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Clinical trials of idiopathic pulmonary fibrosis: choosing

the (right) primary end point

Clin. Invest. (2013) 3(12), 1139-1146

Idiopathic pulmonary fibrosis (IPF), the most common and lethal of all
idiopathic interstitial pneumonias, is a disease that is both rare and orphan.
However, in the last decade more than 3000 patients have been enrolled
in high-quality clinical trials of IPF, an impressive achievement for a rare
condition. The most challenging obstacle in clinical trials of orphan drugs
is the recruitment of an adequate number of patients to obtain sufficient
evidence of efficacy and safety, but similarly critical is the choice of the
appropriate primary end points. In disorders with a poor prognosis — such
as IPF - survival is the most logical outcome to measure the efficacy of
a given drug. However, such trial design is feasible only in diseases that
are fairly common and have a short survival. When a mortality study is
impractical, an alternative approach is the use of predictors of survival.
There is general agreement that the ideal primary end point should be
reliable, reproducible, clinically meaningful, predictive of outcome,
responsive to treatment effect, equally applicable to all patients and easy to
measure, but none of the outcomes utilized over the last decade of clinical
trials of IPF meets all these criteria. In this article we carefully analyze
pros and cons of the outcomes most commonly used in pharmacological
studies of IPF, and suggest that the choice of the appropriate primary
end point should balance scientific, statistical and clinical rigor as well as
clinical trial feasibility.

Idiopathic pulmonary fibrosis (IPF) is a progressive interstitial lung disease of
unknown etiology characterized anatomically by scarring of the lungs, physiologi-
cally by progressive lung function deterioration and clinically by shortness of breath,
resulting in early death [1]. However, within this framework, various clinical phe-
notypes exist with respect to disease extent, functional decline and survival [2].
Despite a number of high-quality clinical trials evaluating the efficacy of potential
therapeutic agents, IPF still lacks an adequate treatment. In fact, there are no licensed
medical therapies in the USA and the only care options endorsed by the most recent
consensus guidelines are lung transplantation and enrolment in a clinical trial [1].
The past decade has seen a number of well-designed clinical trials in IPF being
undertaken and completed. While these studies have provided valuable insights into
the natural history of IPF, the outcomes have mostly been disappointing with only
few encouraging exceptions (e.g., pirfenidone and nintedanib) (3-s]. In addition,
they have also raised a number of questions and fuelled the debate on how future
IPF studies should be designed [2.6]. The main problems in conceiving effective
clinical trials in IPF relate to the complex nature of the pathogenetic process, the
highly variable and unpredictable disease course, the possibility of inadequate drug
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deposition in the targeted area and, most importantly,
the uncertainty regarding the most appropriate and
clinically meaningful end points 7]. In fact, while all
of the efficacy and safety end points in a clinical trial
provide key information, whether a trial is positive or
negative is determined by the effect of the intervention
on the predefined primary end point.

There is general agreement that an optimal outcome
measure should be reliable, reproducible, responsive to
changes in disease status, clinically meaningful, predic-
tive of clinical outcome, responsive to treatment effect,
equally applicable to all IPF phenotypes as well as easy
to measure. However, none of the outcomes utilized
over the last decade of clinical trials of IPF meets all
these criteria (Table 1).

Two recent perspective articles have triggered debate
on how best to judge efficacy in Phase III clinical trials
of IPF and, most notably, whether all-cause mortality
should be used as a primary end point [8.9]. These two
perspective articles have laid the foundation for this
review article.

Primary end points utilized so far

m Forced vital capacity

A randomized, double-blind, placebo-controlled,
Phase II trial evaluated the safety and efficacy of subcu-
taneous etanercept (25 mg twice weekly) in 88 patients
with clinically progressive IPF [10]. After 48 weeks of
treatment, no significant differences in any of the efficacy
end points (changes in the percentage of predicted forced
vital capacity [FVC] or diffusion capacity of the lung for
carbon monoxide [DL_,]); and in the alveolar-arterial
oxygen gradient at rest from baseline) were observed
between the groups.

