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Background: This document updates the American Thoracic

Society/European Respiratory Society/Japanese Respiratory Society/
Latin American Thoracic Association guideline on idiopathic
pulmonary ﬁbrosis treatment.
Methods: Systematic reviews and, when appropriate, meta-analyses
were performed to summarize all available evidence pertinent to our
questions. The evidence was assessed using the GRADE (Grading of
Recommendations, Assessment, Development and Evaluation)
approach and then discussed by a multidisciplinary panel.
Predetermined conﬂict-of-interest management strategies were
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Overview
The purpose of this guideline is to analyze
evidence reported since publication of the
prior guideline in 2011 and to update the
treatment recommendations accordingly.
The guideline should empower clinicians to
interpret these recommendations in the
context of individual patient values and
preferences and to make appropriate
clinical decisions about treatment of
patients with idiopathic pulmonary ﬁbrosis
(IPF). For each recommendation, both the
summary of evidence discussed by the
nonconﬂicted members of the committee
and the related remarks for each speciﬁc
treatment question, including the values
and preferences, should be considered
before applying these recommendations
to speciﬁc clinical situations or policy
decisions.
Clinicians, patients, third-party
payers, and other stakeholders should
never view these recommendations
as absolute. No guideline or
recommendations can take into account
all of the often compelling unique
individual clinical circumstances.
Therefore, no one charged with evaluating
clinicians’ actions should attempt to apply
the recommendations from this guideline
by rote or in a blanket fashion. The
implications of the strength of the

recommendation for various stakeholders
are described in Table 1.
This guideline does not provide
recommendations for one treatment
regimen over another. With the exception
of the recommendation against using
prednisone with azathioprine and
N-acetylcysteine, the guideline does not
provide suggestions for or against
combination regimens or sequential
therapies. Therefore, the strong or
conditional rating for each recommendation
must be weighed individually (i.e., two
recommendations with the same
strong or conditional rating should
not by default be considered equivalent
recommendations), factoring in all
components used to determine the grade
of the recommendation, including the
conﬁdence in effect estimates, outcomes
studies, desirable and undesirable
consequences of treatment, cost of
treatment, implications of treatment on
health equity, and feasibility of treatment.
The methods used by guideline panels to
appraise the evidence are different than
those used by regulatory agencies when
they review applications seeking market
approval for the use of pharmacologic
agents for treatment of IPF.
The following recommendations are
new or revised from the 2011 guideline, as
shown in Table 2:

Table 1. Interpretation of Strong and Conditional Recommendations for Stakeholders
(Patients, Clinicians, and Health Care Policy Makers)
Implications for:
Patients

Clinicians

Policy makers

Strong Recommendation
Most individuals in this situation
would want the
recommended course of
action, and only a small
proportion would not.
Most individuals should receive
the intervention. Adherence
to this recommendation
according to the guideline
could be used as a quality
criterion or performance
indicator. Formal decision
aids are not likely to be
needed to help individuals
make decisions consistent
with their values and
preferences.
The recommendation can be
adopted as policy in most
situations.
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Conditional Recommendation
The majority of individuals in this
situation would want the
suggested course of action,
but many would not.
Recognize that different choices
will be appropriate for
individual patients and that you
must help each patient arrive at
a management decision
consistent with his or her
values and preferences.
Decision aids may be useful in
helping individuals to make
decisions consistent with their
values and preferences.
Policy making will require
substantial debate and
involvement of various
stakeholders.

1. The recommendation against the use
of the following agents for the
treatment of IPF is strong:
a. Anticoagulation (warfarin) (⊕⊕⊝⊝,
low conﬁdence in effect estimates).
b. Imatinib, a selective tyrosine kinase
inhibitor against platelet-derived
growth factor (PDGF) receptors
(⊕⊕⊕⊝, moderate conﬁdence in
effect estimates).
c. Combination prednisone, azathioprine,
and N-acetylcysteine (⊕⊕⊝⊝, low
conﬁdence in effect estimates).
d. Selective endothelin receptor
antagonist (ambrisentan) (⊕⊕⊝⊝,
low conﬁdence in effect estimates).
2. The recommendation for the use of the
following agents for the treatment of
IPF is conditional:
a. Nintedanib, a tyrosine kinase
inhibitor that targets multiple
tyrosine kinases, including vascular
endothelial growth factor, ﬁbroblast
growth factor, and PDGF receptors
(⊕⊕⊕⊝, moderate conﬁdence in
effect estimates).
b. Pirfenidone (⊕⊕⊕⊝, moderate
conﬁdence in effect estimates).
3. The recommendation against the use
of the following agents for the
treatment of IPF is conditional:
a. Phosphodiesterase-5 inhibitor
(sildenaﬁl) (⊕⊕⊕⊝, moderate
conﬁdence in effect estimates).
b. Dual endothelin receptor antagonists
(macitentan, bosentan) (⊕⊕⊝⊝, low
conﬁdence in effect estimates).
The following recommendations are
unchanged from the 2011 guideline (Table 2):
1. Updated evidence syntheses related to
N-acetylcysteine monotherapy and
antiacid therapy were presented to the
panel, and both recommendations were
left unchanged from the 2011 guideline
(a conditional recommendation
against N-acetylcysteine monotherapy
based on low conﬁdence in effect estimate
and a conditional recommendation for
antiacid therapy based on very low
conﬁdence in effect estimate).
2. An updated evidence synthesis related
to the treatment of pulmonary
hypertension associated with IPF was
also presented to the panel, but
decisions regarding modifying the
recommendation from the 2011
guideline were deferred until the next
update.
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Table 2. Comparison of Recommendations in the 2015 and 2011 Idiopathic Pulmonary Fibrosis Guidelines
Agent

2015 Guideline

New and revised recommendations
Anticoagulation (warfarin)
Combination prednisone 1 azathioprine 1
N-acetylcysteine
Selective endothelin receptor antagonist
(ambrisentan)
Imatinib, a tyrosine kinase inhibitor with one
target
Nintedanib, a tyrosine kinase inhibitor with
multiple targets
Pirfenidone
Dual endothelin receptor antagonists
(macitentan, bosentan)
Phosphodiesterase-5 inhibitor (Sildenaﬁl)
Unchanged recommendations
Antiacid therapy
N-acetylcysteine monotherapy
Anti–pulmonary hypertension therapy for
idiopathic pulmonary ﬁbrosis-associated
pulmonary hypertension
Lung transplantation: single vs. bilateral
lung transplantation

2011 Guideline

Strong recommendation against use*
Strong recommendation against use†

Conditional recommendation against use‡
Conditional recommendation against use†

Strong recommendation against use†

Not addressed

Strong recommendation against use*

Not addressed

Conditional recommendation for use*

Not addressed

Conditional recommendation for use*
Conditional recommendation against use†

Conditional recommendation against use†
Strong recommendation against use*

Conditional recommendation against use*

Not addressed

‡

Conditional recommendation for use
Conditional recommendation against use†
Reassessment of the previous
recommendation was deferred

Conditional recommendation for use‡
Conditional recommendation against use†
Conditional recommendation against use‡

Formulation of a recommendation for
single vs. bilateral lung transplantation
was deferred

Not addressed

*⊕⊕⊕⊝, moderate confidence in effect estimates.
†
⊕⊕⊝⊝, low confidence in effect estimates.
‡
⊕⊝⊝⊝, very low confidence in effect estimates.

