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ABSTRACT
Background: Pirfenidone is an oral antifibrotic agent
that has been shown to reduce the decline in lung
function in patients with idiopathic pulmonary fibrosis
(IPF). We performed an integrated analysis of safety
data from five clinical trials evaluating pirfenidone in
patients with IPF.
Methods: All patients treated with pirfenidone in the
three multinational Phase 3 studies (CAPACITY (studies
004 and 006), ASCEND (study 016)) and two ongoing
open-label studies (study 002 and study 012 (RECAP))
were included in the analysis. Safety outcomes were
assessed during the period from the first dose until
28 days after the last dose of study drug.
Results: A total of 1299 patients were included in the
analysis. The cumulative total exposure to pirfenidone
was 3160 person exposure years (PEY). The median
duration of exposure was 1.7 years (range 1 week to
9.9 years), and the mean (±SD) daily dose was 2053.8
(±484.9) mg. Gastrointestinal events (nausea (37.6%),
diarrhoea (28.1%), dyspepsia (18.4%), vomiting
(15.9%)) and rash (25.0%) were the most common
adverse events; these were generally mild to moderate
in severity and without significant clinical
consequence. Elevations in alanine aminotransferase or
aspartate aminotransferase greater than three times the
upper limit of normal occurred in 40/1299 (3.1%)
patients (adjusted incidence, 2.3 per 100 PEY).
Elevations were generally transient and reversible with
dose modification or discontinuation.
Conclusions: A comprehensive analysis of safety
outcomes in a large and well-defined cohort of 1299
patients with IPF who were followed prospectively for
up to 9.9 years demonstrated that long-term treatment
with pirfenidone is safe and generally well tolerated.
Trial registration numbers: NCT00287716,
NCT00287729, NCT00662038, NCT01366209.

BACKGROUND
Pirfenidone is a novel oral antiﬁbrotic agent
that is approved for the treatment of

KEY MESSAGES
▸ These findings represent a comprehensive analysis of safety outcomes in a large and welldefined cohort of 1299 patients with idiopathic
pulmonary fibrosis treated with pirfenidone.
▸ During this long-term, prospective follow-up of
up to 9.9 years, pirfenidone was safe and generally well tolerated.
▸ Gastrointestinal and skin-related events were
among the most common adverse events and
were generally mild-to-moderate in severity and
responsive to dose modification.
▸ Elevations of aminotransferases typically
occurred within the first 6 months of treatment
and were generally transient, reversible with
dose modification or discontinuation and
without clinical sequelae.

idiopathic pulmonary ﬁbrosis (IPF)—a
chronic, progressive, diffuse parenchymal
lung disease of unknown aetiology characterised by irreversible declines in lung function and exercise capacity.1
The clinical efﬁcacy and safety of pirfenidone in patients with IPF have been demonstrated in three multinational, randomised,
double-blind, placebo-controlled, Phase 3
trials and one randomised, double-blind,
placebo controlled, Phase 3 trial conducted
in Japan.2–4 Clinical efﬁcacy data from the
multinational Phase 3 trials provided evidence of a meaningful treatment beneﬁt on
multiple measures of disease status, including
forced vital capacity (FVC), 6-minute walking
distance (6MWD) and progression-free survival. Gastrointestinal and skin-related events
were the most commonly reported adverse
events; these were generally mild to
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moderate in severity and rarely resulted in treatment discontinuation. In a pooled analysis of outcomes in the
three multinational trials, there were fewer deaths due
to any cause and fewer deaths related to IPF in the pirfenidone group compared with placebo.3
A subsequent integrated analysis of safety in 789
patients treated with pirfenidone in either of two Phase 3
studies (studies 004 and 006 (CAPACITY)) and/or one of
two open-label studies (study 002 and study 012
(RECAP)) demonstrated that treatment with pirfenidone
for up to 7.7 years was safe and generally well tolerated.5
Consistent with prior observations, gastrointestinal and
skin-related events were common but were generally mild
to moderate in severity and rarely led to treatment discontinuation. Elevations in alanine aminotransferase
(ALT) or aspartate aminotransferase (AST) greater than
three times the upper limit of normal (ULN) occurred in
2.7% of patients; however, all were transient, reversible
with dose modiﬁcation and without clinical sequelae.
To further evaluate the long-term safety and tolerability of pirfenidone, we performed a comprehensive analysis of safety outcomes in the integrated population
from ﬁve clinical trials evaluating pirfenidone in patients
with IPF, including three Phase 3 multinational trials
and two long-term open-label studies. The present
report includes data from an additional pivotal trial
(ASCEND) and a substantially increased cumulative
total duration of exposure to pirfenidone compared
with the previously published integrated safety analysis.
METHODS
Study subjects
All patients randomised to treatment with pirfenidone
in the Phase 3 multinational studies (CAPACITY (studies
004 and 006), ASCEND (study 016)) and all patients
receiving at least one dose of pirfenidone in either of
two ongoing open-label studies (study 002 and study 012
(RECAP)) formed the integrated population. Study 002
is an open-label compassionate use study in the USA;
study 012 is an open-label extension study evaluating pirfenidone in patients who completed any one of the
three phase 3 multinational studies.
Eligibility criteria for the Phase 3 multinational studies
have been previously described (see supplementary
material, table S1).2 3 All patients who completed the
ﬁnal study visit in the Phase 3 multinational studies were
eligible for enrolment in study 012. The original eligibility criteria for study 002 included a diagnosis of either
IPF or secondary pulmonary ﬁbrosis; secondary pulmonary ﬁbrosis was eliminated as a diagnostic eligibility criterion in Protocol Amendment 1 (15 December 2003).
Study design
All patients who met the criteria for enrolment in the
Phase 3 multinational studies were randomised to treatment with pirfenidone or placebo. In study 004, patients
were randomly assigned (2:1:2) to one of three groups:
2

