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ABSTRACT

Introduction: The PROOF registry is a prospec-
tive, observational study that aimed to monitor
disease progression in a real-world cohort of
patients with idiopathic pulmonary fibrosis
(IPF). Here, longitudinal quality-of-life (QoL)

outcomes, healthcare resource use (HCRU), and
the association between QoL and mortality in
patients enrolled in the PROOF registry are
presented.
Methods: QoL outcomes (St. George’s Respira-
tory Questionnaire [SGRQ], EuroQoL-5 dimen-
sions-5 levels Health Questionnaire [EQ-5D-5L],
EuroQoL-5 dimensions Health Questionnaire
[EQ-5D] visual analogue scale [VAS] and cough
VAS) and HCRU were collected for all patients.
Associations between baseline QoL and mor-
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tality were assessed using univariate and multi-
variate analyses. During multivariate analyses,
individual QoL measures were adjusted for the
following covariates: age, sex, percent predicted
forced vital capacity, percent predicted diffus-
ing capacity of the lungs for carbon monoxide,
smoking status, and supplementary oxygen use
at registry inclusion.
Results: In total, 277 patients were enrolled in
the PROOF registry. During the follow-up per-
iod, worsening in cough VAS score, SGRQ
symptom score, and SGRQ activity score was
observed, while EQ-5D VAS, SGRQ total score,
and SGRQ impact score remained stable. During
univariate analyses, EQ-5D VAS and all SGRQ
sub-scores and total score at baseline were
associated with mortality; however, during
multivariate analyses, only the SGRQ total
score, SGRQ impact score, and SGRQ symptom
score at baseline were associated with mortality.
During the follow-up period, 261 (94.2%)
patients required an outpatient consultation
(IPF- or non-IPF-related) and there were 182
hospitalizations in total, most of which were
respiratory related (66.5%).
Conclusions: The PROOF registry provided
valuable, real-world data on the association
between baseline QoL and mortality, and lon-
gitudinal HCRU and QoL outcomes in patients
with IPF over 24 months and identified that
SGRQ may be an independent prognostic factor
in IPF.

Keywords: Healthcare resource use; Idiopathic
pulmonary fibrosis; Mortality; Multivariate
analysis; Patient registry; Quality of life; Real
world; Univariate analysis

Key Summary Points

Why carry out this study?

The symptoms of idiopathic pulmonary
fibrosis (IPF), which is a rare, fatal,
fibrosing lung disease, can be debilitating
and greatly impact the quality of life
(QoL) of patients as well as healthcare
resource use (HCRU).

Previous registry-based studies have
examined the relationship between QoL
and clinical outcomes, including
mortality, in IPF; however, longitudinal
HCRU and QoL data for patients with IPF
enrolled in prospective, real-world
registries are limited.

The PROOF registry was a prospective,
observational study initiated in October
2013, and the analyses presented in this
manuscript aimed to provide important
insights into QoL and the burden of
disease in IPF, as well as the relationship
between baseline QoL and mortality in
patients with IPF enrolled in the PROOF
registry.

What was learned from this study?

Data from the PROOF registry highlighted
the high HCRU burden for patients with
IPF and identified that the St. George’s
Respiratory Questionnaire (SGRQ) may be
an independent prognostic factor in IPF.

The findings reported in this manuscript
are generally in line with existing registry-
based literature regarding the relationship
between QoL and mortality; however,
some conflicting results were reported in
the PROOF registry versus other IPF
registries such as differences in the
association between SGRQ sub-scores and
mortality, which may be due to factors
such as study design.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a pro-
gressive, irreversible, fatal, fibrosing lung dis-
ease that is associated with survival rates lower
than those reported for many cancers [1–3].
Patients with IPF experience debilitating symp-
toms, including cough and shortness of breath
that lead to increasing limitations on daily
activities, a deterioration in emotional well-be-
ing, and a growing dependence on family or
caregivers [4–7]. Indeed, the psychosocial
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impact of IPF and related comorbidities is sub-
stantial, and greatly influences patients’ quality
of life (QoL) [8–10].