3. Recommendations for multiple other
interventions that were addressed in
the 2011 guideline (e.g., treatment
of acute exacerbation of IPF
with corticosteroids, oxygen
supplementation, mechanical
ventilation, pulmonary rehabilitation,
and lung transplantation in general)
were not prioritized for an update in this
guideline
An evidence synthesis was also
performed for a new question about single
versus bilateral lung transplantation, but
decisions regarding a recommendation were
deferred until the next version of the
guideline to gather additional information
that was felt necessary before formulating
a recommendation. Questions regarding
newer treatments (e.g., antibiotics) were not
addressed and were deferred until the next
version of the guideline because of resource
constraints.

Introduction
Idiopathic pulmonary ﬁbrosis (IPF) is
a speciﬁc form of chronic, progressive,
ﬁbrosing interstitial pneumonia of unknown
cause occurring in adults. Radiologic and/or
histopathologic patterns are consistent
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with usual interstitial pneumonia (1). The
ﬁrst guideline on the management of IPF
was published in 2000 and was based on
the consensus opinion of a group of
international experts (2). The next
guideline was published in 2011 and was
a rigorous, evidence-based, joint effort by
the American Thoracic Society (ATS),
European Respiratory Society (ERS),
Japanese Respiratory Society (JRS), and
Latin American Thoracic Association
(ALAT) (3). Since then, important new
evidence for the treatment of IPF has
been published. This guideline updates
several recommendations for treatment
from the previous guideline and provides
new recommendations on topics not
considered in the previous guideline.

Methods
The guideline development panel consisted
of a chair (G.R.) and two co-chairs (H.J.S.
and H.H.) and 15 panelists. All participants
disclosed their conﬂicts of interest during
panel composition. Evidence syntheses were
presented to the panel at a face-toface meeting and two subsequent
teleconferences. The presentations were
followed by a discussion of the evidence and

then the formulation and grading of
recommendations using the GRADE
(Grading of Recommendations,
Assessment, Development, and Evaluation)
approach. Among the co-chairs and
panelists, nine individuals (J.L.B., W.C.,
H.H., S.H., T.J., J.M., D.R., A.T., and H.J.S.)
were judged by ATS to have no relevant
conﬂicts of interest and were allowed to
participate without restrictions; however,
eight individuals (A.A., J.B., H.R.C.,
F.J.M., G.R., L.R., M.S., and A.U.W.) were
judged to have conﬂicts of interest and
were allowed to participate in discussions
about the evidence, but were not
permitted to discuss, formulate, grade,
or vote on the recommendations. The
medical librarian (S.L.P.) similarly did
not participate in the development of
recommendations. Adherence to the rules
was strictly enforced during the meeting,
teleconferences, and manuscript preparation.

Recommendations for
Speciﬁc Treatment
Questions
Please see online supplement, which
includes supporting evidence proﬁles for
each recommendation.
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Question 1: Should Patients with IPF
Be Treated with Anticoagulation?
Background. Studies have suggested
a procoagulant state may be involved
in promoting ﬁbrosis via cell-surface
receptor–mediated pathways (4, 5)
providing biological plausibility for
a mechanistic link between thrombosis
and lung ﬁbrosis (6, 7). It is less clear what
role systemic anticoagulants may have in
preventing this effect in patients with IPF.
Summary of the evidence. The 2011
guideline included one study, an open
randomized trial that compared oral
warfarin plus prednisolone against
prednisolone alone in 56 patients with
IPF (8). Treatment with warfarin led to
a reduction in the secondary outcome
of IPF acute exacerbation-associated
mortality. This trial was associated with
signiﬁcant methodological concerns,
speciﬁcally the lack of a clear description
of how randomization or concealment of
allocation was undertaken, the lack of
a description of how patient drop-out
was managed, and a failure to exclude
pulmonary embolus as a potential cause
for clinical deterioration. For these
reasons, in addition to the absence of
a placebo control, it was considered to
have a high risk of bias and was excluded
from pooled analysis in this treatment
update.
One randomized controlled trial (RCT)
published since the 2011 guideline
randomized 145 patients with IPF to oral
warfarin (target international normalized
ratio, 2.0–3.0) versus placebo control (9).
This study was stopped early after a mean
follow-up of 28 weeks because of a lack
of beneﬁt from warfarin and a signal for
potential harm with treatment. Despite
a relatively low number of events,
a signiﬁcant increase in mortality was seen
with warfarin at interim analysis (relative
risk [RR], 4.73; 95% conﬁdence interval
[CI], 1.42–15.77; low conﬁdence), although
this was not associated with bleeding
complications. No signiﬁcant difference
was seen between groups in terms of FVC
change (low conﬁdence) or percentage of
patients with a greater than 10% decrease
in FVC during the study period (low
conﬁdence). There was also a trend toward
more serious adverse events in patients
receiving warfarin (RR, 1.77; 95% CI,
0.94–3.33; low conﬁdence).
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Recommendation. We recommend
that clinicians not use warfarin
anticoagulation in patients with IPF
who do not have a known alternative
indication for its use (strong
recommendation against, low conﬁdence
in estimates of effect).
Justiﬁcation and implementation
considerations. This recommendation

places a high value on potential adverse
outcomes such as death. The committee
members felt that the increased risk
for mortality required a strong
recommendation against using oral warfarin
as a treatment for IPF in patients with
IPF. However, this recommendation applies
only to oral warfarin with a target
international normalized ratio of 2.0–3.0
and does not include the use of other
anticoagulants for other indications.
Patients who have an alternate and/or
known indication for anticoagulation, such
as venous thromboembolic disease or atrial
ﬁbrillation, should follow treatment
guidelines for these conditions independent
of their underlying IPF. Given that there
were no net beneﬁts of oral warfarin cost
was considered irrelevant.
Question 2: Should Patients with IPF
Be Treated with Imatinib, a Tyrosine
Kinase Inhibitor?
Background. Imatinib is a potent inhibitor
of lung ﬁbroblast–myoﬁbroblast
differentiation and proliferation, as well
as an inhibitor of extracellular matrix
production through inhibition of PDGF
and transforming growth factor-b
signaling. For the recommendation
on nintedanib, a less selective tyrosine
kinase inhibitor, see Question 5. No
recommendation was offered for either of
these medications in the 2011 guideline
document.
Summary of the evidence. Imatinib
for patients with IPF has been evaluated
in one placebo-controlled RCT, which
randomized 119 patients and included
a median follow-up of 96 weeks (10). No
difference in mortality was seen between
the intervention and control groups (RR,
0.81; 95% CI, 0.35–1.92; low conﬁdence).
Disease progression, the study’s primary
outcome, which was deﬁned as a more
than 10% decline in FVC or death at 96
weeks, also showed no beneﬁt for imatinib
therapy (hazard ratio [HR], 1.05; 95% CI,
0.56–1.96; moderate conﬁdence). There was

a statistically signiﬁcant increased risk of
adverse events in the imatinib group
compared with control (RR, 1.54; 95% CI,
1.25–1.90; high conﬁdence); however,
most of the undesirable effects were not
considered bothersome enough to
discontinue the medication. There was no
signiﬁcant difference in the number of
serious adverse events between groups (low
conﬁdence).
Recommendation. We recommend
that clinicians not use imatinib in
patients with IPF (strong
recommendation, moderate conﬁdence in
estimates of effect).
Justiﬁcation and implementation
considerations. Imatinib is a relatively

