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ABSTRACT

Introduction: Systemic sclerosis (SSc) is a rare
chronic autoimmune disease characterised by
microvascular damage, immune dysregulation
and fibrosis, affecting the skin, joints and
internal organs. Interstitial lung disease (ILD) is
frequently associated with systemic sclerosis

(SSc-ILD), leading to a poor prognosis and a
high mortality rate. The aim of the BUILDup
study (BUrden of Interstitial Lung Disease
Consensus Panel) was to investigate the overall
disease management and to estimate the social
and economic burden of SSc-ILD across 8
European countries.
Methods: A modified Delphi method was used
to obtain information on the management of
SSc-ILD patients among 40 specialists (panel-
lists) from 8 European countries. Average
annual costs per patient and country were esti-
mated by means of a direct cost-analysis study.
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Results: The panellists had managed 805 SSc-
ILD patients in the last year, 39.1% with limited
(L-SSc-ILD) and 60.9% with extensive (E-SSc-
ILD) disease. Of these, 32.8% of the panellists
started treatment at diagnosis, 42.3% after signs
of deterioration/progression and 24.7% when
the disease had become extensive. The average
annual cost of SSc-ILD per patient ranged from
€6191 in Greece to €25,354 in Sweden. Main
cost drivers were follow-up procedures,
accounting for 80% of the total annual costs.
Hospitalisations were the most important cost
driver of follow-up costs. Healthcare resource
use was more important for E-SSc-ILD compared
to L-SSc-ILD. Early retirement was taken by
40.4% of the patients with an average of
11.9 years before the statutory retirement age.
Conclusions: SSc-ILD entails not only a clinical
but also a social and economic burden, and is
higher for E-SSc-ILD.

Keywords: Burden of disease; Consensus;
European countries; Interstitial lung disease;
Systemic sclerosis

Key Summary Points

What is already known about this
subject?

The manifestation of interstitial lung
disease (ILD) in systemic sclerosis (SSc)
patients impacts patient quality of life and
prognosis. Data available on the cost and
clinical burden of SSc-ILD are scarce,
especially in Europe

Through a Delphi methodology, this study
assesses the clinical and economic burden
of two forms of SSc-ILD: limited (L-SSc-
ILD) and extensive (E-SSc-ILD)

What does this study contribute?

This study shows the important loss of
productivity for SSc-ILD patients and a
significant societal impact for patients and
their carers. Moreover, the study suggests
that healthcare resource use increases
with greater severity of SSc-ILD

How might this study impact clinical
practice or future developments?

This study further underscores the need to
modify the course of SSc-ILD

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.13095629.

INTRODUCTION

Systemic sclerosis (SSc) is an autoimmune
rheumatic disease characterised by inflamma-
tion, vasculopathy and fibrosis. Its clinical
manifestations are mainly skin thickening, on
which basis three subsets of SSc are defined:
limited cutaneous SSc (lcSSc), diffuse cutaneous
SSc (dcSSc) and SSc without skin involvement
[1]. Apart from skin lesions, lung, heart and
kidney involvement is common, and, among
pulmonary manifestations, interstitial lung
disease (ILD) and pulmonary hypertension are
the most severe complications of the disease.

Worldwide, SSc-ILD affects mostly women
between 30 and 55 years of age [2]. In Europe,
the prevalence of SSc ranges from 8.2 to 30.7 per
100,000 persons, and between 47.0 and 66.4%
of these patients suffer from ILD (SSc-ILD)
[3–14], which accounts for up to 35% of SSc-
related mortality [15]. Thus, the early detection
of lung involvement with high-resolution
computed tomography (HRCT) and pulmonary
function tests is crucial in order to plan the best
management for these patients with the overall
purpose of optimizing prognosis [16, 17]. Goh
et al. showed that the combination of an
increased extent of lung fibrosis on HRCT and a
low forced vital capacity (FVC) was associated
with higher mortality, and therefore proposed a
simple staging system for SSc-ILD (limited/ex-
tensive) that has been shown to provide dis-
criminatory prognostic information [18].
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However, the clinical heterogeneity of SSc ren-
ders management challenging. The current
guidelines for SSc treatment indicate that
methotrexate can be used to treat the skin
manifestations of early dcSSc, but positive
effects on other organ manifestations have not
been established. Cyclophosphamide treatment
may be considered, especially in patients with
SSc with progressive ILD, despite its potential
toxicity [19]. In the SLS-II study in which 142
patients were enrolled, no significant difference
was observed between cyclophosphamide and
mycophenolate mofetil (MMF) in the course of
forced vital capacity as a percentage of predicted
value (FVC %) over 24 months, although MMF
was better tolerated and was associated with less
toxicity [20]. Recently, a phase III trial tested
nintedanib in SSc-ILD and showed a reduction
in FVC decline of 44% compared to best sup-
portive care, and an acceptable safety profile
over 1 year [21]. Lung transplantation and
haematopoietic stem cell transplantation may
be considered in patients with rapidly progres-
sive SSc-ILD at risk of organ failure. However,
there is a high risk of side effects, and choice of
treatment must be considered individually [19].

The cost data available for SSc-ILD are scant.
The objective aim of the BUILDup study (BUr-
den of Interstitial Lung Disease Consensus
Panel) was to evaluate the level of consensus on
the current management of the disease and to
estimate health resource consumption and
costs, as well as the social burden of SSc-ILD
patients across several European countries. The
study took both the limited (L-SSc-ILD) and
extensive (E-SSc-ILD) forms of the disease into
account according to the Goh classification
[18].

