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ABSTRACT

Aim: The efficacy and safety of pirfenidone
have been previously demonstrated in patients
with mild-to-moderate idiopathic pulmonary
fibrosis (IPF). However, the effect of pirfenidone
in patients with advanced IPF remains unclear.

Here, we investigated the effects of pirfenidone
against advanced IPF in a real-world setting.
Methods: A prospective nationwide post-mar-
keting study was conducted on 258 patients
from 10 Korean institutions. Patients with a
predicted forced vital capacity (FVC) less than
50% or a diffusing capacity of the lung for car-
bon monoxide (DLco) less than 35% at baseline
were classified as the advanced IPF group.
Results: Of 219 patients included in the anal-
ysis, the majority were male (76.3%); the mean
age was 67.3 years, and the advanced group
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accounted for 17.8% of the patients. The med-
ian treatment duration was 298 days. Among
the subjects, 86.3% experienced adverse events
(AEs), of which a decreased appetite (32.4%)
and a photosensitivity reaction (13.7%) were
the most frequent. The incidence of AEs was
similar between the advanced and non-ad-
vanced groups (92.3% vs. 85.0%, respectively;
p = 0.229). Although the overall discontinua-
tion rate was higher in the advanced group than
in the non-advanced group (74.4% vs. 50.0%,
respectively; p = 0.006), the percentages of the
patients who discontinued treatment as a result
of AEs were similar in both groups (20.5% vs.
23.3%, respectively; p = 0.704). In all patients,
the rates of decline in the predicted FVC and
DLco over 48 weeks were - 4.3 ± 1.3% and
- 4.4 ± 1.7%, respectively. There was no
between-group difference in the rate of lung
function decline.
Conclusions: Pirfenidone used for the treat-
ment of patients with IPF in a real-world setting
was well tolerated, with an acceptable safety
profile and a consistent therapeutic effect,
regardless of the disease severity.
Trial Registration: ClinicalTrials.gov
NCT03761082; the trial was retrospectively
registered on December 3, 2018.

Keywords: Advanced disease; Disease
progression; Idiopathic pulmonary fibrosis;
Pirfenidone; Safety; Treatment outcome

Key Summary Points

Why carry out this study?

The efficacy and safety of pirfenidone have
been previously demonstrated in patients
with mild-to-moderate idiopathic
pulmonary fibrosis (IPF), but the effect of
pirfenidone in patients with advanced IPF
remains unclear.

Several real-world studies have suggested
that pirfenidone may attenuate lung
function decline in patients with
advanced IPF, but these studies were
mostly retrospective observational, single-
center, or descriptive studies.

We investigated the effects of pirfenidone
against advanced IPF in a real-world
setting.

What was learned from the study?

Treatment with pirfenidone in a real-
world setting produced an
acceptable safety profile and a consistent
therapeutic effect in patients with IPF in
terms of stabilizing lung function and
subjective symptoms, regardless of the
disease severity.

Although the demographic and clinical
features of the present study were
comparable to those of other studies,
additional studies may be needed to
further confirm these findings.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a fatal
fibrotic lung disease, associated with the wors-
ening of dyspnea and a progressive decline in
lung function, with a median patient survival of
2–5 years from diagnosis [1, 2]. Pirfenidone, an
oral antifibrotic agent [3], was approved for IPF
treatment in several countries, including Japan,
European countries, and the USA. The drug has
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been commercially available in Korea since
October 2012.

Previous clinical trials have shown that
treatment of patients with IPF with pirfenidone
attenuates lung function decline and reduces
the risk of unexpected hospitalizations and
mortality, with the drug showing an accept-
able safety profile [4–9]. A post hoc analysis of
pooled data from three phase 3 trials [10] also
showed consistent benefits of pirfenidone for
lung function in patients with IPF, regardless of
the extent of lung function impairment [forced
vital capacity (FVC) at least 80% vs. less than
80%] or the Gender–Age–Physiology stage (I vs.
II–III). However, previous trials only included
patients with mild-to-moderate IPF [predicted
FVC at least 50% and predicted diffusing
capacity of the lung for carbon monoxide
(DLco) at least 35%], and thus, the effect of
pirfenidone in patients with advanced IPF
remains unclear.