expensive drug with no current evidence
suggesting beneﬁt in IPF patients to prevent
disease progression or mortality. In the
context of no demonstrated clinical beneﬁt,
this recommendation puts a high value on
adverse events and the cost of treatment.
Question 3: Should Patients with IPF
Be Treated with Combination
Prednisone, Azathioprine, and
N-Acetylcysteine?
Background. Previously, immune
suppression was considered important
in the treatment of IPF (2). It was thought
that a two-drug regimen including
glucocorticoids in addition to either
azathioprine or cyclophosphamide
may be superior to glucocorticoids alone
(2). Given some early studies in favor of
N-acetylcysteine (11), clinicians and
researchers have examined the potential
beneﬁt of this three-drug regimen for IPF.
Summary of the evidence. The 2011
guideline included one RCT that compared
N-acetylcysteine versus placebo in patients
receiving prednisone and azathioprine
(12). In this study, 12-month declines in
vital capacity and diffusing capacity of the
lung for carbon monoxide (DLCO) were
signiﬁcantly less with the addition of
N-acetylcysteine, although no signiﬁcant
effect on mortality, dyspnea scores, or
quality of life was observed. Given the
limitations of this study, speciﬁcally the
lack of a true placebo group for all active
therapies, a more recent RCT has been
reported that randomized patients to
combination therapy versus placebo for all
active agents (13). This multicenter study
was stopped early after a signal for harm
was seen in patients receiving combination
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therapy compared with placebo, with an
increase in mortality (HR, 9.26; 95% CI,
1.16–74.1; very low conﬁdence) and
hospitalization (P , 0.001). No signiﬁcant
difference between groups was seen in FVC
change (moderate conﬁdence), DLCO
change (low conﬁdence), or quality-of-life
indices (low conﬁdence).
Recommendation. We recommend
that clinicians not use the combination
therapy of N-acetylcysteine, azathioprine,
and prednisone in patients with IPF
(strong recommendation, low conﬁdence
in estimates of effect).
Justiﬁcation and implementation
considerations. This recommendation is

primarily based on the results of a single trial
that was stopped early for harm (13).
Although trials stopped early prompt
concerns about the true underlying effect
(14), a clear negative effect was seen for
multiple patient-important outcomes after
enrolling 50% of targeted patients to this
study. This recommendation places a high
value on these potential adverse effects of
the intervention. The committee felt that
this recommendation only applies to
patients with IPF treated with the dose
of agents used in the trial and may not
necessarily be generalizable to other forms
of interstitial lung disease or other doses
of treatment medications. There was no
consensus on how to deal with patients
with IPF who have been receiving
a combination therapy long-term with
good tolerance, as studies did not
address stopping this treatment. In
such circumstances, the committee
recommended that an informed discussion
is necessary and should take place between
the individual patient and practitioner
discussing the potential harms of treatment
in combination with considerations for the
patient’s values and preferences. Despite
challenges in judging beneﬁt in individual
patients, with those who seemed to have
responded to combination therapy, it is
prudent to readdress the accuracy of the
diagnosis of IPF and reconsider other
disease processes that may be more
responsive to this treatment.
Question 4: Should Patients with IPF
Be Treated with Ambrisentan,
a Selective ER-A Endothelin Receptor
Antagonist?
Background. Clinically signiﬁcant
endothelin receptors fall into one of a few
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categories, including endothelin type A
(ET-A) receptors, which induce
vasoconstriction and are usually found
on vascular smooth muscle cells, and the
endothelin type B1 (ET-B1) receptors,
located in the endothelial cells, which are
known to stimulate the release of nitric
oxide (NO) and prostacyclin to produce
a vasodilating effect (15). ET-A receptors
have also been shown to propagate
epithelial-to-mesenchymal transition
through intermediary cytokines, leading to
a proﬁbrotic state (16). ET-B2 receptors
antagonize ET-B1 receptors and
vasoconstrict through an unknown
mechanism (15). Clinically available
endothelin receptor antagonists (ERAs)
include selective ET-A antagonists (e.g.,
ambrisentan) and dual antagonists that
affect both ET-A and ET-B receptors (e.g.,
bosentan and macitentan). Increased ET-A
and ET-B receptor levels have been found
in IPF-affected ﬁbrotic lung (17), and as
such, both selective and dual antagonists
have been investigated for potential beneﬁt
in treating patients with IPF. Given the
differential mechanism of action, this
guideline update looked at these two
subtypes separately and decided to offer
independent recommendations. No
recommendation was made in the 2011
guideline for selective ERAs (see dual ERAs,
recommendation 8 below).
Summary of the evidence. Ambrisentan
is the only selective ERA with RCT evidence,
with a single study that randomized 492
patients with IPF in a 2:1 ratio to either drug
or placebo (18). This study also stratiﬁed
randomization based on the presence or
absence of pulmonary hypertension (PH)
by right heart catheterization at baseline.
Importantly, this study was stopped early
for lack of beneﬁt and a high likelihood
of harm seen with intervention.
The HR for mortality with ambrisentan
after a median follow-up of 52 weeks was
2.08 (95% CI, 0.75–5.76; low conﬁdence).
Ambrisentan increased disease progression,
assessed as worsening DLCO or FVC,
independent of the presence or absence of PH
(HR, 1.74; 95% CI, 1.14–2.66; moderate
conﬁdence). There was no signiﬁcant
difference between groups in terms of FVC,
DLCO, 6-minute-walk distance, or quality-oflife indices when assessed at week 48. There
was no difference in adverse events (moderate
conﬁdence) or serious adverse events (low
conﬁdence) between patients receiving
ambrisentan and those receiving placebo.

Recommendation. We recommend
that clinicians not use ambrisentan,
a selective ER-A endothelin receptor
antagonist, in patients with IPF,
regardless of the presence or absence of
PH (strong recommendation against, low
conﬁdence in estimates of effect).
Justiﬁcation and implementation
considerations. Because ambrisentan is

