorders;
and infections and infestations (Fig. 3b). The
exposure-adjusted event rate difference between
patients with advanced IPF and non-advanced
IPF observed in the respiratory, thoracic, and
mediastinal disorders SOC was primarily driven
by IPF (rate difference 21.8/100 PY), followed by
other events directly or indirectly related to the
higher severity of the underlying disease, such
as dyspnea (9.4/100 PY), respiratory failure (3.2/
100 PY), and pulmonary hypertension (2.1/100

Fig. 2 OS in the pooled ASCEND/CAPACITY studies. A Advanced IPF and B non-advanced IPF (efficacy population).
CI confidence interval, HR hazard ratio, IPF idiopathic pulmonary fibrosis, OS overall survival
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Table 3 Exposure-adjusted safety profile for pirfenidone in studies ASCEND, CAPACITY, RECAP, and SP-IPF (pooled
safety population)

TEAEs experienced Treatment naı̈vea n = 894 Pre-treatedb n = 414

Advancedc

n = 177c
Non-advancedd

n = 717
Advancedc

n = 189
Non-advancedd

n = 225

Event
count

Incidence
rate (100
PY)

Event
count

Incidence
rate (100
PY)

Event
count

Incidence
rate (100
PY)

Event
count

Incidence
rate (100
PY)

TEAEs 2550 868.5 10,490 816.7 2215 675.2 5539 673.1

Related TEAEs 778 265.0 3424 266.6 320 97.5 816 99.2

Serious TEAEs 173 58.9 470 36.6 272 82.9 343 41.7

Related serious TEAEs 24 8.2 46 3.6 7 2.1 27 3.3

Severe TEAEs 199 67.8 531 41.3 330 100.6 354 43.0

Related severe TEAEs 29 9.9 101 7.9 24 7.3 31 3.8

GI disordere 403 137.3 1921 149.6 281 85.7 723 87.9

Related GI disordere 257 87.5 1243 96.8 111 33.8 270 32.8

Photosensitivityf 42 14.3 191 14.9 21 6.4 55 6.7

Related photosensitivityf 38 12.9 167 13.0 14 4.3 38 4.6

Rashg 95 32.4 462 36.0 30 9.1 124 15.1

Related rashg 76 25.9 377 29.4 22 6.7 87 10.6

Dizziness 34 11.6 218 17.0 20 6.1 71 8.6

Related dizziness 11 3.8 96 7.5 7 2.1 19 2.3

Weight loss 35 11.9 78 6.1 16 4.9 49 6.0

Related weight loss 25 8.5 56 4.4 9 2.7 27 3.3

Fatigue 52 17.7 243 18.9 32 9.8 78 9.5

Related fatigue 29 9.9 165 12.9 14 4.3 17 2.1

TEAEs leading to death 19 6.5 48 3.7 61 18.6 37 4.5

Related TEAEs leading to

death

2 0.7 6 0.5 2 0.6 3 0.4

TEAEs leading to

treatment

discontinuation

57 19.4 150 11.7 74 22.6 93 11.3
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Table 3 continued

TEAEs experienced Treatment naı̈vea n = 894 Pre-treatedb n = 414

Advancedc

n = 177c
Non-advancedd

n = 717
Advancedc

n = 189
Non-advancedd

n = 225

Event
count

Incidence
rate (100
PY)

Event
count

Incidence
rate (100
PY)

Event
count

Incidence
rate (100
PY)

Event
count

Incidence
rate (100
PY)

Related TEAEs leading to

treatment

discontinuation

19 6.5 74 5.8 16 4.9 22 2.7

%DLco percent predicted carbon monoxide diffusing capacity, %FVC percent predicted forced vital capacity, GI gas-
trointestinal, IPF idiopathic pulmonary fibrosis, PT preferred term, SOC system organ class, TEAE treatment-emergent
adverse event
aTreatment-naı̈ve patients treated with pirfenidone included from ASCEND and CAPACITY and those enrolled in
RECAP who received placebo previously in the pivotal trials; bPre-treated patients were those enrolled in RECAP who
received pirfenidone previously in the pivotal trials and patients who were randomized to placebo ? pirfenidone in the SP-
IPF study; cPatients with advanced IPF were defined as patients with %FVC\ 50% and/or %DLco\ 35% at baseline
(ASCEND and CAPACITY) or at time of enrollment (RECAP), and all patients in SP-IPF; dPatients with non-advanced
IPF were defined as patients with %FVC C 50% and %DLco C 35%, or %FVC C 50% or %DLco C 35% at baseline
(ASCEND and CAPACITY) or at time of enrollment (RECAP), if other lung function data were missing; eSOC GI
disorders; fPTs of photodermatosis, photosensitivity reaction, pruritus, pruritus allergic, pruritus generalized; gPTs of rash,
rash erythematous, rash generalized, rash macular, rash maculo-papular, rash papular, rash pruritic, rash follicular, exfoliative
rash, sunburn, erythema, dry skin