While the current antifibrotic therapies
approved for patients with IPF slow disease
progression [11–13], the impact of IPF symp-
toms on patients’ QoL remains extensive [14].
Several patient-reported outcomes (PROs),
including the St. George’s Respiratory Ques-
tionnaire (SGRQ), EuroQoL-5 dimensions-5
levels (EQ-5D-5L) Health Questionnaire, and
EuroQoL-5 dimensions Health Questionnaire
(EQ-5D) visual analogue scale (VAS), have been
shown to be effective measures of health-related
QoL in patients with IPF and interstitial lung
disease (ILD) [15, 16]. Other PROs such as cough
VAS have been used to measure health-related
QoL in patients with IPF and ILD; however, this
PRO has not yet been validated in this patient
population [9, 17]. Moreover, the role of these
PROs in predicting clinical outcomes, including
mortality, has also been explored [9, 10, 18–27].
Previous reports have highlighted a weak asso-
ciation between QoL and forced vital capacity
(FVC) and the 6-minute walk test [26, 27],
whereas more recent studies have reported a
close relationship between QoL, disease sever-
ity, and clinical outcomes, such as changes in
pulmonary function in patients with IPF
[10, 18–20, 24]. Furthermore, several studies
have identified an association between QoL and
mortality in IPF [10, 22, 23, 25], and in partic-
ular, it has been suggested that SGRQ may be an
independent prognostic factor in patients with
IPF [22, 23]. However, it is important to note
that not all studies have uncovered an associa-
tion between QoL and mortality in IPF. Indeed,
the results of a retrospective study and data
from the Australian IPF registry did not reveal a
significant association between SGRQ scores
and mortality based on multivariate analyses
[9, 21].

While PROs are used to assess the impact on
patients’ QoL, data collected on healthcare
resource use (HCRU) are critical to understand-
ing the burden of disease in patients with IPF.
HCRU and costs for patients with interstitial
lung disease, in particular IPF, have been retro-
spectively examined [28–31], and recently it has
been reported that patients with IPF have

increased HCRU, which may be a reflection of
the higher rates of diagnostic procedures and
healthcare visits compared to controls [29].
However, longitudinal HCRU and QoL data for
patients with IPF enrolled in a prospective, real-
world registry are limited.

The PROOF registry was a prospective,
observational study set up in October 2013 that
aimed to monitor disease progression in a real-
world cohort of patients with IPF [32, 33]. The
baseline characteristics and longitudinal clinical
outcomes of patients enrolled in the PROOF
registry have been reported previously [32, 33].
The analyses presented here aimed to add to the
existing registry-based literature on the rela-
tionship between QoL and mortality in IPF by
examining the association between baseline
QoL and mortality in patients enrolled in the
PROOF registry. Furthermore, these analyses
also looked to provide important insights into
QoL and the burden of disease in IPF by
reporting longitudinal QoL and HCRU data
from the PROOF registry from October 2013 to
July 2017.

METHODS

Registry Design

Patients were enrolled across seven centers in
Belgium and one center in Luxembourg during
the period of October 2013 to January 2016.
Patients eligible for inclusion in the PROOF
registry were over 18 years of age and had a
definite or probable IPF diagnosis confirmed by
a multidisciplinary team, according to the 2011
American Thoracic Society/European Respira-
tory Society guidelines [2]. As the registry was
set up to collect data on standard of care,
patients were excluded if they were enrolled in a
clinical trial at the time of inclusion in the
PROOF registry.

The PROOF registry was conducted in
accordance with the International Council on
Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use,
Guidelines for Good Clinical Practice, and local
legal and regulatory requirements. Patients were
required to provide informed consent prior to
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inclusion. PROOF is registered with the relevant
authorities in Belgium and Luxembourg, and
received ethics approval from Comité National
d’Éthique et de Recherche (CNER) N201309/03-
12 September 2013 and Comité National de
Protection des Données (CNDP) for
Luxembourg.

