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Abstract

Background Idiopathic pulmonary fibrosis (IPF) is a fatal progressive lung disease entailing significant impairment in
health-related quality of life (HRQoL) and high socioeconomic burden. The course of IPF includes episodes of acute
exacerbations (AE-IPF) leading to poor outcomes. This study aimed to compare management, costs and HRQolL of
patients with AE-IPF to patients without AE-IPF during one year in Spain.

Materials and methods In a 12-month, prospective, observational, multicenter study of IPF patients, healthcare
resource use was recorded and costs related to AE-IPF were estimated and compared between patients with and
without AE-IPF. HRQoL was measured with the St. George’s Respiratory Questionnaire (SGRQ), EuroQol 5 dimensions
5 levels questionnaire (EQ-5D-5L), EQ-5D visual analogue scale (EQ-VAS) and the Barthel Index.

Results 204 IPF patients were included: 22 (10.8%) experienced > 1 acute exacerbation, and 182 (89.2%) did not.
Patients with exacerbations required more primary care visits, nursing home visits, emergency visits, hospital
admissions, pharmacological treatments and transport use (p < 0.05 for all comparisons). Likewise, patients with
exacerbations showed higher annual direct health AE-IPF-related costs. In particular, specialized visits, emergency
visits, days of hospitalization, tests, palliative care, transport in ambulance and economic aid (p < 0.05 for all
comparisons). Exploratory results showed that patients with AE-IPF reported a non-significant but substantial decline
of HRQol compared with patients without AE-IPF, although causality can be inferred.

Conclusion We observed significantly higher resource use and cost consumption and lower HRQol among patients
suffering exacerbations during the study. Thus, preventing or avoiding AE-IPF is key in IPF management.
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Background

Idiopathic pulmonary fibrosis (IPF) is a fatal, progressive
fibrosing interstitial pneumonia of unknown cause char-
acterized by progressive worsening of dyspnea, fibrosis
and irreversible decline in lung function [1, 2].

IPF global prevalence ranges between 2 and 29 cases
per 100,000 individuals [1], and may vary depending on
the country. In Spain, it has an estimated prevalence of 13
cases per 100,000 in women and 20 per 100,000 in men,
affecting a total of around 7,500 patients [3].

The clinical course of IPF is highly variable among
patients, including slow/fast or stable progression pat-
terns, and also episodes of acute exacerbations (AE-IPF)
[4]. An AE-IPF is defined as an acute respiratory event,
with or without an identifiable cause, which leads to a
significant decline in lung function [5]. Suffering AE-IPF
is associated with an important decline in forced vital
capacity (FVC), almost 5-fold higher than in patients
without exacerbations [6]. In turn, patients with a lower
FVC at baseline are at higher risk of suffering AE-IPF [7].

Patients with acute exacerbations have poor outcomes,
with rapid decrease in HRQoL [8, 9] and a short-term
mortality rate between 50% and 85% [10, 11]. Similarly,
FVC decline in IPF has been associated with significant
HRQoL deterioration [12, 13] and higher mortality risk
[14].

In terms of economic burden, episodes of AE-IPF are
also associated with high costs and represent a high
economic impact within the IPF-related costs [15, 16].
Likewise, statistically higher economic burden among
patients with more impaired lung function has been
described [16].

Management of AE-IPF is complex and no interna-
tional guidelines addressing its prevention and manage-
ment exist. In current clinical practice many patients
receive systemic corticosteroids, although evidence-
based international guidelines provide weak recommen-
dations on their use [17, 18]. Results from clinical trials
with currently approved treatments for IPF (nintedanib
and pirfenidone) suggest that antifibrotics may help with
AE-IPF prevention. Specifically, nintedanib has shown
robust evidence of AE reduction vs. placebo in two phase
3 studies [19, 20]. Regarding pirfenidone, pivotal studies
(CAPACITY and ASCEND) did not specifically assess
IPF exacerbations [21, 22]. Additionally, one phase 2
study revealed significant reduction on AE-IPF vs. pla-
cebo after 9 months [23], and a phase 3 study did not
demonstrate reduction in AE-IPF events after 12 months
[24].