Several real-world studies and post hoc
analyses of the RECAP (NCT00662038) trial
have suggested that pirfenidone may attenuate
lung function decline in patients with advanced
IPF [11–15]. However, these studies were mostly
retrospective observational [11–15], single-cen-
ter [11, 12], or descriptive studies [15]. There-
fore, the aim of this study was to investigate the
effect of pirfenidone treatment in patients with
advanced IPF compared with that in patients
with non-advanced IPF in a real-world setting.

METHODS

Patients

Between 2014 and 2017, 258 patients with IPF
were enrolled from 10 institutions in Korea and
followed up until treatment discontinuation or
the end of the study period. The diagnosis of IPF
was confirmed through multidisciplinary dis-
cussion at each site, based on the American
Thoracic Society (ATS)/European Respiratory
Society (ERS)/Japanese Respiratory Society/Latin
American Thoracic Association guidelines [1].
According to the package insert statement, an
initial dose of 200 mg of pirfenidone was
administered three times daily with meals

(600 mg/day). Thereafter, the dose was gradu-
ally increased by 200 mg every 2 weeks to a
maximum of 600 mg per dose (1800 mg/day).
The study protocol was approved by the insti-
tutional review board of each institution, and
the study was performed in accordance with the
principles of the Helsinki Declaration of 1964
and its later amendments, as well as any rele-
vant regulatory requirements. All patients pro-
vided written informed consent. Patients with a
predicted FVC less than 50% or DLco less than
35% at baseline were classified as the advanced
group.

Data Collection

Lung function (FVC and DLco) and subjective
symptoms (dyspnea and cough) were assessed at
12-week intervals (i.e., 0, 12, 24, 36, and
48 weeks). Spirometry and DLco measurements
were performed on the basis of the ERS/ATS
guidelines, and the results were presented as
percentages of normal predicted values [16–18].
Dyspnea was assessed on a scale of 1 to 5,
according to the British Medical Research
Council, and the severity of cough was classified
into four grades (none, mild, moderate, and
severe) [19].

Evaluation of Safety and Efficacy

Safety was evaluated in patients who received
pirfenidone at least once and were followed up
for safety assessment. Treatment-emergent
events were defined as outcomes that occurred
from the first dose of pirfenidone until 7 days
after discontinuation. Adverse events (AEs) were
reported using preferred terms according to the
Medical Dictionary for Regulatory Activities,
version 21.0. Acute exacerbations of IPF were
reported by investigators and were defined as
events meeting all of the following criteria: (1)
worsening of dyspnea within a 1-month period;
(2) newly developed pulmonary infiltrates,
observed on chest computed tomography ima-
ges; (3) reduction of arterial oxygen tension (a
decrease of at least 10 mmHg in partial oxygen
pressure compared with stable pressure); and (4)
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no evidence of precipitating factors such as
infection or heart disease [4, 5].

Efficacy was evaluated in patients who were
treated for at least 12 weeks and underwent
lung function tests before and after treatment.
The rate of lung function decline and absolute
mean changes in predicted FVC% and DLco%
values from baseline to 48 weeks were analyzed
using the mixed-effects model repeated mea-
surement (MMRM) to minimize the influence of
missing data on calculated lung function
[20, 21]. Disease progression was determined as
the absolute decline of the predicted FVC at
least 10% or DLco at least 15% [1, 22]. Catego-
rized changes in dyspnea and cough were
defined as improved (decreased score),
stable (no change), or worsened (increased
score). Progression-free survival (PFS) was
defined as the time from treatment initiation to
the first occurrence of disease progression or
death.