Analysis Population and Patient
Demographics

The PROOF registry closed in July 2017 and
therefore analyses were performed at this cut-off
date. QoL outcomes, QoL associations with
mortality, and HCRU were assessed in all
patients with IPF included in the PROOF reg-
istry. Demographic data, including age, sex,
race, smoking status, supplemental oxygen use,
and previous treatment for IPF other than pir-
fenidone, were collected upon enrollment in
the PROOF registry. The comorbidities and co-
medication use at baseline are described in the
PROOF baseline manuscript [27]. Pirfenidone
treatment patterns and longitudinal changes in
pulmonary function at 3, 6, 12, and 24 months
post-registry inclusion (post-inclusion) have
also been reported previously [28]. Data for
patients treated with nintedanib were not
assessed due to low patient numbers, as patient
enrollment into the PROOF registry began prior
to the introduction of nintedanib.

QoL Outcomes

For all patients enrolled in the PROOF registry,
PROs were used to evaluate QoL at baseline and
at regular intervals throughout the follow-up
period. Cough VAS is a linear visual scale on
which patients are asked to indicate the severity
of their cough, with 0 mm representing ‘no
cough’ and 100 mm representing ‘worst cough
ever’ [34]. The SGRQ sub-scores measure QoL in
patients with IPF across three domains: activity,
symptoms, and impact. Both the SGRQ total
score and sub-scores are weighted to give a total
score from 0 to 100, with higher scores indi-
cating greater impairment [35–37]. The EQ-5D-

5L measures impairment across five dimensions
related to health status: mobility, self-care,
usual activities, pain/discomfort, and anxiety/
depression, where patients rate their impair-
ment on a categorical scale (no problems, slight
problems, moderate problems, severe problems,
extreme problems) [38]. EQ-5D VAS allows
patients to rate their overall health status on a
linear visual scale, with 0 mm representing
‘worst health imaginable’ and 100 mm repre-
senting ‘best health imaginable’ [38]. In this
study, cough VAS was assessed at baseline and at
months 3, 6, 12, and 24 post-inclusion. The
SGRQ total score and sub-scores, and EQ-5D-5L
and EQ-5D VAS scores, were evaluated at base-
line and at Months 12 and 24 post-inclusion. All
QoL scores are presented as mean (standard
deviation [SD]).

Baseline QoL Associations with Mortality
in all Patients Enrolled in the PROOF
Registry

Univariate associations between baseline
covariates (age, sex, percent predicted FVC,
percent predicted diffusing capacity of the lungs
for carbon monoxide [DLco], smoking status,
and supplementary oxygen use at registry
inclusion) and mortality were assessed in
patients enrolled in the PROOF registry. The
association between baseline QoL outcomes in
all patients and mortality was assessed using
univariate Cox modeling. Baseline QoL out-
comes in all patients were then adjusted for
covariates and the association with mortality
was assessed using adjusted Cox proportional
hazards models. To account for missing data in
univariate and multivariate analyses, multiple
imputation was performed, and missing data
were considered missing at random; however,
to contextualize the impact of imputation,
analyses without multiple imputations were
also performed. In univariate and multivariate
analyses, lung transplant was not treated as a
mortality event and these patients were inclu-
ded in the analyses.
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HCRU

During the follow-up period, the number of
outpatient consultations, reason for consulta-
tion (IPF- or non-IPF-related), type of care pro-
vider and the site of care were recorded for all
patients enrolled in the PROOF registry. The
proportion of respiratory-related and non-res-
piratory-related hospitalizations, duration of
hospital stay, reason for hospital stay and type
of care provider required during all hospital-
izations were also collected during the follow-
up period for all patients enrolled in the PROOF
registry. Use of supplemental oxygen and pul-
monary rehabilitation were also monitored
during the follow-up period.

Data Analysis

Chi-square tests were used to compare baseline
characteristics in patients who survived versus
patients who died. All other QoL outcomes and
HCRU were summarized descriptively. For the
summary statistics of QoL outcomes, patients
were included in the calculation if they had a
QoL score available for the specified time point,
regardless of whether they had a baseline score.
For mean changes in QoL from Month 0,
patients were included in the calculation for a
time point if they had a QoL score available for
that time point and a corresponding score at
Month 0. For longitudinal QoL scores and
HCRU, missing data were considered missing at
random and were not imputed.