indicated for treatment of PH in patients
other than those with IPF, the committee
recommends against the use of ambrisentan
in patients with IPF manifesting PH. It
is reasonable for patients with IPF who
are taking ambrisentan to discontinue
treatment, given the lack of beneﬁt and
potential for harm. The committee did not
suggest subgroup considerations or future
research opportunities.
Question 5: Should Patients with
IPF Be Treated with Nintedanib, a
Tyrosine Kinase Inhibitor?
Background. Nintedanib (previously known
as molecule BIBF 1120) is an intracellular
inhibitor of several tyrosine kinases that
targets multiple growth factor receptors,
including vascular endothelial growth
factor, ﬁbroblast growth factor, and PDGF.
Summary of the evidence. Nintedanib
treatment in patients with IPF was evaluated
in three RCTs published in two separate
reports (19, 20). The ﬁrst was a phase 2
safety and efﬁcacy trial that studied four
different doses of nintedanib (50 mg once
daily, 50 mg twice daily, 100 mg twice daily,
and 150 mg twice daily) versus placebo
(19). No signiﬁcant difference between
groups was seen in terms of mortality. The
percentage of patients with more than
10% FVC decline during the 12 month
follow-up period was lower with the highest
dose of nintedanib (P = 0.004) but was not
signiﬁcantly different at the other doses
when compared with placebo. Patients
treated with any dose of nintedanib did
have fewer IPF acute exacerbations
compared with controls (HR, 0.16; 95% CI,
0.04–0.70). There were more adverse events
and serious adverse events in the patients
receiving nintedanib; however, neither of
these was statistically signiﬁcant.
INPULSIS-1 (Safety and Efﬁcacy of
BIBF 1120 at High Dose in Idiopathic
Pulmonary Fibrosis Patients) and INPULSIS-2
(Safety and Efﬁcacy of BIBF 1120 at High
Dose in Idiopathic Pulmonary Fibrosis
Patients II) were replicate phase 3 RCTs that
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enrolled a total of 1,066 patients in a 3:2 ratio
to receive 150 mg of nintedanib twice daily
versus placebo (20). Follow-up for both of
these studies was 52 weeks. Considering
these trials as one, there was no signiﬁcant
beneﬁt of nintedanib on mortality (RR, 0.70;
95% CI, 0.44–1.11) or acute exacerbation of
IPF (HR, 0.64; 95% CI, 0.39–1.05). However,
fewer patients treated with nintedanib had
a more than 10% absolute decline in FVC
during the study period (RR, 1.16; 95% CI,
1.06–1.27). Also, the adjusted annual rate of
change in FVC was 2114.7 ml with
nintedanib therapy versus 2239.9 ml with
placebo (difference, 125.2 ml; 95% CI,
77.7–172.8). Signiﬁcantly more patients
treated with nintedanib reported an adverse
event (RR, 1.07; 95% CI, 1.03–1.11); however,
there was no signiﬁcant increase in serious
adverse events. Patients treated with
nintedanib did report signiﬁcantly more
diarrhea and nausea compared with those
receiving placebo.
Pooled analysis of these three trials
(19, 20) showed an RR of 0.70 (95% CI,
0.47–1.03; moderate conﬁdence) for
mortality and a HR of 0.47 (95% CI,
0.17–1.29; low conﬁdence) for acute
exacerbations. A beneﬁt was seen with
nintedanib for the outcome number of
patients with more than 10% absolute
decline in FVC (RR, 1.15; 95% CI,
1.06–1.25; moderate conﬁdence).
Signiﬁcantly more patients treated with
nintedanib reported adverse events (high
conﬁdence), but not serious adverse events
(high conﬁdence).
Recommendation. We suggest that
clinicians use nintedanib in patients
with IPF (conditional recommendation,
moderate conﬁdence in estimates of
effect).
Justiﬁcation and implementation
considerations. This recommendation puts

a high value on the potential beneﬁt of
nintedanib on patient-important outcomes
such as disease progression as measured by
rate of FVC decline and mortality and
a lower value on potentially signiﬁcant
adverse effects and the expected cost of
treatment. As opposed to more selective
tyrosine kinase inhibitors, nintedanib
appears to have some beneﬁt in terms of
patient-important outcomes in patients with
IPF, although no signiﬁcant effect on overall
mortality was seen. The concerns based on
current costs may limit feasibility and use.
These considerations are important, were
discussed by the committee as part of the
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recommendation, and must be factored into
any decision for treatment. Adverse effects
were commonly reported with nintedanib
therapy, speciﬁcally diarrhea, and patients
must be informed of this when deciding on
treatment. As noted earlier, there was no
increase in serious adverse events with
nintedanib, and relatively few patients
discontinued the study drug secondary to
adverse effects. Of note, one committee
member felt that the recommendation
should be strong in favor; all other members
agreed with a conditional recommendation.
As with other interventions, the available
evidence focuses on patients with IPF with
mild to moderate impairment in pulmonary
function tests (PFTs). It is unknown
whether the therapeutic beneﬁts would
differ in patients with a more severe
impairment in pulmonary function testing
or those with other comorbidities. Some of
the patients enrolled in the clinical trials
included patients with a high-resolution
computed tomography image pattern that
was suggestive of the usual interstitial
pneumonia (UIP) pattern (and was
designated as “probable UIP” pattern),
rather than those with deﬁnite UIP pattern
(i.e., without conﬁrmation of UIP on
surgical lung biopsy in patients whose highresolution computed tomography scan had
not demonstrated a pattern consistent with
deﬁnite UIP [3]). The evidence does not
allow suggestions about the optimal
duration of therapy, and it is unknown how
long the treatment effect endures with
ongoing drug therapy.
Question 6: Should Patients with IPF Be
Treated with Pirfenidone?
Background. Pirfenidone is an oral
antiﬁbrotic drug with pleiotropic effects. It has
been shown to regulate important proﬁbrotic
and proinﬂammatory cytokine cascades
in vitro (21) while reducing ﬁbroblast
proliferation and collagen synthesis in animal
models of lung ﬁbrosis (22–24).
Summary of the evidence. The 2011
guideline document reported on two
relatively small RCTs that compared
pirfenidone with placebo in Japanese
patients with IPF who had mild to moderate
impairment in PFTs (25, 26). One of these
trials (25) was stopped early for potential
beneﬁt, as acute exacerbation, a secondary
outcome, was found to occur more
frequently in the placebo group. Similarly,
and despite an incomplete data set,

a beneﬁt with pirfenidone was seen when
evaluating the frequency of oxygen
desaturation during 6-minute-walk test and
the decline in vital capacity (VC) over time.
The second trial (26) had signiﬁcant
methodological concerns, including
a highly selected enrolment and alteration
of the primary endpoint midstudy.
Understanding this, it also demonstrated
a beneﬁt to pirfenidone treatment in terms
of a reduction in the rate of decline in VC
(290 ml vs. 2160 ml; P = 0.04) and
improved progression-free survival (P =
0.03). The CAPACITY trial (27), the
combined results of two large-scale RCTs
(Safety and Efﬁcacy of Pirfenidone in
Patients With Idiopathic Pulmonary
Fibrosis, and Three-Arm Study of the Safety
and Efﬁcacy of Pirfenidone in Patients
With Idiopathic Pulmonary Fibrosis)
considering pirfenidone for IPF, had not
been published. However, preliminary
results were available, and were considered
in the last iteration of the guideline.
The CAPACITY trial reported on two
independent study protocols: study 004
included 435 patients randomized to one
of three treatment groups (high-dose
pirfenidone [2,403 mg/d], low-dose
pirfenidone [1,197 mg/d], and placebo),
whereas study 006 had 344 patients
randomized to only two treatment groups
(high-dose pirfenidone [2,403 mg/d] and
placebo). The results of the low-dose
pirfenidone group were intermediate to the
higher dose, and to avoid heterogeneity
of intervention, we chose to focus on the
results of the high-dose pirfenidone group
versus those of the placebo group across both
studies. In study 004, pirfenidone showed
a reduction in decline of FVC during the
72-week treatment period. Study 006 did not
show a beneﬁt in the same outcome during
the same period. Importantly, patients from
both studies who were assigned to receive
high-dose pirfenidone reported increased
rates of nausea, dyspepsia, vomiting,
anorexia, photosensitivity, and rash
compared with placebo. The ASCEND trial
(A Randomized, Double-Blind, Placebo
Controlled Trial of Pirfenidone in Patients
with Idiopathic Pulmonary Fibrosis)
randomized 555 patients with IPF to either
high-dose pirfenidone (2,403 mg/d)
or placebo (28). As opposed to the
CAPACITY trials, the ASCEND trial had
stricter patient selection criteria, such as
a FEV1/FVC ratio below 0.8. Of 1,562
screened patients, 1,007 were excluded
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because of these predeﬁned exclusion
criteria. Pirfenidone signiﬁcantly reduced the
proportion of patients who had a more than
10% decline in their FVC during the
52-week follow-up period. Pirfenidone
treatment increased 6-minute-walk distance
and progression-free survival when
compared with placebo. Mortality or
dyspnea scores did not differ. Consistent
with previous studies, patients randomized
to pirfenidone reported more treatmentrelated adverse effects.
Pooled results from these trials (25–28)
suggested improved mortality with
pirfenidone (RR, 0.70; 95% CI, 0.47–1.02;
moderate conﬁdence). Pirfenidone reduced
the rate of FVC decline (standardized mean
difference, 0.23; 95% CI, 0.06–0.41; high
conﬁdence). This pooled estimate did not
include the positive results from one study
(28) because of heterogeneity in reporting,
which made pooling including this trial
impossible. Pooled analysis showed
increased rates of photosensitivity (high
conﬁdence), fatigue (moderate conﬁdence),
stomach discomfort (moderate conﬁdence),
and anorexia (high conﬁdence) in patients
treated with pirfenidone.
Recommendation. We suggest that
clinicians use pirfenidone in patients with
IPF (conditional recommendation,
moderate conﬁdence in estimates of
effect).
Justiﬁcation and implementation
considerations. New evidence that has

