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Definitive evidence of clinical efficacy in a Phase 3 trial is best shown
by a beneficial impact on a clinically meaningful endpoint—that is,
an endpoint that directly measures how a patient feels (symptoms),
functions (the ability to performactivities in daily life), or survives. In
idiopathic pulmonary fibrosis (IPF), we believe the endpoints that
bestmeet these criteria areall-causemortalityandall-causenonelec-
tivehospitalization.Therearenovalidatedmeasuresof symptomsor
broader constructs such as health status or funtional status in IPF. A
surrogateendpoint is definedasan indirectmeasure that is intended
to substitute for a clinically meaningful endpoint. Surrogate end-
points can be appropriate outcomemeasures if validated. However,
validation requires substantial evidence that the effect of an inter-
vention on a clinically meaningful endpoint is reliably predicted by
the effect of an intervention on the surrogate endpoint. For patients
with IPF, there are currently no validated surrogate endpoints.
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Idiopathic pulmonary fibrosis (IPF) is a progressive fibrosing lung
disease of unknown etiology that affects an estimated 100,000
Americans and accounts for over 15,000 deaths a year (1). The
median survival from the time of diagnosis is 2 to 3 years (2–5).
Drug agents evaluated in clinical trials of patients with IPF have
failed to demonstrate improvement in clinically meaningful out-
comes (e.g., symptoms, functional status, and survival) (6). Further-
more, recently conducted Phase 3 clinical trials of novel therapies
in IPF have lacked a standardized approach to key study design
issues, most prominently the choice of a primary endpoint (7)
(Table 1).

The purpose of this document is to provide an overview of the
strengths and limitations of the major endpoints used in Phase 3
clinical trials of patients with IPF and to provide perspective and
guidance for their use as primary endpoints in future Phase 3 clin-
ical trials globally. In addition, we identify critical gaps in knowl-
edge regarding endpoints in IPF and suggest future directions for
endpoint development. This document is intended as a scientific

review, not as a guidance to regulatory agencies in the United
States or elsewhere. Regulatory agencies responsible for drug ap-
proval act within a framework of region-specific rules that influ-
ence the level of evidence regarding risk and benefit that is
required before an approval is granted. Some of the results of
the studies included in this perspective have been reported in
the form of a press release or an abstract (8–10).

METHODS

Planning and Participants

Ongoing discussions among three clinical investigators in the field of IPF
(G.R., H.R.C., and K.K.B.) led to a formal request to the Pulmonary
Fibrosis Foundation, a nonprofit patient advocacy group, to sponsor
a working group (termed by the sponsor a “summit”) to meet and dis-
cuss appropriate endpoints for future Phase 3 trials in IPF. Additional
participants were invited based on their experience and expertise in
clinical trials of patients with IPF. Representatives from the Division
of Lung Diseases within the National Heart, Lung, Blood Institute
(NHLBI) of the National Institutes of Health and the Division of Pul-
monary, Allergy, and Rheumatology of the Food and Drug Administra-
tion (FDA) were invited to attend and participate in the meeting. The
NHLBI and FDA participants listened to the discussion, asked ques-
tions, and provided perspective, but did not participate in the authorship
of the perspective. The meeting was held on July 11th and 12th, 2011, in
Bethesda, Maryland.

Meeting Structure and Document Development

Potential endpoints for Phase 3 trials in patients with IPFwere identified
prior to the meeting by three clinical investigators (G.R., H.R.C., and
K.K.B.). For each endpoint, the definition, clinical relevance, strengths, and
limitations were discussed. A consensus summary regarding the use of each
endpoint as a primary endpoint in a Phase 3 trial was developed. The results
of the discussion and consensus summary are reported in this document.

CLINICALLY MEANINGFUL ENDPOINTS

Asdefinedby theNational Institute ofHeathBiomarkersDefinitions
Working Group, the term “clinically meaningful endpoints” refers to
endpoints 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) (11, 12). In other words, they are directly
relevant to the goals and priorities of patients. The ideal clinically
meaningful endpoint should also be well defined, reliable, measur-
able, interpretable, and sensitive to the effects of the intervention.
Clinically meaningful endpoints are unarguably appropriate primary
outcome measures in Phase 3 clinical trials.