Cox proportional hazards models were used
to assess associations of baseline covariates with
mortality during the follow-up period using a
univariate model. Cox proportional hazard
models were also used to assess associations of
QoL measures at baseline with mortality in all
patients during the follow-up period using
univariate and multivariate models. The pro-
portional hazards assumption was assessed
using a Schoenfeld residual test. During uni-
variate analyses, individual baseline covariates
or QoL measures were included separately as the
only predictor per model. During multivariate
analyses, individual QoL measures were mod-
eled separately and adjusted for covariates [39].

In model covariates that had a maximum of
25% of data missing, multiple imputation was
used, and missing data were considered missing
at random. Five complete datasets were gener-
ated and analyzed using Cox proportional haz-
ard models, and the results of the five analyses
were then combined to generate the final result.
To contextualize the impact of imputation,
univariate and multivariate analyses without
multiple imputations were also performed.
Results of all univariate and multivariate anal-
yses were presented using hazard ratios, 95%
confidence intervals, and p values. A
p value\0.05 was considered significant.

Data in this study were collected using the
electronic case report forms (eCRF) and end-of-
study registration forms. A programmed data-
base received all information collected in the
eCRF and automated edit checks were per-
formed. A contract research organization was
responsible for the management of data,
including data-quality checks, and was also
required to produce a data review strategy to
highlight the quality-check method performed
on the data. An extensive quality-control audit
was conducted to ensure data quality. The
software analysis programs used for these anal-
yses were Python 2.7 (Python Software Foun-
dation, USA) and R version 3.6.1 (R Foundation
for Statistical Computing, Austria).

RESULTS

Patient Demographics

Between October 2013 and January 2016, 277
patients with IPF were enrolled in the PROOF
registry. The mean (SD) age of the overall
PROOF cohort was 69.6 (8.6) years, and the
majority of patients enrolled were male
(76.9%), white (92.1%), and were former or
current smokers (66.8 and 6.5%, respectively;
Table S1). At baseline, mean (SD) percent pre-
dicted FVC was 80.6% (19.9) and mean (SD)
percent predicted DLco was 46.9% (13.8;
Table S1). Patients had mean (SD) 2.5 (1.8)
comorbidities at enrollment and the mean (SD)
time since diagnosis to the end of enrollment
was 1284.1 (921.3) days. Supplemental oxygen
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was used by 24.2% of all patients enrolled in the
PROOF registry at any point throughout the
study (Table S1), and 14 patients (5.1%)
received a lung transplant during the follow-up
period. Of the 277 patients enrolled in the
PROOF registry, 233 patients received pir-
fenidone treatment at any time during the fol-
low-up period and the mean (SD) duration of
pirfenidone treatment was 635 (465) days. Pre-
vious treatment for IPF other than pirfenidone
is presented in Table S1 in the Supplementary
Material. Further details on the demographic
and baseline characteristics of this patient
population have been previously reported [32].

QoL Outcomes in all Patients

The percentage of patients who experienced
problems in each of the EQ-5D-5L categories
over 24 months is presented in Fig. 1. Mean
cough VAS (1.4% of patient data missing at
baseline), EQ-5D VAS (5.0% of patient data
missing at baseline), and SGRQ total and sub-
scores (24.5% of patient data missing at base-
line) over 24 months are presented in Fig. 2. The
mean (SD) change from baseline in cough VAS
scores at Months 12 and 24 post-inclusion were
3.8 (26.6) mm and 8.4 (20.9) mm, respectively
(Table 1). The mean change from baseline at
Months 12 and 24 post-inclusion for EQ-5D
VAS, and SGRQ total and sub-scores are also
presented in Table 1.

QoL Associations with Mortality for all
Patients Enrolled in the Registry

Among all patients enrolled in the PROOF reg-
istry, 64 (23.1%) deaths were recorded during
the 24-month follow-up period; 70.3% (n = 45)
of deaths were considered IPF-related, no deaths
were considered treatment-related, 20.3%
(n = 13) of deaths were neither IPF- nor treat-
ment-related and an explanation was not pro-
vided for 9.4% (n = 6) of deaths. Patients who
died during the 24-month follow-up period had
lower mean percent predicted FVC (p = 0.006),
mean percent predicted DLco (p\0.001), and
mean EQ-5D VAS score (p = 0.005), and greater
mean SGRQ total score (p\0.001) and mean

SGRQ symptoms (p = 0.001), activity
(p = 0.003) and impact (p = 0.001) sub-scores at
baseline compared with patients who survived.