METHODS

Study Design

We used a modified Delphi method to explore
the management and economic burden of SSc-
ILD in 8 European countries: Belgium, Den-
mark, Finland, Greece, the Netherlands, Nor-
way, Portugal and Sweden. This study was part
of a broader study elucidating the burden of

ILD, in which the impact of progression in
fibrosing ILD has been published elsewhere [22].

The Delphi method is a prospective research
technique that makes it possible to evaluate the
degree of consensus and the points of dis-
agreement between experts. This Delphi
approach was implemented in several phases,
including the formation of the Steering Com-
mittee, the definition of criteria for selecting
panellists, the design of the Delphi question-
naire, the administration of the Delphi survey
(in two rounds) and data collection, analysis
and interpretation [23].

The objective of the Delphi methodology is
to obtain a consensual opinion about a specific
topic based on the judgment of a group of
experts. For this purpose, as the experts were
asked to give their opinion on their experience
without retrieving any patient data or infor-
mation, no ethics committee approval or
informed consent was required.

Participants: Steering Committee
and Panellists

The Steering Committee included 8 members,
from Belgium (WW), Denmark (JRD), Finland
(MK), Greece (SP and EM), The Netherlands (JM)
and Portugal (AM and CRC). The Steering
Committee was responsible for designing a
Delphi questionnaire, selecting the panellists
and interpreting the data. Panellists from the 8
European countries (Belgium, Denmark, Fin-
land, Greece, The Netherlands, Norway, Portu-
gal and Sweden) were invited to participate in
the project. The panellists (pulmonology or
rheumatology specialists) were selected accord-
ing to their experience in the management of
patients with SSc-ILD at public hospitals (in-
cluding academic centres) in the above-men-
tioned countries.

Delphi Questionnaire

The Delphi questionnaire was developed based
on a literature search in the PubMed database
(using the MESH terms ‘‘systemic sclerosis’’ and
‘‘interstitial lung disease’’ as search terms) to
obtain information about the clinical
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management of the disease and resource use
and on the clinical experience of the Steering
Committee members. The questionnaire
addressed 4 topics in SSc-ILD: epidemiology of
SSc-ILD, expertise in SSc-ILD, current manage-
ment of SSc-ILD patients and the economic and
social burden of SSc-ILD patient management.
For the management of SSc-ILD, a distinction
was made between L-SSc-ILD and E-SSc-ILD in
order to better capture the difference in man-
agement between the two forms of disease. For
simplicity, no additional questions were asked
that would distinguish between initiation and
maintenance treatment. The resources used to
manage the exacerbations of the associated ILD
were also collected. Exacerbations in connective
tissue disease associated with ILD have been
described in the literature [24]. In our study, we
arbitrarily defined exacerbations as acute, clini-
cally significant respiratory deteriorations char-
acterised by the evidence of new, widespread
alveolar abnormalities meeting all the following
criteria: acute worsening or development of
dyspnoea (typically of\1 month duration), CT
with new bilateral ground-glass opacity or con-
solidation superimposed on a background pat-
tern consistent with fibrosing ILD, while
deterioration not fully explained by cardiac
failure or fluid overload. Infection was not an
exclusion criterion for an acute exacerbation
[25].

The final Delphi questionnaire was pilot-
tested by the members of the Steering Com-
mittee, and its final version can be found in
Appendix 1.

The Delphi questionnaire was administered
through an online platform that ensured data
anonymity and confidentiality, and was sent
out in two rounds of voting, held between 15
February and 23 April 2019 and 7 and 21 June
2019. A total of 138 panellists (about 15 per
country) were contacted to participate in the
study. Panellists had to have more than 5 years
of experience in their speciality, be working in
public hospitals and have experience in the
management of SSc-ILD. They were asked to
answer all the questions and check ‘‘Don’t
know’’ as necessary. All the questions in which
no consensus was reached in the first round
were repeated in a second wave. The review of

the results of the first wave pointed to the need
to also include the ‘‘Don’t know’’ response
option for several other questions. During the
second round of voting for each question, the
panellists found the value that they had inser-
ted during the first wave together with the
aggregate results from the total sample of all the
panellists.

Data Collection, Analysis
and Interpretation

A descriptive analysis of the results was per-
formed. All items measured with a Likert-type
9-position scale were subsequently converted
into 3 categories of agreement: 1–3 (‘‘disagree-
ment’’), 4–6 (‘‘neither disagreement nor agree-
ment’’), and 7–9 (‘‘agreement’’). The median
score, mean, quartile 1 (Q1) and 3 (Q3) and the
percentage of panellists falling into each inter-
val of agreement were calculated for each item.
When more than 75% of panellists fell inside
one of the extreme intervals (‘‘disagreement’’ or
‘‘agreement’’), the item was considered to have
reached a ‘‘consensus’’. Otherwise, the item was
repeated in the second wave. We used two
waves of questions to avoid panellist fatigue
and to ensure a high response rate. The results
present items for which consensus was reached
during the first or second wave, as well as the
items for which consensus was not reached. The
percentage of panellists was determined for
numeric discrete variables, with consensus
being when[75% panellists chose a specific
value. For numeric continuous variables, the
mean, Q1 and Q3 were calculated. Consensus
was determined with the mean value. A com-
parative analysis by panellist speciality was
carried out with a Chi-square test or ANOVA
test for categorical and continuous variables,
respectively. The data were analysed with SPSS
v.22, and a p value\ 0.05 was considered to be
statistically significant.