MORTALITY

Mortality-relatedmeasures can be defined in variousways—all-cause
mortality, respiratory-related mortality, or IPF-related mortality—
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and can be analyzed as a time-to-event endpoint or an endpoint at
a fixed time (e.g., 1 year). The most clinically relevant of these is all-
cause mortality. It is also well defined, reliable, and easy to measure.
All-cause mortality avoids losing clinically relevant information
and inducing informative missingness that occurs when deaths
related to the study intervention are misclassified as “unrelated”
and are censored. The all-cause mortality endpoint also captures
potential off-target effects that could impact risk of mortality (e.g.,
death due to drug-related toxicity such as liver failure or arrhyth-
mia). Ultimately, if a drug benefits IPF-related mortality but not
all-cause mortality, it is of questionable clinical utility.

Clinical trials with mortality-related endpoints often need to
have large sample sizes and have long duration, leading to the
need for more resources to complete than non–survival-based
studies. This has led to concern that mortality-based studies are
impractical in IPF. However, a properly powered Phase 3 clinical
trial using all-cause mortality as the primary endpoint has been
successfully conducted in IPF, establishing that it is possible (13).
A second Phase 3 trial recently reported an increase in mortality
(a key secondary endpoint) in one treatment arm compared with
placebo, leading to discontinuation of the treatment arm (8).

Summary

Mortality is the most robust primary endpoint for Phase 3 clinical
trials in IPF, and a previous Phase 3 clinical trial has proven that
an adequately powered all-cause mortality study can be successfully
performed. All-cause mortality is the cleanest and most easily
interpreted mortality-related endpoint. Consideration of cause-
specific mortality endpoints (e.g., IPF-related or respiratory-
related mortality) should balance potential increased sensitivity to
treatment effect against the risk of adjudication errors and decreased
sensitivity to off-target effects.

HOSPITALIZATION

Hospitalization is a clinically meaningful event that is relevant to
the goals and priorities of patients with IPF. Like survival,

hospitalization can be defined in various ways—all-cause hospi-
talization, respiratory hospitalization, and IPF-related hospitaliza-
tion. As discussed for all-cause mortality, all-cause hospitalization
is the easiest to define and avoids important problems associated
with assigning causation. An exception may be hospitalization for
elective non–IPF-related causes (e.g., knee replacement surgery
for previously recognized osteoarthritis). These hospitalizations
can be easily identified and are less likely to be influenced by
the effects of treatment. Limitations of hospitalization endpoints
include a variety of non–disease-related factors that can influence
whether hospitalization occurs, such as access to health care, social
support, and regional practice patterns, as well as the challenge of
clinical data retrieval when a subject is hospitalized at a facility
outside of the study.

Summary

Hospitalization, in particular all-cause nonelective hospitalization,
is an appropriate primary endpoint for Phase 3 clinical trials in
IPF. While factors external to disease progression or exacerbation
may influence decisions regarding hospitalization, it remains a clin-
ically meaningful endpoint.

ACUTE EXACERBATION OF IPF

Acute exacerbation of IPF is most commonly defined using stan-
dard criteria, which include clinically relevant worsening of dysp-
nea (14). It is a direct measure of symptoms, in addition to being
associated with high mortality and impaired functional status in
survivors (14). In many cases, documentation of acute exacerba-
tions in a clinical trial involves centralized adjudication. While
adjudication of endpoints is useful for standardizing measurement,
the complexity of the adjudication process can create substantial
practical and logistical challenges that can lead to measurement
error and lack of sensitivity due to missing data. If adjudication is
necessary, the simplest criteria and procedure possible should be
chosen and then implemented in a timely manner during the
course of the clinical trial.