Statistical Analysis

Data are expressed as the mean ± standard
deviation, the mean ± standard error (SE), or
numbers with percentages, as appropriate. An
independent t test or Wilcoxon’s rank-sum test
was used for comparison of continuous vari-
ables between the groups, and Fisher’s exact test
or Pearson’s chi-squared test was used for com-
parison of categorical variables between the
groups. MMRM was used to analyze the rate of
lung function decline and the absolute mean
changes of FVC and DLco from baseline (fixed
variables: visit, age, sex, and smoking status;
random effect: participant’s identification
number). The results (rate of lung function
decline and absolute mean changes from base-
line) for the advanced and non-advanced
groups were compared using group and group-
by-visit as fixed effects, in addition to MMRM.
The event-free probability was estimated using
the Kaplan–Meier method, and a log-rank test
was used for assessing differences between the
two groups. Adjusted hazard ratios (aHRs) and
95% confidence intervals (CIs) were generated
using Cox’s proportional hazards model adjus-
ted for age and sex. All statistical analyses were

performed using SAS (version 9.4, SAS Institute,
Cary, NC, USA). A two-sided p value less than
0.05 indicated significant differences.

RESULTS

Baseline Characteristics

Of the 258 enrolled patients, 39 were excluded
from the analysis because of off-label drug use
(n = 13) or missing baseline lung function data
(n = 26). Therefore, safety was evaluated in 219
patients (39 in the advanced group and 180 in
the non-advanced group) (Fig. 1). The baseline
characteristics of patients are provided in
Table 1 and in Table S1 in the supplementary
material. The patients were mostly male
(76.3%) and ever-smokers (68.9%), and the
mean age was 67.3 years. The median time since
diagnosis was 1.0 year (advanced 1.5 years vs.
non-advanced 0.9 years). The median duration
of treatment was 298 days, with 64.4% of the
patients treated for at least 180 days. Compared
with the patients in the non-advanced group,
those in the advanced group had more severe
subjective symptoms (cough and dyspnea),
lower lung function, and more frequently
received immunosuppressants at baseline. Pul-
monary hypertension tended to be more
prevalent in the advanced group than in the
non-advanced group (5.1% vs. 0.6%, respec-
tively; p = 0.083). However, there were no
between-group differences in other
comorbidities.

Adverse Events

A total of 86.3% of the patients experienced
AEs, of which a decreased appetite (32.4%) and
a photosensitivity reaction (13.7%) were the
most frequent ones (Table 2). The incidence of
AEs was similar in the advanced and non-ad-
vanced groups (92.3% vs. 85.0%, respectively;
p = 0.229; Table 2). The time-to-event analysis
showed that most AEs occurred during the first
24 weeks of treatment; the Kaplan–Meier esti-
mate of event-free probability at week 24 was
20.0% (95% CI 14.8–25.8%; Fig. S1 in the
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supplementary material). The probability of
having any AEs was higher in the advanced
group than in the non-advanced group (median
time 6.4 vs. 9.0 weeks, respectively; aHR 1.6;
95% CI 1.1–2.3; p = 0.020; Fig. S1 in the sup-
plementary material and Fig. 2). Similarly, dys-
pnea (incidence 18.0% vs. 6.1%, respectively;
aHR 3.4; 95% CI 1.3–8.9; p = 0.012) and pro-
gression of IPF (incidence 15.4% vs. 5.6%,
respectively; aHR 3.1; 95% CI 1.1–8.6;
p = 0.030) were more prevalent in the advanced
group than in the non-advanced group. How-
ever, there was no between-group difference in
the risk of gastrointestinal (decreased appetite,
nausea, epigastric discomfort, constipation,
dyspepsia, and diarrhea) and skin-related events
(photosensitivity reaction, rash, and pruritus)
(Fig. 2). Serious AEs (SAEs) occurred more fre-
quently in the advanced group than in the non-
advanced group (30.8% vs. 15.0%, respectively;
p = 0.020). The most common SAEs were pro-
gression of IPF in the advanced group and
pneumonia in the non-advanced group
(Table 2).

Disease-Related AEs

Event rates for investigator-reported acute
exacerbation, death, and hospitalization are
summarized in Table S2 in the supplementary
material. Investigator-reported acute exacerba-
tion occurred in 4.1% (n = 9) of all patients, and
no between-group difference was observed (ad-
vanced group 7.7% vs. non-advanced group:
3.3%; p = 0.202). The rate of death from all
causes and from IPF was 5.9% (n = 13) and 3.2%
(n = 7), respectively. The time-to-event analysis
showed a higher risk of all-cause deaths in the
advanced group than in the non-advanced
group (incidence 15.4% vs. 3.9%, respectively;
aHR 4.4; 95% CI 1.5–13.1; p = 0.008), but there
was no significant between-group difference in
the risk of IPF-related deaths (incidence 7.7% vs.
2.2%, respectively; aHR 3.8; 95% CI 0.9–16.9;
p = 0.082; Fig. 2 and Table S2 in the supple-
mentary material).