The final results from the Delphi question-
naire were further evaluated and discussed by
the Steering Committee. No statements or level
of consensus were modified at any point.
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Cost Analysis

Average annual costs per patient and country
were estimated by a direct cost-analysis study.
Healthcare resources used (HCRU) for the diag-
nosis of the disease, patient follow-up manage-
ment, management of adverse events,
exacerbations of the associated ILD and end-of-
life care were obtained from the panellists’
answers.

These resources included specialist visits,
diagnostic tests, pharmacological and non-
pharmacological treatments and
hospitalisations.

Direct costs were calculated by multiplying
the number of HCRU by their corresponding
unit costs. Unit costs were obtained from local
health economists through official national or
regional official databases, whenever possible,
for the country in question, or from equivalent
or alternative organisations.

When needed, unit costs were converted to
2019 value prices using the published consumer
price index. Moreover, costs were converted
into Euros for countries not using the currency.
The list of sources per country can be found in
Appendix 2.

Treatment costs were obtained by multiply-
ing the mean doses used of the selected medi-
cation and the estimated treatment time (or
1-year treatment for chronic medication pre-
scribed for follow-up). To calculate adverse
event (AE) costs in cases where the AE required
hospitalisation, the cost of hospitalisation for
this specific cause was used, otherwise the cost
of one visit to a general practitioner or specialist
was applied.

SSc-ILD exacerbation costs included hospi-
talisation costs plus outpatient costs for a period
of 6 months after the event. For end-of-life
event cost calculation, the percentage of
patients dying in the intensive care unit (ICU),
hospital, home or nursing home was obtained.
The cost of one admission to the ICU or the
hospital was assumed for cases dying in such
departments, and the sum of costs for cases
dying at home or in the nursing home was
based on outpatient visits, tests and treatment
resources.

Annual costs were measured by diagnosis
(based on total cost divided by number of years
of diagnosis), follow-up management costs and
exacerbation costs (determined by frequency of
exacerbation). Costs for SSc-ILD were calculated
from a weighted average of the costs for E-SSc-
ILD and L-SSc-ILD. End of-life costs were event-
based and not estimated as annual costs.

Sensitivity Analyses

Successive univariate sensitivity analyses were
conducted on key values to test their impact on
costs. Specific variables were varied one at a
time across a plausible range, while the
remaining ones were maintained at baseline
values. For HCRU, the alternative values used
were Q1, median and Q3. For costs, we succes-
sively tested the impact of a 25% decrease or the
increase in the unit costs for outpatient visits,
hospitalisations, tests and treatment (including
drugs, long-term oxygen therapy and lung
transplantation).

RESULTS

Characteristics of Participant Panellists

Of the 138 panellists invited to participate in
the survey, a total of 40 specialists (32 pulmo-
nologists and 8 rheumatologists) completed the
questionnaire for both rounds of the survey. Of
them, 37.5% had between 5 and 20 years of
experience and 25% more than 20 years.
Regarding the type of work centre, all of them
were employed in public hospitals and 70%
practised in teaching hospitals. A full descrip-
tion of the sample of participant panellists is
provided In the Supplementary Table S1.

Characteristics and Diagnosis of SSc-ILD
Patients

Of the patients managed by the panellists,
39.1% presented L-SSc-ILD and 60.9% presented
E-SSc-ILD according to the Goh classification
[18]. Overall, comorbidities affecting the course
of the disease and reported by the panellists in
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the course of the last year included gastroe-
sophageal reflux disease (53.8% of patients),
fatigue (40.3%), pulmonary hypertension
(23.7%), depression (22.6%), pulmonary infec-
tions (20.8% patients), osteoporosis (19.0%)
and diabetes (8.7%) (Supplementary Table S2).
When focusing on the social characteristics of
the SSc-ILD patients, the panellists stated that
42.6% of them were retired.

Based on the panellists’ clinical experience,
the number of years between onset of symp-
toms and the definitive diagnosis was 2.1 years
[Q1–Q3: 1–3], and the most important profes-
sionals involved in the definitive diagnosis of
SSc-ILD, categorised by importance, were
rheumatologists, pulmonologists and internal
medicine physicians. When considering the
resources routinely used in their clinical prac-
tice to obtain the definitive diagnosis of SSc-
ILD, the panellists indicated a mean of 4.2
outpatient visits, 9.2 laboratory tests and 9.5
other tests in total (Table 1).

Non-Pharmacological
and Pharmacological Management of SSc-
ILD

When the monitoring of SSc-ILD was consid-
ered, rheumatologists, pulmonologists and car-
diologists were specified as the professionals
mainly involved in both L-SSc-ILD and E-SSc-
ILD follow-up.

The resources routinely used in patient fol-
low-up were differentiated by category of SSc-
ILD and the panellists indicated a mean total
number of outpatient visits of 7.5 for E-SSc-ILD
and 5.3 for L-SSc-ILD per year, including visits
to pulmonologists, rheumatologists and der-
matologists. The mean number of hospitalisa-
tions, laboratory tests and other tests (e.g.
HRCT, pulmonary function tests and bron-
choscopy) were also estimated, all of which
were higher for E-SSc-ILD versus L-SSc-ILD dur-
ing follow-up (Table 2).

