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Idiopathic pulmonary fibrosis (IPF) is a
chronic progressive interstitial lung
disease of unknown etiology1 with a
median survival of 3 years from the time
of diagnosis.2 The recent decade has seen
a tremendous investment in IPF clinical
research, and as a result, we have moved
beyond traditional treatment approaches
(prednisone and other immunomodula-
tory therapies) toward clinical trials of
potential antifibrotic therapies.3 As
recently as 2011, however, an inter-
national guideline committee concluded
that there remained insufficient evidence
to support the regular use of any IPF
pharmacotherapy.1 Because of this, there
has been no consensus standard of care
for IPF patients.

This will likely change with the recent
publication of three landmark studies.4–6

Two novel therapies, pirfenidone and nin-
tedanib, were found to slow disease pro-
gression in patients with IPF, while a third
therapy, acetylcysteine, was found to have
no effect. We believe these studies will
transform IPF management and lead to
the establishment of a universal standard
of care. We discuss each of the three trials
below, followed by a discussion of their
clinical and clinical research implications.

ASCEND (PIRFENIDONE)
Pirfenidone is an orally available antifibro-
tic agent with multiple potential mechan-
isms of action. Early clinical trials
suggested that pirfenidone could slow
lung function decline in patients with
IPF,7–9 prompting two parallel, rando-
mised, double-blind, placebo-controlled,
phase III clinical trials (the CAPACITY
studies).10 There was a significant benefit
in the primary endpoint of change in FVC
over 72 weeks in one of the CAPACITY
studies but not in the other. Pirfenidone
was associated with an increased risk of
gastrointestinal (eg, nausea and stomach

discomfort) and dermatological (eg,
photosensitivity) adverse effects, however,
these were generally manageable, and
most patients were able to continue at the
full dose for the duration of the study.
Based largely on the CAPACITY results,
pirfenidone was approved for the treat-
ment of IPF in several countries.
An additional phase III trial was

required by the US Food and Drug
Administration (FDA) to reconcile the dis-
cordant primary endpoint results from the
two CAPACITY trials. This trial, the
ASCEND study, was a randomised con-
trolled trial that included 555 IPF patients
with mild to moderate physiological
impairment.5 Compared to placebo, pirfe-
nidone (2403 mg daily taken in three
divided doses) resulted in a relative reduc-
tion of 47.9% in the proportion of
patients with a 10% absolute FVC
decline, or death over 52 weeks, as well as
improvements in progression-free survival
and 6 min walk distance. A prespecified
analysis of the 1247 patients that were
randomised to placebo, or full dose of pir-
fenidone in the combined CAPACITY and
ASCEND trials suggested a reduction in
52-week mortality (HR 0.52, 95% CI
0.31 to 0.87, p=0.01). The side effect
profile in ASCEND appeared similar to
CAPACITY.
There were some differences in the

ASCEND and CAPACITY study popula-
tions. Patients in ASCEND had worse
overall baseline pulmonary function, were
more likely to be using supplemental
oxygen, and were less likely to have con-
current airflow limitation compared to
CAPACITY patients. In addition, all
patients in ASCEND underwent a central
review of radiological and pathological
findings prior to enrolment, resulting in a
highly scrutinised and potentially more
refined population. Finally, patients in
ASCEND were treated for 52 as opposed
to 72 weeks.

INPULSIS (NINTEDANIB)
Nintedanib is an orally available tyrosine
kinase inhibitor that is active against a
large number of tyrosine kinases, includ-
ing vascular endothelial growth factor
(VEGF), fibroblast growth factor (FGF),
and platelet-derived growth factor
(PDGF). The TOMORROW study was a

phase II trial that compared placebo to
four doses of nintedanib, and it suggested
that nintedanib 150 mg twice daily slowed
the rate of decline in FVC and reduced
the risk of acute exacerbation.11

The results of the TOMORROW study
prompted two parallel, randomised,
double-blind, placebo-controlled, phase III
clinical trials (the INPULSIS trials).4 These
identical studies compared nintedanib
(150 mg twice daily) to placebo in 1066
patients with mild to moderate physio-
logical impairment. Both trials demon-
strated a reduction in the rate of decline
in FVC over 52 weeks (relative reduction
of 52% and 45%) over the 52-week study
period. The key secondary endpoints,
time to first IPF exacerbation and quality
of life (St George’s Respiratory
Questionnaire), were improved in one
trial but not the other. There was no sig-
nificant effect of nintedanib on time to
death in a prespecified pooled analysis of
both trials (HR 0.70; 95% CI 0.43 to
1.12, p=0.14). Nintedanib was associated
with diarrhoea (62% in nintedanib vs
18% in placebo), but most patients toler-
ated the full dose of nintedanib for the
majority of the study.