The main purpose of the OASIS study was to esti-
mate the socio-economic impact of IPF based on the
estimation of total annual healthcare resource use and
costs associated with the disease, using the baseline
FVC % predicted value in adult patients as a basis for
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categorization. Additionally, the study evaluated the evo-
lution of HRQoL over the period of a year. Using data
collected in the OASIS study we carried out a post-hoc
analysis aimed to compare the clinical management,
costs and HRQoL of IPF patients who suffered at least
one AE-IPF throughout the study with patients who did
not suffer AE-IPE.

Materials and methods

Study design

The OASIS study is a prospective, non-interventional,
multicenter study based on newly collected data of IPF
patients followed-up for one year in secondary care set-
tings. Briefly, patients meeting the selection criteria
were enrolled consecutively from 18 December 2017
to 19 July 2018. Key inclusion criteria Inclusion criteria
were patients>40 years old with confirmed IPF diagno-
sis according to 2011 ATS/ERS/JRS/ALAT IPF guidelines
[1]. Key exclusion criteria were inability to understand
Spanish, concomitant participation in a clinical trial,
or inability to follow-up the study procedures. Written
informed consent prior to participation was collected
from all participants. Sociodemographic and clinical data
was collected from medical records and self-adminis-
tered study questionnaires. Data was collected at 3 visits:
at baseline, after 6 and after 12 months. The study was
approved by the Ethical Board (EB) of all participant hos-
pitals. The EB of H. Fundacién Jiménez Diaz in Madrid,
Spain, acted as reference ethics committee. Detailed
information about OASIS study can be found elsewhere
[6].

Endpoints

In this post-hoc analysis, we aimed to compare the clini-
cal management, costs and HRQoL of IPF patients who
suffered at least 1 AE-IPF and those who did not suffer
any AE-IPF episode. In this study, AE-IPF was defined as
an acute, clinically significant respiratory deterioration
characterized by evidence of new widespread alveolar
abnormality [5].

Cost analysis

Average annual AE-IPF-related healthcare resource use
per patient were collected at 6 and 12 months. Direct
costs were calculated by multiplying the number of
resources used (i.e., medical visits, ER visits, tests, treat-
ments and hospitalizations) by their corresponding unit
costs obtained from Spanish databases and described
elsewhere [16]. The total annual costs were calculated as
the sum of the direct health costs, direct non-health costs
and indirect costs. Details for direct and indirect costs
estimation are provided in the supplementary material.
The costs were consulted at the time of the analysis, and
all costs were expressed and inflated to 2019 euros. At the
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time of publication, results were updated to 2023 euros
using the published cumulative consumer price index
[25].

All costs were estimated per patient per year. Also,
specific costs for AE-IPF events were estimated. Cost-
evaluable population included those patients with at least
6 months of follow-up (with data at the T6 visit). A full
description of cost analysis can be found elsewhere [16].

HRQoL measures

Patients’ self-perceived HRQoL was measured with
the St. George’s Respiratory Questionnaire (SGRQ),
the EuroQoL 5 dimensions 5 levels questionnaire (EQ-
5D-5L), the EQ-5D visual analogue scale (EQ-VAS) and
the Barthel Index (BI).

The SGRQ is a 50-item questionnaire covering three
domains: respiratory symptoms (frequency and severity),
activity (effects of shortness of breath on physical activi-
ties and vice versa) and psychological impact and social
functioning. The final score ranges from 0 to 100, with
higher scores indicating poorer HRQoL. The Spanish val-
idated version of the questionnaire was used in the pres-
ent study [26]. SGRQ was chosen due to the extensive
validation and comparability across different populations
with different respiratory diseases.

The EQ-5D-5L covers five domains: mobility, self-care,
usual activities, pain/discomfort and anxiety/depression.
The EQ-5D-5L index score ranges from —0.148 to 0.949
corresponding to “state worse than death” and “optimum
quality of life”, respectively. Respondents also rated their
overall health on a visual analogue scale (VAS), scored
from 0 to 100, with the higher value reflecting a better
HRQol.

The Barthel Index evaluates performance in activities
of daily living, and covers 10 domains: ‘feeding, ‘transfers
(bed to chair and back), ‘grooming, ‘toilet use, ‘bathing;,
‘mobility on level surfaces, ‘stairs, ‘dressing; ‘bowel con-
trol’ and ‘bladder control. The final score ranges from
0 to 100, with higher values reflecting a better personal
autonomy and better HRQoL. In the present study the
Spanish validated version of the BI was used [27].