The CAPACITY studies (CAPACITY 1 — PIPF 006
and CAPACITY 2 — PIPF 004), two almost identical
randomized, double-blind, placebo-controlled, multi-
national Phase III studies, evaluated the efficacy of oral
pirfenidone over 72 weeks [4]. In study 004, mean FVC
change at week 72 (the primary outcome) was -8.0% in
the pirfenidone 2403 mg/day group and -12.4% in the
placebo group (p = 0.001). Conversely, in the 006 study,
the change in FVC at week 72 did not differ significantly
between the active and placebo arms (p = 0.501).

The TOMORROW trial (to improve pulmonary
fibrosis with BIBF 1120), a 12-month, randomized,
double-blind, placebo-controlled Phase II study, evalu-
ated the safety and efficacy of BIBF 1120 (nintedanib), a
tyrosine kinase inhibitor that suppresses pro-angiogenic
intracellular signaling by targeting the proliferative
growth factor receptors on platelets (PDGFR), vascular
endothelium (VEGFR) and fibroblasts (FGFR) [s]. BIBF
1120 at a dose of 150 mg twice daily showed a trend
toward a reduction in the decline in FVC ~ the primary
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outcome. Specifically, in the group receiving 150 mg of
BIBF 1120 twice a day, FVC declined by 0.06 | per year,
as compared with 0.19 | per year in the placebo group;
almost a 70% reduction in the rate of loss.

The PANTHER-IPF was designed to compare a triple
combination therapy (N-acetylcysteine [NAC], predni-
sone and azathioprine) with NAC monotherapy or pla-
cebo in patients with IPF [11]. The primary outcome was
the change in longitudinal FVC measurements over a
60-week period. The triple-therapy arm of this study was
stopped after a prespecified efficacy and safety interim
analysis, planned at approximately 50% of data collec-
tion. Results showed that the combination therapy, as
compared with placebo, was associated with an increase
in all-cause mortality, all-cause hospitalizations and treat-
ment-related severe adverse events. Of note, the NAC
and placebo arms of the PANTHER-IPF were contin-
ued. Thus, the question of whether NAC monotherapy
is efficacious in IPF will be answered in the near future.

The MUSIC trial, a prospective, randomized, double-
blind, multicenter, parallel-group, placebo-controlled,
Phase II study evaluated the efficacy and safety of
macitentan in IPF patients [12]. Of the 178 randomized
patients, 119 were allocated to macitentan and 59 to
placebo. The study did not meet its primary end point
(change from baseline up to month 12 in FVC).

Vital capacity

The IFIGENIA study, a double-blind, randomized, pla-
cebo-controlled multicentre study, assessed the efficacy
over 1 year of a high oral dose of NAC (600 mg three-
times daily) added to standard therapy (a combination of
prednisone and azathioprine) compared with prednisone
and azathioprine alone (the ‘placebo’ arm). The so-called
triple therapy appeared to slow the decline of both vital
capacity (VC) and DL (the primary end points) 113].
However, the efficacy of the combination therapy has
not been confirmed in a subsequent placebo-controlled
randomized trial, PANTHER-IPF [11].

Change in VC was also the primary end point of a
multicenter, double-blind, placebo-controlled Phase I11
study in which 275 Japanese patients with IPF were ran-
domly assigned in a 2:1:2 ratio to high-dose (1800 mg/
day) or low-dose (1200 mg/day) pirfenidone or placebo
over a 52-week period [3]. The study met its primary
outcome (e.g., the rate of decline of VC was higher in
the placebo arm [-0.16 1] compared with both the high-
dose [-0.09 [; p= 0.042] and low-dose pirfenidone arms
[0.08 I; p = 0.039]).