Summary

Acute exacerbation of IPF, while a clinically meaningful end-
point, can be challenging to adjudicate and is at risk of measure-
ment error in the context of a clinical trial.

PATIENT-REPORTED OUTCOMES

Patient-reported outcomes (PROs) are defined to be “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” (15). PROs for disease symptoms
(e.g., dyspnea, cough) and for broader constructs (e.g., health sta-
tus) have not been used as primary endpoints in any Phase 3 clinical
trial in patients with IPF, largely because of the lack of properly
established PROs in this population. The ideal PRO is developed
through an iterative process of interviewing patients with the dis-
ease of interest, with rigorous evidence of its validity, including that
it is well-defined and reliable. In the context of PRO development,
validity is both content related (the PRO measures the concept of
interest) and construct related (the relationship between PRO
items are as expected) (15). PROs developed for other diseases
have been used as secondary endpoints in Phase 3 clinical trials
of IPF (16, 17).

Summary

There are no PROs that are properly established in patients with
IPF. While PROs can be clinically meaningful endpoints, it is cur-
rently unknown if existing PROs accurately measure symptoms

TABLE 1. PRIMARY ENDPOINTS IN PHASE 3 CLINICAL TRIALS IN
PATIENTS WITH IDIOPATHIC PULMONARY FIBROSIS

Study Drug agent Primary endpoint

Published studies

Raghu et al., 2004 IFN-g Death or disease

progression (composite)

Demedts et al., 2005 Acetylcysteine Change in VC and DLCO

King et al., 2009 IFN-g All-cause mortality

King et al., 2011 Bosentan Death or disease

progression (composite)

Taniguchi et al., 2010* Pirfenidone Change in VC

Noble et al., 2011 Pirfenidone Change in FVC

Unpublished studies

ACE-IPF† Warfarin Death, hospitalization or

disease progression

(composite)

PANTHER-IPF‡ N-acetylcysteine (NAC)

with or without

prednisone/azathioprine

Change in FVC

ARTEMIS-IPFx Ambrisentan Death, respiratory

hospitalization, or

disease progression

(composite)

ARTEMIS-PHx Ambrisentan Change in 6MWD

Definition of abbreviation: 6MWD ¼ 6-minute-walk test distance.

* Primary endpoint was changed from “change in lowest O2 saturation during

6-minute steady-state exercise test” during the course of the trial.
y Trial was stopped early for lack of efficacy. Data not yet published (9).
zOne arm of trial was stopped early for lack of efficacy. Data not yet published (8).
x Trial was stopped early for lack of efficacy. Data not yet published (10)
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and broader constructs such as health status in patients with IPF,
and whether they are sensitive enough to detect treatment effects.

FUNCTIONAL STATUS

Endpoints that directly measure how well a patient conducts
their daily activities (i.e., functional status) are clinically mean-
ingful. In patients with IPF, the most widely used measure of
physical activity is the distance walked during a 6-minute-walk
test (6MWD). However, 6-minute-walk test variables such as
6MWD are an abbreviated measure of exercise capacity rather
than being a direct measure the daily activity of the patient. Re-
cent evidence also suggests that the change in 6MWD is corre-
lated with mortality in patients with IPF (see section below on
surrogate endpoints) (18). Change in 6MWD has been used as
a primary endpoint in several late-stage clinical trials of IPF (16,
17), but there have been both statistical and study design issues
including problems with reproducibility, handling of missing
data, and standardization of methodology across multiple sites.

Summary

There are currently no direct measures of functional status in
patients with IPF. Six-minute-walk test variables such as the
6MWD do not fully capture how a patient conducts their daily
activities and may have technical limitations.

SURROGATE ENDPOINTS

A surrogate endpoint is defined as an indirect measure that is
intended to substitute for a clinically meaningful endpoint. Many
indirect measures are biomarkers, defined as objectively mea-
sured indicators of a normal biological process, pathologic pro-
cess, or pharmacologic response to a therapeutic agent (11).
Surrogate endpoints are of interest to clinical trialists who wish
to reduce the sample size, shorten the duration, or lower the
costs of an interventional study.