Statistical analysis

Mean and standard deviation (SD) were calculated for all
continuous variables recorded, and valid n are presented.
Categorical variables were presented as number (n) and
percentage.

The categorical variables were analyzed using the
Chi-square or Fisher test, as appropriate. Continuous
variables were compared between groups using Mann—
Whitney U test, Kruskal-Wallis test or Wilcoxon signed-
rank test, as appropriate.
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A statistical significance level of 0.05 was applied in all
the statistical tests. Statistical analysis was carried out
using SAS® software, version 9.4 [28].

Results

Patient disposition

A total of 204 patients diagnosed with IPF from 28 Span-
ish sites were included in the study, with a mean follow-
up of 12.40 (SD: 1.07) months. Patients were divided in
2 groups according to whether or not they suffered AE-
IPF during the study. A total of 22 (10.8%) patients expe-
rienced at least one acute exacerbation (1.27 in average),
and 182 (89.2%) did not. Thirty (14.7%) patients died
during the study period, being mortality significantly
higher among patients who had suffered at least 1 AE-IPF
(p<0.001) (Table A.1 in the Appendix). Similarly, study
discontinuation was significantly higher among patients
with at least one exacerbation during the study than in
patients without exacerbations, both at 6 and 12 months
(p<0.0001 for both comparisons) (data not shown).

Baseline characteristics

Baseline sociodemographic and clinical characteristics
of included patients are presented in Table 1. Patients
who suffered at least 1 AE-IPF were mostly male (90.9%)
with a mean age of 70 years. These patients showed a sig-
nificantly impaired lung function, with higher values of
predicted corrected diffusing capacity for carbon mon-
oxide (DLCO-c) (%DL-c predicted 37.46% vs. 51.56%;
»<0.001) and they also achieved worse results in the
6MWT: reached a lower distance and demanded higher
need for portable oxygen during the test (both, p<0.05).
Moreover, a lower proportion of patients with at least 1
AE-IPF were receiving antifibrotic treatment compared
with those patients who did not experience any AE-IPF
(p<0.05) (Table 1).

Use of resources

The final evaluable population for use of resources and
cost analysis with at least 6 months of follow-up included
180 subjects: 14 patients with =1 AE-IPF and 166 with-
out AE-IPE.

Patients with >1 AE-IPF made significantly more pri-
mary care visits along the study compared with patients
who did not suffer AE-IPF (57.1% vs. 28.3%; p<0.05).
No differences were observed in the need of specialized
care visits between both groups, although nursing home
visits were required more significantly among patients
with AE-IPF (p<0.01) (Table 2). All the patients (100%)
who suffered>1 AE-IPF attended emergency visits com-
pared with only 14.5% of patients without exacerbations
(p<0.0001) (Table 2).

Overall, 78.6% of patients suffered at least 1 AE-IPF
and required hospital admissions compared with 6.0% of
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Table 1 Baseline characteristics of the study population
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Characteristic Patients with > 1 AE-IPF Patients without AE-IPF pvalue*
N=22 n=182
Sex, male, n (%) 20 (90.9%) 137 (75.3%) 0.1000
Age (years), mean (SD) 70.00 (8.25) 70.90 (7.54) 0.7653
Employment status (active workers), n (%) 4 (18.2%) 20 (11.0%) 0.3022
BMI (kg/m?), mean (SD) 27.86 (3.14) 28.16 (4.07) 0.9249
Occupational and/or environmental exposure factors, n (%) 14 (63.6%) 83 (45.6%) 0.2466
Smoking habit, n (%) 0.0990
Non smokers 7 (31.8%) 57 (31.3%)
Former smokers® 13 (59.1%) 122 (67.0%)
Smokers 2(9.1%) 3(1.6%)
Time since IPF diagnosis (years), mean (SD) 1.67 (1.31) 1.95 (1.90) 0.8439
Lung function, mean (SD)
FVC % predicted 59.85 (16.36) 66.50 (14.05) 0.0793
Dlegc' 527 (4.56) 731 (7.64) 0.0946
Dlco-c % predicted? 3746 (13.34) 5156 (17.23) 0.0005
Six-minute walk test, mean (SD)*
Distance (m), mean (SD) 392.28 (102.62) 450.27 (99.61) 0.0174
Need for oxygen, n (%) 6 (33.3%) 11 (7.8%) 0.0052
Initial oxygen saturation (%), mean (SD) 94.94 (2.75) 94.86 (2.52) 0.9055
Final oxygen saturation (%), mean (SD) 86.06 (6.21) 86.79 (7.08) 03568
Patients receiving pharmacological treatment associated with IPF, n (9)P
Antifibrotic 14 (63.6%) 152 (83.5%) 0.0383
Systemic corticosteroids 1 (4.5%) 9 (4.9%) 1.0000
Antiacids 6 (27.3%) 66 (36.3%) 0.4046
Antibiotics for systemic use 0 (0.0%) 6(3.3%) 1.0000
Other 1 (4.5%) 6(3.3%) 0.5558
Patients receiving non-pharmacological treatment associated with IPF, n (9%)° 6 (27.3%) 35 (19.2%) 0.3999
Patients receiving help from a caregiver, n (%) 7(31.8%) 34 (18.7%) 0.1617