become available since the prior edition
of this guideline has led to a conditional
recommendation in favor of treatment.
Only one committee member felt that the
recommendation should be strong in favor;
all other nonconﬂicted members agreed
with a conditional recommendation. This
recommendation puts a high value on the
potential beneﬁt of pirfenidone on patientimportant outcomes such as disease
progression as measured by rate of FVC
decline and mortality and a lower value on
potentially signiﬁcant adverse effects and
the cost of treatment. Quality-of-life
data were sporadically reported across
pirfenidone trials. The adverse effects of
pirfenidone treatment fall on a spectrum,
and some patients may not be willing to
tolerate certain adverse effects even in the
setting of treatment beneﬁt, as assessed by
measurement of FVC. Shared decisionmaking should be used, and patients starting
this treatment must be educated on all
potential adverse effects. In addition,
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pirfenidone is currently a very costly
intervention, and this must be factored into
the decision-making process, especially
when patients directly carry the ﬁnancial
burden of treatment. Given the different
inclusion criteria for the pirfenidone
trials, these results cannot necessarily be
generalized to patients with IPF with more
severe impairment in PFTs or for patients
with other signiﬁcant comorbidities. The
evidence does not allow suggestions about
the optimal duration of therapy, and it is
unknown how long the treatment effect
endures with ongoing drug therapy.
Question 7: Should Patients with
IPF Be Treated with Sildenaﬁl,
a Phosphodiesterase-5 Inhibitor?
Background. Sildenaﬁl, an oral
phosphodiesterase-5 inhibitor, has been
studied in two RCTs that enrolled patients
with IPF (29, 30). This evidence was included
in the 2011 guideline; however, one of the
studies (30) only became available after
the guideline committee had met, and
therefore no formal recommendation on
phosphodiesterase inhibitor use in patients
with IPF was provided.
Summary of the evidence. STEP-IPF
(Sildenaﬁl Trial of Exercise Performance in
Idiopathic Pulmonary Fibrosis) was a phase
3 study that randomized 180 patients with
advanced IPF (DLCO , 35% predicted) to
either sildenaﬁl (20 mg three times daily) or
placebo for 12 weeks, with a subsequent
12-week open-label phase during which all
patients received active drug (30). There
was no signiﬁcant beneﬁt of sildenaﬁl on
the primary outcome, which was the
proportion of patients who showed more
than 20% improvement in their 6-minutewalk distance after the initial 12-week
period (10.1% vs. 6.6%; P = 0.39). There
were small beneﬁts seen with sildenaﬁl on
the secondary outcomes, with improved
shortness of breath, improved quality of
life, improved DLCO, and improved arterial
oxygen saturation, all at the end of the
12-week randomized period. There was no
difference in serious adverse events between
the groups receiving sildenaﬁl versus those
receiving placebo. A predeﬁned subgroup
analysis was performed in the 119 patients
with available echocardiograms to see
whether there was a differential effect
of sildenaﬁl on patients with IPF with
documented right ventricular hypertrophy
or right ventricular systolic dysfunction

(RVSD) (31). In patients with
echocardiogram-documented RVSD,
sildenaﬁl treatment was found to result in
a signiﬁcant improvement in the primary
outcome of 6-minute-walk distance (mean
distance, 99.3 m; 95% CI, 22.3–176.2 m)
Similar results to patients without RV
dysfunction were seen in the other
secondary outcomes.
The second, smaller study randomized
29 patients with mild or moderate disease
(average DLCO, 42% predicted) to receive
either sildenaﬁl (20 mg three times daily) or
placebo for a 6-month treatment period
(29). Patients with known PH or RV
dysfunction were excluded. In this small
study, no signiﬁcant beneﬁt of sildenaﬁl
treatment was seen on 6-minute-walk test
distance, Borg dyspnea scores, FVC, DLCO,
or arterial oxygen saturation. More adverse
events occurred in the sildenaﬁl group;
however, these were not serious.
Pooled analysis of these two trials (29,
30) showed no signiﬁcant beneﬁt of
sildenaﬁl treatment on mortality (RR, 0.51;
95% CI, 0.1–2.72; low conﬁdence) or acute
exacerbation (RR, 0.34; 95% CI, 0.04–3.22;
low conﬁdence). There was a signiﬁcant
improvement in quality of life with
sildenaﬁl when assessed by the St. George
Respiratory Questionnaire (moderate
conﬁdence). Similar to the individual trials,
no signiﬁcant beneﬁt with treatment
was seen on the other outcomes of FVC
(moderate conﬁdence), DLCO (low
conﬁdence), Borg dyspnea score (moderate
conﬁdence), oxygen saturation (low
conﬁdence), or 6-minute-walk distance
(low conﬁdence).
Recommendation. We suggest
that clinicians not use sildenaﬁl,
a phosphodiesterase-5 inhibitor, for
treatment of IPF (conditional
recommendation against, moderate
conﬁdence in estimates of effect).
Justiﬁcation and implementation
considerations. Although there was a slight