There are several potential surrogate endpoints that have been
measured in IPF clinical trials, including pulmonary physiology
(e.g., forced vital capacity [FVC] and diffusion capacity for carbon
monoxide [DLCO]), 6MWD, imaging features on high-resolution
computed tomography (HRCT) scanning, and circulating bio-
markers (18, 19). However, the correlation of potential surrogate
endpoints with clinically meaningful endpoints does not establish
the potential surrogate to be a valid replacement endpoint. Valida-
tion of a surrogate endpoint requires substantial evidence that the
effect of the intervention on the clinically meaningful endpoint is
reliably predicted by the effect of the intervention on the surrogate
endpoint (11). This generally requires a comprehensive under-
standing of the causal pathways of the disease, knowledge of the
intervention’s intended and unintended mechanisms of action, and
data from multiple Phase 3 trials to provide precise estimates of
treatment effect on the potential surrogate and the clinically mean-
ingful endpoints. Importantly, validation of a potential surrogate
endpoint, as described above, is different from validation, or val-
idity, as used in PRO development (see PRO section above). The
ideal surrogate endpoint also should be responsive across multiple
pathophysiological targets; that is, it should be valid regardless of
the specific therapeutic mechanism of action under study. Without
validation, there are several ways in which potential surrogate
endpoints can provide inaccurate information regarding the effect
of an intervention (Figure 1) (20).

To date, there are no validated surrogate endpoints in IPF.
This does not mean that some of the replacement endpoints that
have been measured (e.g., FVC) do not have the potential to be
valid surrogates. It is simply not known if they are valid—they
have not been validated. It is important that ongoing and future
clinical trials include the measurement of multiple potential

surrogate endpoints, including serial biological samples. This will
allow for an evidence-based assessment of the validity of these
potential surrogate endpoints, by contrasting the effects of an
intervention on these replacement endpoints with its effects on
clinically meaningful endpoints in a mixture of clinical trials.

Themost commonly used physiological measurement in clinical
trials is FVC. FVC has been widely used as a primary endpoint for
Phase 3 clinical trials in IPF (21–23). Changes in a patient’s FVC
over time (whether analyzed continuously or categorically as above
or below a threshold value) have been correlated with survival time
in multiple large cohorts of patients with IPF (19, 24–26), and it is
widely accepted in natural history settings that a decline of 10% in
an individual’s FVC is a sign of disease progression, making this
a useful prognostic factor (6). As discussed earlier, changes in
6MWD also have been documented to be correlated with sur-
vival time (18). However, such correlations are inadequate to
establish FVC or 6MWD changes as validated surrogate end-
points. Specifically, the major limitation to FVC and 6MWD
(and other potential surrogate endpoints) as endpoints in Phase
3 trials in IPF is the lack of evidence establishing that treatment-
induced changes in these potential surrogate endpoints reliably

Figure 1. (A) A candidate surrogate endpoint is in the pathway through

which the disease causally induces risk of the clinically meaningful end-

point, and the intervention’s (lightning bolt) effect is on that pathway.

(B) An intervention’s effect on candidate surrogate endpoints can pro-
vide inaccurate predictions of its effect on clinically meaningful end-

points for several reasons. First, the candidate surrogate may not be

directly involved in a causal pathway of the disease. Second, the sur-
rogate may be in a causal pathway of the disease, but there may

be other causal pathways of the disease that it does not capture (i.e.,

there are multiple causal pathways of disease). Third, the surrogate is

in the causal pathway of the disease, but there are off-target effects of
the intervention. Based on a presentation of data in Reference 20.
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predict treatment-induced changes in clinically meaningful end-
points. Other potential surrogate endpoints such as the DLCO

and composite scoring systems have the same limitation.
There are also statistical challenges in how best to formulate

changes in FVC, 6MWD, or other such measurements. Change
over time has generally been reported as a mean value per treat-
ment group rather than as a percentage of subjects in each treat-
ment group who cross a predetermined, clinically meaningful
threshold (i.e., responder analysis). Data from retrospective co-
hort studies have suggested the use of thresholds between 5%
and 10% for FVC and around 30 m for 6MWD; however, these
thresholds require validation as surrogate endpoints in prospective
clinical trials (18, 19, 27, 28). It is unknown whether differences in
the mean change for two treatment groups or a responder anal-
ysis is more likely to predict differences in clinically meaningful
outcomes such as survival.