All-cause hospitalization was reported in
15.1% of all patients (n = 33), mainly as a result
of respiratory-related reasons such as pneumo-
nia and progression of IPF. There was no sig-
nificant difference in the risk of all-cause
hospitalization between groups (incidence

Fig. 1 Patient disposition
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20.5% vs. 13.9%; aHR 1.9; 95% CI 0.9–4.3;
p = 0.108). However, the advanced group
showed a greater risk of respiratory hospitaliza-
tion than did the non-advanced group (inci-
dence 20.5% vs. 11.1%, respectively; aHR 2.5;
95% CI 1.1–5.8; p = 0.031; Fig. 2 and Table S2 in
the supplementary material). There was no sig-
nificant difference in progression-free survival

between the groups (aHR 1.4; 95% CI 0.7–2.8;
p = 0.381; Fig. 2).

Treatment Discontinuation

Treatment was prematurely discontinued in
54.3% of the patients (Table 3). The advanced

Table 1 Baseline characteristics of the patients in the advanced and non-advanced IPF groups

Characteristic Total Advanced Non-advanced p value

Patients, n 219 39 180

Male sex 167 (76.3) 30 (76.9) 137 (76.1) 0.914

Ever-smoker 151 (68.9) 27 (69.2) 124 (68.9) 0.967

Age, years 67.3 ± 8.0 65.3 ± 9.3 67.7 ± 7.7 0.161

Time since diagnosis, years, median (Q1, Q3) 1.0 (0.1, 3.1) 1.5 (0.3, 3.7) 0.9 (0.1, 2.8) 0.110

Treatment duration, days, median (Q1, Q3) 298 (114, 365) 212 (96, 344) 320 (116, 367) 0.212

Follow-up duration, days, median (Q1, Q3) 322 (127, 370) 212 (96, 349) 329 (131, 372) 0.176

Daily dose, mg 1081.6 ± 430.4 1110.3 ± 422.6 1075.4 ± 432.9 0.773

FVC, % predicted 65.0 ± 15.3 46.4 ± 10.7 69.0 ± 13.0 \ 0.001

DLco, % predicted 52.3 ± 16.2 35.0 ± 11.1 56.0 ± 14.6 \ 0.001

IPF treatment at baseline

Steroid 7 (3.2) 3 (7.7) 4 (2.2) 0.553

Immunosuppressant 2 (0.9) 2 (5.1) 0 (0.0) 0.031

Cysteine derivative 25 (11.4) 3 (7.7) 22 (12.2) 0.582

Oxygen therapy at baseline 5 (2.3) 2 (5.1) 3 (1.7) 0.217

Comorbidities 178 (81.3) 34 (87.2) 144 (80.0) 0.297

Hypertension 60 (27.4) 12 (30.8) 48 (26.7) 0.603

Diabetes mellitus 60 (27.4) 12 (30.8) 48 (26.7) 0.603

GERD 33 (15.1) 6 (15.4) 27 (15.0) 0.952

Hyperlipidemia 25 (11.4) 5 (12.8) 20 (11.1) 0.782

Emphysema 8 (3.7) 2 (5.1) 6 (3.3) 0.635

COPD 6 (2.7) 1 (2.6) 5 (2.8) 1.000

Pulmonary hypertension 3 (1.7) 2 (5.1) 1 (0.6) 0.083

Data are presented as the mean ± standard deviation or number (%), unless otherwise specified
Q1 quartile 1 (25th percentile), Q3 quartile 3 (75th percentile), GERD gastroesophageal reflux disease, COPD chronic
obstructive pulmonary disease, IPF idiopathic pulmonary fibrosis, FVC forced vital capacity, DLco diffusing capacity of the
lung for carbon monoxide
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Table 2 Adverse events (frequency at least 3%) in the advanced and non-advanced IPF groups