Analyses of univariate associations between
covariates revealed that age, percent predicted
FVC, percent predicted DLco, smoking status,
and supplementary oxygen use at registry
inclusion were significantly associated with
mortality (p = 0.04, p\0.005, p\ 0.005,
p = 0.03 and p = 0.03, respectively); however,
sex was not significantly associated with mor-
tality (p = 0.72).

In univariate analyses, EQ-5D VAS score,
SGRQ total score, and all SGRQ sub-scores at
baseline were significantly associated with
mortality (p\0.005 for all). However, there was
no significant association between cough VAS
at baseline and mortality (p = 0.3999; Table 2).
In multivariate analyses adjusted for covariates,
SGRQ total score and SGRQ impact and symp-
toms sub-scores were significantly associated
with mortality (p = 0.0042, p = 0.0115 and
p = 0.0037, respectively; Table 2).

Results from univariate and multivariate
models without multiple imputation are pre-
sented in Table S2 in the Supplementary Mate-
rial. Briefly, in univariate analyses without
multiple imputation, EQ-5D VAS and SGRQ
total score and sub-scores were significantly
associated with mortality (p\0.005 for all),
whereas cough VAS was not. In multivariate
analyses, without multiple imputation, adjus-
ted for covariates, only SGRQ total score and
SGRQ impact sub-score were significantly asso-
ciated with mortality (p\ 0.05 for both;
Table S2).

HCRU for All Patients Enrolled
in the Registry

During the follow-up period, a total of 3514
outpatient consultations were required by 261
(94.2%) of the 277 patients enrolled in the
PROOF registry, and the mean (SD) number of
outpatient consultations (IPF- or non-IPF-re-
lated) per patient was 13.5 (9.6) consultations
(Table S3). The majority of outpatient consul-
tations were with general practitioners (43.1%),
followed by other medical specialists (24.4%)
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and pulmonologists (21.7%; Table S3). Most of
these consultations took place at the caregiver’s
office/outpatient department (87.2%) and were
IPF-related (81.8%; Table S3).

A total of 103 patients experienced a total of
182 hospitalizations during the follow-up per-
iod, and of those patients, 27 (26%) died.

Moreover, of the 103 patients who experienced
a hospitalization, 64 experienced a respiratory
hospitalization related to IPF, of whom 21
(33%) died during the follow-up period. The
mean (SD) duration of hospitalization was
similar for non-respiratory and respiratory-re-
lated hospitalization at 7.2 (9.6) days and 7.5

Fig. 1 Percentage of patients who experienced problems in each of the EQ-5D-5L categories over 24 months. EQ-5D-5L
EuroQoL-5 dimensions-5 levels Health Questionnaire
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(9.1) days, respectively (Table S4). In cases of
respiratory-related hospitalization, pulmonolo-
gists were the most common care provider
(81.0%), while in non-respiratory-related hos-
pitalization cases, other medical specialists were
the most common care provider (93.4%;
Table S4). Overall, 67 (24.2%) patients received
supplemental oxygen and 76 (27.4%) patients
received pulmonary rehabilitation.

DISCUSSION

The PROOF registry provides valuable evidence
and insights on longitudinal QoL outcomes and
their baseline association with mortality from a
real-world population of patients with IPF in
Europe. Unlike clinical trials, which have strict
inclusion and exclusion criteria, patients inclu-
ded in the PROOF registry were not excluded on
the basis of disease severity, comorbidities, or
prescribed medications. Furthermore, the fol-
low-up period for the PROOF registry and other
real-world registries is generally longer than
that observed in clinical trials and, as a result,

data collected from registries may be considered
to be more representative of clinical practice
than data from clinical trials.