Survival

The INSPIRE study was a large, randomized controlled
trial evaluating the effect of IFN y-1f in patients with
mild-to-moderate IPF (n = 826). This study, which was
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Table 1. Primary end points utilized in recent clinical trials of idiopathic pulmonary fibrosis.

Trial (year) FvVC \'/e DL, P(A-a)O, Survival 6MWT Disease progression Ref.
Raghu G et al." (2004) v [26]
Azuma A et al. (2005) v v [20]
Demedts M et al. (2005) v v (13]
Kubo H et al. (2005) v [15]
King TE Jr et al. (2008) v [21]
Raghu G et al. (2008) v v v (10]
King TE Jr et al. (2009) v [14]
Daniels CE et al.* (2010) v (23]
STEP-IPF (2010) v [22]
Taniguchi H et al. (2010) v 5]
King TE Jr et al.f (2011) v [24]
Noble PW et al. (2011) v (6]
Richeldi L et al. (2011) v (5]
Noth I et al.' (2012) v [16]
PANTHER-IPF (2012) v (11]
Raghu G et al. (2013) v (10]
Raghu G et al.* (2013) v [23]
‘Decrease in the predicted FVC >10% or increase in the P(A-a)O, at rest of >5 mmHg or death.

“10% decline from baseline in FVC or death.

‘Decrease from baseline in FVC >10% and DL, >15% or an acute exacerbation of idiopathic pulmonary fibrosis or death.

"Time to death, hospitalization or a decline in FVC >10%.

*Death, respiratory hospitalization or decline in lung function.

6MWT: 6-min walk test; DL Diffusion capacity of the lung for carbon monoxide; FVC: Forced vital capacity; P(A-a)O,: Alveolar—arterial
oxygen gradient; VC: Vital capacity.

stopped after a predefined interim analysis that provided
conclusive evidence of lack of efficacy, represents to date
the only high-quality study with overall survival as the
primary outcome [14].

Kubo and coworkers evaluated the effect of anti-
coagulant therapy on survival of patients with IPF in
an open-label study, in which 56 Japanese patients were
randomly assigned to receive prednisolone alone or pred-
nisolone plus anticoagulants [15]. The authors observed a
significant difference between the survival curves of the
anticoagulant and nonanticoagulant groups but this pos-
itive effect has not been confirmed in a subsequent larger
high-quality, randomized, placebo-controlled trial [16).

6-min walk test

The distance walked at the 6-min walk test (6MWT) is
a practical measure of self-paced exercise capacity. The
6MWT has been used to stage disease severity, assess
efficacy of treatment and predict mortality in a number
of conditions, including congestive heart failure, chronic
obstructive pulmonary disease and pulmonary arterial

hypertension [17-19]. The reliability of this test in IPF
has recently been demonstrated using data from one
of the largest clinical trials performed thus far in this
disease [14].

In a multicenter, randomized, double-blind, placebo-
controlled Phase II trial, 107 Japanese patients were ran-
domly assigned to receive either an escalating dosage
of pirfenidone or placebo [20]. The primary end point
(change in the lowest blood oxygen saturation [spO,]
during a 6-min exercise test) was not met.

In a double-blind, placebo-controlled Phase IIT scudy
(BUILD-1), 158 IPF patients were randomly assigned
to receive bosentan, a dual endothelin (ET) receptor
antagonist (ET, and ET}), or placebo. Bosentan did
not meet its primary end point (change in 6-m walk
distance by month 12) [21].

In a double-blind, placebo-controlled, Phase ITI study
(STEP-IPF), 180 patients with advanced IPF (defined
asa DL <35% of the predicted value) were random-
ized to sildenafil (20-mg three-times daily) or placebo
for 12 weeks. The difference in the primary outcome
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was not significant, with nine out of 89 patients (10%)
in the sildenafil group and six out of 91 (7%) in the
placebo group having an improvement of 220 m in the

6-m walk distance (p = 0.39) [22].

