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Abstract

Background: Several registries of idiopathic pulmonary fibrosis (IPF) have been established to better understand its
natural history, though their size and duration of follow-up are limited. Here, we describe the large European
MultiPartner IPF Registry (EMPIRE) and validate predictors of long-term survival in IPF.

Methods: The multinational prospective EMPIRE registry enrolled IPF patients from 48 sites in 10 Central and
Eastern European countries since 2014. Survival from IPF diagnosis until death was estimated, accounting for left-
truncation. The Cox proportional hazards regression model was used to estimate adjusted hazard ratios (HR) of
death for prognostic factors, using restricted cubic splines to fit continuous factors.

Results: The cohort included 1620 patients (mean age at diagnosis 67.6 years, 71% male, 63% smoking history), including 75%
enrolled within 6 months of diagnosis. Median survival was 4.5 years, with 45% surviving 5 years post-diagnosis. Compared with
GAP stage |, mortality was higher with GAP stages Il (HR 2.9; 95% CI: 2.3-3.7) and Ill (HR 4.0; 95% Cl: 2.8-5.7) while, with
redefined cut-offs, the corresponding HRs were 2.7 (95% ClI: 1.8-4.0) and 5.8 (95% Cl: 4.0-8.3) respectively. Mortality was higher
with concurrent pulmonary hypertension (HR 2.0; 95% Cl: 1.5-29) and lung cancer (HR 2.6; 95% Cl: 1.3-4.9).

Conclusions: EMPIRE, one of the largest long-term registries of patients with IPF, provides a more accurate confirmation of
prognostic factors and co-morbidities on longer term five-year mortality. It also suggests that some fine-tuning of the indices
for mortality may provide a more accurate long-term prognostic profile for these patients.

Background

Idiopathic pulmonary fibrosis (IPF) is a specific form of
chronic fibrosing interstitial pneumonia of unknown cause,
occurring primarily in older adults [1]. IPF is a severe disease
characterised by progressive worsening in lung function and
associated with poor prognosis. While IPF is ultimately fatal,
with an estimated median survival of 2—5 years, its clinical
course is variable with a rapid decline in lung function in
some patients and slower progression in others [2, 3]. Al-
though it is generally assumed that IPF is a rare disease,
more recent studies suggest that the incidence might be
higher than previously thought [4].
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In recent years, two anti-fibrotic drugs - pirfenidone
and nintedanib - have been approved for the treatment
of IPF in Europe based on large randomised clinical tri-
als [5-9]. Registries of patients with IPF with extended
follow-up are necessary to evaluate the effectiveness and
safety of these IPF treatments in the real-world setting
[10, 11]. Multicentre IPF registries, important to collect
such data and describe the epidemiology, the natural
course and the clinical management of IPF, have already
been implemented in Germany, the United States,
Sweden, Australia, the United Kingdom, and Greece
[12-17]. However, the existing IPF registries are rela-
tively small in sample size and restricted to a single
country, with only limited data from Central and Eastern
Europe [12, 18]. Moreover, the validation of valuable
prognostic tools such as the GAP index in other
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populations has been constrained by the relatively small
cohort sizes and short follow-up [19-21].

We use the large European MultiPartner IPF Registry
(EMPIRE) to address these limitations. We describe the clin-
ical characteristics of these patients and assess predictors of
survival over a long follow-up period spanning over 6 years.

Methods

The European MultiPartner IPF registry (EMPIRE)

