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Predictors of Mortality Poorly Predict Common Measures of Disease
Progression in Idiopathic Pulmonary Fibrosis
Brett Ley1, Williamson Z. Bradford2, Eric Vittinghoff3, Derek Weycker4, Roland M. du Bois5, and Harold R. Collard1

1Department of Medicine and 3Department of Epidemiology and Biostatistics, University of California San Francisco, San Francisco,
California; 2InterMune Inc., Brisbane, California; 4Policy Analysis Inc., Brookline, Massachusetts; and 5Imperial College, London,
United Kingdom

Abstract

Rationale:Mortality prediction is well studied in idiopathic
pulmonary fibrosis (IPF), but little is known about predictors of
premortality disease progression. Identification of patients at risk for
disease progression would be useful for clinical decision-making and
designing clinical trials.

Objectives:To develop predictionmodels for disease progression in
IPF.

Methods: In a large clinical trial cohort of patients with IPF
(n = 1,113), we comprehensively screened multivariate models of
candidate baseline and past-change predictors for disease progression
defined by 48-week worsening of FVC, dyspnea (University
of California, San Diego Shortness of Breath Questionnaire
[UCSDSOBQ]), 6-minute-walk distance (6MWD), and occurrence of
respiratory hospitalization, or death. Progression outcomes were
modeled as appropriate, by slope change using linear regressionmodels
and time to binary outcomes using Cox proportional hazards models.

Measurements and Main Results: The overall cohort
experienced considerable disease progression. Top-performing
prediction models did not meaningfully predict most measures of
disease progression. For example, prediction modeling explained
less than or equal to 1% of the observed variation in 48-week slope
change in FVC, UCSD SOBQ, and 6MWD. Models performed
better for binary measures of time to disease progression but were
still largely inaccurate (cross-validated C statistic <0.63 for>10%
decline in FVC or death,<0.68 for>20-U increase in UCSD SOBQ
or death,<0.70 for>100mdecline in 6MWDor death).Models for
time to respiratory hospitalization or death (C statistic<0.77) or
death alone (C statistic <0.81) demonstrated acceptable
discriminative performance.

Conclusions: Clinical prediction models poorly predicted
physiologic and functional disease progression in IPF. This is in
contrast to respiratory hospitalization and mortality prediction.

Keywords: interstitial lung disease; forced vital capacity; dyspnea;
6-minute-walk distance; hospitalization

Idiopathic pulmonary fibrosis (IPF) is a
chronic progressive fibrotic lung disease of
adults (1). The prognosis of IPF is poor, with a
median survival of only 3–5 years, but the
clinical course is believed to vary (2).
Although two medications (nintedanib and
pirfenidone) have recently been shown to slow
disease progression in IPF, it remains a fatal
disease with a large unmet medical need (3, 4).

Accurately predicting the risk of death
over time in patients with IPF has obvious
clinical value. Hence, predictors of mortality
risk in IPF have been extensively studied
(2) and combined into clinically useful
mortality risk prediction models (5, 6).
Predicting the risk of disease progression
over time in IPF is much less established.
Accurately predicting disease progression

would allow clinicians to make treatment
decisions and counsel patients more
appropriately. It would also allow for
cohort enrichment in clinical trials
designed around primary endpoints of
disease progression (7). Disease progression
in IPF is most commonly defined by decline
in FVC (6, 8–11), but there are other
definitions, including worsening symptoms
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(e.g., worsening dyspnea) (12, 13),
worsening physical function (14–16), and
the occurrence of acute respiratory
worsening requiring hospitalization (6, 9,
17, 18). All of these measures of disease
progression have been associated with

increased risk of subsequent death in
patients with IPF.

The objective of this study was to
determine whether commonly measured
clinical characteristics of patients with IPF,
several of which are proven predictors of
mortality in IPF, can be used to accurately
predict risk of future disease progression.
To accomplish this, we comprehensively
evaluated candidate predictor variables in
prediction models for outcomes based on
the most common disease progression
definitions in a large, well-defined clinical
trial cohort of patients with IPF.