pirfenidone 2403 mg/day, pirfenidone 1197 mg/day or
placebo. In studies 006 and 016, patients were randomly
assigned (1:1) to treatment with pirfenidone 2403 mg/
day or placebo. Study drug was administered orally with
food in three equally divided daily doses and escalated
to the full dose during a 2-week dose titration period in
all three studies. Patients were treated for a minimum of
72 weeks in studies 004 and 006 and for 52 weeks in
study 016.
In study 012, all eligible patients were treated with oral
pirfenidone 2403 mg/day administered according to the
same schedule as in the Phase 3 studies. All patients
were required to complete a 2-week dose escalation
period, regardless of prior treatment assignment in the
Phase 3 studies. In study 002, patients who enrolled
prior to protocol amendment 2 (15 September 2005)
received pirfenidone 40 mg/kg/day (maximum of
3600 mg/day) administered orally in three equally
divided daily doses following a 2-week dose escalation
period. Patients who enrolled after the protocol amendment were treated with a target maintenance dose of
2403 mg/day.
Physical examination and routine clinical laboratory
tests were performed at prespeciﬁed intervals in all ﬁve
studies. A directed medical history, including a review of
adverse events, concomitant medications, hospitalisations and compliance with the assigned treatment
regimen, was conducted at each study visit.
Statistical analysis
All analyses were conducted using data from the integrated population as of the interim data cut-off date of
17 January 2014. Demographic and baseline characteristics are summarised descriptively for the integrated
population as well as for the pooled pirfenidone
2403 mg/day and placebo groups from the multinational Phase 3 trials.
The total duration of exposure to study drug is
deﬁned as the time between the ﬁrst and last dose of
study drug. For patients who were treated with pirfenidone in the Phase 3 studies and subsequently enrolled
in the open-label extension study (study 012), total duration of exposure is based on the time from the ﬁrst
dose of study drug in the Phase 3 study to the last dose
of study drug in the open-label extension study at the
interim data cut-off date (17 January 2014). The cumulative total exposure is expressed as person exposure years
(PEY); one PEY is equal to one patient exposed to study
drug for 1 year. The mean daily dose of study drug was
calculated over the full duration of use, excluding the
2-week titration period.
Treatment-emergent adverse events (TEAEs) are
deﬁned as adverse events with an initial onset or worsening following the ﬁrst dose and within 28 days after the
last dose of study drug. The crude and adjusted incidence rates of treatment-emergent death, deﬁned as
death due to any cause between the ﬁrst dose and
28 days after the last dose of study drug, are summarised
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for the integrated population and by treatment assignment in the Phase 3 studies. The crude incidence was
adjusted for differences in duration of exposure by using
person-time in the denominator. The adjusted incidence
of mortality is reported as deaths per 100 PEY (number
of deaths divided by the total PEY for the group, multiplied by 100).
Analyses of liver-related outcomes included all patients
who had at least 4 weeks of exposure to study drug.
Crude and adjusted incidence rates are summarised for
the integrated population and by treatment assignment
in the Phase 3 studies. The crude incidence was calculated as the number of events divided by the total
number of patients exposed to study drug. The adjusted
incidence rate was calculated as the number of events
divided by the total PEY for the group.
All study participants provided written informed
consent, and the protocol for each study was approved
by the ethics committee or institutional review board at
each participating institution.

RESULTS
The integrated population included a total of 1299
patients; of these, 710 (54.7%) were initially treated with
pirfenidone in the Phase 3 studies (study 004, n=261;
study 006, n=171; study 016, n=278), 506 (39.0%) were
treated with placebo in the Phase 3 studies and initiated
treatment with pirfenidone in study 012 and 83 (6.4%)
initiated treatment with pirfenidone in study 002
(ﬁgure 1).
Demographics and baseline characteristics in the integrated patient population are summarised in table 1.
The majority of patients were Caucasian (94.6%) and
male (74.5%). A total of 97 (7.5%) and 210 (16.2%)
patients in the integrated population had baseline
values for FVC and carbon monoxide diffusing capacity
(DLCO), respectively, that were below the minimum

criteria for enrolment in the original Phase 3 CAPACITY
studies, including 79 (6.1%) patients who had baseline
DLCO values below 30%, the minimum criterion for
enrolment in the ASCEND study (see online supplementary material, ﬁgure S1).
Overall exposure to pirfenidone is summarised in
table 2. The cumulative total exposure to pirfenidone
was 3160 PEY. The median duration of exposure was
1.7 years (range 1 week to 9.9 years), and the mean
(±SD) daily dose was 2053.8 (±484.9) mg. A total of 545
(42%) patients received pirfenidone for ≥2 years and
325 (25%) patients received pirfenidone for ≥4 years.
The majority of patients (964 (74.2%)) received a mean
daily dose between 1800 and 2600 mg.
Consistent with prior observations in the pirfenidone
and placebo groups in the Phase 3 clinical trials,
almost all patients in the integrated population experienced at least one TEAE (see online supplementary
material, table S2). A total of 495 (38.1%) patients in
the integrated population discontinued treatment due
to an adverse event, compared with 91 (14.6%) and 60
(9.6%) patients in the pooled pirfenidone and placebo
groups in the Phase 3 trials. When adjusted for differences in duration of exposure, the rate of TEAEs in
the integrated population was consistent with the rates
in the Phase 3 trials. The most common adverse event
leading to treatment discontinuation in the integrated
population was IPF (11.5%); the only other events that
led to discontinuation in >1% of patients were nausea
(1.7%), rash (1.5%) and respiratory failure (1.3%).
The most common adverse events are presented in
table 3. Gastrointestinal events (nausea (37.6%), diarrhoea (28.1%), dyspepsia (18.4%), vomiting (15.9%))
and rash (25.0%)) were among the most commonly
reported adverse events in the integrated population;
these were generally mild to moderate in severity and
rarely led to treatment discontinuation (table 4).
Additionally, the incidence of gastrointestinal and skin-

Figure 1 Study profile.
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Table 1 Demographics and baseline characteristics
Characteristic*†

Integrated population (N=1299)

Phase 3 trials‡
Pirfenidone (N=623)

Age, years
Men, n (%)
Caucasian, n (%)
FVC, % predicted
<50% predicted, n (%)
DLCO, % predicted
<35% predicted, n (%)
<30% predicted, n (%)
Diagnosis, n (%)
IPF
Secondary pulmonary fibrosis§
Supplemental oxygen, n (%)
Time since IPF diagnosis, years