Characteristic Total Advanced Non-advanced p value

Patients, n 219 39 180

Adverse events 189 (86.3) 36 (92.3) 153 (85.0) 0.229

Decreased appetite 71 (32.4) 13 (33.3) 58 (32.2) 0.893

Photosensitivity reaction 30 (13.7) 6 (15.4) 24 (13.3) 0.736

Rash 25 (11.4) 2 (5.1) 23 (12.8) 0.266

Nausea 24 (11.0) 6 (15.4) 18 (10.0) 0.394

Pruritus 24 (11.0) 1 (2.6) 23 (12.8) 0.087

Epigastric discomfort 22 (10.1) 4 (10.3) 18 (10.0) 1.000

Cough 21 (9.6) 2 (5.1) 19 (10.6) 0.383

Pneumonia 19 (8.7) 6 (15.4) 13 (7.2) 0.117

Dyspnea 18 (8.2) 7 (18.0) 11 (6.1) 0.023

Progression of IPFa 16 (7.3) 6 (15.4) 10 (5.6) 0.044

Productive cough 15 (6.9) 4 (10.3) 11 (6.1) 0.314

Constipation 13 (5.9) 3 (7.7) 10 (5.6) 0.707

Fatigue 11 (5.0) 4 (10.3) 7 (3.9) 0.111

Asthenia 10 (4.6) 1 (2.6) 9 (5.0) 1.000

Dizziness 10 (4.6) 1 (2.6) 10 (5.6) 0.694

Upper respiratory tract infection 9 (4.1) 0 (0.0) 9 (5.0) 0.367

Dyspepsia 8 (3.7) 2 (5.1) 6 (3.3) 0.635

Diarrhea 8 (3.7) 2 (5.1) 6 (3.3) 0.635

Abnormal liver function test 8 (3.7) 1 (2.6) 7 (3.9) 1.000

Serious adverse eventsb 39 (17.8) 12 (30.8) 27 (15.0) 0.020

Pneumonia 15 (6.9) 3 (7.7) 12 (6.7) 0.734

Progression of IPFc 13 (5.9) 4 (10.3) 9 (5.0) 0.255

Adverse drug reactionsd 151 (69.0) 27 (69.2) 124 (68.9) 0.967

Data are presented as the number (%), unless otherwise specified
IPF idiopathic pulmonary fibrosis
a Includes acute exacerbations of IPF (n = 9)
b A serious adverse event was defined as an adverse event that was fatal or life-threatening, required prolonged hospital-
ization, was associated with a congenital anomaly, or was deemed to be serious for any other reason
c These were the events meeting one of the criteria for serious adverse events among the adverse events of progression of IPF
d A summary of adverse drug reactions with a frequency of at least 3% is presented in Table S5 in the supplementary
material
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group had a higher rate of discontinuation than
did the non-advanced group (74.4% vs. 50.0%,
respectively; p = 0.006). The most common
reason for discontinuation was AEs (22.8%),
followed by patient request (16.0%), no revisit
(9.1%), progression of IPF (5.0%), and insuffi-
cient efficacy (1.4%). There were no between-
group differences in the reasons for discontin-
uation, except progression of IPF (advanced
group 12.8% vs. non-advanced group 3.3%;
p = 0.028). Of 189 patients who experienced
AEs, 55.6% continued treatment without dose
interruption, and no between-group difference
was observed (Table S3 in the supplementary
material).

Changes in Lung Function

Changes in lung function from baseline to
48 weeks were evaluated in 137 patients (19 in
the advanced group and 118 in the non-ad-
vanced group). The patients were mostly male
(74.5%) and ever-smokers (70.1%), with a
median treatment duration of 346 days (range

99–889 days). The baseline characteristics were
comparable between the groups, except for lung
function (Table S4 in the supplementary mate-
rial). The adjusted absolute change (± SE) from
baseline to 48 weeks in the predicted FVC
was - 3.1 ± 0.8%, and that in the predicted
DLco was - 5.0 ± 1.2% (Fig. 3a, b). The adjus-
ted decline rate over 48 weeks in the predicted
FVC was - 4.3 ± 1.3%, and that in the pre-
dicted DLco was - 4.4 ± 1.7% (Fig. 3c, d).
Overall, no between-group differences were
observed in the mean FVC and DLco changes
and in the adjusted rates of lung function
decline, which indicated a consistent treatment
effect, irrespective of disease severity. The pro-
portion of patients who experienced an FVC
decline of at least 10% or a DLco decline of at
least 15% was 13.1% and 14.6%, respectively.
No significant differences were observed in
terms of categorical changes in lung function
between the groups (Fig. S2a, b in the supple-
mentary material).