Methods

Study Population and Design
The source population included all subjects
randomized to the placebo groups of
two parallel design, phase 3 randomized
controlled trials of pirfenidone (i.e., the
CAPACITY [Clinical Studies Assessing
Pirfenidone in Idiopathic Pulmonary Fibrosis:
Research of Efficacy and Safety Outcomes]
trials) (19) and all randomized subjects
(placebo and intervention) in a phase 3
randomized controlled trial of IFN-g1b
(i.e., the INSPIRE [International Study of

Survival Outcomes in Idiopathic Pulmonary
Fibrosis with Interferon g-1b] trial) (20).
Subjects treated with IFN-g1b in the INSPIRE
trial were included in the analysis because
IFN-g1b treatment did not affect disease
progression outcomes (20). Subjects who
completed the 24-week visit of the parent
clinical trial (CAPACITY or INSPIRE) were
included in the current study population.

Figure 1 illustrates the study design.
To have longitudinal variables included in the
risk prediction modeling, Week 24 data from
the parent clinical trials were considered
“baseline.” Thus, study subjects had a
24-week observation or “lead-in” period
(i.e., enrollment to Week 24 in the parent
clinical trial) with outcomes collected over the
following 48 weeks (i.e., from Week 24 to 72
of the parent clinical trials). In total, 29
subjects were excluded for death (n = 27) or
lung transplantation (n = 2) before Week 24
(no subjects were lost to follow-up).

Predictors
Baseline predictors were age, sex, body mass
index, use of supplemental oxygen (yes/no),
dyspnea severity as measured by the
University of California, San Diego
Shortness of Breath Questionnaire
(UCSD SOBQ), FVC, FEV1/FVC ratio,

24 72

480

0
Parent Trial Timeline (weeks)

Study Timeline (weeks)

48-week follow-up period24-week lead-in period

Longitudinal
Predictors

UCSD SOBQ
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Disease Progression Outcomes
Physiologic progression (FVC)

Symptom progression (UCSD SOBQ)
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Figure 1. Study design. 6MWD= 6-minute-walk distance; 6MWT = 6-minute-walk test; BMI = body mass index; DLCO = diffusing capacity of the lung for
carbon monoxide; RH = respiratory hospitalization; UCSD SOBQ=University of California, San Diego Shortness of Breath Questionnaire.

At a Glance Summary

Scientific Knowledge on the
Subject: Accurate prediction models
have been developed for mortality in
idiopathic pulmonary fibrosis (IPF),
but little is known about predictors of
premortality disease progression.

What This Study Adds to the
Field: Clinical information that is
commonly used to evaluate and predict
mortality in patients with IPF,
including indicators of past disease
progression, poorly predict risk of
future physiologic and functional
disease progression. Molecular and
genetic biomarkers that enhance
prediction of common measures of
disease progression in IPF are
desperately needed.
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diffusing capacity for carbon monoxide
percent predicted (DLCO), 6-minute-walk
test distance (6MWD) in meters, lowest
oxygen desaturation on the 6-minute-walk
test (6MWT desaturation), and Gender-
Age-Physiology (GAP) stage (a validated
mortality risk prediction model that
includes baseline sex, age, FVC, and DLCO

as predictor variables) (5). Longitudinal
predictors were prior 24-week change in FVC,
DLCO, UCSD SOBQ, and 6MWD (calculated
as change scores: Week 24 value minus
Week 0 value), and a history of hospitalization
for respiratory reasons in the prior 24 weeks.
Subjects were thus excluded for a missing
Week 24 value (n = 31 for FVC and n = 30 for
6MWD and UCSD SOBQ) because of the
inability to calculate past-change predictors.

Outcomes
Disease progression outcomes were changes
in FVC % predicted, UCSD SOBQ, and
6MWD, the occurrence of respiratory
hospitalization, and death over 48 weeks.

Statistical Analysis
For more detailed statistical methods, please
see the online supplement. The distributions
of cohort characteristics at baseline were
described by clinical trial and pooled,
using the appropriate descriptive measures.
The analyses of slope change in FVC %
predicted, UCSD SOBQ, and 6MWD
involved a two-step procedure. First,
estimates of 48-week slope changes were
obtained for each measure based on
ordinary least squares regression. Second,
estimated slopes were used as continuous
outcomes in the development of prognostic
models. To generate subject-specific slopes,
only subjects with two or more outcome
measurements between Weeks 24 and 72
for each outcome variable were included
in the analysis. For FVC, 6MWD, and
UCSD SOBQ outcome analyses, this resulted
in exclusion of 165, 217, and 180 subjects,
respectively, who had less than two values
measured from Week 24 to 72. Of these
exclusions, 25 were caused by death, eight
by lung transplant, and the remaining by
other loss to follow-up; subjects excluded for
death were later included in analyses of
composite outcomes (see later). Binary
outcome measures of disease progression
over 48 weeks were absolute decline of
greater than or equal to 10% in FVC %
predicted (6, 10, 11, 21), increase in
UCSD SOBQ greater than or equal to 5 U
(22), and decline in 6MWD greater than or