68 (42–88)
968 (74.5)
1229 (94.6)
69.1 (22–127)
97 (7.5)
43.3 (10–81)
210 (16.2)
79 (6.1)

68 (45–80)
463 (74.3)
592 (95.0)
71.1 (46–123)
13 (2.1)
44.0 (25–81)
92 (14.8)
19 (3.0)

68 (40–80)
465 (74.5)
590 (94.6)
69.8 (47–138)
8 (1.3)
44.3 (21–170)
90 (14.4)
16 (2.6)

1297 (99.8)
2 (0.2)
375 (28.9)
1.9 (>0–10)

623 (100)
0
155 (24.9)
1.1 (>0–5)

624 (100)
0
150 (24.0)
1.1 (>0–4)

Placebo (N=624)

*Values are expressed as the median (range) unless otherwise indicated.
†Measured at the time of first dose of study drug.
‡CAPACITY (studies 004 and 006) and ASCEND (study 016).
§Study 002.
DLCO, carbon monoxide diffusing capacity; FVC, forced vital capacity; IPF, idiopathic pulmonary fibrosis.

related events was similar to the observed incidence
among patients treated with pirfenidone in the Phase 3
trials, suggesting that the risk of such events does not
increase with prolonged exposure. Respiratory adverse
events, including cough, dyspnoea and IPF, were more
common in the integrated population than in the
pooled pirfenidone and placebo groups in the Phase 3
trials—a ﬁnding that is consistent with expectations in a
population with a chronic progressive respiratory disease
over a long duration of observation.
Serious adverse events were reported by 639 (49.2%)
patients in the integrated population, compared with

Table 2 Extent of exposure to pirfenidone
Integrated population
(N=1299)
Duration of treatment, years
Median (range)
>0 to <1
1 to <2
2 to <3
3 to <4
≥4
Person exposure years (PEY)*
Daily dose, mg†
Mean (SD)
Median (range)
>0 to ≤1800
>1800 to ≤2200
>2200 to 2600
>2600
Missing

1.7 (>0 to 9.9)
404 (31.1%)
350 (26.9%)
118 (9.1%)
102 (7.9%)
325 (25.0%)
3160
2053.8 (484.9)
2270.4 (25–3600)
295 (22.7%)
228 (17.6%)
736 (56.7%)
19 (1.5%)
21 (1.6%)

*One PEY is the equivalent of one patient exposed to study drug
for 1 year; total PEY is the sum of the PEY of each patient.
†Calculated over the total duration of use, excluding the 2-week
titration period.

4

168 (27.0%) and 178 (28.5%) patients, respectively, in
pooled pirfenidone and placebo groups in the Phase 3
trials. When adjusted for the longer duration of exposure, the rate of serious adverse events in the integrated
population (49.8 per 100 PEY) was comparable to the
observed rates in the pooled pirfenidone and placebo
groups in the Phase 3 trials (41.7 and 44.2 per 100 PEY,
respectively). The most common serious adverse events
in the integrated population were worsening IPF
(17.5%), pneumonia (7.9%), respiratory failure (3.2%),
atrial ﬁbrillation (2.8%) and bronchitis (2.7%). With the
exception of atrial ﬁbrillation, which occurred in 0.6%
of patients in the pirfenidone and placebo groups in the
Phase 3 trials, the incidence of each of these events was
higher in the placebo group than in the pirfenidone
group in the Phase 3 trials (see online supplementary
material, table S3).
Analysis of liver chemistries in the integrated population showed no evidence of an increased risk of liver
toxicity with longer durations of treatment. Elevations
in ALT or AST greater than three times the ULN
(>3×ULN) occurred in 3.1% of patients in the integrated population, compared with 3.7% and 0.8%,
respectively, in the pooled pirfenidone and placebo
groups in the Phase 3 trials (see online supplementary
material, table S4). The adjusted incidence rate for
ALT or AST elevations >3×ULN was 2.3 per 100 PEY in
the integrated population, compared with 6.5 per 100
PEY in the pirfenidone group and 0.9 per 100 PEY in
the placebo group during the Phase 3 trials. Elevations
in aminotransferases were generally transient, reversible
with dose modiﬁcation and without signiﬁcant clinical
consequence. The Kaplan-Meier distribution for the
time to onset of ALT or AST elevations >3×ULN showed
that the majority of events occurred within the ﬁrst
6 months of treatment (see online supplementary
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Table 3 Treatment-emergent adverse events*
Integrated population (N=1299)†
Duration of exposure, median (range), years
Treatment-emergent adverse event, %
Nausea
Cough
Dyspnoea
Upper respiratory tract infection
Idiopathic pulmonary fibrosis
Fatigue
Diarrhoea
Rash
Bronchitis
Headache
Nasopharyngitis
Dizziness
Dyspepsia
Vomiting
Weight decreased
Back pain
Anorexia

1.7 (>0, 9.9)

Phase 3 multinational trials‡
Pirfenidone (N=623) Placebo (N=624)
1.0 (>0, 2.3)

37.6
35.1
30.9
30.6
29.3
28.2
28.1
25.0
23.8
21.6
21.3
21.2
18.4
15.9
15.6
15.4
15.2

36.1
27.8
16.9
26.8
13.0
26.0
25.8
30.3
14.1
22.0
16.7
18.0
18.5
13.3
10.1
10.4
13.0

1.0 (>0, 2.3)
15.5
29.2
20.2
25.3
19.9
19.1
20.4
10.3
15.4
19.2
17.9
11.4
6.9
6.3
5.4
10.4
5.0

*Occurring in ≥15% of patients in the cumulative clinical database.
†Includes two patients in study 002 with a diagnosis of “pulmonary fibrosis.”
‡CAPACITY (studies 004 and 006) and ASCEND (study 016).

material, ﬁgure S2). Elevations in aminotransferases
and/or serum bilirubin that occurred beyond 6–
12 months of ﬁrst exposure to pirfenidone could typically be attributed to other causes. Liver-related serious
adverse events occurred in 1.0% of patients in the integrated population, compared with 1.0% and 0.2%,
respectively, in the pooled pirfenidone and placebo
groups in the Phase 3 trials.
A total of 233 (17.9%) deaths occurred between the
ﬁrst dose and 28 days after the last dose of study treatment
in the integrated population (adjusted incidence, 7.4 per
100 PEY). The adjusted incidence of treatment-emergent
death among the pooled treatment groups during the
Phase 3 trials was 3.7 per 100 PEY in the pirfenidone
group and 5.9 per PEY in the placebo group.