Regarding maintenance treatment, 40% of
the panellists followed a ‘‘watch and wait’’
approach for L-SSc-ILD patients versus 20% for
E-SSc-ILD patients. According to the drug used
in maintenance treatment, MMF was stated as

the main option for treating L-SSc-ILD (50.0%
of panellists) followed by systemic corticos-
teroid therapy (35.0%). These data translated
into 35.4% of the L-SSc-ILD patients on MMF
and 10.6% of patients on systemic corticos-
teroid therapy. In contrast, for E-SSc-ILD, the
main treatment options were MMF (82.5% of
panellists), cyclophosphamide (77.5%), sys-
temic corticosteroids (60.0%), rituximab
(47.5%) and azathioprine (37.5%) (Table 3),
corresponding to 64.5% of patients on MMF,
27.7% on cyclophosphamide, 30.5% on sys-
temic corticosteroids, 13.1% on rituximab and
10.3% on azathioprine, respectively (Table 3).
With regard to other non-pharmacological
treatments, the panellists stated that the annual
proportion of patients receiving a lung trans-
plantation was 0.1% for L-SSc-ILD and 1.5% for
E-SSc-ILD, whereas the proportions of patients
to whom long-term oxygen therapy was pre-
scribed were 3.5% and 11.7% for L-SSc-ILD and
E-SSc-ILD, respectively. The mean number of
rehabilitation sessions and the duration of these
sessions were also higher in E-SSc-ILD versus
L-SSc-ILD (Supplementary Table S3).

Panellists reported that they never stop
maintenance treatment in 44.7% of SSC-ILD
patients and that the most important indicator
to define treatment success is oxygen saturation
with exercise (100% of panellists) followed by
FVC stabilisation or improvement (61.1%) and
symptoms stabilisation or improvement
(42.1%).

The proportion of panellists that indicated
the initiation of treatment of SSc-ILD at diag-
nosis was 32.8%. However, 42.3% waited until
signs of deterioration/progression and 24.7%
until the disease became extensive. Notably, the
panellists stated that they would prescribe an
antifibrotic in 19.5% of L-SSc-ILD and 55.3% of
E-SSc-ILD if a new reimbursed treatment was
approved.

Tumour necrosis factor inhibitors, systemic
corticosteroids, antifibrotics and immunomod-
ulatory agents were considered to be associated
with AE in 40.0%, 23.9%, 18.8% and 16.6% of
the patients, respectively. The panellists indi-
cated that, while most of the AE required a visit
either to the general practitioner or to the spe-
cialist, the percentage of AE that required
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Table 1 Description of resources used for the diagnosis of SSc-ILD

Resource, n = number of responders among panellistsa Number of visits or tests, mean [q1–q3]

Diagnostic visits

Pulmonologist visits, n = 39 1.8 [2–2]

Rheumatologist visits, n = 36 2.2 [2–3]

Dermatologist visits, n = 33 0.4 [0–1]

Total number of visits per patientb, n = 39 4.2 [3–5]

Laboratory tests

Complete blood count, n = 39 1.4 [1–2]

Sedimentation rate, n = 39 1.1 [1–1]

Hepatic profile, n = 39 1.2 [1–1]

CPK, n = 39 1.1 [1–1]

ACE, n = 38 0.5 [0–1]

Rheumatoid factor, n = 39 1.1 [1–1]

Antinuclear antibodies, n = 39 1.2 [1–4]

Urinalysis, n = 39 0.9 [0–1]

Otherc, n = 20 1.2 [1–1]

Total number of laboratory tests per patientb, n = 39 9.2 [7–9]

Imaging or other tests

Chest X-ray, n = 38 1.0 [1–1]

HRCT, n = 38 1.2 [1–2]

Computed tomography pulmonary angiogram, n = 37 0.2 [0–0]

Bronchoscopy, n = 37 0.5 [0–1]

Sputum assessment, n = 36 0.1 [0–0]

Bronchoalveolar lavage, n = 36 0.5 [0–1]

Transbronchial biopsy, n = 36 0.2 [0–0]

Ventilation/perfusion scintigraphy, n = 36 0.3 [0–0]

Blood gases, n = 36 0.7 [0–1]

Spirometry, n = 37 1.3 [1–2]

Body plethysmography, n = 36 1.1 [1–1]

Diffusing capacity for carbon monoxide, n = 37 1.5 [1–2]

6-min walk test, n = 37 1.0 [1–1]

Other, n = 19 0.3 [0–1]

Total number of imaging or other tests per patientb, n = 38 9.5 [6–12]

Number of patients = 805
ACE angiotensin-converting enzyme, CPK creatine-phosphokinase, HRCT high-resolution computed tomography
a All panellists (n = 40) answered all questions. n indicates the number of panellists who estimated a value per resource. The remaining
panellists answered ‘‘Don’t know’’
b The total may not add up due to missing values (different number of respondents in each row)
c Verbatims: Anti-ENA, complement analysis, CRP, CRP, kidney profile, ionogram, ECG, ENA screen, Nailfold capillaroscopy,
pHmetry, NT-proBNP or other autoantibodies renal profile or other autoantibodies, missing
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Table 2 Description of the resources used for the follow-up of SSc-ILD patients, per year

Limited SSc-ILD
Number of patients = 315

Extensive SSc-ILD
Number of patients = 490

Resource, n = number of
panellistsa

Number of visits or
tests per year, mean
[Q1–Q3]

Resource, n = number of
panellistsa

Number of visits or
tests per year, mean
[Q1–Q3]

Follow-up visits

Pulmonologist visits, n = 37 1.8 [1–2] Pulmonologist visits n = 37 2.7 [2–4]

Rheumatologist visits, n = 33 2.5 [2–3] Rheumatologist visits, n = 33 3.0 [2–4]