Fig. 2 Forest plot demonstrating treatment-emergent
adverse events and progression-free survival in the
advanced and non-advanced IPF groups. Hazard ratios
between the advanced and non-advanced groups were
compared using Cox’s proportional hazards model
adjusted for age and sex. IPF idiopathic pulmonary fibrosis,
CI confidence interval. aIncluded decreased appetite,

nausea, epigastric discomfort, constipation, dyspepsia, and
diarrhea; bIncluded photosensitivity reaction, rash, and
pruritus; cIncluded exacerbations and acute exacerbations
of IPF; dProgression-free survival was defined as the time
from treatment initiation to the occurrence of death or
disease progression (determined as an absolute decline of
the predicted FVC at least 10% or DLco at least 15%)
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Changes in Subjective Symptoms

Of 160 patients (26 in the advanced group and
134 in the non-advanced group) who were
treated for at least 12 weeks and whose subjec-
tive symptoms were assessed before and after
treatment, 8.8% experienced improvement,
70.6% experienced stabilization, and 20.6%

experienced a worsening of dyspnea (Fig. S2c in
the supplementary material). The proportion of
patients with improved, stable, and worsened
cough was 11.9%, 68.8%, and 19.4%, respec-
tively (Fig. S2d in the supplementary material).
There were no significant between-group dif-
ferences in categorical changes of the subjective
symptoms.

Table 3 Reasons for premature discontinuation of the treatment in the advanced and non-advanced IPF groups

Reasons for discontinuation Total Advanced Non-advanced p value

Total patients, n 219 39 180

Discontinued patients 119 (54.3) 29 (74.4) 90 (50.0) 0.006

Adverse event 50 (22.8) 8 (20.5) 42 (23.3) 0.704

Decreased appetite 10 (4.6) 1 (2.6) 9 (5.0) 1.000

Photosensitivity reaction 9 (4.1) 1 (2.6) 8 (4.4) 1.000

Rash 6 (2.7) 0 (0.0) 6 (3.3) 0.594

Cough 4 (1.8) 0 (0.0) 4 (2.2) 1.000

Dyspnea 4 (1.8) 1 (2.6) 3 (1.7) 0.546

Epigastric discomfort 4 (1.8) 1 (2.6) 3 (1.7) 0.546

Nausea 4 (1.8) 0 (0.0) 4 (2.2) 1.000

Pneumonia 4 (1.8) 0 (0.0) 4 (2.2) 1.000

Abdominal pain 2 (0.9) 0 (0.0) 2 (1.1) 1.000

Dizziness 2 (0.9) 0 (0.0) 2 (1.1) 1.000

Myocardial infarction 2 (0.9) 1 (2.6) 1 (0.6) 0.325

Pruritus 2 (0.9) 0 (0.0) 2 (1.1) 1.000

Pyrexia 2 (0.9) 1 (2.6) 1 (0.6) 0.325

Patient requesta 35 (16.0) 10 (25.6) 25 (13.9) 0.069

Before October 2, 2015 28 (12.8) 8 (20.5) 20 (11.1) 0.118

After October 2, 2015 7 (3.2) 2 (5.1) 5 (2.8) 0.611

No revisit 20 (9.1) 5 (12.8) 15 (8.3) 0.365

Progression of IPFb 11 (5.0) 5 (12.8) 6 (3.3) 0.028

Insufficient efficacy 3 (1.4) 1 (2.6) 2 (1.1) 0.446

Data are presented as the number (%), unless otherwise specified
IPF idiopathic pulmonary fibrosis
a The medication cost was not covered by the National Health Insurance Service in Korea until October 2015
b Includes acute exacerbations of IPF (n = 6)
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DISCUSSION

This was the first nationwide study conducted
to obtain prospective real-world data on the
treatment effect of pirfenidone in Korean
patients with IPF. We conducted a post hoc
analysis of the data collected to compare the
therapeutic effects of pirfenidone in patients
with advanced IPF and in those with non-ad-
vanced IPF. Our study demonstrated that pir-
fenidone had an acceptable safety profile and
showed a consistent efficacy in terms of stabi-
lizing lung function and subjective symptoms,
regardless of IPF disease severity.