Composite outcome measures

Composite end points consist of two or more indi-
vidual outcomes combined together. Progression-free
survival — commonly defined as a combination of
decline in FVC or death — is the combined outcome
measure used most frequently in clinical trials of IPF.

The ARTEMIS-IPF was a randomized, double-blind,
placebo-controlled, Phase III study evaluating effective-
ness of ambrisentan, an A-selective ET receptor antago-
nist, in reducing disease progression in IPF (defined
as death, respiratory hospitalization or decline in lung
function). The study was terminated earlier — after
enrolment of 492 patients (75% of intended enrol-
ment) — following an interim analysis indicating a low
likelihood of efficacy for the composite primary end
point [23].

The ACE-IPF trial evaluated the hypothesis that
therapeutic doses of warfarin would reduce rates of mor-
tality, hospitalizations and declines in FVC in patients
with IPF over a period of 48 weeks [16]. The primary
outcome measure was a composite outcome of time
to death, hospitalization or a 10% or greater absolute
decline in FVC. The study was stopped after 145 of the
planned 256 subjects were enroled due to an increased
mortality among subjects randomized to warfarin.

The BUILD-3, a prospective, randomized, double-
blind, placebo-controlled study, evaluated the efficacy
of bosentan in patients with IPF (n = 616) of less than
3 years duration, diagnosed histologically, and with
<5% of honeycombing on chest high-resolution com-
puted tomography (HRCT) [24]. The trial did not meet
its primary end point (e.g., IPF worsening defined by a
decrease from baseline in FVC 210% and DL 215%
or an acute exacerbation of IPF at month 12 or death).

In a Phase II, randomized, double-blind, placebo-
controlled study, 119 patients with mild or moderate IPF
were randomly assigned to receive imatinib —a tyrosine
kinase inhibitor (600 mg orally once daily; n = 59) or
placebo (n = 60) for 96 weeks [25]. Imatinib did not dif-
fer from placebo for time to disease progression (10%
decline in % predicted FVC from baseline or time to
death).

In a large randomized, double-blind, placebo-
controlled Phase IIT trial, 330 IPF patients were ran-
domly assigned in a 1:1 ratio to receive subcutaneous
IFN-y-1b 200 pg three-times weekly or placebo [26].
Over a median of 58 weeks, IFN-y-1b therapy did not
significantly affect the primary end point of progression-
free survival; for example, time to disease progression
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(defined by either of the following changes: a decrease
of at least 10% in the predicted FVC or an increase of
at least 5 mmHb in the P(A-a)O, at rest) or death.
Another example of a composite outcome measure is
the composite physiological index, a measure derived to
capture the effect of emphysema on IPF by fitting pul-
monary function tests against disease extent on HRCT.
This index is simple to calculate (based on % predicted
DL, FVCand forced expiratory volume in 1's (FEV),
and has been shown to reflect the extent of disease more
accurately than single physiological indices as well as
being a powerful predictor of mortality [27]. However,
composite physiological index has never been used as
a primary end point in Phase III clinical trials of IPF.

Potential end points

= Patient-reported outcome

Patient-reported outcomes (PROs) are “any report of the
status of a patient’s health condition that comes directly
from the patient, without interpretation of the patient’s
response by a clinician or anyone else” [28]. Two IPF-
specific PROs (designed to assess health-related quality
of life) have been developed, ATAQ-IPF (A tool to assess
quality of life in IPF) and SGRQi (St George’s respira-
tory questionnaire IPF-specific version), but they have
not been validated longitudinally [29.30]. PROs devel-
oped for other diseases have been used as secondary end
points in Phase III clinical trials of IPF [21,22].