EMPIRE is a multinational, observational longitudinal
registry designed to describe the characteristics and out-
comes of patients with IPF in 11 Central and Eastern
European countries. A detailed description of the regis-
try is provided in the (Additional file 1: Appendix).
Briefly, this registry was initiated in 2014 and has been
enrolling patients at 48 sites from ten countries as of
October 2018 (Additional file 1: Figure S1). The registry
was approved according to national regulations in each
participating country and has ethical approval to operate
in all participating centres. Enrollment of patients and
data collection are in compliance with the ethical princi-
ples detailed in the Declaration of Helsinki. To be eli-
gible to participate in the registry, patients have to be at
least 18 years of age with a diagnosis of IPF according to
the diagnostic criteria of IPF based on the international
guidelines [1] as assessed by a face-to-face multidiscip-
linary discussion. This includes patients with prevalent
IPF diagnosed before, and incident patients diagnosed
after registry initiation in September 2014. Even though
most IPF patients are diagnosed at the age of 45 years or
older, the minimum age of 18 years allows inclusion of
patients with familial IPF. All participating patients must
provide written informed consent. Follow-up visits are
every 3 or 6 months, following standard clinical practice
at each centre. Patient data are collected by the treating
physician in a structured and non-interventional man-
ner. Additional file 1: Table S1, lists a selection of vari-
ables collected in EMPIRE. Patients are followed in the
registry until death or lung transplantation.

Study cohort

The study cohort included all patients with IPF enrolled in
the EMPIRE registry who had information on baseline pul-
monary function on TLco, FVC, and FEV;, and on follow-
up. Patients were followed from IPF diagnosis until death
from any cause, lung transplant or last follow-up visit.

Statistical analysis

Descriptive statistics were used to summarize the demo-
graphic and clinical characteristics of IPF patients at en-
rollment. For the analysis of survival, the Kaplan—Meier
method was used to estimate survival over time from
diagnosis until death from any cause. Because the regis-
try includes both patients with newly and previously
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diagnosed IPF, we accounted for left truncation arising
from the delay between diagnosis and enrollment into
the registry by placing patients in the risk set only from
their time of enrollment. For example, a patient enrolled
1 year after diagnosis and followed up in the registry for
3 years was considered to enter the risk set at 12 months
and was right censored at 48 months [22].

The Cox proportional hazards regression model was
used to identify independent prognostic factors of survival
up to 5years after IPF diagnosis. Continuous factors, in-
cluding age, FVC and TLco were analysed using Cox pro-
portional hazards regression model with restricted cubic
splines, using four knots. This model fits a curve using a
cubic polynomial function separately within five mutually
exclusive intervals, imposing that the curves join at the
boundaries to generate a smooth continuous function.
Prognostic factors were also classified by categories from
the GAP index, namely age at diagnosis as <60, 61-65
and > 65 years, FVC as <50, 50-75, and > 75% of the pre-
dicted value, and TLco as <35, 36-55, > 55% of the pre-
dicted value [23]. The results of the spline analyses were
used to redefine cut-points for prognostic variables that
make up the GAP index. Finally, an analysis based on the
three stages of the GAP index was performed to compare
the mortality of these patients. As the GAP index was de-
signed to predict 3-year mortality, we also assessed sur-
vival up to 3years after IPF diagnosis. All models were
adjusted for all other independent prognostic factors in
multivariate analyses. Independent prognostic factors in-
cluded age at diagnosis, sex, predicted FVC, predicted
TLco, pulmonary hypertension, lung cancer, and long-
term oxygen therapy. Data were analysed using SAS (Ver-
sion 9.4) and R (version 3.5.0).

Results
The registry enrolled 2789 patients between 1996 and
2018. We excluded 1169 patients, primarily those who
only had a baseline visit (305) and those with no or partial
lung function data (650), described in Additional file 1:
Table S2. Thus, the final study cohort included 1620 pa-
tients with IPF who were enrolled as of October 12, 2018
(Additional file 1: Figure S2). A majority of the patients
(74.9%) were enrolled into the registry within 6 months
after diagnosis (“incident” subjects), with 25.1% considered
“prevalent” subjects at the time of enrollment. The mean
time from IPF diagnosis to enrollment was 9.7 months.
Table 1 displays the baseline characteristics of the co-
hort and separately for the incident and prevalent pa-
tients. The mean age at diagnosis was 67.6 years, with
most patients male (71.4%) and 62.9% with a history of
smoking. The mean duration of symptoms prior to diag-
nosis was 1.6 years. Pulmonary function tests at enroll-
ment showed a mean predicted FEV; of 86.5%, FVC of
78.7%, TLco of 46.3%, and a mean 6-min walk distance
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Table 1 Baseline characteristics of IPF patients enrolled into the EMPIRE registry, overall and accoding to time from diagnosis to