In this study, univariate and multivariate
analyses of data from patients enrolled in the
PROOF registry suggested that baseline QoL
may be associated with mortality in patients
with IPF. Indeed, univariate analyses identified
that EQ-5D VAS score, SGRQ total score and all
sub-scores at baseline were significantly associ-
ated with mortality; however, during multi-
variate analyses adjusted for covariates, only
SGRQ total score, SGRQ impact score and SGRQ
symptom score at baseline were associated with
mortality. During the follow-up period, EQ-5D
VAS, SGRQ total scores and SGRQ impact scores
remained generally stable, whereas slight wors-
ening in cough VAS, SGRQ symptoms score and
SGRQ activities score were observed in all
patients. Patients also frequently reported
moderate, severe or extreme impairments in
mobility and usual activity on the EQ-5D-5L.
When considered in combination with the
SGRQ activity sub-scores, the EQ-5D-5L scores
highlight that the main impairments reported

Fig. 2 QoL outcomesa over 24 months in all patients
enrolled in the PROOF registry. EQ-5D EuroQoL-5
dimensions Health Questionnaire, EQ-5D-5L EuroQoL-5
dimensions-5 levels Health Questionnaire, QoL quality of
life, SD standard deviation, SGRQ St. George’s Respiratory
Questionnaire, VAS visual analogue scale. aFor EQ-5D

scores, a higher score indicates better QoL. For cough VAS,
a higher score indicates worse cough. For SGRQ total and
all sub-scores, a higher score indicates worse impairments.
bData were considered missing at random and were not
imputed
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by patients with IPF enrolled in the PROOF
registry were related to mobility and activity.

The longitudinal QoL findings from the
PROOF registry add to existing longitudinal
QoL data previously reported by other real-
world registries including the German
INSIGHTS-IPF registry (N = 424; continuously
enrolling from November 2012) [10] and the
Australian IPF registry (N = 516; conducted
from February 2012 to August 2014) [9]. Lon-
gitudinal data from patients enrolled in the
INSIGHTS-IPF and Australian IPF registries
showed a significant worsening of SGRQ total
scores over time [9, 10], in contrast to PROOF,
where SGRQ total score remained stable during
the follow-up period. Furthermore, the
INSIGHTS-IPF registry reported a significant
worsening of EQ-5D VAS [10], whereas the
PROOF registry reported minimal changes in
EQ-5D VAS during the follow-up period.
Therefore, whilst many patients report a decline

in QoL over time, differences in data reported
from each registry may be dependent on many
factors including disease severity, treatment
use, study population, study duration and
healthy survivor bias.

The PROOF registry is not the first registry to
report data on the association between QoL and
mortality in patients with IPF. Univariate anal-
yses from the INSIGHTS-IPF registry and the
IPF-PRO registry (N = 662; patients enrolled
from June 2014 to October 2017; 54.0% of
patients receiving pirfenidone or nintedanib)
have identified an association between EQ-5D
VAS and mortality [10, 22]. However, during
multivariate analyses adjusted for clinical char-
acteristics, EQ-5D VAS was not associated with
mortality in the PROOF registry and IPF-PRO
registry [22]. Furthermore, univariate and mul-
tivariate analyses from the INSIGHTS-IPF reg-
istry found that mortality was significantly
associated with a worse SGRQ score at last

Table 1 Baseline values and change from baseline in QoL outcomes in all patients

QoL measurea, b Month

0 3 6 12 24

n Mean
(SD)

n Mean
change (SD)

n Mean
change (SD)

n Mean
change (SD)

n Mean
change (SD)

Cough VAS

(mm)

273 30.5 (25.2) 195 0.7 (25.4) 172 3.8 (26.1) 167 3.8 (26.6) 78 8.4 (20.9)

SGRQ total score 209 47.0 (20.2) – – – – 81 2.6 (19.2) 38 5.6 (19.9)

SGRQ symptoms

score

209 48.5 (22.4) – – – – 81 2.0 (22.8) 38 11.5 (29.4)

SGRQ activity

score

209 62.5 (25.2) – – – – 81 3.2 (21.4) 38 7.0 (19.2)