improvement in quality of life with
sildenaﬁl, given the lack of beneﬁt in any
other outcomes, including mortality, acute
exacerbations, or dyspnea scores, there was
felt to be net harm. In addition to potential
drug-related adverse effects, the cost of
sildenaﬁl treatment was considered a
potential barrier for patients who would
have to pay out of pocket for sildenaﬁl. This
recommendation puts a higher value on the
mortality, acute exacerbation, and dyspnea
(which did not improve) adverse events
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and the cost of treatment, and a relatively
lower value on quality of life. This
recommendation required a vote by the
committee: two panel members voted for
a conditional recommendation in favor, ﬁve
voted for a conditional recommendation
against treatment, and two abstained. This
recommendation does not apply to patients
receiving phosphodiesterase inhibitors for
other indications such as PH or other RV
dysfunction. Given that echocardiogram is
not the gold standard for diagnosing RV
dysfunction or PH, and that only subgroup
evidence was available, the committee made
no speciﬁc subgroup recommendation in
patients with IPF with documented PH.
Question #8: Should Patients with IPF
Be Treated with Bosentan or
Macitentan, Dual Endothelin
Receptor Antagonists (ER-A and
ER-B)?
Background. One small study looking at the
effect of a dual ERA (bosentan) was available
at the time of the 2011 guideline, and
given the lack of beneﬁts, a strong
recommendation against therapy was made.
Summary of the evidence. Two RCTs
examined the effect of bosentan versus
placebo (32, 33), whereas a single RCT
tested macitentan versus placebo (34).
BUILD-1 (Bosentan Use in Interstitial Lung
Disease) randomized 158 patients to either
bosentan or placebo and followed patients
for 12 months (33). No signiﬁcant beneﬁt
was seen in mortality (RR, 1.14; 95% CI,
0.24–5.54), although the data suggested an
improvement in the composite outcome of
mortality and disease progression (RR, 0.62;
95% CI, 0.37–1.05), as measured by
worsening PFTs or clinical status. There
was no statistically signiﬁcant increase in
adverse events or serious adverse events
with bosentan therapy. The follow-up
study, BUILD-3, attempted to clarify this
potential beneﬁcial effect of bosentan by
including a larger sample (n = 616) and by
being more speciﬁc, including only patients
with biopsy-proven usual interstitial
pneumonia, a pathologic diagnosis
consistent with IPF (32). Despite these
modiﬁcations in study design, bosentan did
not show a conclusive effect on mortality
(RR, 1.25; 95% CI, 0.53–2.96) or disease
progression (RR, 0.86; 95% CI, 0.71–1.05).
Differences were also not seen in FVC,
health-related quality of life (assessed by
36-Item Short Form Health Survey),
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dyspnea scores, reported adverse events,
or serious adverse events in the bosentan
group.
Macitentan, a novel dual-receptor ERA,
was compared with placebo in a phase 2
study of 178 patients with lung biopsyproven IPF (34). Similar to bosentan, no
signiﬁcant difference was seen in patients
treated with macitentan versus those
receiving placebo for the outcomes
mortality (RR, 0.74; 95% CI, 0.13–4.33),
mortality or disease progression (RR 1.02;
95% CI, 0.63–1.66), or change in FVC
(mean difference, 0.00; 95% CI, 20.16 to
0.16). No difference in rates of reported
adverse or serious adverse events was seen.
Given the relatively similar mechanism
of action between these two dual ERAs
and the homogenous results, these three
studies were pooled for analysis (32–34). No
overall effect on mortality was seen using
dual ERAs for patients with IPF (RR, 1.13;
95% CI, 0.57–2.27; low conﬁdence). The
composite outcome of death or disease
progression appeared improved, with the
upper conﬁdence interval just crossing
unity (RR, 0.85; 95% CI, 0.71–1.00; low
conﬁdence). No important difference
between groups was seen in FVC change
(moderate conﬁdence) or in the rates of
adverse events (high conﬁdence) or serious
adverse events (high conﬁdence).
Recommendation. We suggest that
clinicians not use bosentan or
macitentan, both dual ER-A and ER-B
endothelin receptor antagonists, for
the treatment of IPF (conditional
recommendation against, low conﬁdence
in estimates of effect).
Justiﬁcation and implementation
considerations. This recommendation places

a relatively higher value on the reported
patient-important outcomes and the high
cost of this medication and a relatively lower
value on possible reduction of the risk of
mortality or disease progression. Given the
inconsistency of a composite outcome
(mortality or disease progression) across trials
and the imprecision in the estimate of the
effect, the committee recommended against
this therapy. The increased cost of dualreceptor ERAs was also considered, especially
in the context of unclear desirable effects. It is
important to mention that only studies
examining bosentan or macitentan were
considered, and that other dual ERAs may be
beneﬁcial in patients with IPF. The
committee felt that patients with PH
secondary to IPF might beneﬁt from dual

ERAs more than patients without; however,
the evidence did not allow a speciﬁc subgroup
recommendation. A recently published study,
not considered by the committee, showed no
beneﬁt of bosentan therapy on pulmonary
hemodynamics in patients with IPF with
right heart catheter-diagnosed PH (35).

Additional Deliberations
Evidence syntheses were performed for four
additional questions: whether or not to use
N-acetylcysteine monotherapy, whether
or not to use antiacid therapy in patients
without symptoms of gastroesophageal
reﬂux, whether or not to treat IPFassociated PH, and whether to undergo
single or bilateral lung transplantation. For
the questions about N-acetylcysteine
monotherapy and antiacid therapy, the
decision was made that no changes to the
previous recommendations in the 2011
guideline were warranted (both conditional
recommendations, against treatment with
N-acetylcysteine monotherapy and for
treatment with antiacid therapy) (1). For
the question about treatment of IPFassociated PH, decisions regarding
modifying the previous recommendation in
the 2011 guideline were deferred until the
next update. Finally, for the new question
about single versus bilateral lung
transplantation, decisions regarding
a recommendation were deferred until
the next version of the guideline. Full
rationale and evidence summary for these
questions can be found in the full online
version of the manuscript (see online
supplement).

Conclusions
Signiﬁcant advances have been recently made
in the clinical management of IPF. As
a result, this updated guideline includes
several new and revised recommendations
(Table 2). All of the recommendations
in favor of treatment are conditional.
Clinicians treating patients with IPF should
individualize decisions with their patients, as
indicated by the conditional grade, and they
should be cautious in comparing the relative
net beneﬁt of one intervention with that of
another. Recommendations of similar
strength should not be interpreted as
achieving the same net beneﬁt or harm. Each
recommendation’s strength is net result of
multiple factors, and therefore, there may be
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different reasons two recommendations are
rated with the same strength (e.g., one
recommendation may be conditional
because it is based on very low conﬁdence
in effect estimates, whereas another
recommendation may be conditional
because of resource considerations).

Signiﬁcant variations in inclusion criteria,
the conﬁdence in effect estimates, and cost
are important factors that need to be
considered by the clinician.
The potential of combined, sequential,
or adjunctive treatment regimens with agents
(other than prednisone plus azathioprine

plus N-acetylcysteine) included in this
guideline have not been studied, and
therefore, recommendations regarding this
have not been made. Also, the duration of
beneﬁt seen with these newer agents is not
clear. Such topics are appropriate for future
research (see online full-length version). n

Editor’s Note (Kevin Wilson, M.D.): An important aspect of this guideline was the intense effort to balance the need to minimize bias with the need for
expertise to inform decisions. According to international standards for guideline development, the strategy was to compose a panel in which the majority of
co-chairs and members had no conflicts of interest. The nonconflicted members were able to participate without restrictions, whereas the conflicted
members were allowed to discuss the evidence, but were prohibited from discussing the recommendations, formulating and grading the recommendations,
and voting on the recommendations. Having observed the deliberations, I can attest that adherence to this strategy was strict, without a single violation.
A common question that was subsequently posed by the peer reviewers, however, is whether or not the recommendations would have differed if the conflicted
experts had been allowed unrestricted participation. I had the privilege of corresponding with the conflicted experts at the conclusion of the project, and
therefore, I can answer this question. In general, the conflicted experts would have made the same recommendations as this guideline, with one exception: there
were varying opinions regarding the antiacid recommendation. Many of the conflicted experts would have made no recommendation, citing a lack of randomized
trials and concern that the antiacid recommendation would be perceived as equivalent to other conditional recommendations based on better evidence.
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MOISÉS SELMAN, M.D.
ARTHUR THEODORE, M.D.
ATHOL U. WELLS, M.D.
*The ATS, ERS, JRS, and ALAT, including the IPF
guideline committee, are deeply indebted to Mr.
William Cunningham for his active participation and
the invaluable input he provided in support of this
document. Sadly, he passed away October 23,
2014.
Mr. Cunningham actively participated in every one
of the guideline meetings without reservation, and
whenever he spoke to offer input, other members
listened with great care. His comments were
always objective, balanced, to the point, insightful,
and respectful of other patients and the community
of healthcare providers caring for patients with
IPF. The entire committee held him in the
highest regard. His most meaningful input
surrounded his own experiences with IPF from
the perspective of someone living with this
disease and having encountered problems and