registry enrollment

All Time from diagnosis to enrollment <6 Time from diagnosis to enrollment 26
patients months months
Characteristics n=1620 n=1213 (74.9%) n =407 (25.1%)
Country, n (%)
Austria 26 (1.6) 10 (0.8) 16 (3.9
Bulgaria 3(0.2) 2(0.2) 1(0.2)
Croatia 40 (2.5) 32 (2.6) 8 (2.0)
Czech Republic 683 (42.2) 591 (48.7) 92 (22.6)
Hungary 11269  89(7.3) 23 (57)
Israel 78 (4.8) 41 (34) 37.(9.1)
Poland 255 (15.7)  125(10.3) 130 (31.9)
Serbia 55(34) 38 (3.1) 17 (4.2)
Slovakia 110 (6.8) 87 (7.2) 23 (5.7)
Turkey 258 (159) 198 (16.3) 60 (14.7)
Time from diagnosis to enrollment [years], mean 0.8 (2.0) 0.1 (0.1) 3.1 (3.0
(SD)
Duration of symptoms prior to diagnosis [years], 16 (2.1) 16 (1.8) 152.7)
mean (SD)
Age at diagnosis [years], mean (SD) 67.6 (89) 684 (8.6) 654 (9.5)
Male sex, n (%) 1157 (71.4) 878 (724) 279 (68.6)
BMI [kg/m2], mean (SD) 284 (44) 285 (44) 28.1 (4.5)
History of smoking, n (%) 1019 (62.9) 767 (63.2) 252 (61.9)
Familial IPF, n (%) 55(34) 44 (3.6) 11 2.7)
Diagnosis based on, n (%)
Clinical signs 1286 (794) 988 (81.5) 298 (73.2)
Radiological patterns 1590 (98.2) 1194 (984) 396 (97.3)
Histopathological patterns 349 (215) 261 (21.5) 88 (21.6)
FEV, [% predicted], mean (SD) ? 86.5(17.2) 864 (16.8) 87.1 (18.2)
FVC [% predicted], mean (SD) * 787 (19.7) 773 (194) 82.7 (19.7)
TLco [% predicted], mean (SD) ° 46.3 (209) 46.6 (206) 455 (21.6)
6MWD [m], mean (SD) ° 3882 387.7 (109.2) 3896 (115.8)
(111.0)
GAP stage, n (%)
| 772 (47.7) 536 (44.2) 236 (58.0)
Il 710 (43.8) 565 (46.6) 145 (35.6)
Il 138 (85)  112(9.2) 26 (64)
Treatment (current or past), n (%)
Pharmacological 618 (38.1) 410 (33.8) 208 (51.1)
Clinical trial 111 (6.9) 53 (4.4) 58 (14.3)
Rehabilitation 427 (264) 352 (29.0) 75 (184)
LTOT 327 (202) 218 (180) 109 (26.8)