equal to 50 m (23). Because thresholds for
meaningful decline in UCSD SOBQ and
6MWD are less well-defined for patients
with IPF, we also analyzed declines in
UCSD SOBQ greater than or equal to
20 U and 6MWD greater than 100 m.

Analysis of variance and pairwise
Student’s t testing were used to compare
slope changes in FVC % predicted,
UCSD SOBQ scores, and 6MWD over
48 weeks by selected baseline (Week 24 of
the parent trials) measures and GAP stage.
We then used Cox proportional hazards
models to compare risk for experiencing
composite outcomes of binary disease
progression or death (and risk for death
alone) by selected baseline (Week 24 of the
parent trials) characteristics. In developing
multipredictor prognostic models, linear
regression models were used to predict
48-week slope change outcomes and Cox
proportional hazards models were used to

predict time to each composite outcome
and death alone. In the Cox models, death
was considered equal to disease progression
to account for informative censoring by
death. Subjects were censored for other
loss to follow-up. Exhaustive sequences of
candidate models including all possible
combinations of candidate predictors
(up to a maximum of eight predictors) were
examined. Models were then ranked using a
measure of predictiveness appropriate to
each outcome (the R2 for linear regression
models and C statistic for Cox proportional
hazards regression models), each estimated
using 20 repetitions of 10-fold cross-validation
to minimize overfitting. R2 describes the
proportion of variability in the outcome that is
accounted for by the model for continuous
(linear) outcomes. It ranges from zero to 1.0,
where values closer to 1.0 indicate a greater
proportion of variance explained by the model
(i.e., better model fit). For time to binary

Table 1. Cohort Characteristics at Study Baseline (Week 24 of the Parent Clinical
Trials)

CAPACITY
(n = 329)

INSPIRE
(n = 784)

Pooled
(n = 1,113)

Age, mean (SD) 66.6 (7.8) 66.0 (7.7) 66.2 (7.8)
Male sex, n (%) 237 (72.0) 557 (71.0) 794 (71.3)
BMI, kg/cm2, mean (SD) 29.9 (4.7) 29.8 (4.8) 29.9 (4.8)
Physiology, mean (SD)
FVC, L

Baseline 2.81 (0.77) 2.75 (0.78) 2.77 (0.78)
Prior 24-wk change 20.09 (0.22) 20.08 (0.29) 20.08 (0.27)

FVC, % predicted
Baseline 72.7 (16.3) 70.4 (14.7) 71.1 (15.2)
Prior 24-wk change 22.3 (5.8) 22.0 (7.3) 22.1 (6.9)

FEV1/FVC 0.83 (0.06) 0.83 (0.06) 0.83 (0.06)
DLCO, % predicted

Baseline 44.7 (11.2) 44.1 (11.6) 44.3 (11.5)
Prior 24-wk change 22.5 (6.6) 23.5 (9.2) 23.2 (8.5)

6MWD, m
Baseline 386 (112) 371 (129) 375 (124)
Prior 24-wk change 219.2 (75.5) 224.1 (114.6) 222.7 (104.8)

6MWT desaturation 88.5 (4.4) 88.7 (4.7) 88.6 (4.6)
Dyspnea, mean (SD)
UCSD SOBQ

Baseline 36.7 (23.7) 37.5 (23.4) 37.3 (23.5)
Prior 24-wk change 3.7 (15.0) 3.1 (15.6) 3.3 (15.4)

Oxygen use, n (%) 71 (21.6) 123 (15.7) 194 (17.4)
Respiratory hospitalization

in the prior 24 wk, n (%)
7 (2.1) 74 (9.4) 81 (7.3)

GAP stage, n (%)
I 135 (41.0) 308 (39.3) 443 (39.8)
II 166 (50.5) 406 (51.8) 572 (51.4)
III 28 (8.5) 70 (8.9) 98 (8.8)