SGRQ impact

score

209 37.5 (21.6) – – – – 81 2.7 (22.9) 38 3.6 (23.6)

EQ-5D VAS

(mm)

263 61.1 (19.2) – – – – 138 - 3.2 (18.4) 58 - 6.7 (22.5)

N = 227, data not available for all patients at every time point
EQ-5D, EuroQoL-5 dimensions Health Questionnaire; QoL, quality of life; SD, standard deviation; SGRQ, St. George’s
Respiratory Questionnaire; VAS, visual analogue scale
aData were considered missing at random and were not imputed
bFor EQ-5D scores, a higher score indicates better QoL. For cough VAS, a higher score indicates worse cough. For SGRQ
total and all sub-scores, a higher score indicates worse impairments
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available follow-up [10]. Similar to the PROOF
and INSIGHTS-IPF registries, univariate analyses
from the IPF-PRO registry also reported an
association between SGRQ total score and all
sub-scores, and mortality or lung transplant
[10, 22]. However, when adjusted for clinical
characteristics, the IPF-PRO registry found that
only SGRQ total score, and activity and symp-
tom sub-scores were associated with mortality
or lung transplant, whereas the PROOF registry
reported an association between SGRQ total
score, and impact and symptoms sub-scores.
Additionally, univariate analyses from the Aus-
tralian IPF registry reported an association
between baseline SGRQ total scores and mor-
tality; however, during multivariate analyses no
significant relationship between baseline SGRQ
total scores and mortality was identified [9]. It is
important to note that when performing mul-
tivariate analyses adjusted for clinical charac-
teristics, the INSIGHTS-IPF registry, the IPF-PRO
registry, the Australian IPF registry and the
PROOF registry did not adjust for an identical
group of clinical characteristics. In general, the
PROOF registry adjusted for a larger number of
clinical characteristics compared with the other

registries, and was the only registry to adjust for
smoking status [10, 22].

Despite some differences in the association
between SGRQ sub-scores and mortality across
the PROOF, INSIGHTS-IPF and IPF-PRO reg-
istries, an association between SGRQ total score
and mortality has consistently been reported in
all three real-world registries. Furthermore, a
recent analysis of data from the IPF-PRO registry
that used adjusted regression models found that
worsening SGRQ total score was associated with
disease severity [24]. Additionally, univariate
analyses from a single-center Japanese cohort
identified that SGRQ total score and sub-scores
were predictive of mortality, and during multi-
variate analyses, SGRQ total score was found to
be an independent predictor of mortality [23].

The HCRU data collected highlights the high
HCRU burden for patients with IPF enrolled in
the PROOF registry. HRCU data have also been
reported during previous longitudinal studies of
patients with IPF. A recent study (conducted
from 2000 to 2015) including patients with IPF
(n = 691) and age- and gender-matched controls
(n = 3452) reported that patients with IPF had
an increased HCRU compared with control

Table 2 Univariate and multivariate associations, with multiple imputation, of QoL metrics at baseline with mortality
(N = 277)