An additional problem is the handling of missing data (29).
Many patients with IPF in clinical trials will be unable to com-
plete follow-up FVC and 6MWD measurements, either because
they become too sick, are lost to follow-up, or have died. Other
potential surrogate endpoints such as the DLCO and the composite
scoring systems have similar limitations (2, 30, 31).

Summary

Measures of pulmonary physiology, such as FVC and 6MWD,
are not validated as surrogates for clinically meaningful outcomes
such as survival in patients with IPF.At this time, change in FVC,
6MWD, and other physiological variables are not robust pri-
mary endpoints for use in Phase 3 clinical trials in IPF.

COMPOSITE ENDPOINTS

Composite endpoints consist of two ormore individual endpoints
combined together, and generally require that only one of the in-
dividual components be substantially affected for the composite
endpoint to be met. Typically composite endpoints include a mor-
tality component and one or more nonmortality components.
Progression-free survival, most commonly defined as a composite
of decline in FVCor death, has been used as a primary endpoint in
recent IPF studies (10, 32, 33).

Composite endpoints have several potential advantages, in-
cluding reducing the required sample size of a trial (through in-
creasing the number of events), and better estimating net clinical
benefit across multiple important outcomes likely affected by the
intervention (e.g., patient symptoms as well as survival time).
The disadvantages of composite endpoints are primarily related
to loss of specificity and interpretability. It is hard to know the
impact of an intervention on survival, for example, if the end-
point measured is a composite of survival, hospitalization, and
change in FVC. Indeed, it is possible that discordant effects of
a drug agent on components of the composite (e.g., the drug agent
worsens survival but slows the rate of decline in FVC) could hide
important efficacy information. Finally, the clinical relevance of
composite endpoints is primarily determined by its weakest com-
ponent, particularly when that component contributes the most
events. In the example given above, the inclusion of an unvali-
dated surrogate endpoint (FVC) makes the clinical relevance of
the entire composite endpoint unclear. The ideal composite end-
point contains only measures that are clinically meaningful end-
points or validated surrogates.

Summary

Composite endpoints should be constructed from clinically mean-
ingful endpoints or validated surrogates that are likely to be influ-
enced by the studied intervention. A combination of all-cause

mortality and all-cause nonelective hospitalization could be con-
sidered as a primary endpoint for Phase 3 clinical trials in IPF.

LUNG TRANSPLANTATION

Lung transplantation is an increasingly common outcome for
patients with IPF, and one that presents unique challenges when
considered as an outcomemeasure. Lung transplantationmight be
a clinically meaningful endpoint, although one that is not neces-
sarily related to the natural history of IPF. Disease-independent
factors such as donor availability, age, comorbidity, social support,
insurance status, and heterogeneity in clinical practice across cen-
ters (e.g., differences in allocation regimens) all contribute sub-
stantial additional risk for achieving this endpoint. Because of
these additional factors, it is debatable how best to handle lung
transplantation in clinical trials. While it commonly is censored,
doing so could lead to informative missingness.