Abbreviations: 6MWD 6-min walk distance, BMI body mass index, FEV; forced expiratory volume, FVC forced vital capacity, IPF idiopathic pulmonary fibrosis, LTOT
long-term oxygen therapy, SD standard deviation, TL, carbon monoxide transfer factor
°If measurement was not available at enrollment, data measured at diagnosis were used
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of 388.2 m. The distribution of GAP stage was I (47.7%),
IT (43.8%) and III (8.5%). Approximately 40% of all pa-
tients were receiving or had received pharmacological
treatment for IPF at or prior to enrollment, which in-
cluded a history of anti-fibrotic medication as well as
other immunosuppressive combined regimen, but does
not include medications received after enrollment. The
incident and prevalent subjects were generally similar.
The mean and median follow-up from enrollment were
1.6 and 1.3 (maximum 6.7) years respectively. There were
357 deaths during follow-up. One-year survival from diag-
nosis was 89.2%, while it was 65.5 and 46.4% at 3 and 5
years, respectively, with a median survival of 4.5 years.
Table 2 presents the adjusted hazard ratios (HR) of
mortality from the time of IPF diagnosis for the signifi-
cant independent predictors of this outcome. In addition
to the known factors in the GAP stage (sex, age, FVC
and TLco), the presence of pulmonary hypertension
(HR 2.04; 95% CI: 1.46-2.86), lung cancer (HR 2.55; 95%
CIL: 1.33-4.92), and long-term oxygen therapy (HR 1.49;
95% CI: 1.19-1.88) at the time of diagnosis were all
found to increase the risk of death during follow-up.
Figure 1 displays the mortality fitted by cubic splines
for the continuous forms of age, FVC and TLco. For age
at diagnosis, the increase in mortality starts at 65 years
and is gradual until 90 (Fig. 1a). For FVC, the increase
starts when FVC is 85% of predicted and increases grad-
ually with decreasing FVC, reaching a four-fold increase
when FVC reaches 30% of predicted (Fig. 1b). For TLco,
the increase starts gradually at 60% predicted, reaching a
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plateau of a 3-fold increase at 40% predicted, remaining
constant up to 10% predicted (Fig. 1c). These analyses
suggest a readjustment of some cut-points for the prog-
nostic variables that make up the GAP index, namely
age at diagnosis as <65, 66—74 and > 75 years, and TLco
as <55 and > 55% of the predicted value (Table 3).

For the GAP index, the crude hazard ratio of mortality
for stage II is 3.32 (95% CI: 2.59-4.26) and for stage III
it is 512 (95% CI: 3.60-7.28), compared to stage I
(Table 4). When adjusted for pulmonary hypertension,
lung cancer and long-term oxygen therapy, the hazard
ratio of mortality for stage II is 2.89 (95% CI: 2.25-3.73)
and for stage III it is 3.97 (95% CI: 2.76-5.71), compared
to stage I. The results for 3-year mortality were similar
(Additional file 1: Table S3). When the cut-offs were
readjusted, along with weights proportional to the haz-
ard ratios, the corresponding adjusted hazard ratio of
mortality for stage II is 2.66 (95% CI: 1.80-3.94) and for
stage III it is 5.79 (95% CI: 4.03-8.31), compared to
stage I (Table 4).

The Kaplan-Meier survival curves according to the
standard GAP stage classification show clear separations
(Fig. 2a), though these are somewhat more distinct with
the redefined cut-points, i.e. the survival curve for stage
II rises (Fig. 2b).

Discussion

Using a cohort of over 1600 patients with IPF from the
EMPIRE registry, its long-term follow-up allowed for ac-
curate estimates of mortality after diagnosis, finding that

Table 2 Crude and adjusted hazard ratios (HR) of 5-year mortality from time since IPF diagnosis, for the significant baseline
predictors at diagnosis, with categories defined by the GAP index, as estimated by the Cox proportional hazards model

Number (%) Crude HR Adjusted HR? (95% Cl)

Age at diagnosis

> 65 years 1018 (63) 1.25 1.52 (1.14-2.03)

61-65 years 274 (17) 0.99 1.01 (0.70-1.47)

<60 years 328 (20) Reference Reference
Male sex 1157 (71) 1.76 1.51 (1.15-1.96)
FVC (% predicted)

<50% 78 (5) 5.62 345 (2.28-5.23)

50-75% 669 (41) 266 1.89 (147-242)

> 75% 873 (54) Reference Reference
TLco (% predicted)

<35% 419 (26) 6.22 3.52 (240-5.18)

36-55% 687 (42) 3.90 3.05 (2.13-4.36)

> 55% 514 (32) Reference Reference
Pulmonary hypertension 123 (8) 263 2.04 (1.46-2.86)
Lung cancer 19 (1) 347 2.55(1.33-4.92)
Long-term oxygen therapy 327 (20) 235 149 (1.19-1.88)

Abbreviations: FVC forced vital capacity, TLco carbon monoxide transfer factor
@Adjusted for one another, concordance index =0.76
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Table 3 Crude and adjusted hazard ratios (HR) of 5-year
mortality from time since IPF diagnosis, for the significant
baseline predictors at diagnosis, with redefined cut-points for
age and TLo categories defining the GAP index®, estimated by
Cox proportional hazards model

n (%) Crude HR Adjusted HR? (95% Cl)