246

frustrations directly. His ability to endure the
very long hours of teleconference-webinars and
of intense discussions over 2 consecutive days,
including late evenings, is proof of his
commitment. His diligent review of the evidence
and documents circulated and his comments were
commendable and simply incredible. His
understanding of the evidence was astounding and
was reflected in his remarks.
He was very aware of the evolving knowledge
and updates concerning the management of
IPF and the clinical and political landscape
including patient advocacy groups, decisions
of regulatory agencies, and available
medications and their relevant adverse effects.
This commitment was very evident up until the
end, as his last communication to the group
was just a few days before he sadly passed
away. Mr. Cunningham’s ability to be objective
with facts and figures studies in the midst of his
own illness and what he was experiencing is
one of a kind.
In essence, Mr. Cunningham was a true
gentleman, scholar, and intellect, and
a remarkably wise man whose input was
greatly respected and appreciated by this
committee and strengthened the significance
of this document. The IPF community at large
is truly fortunate to have had his invaluable
input.
His voice was heard, loud and clear, and will
be ringing in the authors’ ears and minds. The
authors offer their most sincere respects to
his family. May his soul rest in peace.
Author Disclosures: G.R. consulted for
Actelion ($1–4,999), Bayer (USA) ($1–4,999),
Biogen ($1–4,999), Boehringer Ingelheim
($1–4,999), Centocor/Johnson & Johnson/
Janssen ($1–4,999), Celgene ($1–4,999),
FibroGen ($5,000–24,999), GlaxoSmithKline
($1–4,999), GeNO ($1–4,999), Gilead ($1–4,999),
InterMune International (EU) ($1–4,999),
Promedior ($1–4,999), Sanofi-Aventis ($5,000–
24,999), Stromedix ($1–4,999), Takeda

($1–4,999), Kadmon ($5,000–24,999), Roche
Genentech (anticipated $5,000–24,999), UCB
Celltech ($1–4,999), and Veracyte ($5,000–
24,999); he served on a data and safety
monitoring board of MedImmune ($5,000–
24,999) and an adjudication committee of
Degge ($1–4,999); and he provided expert
testimony for the U.S. Department of Justice.
A.A. was on advisory committees of
Boehringer Ingelheim ($5,000–24,999),
InterMune (UK) ($1–4,999), and Shionogi & Co.
($5,000–24,999), and a data and safety
monitoring board of Pfizer ($1–4,999). J.B. was
a speaker for Actelion ($5,000–24,999), Bayer
Schering Pharma ($5,000–24,999), Boehringer
Ingelheim ($5,000–24,999), and InterMune1;
he received research support paid to his
institution from Actelion ($25,000–49,999),
Boehringer Ingelheim ($25,000–49,999), and
InterMune1; he was on advisory committees of
Actelion ($5,000–24,999), Bayer Schering
Pharma ($1–4,999), Boehringer Ingelheim
($5,000–24,999), and InterMune1, and a data
and safety monitoring board of Actelion
($5,000–24,999). H.R.C. consulted for
AstraZeneca ($1–4,999), Bayer (USA)
($1–4,999), Biogen ($5,000–24,999), Gilead
($5,000–24,999), InterMune/Genentech
($25,000–49,999), Mesoblast ($1–4,999),
Pfizer ($1–4,999), Promedior ($1–4,999), and
the Pulmonary Fibrosis Foundation (paid to
his institution [$25,000–49,999]); he was
a coordinating investigator for Boehringer
Ingelheim1. F.J.M. consulted for Able
Associates1, Cory Path1, CSA Medical
($1–4,999), Grey Healthcare1, Ikaria ($5,000–
24,999), Novartis (no payments or other
financial benefits), Nycomed1, Pearl1, Sudler
and Hennessey ($1–4,999), and Veracyte
($1–4,999); he was on advisory committees of

1
Authors for whom dollar ranges are not noted
typically disclosed through the ICMJE form, which
does not require dollar amounts.

American Journal of Respiratory and Critical Care Medicine Volume 192 Number 2 | July 15 2015

AMERICAN THORACIC SOCIETY DOCUMENTS
Boehringer Ingelheim ($5,000–24,999),
Carden Jennings ($1–4,999), Genentech1,
GlaxoSmithKline1, Ikaria ($5,000–24,999),
Janssen ($1–4,999), MedImmune ($5,000–
24,999), Merck ($5,000–24,999), Nycomed
($50,000–99,999), Pearl ($1–4,999), Pfizer
($1–4,999), Roche1, and Vertex ($1–4,999),
and a data and safety monitoring board of
Stromedix (no payments or other financial
benefits); he was a speaker for Bayer (USA)
($5,000–24,999), CME Incite ($5,000–24,999),
Forest ($5,000–24,999), Foundation for
Improving Patient Care1, GlaxoSmithKline1,
Haymarket1, Medscape/WebMD1, Miller
Communications ($5,000–24,999), National
Association for Continuing Education
($1–4,999), NCME1, Nycomed ($5,000–24,999),
Paradigm1, Peer Voice1, Projects in
Knowledge1, Spectrum Health1, and
UpToDate1; he received research support from

Bayer (USA) (no payments or other financial
benefits), Forest (no payments or other
financial benefits), Gilead (no payments or
other financial benefits), GlaxoSmithKline
($5,000–24,999), Janssen1, and Nycomed
($5,000–24,999); and he received book
royalties from Informa ($1–4,999). L.R.
consulted for UCB ($5,000–24,999) and was
on advisory committees of AstraZeneca
($5,000–24,999), Boehringer Ingelheim
($5,000–24,999), GlaxoSmithKline
($5,000–24,999), Promedior ($1–4,999),
Roche Genentech ($5,000–24,999), and
Sanofi-Aventis ($5,000–24,999); he was
a speaker for Boehringer Ingelheim ($5,000–
24,999), Cipla Pharmaceuticals ($1–4,999),
and InterMune ($5,000–24,999), and received
research support paid to his institution from
InterMune1. D.R. is an employee of
UpToDate. B.R., Y.Z., C.A.C.G., J.L.B., W.C.,