Definition of abbreviations: 6MWD=6-minute-walk distance; 6MWT=6-minute-walk test; BMI =body mass
index; CAPACITY = Clinical Studies Assessing Pirfenidone in Idiopathic Pulmonary Fibrosis: Research of
Efficacy and Safety Outcomes; DLCO=diffusing capacity of the lung for carbon monoxide; GAP=
Gender-Age-Physiology; INSPIRE = International Study of Survival Outcomes in Idiopathic Pulmonary Fibrosis
with Interferon g-1b; UCSD SOBQ=University of California, San Diego Shortness of Breath Questionnaire.
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outcomes, the C statistic describes the ability of
a model to discriminate those with an
outcome from those without the outcome;
values of 0.5 indicate no discrimination, 0.6 to
0.7 poor discrimination, 0.7 to 0.8 good
discrimination, and more than 0.8
excellent discrimination.

Results

Baseline Characteristics and Overall
Outcomes
A total of 1,113 subjects were included
in this study (329 subjects from the
CAPACITY trials and 784 subjects from the
INSPIRE trial) (Table 1). At baseline, 39.8%
of subjects were GAP stage I, 51.4% were
GAP stage II, and 8.8% were GAP stage III.
During the 24-week lead-in period, the
mean change (SD) in FVC % predicted was
22.1 (6.9), in UCSD SOBQ was 13.3
(15.4), and in 6MWD in meters was
222.7 (104.8); there were 81 respiratory
hospitalizations (7.3% of the cohort).
During the 48-week follow-up period, the
mean change (SD) in FVC % predicted was
24.2 (3.1), in UCSD SOBQ was 16.8 (7.7),
and in 6MWD in meters was236 (42). During

this period, 200 (18.0%) subjects experienced a
greater than or equal to 10% absolute decline
in FVC, 607 (54.5%) experienced a greater than
or equal to 5 U increase in UCSD SOBQ,

414 (37.2%) experienced a greater than or equal
to 50 m decline in 6MWD, 105 (9.4%)
experienced a respiratory hospitalization, and
130 (11.7%) died.
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Figure 2. Mean 6 SE disease progression per week by Gender-Age-Physiology stage at study baseline. FVC change is in percent predicted per week,
UCSD SOBQ change is in units per week, and 6MWD change is in meters per week. 6MWD= 6-minute-walk distance; UCSD SOBQ =University of
California, San Diego Shortness of Breath Questionnaire.
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Unadjusted Analyses of Predictors of
Disease Progression
There were no statistically significant
associations between baseline or longitudinal
change predictors and continuous (slope
change) measures of disease progression
(data not shown). In particular, there was no
apparent relationship between risk ofmortality,
as estimated by GAP stage, and risk of disease
progression, whether defined as change in
FVC, UCSD SOBQ, or 6MWD (Figure 2).
Irrespective of prior 24-week change in FVC,
subjects seemed to have similar declines in
FVC over the subsequent 48 weeks (Figure 3).

Unadjusted Cox models were used to
evaluate the association of individual
baseline and past 24-week change
predictors for risk of composite disease
progression outcomes and death alone
(Table 2). Lower baseline FVC % predicted
and greater past 24-week decline in FVC %
predicted were significantly associated
with risk of all subsequent composite
disease progression outcomes and death
alone. More severe baseline dyspnea
(i.e., higher UCSD SOBQ) was
significantly associated with increased risk
of subsequent greater than or equal to 10%
decline in FVC or death, greater than or
equal to 50- or 100-m decline in 6MWD or
death, respiratory hospitalization or death,
and death alone but was not associated
with subsequent worsening in
UCSD SOBQ or death; whereas greater past
24-week increase in UCSD SOBQ was only
significantly associated with increased risk of
subsequent greater than or equal to
10% relative decline in FVC or death and
decreased risk of subsequent increase in
UCSD SOBQ or death. Lower baseline
6MWD was significantly associated with
subsequent increased risk of greater than or
equal to 10% decline in FVC or death,
greater than or equal to 5- or 20-unit
increase in UCSD SOBQ or death,
respiratory hospitalization or death, and
death alone. Greater decline in past 24-week
6MWD was only significantly associated
with increased risk of subsequent death and
reduced risk of greater than or equal to 50-m
decline in 6MWD or death. Higher baseline
GAP stage was associated with increased risk
of all subsequent composite disease
progression outcomes and death alone, but
this was primarily caused by increased risk
for GAP stage 3 (Table 2, Figure 4; see
Figure E1 in the online supplement).