DISCUSSION
We performed a comprehensive analysis of safety outcomes in a large and well-deﬁned cohort of patients
with IPF who were treated with pirfenidone and followed
prospectively for up to 9.9 years (median 1.7 years; IQR
0.7–4.0 years). Our results provide further evidence that
long-term treatment with pirfenidone is safe and generally well tolerated. Consistent with previous reports,2–9
gastrointestinal and skin-related events were among the
most common adverse events; these were generally mild
to moderate in severity and responsive to dose modiﬁcation or other adverse event mitigation strategies.
Of note, study subjects in the Phase 3 trials and the
open-label extension study were instructed to take pirfenidone with food and advised to avoid sun exposure and

to use sun block during treatment. Additionally,
protocol-deﬁned dose modiﬁcation guidelines for gastrointestinal and skin-related adverse events were employed
in the Phase 3 and open-label extension studies and subsequently incorporated into the product label.10 11 The
generally transient nature of these events and the relatively low incidence of treatment discontinuation due to
gastrointestinal or skin-related events over a longer duration of exposure provide further support for these
recommendations.
The crude incidence of serious adverse events
(unadjusted for differences in duration of exposure) was
higher in the integrated population compared with that
in the pooled pirfenidone and placebo groups in the
Phase 3 clinical trials. However, this difference was
driven largely by the increased incidence of worsening
IPF—an expected ﬁnding given the irreversible nature
of the disease and the long duration of observation.
Clinically signiﬁcant elevations in aminotransferases
occurred in a lower proportion of patients in the integrated population than in the pooled pirfenidone group
in the Phase 3 trials. Analysis of serial laboratory results
showed that these tended to occur within the ﬁrst
6 months of treatment and were generally transient,
reversible and without clinical sequelae. However, in
light of the higher incidence of aminotransferase elevations in the pirfenidone group compared with placebo
in the Phase 3 trials, the recommendation in the
product labels to perform liver chemistry tests at
monthly intervals for the ﬁrst 6 months of treatment
and at 3-month intervals thereafter remains consistent
with prudent medical management.10 11
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Table 4 Gastrointestinal and skin-related adverse events of interest
Integrated population (N=1299)*
Nausea, %
Grade 3 TEAE
Grade 4 TEAE
TE SAE
Treatment discontinuation
Diarrhoea, %
Grade 3 TEAE
Grade 4 TEAE
TE SAE
Treatment discontinuation
Dyspepsia, %
Grade 3 TEAE
Grade 4 TEAE
TE SAE
Treatment discontinuation
Vomiting, %
Grade 3 TEAE
Grade 4 TEAE
TE SAE
Treatment discontinuation
Rash, %
Grade 3 TEAE
Grade 4 TEAE
TE SAE
Treatment discontinuation
Photosensitivity reaction, %
Grade 3 TEAE
Grade 4 TEAE
TE SAE
Treatment discontinuation

Phase 3 multinational trials†
Pirfenidone (N=623)
Placebo (N=624)

1.9
0
0
1.7

1.8
0
0.5
1.1

0.5
0
0
0

1.1
0
0
0.2

0.6
0
0
0

0
0
0.2
0.3

0.5
0
0
0.2

0.3
0
0
0

0.3
0
0
0

0.6
0
0.2
0.3

0.5
0
0.2
0.3

0
0
0
0.2

0.5
0
<0.1
2.2‡

0.6
0
0.2
1.4

0.2
0
0
0

0.5
0
0
0.5

0.8
0
0.2
0.6

0.2
0
0
0.2

*Median duration of exposure, 1.7 years.
†Median duration of exposure, 1.1 years.
‡Includes rash (1.5%), erythematous rash (0.2%), generalised rash (0.3%), papular rash (0.2%), pruritic rash (<0.1%).
TEAE, treatment-emergent adverse event; TE SAE, treatment-emergent serious adverse event.

The strengths of our study include the large and
well-deﬁned study population the rigorous, prospective
collection of longitudinal safety data and the duration of
exposure to study drug of up to 10 years. To the best of
our knowledge, the cumulative total exposure of 3160
PEY represents the largest and longest experience to
date with any speciﬁc therapy in patients with IPF.
Additionally, the integrated population comprised
patients with a broad range of physiological impairment,
including those with baseline values for FVC and DLCO
that mandated exclusion from the Phase 3 clinical trials.
The study population is therefore broadly reﬂective of
the general population of patients with IPF, thereby
enhancing the generalisability of the ﬁndings.
The ﬁndings of our study should be interpreted in the
context of certain limitations. First, two of the ﬁve
studies included in the analysis were open-label studies
that did not include a parallel control group. Second,
while study eligibility was generally broad, patients with
certain comorbidities such as renal failure requiring dialysis and severe hepatic impairment or those receiving
6

selected concomitant medications were excluded from
enrolment in the studies included in our analysis (see
online supplementary material, appendix 1). The extent
to which the ﬁndings are generalisable to patients with
these and other excluded comorbidities or to patients
taking medications that were prohibited during the clinical trials, is therefore not known. Finally, clinical efﬁcacy
outcomes, such as 6MWD, DLCO and dyspnoea, were
not assessed in the open-label studies. While serial measures of FVC were performed in these studies, the
absence of a control group precludes meaningful
interpretation of the results. Due consideration should
therefore be given to the limited availability of efﬁcacy
data beyond 72 weeks in the assessment of the relative
beneﬁts and risks associated with long-term pirfenidone
treatment.