The types of AEs observed were similar in the
advanced and non-advanced IPF groups and
were consistent with the known safety profile of
pirfenidone. Most AEs occurred within the first
6 months of treatment, and the frequency of
AEs was reduced over time. The multivariate

Cox analysis showed that the advanced group
had a greater risk of experiencing AEs than did
the non-advanced group. This difference
appeared to be due to an increased risk of pro-
gression of IPF and dyspnea in the advanced
group, which could be attributed to the severity
of the disease. However, there was no signifi-
cant difference in the risk of drug-related gas-
trointestinal and skin-related events between
the groups. Most AEs were mild or moderate in
severity and reversible upon treatment inter-
ruption. The treatment discontinuation rate
was higher in the advanced group than in the
non-advanced group, similar to previous studies
[15, 23, 24]. However, the proportion of
patients who discontinued treatment as a result
of AEs (22.8%) was similar in both groups and
was not different from that reported in other
observational studies (18.4–26.7%) [11–15, 24].
In this study, the rate of discontinuation by

Fig. 3 Comparison of absolute changes and annual
decline rates in the predicted FVC% and DLco%.
a Adjusted mean absolute change in the predicted
FVC%. b Adjusted mean absolute change in the predicted
DLco%. c Adjusted decline rate of FVC (% predicted/
48 weeks). d Adjusted decline rate of DLco (% predicted/
48 weeks). Values are the mean ± SE. The mixed-effects
model repeated measurement (MMRM) was used to
analyze the rate of decline of lung function and the mean

changes of FVC and DLco from baseline, with the visit,
age, sex, and smoking status as fixed effects and partici-
pant’s identification number as the random effect. To
compare the results between the advanced and non-
advanced groups, the group and the group-by-visit were
used as a fixed effect, in addition to MMRM. FVC forced
vital capacity, DLco diffusing capacity of the lung for
carbon monoxide
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patient request (16.0%) was relatively higher
than that reported in a Japanese post-marketing
study (5.3%) [24], but our finding should be
interpreted with caution because the medica-
tion cost was not covered by the National
Health Insurance Service in Korea until October
2015. Importantly, 12.8% of all patients dis-
continued treatment because of economic rea-
sons before October 2015; however, the rate of
discontinuation decreased (3.2%) thereafter.

Acute exacerbation of IPF is a common and
fatal complication, especially in patients with
progressive disease, with a 1-year incidence of
5–14.2% [25, 26]. In our study, the incidence of
acute exacerbation was lower (4.1%) than that
reported in previous studies [25, 26], and there
was no significant difference in the risk of acute
exacerbations between the advanced and non-
advanced groups (Fig. S3 in the supplementary
material). It has been reported that patients
with lower lung function are at a greater risk of
acute exacerbation of IPF [25]. Collectively, our
study results suggest that pirfenidone treatment
might be more beneficial in preventing acute
exacerbation in patients with advanced IPF who
are at a higher risk of such an event than in
those with non-advanced IPF. A post hoc anal-
ysis of ASCEND (NCT01366209) and CAPACITY
trials (NCT00287716 and NCT00287729) also
showed a significantly lower risk of respiratory
hospitalization in patients with advanced IPF
(predicted FVC less than 50% or DLCO less than
30%) than placebo-treated patients (HR 0.4;
95% CI 0.2–0.9; p = 0.021); IPF was the most
frequent reason for respiratory hospitalization
[27].

It has been reported that acute respiratory
events, which are mostly caused by acute exac-
erbation and pulmonary infections, are com-
mon in patients with IPF and lead to
hospitalization [25], which is associated with a
decreased survival of patients with IPF
[9, 28, 29]. In this study, of the patients who
died during the study (n = 13), approximately
half (46.2%, n = 6) underwent respiratory hos-
pitalization, and the advanced group showed a
greater risk of respiratory hospitalization,
mainly due to pneumonia and progression of
IPF.