Dermatologist visits, n = 27 0.5 [0–1] Dermatologist specialist, n = 28 0.5 [0–1]

Nurse (or other healthcare

professionals), n = 27

0.9 [0–1] Nurse (or other healthcare

professionals), n = 28

1.3 [0–2]

Social workers, n = 26 0.1 [0–0] Social workers, n = 27 0.2 [0–0]

Emergency room visits, n = 24 0.3 [0–0] Emergency room visits, n = 25 0.8 [0–1]

Total number of visits per

patientb, n = 197

5.3 [4–6] Total number of visits per

patientb, n = 227

7.5 [5–9]

Hospitalisations

Hospital admissions, n = 30 0.4 [0–1] Hospital admissions, n = 32 1.4 [1–2]

Duration of a hospital admission

(days), n = 7

3.1 [2–4] Duration of a hospital admission

(days), n = 21

4.6 [3–6]

Hospitalisations at the

pulmonary department, n = 27

0.1 [0–0] Hospitalisations at the pulmonary

department, n = 29

1.0 [0–1]

Duration of a hospitalisation at

the pulmonary department

(days), n = 2

2.0 [2–2] Duration of a hospitalisation at

the pulmonary department

(days), n = 15

5.2 [3–7]

Hospitalisation at the intensive

care unit, n = 26

0 [0–0] Hospitalisation at the intensive

care unit, n = 28

0.3 [0–0]

Duration of a hospitalisation at

the intensive care unit (days),

n = 23

– Duration of a hospitalisation at

the intensive care unit (days),

n = 5

3.8 [2–5]

Total number of

hospitalisations per patientb,

n = 14

0.5 [0–1] Total number of

hospitalisations per patientb,

n = 82

2.6 [1–4]

Number of laboratory tests

Complete blood count, n = 32 2.1 [1–3] Complete blood count, n = 33 3.1 [2–4]

Sedimentation rate, n = 31 1.5 [1–2] Sedimentation rate, n = 32 2.2 [0.5–4]

Hepatic profile, n = 31 2.1 [1–3] Hepatic profile, n = 32 3.2 [2–4]

CPK, n = 31 1.2 [1–2] CPK, n = 32 1.9 [1–3]
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Table 2 continued

Limited SSc-ILDNumber of patients = 315 Extensive SSc-ILDNumber of patients = 490

Resource, n = number of
panellistsa

Number of visits or
tests per year, mean
[Q1–Q3]

Resource, n = number of
panellistsa

Number of visits or
tests per year, mean
[Q1–Q3]

ACE, n = 31 0.1 [0–0] ACE, n = 32 0.1 [0–0]

Rheumatoid factor, n = 31 0.5 [0–1] Rheumatoid factor, n = 31 0.4 [0–1]

Antinuclear antibodies, n = 31 0.6 [0–1] Antinuclear antibodies, n = 33 0.7 [0–1]

Urinalysis, n = 31 1.3 [1–2] Urinalysis, n = 32 1.8 [1–2]

Other, n = 18 0.2 [0–0] Other, n = 18 0.3 [0–0]

Total number of laboratory

tests per patientb, n = 294

9.2 [6–12] Total number of laboratory

tests per patientb, n = 435

13.2 [10–18]

Other tests

Chest X-ray, n = 33 1 [1–1] Chest X-ray, n = 34 1.3 [1–2]

HRCT, n = 32 0.6 [0–1] HRCT, n = 34 1.1 [1–1]

Computed tomography

pulmonary angiogram, n = 31

0.1 [0–0] Computed tomography

pulmonary angiogram, n = 32

0.2 [0–0]

Bronchoscopy, n = 31 0.1 [0–0] Bronchoscopy, n = 32 0.3 [0–1]

Sputum assessment, n = 31 0.1 [0–0] Sputum assessment, n = 32 0.3 [0–1]

Bronchoalveolar lavage, n = 31 0 [0–0] Bronchoalveolar lavage, n = 32 0.2 [0–0]

Ventilation/perfusion

scintigraphy, n = 31

0.1 [0–0] Ventilation/perfusion scan,

n = 32

0.2 [0–0]

Blood gases, n = 31 0.5 [0–1] Blood gases, n = 32 1.1 [0–1]

Pulmonary function tests,

n = 30

1.7 [1–2] Respiratory function tests n = 31 2.4 [2–4]

Spirometry, n = 31 1.7 [1–2] Spirometry, n = 32 2.1 [1–3]

Body plethysmography, n = 30 0.9 [0–1] Body plethysmography, n = 31 1.4 [0–2]

DLCO, n = 31 1.7 [1–2] DLCO, n = 32 2.3 [2–3]

6-min walk test, n = 31 0.9 [0–1] 6-min walk test, n = 32 1.5 [1–2]

Other, n = 16 0.1 [0–0] Other, n = 17 0.2 [0–0]

Total number of other tests per

patientb, n = 294

8.9 [6–12] Total number of other tests per

patientb, n = 485

14.3 [10–18]

ACE angiotensin-converting enzyme, CPK creatine-phosphokinase, DLCO diffusing capacity for carbon monoxide, HRCT
high-resolution computed tomography
a All panellists (n = 40) answered all questions. n indicates the number of panellists who estimated a value per resource.
The remaining panellists answered ‘‘Don’t know’’
b The total may not add up due to missing values (different number of respondents in each row)
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hospitalisation was 13.1% for immunomodula-
tory agents, 5% of AEs due to systemic corti-
coids and 2.8% of AEs related to antifibrotics
(Supplementary Table S4).