CONCLUSION
A comprehensive analysis of safety outcomes in a large
and well-deﬁned population of 1299 patients with IPF
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who received pirfenidone for up to 9.9 years demonstrated that long-term treatment with pirfenidone is safe
and generally well tolerated.
Author affiliations
1
Department of Medicine, Vanderbilt University Medical Center, Nashville,
Tennessee, USA
2
Department of Clinical and Biological Sciences, University of Turin, Turin,
Italy
3
InterMune Inc, Brisbane, California, USA
4
Department of Pneumology and Allergy, Ruhrlandklinik, University of
Duisburg-Essen, Essen, Germany
5
Emeritus Professor of Respiratory Medicine, Imperial College, London, UK
6
AIRMED, Alfred Hospital and Monash University, Melbourne, Victoria,
Australia
7
Department of Medicine and Surgery, University of Miami Miller School of
Medicine, Miami, Florida, USA
8
Department of Medicine, University of California San Francisco (UCSF),
San Francisco, California, USA
9
Department of Medicine, Columbia University Medical Center, New York,
New York, USA
10
Lung Transplant Program, Inova Fairfax Hospital, Falls Church, Virginia,
USA
11
Lung Disease Department, Paulista School of Medicine, Federal University of
São Paulo, São Paulo, Brazil
12
Department of Medicine, National Jewish Health, Denver, Colorado, USA
13
Pneumology Service, Assistance Publique-Hôpitaux de Paris, Avicenne
University Hospital, Bobigny, France
14
Department of Medicine, Cedars Sinai Medical Center, Los Angeles,
California, USA
Acknowledgements The authors wish to thank Kenneth Glasscock for
medical writing and editorial assistance and also thank the participating
medical staff and patients at all the study centres.
Contributors CA, WZB, UC, RMdB, TEK, PWN and DV participated in the
conception, design and execution of the CAPACITY study and in the
acquisition and interpretation of original data. WZB, IG, MKG, EAF, RSF, TEK,
LL, DJL, ZL, SDN, CAP, JJS and PWN participated in the conception, design
and execution of the ASCEND study and in the acquisition and interpretation
of original data. CA, WZB, UC, RMdB, TEK, PWN and DV participated in the
conception, design and execution of the RECAP study, and all the authors
participated in the interpretation of data from RECAP. ZL performed the
statistical analyses for all data presented in the report. WZB and LL
participated in the preparation of the initial draft of the manuscript. CA, UC,
RMdB, IG, MKG, EAF, RSF, TEK, DJL, ZL, SDN, CAP, JJS and DV participated
in the review and critical revision of the manuscript for intellectual content. All
the authors approved the final draft and vouch for the accuracy of the overall
content of the manuscript.

committee for Gilead and as a consultant for Bayer, Boehringer Ingelheim,
Centocor and Roche. RMdB has served on a scientific advisory board for
Actelion, Boehringer Ingelheim, InterMune and Novartis. DJL has served on a
scientific advisory board for Boehringer-Ingelheim, Gilead, Immune Works
and InterMune. TEK has served as a consultant for Actelion, Boehringer
Ingelheim, Daiichi Sankyo, Immune Works and InterMune. SDN has served
on a scientific advisory board and received research funding from Intermune;
he has also received research funding and served as a consultant for
Boehringer Ingelheim, Gilead and Roche/Genentech. CAP has received a
research grant from InterMune. JJS has served on a scientific advisory board
and received research funding from InterMune, and served as a consultant to
Boehringer Ingelheim and Roche. PWN has served as a consultant for
Boehringer Ingelheim, Bristol-Myers Squibb, InterMune, Moerae Matrix,
Roche and Takeda. DV has served on a scientific advisory board for
InterMune and received travel grants from Boehringer Ingelheim. WZB, EAF,
RSF and ZL are employees of InterMune.
Ethics approval Food and Drug Administration.
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No additional data are available.
Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work noncommercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1.

2.
3.
4.
5.
6.
7.

8.

Funding This study was sponsored by InterMune Inc (Brisbane, CA).
Competing interests LL, IG, MKG, EAF, DJL, TEK, SDN, CAP, JJS and PWN
were members of the ASCEND study steering committee. CA, UC, RMdB,
TEK, PWN and DV were members of the CAPACITY study steering committee.
LL has served on a scientific advisory board for Boehringer Ingelheim and
InterMune and as a consultant to Boehringer Ingelheim. IG has received
honoraria from Boehringer Ingelheim. CA has served on a scientific advisory
board for InterMune. UC has served as a member of a study adjudication

9.

10.
11.

Raghu G, Collard HR, Egan JJ, et al. An official ATS/ERS/JRS/
ALAT statement: idiopathic pulmonary fibrosis: evidence based
guidelines for diagnosis and management. Am J Respir Crit Care
Med 2011;183:788–824.
Noble PW, Albera C, Bradford WZ, et al. Pirfenidone in patients with
idiopathic pulmonary fibrosis (CAPACITY): two randomised trials.
Lancet 2011;377:1760–8.
King TE Jr, Bradford WZ, Castro-Bernardini S, et al. A phase 3 trial
of pirfenidone in patients with idiopathic pulmonary fibrosis. N Engl J
Med 2014;370:2083–92.
Taniguchi H, Ebina M, Kondoh Y, et al. Pirfenidone in idiopathic
pulmonary fibrosis. Eur Respir J 2010;35:821–9.
Valeyre D, Albera C, Bradford WZ, et al. Comprehensive
assessment of the long-term safety of pirfenidone in patients with
idiopathic pulmonary fibrosis. Respirology 2014;19:740–7.
Azuma A, Nukiwa T, Tsuboi E, et al. Double-blind,
placebo-controlled trial of pirfenidone in patients with idiopathic
pulmonary fibrosis. Am J Respir Crit Care Med 2005;171:1040–7.
Raghu G, Johnson WC, Lockhart D, et al. Treatment of idiopathic
pulmonary fibrosis with a new antifibrotic agent, pirfenidone: results
of a prospective, open-label phase II study. Am J Respir Crit Care
Med 1999;159:1061–9.
Rubino CM, Bhavnani SM, Ambrose PG, et al. Effect of food and
antacids on the pharmacokinetics of pirfenidone in older healthy
adults. Pulm Pharmacol Ther 2009;22:279–85.
Costabel U, Albera A, Bradford WZ, et al. Analysis of lung function
and survival in RECAP: an open-label extension study of pirfenidone
in patients with idiopathic pulmonary fibrosis. Sarcoidosis Vasc
Diffuse Lung Dis 2014;31:198–205.
Esbriet [summary of product characteristics]. London, UK: InterMune
UK Ltd, 2011.
Esbriet ( pirfenidone) capsules, for oral use [ package insert].
Brisbane, CA: InterMune, Inc, 2014.