AE-IPF: acute exacerbations of idiopathic pulmonary fibrosis; BMI: body mass index; DL4-c: carbon monoxide lung diffusion capacity (corrected for hemoglobin);

FVC: forced vital capacity; IPF: idiopathic pulmonary fibrosis; SD: standard deviation

*Chi-square test / Exact Fisher test (categorical variables); U-Mann-Whitney (continuous variables) "There were missing values

Former smoker: person who, having smoked, has maintained abstinence for at least the last 6 months  Either to treat IPF or to treat some comorbidity or
symptomatology associated with IPF. Did not include the treatments administered during a hospitalization

In bold, p-values <0.05

those who did not experience AE-IPF (p<0.0001). In par-
ticular, 21 patients required 41 hospital admissions, with
a mean of 8.15 days of hospitalization. In 12.2% of the
admissions, patient was admitted at the ICU (Table 2).

No difference was observed with regard to the perfor-
mance of laboratory tests, pulmonary function tests and
other tests between groups.

A total of 180 patients specified 334 pharmacological
treatments related to IPF along the study. Patients with
AE-IPF reported a significant higher number of pharma-
cological treatments than patients without exacerbations
(p<0.01). No significant differences on the non-phar-
macological treatments between groups were observed
(Table 2 and Table A.2 in the Appendix).

Regarding direct non-health use of resources, trans-
port use was required for 42.9% of patients with at least
1 AE-IPF compared with 6.6% of patients without exacer-
bations (p<0.001). Up to 50% of patients who suffered at
least 1 AE-IPF required help from a caregiver compared

with the 19.9% of those without AE-IPF (p<0.01). No dif-
ferences with regard to the need of orthoprosthetic mate-
rial, structural changes or economic aid between groups
were observed (Table 2).

Annual direct and indirect costs
Table 3 shows the total annual costs of IPF per patient
categorized by direct health-related, direct non-health
related, and indirect costs. Patients who experienced at
least one AE-IPF showed a significantly higher annual
cost of IPF compared to patients who did not suffer AE-
IPF during the study (€36,242 vs. €26,218; p<0.05).

Direct health IPF-related costs differed between
patients with and without exacerbations (p<0.05), being
higher in patients with at least one exacerbation than in
patients without exacerbations (mean cost per patient
per year €35,347 vs. €25,903) (Table 3).

Patients with exacerbations had significant higher
costs in secondary care visits (p=0.0041), emergency
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Table 2 Use of resources in patients with > 1 AE-IPF versus in patients without AE-IPF

Use of resources Total Patients with > 1 AE-IPF Patients without AE-IPF p-value

N=180 N=14 N=166

Direct health IPF-related resource use, n (%)

Number of visits
Primary care visits 55 (30.6%) 8 (57.1%) 47 (28.3%) 0.0245
Specialized care visits 180 (100.0%) 14 (100.0%) 166 (100.0%) -
Nursing home visits 2 (1.1%) 2 (14.3%) 0 (0.0%) 0.0056
Emergency visits 38(21.1%) 14 (100.0%) 24 (14.5%) <0.0001