QoL measure Univariate analysesa Multivariate analysesa,b

HRc 95% CI p value HRb 95% CI p value

Cough VAS 1.02 (0.97–1.07) 0.3999 1.01 (0.96–1.07) 0.7586

EQ-5D VAS score 0.90 (0.83–0.99) 0.0031 0.96 (0.88–1.05) 0.3764

SGRQ total score 1.14 (1.05–1.23) 0.0003 1.12 (1.04–1.21) 0.0042

SGRQ impact score 1.10 (1.03–1.17) 0.0013 1.09 (1.03–1.17) 0.0115

SGRQ activity score 1.08 (1.02–1.15) 0.0083 1.06 (0.99–1.12) 0.0675

SGRQ symptoms score 1.11 (1.04–1.19) 0.0003 1.10 (1.03–1.17) 0.0037

CI, confidence interval; DLco, diffusing capacity of the lungs for carbon monoxide; EQ-5D, EuroQoL-5 dimensions Health
Questionnaire; FVC, forced vital capacity; HR, hazard ratio; QoL, quality of life; SGRQ, St. George’s Respiratory Ques-
tionnaire; VAS, visual analogue scale
aData were considered missing at random and multiple imputations were performed
bMultivariate analyses adjusted for age, sex, percent predicted FVC, percent predicted DLco, smoking status and supple-
mentary oxygen use at baseline
cHR for every five-point increase in scores
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patients. This observed increase in HCRU in
patients with IPF was sustained over 5 years,
and may have resulted from higher rates of
diagnostic procedures and healthcare visits
post-diagnosis, compared with control patients
[29]. Additionally, during a 5-year population-
level longitudinal study (from 2008 to 2013),
based on data from the French hospital dis-
charge database, 43.7% of patients with IPF
were hospitalized due to respiratory infections,
and 36.5% were hospitalized due to acute res-
piratory worsening [40]. These reports are lower
than the number of respiratory-related hospi-
talizations in the PROOF registry; however, this
database was not developed for epidemiological
purposes, which may, in part, explain any dif-
ferences in the number of hospitalizations, and
it is also possible that patients included in the
PROOF registry may have had a more progres-
sive phenotype in comparison with patients
included in the French database. The IPF-PRO
registry reported supplemental oxygen use at
baseline, with 19.6% of patients enrolled in the
registry using supplemental oxygen at rest [39],
similar to the levels of supplemental oxygen use
reported in the PROOF registry.

There are several limitations of the PROOF
registry that should be considered when inter-
preting longitudinal QoL and healthcare use
data from this analysis. Many forms of bias or
confounding factors can exist in real-world
registries and as such, these factors may have
impacted data collected in the PROOF registry.
As the majority of patients enrolled in the
PROOF registry were diagnosed with IPF prior to
their inclusion in the registry, it is possible that
selection bias may have affected the study
enrollment process. Enrollment and survival in
the registry may also have been biased by the
exclusion of patients who were enrolled in a
clinical trial, as these patients would be expec-
ted to have less severe disease and fewer
comorbidities compared with those patients
who were not eligible for a clinical trial, and
therefore eligible to enroll in the PROOF reg-
istry. It is also feasible that no significant wors-
ening of SGRQ total score was observed as a
result of patients with longer follow-up periods
being healthier and experiencing a better QoL
versus patients with shorter follow-up periods.

Consequently, the longitudinal QoL data col-
lected in the PROOF registry may have been
impacted by a healthy survivor bias. Addition-
ally, it is possible that differences in longitudi-
nal QoL between individual patients may be
hidden by relatively minor overall changes to
QoL over time. Due to limited patient numbers,
it was not possible to perform any subgroup
analyses to identify if such differences existed in
the data from the PROOF registry. Furthermore,
the registry included a relatively small popula-
tion of patients from a limited geographical
area, and the use of antifibrotics in Belgium is
limited to centers with experience in diagnosis
and treatment of IPF. As the different types of
healthcare systems used in many countries
could impact HCRU, it is possible that the
HCRU in other countries may differ from the
HCRU data collected in the PROOF registry.
Therefore, the PROOF patient population may
not be fully representative of populations of
patients with IPF in different countries. Finally,
as the number of patients who had not been
treated with pirfenidone was low, it is not pos-
sible to compare with the pirfenidone-treated
population.

CONCLUSIONS

In conclusion, the PROOF registry provided
valuable, real-world data on the association
between baseline QoL and mortality, and lon-
gitudinal HCRU and QoL outcomes in patients
with IPF over 24 months. In general, EQ-5D
VAS, SGRQ total scores and SGRQ impact scores
remained stable during the follow-up period;
however, cough VAS, SGRQ activity scores and
SGRQ symptom scores increased in all patients.
Univariate and multivariate analyses, the latter
of which were adjusted for a wide range of
clinical characteristics, identified that SGRQ
may be an independent prognostic factor in
patients with IPF. The HCRU data reported in
this manuscript provided an important insight
into the high HCRU burden for patients with
IPF enrolled in the PROOF registry. Overall,
these findings are aligned with existing registry-
based literature regarding the association
between QoL and mortality; however, there are
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differences in the results reported in the PROOF
registry versus other IPF registries, which may
be due to use of different methodologies when
analyzing data from each registry.
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