Lancaster L, Albera C, Bradford WZ, et al. BMJ Open Resp Res 2016;3:e000105. doi:10.1136/bmjresp-2015-000105

7

BMJ Open Resp Res: first published as 10.1136/bmjresp-2015-000105 on 12 January 2016. Downloaded from http://bmjopenrespres.bmj.com/ on January 9, 2023 by guest. Protected by
copyright.

Open Access

SUPPLEMENTAL MATERIAL
Table 1

Summary of eligibility criteria for the Phase 3 multinational studies

CAPACITY (Studies 004 and 006)

 Age 40 to 80 years
 Confident IPF diagnosis within the previous
48 months
– Definite UIP on HRCT or probable UIP on
HRCT + definite/probable UIP on surgical
lung biopsy
 No evidence of improvement in disease
severity within the preceding 12 months

ASCEND (Study 016)

 Age 40 to 80 years
 Centrally confirmed IPF diagnosis according
to 2011 ATS/ERS/JRS/ALAT criteria at least
6 months and not more than 48 months prior
to randomization
 Clinical symptoms consistent with IPF of
≥12 months duration

 Percent predicted FVC ≥50%

 No evidence of improvement in disease
severity within the preceding 12 months

 Percent predicted DLCO ≥35%

 Percent predicted FVC ≥50% and ≤90%

 Either percent predicted FVC or percent
predicted DLCO ≤90%

 Percent predicted DLCO ≥30% and ≤90%

 FEV1/FVC ratio ≥0.70

 FEV1/FVC ratio ≥0.80
 6-minute walk distance ≥150 m

 6-minute walk distance ≥150 m

DLCO=carbon monoxide diffusing capacity; FEV1=forced expiratory volume in 1 second; FVC=
forced vital capacity; HRCT=high resolution computed tomography; IPF=idiopathic pulmonary
fibrosis; UIP=usual interstitial pneumonia
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Figure 1

Distribution of baseline values for percent predicted FVC and percent
predicted DLCO in the integrated population

DLCO=carbon monoxide diffusing capacity; FVC=forced vital capacity

Table 2. Summary of treatment emergent adverse events
Phase 3 Multinational Trials

Duration of exposure,
median (range), yr
Any TEAE, %

†

Integrated
Population
(N=1299)*

Pirfenidone
(N=623)

Placebo
(N=624)

1.7 (>0, 9.9)

1.0 (>0, 2.3)

1.0 (>0, 2.3)

97.6

99.0

97.9

Lancaster et al.

Any serious TEAE, %

49.2

27.0

28.5

Any TEAE leading to treatment
discontinuation, %

38.1

14.6

9.6

TEAE=treatment emergent adverse event
*Includes 2 patients in Study 002 with a diagnosis of “pulmonary fibrosis”
†

CAPACITY (studies 004 and 006) and ASCEND (study 016)
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Table 3. Most common treatment emergent serious adverse events*
Phase 3 Multinational Trials‡
Patients, %

Integrated
Population
(N=1299)†

Any TE SAE

49.2

27.0

28.5

Idiopathic pulmonary fibrosis

17.5

5.3

9.3

Pneumonia

7.9

3.5

4.3

Respiratory failure

3.2

1.1

1.4

Atrial fibrillation

2.8

0.6

0.6

Bronchitis

2.7

0.5

1.4

Pirfenidone
(N=623)

Placebo
(N=624)

TE SAE=treatment emergent serious adverse event
*Occurring in >2% of patients in the integrated population
†Includes 2 patients in Study 002 with a diagnosis of “pulmonary fibrosis”
‡CAPACITY (studies 004 and 006) and ASCEND (study 016)

Table 4. Liver-related outcomes

Integrated
Population
(N=1299)†

Phase 3 Multinational Trials‡
Pirfenidone
(N=623)

Placebo
(N=624)

1.7 (>0, 9.9)

1.0 (>0, 2.3)

1.0 (>0, 2.3)

3 to 4.99 x ULN

1.9

2.4

0.5

5 to 9.99 x ULN

0.9

1.0

0.2

10 to 19.99 x ULN

0.2

0.3

0

Duration of exposure,
median (range), yr
ALT or AST Increased, %

Lancaster et al.
≥20 x ULN

0

0

0.2

Serum total bilirubin >2 x ULN, %

0.3

0.2

0

Study treatment discontinuation, %*

1.4

1.0

0.3

Liver-related TE SAE, %*

1.0

1.0

0.2

Death, %*

0.2§

0

0

ALT=alanine aminotransferase; AST=aspartate aminotransferase; TE SAE=treatment emergent
serious adverse event; ULN=upper limit of normal
*Possibly due to any liver-related abnormality, including those without ALT or AST elevation
†Includes

2 patients in Study 002 with a diagnosis of “pulmonary fibrosis”

‡CAPACITY
§One

(studies 004 and 006) and ASCEND (study 016)

patient with hepatic hilus tumor and 1 patient with lung cancer and liver metastases
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Figure 2

Kaplan-Meier estimate of time to onset of aminotransferase elevation ≥3
times the upper limit of normal
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Appendix 1