Acute exacerbations

Acute exacerbations of IPF are episodes of unexplained
respiratory deterioration (worsening dyspnea, increased
cough and worsening of gas exchange parameters)
accompanied by the appearance of new parenchymal
infiltrates on chest radiograph or HRCT [31]. Though
uncommon, these events are clinically relevant and
often associated with an early death. However, docu-
mentation of acute exacerbations of IPF in clinical tri-
als often requires centralized adjudication, a complex
process that can lead to measurement error and lack of
sensitivity due to missing data.

All-cause hospitalizations, respiratory
hospitalizations & IPF-related hospitalizations
Respiratory, all-cause and IPF-related hospitalizations
are clinically significant events associated with high in-
hospital mortality and limited survival beyond discharge
(32]. Limitations of hospitalization end points include a
variety of non-disease-related factors that can influence
whether hospitalization occurs, such as access to health
care, social support, regional practice patterns as well as
the challenge of discerning the reason for hospitaliza-
tion when a subject is admitted to outside hospitals [s].
Finally, patients with advanced disease may well require
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hospitalization due to processes that are unrelated to the
biology of progressive fibrosis [9].

Discussion

A treatment trial designed to definitively determine
whether a therapy is beneficial in IPF requires enor-
mous efforts, and the choice of the primary efficacy
end point is one of the most critical steps in its develop-
ment. Intuitively, the efficacy of a given treatment for
IPF — a disease for which the archetypal pathophysi-
ology is a fibrotic process that reduces the size of the
lung — should be measured in terms of lung size [33].
As such, FVC — a widely accepted reflection of disease
progression in patients with IPF — has commonly been
used as a primary end point in most therapeutical trials.
Indeed, FVCis reliable (values are stable when repeated
at different time points) and responsive (as measured by
the correlations between change in FVC and changes
in other clinically relevant parameters). Importantly,
categorical decrements of FVC are powerful predictors
of mortality. Specifically, a decline in % predicted FVC
210% at 24 weeks is associated with a nearly fivefold
increase in the risk of mortality over the subsequent
year [34-38]. In addition, more recent data have shown
that a change as small as 5% might also have signifi-
cant prognostic implications, suggesting that changes
in % predicted FVC that were previously regarded as
evidence of functionally stable disease are medically
relevant and worthy of further clinical evaluation [39].
As with all physiological end points, the main obstacle
is that patients do not decline at the same rate, and
group mean in lung function inevitably includes various
amounts of change. For example, in the Scleroderma
Lung Study [40.41], the mean absolute difference in
adjusted 12-month FVC (predicted) between the cyclo-
phosphamide and placebo arms was 2.53% (p < 0.03).
This rather small value would certainly be regarded
as within the limits of measurement error if this dif-
ference was the amount of change seen in one patient
over time. However, this was a group mean difference
comprising a wide spectrum of changes, including no
change at all, and this might have underestimated the
change for those individuals who lost large amounts
of their FVC [42]. The results of this clinical trial also
highlighted the issue of whether statistically significant
differences are also clinically significant, particularly
when the potential benefits of a given drug are weighed
against its adverse effects. In this regard, end points that
directly measure how a patient feels (e.g., symptoms),
functions (i.e., a patient’s ability to perform activities in
daily life), or survives (i.e., mortality) — in other words,
directly relevant to patients’ priorities — would clearly be
more informative. Serial FVC trends do not predict sur-
vival in patients with IPF and concurrent emphysema,
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which tends to preserve lung volumes [43.44]. Moreover,
it remains unclear whether treatment-induced changes
in FVC reliably predict changes in survival. Diffusing
capacity for carbon monoxide suffers from the same
limitations.