Primary care® 11 (28.9%) 3(21.4%) 8(33.3%) 0.4882
Hospital® 33 (86.8%) 11 (78.6%) 22 (91.7%) 0.3367

Hospitalizations
Patients with hospital admissions due to IPF, n (%) 21 (11.7%) 11 (78.6%) 10 (6.0%) <0.0001
Days of hospitalization, mean (SD) 8.15(7.68) 7.25(5.16) 9.00 (9.55) 0.7611
Patients with admissions in ICU, n (%) 5(12.2%) 1 (5.0%) 4 (19.0%) 0.3433

Tests and treatments
Patients who required laboratory tests, n (%) 159 (88.3%) 12 (85.7%) 147 (88.6%) 0.7506
Patients who required pulmonary function tests, n (%) 158 (87.8%) 12 (85.7%) 146 (88.0%) 0.8061
Patients who required other tests, n (%) 86 (47.8%) 8 (57.1%) 78 (47.0%) 0.4651
Pharmacological treatments prescribed, n (9%)° 334 (100%) 39 (100%) 295 (100%) 0.0023
Non-pharmacological treatments prescribed, n (%) 60 (100%) 4 (100%) 56 (100%) 0.8426

Direct non-health IPF-related resource use, n (%)

Transport use 17 (9.4%) 6 (42.9%) 11 (6.6%) 0.0005
Ambulance 15 (88.2%) 6 (100.0%) 9 (81.8%) 0.5147
Taxi 3(17.6%) 0 (0.0%) 3(27.3%) 0.5147

Help from a caregiver 40 (22.2%) 7 (50.0%) 33 (19.9%) 0.0092
Formal 3(7.5%) 1(14.3%) 2 (6.1%) 0.4478
Informal 38 (95.0%) 6 (85.7%) 32 (97.0%) 0.3231

Use of orthoprosthetic material due to IPF 6 (3.6%) 1(12.5%) 5(3.2%) 0.2600

Required structural changes at home 2(1.2%) 0 (0.0%) 2(1.3%) 1.0000

Financial assistance 2(1.2%) 1(12.5%) 1 (0.6%) 0.0943

Formal social services 2 (1.2%) 0 (0.0%) 2 (1.3%) 1.0000

AE-IPF: acute exacerbations of idiopathic pulmonary fibrosis; ICU: intensive care unit; IPF: idiopathic pulmonary fibrosis; SD: standard deviation

In bold, p-values <0.05

2Over total number of patients who required emergency visits in the total sample

PTreatments administered in hospitalization not included

visits both at primary care (p=0.0018) and hospital
(p<0.0001), days of hospitalization (p=0.0003), outpa-
tient tests (p=0.0004), and palliative care (p<0.0001)
(Table 3).

In contrast, total direct non-health IPF-related costs
and indirect costs did not differ between both groups. To
note, patients with exacerbations had significant higher
costs associated with transport in ambulance (p=0.007)
and economic aid (p=0.0029) (Table 3).

Impact of AE-IPF on HRQoL

The impact of AE-IPF on HRQoL was investigated
through the change in overall HRQoL scores at 12
months. Patients who suffered at least 1 AE-IPF expe-
rienced a substantial decline of HRQoL compared with
patients without AE-IPF (3-fold to 5-fold in all the ques-
tionnaires). These differences only reached statistical sig-
nificance in the EQ-VAS (Table 4).

Of relevance, IPF patients without AE-IPF also suffered
statistically significant (p<0.05) impairment of HRQoL
along the study by means of all the measured HRQoL
scores except for the BI overall score (Table 4).

Discussion

The outcomes of this project provide data on current
clinical and economic burden of AE-IPF in Spain. The
main results of the study show higher resource use,
higher cost consumption and worse HRQoL in patients
who suffered at least one exacerbation during the one
year of follow-up.