Age at diagnosis

275 years 353 (22) 1.54 2.16 (1.61-2.89)

65-74 years 730 (45) 1.16 1.34 (1.04-1.74)

< 65 years 537 (33) Reference Reference
Men 1157 (71) 1.76 1.52 (1.16-1.97)
Predicted FVC

< 50% 78 (5) 562 3.80 (2.53-5.70)

50-75% 669 (41) 266 1.98 (1.55-2.54)

> 75% 873 (54) Reference Reference

Predicted TLco
<55%
> 55%

1106 (68) 463
514 (32)

®Adjusted for all other predictors, concordance-index = 0.75
b Scores based on magnitude of hazard ratios

322 (2.27-4.56)

Reference Reference

IPF registries have been implemented in Germany, the
United States, Sweden, Australia, the United Kingdom,
and Greece [12-17]. However, large registries based on
multiple countries are scarce. EMPIRE includes complete
data on over 1600 patients from ten countries in Central and
Eastern Europe. Patients enrolled in the EMPIRE registry
have similar patient characteristics to those reported in the
previous literature [24—27]. The EMPIRE registry data con-
firm a more favourable prognosis after IPF diagnosis for fe-
male sex, younger age, greater predicted FVC, and greater
predicted TLco at diagnosis, all factors of the GAP index.
Additionally, IPF patients with pulmonary hypertension, lung
cancer, or those on long-term oxygen therapy have poorer
prognosis. These findings are consistent with the data

Table 4 Crude and adjusted hazard ratios (HR) of 5-year
mortality from time since IPF diagnosis for the original GAP
stages and with redefined cut-points, as estimated by the Cox
proportional hazards model

Number (%) Crude HR (95% Cl)

Adjusted HR? (95% Cl)

only 46% of patients survive to 5years after diagnosis.
Even though the GAP index was designed to predict
mortality in the first 3 years after diagnosis, this study
confirms the prognostic value of the GAP stages on
mortality at 5 years post-diagnosis. It also suggests that
some minor redefinition of the categories of age and
TLco could improve the prognostic accuracy of the
GAP index. We also found that pulmonary hypertension,
lung cancer and long-term oxygen were associated with
higher mortality, above and beyond the effect of GAP.

GAP stage
| 772 (47.7) Reference Reference
I 710 (43.8) 3.32 (259-4.26) 2.89 (2.25-3.73)
Il 138 (85) 5.12 (3.60-7.28) 397 (2.76-5.71)
GAP stage with redefined cut-points
[ 488 (30.1) Reference Reference
Il 485 (29.9) 322 (1.97-4.31) 2.66 (1.80-3.94)
Il 647 (39.9) 6.92 (4.86-9.85) 5.79 (4.03-831)

2Adjusted for pulmonary hypertension, lung cancer and long-term oxygen
therapy, concordance index =0.81 and 0.77 respectively
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reported in previous studies, although the higher mortality
with pulmonary hypertension was not shown in all other
studies [2, 28-31]. Indeed, the recent study by Kreuter
et al. was based on 272 subjects and found that PH was
not independently associated with mortality (HR 1.1; CI
0.7-1.7), though the upper confidence limit cannot rule
out a HR of 1.7, while our much larger study found a HR
of 2.0 (CI 1.5-2.9). Pulmonary hypertension and lung can-
cer add to the symptoms and decline in pulmonary func-
tion, and other physiological consequences of IPF which
can explain the increased risk of death among IPF patients

with these co-morbidities [32]. The association between
long-term oxygen therapy and mortality likely character-
izes severity of disease [33].