References
1. Luppi F, Spagnolo P, Cerri S, Richeldi L. The big clinical trials in
idiopathic pulmonary ﬁbrosis. Curr Opin Pulm Med 2012;18:428–432.
2. American Thoracic Society; European Respiratory Society. American
Thoracic Society: idiopathic pulmonary ﬁbrosis: diagnosis and
treatment: international consensus statement. Am J Respir Crit Care
Med 2000;161:646–664.
3. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, Colby
TV, Cordier JF, Flaherty KR, Lasky JA, et al.; ATS/ERS/JRS/ALAT
Committee on Idiopathic Pulmonary Fibrosis. 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.
4. Chambers RC. Procoagulant signalling mechanisms in lung
inﬂammation and ﬁbrosis: novel opportunities for pharmacological
intervention? Br J Pharmacol 2008;153:S367–S378.
5. Navaratnam V, Fogarty AW, McKeever T, Thompson N, Jenkins G,
Johnson SR, Dolan G, Kumaran M, Pointon K, Hubbard RB. Presence
of a prothrombotic state in people with idiopathic pulmonary ﬁbrosis:
a population-based case-control study. Thorax 2014;69:207–215.
6. Sode BF, Dahl M, Nielsen SF, Nordestgaard BG. Venous
thromboembolism and risk of idiopathic interstitial pneumonia:
a nationwide study. Am J Respir Crit Care Med 2010;181:
1085–1092.
7. Sprunger DB, Olson AL, Huie TJ, Fernandez-Perez ER, Fischer A, Solomon
JJ, Brown KK, Swigris JJ. Pulmonary ﬁbrosis is associated with an
elevated risk of thromboembolic disease. Eur Respir J 2012;39:125–132.
8. Kubo H, Nakayama K, Yanai M, Suzuki T, Yamaya M, Watanabe M,
Sasaki H. Anticoagulant therapy for idiopathic pulmonary ﬁbrosis.
Chest 2005;128:1475–1482.
9. Noth I, Anstrom KJ, Calvert SB, de Andrade J, Flaherty KR, Glazer C, Kaner
RJ, Olman MA; Idiopathic Pulmonary Fibrosis Clinical Research Network
(IPFnet). A placebo-controlled randomized trial of warfarin in idiopathic
pulmonary ﬁbrosis. Am J Respir Crit Care Med 2012;186:88–95.
10. Daniels CE, Lasky JA, Limper AH, Mieras K, Gabor E, Schroeder DR;
Imatinib-IPF Study Investigators. Imatinib treatment for idiopathic
pulmonary ﬁbrosis: Randomized placebo-controlled trial results. Am
J Respir Crit Care Med 2010;181:604–610.
11. Tomioka H, Kuwata Y, Imanaka K, Hashimoto K, Ohnishi H, Tada K,
Sakamoto H, Iwasaki H. A pilot study of aerosolized N-acetylcysteine
for idiopathic pulmonary ﬁbrosis. Respirology 2005;10:449–455.
12. Demedts M, Behr J, Buhl R, Costabel U, Dekhuijzen R, Jansen HM,
MacNee W, Thomeer M, Wallaert B, Laurent F, et al.; IFIGENIA Study
Group. High-dose acetylcysteine in idiopathic pulmonary ﬁbrosis.
N Engl J Med 2005;353:2229–2242.
13. Raghu G, Anstrom KJ, King TE Jr, Lasky JA, Martinez FJ; Idiopathic
Pulmonary Fibrosis Clinical Research Network. Prednisone,

American Thoracic Society Documents

S.H., T.J., J.M., S.L.P., M.S., A.T., A.U.W.,
H.H., and H.J.S. reported no relevant
commercial interests.
Acknowledgment : The authors are grateful
to patients participating in clinical studies
and investigators and sponsors of published
reports of clinical studies; Ms. Teresa Barnes,
from the Coalition for Pulmonary Fibrosis, for
introducing Mr. Cunningham as a representative
of patients with IPF who gave them a strong
voice in this committee; ATS, ERS, JRS,
and ALAT; Kevin Wilson, M.D., editor, ATS
documents; peers and external reviewers for
providing useful input; Ms. Judy Corn, Mr. John
Harmon, and the ATS Documentation and
Implementation Committee, ATS; and Ms.
Charmaine Frazer, McMaster University,
Hamilton, Ontario, Canada.

azathioprine, and N-acetylcysteine for pulmonary ﬁbrosis. N Engl J
Med 2012;366:1968–1977.
14. Briel M, Bassler D, Wang AT, Guyatt GH, Montori VM. The dangers of
stopping a trial too early. J Bone Joint Surg Am 2012;94:56–60.
15. Moorhouse RC, Webb DJ, Kluth DC, Dhaun N. Endothelin antagonism
and its role in the treatment of hypertension. Curr Hypertens Rep
2013;15:489–496.
16. Jain R, Shaul PW, Borok Z, Willis BC. Endothelin-1 induces alveolar
epithelial-mesenchymal transition through endothelin type A
receptor-mediated production of TGF-beta1. Am J Respir Cell Mol
Biol 2007;37:38–47.
17. Park SH, Saleh D, Giaid A, Michel RP. Increased endothelin-1 in
bleomycin-induced pulmonary ﬁbrosis and the effect of an endothelin
receptor antagonist. Am J Respir Crit Care Med 1997;156:600–608.
18. Raghu G, Behr J, Brown KK, Egan JJ, Kawut SM, Flaherty KR, Martinez FJ,
Nathan SD, Wells AU, Collard HR, et al.; ARTEMIS-IPF Investigators*.
Treatment of idiopathic pulmonary ﬁbrosis with ambrisentan: a parallel,
randomized trial. Ann Intern Med 2013;158:641–649.
19. Richeldi L, Costabel U, Selman M, Kim DS, Hansell DM, Nicholson AG,
Brown KK, Flaherty KR, Noble PW, Raghu G, et al. Efﬁcacy of
a tyrosine kinase inhibitor in idiopathic pulmonary ﬁbrosis. N Engl J
Med 2011;365:1079–1087.
20. Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel U,
Cottin V, Flaherty KR, Hansell DM, Inoue Y, et al.; INPULSIS Trial
Investigators. Efﬁcacy and safety of nintedanib in idiopathic
pulmonary ﬁbrosis. N Engl J Med 2014;370:2071–2082.
21. Nakazato H, Oku H, Yamane S, Tsuruta Y, Suzuki R. A novel antiﬁbrotic agent pirfenidone suppresses tumor necrosis factor-alpha at
the translational level. Eur J Pharmacol 2002;446:177–185.
22. Iyer SN, Gurujeyalakshmi G, Giri SN. Effects of pirfenidone on
transforming growth factor-beta gene expression at the
transcriptional level in bleomycin hamster model of lung ﬁbrosis.
J Pharmacol Exp Ther 1999;291:367–373.
23. Iyer SNGG, Gurujeyalakshmi G, Giri SN. Effects of pirfenidone on
procollagen gene expression at the transcriptional level in bleomycin
hamster model of lung ﬁbrosis. J Pharmacol Exp Ther 1999;289:211–218.
24. Oku H, Shimizu T, Kawabata T, Nagira M, Hikita I, Ueyama A,
Matsushima S, Torii M, Arimura A. Antiﬁbrotic action of pirfenidone
and prednisolone: different effects on pulmonary cytokines and
growth factors in bleomycin-induced murine pulmonary ﬁbrosis. Eur
J Pharmacol 2008;590:400–408.
25. Azuma A, Nukiwa T, Tsuboi E, Suga M, Abe S, Nakata K, Taguchi Y,
Nagai S, Itoh H, Ohi M, et al. Double-blind, placebo-controlled trial of
pirfenidone in patients with idiopathic pulmonary ﬁbrosis. Am J
Respir Crit Care Med 2005;171:1040–1047.
26. Taniguchi H, Ebina M, Kondoh Y, Ogura T, Azuma A, Suga M, Taguchi
Y, Takahashi H, Nakata K, Sato A, et al.; Pirfenidone Clinical Study
Group in Japan. Pirfenidone in idiopathic pulmonary ﬁbrosis. Eur
Respir J 2010;35:821–829.

247

AMERICAN THORACIC SOCIETY DOCUMENTS
27. Noble PW, Albera C, Bradford WZ, Costabel U, Glassberg MK,
Kardatzke D, King TE Jr, Lancaster L, Sahn SA, Szwarcberg J,
et al.; CAPACITY Study Group. Pirfenidone in patients with
idiopathic pulmonary ﬁbrosis (CAPACITY): two randomised trials.
Lancet 2011;377:1760–1769.
28. King TE Jr, Bradford WZ, Castro-Bernardini S, Fagan EA, Glaspole I,
Glassberg MK, Gorina E, Hopkins PM, Kardatzke D, Lancaster L,
et al.; ASCEND Study Group. A phase 3 trial of pirfenidone in
patients with idiopathic pulmonary ﬁbrosis. N Engl J Med 2014;370:
2083–2092.
29. Jackson RM, Glassberg MK, Ramos CF, Bejarano PA, Butrous G,
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