Management of Exacerbations

When exacerbations of SSc-ILD were consid-
ered, the proportion of patients with C 1 acute
exacerbation was higher among patients with
E-SSc-ILD (12.5%) than among patients with
L-SSc-ILD (2.5%). HCRU for the management of
an exacerbation and its 6-month management
of follow-up included hospitalisations
(mean 1.7), outpatient visits to any specialist
(mean 4.4), laboratory tests (mean 8.9) and
other tests (mean 10.6) (Table 4). The main
pharmacological approach to exacerbation
treatment included prednisone (34.8%),
methylprednisolone (17.9%) and both sequen-
tially (1.7%).

End-of-Life Care

Palliative care was estimated to last 5.8 months.
Palliative care was reported as provided at home
(37.8%), in hospitals (36.2%), in nursing homes
(11.1%), in intensive care units (6.6%) and in
other places (4.5%) (the total does not add up
due to missing values).

Social Burden of SSc-ILD

Early retirement was reported in 40.4% of the
patients, with an average of 11.9 years between
early retirement due to the disease and the
statutory retirement age. The panellists respon-
ded that 8.5% of patients with L-SSc-ILD and
44.7% of those with E-SSc-ILD had permanent
disability and that 5.0% and 29.3% lost their job
due to their SSc-ILD, respectively (Supplemen-
tary Table S5).

Of the patients with SSc-ILD, 2.0% would
require the support of a paid caregiver (e.g. a
nurse), while 37.7% would need the support of
an unpaid caregiver (e.g. a family member) for
an average of 22.3 h per week (Supplementary
Table S5).

Consensus was reached among panellists for
all the aspects tested regarding the impact of
SSc-ILD on the quality of life of unpaid care-
givers (sleep and health impact; emotional
impact; social impact; impact on daily activi-
ties; financial impact).

Economic Burden

The total annual costs of diagnosis, follow-up
and exacerbation management per country per
patient with either L-SSc-ILD or E-SSc-ILD were
calculated and are provided in Table 5. The
average annual cost of SSc-ILD per patient ran-
ged from €6191 in Greece to €25,354 in Sweden.

Table 5 shows the total costs of SSc-ILD cat-
egorised at diagnosis, follow-up and end-of-life
care. In general, the main cost drivers were fol-
low-up procedures, which accounted for up to
80% of the total annual costs. Hospitalisations
were the most important cost driver in follow-
up costs.

Sensitivity Analysis

The lowest cost (- 62.9% vs. base case) was
observed when we used the Q1 for all resources
used values (average yearly cost: €5004), while
the highest was obtained by using the Q3 for all
resources used values (? 29.9% vs. base case).
Cost variations had less impact than Q1, med-
ian and Q3. The most important cost driver was
hospitalisation, for which a 25% cost variation
represented an overall variation of 15.2% of
total yearly costs (Fig. 1).

DISCUSSION

SSc-ILD is a chronic and progressive disease and
the main cause of SSc-related death [26, 27]. To
our knowledge, the BUILDup study is the first
study to describe overall disease management
and to shed light on the economic and social
burden associated with SSc-ILD in several
European countries.

As the development or progression of ILD
involvement can occur at any time, patients
should be monitored regularly after the
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Table 4 Description of resources used for the management of SSc-ILD exacerbations and their 6-month follow-up

SSc-ILD number of patients = 805

Resource, n = number of respondents among panellistsa Number of visits or tests, mean
[Q1–Q3]

Outpatient visits

Pulmonologist specialist, n = 33 1.7 [1–2]

Rheumatologist specialist, n = 30 1.6 [0–2]

Dermatologist specialist, n = 28 0.1 [0–0]

Nurse (or other healthcare professionals), n = 27 0.7 [0–1]

Home nurse (or other homecare healthcare professionals), n = 30 0.1 [0–0]

Emergency room visit, n = 28 0.9 [0–1]

Total number of visits per patientb, n = 150 4.4 [2–6]

Hospitalisations

Hospital admissions, n = 27 1.0 [0–1]

Mean duration of a hospital admission (days), n = 19 6.4 [4–7]

Hospitalisations in the pulmonary department, n = 25 0.6 [0–1]

Mean duration of a hospitalisation in the pulmonary department (days),

n = 11

6.2 [4–10]

Hospitalisation in the intensive care unit, n = 25 0.2 [0–0]

Mean duration of a hospitalisation in the intensive care unit (days), n = 3 2.7 [1–5]

Total number of hospitalisations per patientb, n = 46 1.7 [1–2]

Laboratory tests

Complete blood count, n = 30 2.6 [2–4]

Sedimentation rate, n = 29 1.3 [0–2]

Hepatic profile, n = 28 2.4 [1–4]

CPK, n = 29 1.5 [0–2]

ACE, n = 29 0.2 [0–0]

Rheumatoid factor, n = 29 0.1 [0–0]

Antinuclear antibodies, n = 29 0.2 [0–0]

Urinalysis, n = 29 0.9 [0–1]

Otherc, n = 21 0.1 [0–0]

Total number of laboratory tests, per patientb, n = 268 8.9 [6–12]

Other tests

Chest X-ray, n = 31 1.3 [1–2]

HRCT, n = 31 1.1 [1–1]
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diagnosis of SSc-ILD and treatment initiation is
crucial before an irreversible loss of lung func-
tion occurs [28]. Thus, it is essential to limit
disease progression in SSc-ILD as far as possible
to minimise the patient’s burden of disease
while maintaining healthcare system
sustainability.