Exclusion criteria for the Phase 3 and open-label studies

A. CAPACITY (Studies 004 and 006)
Disease-related Exclusions
1. Not a suitable candidate for enrollment or unlikely to comply with the requirements of this
study, in the opinion of the investigator
2. Premature withdrawal from a randomized IPF clinical trial in the previous 2 years for any
reason other than Sponsor decision or current participation in a clinical drug trial
3. Forced expiratory volume in the first second (FEV1)/FVC ratio <0.7 after administration of
bronchodilator at the Screen Visit and Day 1 before randomization
4. Bronchodilator Response defined by an absolute increase of ≥ 12% and an increase of 200
mL in the predicted FEV1 or FVC or both after bronchodilator Day 1 before randomization
5. Residual volume (RV) >120% of predicted (before administration of bronchodilator)
6. History of clinically significant environmental exposure known to cause PF (including but not
limited to drugs, asbestos, beryllium, radiation, domestic birds)
7. Known explanation for interstitial lung disease, including but not limited to radiation,
sarcoidosis, hypersensitivity pneumonitis, bronchiolitis obliterans organizing pneumonia,
human immunodeficiency virus (HIV), viral hepatitis and cancer
8. Diagnosis of any connective tissue disease, including but not limited to scleroderma,
systemic lupus erythematosus, and rheumatoid arthritis
9. Clinical evidence of active infection, including but not limited to bronchitis, pneumonia,
sinusitis, urinary tract infection, or cellulitis
10. In the clinical opinion of the investigator, the patient is expected to need and be eligible for a
lung transplant within 72 weeks after randomization
11. Unable to undergo pulmonary function testing, which includes meeting the following
reproducibility standards:




At Screening, the 2 highest acceptable FVC values must be within 0.100 liter
At Day 1, the 2 highest acceptable FVC values must be within 0.100 liter
At Screening, 2 of the 3 acceptable DLco values must be within 2 units (for TL CO, within
0.67 SI units) of each other

Medical Exclusions
12. Any history of malignancy likely to result in death or significant disability or likely to require
significant medical or surgical intervention within the next 2 years. This does not include minor
surgical procedures for localized carcinoma (e.g., basal cell carcinoma)
13. Any condition other than IPF which, in the opinion of the investigator, is likely to result in the
death of the patient within the next 2 years
14. History of advanced cirrhosis or clinically significant liver disease
15. History of unstable or deteriorating cardiac or pulmonary disease (other than IPF) within the
previous 6 months, including but not limited to the following:



Myocardial infarction, unstable angina pectoris, coronary artery bypass surgery, or
coronary angioplasty
Congestive heart failure requiring hospitalization
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Uncontrolled arrhythmias
Asthma or chronic bronchitis requiring hospitalization in the last 6 months

16. Any condition, which, in the opinion of the investigator, might be significantly exacerbated by
the known side effects associated with the administration of pirfenidone
17. Poorly controlled diabetes (defined by glycosylated hemoglobin [HbA1C] >10)
18. Pregnancy or lactation. Women of childbearing capacity are required to have a negative
serum pregnancy test before treatment and must agree to maintain highly effective methods
of contraception by practicing abstinence or by using at least two methods of birth control
from the date of consent through the end of the study. If abstinence is not practiced, then
one of the two methods of birth control should be an oral contraceptive (e.g., oral
contraception and a spermicide).
19. History of alcohol or substance abuse in the past 2 years
20. History of any condition or habit associated with altered consciousness and a risk of aspiration
in the past 2 years
21. Family or personal history of long QT Syndrome
Laboratory Exclusions
22. Any of the following liver function test criteria above specified limits: total bilirubin >2.5 × upper
limit of normal (ULN); aspartate or alanine aminotransferase (AST/SGOT or ALT/SGPT) >2.5
× ULN; alkaline phosphatase >2.5 × ULN
23. Screening or Day 1 ECG with a QTcB interval >500 msec
Concomitant Therapy Exclusions
24. Prior use of pirfenidone or known hypersensitivity to any of the components of study treatment
25. Patients are excluded if they require the following therapies within 28 days prior to screening:
a. Investigational therapy defined as any drug that has not been approved for marketing for
any indication in the country of the participating site
b. Any cytotoxic, immunosuppressive, cytokine modulating, or endothelin receptor antagonist
agents including but not limited to: azathioprine, bosentan, cyclophosphamide,
corticosteroids, cyclosporine, etanercept, iloprost, infliximab, leukotrienes, methotrexate,
mycophenolate mofetil, sildenafil (daily), tetrathiomolybdate, TNF α inhibitors, N-acetylcysteine (NAC), imatinib mesylate, Interferon gamma-1b (IFN-γ 1b), and tyrosine kinase
inhibitors
c. Concomitant medications being used for the treatment of IPF (including but not limited to):
ACE-inhibitors, colchicine, warfarin, heparin, sildenafil, and HMG-CoA reductase
inhibitors. These drugs may be used if given for a non-IPF indication if there is no clinically
acceptable alternative therapy for the same indication.
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B. ASCEND (Study 016)
Disease-related Exclusions
1. Significant clinical worsening of IPF between Screening and Day 1, in the opinion of the
investigator
2. Not a suitable candidate for enrollment or unlikely to comply with the requirements of this
study, in the opinion of the investigator
3. Forced expiratory volume in one second (FEV1)/FVC ratio <0.8 after administration of
bronchodilator at Screening, confirmed by central review
4. Bronchodilator response, defined by an absolute increase of ≥12% and an increase of 200 mL
in the predicted FEV1 or FVC or both after bronchodilator use compared with the values seen
before bronchodilator use at Screening, confirmed by central review
5. Cigarette smoking within 3 months of Screening or unwilling to avoid tobacco products
throughout the study
6. History of clinically significant environmental exposure known to cause PF, including but not
limited to drugs (such as amiodarone), asbestos, beryllium, radiation, and domestic birds
7. Known explanation for interstitial lung disease, including but not limited to radiation, drug
toxicity, sarcoidosis, hypersensitivity pneumonitis, bronchiolitis obliterans organizing
pneumonia, human immunodeficiency virus (HIV), viral hepatitis, and cancer
8. Clinical diagnosis of any connective tissue disease, including but not limited to scleroderma,
polymyositis/dermatomyositis, systemic lupus erythematosus, and rheumatoid arthritis
9. History of asthma or chronic obstructive pulmonary disease
10. Clinical evidence of active infection, including but not limited to bronchitis, pneumonia,
sinusitis, urinary tract infection, or cellulitis
11. Expected to receive a lung transplant within 1 year from randomization or, for patients at sites
in the United States (US), on a lung transplant waiting list at randomization
Medical Exclusions
12. Unable to perform 6MWT or to undergo pulmonary function test (PFT)
13. Any history of malignancy likely to result in significant disability or likely to require significant
medical or surgical intervention within the next 2 years. This does not include minor surgical
procedures for localized cancer (e.g., basal cell carcinoma)
14. Any condition other than IPF that, in the opinion of the investigator, is likely to result in the
death of the patient within the next 2 years
15. History of severe hepatic impairment or end-stage liver disease
16. History of end-stage renal disease requiring dialysis
17. History of unstable or deteriorating cardiac or pulmonary disease (other than IPF) within the
previous 6 months, including but not limited to the following:
a. Unstable angina pectoris or myocardial infarction
b. Congestive heart failure requiring hospitalization
c. Uncontrolled clinically significant arrhythmias
18. Any condition that, in the opinion of the investigator, might be significantly exacerbated by the
known side effects associated with the administration of pirfenidone