Previous studies reporting survival according to the
GAP staging present only crude analyses [34, 35]. When
we adjusted the effects from the GAP stages for pulmon-
ary co-morbidity, we noted that effect of the stage III
group on mortality was reduced compared with stage L.
This corroborates the recent trend to introduce co-
morbidity in prognostic indices [36]. Our cubic spline
analyses of the continuous predictors age at diagnosis,
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FVC, and TLco also showed that the GAP categories
may merit a reassessment in future indices. For example,
we found no difference in mortality (HR 1.01; 95% CI:
0.70-1.47) between patients < 60 years of age (score =0
in GAP) and those 61-65years (score=1). We also
found that the effect on mortality was of the same mag-
nitude with TLco < 35% (score = 2) and 36—-55% (score =
1) predicted, which has not been reported before. When
these were redefined, the corresponding adjusted hazard
ratio of mortality for stages II and III were 2.7 and 5.8
respectively, while for the standard stages II and III it
was 2.9 and 4.0, compared to stage I. These results sug-
gest that it may be useful to re-examine the commonly
used thresholds in large cohorts of patients with IPF,
while incorporating pulmonary co-morbidity.

This study has several strengths, including using data
from the EMPIRE multinational IPF registry which enrols
a large, well-defined and diverse IPF patient population
from Central and Eastern Europe, with sufficient numbers
in relevant subgroups such as age < 60years or TLcg <
35% predicted. Our study included 419 (26%) patients
with TLco <35% predicted, which likely provides a more
accurate representation of the association with mortality
in this group, compared to smaller studies. Indeed, the lar-
gest study providing mortality data only had 94 patients
with TLco <35% predicted [37]. Also, the long follow-up
until death allowed to identify predictors of long-term sur-
vival after IPF diagnosis. A major strength of the registry
is the large proportion of patients (75%) who were in-
cluded within 6 months of diagnosis, thus avoiding poten-
tial biases due to prevalent cohorts. Finally, the spline
analysis of the continuous predictors allowed a more ac-
curate understanding of these prognostic predictors of
mortality, and to verify the assumptions of linear relation-
ships made by other studies.

Limitations include differences with patients who
chose not to participate, a limiting factor regarding
generalizability. Approximately 60% of the patients did
not have pharmacological treatment reported at enroll-
ment, though this included patients diagnosed at enroll-
ment and thus might not have had an IPF-related
medication history yet. Finally, the exclusion of patients
with missing data on pulmonary function and follow-up
decreased the size of the study cohort, though the cohort
of 1620 patients was still larger than in most studies in
patients with IPF. Overall, excluded patients were similar
to patients in the study cohort. While the 302 patients
with missing lung function data had generally similar pa-
tient characteristics, the 348 patients with incomplete
lung function data were somewhat more likely on long-
term oxygen therapy and seemed to have, slightly lower
predicted lung function measures, such as TLco and
EVC. However, these values were based on a limited
subset of patients with partial information and need to
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be interpreted with caution. The 305 patients excluded
because of only one baseline visit were generally similar
to patients included in the study cohort. These were
mainly patients recently enrolled in the registry in 2018
and thus had not yet had another follow-up visit yet.
Therefore, the exclusion of patients with incomplete
data in this study could have led to decreased precision
due to a smaller sample size but unlikely to have intro-
duced selection bias.

Future studies evaluating IPF therapies need to con-
sider confounding by indication and potential prevalent
user biases as registries typically enrol prevalent and in-
cident patients. This incident-prevalent phenomenon
can lead to unexpected findings such as zero deaths in
the first 6-12 months of follow-up [38]. The EMPIRE
registry avoided the survival bias from incident-prevalent
cohorts by enrolling about 75% of patients within 6
months of diagnosis and using the proper left truncation
survival analyses [39].

Conclusions

The current enrollment of more than 2500 IPF patients
in the EMPIRE registry since September 2014 is a prom-
ising cohort size for future clinical research in IPF, mak-
ing it one of the largest ongoing multinational registries.
Data from this registry will provide valuable longitudinal
real-world data to describe regional characteristics of pa-
tients with IPF, including co-morbidities and complica-
tions of IPF, the quality of life of patients with IPF and
management of the disease.

In all, with its large size of over 1600 patients with IPF
with long follow-up, the EMPIRE registry provided some
novelty by its more accurate confirmation of the prog-
nostic factors and co-morbidities on longer term five-
year mortality. Its results suggest that some fine-tuning
of the commonly used classification indices of mortality
may be possible to provide a more accurate long-term
prognostic profile for these patients.
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