Management and Social Burden

Currently, the treatment of SSc-ILD is based on
immunosuppressive treatment. In this study,
we found a more significant proportion of
patients reported as having been treated with
MMF, cyclophosphamide, azathioprine and

rituximab in patients with E-SSc-ILD compared
to L-SSc-ILD, indicating a greater need for
immunosuppression in the more severe pre-
sentations of SSc-ILD disease. In our study, sys-
temic corticosteroids are prescribed to a
significant proportion of SSc-ILD patients as
maintenance treatment or for the treatment of
exacerbations. Current SSc guidelines recom-
mend careful monitoring of blood pressure and
renal function in patients receiving systemic
corticosteroids due to an increased risk of scle-
roderma renal crisis [19].

The impact of SSc-ILD is not only limited to
the patient’s clinical status as the impact on
society and patient quality of life must also be

Table 4 continued

SSc-ILD number of patients = 805

Resource, n = number of respondents among panellistsa Number of visits or tests, mean
[Q1–Q3]

Computed tomography pulmonary angiogram, n = 30 0.3 [0–0]

Bronchoscopy, n = 30 0.2 [0–0]

Sputum assessment, n = 30 0.6 [0–1]

Bronchoalveolar lavage, n = 30 0.2 [0–0]

Transbronchial biopsy, n = 30 0.1 [0–0]

Ventilation/perfusion scan, n = 30 0.1 [0–0]

Blood gases, n = 30 1.5 [0–2]

Respiratory function tests, n = 30 1.3 [0–2]

Spirometry, n = 30 1.3 [0–2]

Body plethysmography, n = 30 0.4 [0–0]

Diffusing capacity for carbon monoxide, n = 30 1.4 [0–2]

6-min walk test, n = 30 0.4 [0–1]

Otherd, n = 17 0 [0–0]

Total number of other tests per patientb, n = 330 10.6 [6–16]

ACE angiotensin-converting enzyme, CPK creatine-phosphokinase, HRCT high-resolution computed tomography
a All panellists (n = 40) answered all questions. n indicates the number of panellists who estimated a value per resource. The
remaining panellists answered ‘‘Don’t know’’
b The total may not add up due to missing values (different number of respondents in each row)
c Verbatims for ‘‘other laboratory tests’’: CRP, missing
d Verbatims for ‘‘other laboratory tests’’: heart ultrasound, missing
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considered. SSc patients have reported signifi-
cant effects on health-related quality of life
compared to the general population or other
chronic diseases [29–31]. In our study, there was
consensus among physicians, who reported an
apparent negative impact of SSc-ILD on social
life, and that the decline in pulmonary function
impacts patient quality of life. The results of our
Delphi study showed that, according to the
panellists, most SSc-ILD patients suffer from a
number of comorbidities, such as gastroe-
sophageal reflux disease (53.8%), fatigue
(40.3%) or depression (22.6%). These results are

consistent with the reports in the literature for
SSc or SSc-ILD patients [32–34].

Economic Burden of SSc-ILD

Apart from the clinical and social burden, the
economic burden of SSc-ILD management is
also significant. Nevertheless, very little data
have been published in this regard.

Given the prevalence and morbidity associ-
ated with SSc and the lack of effective treatment
options, higher healthcare costs associated with

Table 5 Cost of SSc-ILD per patient, by country

Yearly costs End-of-life costs

Total Diagnosis Follow-up Exacerbations

Denmark €17,480.57 €1950.04 €14,380.95 €1149.59 €2524.30

Portugal €8696.84 €319.61 €7677.75 €699.48 €2500.79

Greece €6191.34 €122.17 €5481.55 €587.63 €2091.06

Netherlands €10,751.40 €1157.43 €8909.93 €684.03 €1638.32

Belgium €9293.58 €383.07 €8212.60 €697.91 €3387.86

Norway €16,333.22 €1050.83 €14,036.42 €1245.97 €3346.89

Finland €13,857.60 €1341.51 €11,612.83 €903.26 €1955.26

Sweden €25,354.25 €2376.00 €20,963.70 €2014.55 €4711.17

Fig. 1 Univariate deterministic sensitivity analysis
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the disease have been reported in SSc patients
compared to matched controls [35]. A system-
atic review reported a total direct annual med-
ical cost for SSc per patient in Europe ranging
from €3544 to €8452 [29]. According to our
study, the average annual healthcare cost per
patient for SSc-ILD ranged from €6191 to
€25,354 according to the country. Fischer et al.
reported an average annual all-cause healthcare
cost per-patient ranging from $31,285 to
$55,446 during a 5-year follow-up period in
patients with incident SSc-ILD in the US [36].
Recently, Zhou et al. reported annual direct
healthcare costs of SSc-ILD in the US of $33,195
[37], and Morrisroe et al. reported AUD 48,368
total cost per patient in Australia, with
increased cost and impact on quality of life with
more severe forms of SSc-ILD [38].

The different healthcare costs observed in
the US and Australian studies in comparison to
ours can be accounted for by geographic scope,
differences in healthcare systems, the method-
ology used (claims analysis based on incident
cases in the US, registry data in the paper from
Australia, Delphi method based on incident and
prevalent cases with potential recall bias in
BUILDup) and the approach used (all-cause
healthcare in the US, national health service for
Australia and BUILDup).