CONCLUSIONS

The choice of a primary endpoint for Phase 3 clinical trials for
IPF is an important and complex decision that includes scientific,
practical, financial, and regulatory considerations.We believe the
most scientifically appropriate primary endpoints for Phase 3 clin-
ical trials are clinically meaningful endpoints that directly inform
how a patient feels, functions, or survives. In IPF, the endpoints
that most clearly meet these criteria are all-cause mortality and
all-cause nonelective hospitalization. A composite endpoint of
all cause-mortality or all-cause nonelective hospitalization is
also scientifically robust. This does not mean that all Phase 3
clinical trials should use all cause-mortality or all cause-mortality
plus all-cause nonelective hospitalization as the primary endpoint;
in some cases, endpoints measuring symptom severity or health
status may be more desirable. However, to date there are no
validated PROs to measure symptoms or broader constructs such
as health status in patients with IPF, and there are no validated
measures of functional status. Unfortunately, there are similarly
no validated surrogate endpoints for clinically meaningful end-
points in IPF at this time.

AREAS FOR FUTURE RESEARCH

It should be emphasized that we have made important progress
in understanding the strengths and limitations of potential end-
points in Phase 3 trials in IPF. Moving forward, it is important to
develop established PROs and functional measures to allow for
accurate measurement of how patients with IPF feel and function.
These are essential components of efficacy that are clearly impor-
tant to patients and providers, and established PROs would add
a critical dimension to efficacy assessment in Phase 3 clinical trials.
It also is important to develop validated surrogate endpoints for
IPF.Validated surrogates would give the IPF scientific community
an additional and more efficient way to move forward. To achieve
this, ongoing and future clinical trials should includemeasurement
of multiple potential surrogate endpoints, including serial biolog-
ical samples. Finally, a consensus on trial design methodology
(e.g., inclusion criteria, approach to handling of missing data, han-
dling of lung transplantation) would allow for easier comparison
and meta-analysis of Phase 3 clinical trial results. These topics and
others will require input and collaboration from all concerned
stakeholders, including clinicians, investigators, sponsors, regu-
lators, statisticians, and patients. It is our sincere hope that by
providing a framework for discussion, this document helps all con-
cerned tomove forward together in pursuit of effective treatments
for IPF.

Author disclosures are available with the text of this article at www.atsjournals.org.

Pulmonary Perspective 1047

http://ajrccm.atsjournals.org/cgi/data/185/10/1044/DC1/1
www.atsjournals.org


Acknowledgment: The authors gratefully acknowledge Dr. Dan Rose and Dolly
Kervitsky of the Pulmonary Fibrosis Foundation for sponsoring and organizing
the working group meeting. The authors are indebted to Dr. Gail Weinmann
of the NHLBI, and Drs. Badrul Chowdhury, Banu Karimi-Shah, Sally Seymour,
and Theresa Michele of the FDA for attending the working group meeting. This
work represents the views of the authors and not of the NHLBI or FDA.

References

1. Raghu G, Weycker D, Edelsberg J, Bradford WZ, Oster G. Incidence

and prevalence of idiopathic pulmonary fibrosis. Am J Respir Crit

Care Med 2006;174:810–816.

2. King TE Jr, Tooze JA, Schwarz MI, Brown K, Cherniack RM. Predicting

survival in idiopathic pulmonary fibrosis: scoring system and survival

model. Am J Respir Crit Care Med 2001;164:1171–1181.

3. Rudd RM, Prescott RJ, Chalmers JC, Johnston ID. British Thoracic

Society study on cryptogenic fibrosing alveolitis: response to treatment

and survival. Thorax 2007;62:62–66.

4. Bjoraker JA, Ryu JH, Edwin MK, Myers JL, Tazelaar HD, Schroeder

DR, Offord KP. Prognostic significance of histopathologic subsets in

idiopathic pulmonary fibrosis. Am J Respir Crit Care Med 1998;157:

199–203.

5. Flaherty KR, Toews GB, Travis WD, Colby TV, Kazerooni EA, Gross

BH, Jain A, Strawderman RL 3rd, Paine R, Flint A, et al. Clinical

significance of histological classification of idiopathic interstitial

pneumonia. Eur Respir J 2002;19:275–283.

6. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, Colby

TV, Cordier JF, Flaherty KR, Lasky JA, et al. An official ATS/ERS/

JRS/ALAT statement. Idiopathic pulmonary fibrosis: evidence-based

guidelines for diagnosis and management. Am J Respir Crit Care Med

2011;183:788–824.