Multivariable Models for Disease
Progression or Death
The top-ranked multivariate linear prediction
models were poor predictors of continuous
measures of disease progression (cross-
validated r2 ,0.01), regardless of how disease
progression was defined (Table 3; see Table
E1). The top performing multivariable Cox
prediction models for most composite disease
progression outcomes had poor discriminative
performance (0.63 for >10% absolute decline
in FVC or death, 0.68 for >20-unit increase
in UCSD SOBQ or death, and 0.70 for>100-m
decline in 6MWD or death) (Table 3; see Table
E2). Only models for time to first respiratory
hospitalization or death (cross-validated
C statistic, 0.77) or death alone (cross-validated
C statistic, 0.81) demonstrated acceptable
discriminative performance.

Discussion

In a large clinical trials cohort of well-
characterized patients with IPF, we found
that commonly measured clinical variables
do not reliably predict risk of future disease
progression as defined by decline in
FVC, worsening UCSD SOBQ score, or
worsening 6MWD. This is in contrast to the
ability of these variables to predict risk of
either respiratory hospitalization or death in

IPF (5, 6, 24). These data support recent
evidence that disease progression in IPF is
nonlinear and unrelated to patient’s previous
disease behavior (1, 2, 25, 26), and suggest
that respiratory hospitalization and death
may be more strongly correlated event types
with similar predisposing clinical factors.

Change in FVC and other clinical
metrics have been hypothesized to be
stepwise rather than linear, with periods of
progression followed by periods of relative
stability (2). This step-wise model of disease
progression could reconcile the strong
evidence that measures of disease
progression, such as decline in FVC, are useful
for stratification of mortality risk, but do not
predict shorter term risk of disease progression.
This could also explain observations in this
cohort and previously that changes in FVC,
UCSD SOBQ, or 6MWD in the past are often
not correlated or even inversely associated with
changes in the future (25).

Random variability in the test
characteristics of FVC, UCSD SOBQ, and
6MWD could also diminish the predictive
value and the clinical relevance of changes in
these variables on an individual patient
basis, and could explain the poor correlation
between previous and subsequent changes
in measures of disease progression. To
address the issue of clinical relevance of
outcome measures, we dichotomized changes
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Kaplan-Meier Plot
for Resp hosp or death by GAP Stage
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Figure 4. Kaplan–Meier curves for 48-week respiratory hospitalization (Resp hosp) or death stratified
by baseline Gender-Age-Physiology (GAP) stage.
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in the three continuous disease progression
measures at thresholds that represent clinically
significant changes (e.g., >10% decline in
FVC). It did seem that dichotomization of
disease progression outcomes improved
model performance and predictive ability,
perhaps because it improved the signal-to-
noise ratio of the measure.

There are several other possible reasons
for the poor prediction of physiologic and
functional disease progression outcomes we
observed related to data quality and the
performance characteristics of the variables
included in the models. Informative
censoring of the variables used to assess
disease progression could have been present.
An example would be if death or study
dropout, and therefore missing longitudinal
measurement of disease progression
variables, was more common in subjects
experiencing a drop in FVC. The absence of
these reduced FVC measurements could
result in an overly stable estimate of FVC in
the general population seemingly discordant
with the rate of death (27). To address
this possibility, we evaluated models for
composite outcomes including death. These
models generally performed better than
progression models not accounting for

death, but model performance remained
marginal (C statistic, 0.63–0.70) and may
have been driven in large part by the
stronger association of predictor variables with
death than disease progression measures.

Our findings have implications for
clinical practice and clinical research in
IPF. Regrettably, prediction models of
disease progression using clinical variables
do not seem to be useful to clinicians
hoping to counsel patients more accurately
regarding future disease behavior and
timing of therapy. This is a major
disappointment, because patients and
clinicians currently have little ability to
weigh the risks and benefits of therapy and
assess therapeutic response. For example,
initiating treatment in a patient with recent
disease progression as measured by FVC
decline may lead to overestimation of the
efficacy of therapy, because our data
suggest the patient would be expected to
decline less rapidly over the short term
regardless. Similarly, FVC decline after
initiation of therapy in a patient who
seemed stable before therapy may be
misinterpreted as treatment failure.