The 6MWT is used extensively as a measure of exercise
tolerance in patients with various cardiac and pulmonary
diseases. From a clinical stand point, GMWT has the
advantages of practicality and safety; no special equip-
ment or advanced training is required, and unlike maxi-
mal cardiopulmonary exercise testing, it can be carried
out by all but the most severely impaired patients [45.46].
Recently, data analysis from a large clinical trial in IPF
has shown that a 24-week reduction of >50 m in walked
distance is associated with a fourfold increase in the risk
of death over the subsequent 12 months [46]. However,
the 6MWT is not without limitations. In fact, the test
does not provide insight into the mechanisms of exercise
limitation (e.g., its results can be affected by a variety of
factors unrelated to cardiopulmonary status, including
age, sex, height and weight) [47]. The implementation
of a composite end point could be an alternative. For
example, change in FVC and distance walked during a
6-min test, are both robust predictors of mortality [34.39.46)
and are sufficiently diverse in their ability to capture dis-
tinct pathophysiological domains of disease progression
to be combined. Other parameters may potentially also
be included in a composite index (e.g., DL, quality of
life, hospitalizations) [7). While composite end points have
several advantages (e.g., reduction of the required sample
size and study duration through increase in the overall
event rate), results based on composite end points may
be misleading when ‘driven’ by the most frequent, but
perhaps least important, of its constituents [48]. At present,
there are no universally accepted composite end point in
IPFE. Other suggested end points, such as patient-reported
outcomes need to be validated longitudinally, while all-
cause hospitalizations may be potentially confounded
by non-pulmonary factors, variable hospital practices or
reasons for hospital admissions.

The clinical course of a typical patient with IPF is
characterized by progressive physiologic deterioration,
worsening dyspnea and frequent hospitalizations [32].
However, considerable inter- and intra-individual vari-
ability exists and this makes it difficult to formulate
an accurate prognosis [2]. Because of this effect, future
studies should use more robust population enrich-
ment strategies (‘cohort enrichment’) so that patients
are selected with criteria that can predict disease pro-
gression during the study period, thereby increasing
the likelihood of recording any positive drug effects
with lower patient numbers [49]. This is a crucial point
as several distinct disease subsets are likely to exist
within IPF and phenotypic variability may contribute

Clin. Invest. (2013) 3(12)



Review: Clinical Trial Methodology

Spagnolo & Luppi

to nonuniform responses to treatment. In fact, without
adequate patient stratification, even the positive effect of
a given drug in a specific patient subgroup would inevi-
tably be diluted or disappear because of its inefficacy
in patients with different phenotypic characteristics.
Recently, du Bois and coworkers developed a simplified
risk scoring system based on four readily ascertainable
parameters (age, FVC at baseline, 24-week change in
FVC and 24-week history of respiratory hospitaliza-
tion) that reliably predicts 1-year mortality in patients
with IPF [3s5]. If validated, this risk scoring system
may aid in the identification of appropriate candidates
for enrolment in clinical trials and facilitate accurate
stratification, both of which may contribute to more
efficient and properly powered clinical trials. However,
it is unclear whether this prediction model, which was
developed based on data from patients with mild-to-
moderate functional impairment, applies to the entire
population of IPF patients.

The many negative clinical trials of new therapy
for IPF have prompted debate on several issues of trial
design — most notably whether all-cause mortality
should be used as a primary end point (89.50]. What
has become increasingly clear is that the number of
patients and the length of trial needed to show a rea-
sonable reduction in mortality remain prohibitive. In
this regard, data from placebo arms of recently con-
cluded clinical trials of IPF have shown that all-cause
mortality rate is relatively low in patients with mild-
to-moderate disease that have represented — with very
few exceptions — the standard study population [4].
As such, patients with ‘early’ IPF would need to be
retained in the study and followed for a number of
years. The longer the study, the greater the likelihood
of dropouts, which could jeopardize the integrity of any
well-designed study. In addition, it has been estimated
that for a 25% reduction in mortality to be statisti-
cally significant in a placebo-controlled IPF trial, the
enrolment of 2600 patients, 5 years of follow-up and
US$250 million would be required [51]. Indeed, only
one mortality study has been undertaken in IPF to
date and the study was negative [12]. Based on realis-
tic estimates for efficacy on survival (4], such studies
in IPF appears both unaffordable and non-executable
within a reasonable time frame (52]. Mortality might
be best suited for studies tailored to individuals with
advanced disease, but this approach is not without
drawbacks. In fact, such a population of patients is
not representative of IPF as a whole and patients with
advanced disease behave quite differently to those with
mild-to-moderate disease, often dying of pulmonary
vascular complications rather than progressive fibrosis.
For instance, the effect of sildenafil on gas transfer
and arterial oxygenation observed in a recent 12-week
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duration randomized-controlled trial of patients with
advanced IPF (DL <35% predicted) likely reflected a
pulmonary vascular rather than an antifibrotic benefi-
cial effect [22]. Therefore, disease behavior at end stage
cannot be used as a template for the design of clinical
trials of patients with less advanced IPF [9;53].