Exacerbations are unpredictable events that can affect
any patient with IPF. Although available data on AE-IPF
epidemiology is limited, a meta-analysis from placebo-
controlled trials revealed an average of 4.1 AE-IPF per
100 patient-year [29]. In the present work, 10.8% of par-
ticipants suffered an acute exacerbation in 12 months.
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Table 3 Total annual IPF-related costs in patients with > 1 AE-IPF versus patients without AE-IPF
Annual costs per patient (€ 2023) Total Patients with > 1 AE-IPF Patients without AE-IPFN=166  p-value
N=180 N=14
Total IPF-related costs, mean (SD) 26,997 (17,555) 36,242 (22,554) 26,218(16,923) 0.0399
Direct health IPF-related costs, mean (SD) 26,637 (17,240) 35,347 (21,860) 25,903 (16,668) 0.0488
Visits 0(0) 0(0) 0(0)
Primary care visits 35(76) 51(71) 33 (76) 04134
Specialized care visits 461 (387) 744 (675) 437 (345) 0.0041
Emergency visits 0(0) 0(0) 0(0)
Primary care 10 (48) 49 (99) 7 (40) 0.0018
Hospital 71 (207) 406 (507) 43 (126) <0.0001
Hospitalizations 0(0) 0(0) 0(0)
Hospital admissions 147 (894) 437 (506) 123 (916) 0.2077
Days of hospitalization 1,659 (7,362) 8,430 (8,034) 1,087 (7,035) 0.0003
Hospitalizations in ICU 448 (3,121) 1,441 (5,391) 365 (2,862) 0.2163
Tests and treatments 0(0) 0(0) 0(0)
Outpatient tests® 845 (738) 1503 (1471) 789 (616) 0.0004
Pharmacological treatment® 22,324 (13,773) 21,000 (16,653) 22435 (13,557) 0.7092
Non-pharmacological treatment® 436 (1,487) 173 (296) 458 (1,545) 0.4926
Palliative care 202 (697) 1,112 (1333) 125 (558) <0.0001
Direct non-health IPF-related costs, mean (SD) 318 (1,339) 887 (1,623) 270 (1,307) 0.0981
Transport in taxi 6 (65) 0(0) 7 (68) 0.7208
Transport in ambulance (€/service) 125 (589) 530 (879) 91 (548) 0.0070
Formal caregiver 90 (1,047) 76 (285) 91 (1,087) 0.9586
Orthopaedic material 29 (175) 75(279) 26 (163) 0.3149
Economic aid 24 (239) 205 (768) 9(112) 0.0029
Structural adaptations 43 (414) 0(0) 47 (431) 0.6863
Indirect costs, mean (SD) 42 (335) 9((32) 45 (349) 0.6961
Informal caregiver 42 (335) 9(32) 45 (349) 0.6961

AE-IPF:acute exacerbations of idiopathic pulmonary fibrosis; ICU: intensive care unit; IPF:idiopathic pulmonary fibrosis; SD: standard deviation. In bold, p-values <0.05

“Includes laboratory test, pulmonary function test, and other examinations

PExcept treatments administered in hospitalization

Table 4 Change of HRQoL at 12 months in patients with > 1

AE-IPF versus patients without AE-IPF

Patients with Patients with-  p-val-
>1 AE-IPF out AE-IPF ue’
SGRQ -Overall score, 9.11(31.87) 241 (12.66) 0.8126
mean (SD) [n] [n=8] [n=117]
P? (change) 0.5469 0.0013
EQ-5D-5L - Index value, -0.23(042) -0.04 (0.18) 0.5821
mean (SD) [n] [n=6] [n=141]
P? (change) 06250 0.0182
EQ - VAS, mean (SD) [n] -18.38(21.14)  -3.13(15.96) 0.0500
[n=8] [n=150]
P? (change) 0.0625 0.0148
Barthel - Overall score, -6.43 (28.68) -1.71(10.36) 0.8719
mean (SD) [n] [n=7] [n=152]
P? (change) 0.6250 0.0886

P-value of the difference between groups (U-Mann-Witney); P-value of the
change (paired data Wilcoxon). In bold, p-values <0.05

EQ-5D-5 L: EuroQolL 5 dimensions questionnaire 5 levels, SD: standard deviation,
SGRQ: St. George’s Respiratory Questionnaire; VAS: visual analogue scale

This is in line with previous published data, with reported
incidence rates between 4.8% and 14.2% [7, 24].