There may be value in the use of
prediction models of disease progression

in clinical trial cohort enrichment. For
example, selecting patients for enrollment
based on baseline characteristics present
in the prediction model for respiratory
hospitalization or death (e.g., 6MWD,
DLCO, UCSD SOBQ, past respiratory
hospitalization, and change in FVC and
DLCO) could help increase event rates in
an event-driven trial, reducing sample size
requirements and cost. The use of these
prediction models for cohort enrichment
requires further investigation.

Our study cohort included more than
1,100 well-characterized subjects with
IPF with high-quality longitudinal data
available. This is a central strength of the
study, protecting against the bias and lack of
precision that plague most retrospective
cohort analyses in IPF. Because of the nature
of clinical trial cohorts, however, our study
included subjects who were, on average,
healthier and more motivated than the
general IPF population. Whether these
biases are relevant to prediction of disease
progression is unknown. A second strength
of the study is its comprehensive and
unbiased modeling methodology. We
screened an enormous number of models
constructed from clinically relevant

Table 3. Measures of Predictiveness for the Top Performing Prediction Models

Disease Progression
Measure Top Model Components Linear Models Cox Models

FVC, % predicted CV-R2 CV-C statistic
Linear model

Slope Age1DLCO1 FVC1 SOBQ1D6MWD1DDLCO1male1 DSOBQ 0.0076
Cox model

>10% decline or death 6MWD1DLCO1RH1DSOBQ 0.625
UCSD SOBQ
Linear model

Slope Age1BMI1 FEV1/FVC1WSpO2
1male1DSOBQ 0.0025

Cox models
>5-unit increase or death 6MWD1DLCO1DFVC1RH1 DSOBQ 0.604
>20-unit increase or death Age1 6MWD1DLCO1 FVC1DFVC1RH1DSOBQ 0.681

6MWD
Linear model

Slope 6MWD1DLCO1 FEV1/FVC1WSpO2
1male1O2 use 0.0050

Cox models
>50-m decline or death DLCO1 FVC1WSpO2

1D6MWD1RH 0.640
>100-m decline or death DLCO1 FVC1 SOBQ1WSpO2

1D6MWD1DDLCO1RH 0.702
Respiratory hospitalization

(Cox models)
Respiratory hospitalization

or death
6MWD1DLCO1DDLCO1 DFVC1RH1DSOBQ 0.767

Respiratory hospitalization,
>10% FVC

6MWD1DLCO1RH1DSOBQ 0.629

decline, or death
Death (Cox model) 6MWD1 FVC1DFVC1RH 0.810

Definition of abbreviations: D = prior 24-week change; 6MWD= 6-minute-walk distance; BMI = body mass index; CV = cross-validated; DLCO = diffusing
capacity of the lung for carbon monoxide; RH = respiratory hospitalization in the prior 24 weeks; UCSD SOBQ=University of California, San Diego
Shortness of Breath Questionnaire; WSpO2

= lowest saturation on 6-minute-walk test.
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variables and used a variety of disease
progression outcome measures. This
makes it highly unlikely that we missed
better-performing prediction models.
We were limited, however, to the
clinical data collected in the course of
the clinical trial, and it is possible that
prognostically important clinical variables
(e.g., comorbidities) were missed.
Finally, the use of a 24-week “delayed
baseline” was important to allow for the
simultaneous evaluation of cross-sectional
and past-change predictor variables;
however, this design may limit the

generalizability of our results to patients
surviving at least 6 months after their
initial evaluation.

In conclusion, we demonstrate that
clinical variables, including those known to
predict mortality risk in patients with IPF,
poorly predict the risk of physiologic and
functional disease progression over 48 weeks.
We believe this is most likely caused by
the heterogeneous nature of IPF disease
progression and, to a lesser extent, the
random variability in the measurement of
common clinical variables. More accurate
prediction of physiologic and functional

disease progression will likely require the
incorporation of molecular and genetic
biomarkers that more directly reflect
underlying disease activity. Clinical
prediction models for event-driven disease
progression measures may provide value to
clinical researchers looking to enrich
populations of patients more likely to
experience clinically relevant outcomes,
and this should be a focus of future research
in this area. n

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