The baseline disease severity, the time since
diagnosis, and the presence of comorbidities
have been associated with a decreased survival
of patients with IPF [30, 31]. In our study, while
the rate of all-cause deaths was higher in the
advanced group than in the non-advanced
group (15.4% vs. 3.9%, respectively; p = 0.014),
no significant between-group difference was
observed in the rates of IPF-related deaths (7.7%
vs. 2.2%, respectively; p = 0.109). Non-IPF-re-
lated deaths frequently occurred in the popu-
lation of patients with IPF, the majority of
which are elderly people [2]; therefore, IPF-re-
lated deaths could be a more accurate measure
of the treatment efficacy. Thus, our results may
provide more accurate evidence of the clinical
benefit of pirfenidone in patients with
advanced IPF; however, the number of patients
was too small for conclusions to be drawn.

The absolute decline and annual decline rate
in FVC in patients with advanced IPF were
comparable to those in patients with non-ad-
vanced IPF; a similar trend was observed for
DLco. The rates of disease progression, subjec-
tive symptoms, and PFS were also similar
between the groups. These results suggested
that pirfenidone-treated patients with advanced
IPF might experience a similar degree of efficacy
as that in patients with non-advanced IPF.
Similar findings were also reported in recent
studies [11–15, 23]. Post hoc analyses of the
RECAP trial reported that the rate of the annual
FVC decline in patients with advanced IPF
(predicted FVC less than 50% or DLco less than
35%) was similar to that in patients with less
advanced IPF (3.8% vs. 3.9%, respectively) [15].
In the INPULSIS-ON study, in which patients
were treated with nintedanib, the absolute
changes in FVC from baseline to week 48 were
similar in patients with predicted FVC values at
most 50% and greater than 50% (- 62.3
vs. - 87.9 mL, respectively) [23]. A retrospec-
tive study of pirfenidone including 43 patients
with severe IPF (predicted FVC less than 50% or
DLco less than 35%) conducted by Tzouvelekis
et al. [14] also showed that the rate of FVC
decline at 6 months of treatment was not sig-
nificantly different between groups with pre-
dicted FVC less than 50% and at least 50%
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(4.7 ± 8.9 vs. - 0.6 ± 11.8%, respectively;
p = 0.2).

There are several limitations to this study.
First, the number of patients in the advanced
group was smaller than that in the non-ad-
vanced group. In order to overcome this limi-
tation, we analyzed the data from various
perspectives, and our study showed consistent
trends in the treatment effects across different
parameters such as lung function change, sub-
jective symptoms change, hospitalization,
mortality, and progression-free survival
between the two groups, with the results being
highly consistent with those of previous studies.
Second, the absence of a control group limited
the extent of a meaningful interpretation of the
results. However, previous randomized, pla-
cebo-controlled trials have demonstrated that
pirfenidone treatment shows sufficient effects
in patients with IPF. Third, the IPF diagnosis
was performed by participating investigators,
which could have led to a confirmation bias in
some patients. However, the demographic and
clinical features were comparable to those of
other studies. Fourth, it should be also recog-
nized that the results of this study are limited by
the relatively lower dosage used (at most
1800 mg/day), and the minimum treatment
duration of 12 weeks for efficacy evaluation.
However, considering the standard body weight
in Korea, the weight-adjusted dose in this study
could be comparable to that in European
countries and the USA. In addition, a significant
treatment effect of pirfenidone versus placebo
was evident from week 12 in CAPACITY phase 3
trials. Lastly, a relatively high proportion of
patients discontinued treatment as a result of
reimbursement restrictions. As a result, the
treatment discontinuation may have been
overestimated.

CONCLUSIONS

The results of this study indicated that treat-
ment with pirfenidone in a real-world setting
produced an acceptable safety profile and a
consistent therapeutic effect in patients with
IPF in terms of stabilizing lung function and
subjective symptoms, regardless of the disease

severity. Additional studies may be needed to
further confirm these findings.
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