7. du Bois RM. Strategies for treating idiopathic pulmonary fibrosis. Nat

Rev Drug Discov 2010;9:129–140.

8. National Institutes of Health. Commonly used three-drug regiman for idiopathic

pulmonary fibrosis found harmful. 2011 (accessed 2011 Dec 8). Available

from: http://public.nhlbi.nih.gov/newsroom/home/GetPressRelease.

aspx?id¼2812.

9. IPFNet. Results of the ACE-IPF trial. CHEST International Confer-

ence. Honolulu, Hawaii; 2011.

10. GILEAD. Gilead terminates phase III clinical trial of ambrisentan in

patients with idiopathic pulmonary fibrosis. 2010 (accessed 2011

February 13). Available from: http://www.gilead.com/pr_1510358.

11. Biomarkers Definitions Working Group. Biomarkers and surrogate end-

points: preferred definitions and conceptual framework. Clin Pharma-

col Ther 2001;69:89–95.

12. Temple RJ. A regulatory authority’s opinion about surrogate endpoints.

In: Nimmo WS, Tucker GT, editors. Clinical measurement in drug

evaluation. New York: J. Wiley; 1995.

13. King TE Jr, Albera C, Bradford WZ, Costabel U, Hormel P, Lancaster L,

Noble PW, Sahn SA, Szwarcberg J, Thomeer M, et al. Effect of inter-

feron gamma-1b on survival in patients with idiopathic pulmonary fi-

brosis (INSPIRE): a multicentre, randomised, placebo-controlled trial.

Lancet 2009;374:222–228.

14. Collard HR, Moore BB, Flaherty KR, Brown KK, Kaner RJ, King TE

Jr, Lasky JA, Loyd JE, Noth I, Olman MA, et al. Acute exacerbations

of idiopathic pulmonary fibrosis. Am J Respir Crit Care Med 2007;176:

636–643.

15. U.S. Food and Drug Administration. Guidance for industry patient-reported

outcome measures: use in medical product development to support label-

ing claims. 2009 (accessed 2011 December 8). Available from: http://www.

fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/

Guidances/UCM193282.pdf.

16. Zisman DA, Schwarz M, Anstrom KJ, Collard HR, Flaherty KR,

Hunninghake GW. A controlled trial of sildenafil in advanced idio-

pathic pulmonary fibrosis. N Engl J Med 2010;363:620–628.

17. King TE Jr, Behr J, Brown KK, du Bois RM, Lancaster L, de Andrade

JA, Stahler G, Leconte I, Roux S, Raghu G. Build-1: a randomized

placebo-controlled trial of bosentan in idiopathic pulmonary fibrosis.

Am J Respir Crit Care Med 2008;177:75–81.

18. du Bois RM, Weycker D, Albera C, Bradford WZ, Costabel U,

Kartashov A, Lancaster L, Noble PW, Sahn SA, Szwarcberg J, et al.

Six-minute-walk test in idiopathic pulmonary fibrosis: test validation

and minimal clinically important difference. Am J Respir Crit Care

Med 2011;183:1231–1237.

19. du Bois RM,Weycker D, Albera C, BradfordWZ, Costabel U, Kartashov A,

King TE Jr, Lancaster L, Noble PW, Sahn SA, et al. Forced vital capacity

in patients with idiopathic pulmonary fibrosis: test properties and

minimal clinically important difference. Am J Respir Crit Care Med

2011;184:1382–1389.

20. Fleming TR, DeMets DL. Surrogate end points in clinical trials: are we

being misled? Ann Intern Med 1996;125:605–613.

21. Noble PW, Albera C, Bradford WZ, Costabel U, Glassberg MK,

Kardatzke D, King TE Jr, Lancaster L, Sahn SA, Szwarcberg J, et al.

Pirfenidone in patients with idiopathic pulmonary fibrosis (capacity):

two randomised trials. Lancet 2011;377:1760–1769.