The BUILDup study highlights the differ-
ences in healthcare resource utilisation between
L-SSc-ILD and E-SSc-ILD, with a higher con-
sumption for the latter. The clinical impact of
increasing disease severity in E-SSc-ILD com-
pared to L-SSc-ILD are in line with Goh et al.,
who demonstrated that extensive disease (i.e.
increasing disease severity) is a predictor of
mortality [18]. It is still unclear whether L-SSc-
ILD evolves into E-SSc-ILD or if both diseases are
different entities. Nevertheless, Goh et al.
recognised that treatment should be initiated
earlier in the course of the disease, hoping to
prevent progression to the 20% HRCT extent or
70% FVC thresholds [18].

Furthermore, patients with SSc-ILD may
experience periods when the disease progresses
more rapidly. In our study, we arbitrarily used
the definition of exacerbation used for idio-
pathic ulmonary fibrosis to describe these peri-
ods of progression. Several definitions of acute

exacerbations are currently used in the litera-
ture [39–41]. Further research is needed to
understand the incidence of such events and to
describe their impact on quality of life and
prognosis. Exacerbation in connective tissue
disease associated with ILD has been described
in the literature but with a much lower fre-
quency than in our study (1.25% vs. 14.6% for
E-SSc-ILD and 2.7% for L-SSc-ILD in BUILDup),
and most exacerbations were rheumatoid
arthritis associated with ILD or Sjogren Syn-
drome associated with ILD [24]. One possible
reason for the higher frequency in our study
could be, for instance, the fact that the panel-
lists might not have always distinguished
between acute exacerbation and hospitalisation
and an infection related to
immunosuppression.

Importantly, no cross-country comparison
can be drawn, as the healthcare systems differ
widely, particularly with regard to cost of
pharmacological treatment. For instance, in
Portugal, official medicine prices are retail pri-
ces including patient co-pay. For the Nether-
lands and Belgium, official prices are pharmacy
purchasing prices and include value-added tax
(VAT), while Denmark does not include VAT.
These discrepancies follow the recommenda-
tions of local health economists from the dif-
ferent countries.

The cost analyses highlight that many
healthcare resources are needed to manage SSc-
ILD, particularly E-SSc-ILD. In both L-SSc-ILD
and E-SSc-ILD, the main cost drivers are the
costs of follow-up management, mainly due to
the costs related to hospitalisations, but also to
a lesser extent medication costs, visits to
healthcare professionals and AE management.

Since SSc-ILD is a systemic disease that may
affect multiple organs and patients with the
disease present comorbidities, as seen in this
study, our results may underestimate the total
costs for these patients. With regard to patient
burden, our results present the view of the
treating physicians and not the actual patients,
which could also lead the clinical burden for the
patients to be underestimated.
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Strengths and Limitations

The main strength of our study stems from the
participation of a sample of a pan-European
group of experts who provided very detailed
information about the clinical management of
SSc-ILD patients. Due to the unavailability of
healthcare resource utilisation data and diffi-
culties in associating primary and secondary
care retrospective data, the Delphi method
approach was considered to be the most suit-
able approach to obtain a good understanding
of the management of SSc-ILD in the selected
countries, although they present potential
recall biases [42, 43]. This method has been used
in other therapeutic areas for the same purpose
[44–48].

However, the Delphi questionnaire was long
and might have led to fatigue among the par-
ticipants. The number of Delphi rounds was
therefore kept to a minimum to ensure a high
response rate.

This study has some limitations that should
be noted. The participating panellists may not
be fully representative of the clinical practice of
all the participating countries and obviously
not of Europe overall; nevertheless, a sample of
answers from 40 panellists illustrates an overall
approach to and the understanding of the
management of SSc-ILD in medium-sized Wes-
tern European countries. Moreover, the limited
sample size may not make it possible to observe
statistically significant differences between spe-
cialities, particularly in patient management
and treatment. Most of the panellists were pul-
monologists who mostly see patients with SSc-
ILD with severe structural and functional
impairment and/or patients who are mostly
symptomatic. This might have introduced a
bias into the percentage of patients with lim-
ited/extensive disease that they see. Similarly,
the Delphi questionnaire included not only
questions about SSc-ILD but also about pro-
gressive fibrosing ILD (published separately)
[22], an area of disease with which pulmonolo-
gists are more familiar. This might have intro-
duced a bias into the responses.

The average HCRU of all countries was used
in the cost analysis. However, local costs were
used for each country. Even if this methodology

may dilute the clinical management specifici-
ties of each single country, it diminishes the
impact of an answer or outlier, given that the
sample of panellists per country was low.

The lack of epidemiological data on L-SSc-
ILD and E-SSc-ILD in Europe partially affects
this cost estimation. The division provided by
the panellists was used to estimate the distri-
bution of patients instead. HCRU was asked for
the management of SSc-ILD in general and not
specifically for the ILD-part, hence it is impos-
sible to draw sound conclusions about the
additional costs in the management of the non-
ILD part. Given the multiple aspects of a sys-
temic disease, our analysis included other costs,
such as medication, hospitalisation, AE associ-
ated with other involved organs and their
treatment.

Our study showed a significant loss in pro-
ductivity which was not evaluated from a cost
perspective, and any other indirect costs and
patient co-payment would have helped to show
the impact of SSc-ILD from the societal
perspective.

CONCLUSION

Our study indicates that SSc-ILD and its man-
agement constitute a clinical, social and eco-
nomic burden, not only for the patients but also
for their caregivers, healthcare systems and
more generally for society. Overall disease bur-
den increases with the severity of SSc-ILD.
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