PANTHER-IPF (ACETYLCYSTEINE)
Acetylcysteine is a precursor to the anti-
oxidant, glutathione, that had been used
as a treatment for IPF (either alone or in
combination) based largely on data from a
randomised double-blind trial (the
IFIGENIA study) that compared acetylcys-
teine to placebo in patients who were all
treated with prednisone and azathiopr-
ine.12 The IFIGENIA study demonstrated
that patients receiving acetylcysteine had
less of a decline in lung function,
however, the absence of an acetylcysteine
monotherapy arm, and a true no-therapy
arm limited any direct conclusions about
its efficacy.

This limitation led to the design of a
second phase III clinical trial of acetylcys-
teine in IPF (the PANTHER-IPF trial).
The objective of the PANTHER-IPF study
was to determine whether acetylcysteine
or the combination of acetylcysteine with
prednisone and azathioprine reduced the
rate of decline in FVC over 60 weeks in
IPF patients with mild to moderate
physiological impairment. The study was
interrupted by the data safety monitoring
board due to an excess number of deaths
and hospitalisations in the acetylcysteine
with prednisone and azathioprine arm.13

This triple therapy arm was discontinued,
but the acetylcysteine monotherapy and
placebo arms of this study remained
blinded and were allowed to continue.
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The results from these two remaining
PANTHER-IPF arms have now been
published.6

The second PANTHER-IPF report
included 264 IPF patients who had been
treated with either acetylcysteine mono-
therapy or placebo for 60 weeks.6 There
was no impact of acetylcysteine on the
primary endpoint of change in FVC and
most secondary endpoints. Patients on
acetylcysteine had fewer gastrointestinal
adverse effects, but an increase in non-
fatal cardiac events. There was no signifi-
cant between-group differences with
respect to the primary endpoint for any of
the subgroup analyses.

CLINICAL AND CLINICAL RESEARCH
IMPLICATIONS
Pirfenidone and nintedanib both appear
to slow the rate of disease progression in
IPF with manageable adverse effects, and
will likely become standard of care world-
wide in the next year. Conversely, acetyl-
cysteine does not appear to have a role in
the treatment of IPF. This is a tremendous
shift for patients, providers and other sta-
keholders in this disease. In our judgment,
there do not appear to be qualitative dif-
ferences in efficacy between pirfenidone
and nintedanib, and it is unclear at this
time whether one medication or the other
should be used first, whether these medi-
cations should be used in combination,
and what constitutes treatment failure.
There may be differences in labelling that
determine choice of drug for some
patients, and the different side effect pro-
files may determine choice of drug for
others. In the coming years, personalised
medicine may identify pirfenidone and
nintedanib ‘responders’ that derive par-
ticular benefit from one or both these
medications. For the time being, however,
usage will likely be driven by individual
patient and provider preference.
Combination therapy (ie, the coadminis-
tration of pirfenidone and nintedanib) is
theoretically appealing given the hypoth-
esis that a large number of fibrotic path-
ways are active in IPF pathogenesis and
the possibility of synergistic effects.
However, pharmacokinetic and safety
data are required before this should be
considered, and a high priority should be
placed on testing combination therapy for
additive benefit.

Importantly, neither pirfenidone nor
nintedanib is a cure for IPF. Neither drug
improves lung function and, on average,
patients on these therapies continue to

progress. Further, we do not know if
these drugs remain effective beyond
52 weeks; it is possible that their benefit
wanes as time goes on. Therefore, the
comprehensive care of patients with IPF
remains essential, which includes careful
risk prediction, management of comorbid-
ities and physical debility, monitoring for
disease progression, and timely referral
for lung transplantation. It is also critical
that we continue to encourage patients
with IPF to participate in clinical trials of
new drug agents that will undoubtedly
add benefit to these initial therapies.
Ongoing and future trials will need to

adapt to the presence of pirfenidone and
nintedanib, most likely by allowing their
coadministration. In some cases, this will
require additional pharmacokinetic and
safety data, and will increase the sample
size required for adequately powered trad-
itional endpoints. Clinical trials, including
more physiologically advanced patients
may improve efficiency, as this population
appears to have a greater likelihood of
clinical events (eg, disease progression,
acute exacerbation, death). Importantly,
the IPF community needs to streamline
the clinical trial process in IPF by working
to simplify subject recruitment and stand-
ardise key elements of study design, in
particular the choice of primary endpoints
for efficacy trials.

CONCLUSIONS AND FUTURE
DIRECTIONS
Recent data show that pirfenidone and
nintedanib slow progression of mild to
moderate IPF, while acetylcysteine has no
benefit. We hope that the identification of
effective therapies for IPF will provide
additional incentive to sponsors to enter
the IPF field, and will lead to develop-
ment of more effective and better-
tolerated treatment options. Patients with
IPF continue to await a cure for their
disease, and the unmet medical need
remains high. We believe, however, that
the impact of pirfenidone and nintedanib
on IPF disease progression represents an
important step toward improving these
patients’ lives.
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