At baseline, patients who later suffered AE-IPF had a
significantly more impaired lung function by means of
% DLqn-c, and achieved worse results in the 6MWT.
Previous publications have also identified DL-c, and
low 6-minute walk distance as a baseline risk factors for
increased risk of exacerbations [7, 30, 31]. On the other
hand, a lower FVC is a well-established risk factor for
suffering AE-IPF [7, 32], but in the present study no dif-
ferences in FVC% predicted at baseline between groups
were observed. Moreover, although demographic fac-
tors such as BMI or never having smoked have been
associated with higher risk of suffering AE-IPF [7, 32],
no differences on demographics were observed between
groups at baseline.

In contrast, baseline management was significantly dif-
ferent between patients: a lower proportion of patients
with >1 AE-IPF received antifibrotics compared with
patients without AE-IPE. This data suggests a protec-
tive effect of antifibrotics (nintedanib or pirfenidone) on
future AE-IPE. Specifically, nintedanib has demonstrated
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a reduction in centrally adjudicated AE-IPF (confirmed
or suspected) vs. placebo (5.7% vs. 1.9%; p=0.01) in a
clinical trial [19]. Furthermore, a combined-evidence
publication from data of one phase 2 and two phase 3
clinical trials with nintedanib has demonstrated a sig-
nificant reduction on the risk of suffering AE-IPF of 47%
studies [20]. Pivotal studies for pirfenidone (CAPACITY
and ASCEND) did not specifically assess IPF exacerba-
tions, but demonstrated lower risk of hospital admissions
and better outcomes [21, 22]. Additionally, pirfenidone
has shown significant reduction on AE-IPF vs. placebo
after 9 months in a phase 2 study [23], although did not
demonstrate reduction in AE-IPF events after 12 months
in a phase 3 study [24]. A systematic review and meta-
analysis investigating the impact of antifibrotics on AE-
IPF observed that nintedanib appeared to reduce the
risk of AE-IPF, but not pirfenidone [33]. Currently, there
are no guidelines on AE-IPF prevention, but in a Delphi
study among pulmonologists from 66 countries, antifi-
brotic drugs were stated as a common preventive strat-
egy for AE-IPF, in particular among physicians in Europe
(90%) [34]. Since AE-IPF can any affect any patient, even
those with preserved FVC, entailing devastating conse-
quences, preventive strategies are imperative.

When considering management of AE-IPF, Interna-
tional guidelines only provide weak recommendations for
systemic corticosteroids use [17], in line with results of
the present study, where 12.8% of patients with AE-IPF
received systemic corticosteroids, vs. 4.7% of patients
without exacerbations. Apart from this, antifibrotics were
significantly more prescribed among patients without
exacerbations along the study. Indeed, in a Delphi study
most participants recommend initiating antifibrotic
treatment at the time of AE-IPF in naive patients and in
patients already on antifibrotic therapy, 76% of respon-
dents recommended its continuation [34]. In the present
study, lower prescription patterns of antifibrotics were
observed, maybe due to physician concerns on risk/bene-
fit profile of antifibrotic treatment, price issues or restric-
tions due to public policies, among others [2, 35].

Suffering AE-IPF is associated to worse patients’ prog-
nosis, such as higher mortality. Actually, suffering at
least one acute exacerbation during one year is associ-
ated with a risk of death 10-fold higher than in patients
without exacerbations [7, 14], with a median survival of
around 3—4 months after the exacerbation [7, 30]. In the
present study, significantly more patients who suffered at
least 1 AE-IPF died compared with patients without AE-
IPE. Moreover, suffering AE-IPF entails a higher decline
in FVC%, and patients with a FVC decline>10% are at
higher risk of death than those with FVC decline<5%
[14]. In turn, declines in FVC also prompt to suffer AE-
IPE. Thus, it is necessary to make all available therapeutic
efforts to avoid AE-IPF and FVC decline to prevent the
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loop exacerbations/FVC decline to minimize the patient’s
burden of the disease. Given the morbidity associated
to AE-IPF, investment on effective treatment options is
mandatory.