Fig. 3 TEAEs by SOC. A Pirfenidone treatment-naı̈ve
patients and B pirfenidone pre-treated patients (pooled
safety population [ASCEND, CAPACITY, RECAP, and

SP-IPF]). IPF idiopathic pulmonary fibrosis, SOC system
organ class, TEAE treatment-emergent adverse event
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PY). The exposure-adjusted event rate difference
between patients with advanced IPF and non-
advanced IPF observed in the infections and

infestations SOC was mainly due to respiratory
tract infections (lower respiratory tract infec-
tion, rate difference 9.5/100 PY; bronchitis, 4.8/

Table 4 Summary of safety profile of pirfenidone in patients with advanced IPF (pooled ASCEND/CAPACITY studies
only)

Number of patients experiencing, n (%) Advanced patientsb n = 170

Pirfenidone n = 90 Placebo n = 80

TEAEs 90 (100) 78 (97.5)

Related TEAEs 79 (87.8) 62 (77.5)

Serious TEAEs 28 (31.1) 35 (43.8)

Related serious TEAEs 8 (8.9) 3 (3.8)

Severe TEAEs 32 (35.6) 33 (41.3)

Related severe TEAEs 11 (12.2) 5 (6.3)

GI disorderc 72 (80.0) 50 (62.5)

Related GI disorderc 58 (64.4) 34 (42.5)

Photosensitivityd 15 (16.7) 8 (10.0)

Related photosensitivityd 14 (15.6) 7 (8.8)

Rashe 35 (38.9) 13 (16.3)

Related rashe 29 (32.2) 10 (12.5)

Dizziness 16 (17.8) 14 (17.5)

Related dizziness 4 (4.4) 7 (8.8)

Weight decreased 19 (21.1) 13 (16.3)

Related weight decreased 15 (16.7) 11 (13.8)

Fatigue 22 (24.4) 16 (20.0)

Related fatigue 15 (16.7) 8 (10.0)

TEAEs leading to death 4 (4.4) 10 (12.5)

Related TEAEs leading to death 2 (2.2) 0

TEAEs leading to treatment discontinuation 15 (16.7) 17 (21.3)

Related TEAEs leading to treatment discontinuation 9 (10.0) 1 (1.3)

%DLco percent predicted carbon monoxide diffusing capacity, %FVC percent predicted forced vital capacity, GI gas-
trointestinal, IPF idiopathic pulmonary fibrosis, MedDRA Medical Dictionary for Regulatory Activities, PT preferred term,
SOC system organ class, TEAE treatment-emergent adverse event
aIn the ASCEND and CAPACITY studies, MedDRA version 11.0 was used; bPatients with advanced IPF were defined as
patients with %FVC\ 50% and %DLco\ 35% at baseline; cSOC GI disorders; dPTs of photodermatosis, photosensitivity
reaction, pruritus, pruritus allergic, pruritus generalized; ePTs of rash, rash erythematous, rash generalized, rash macular, rash
maculo-papular, rash papular, rash pruritic, rash follicular, exfoliative rash, sunburn, erythema, dry skin
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100 PY; upper respiratory tract infection, 4.8/
100 PY; respiratory tract infection, 3.6/100 PY;
and pneumonia, 2.0/100 PY).

Safety Profile of Pirfenidone in Patients
with Advanced IPF (Pooled ASCEND/
CAPACITY Studies Only)
Overall, similar rates of TEAEs were observed for
patients with advanced IPF who received pir-
fenidone or placebo (100% versus 97.5%;
Table 4). However, lower rates of serious TEAEs,
severe TEAEs, and TEAEs leading to death were
observed for patients with advanced IPF who
received pirfenidone versus placebo. In addi-
tion, patients with advanced IPF who received
placebo experienced a higher frequency of res-
piratory TEAEs versus those who received pir-
fenidone. The TEAEs reported more frequently
in patients with advanced IPF who received
pirfenidone versus placebo were either estab-
lished reactions associated with pirfenidone
[20] (e.g., gastrointestinal [GI] disorders [80.0%
vs 62.5%]; Table 4) or non-serious events asses-
sed to be unrelated to pirfenidone by the
investigator.