Lancaster et al.
19. Pregnancy or lactation. Women of childbearing capacity are required to have a negative
serum pregnancy test before treatment and must agree to maintain highly effective
contraception by practicing abstinence or by using at least two methods of birth control from
the date of consent through the end of the study. If abstinence is not practiced, one of the two
methods of birth control should be an oral contraceptive (e.g., oral contraceptive and a
spermicide).
20. History of alcohol or substance abuse in the past 2 years
21. Family or personal history of long QT Syndrome
Laboratory Exclusions
22. Any of the following liver function test criteria above specified limits: total bilirubin above the
upper limit of normal (ULN), excluding patients with Gilbert’s syndrome; aspartate or alanine
aminotransferase (AST/SGOT or ALT/SGPT) >3 × ULN; alkaline phosphatase >2.5 × ULN
23. Creatinine clearance (CrCl <30) mL/min, calculated using the Cockcroft-Gault formula
24. Electrocardiogram (ECG) with a QTcB interval >500 msec at Screening
Medication Exclusions
25. Prior use of pirfenidone or known hypersensitivity to any of the components of study treatment
26. Use of any of the following therapies within 28 days before Screening:
a. Investigational therapy, defined as any drug that has not been approved for marketing for
any indication in the country of the participating site
b. Any cytotoxic, immunosuppressive, cytokine modulating, or receptor antagonist agent
including but not limited to azathioprine, bosentan, ambrisentan, cyclophosphamide,
cyclosporine, etanercept, iloprost, infliximab, leukotriene antagonists, methotrexate,
mycophenolate mofetil, tacrolimus, montelukast, tetrathiomolybdate, TNF-α inhibitors,
N-acetylcysteine (NAC), imatinib mesylate, Interferon gamma-1b (IFN γ 1b), and tyrosine
kinase inhibitors
c. Medications that are specifically used for the treatment of IPF including but not limited to
angiotensin converting enzyme (ACE) inhibitors, colchicine, corticosteroids, heparin,
warfarin, and HMG-CoA reductase inhibitors. These drugs may be used if given for a nonIPF indication if there is no clinically acceptable alternative therapy for the same indication
d. Fluvoxamine
e. Sildenafil (daily use). Note: intermittent use for erectile dysfunction is allowed
C. RECAP (Study 012)
Disease-related Exclusions
Any patient who meets any of the following criteria is not eligible to participate in the study:
1. Is pregnant or lactating. Women of childbearing capacity are required to have a negative
serum pregnancy test before treatment and must agree to maintain highly effective methods
of contraception by practicing abstinence or by using at least two methods of birth control from
the date of consent through the end of the study. If abstinence is not practiced, then one of the
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2.
3.

4.
5.

two methods of birth control should be an oral contraceptive (e.g., oral contraception and a
spermicide).
Has known hypersensitivity to any of the components of the study drug
In the opinion of the PI, is not a suitable candidate for study participation. The PI should
carefully consider the risks and benefits of treatment if the patient’s medical status has
declined significantly during participation in CAPACITY.
Participates in another interventional clinical trial between the end of participation in the
CAPACITY studies and planned entry into PIPF-012
Receives the following therapies within 28 days of the first dose of pirfenidone in this study
(Day 1):
a. Investigational therapy defined as any drug that has not been approved for marketing for
any indication in the country of the participating site
b. Angiotensin-converting enzyme (ACE)-inhibitors, colchicine, warfarin, heparin, sildenafil,
and hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors. These drugs
may be used if given for a non-IPF indication if there is no clinically acceptable alternative
therapy for the same indication.
c. Any cytotoxic, immunosuppressive, cytokine modulating, or receptor antagonist agent
including but not limited to: bosentan, cyclosporine, etanercept, iloprost, infliximab,
leukotrienes, methotrexate, mycophenolate mofetil, sildenafil (daily), tetrathiomolybdate,
TNF-α inhibitors, N-acetylcysteine (NAC) alone, imatinib mesylate, Interferon gamma-1b
(IFN-γ 1b), and tyrosine kinase inhibitors. These drugs may be used if given for a non-IPF
indication if there is no clinically acceptable alternative therapy for the same indication.
Note: the exceptions are (a) corticosteroids, azathioprine, and/or cyclosphosphamide at
doses specified in the ATS/ERS 2005 Guidelines and (b) NAC in combination with
prednisone and azathioprine.

6. Permanently discontinues study drug in the CAPACITY studies for any reason
7. Meets any of the following liver function test criteria above specified limits at the CAPACITY
Treatment Completion Visit: total bilirubin >2.5 × upper limit of normal (ULN); aspartate or
alanine aminotransferases (AST/SGOT or ALT/SGPT) >2.5 × ULN; alkaline phosphatase
>2.5 × ULN
8. Has and ECG from a CAPACITY Trials Treatment Completion Visit or from the PIPF-012 Day
1 Visits showing heart-rate–correct (using Bazett’s formula) QT (QTcB) interval >500 ms or
must obtain permission from the InterMune medical monitor

Lancaster et al.
D. Study 002
Exclusion Criteria
Patients with any of the following will be excluded from the study:

1. Patient not a suitable candidate for study participation for any reason in opinion of Investigator
or Sponsor

2. Pregnant or breast feeding
3. Concomitant administration of any of the following: Interferon gamma 1- or other interferons,
colchicine, allopurinol, azathioprine, cyclophosphamide, other cytotoxic agents, cyclosporine,
D-penicillamine, methotrexate, bosentan, etanercept, infliximab, or N-acetylcysteine