Our study shows that suffering AE-IPF is associated
with higher healthcare resource use and subsequently
higher economic impact on health systems, especially
in terms of direct healthcare resources. Some stud-
ies on resource use and costs in IPF patients have been
previously published [15, 36, 37], and higher healthcare
resource use and costs have been associated to AE-IPF
[38—40]. Here, emergency visits and hospitalizations
were significantly higher in patients with AE-IPF. In this
line, Diamantopoulus et al. reported that the odds of hos-
pitalization are >14 times higher in patients suffering at
least 1 AE-IPF [41]. Our previous data also revealed that
the cost of an AE-IPF was €10,372 [16]. Similarly, Morell
et al. estimated through a Delphi panel that AE-IPF are
one of the most important variables contributing to the
total annual IPF-costs with a mean cost of 11,718€ per
event [15].

The impact of AE-IPF is not only clinical and economi-
cal, but also impacts on society and patient’s HRQoL.
Experiencing AE-IPF has been associated with greater
deterioration in HRQoL [30, 42, 43]. In the present study,
the decline in HRQoL determined by SGRQ, EQ-5D-5 L,
EQ-VAS and BI scorings in patients with AE-IPF was
more notable than in patients without exacerbations,
however the progressive decline in QoL due to the nature
of the disease was also seen in the population without
exacerbations. During 12 months, the drop in terms
of HRQoL was around 3 to 5-fold higher in patients
with AE-IPF compared with patients without exacer-
bations, and similar patterns were obtained from phase
IIT INPULSIS trial [42]. In the present study, differences
were significant only for the EQ-VAS score, probably
due to the small sample size in the group with exacerba-
tions. Therefore, this faster HRQoL impairment observed
among patients with exacerbations should be considered
when planning their clinical management. Due to the
exploratory nature of our research these HRQoL results
do not imply direct causality and should be carefully
interpreted.

Strengths and limitations

Sample size of patients with at least one exacerbation
with >6 months follow-up was limited and it may have
affected statistically significant comparisons in some
parameters. On the other hand, multiple comparisons
are conducted in our study. Given the exploratory nature
of our research, they are primarily intended to gener-
ate hypothesis rather than test predefined ones. Future
research should be focused on testing and validating spe-
cific findings.
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For cost analysis calculation, patients who died six
months after baseline were not included in the analy-
sis, since no data in terms of resource use could be col-
lected. Moreover, clinical impairment of IPF patients
during follow up may have impacted data for specific
resource use (e.g. inability to perform respiratory func-
tion tests). In addition, estimation of resource use may
have been affected by recall bias and/or incomplete med-
ical records. To note, comorbidities that could impact
resource utilization might not be fully captured in this
study, since only treatments and resources related to IPF
were collected. Besides, the particular impact of either
nintedanib or pirfenidone on exacerbations cannot be
elucidated because these agents were not studied sepa-
rately. Lastly, the present study was carried out in Spain,
and therefore, the results may not be valid for extrapola-
tion to other countries, as the healthcare systems widely
differ, especially concerning medicines cost.

Although we acknowledge these limitations and espe-
cially the small sample size, we believe that our findings
provide valuable preliminary insights in areas with lim-
ited availability of literature coming from real-world data.
Our study offers an in-depth analysis of the impact of
AE-IPF in terms of use of resources, costs and HRQoL
of patients suffering from them, and sheds light for a bet-
ter management of a particularly frail population. Future
research with larger sample sizes is necessary to validate
these findings and expand on the insights gained from
this study.

Future directions

The management of AE-IPF is a major unmet medical
need that entails important consequences for patients
with IPF. Given that AE-IPF affect patients with pre-
served FVC and are unforeseeable events, preventing
AE-IPF is of paramount importance. Thus, it is crucial
to continue working to obtain robust evidence through
well-designed studies and to consolidate the results of the
present investigation in other settings including higher
sample sizes.

Moreover, due to the socioeconomic burden associated
to AE-IPF, the results of the present cost study on AE-IPF
may help Health Authorities to program planning and
designing public policies to deal with IPF socioeconomic
burden.

Conclusions
To our knowledge, this is the first study that compares
resource use and associated costs of patients with and
without AE-IPF, thus contributing to understand the eco-
nomic burden associated with the disease in Spain.

Our results confirm the higher resource consumption
and related costs associated to AE-IPF, together with the
decline in HRQoL in patients suffering exacerbations.
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Thus, preventing or avoiding AE-IPF is important to
reduce the use of health resources, as well as to slow the
decline in patients’ HRQoL.
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