ADRs in PASSPORT
Of 144 patients with advanced IPF in the
PASSPORT study, 91 (63.2%) experienced a total
of 213 ADRs of special interest (serious and non-
serious). The predominant category of ADRs of
special interest was GI symptoms (63 [43.8%]
patients with 104 events), followed by weight
loss (30 [20.8%] patients with 35 events), fati-
gue (28 [19.4%] patients with 31 events), and
photosensitivity reactions and skin rashes
(23 [16.0%] patients with 31 events).

In the total population, including patients
with advanced and non-advanced IPF,
693/1009 (68.7%) patients experienced a total
of 1577 ADRs of special interest. The predomi-
nant category of ADRs of special interest was GI
symptoms (38.3%), followed by photosensitiv-
ity reactions and skin rashes (29.0%), fatigue
(24.2%), and weight loss (16.1%) [28].

DISCUSSION

The efficacy and safety profile of pirfenidone
has previously been confirmed in patients with
less advanced IPF in several studies [15, 16, 27].
However, a more recent study and post-hoc
analyses have provided evidence to suggest that
pirfenidone is also efficacious, with an accept-
able safety profile, in patients with advanced IPF
[24–26]. Therefore, this post-hoc analysis aimed
to compare the efficacy and safety of pir-
fenidone in patients with advanced IPF versus
non-advanced IPF using data from six studies of
pirfenidone.

The results presented here highlight the
benefit of pirfenidone treatment in patients
with advanced and non-advanced IPF. In the
pooled ASCEND/CAPACITY studies, both
patients with advanced IPF and non-advanced
IPF who received pirfenidone had a significantly
reduced decline in lung function and exercise
capacity versus those who received placebo. It is
also important to acknowledge that in the
pooled ASCEND/CAPACITY studies, a greater
rate of progression was observed for patients
with advanced IPF versus non-advanced IPF,
which is consistent with the natural history of
IPF. Moreover, patients with advanced IPF who
received pirfenidone had a lower rate of all-
cause mortality versus those who received pla-
cebo. Although no significant difference in
mortality rate was found for pirfenidone versus
placebo in the non-advanced group, by better
preserving their lung function, pirfenidone was
successful in reducing the proportion of
patients who progressed to advanced IPF based
on %FVC (and who would then have had an
increased risk of mortality). Additionally, in
RECAP, the longer-term treatment benefit of
pirfenidone on lung function decline was simi-
lar in patients with advanced IPF versus those
with non-advanced IPF. Furthermore, consis-
tent with the natural history of IPF, the all-cause
mortality rates in the RECAP study were higher
in patients with advanced IPF compared with
those with non-advanced IPF. In SP-IPF,
patients with advanced IPF who received
placebo ? pirfenidone experienced less deteri-
oration in lung function versus the advanced
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and non-advanced patient populations from
the other studies in this analysis; however, this
may be due to the differences in how advanced
IPF was defined in the different studies (e.g., SP-
IPF was the only study that also had being at
risk of group 3 PH as an inclusion criterion, and
also did not consider baseline %FVC) and so
direct comparisons are not appropriate. The rate
of all-cause mortality in the SP-IPF study was
slightly higher in patients with advanced IPF at
risk of PH who received placebo ? pirfenidone
compared with the advanced patient popula-
tion who received pirfenidone in the pooled
ASCEND/CAPACITY trials; however, this is
consistent with current understanding of
increased mortality rates among patients with
IPF and PH [30, 31]. Overall, these results
demonstrate the treatment benefit of pir-
fenidone versus placebo in patients with
advanced IPF by highlighting that placebo-
treated patients have poorer outcomes versus
pirfenidone-treated patients, regardless of dis-
ease severity.

No new safety signals were identified among
patients with advanced IPF, and the safety pro-
file of pirfenidone in patients with advanced IPF
was generally consistent with the safety profile
in patients with non-advanced IPF. In pir-
fenidone treatment-naı̈ve patients and pre-
treated patients, similar rates of TEAEs occurred
in patients with advanced IPF compared with
non-advanced IPF, and events that occurred at a
higher rate in patients with advanced IPF were
attributed, directly or indirectly, to the higher
severity of the underlying disease. In the pooled
ASCEND/CAPACITY studies, the rate of TEAEs
in patients with advanced IPF was similar for
those who received pirfenidone versus placebo.
However, patients who received placebo expe-
rienced a higher frequency of respiratory TEAEs
compared with those who received pirfenidone,
whereas TEAEs that were reported more fre-
quently in those who received pirfenidone were
either established reactions associated with pir-
fenidone or non-serious events assessed to be
unrelated to pirfenidone by the Investigator.