IPF is a dreadful disease that lacks adequate therapy.
Drug development in this condition has proved chal-
lenging — with exceedingly high clinical trial failure
rates; similarly, the selection of an optimal primary
end point in pharmaceutical studies has proved prob-
lematic. In this setting, with the goal of delivering
safe and effective therapies to our patients, we would
suggest a balanced approach to end point selection.

Future perspective

The clinical course of patients with mild-to-moderate
IPF — those commonly enroled in pharmacological
studies — is characterized by minimal clinical and
physiologic deterioration. Therefore, owing to the
nature of the disease process (e.g., lung fibrosis gen-
erally progresses over many months or years), it is
difficult to demonstrate large changes in functional
indices such as lung function tests. In this scenario,
slowing progression or stabilization of disease is prob-
ably the best that can be seen in a clinical trial (and
we believe it should be viewed as a positive response
to therapy). For these same reasons a mortality study
in IPF appears impractical. On the other hand, in
patients with advanced disease, in which antifibrotic
drugs are less likely to exert any beneficial effect,
improving quality of life (i.e., managing and limiting
dyspnea, cough and fatigue thus enabling patients to
be as physically and socially active as possible) repre-
sents, in our opinion, a realistic clinically meaningful
goal in IPF clinical trials.

At present there are no robust data on the value of
biomarkers in the prediction of disease outcome or
stratification of patients in treatment groups. It is to
be hoped that biomarkers as well as genomic signa-
ture differentiation and validation may, in the future,
enable study enrichment with those patients at highest
risk of progression and mortality. This will also make
a mortality study in IPF finally feasible.
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Executive summary

2-3 years after diagnosis.

debate.

therapeutical trials.

m Idiopathic pulmonary fibrosis (IPF), the most common of all idiopathic interstitial pneumonias, is a progressive disease with
tremendous heterogeneity and unpredictable rates of progression. IPF carries a dismal prognosis with a median survival of only

m There are no licensed medical therapies in the USA and the only care options that are endorsed by the most recent consensus
guidelines are lung transplantation and enrolment in a clinical trial.

m A treatment trial designed to definitively determine whether a therapy is beneficial in IPF requires enormous efforts. The choice
of the primary efficacy end point, one of the most critical steps in clinical trial development, has recently been a matter of intense

m In a disorder with a poor prognosis — such as IPF — survival is the most logical outcome to measure the efficacy of a given drug.
However, in IPF such a trial design appears at present impractical. An alternative approach is the use of predictors of survival.

m The archetypal pathophysiology of IPF is a fibrotic process that reduces the size of the lung. As such, decline in forced vital
capacity — a widely accepted reflection of disease progression in IPF — has commonly been used as a primary end point in most

m The ideal primary end point should be reliable, reproducible, clinically meaningful, predictive of outcome and easy to measure.
Yet, none of the outcomes utilized so far in clinical trials of IPF meets all these criteria.

= Drug development in IPF has proven challenging with exceedingly high clinical trial failure rates. With the goal of delivering
safe and effective therapies to our patients, we strongly believe the choice of the appropriate primary end point should balance
scientific, statistical and clinical rigor as well as clinical trial feasibility.
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