22. Taniguchi H, Ebina M, Kondoh Y, Ogura T, Azuma A, Suga M, Taguchi

Y, Takahashi H, Nakata K, Sato A, et al. Pirfenidone in idiopathic

pulmonary fibrosis. Eur Respir J 2010;35:821–829.

23. Demedts M, Behr J, Buhl R, Costabel U, Dekhuijzen R, Jansen HM,

MacNee W, Thomeer M, Wallaert B, Laurent F, et al. High-dose

acetylcysteine in idiopathic pulmonary fibrosis. N Engl J Med 2005;

353:2229–2242.

24. Collard HR, King TE Jr, Bartelson BB, Vourlekis JS, Schwarz MI,

Brown KK. Changes in clinical and physiologic variables predict

survival in idiopathic pulmonary fibrosis. Am J Respir Crit Care Med

2003;168:538–542.

25. Latsi PI, du Bois RM, Nicholson AG, Colby TV, Bisirtzoglou D,

Nikolakopoulou A, Veeraraghavan S, Hansell DM, Wells AU. Fibrotic

idiopathic interstitial pneumonia: the prognostic value of longitudinal

functional trends. Am J Respir Crit Care Med 2003;168:531–537.

26. Flaherty KR, Mumford JA, Murray S, Kazerooni EA, Gross BH, Colby

TV, Travis WD, Flint A, Toews GB, Lynch JP III, et al. Prognostic

implications of physiologic and radiographic changes in idiopathic

interstitial pneumonia. Am J Respir Crit Care Med 2003;168:543–548.

27. Swigris JJ, Wamboldt FS, Behr J, du Bois RM, King TE, Raghu G,

Brown KK. The 6 minute walk in idiopathic pulmonary fibrosis:

longitudinal changes and minimum important difference. Thorax

2010;65:173–177.

28. Zappala CJ, Latsi PI, Nicholson AG, Colby TV, Cramer D, Renzoni

EA, Hansell DM, du Bois RM, Wells AU. Marginal decline in

forced vital capacity is associated with a poor outcome in idiopathic

pulmonary fibrosis. Eur Respir J 2010;35:830–836.

29. Fleming TR. Addressing missing data in clinical trials. Ann Intern Med

2011;154:113–117.

30. Wells AU, Desai SR, Rubens MB, Goh NS, Cramer D, Nicholson AG,

Colby TV, du Bois RM, Hansell DM. Idiopathic pulmonary fibrosis:

a composite physiologic index derived from disease extent observed by

computed tomography. Am J Respir Crit Care Med 2003;167:962–969.

31. King TE Jr, Safrin S, Starko KM, Brown KK, Noble PW, Raghu G, Schwartz

DA. Analyses of efficacy end points in a controlled trial of interferon-

{gamma}1b for idiopathic pulmonary fibrosis. Chest 2005;127:171–177.

32. Raghu G, Brown KK, Bradford WZ, Starko K, Noble PW, Schwartz

DA, King TE Jr.; Idiopathic Pulmonary Fibrosis Study Group. A

placebo-controlled trial of interferon gamma-1b in patients with idi-

opathic pulmonary fibrosis. N Engl J Med 2004;350:125–133.

33. King TE Jr, Brown KK, Raghu G, du Bois RM, Lynch DA, Martinez F,

Valeyre D, Leconte I, Morganti A, Roux S, et al. Build-3: a random-

ized, controlled trial of bosentan in idiopathic pulmonary fibrosis. Am

J Respir Crit Care Med 2011;184:92–99.

1048 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 185 2012

http://public.nhlbi.nih.gov/newsroom/home/GetPressRelease.aspx?id=2812
http://public.nhlbi.nih.gov/newsroom/home/GetPressRelease.aspx?id=2812
http://public.nhlbi.nih.gov/newsroom/home/GetPressRelease.aspx?id=2812
http://www.gilead.com/pr_1510358
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM193282.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM193282.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM193282.pdf