This post-hoc analysis was a thorough
examination of existing data, and the results
support the growing body of evidence suggest-
ing that pirfenidone is efficacious and well

tolerated in patients with advanced IPF. A pre-
vious post hoc analysis investigating the effect
of pirfenidone versus placebo over 52 weeks in
patients with IPF and more advanced lung
function impairment (%FVC\50% and/or
%DLco\35%) from the ASCEND and CAPA-
CITY (004 and 006) trials showed that pir-
fenidone-treated patients had significantly
reduced risks of all-cause mortality and signifi-
cantly less deterioration in lung function,
exercise capacity, and dyspnea compared with
placebo-treated patients [24]. Similarly, results
from a previous post-hoc analysis of the RECAP
study demonstrated that long-term pirfenidone
treatment was efficacious in both patients with
more advanced IPF (%FVC\50% and/or
%DLco\35%) and those with less advanced
IPF (%FVC C 50% and %DLco C 35%) [26].
Additionally, the safety profile of pirfenidone
was generally similar between patients with
more and less advanced disease, with the
exception of adverse events related to the
higher severity of the underlying disease, which
were experienced more frequently in patients
with more advanced IPF [26]. Furthermore,
evidence from the Phase 2b placebo-controlled
SP-IPF study of sildenafil added to pirfenidone
in patients with advanced IPF (%DLco B 40% at
screening) at risk of group 3 PH suggested a
tolerability of pirfenidone in patients with
advanced IPF similar to that shown in the
ASCEND, CAPACITY (004 and 006), and RECAP
studies [25].

Within the broader IPF treatment landscape,
nintedanib was approved for the treatment of
patients with IPF, regardless of disease severity,
throughout the EU in 2015 based on two
52-week, Phase 3, placebo-controlled trials of
nintedanib in patients with IPF (INPULSIS:
NCT01335464 and NCT01335477) [17, 23].
Despite previous studies showing that pir-
fenidone may also be efficacious in patients
with advanced IPF [24–26], the approval of pir-
fenidone in the EU remains limited to the
treatment of mild-to-moderate IPF at the time
of writing [20].

This analysis is limited by its post-hoc nature
and the small number of patients with
advanced IPF relative to those with non-ad-
vanced IPF. It should also be noted that
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although the criteria for advanced IPF were
%FVC\ 50% and/or %DLco\ 35% in the
ASCEND/CAPACITY and RECAP analyses, the
patients in the advanced IPF groups for these
studies had a mean baseline %FVC of
59.8–66.6%, thus suggesting that the efficacy
findings may be generalizable only to patients
with advanced IPF as defined by the DLco cri-
terion and not necessarily to patients with both
%DLco\35% and %FVC\50%. Furthermore,
as a result of the different study designs and
patient populations, it was not possible to pool
together data from all studies, hence the use of
several separate analyses.

CONCLUSIONS

Overall, the results from this post-hoc analysis
highlight the benefit of pirfenidone treatment
in patients with advanced and non-advanced
IPF. On the basis of FVC and 6MWD, and
mortality rates, pirfenidone was shown to be
efficacious versus placebo in both patients with
advanced IPF (baseline %DLco\ 35%) and
those with non-advanced IPF. The benefit of
pirfenidone relative to placebo was comparable
between patients with advanced and non-ad-
vanced IPF, and continued efficacy was
observed during the OLE period of the RECAP
study in both populations. Additionally, on the
basis of the pooled ASCEND/CAPACITY data, a
greater rate of progression (decline in FVC,
decline in 6MWD, and rate of all-cause mortal-
ity) was observed for patients with advanced IPF
versus non-advanced IPF; however, no statisti-
cal comparisons were performed between these
groups. The safety profile of pirfenidone was
generally consistent between patients with
advanced IPF and those with non-advanced IPF,
with the exception of adverse events related to
the higher severity of the underlying disease,
which were experienced more frequently in
patients with advanced IPF. On the basis of
these data, the indication for pirfenidone in the
EU was expanded in April 2023 to include the
treatment of adult patients with advanced IPF
[32].
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