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A B S T R A C T

Objectives: The epidemiology of interstitial lung disease (ILD) in systemic sclerosis (SSc) in Belgium is
unknown. In literature, its prevalence varies between 19% and 52% in limited/diffuse cutaneous SSc (LcSSc/
DcSSc). However, its prevalence in “early” SSc (pre-clinically overt SSc without [yet] skin involvement), nor
its incidence rate in SSc (LcSSc/DcSSc/“early” SSc) has ever been described. Against this background, we
aimed to determine the prevalence/incidence (rate) and progression of ILD in SSc.
Methods: 12-year follow-up data of consecutive SSc patients, included in two Flemish cohorts (University
Hospitals Ghent and Leuven), were retrospectively analysed. ILD was classified according to the simplified
Goh algorithm. Progression of ILD was defined as a relative decline of FVC �10%, a combined relative decline
of FVC 5-10% and DLCO �15%, or as an increase in HRCT extent.
Results: 722 patients (60% LcSSc/ 20% DcSSc/ 20% “early” SSc, median (IQR) follow-up 39 [12-80] months) had
baseline HRCT. 243 were rated to have ILD at baseline and 39 during follow-up (prevalence of 34%/ incidence
rate of 20.3/1000PY, 95%CI:14.5-27.8). Amongst those with baseline ILD, 60% had lung functional progression
at five years of follow-up. In the “early” SSc subgroup, eight patients were rated to have ILD at baseline and
three during follow-up (prevalence of 6%/ incidence rate of 5.8/1000 PY, 95%CI:1.2-17.0).
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Conclusion: Both LcSSc and DcSSc patients should be monitored for ILD evolution. The low prevalence and
incidence of ILD in the “early” SSc subgroup may instruct future decisions on the construction of uniform
patient follow-up pathways in “early” SSc.
© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Introduction

Systemic Sclerosis (SSc) is an orphan auto-immune connective tis-
sue disease (CTD) characterised by vasculopathy, auto-immunity and
fibrosis of skin and visceral organs [1]. Progressive fibrosis of skin
and internal organs results in major organ damage and high morbid-
ity and mortality [2-5]. Nowadays, pulmonary complications (inter-
stitial lung disease [ILD] and pulmonary arterial hypertension [PAH])
are the leading causes of SSc-related mortality, counting for up to
60% of the disease related mortality in clinically overt SSc (more spe-
cifically, limited cutaneous SSc [LcSSc] and diffuse cutaneous SSc
[DcSSc]) [2,3].

In literature, the prevalence of ILD in SSc ranges between 19% and
52% [6]. The incidence rate of ILD in SSc remains unknown. Nihtya-
nova et al. described a cumulative incidence of clinically significant
ILD of 34% and 16% in the DcSSc and LcSSc subgroups at five years fol-
low-up [7]. Most patients develop restrictive lung disease in the first
five years and ILD might even be the first clinical presentation [7-10].
It is also known that the extent of lung fibrosis correlates with mor-
tality in SSc [11, 12]. However, nowhere in literature, data are avail-
able concerning the prevalence and incidence in an “early” SSc
cohort, which is prone to develop clinically overt SSc, more specifi-
cally in a cohort of patients with Raynaud’s phenomenon and a spe-
cific SSc-antibody and/or an SSc pattern on nailfold capillaroscopy
but without (yet) skin involvement [13-16].

Until recently, there was no consensus on how ILD in SSc
should be diagnosed, and how SSc patients should be screened
for ILD progression, resulting in discrepancies in the assessment
and reported frequency of occurrence and progressiveness of ILD
in SSc [6,17]. In 2018, a survey showed that only half of the gen-
eral rheumatologists and two-thirds of the SSc experts routinely
obtain a high-resolution computerised tomography (HRCT) in
newly diagnosed SSc patients [18]. Recently, SSc experts agreed
that HRCT is the gold standard for diagnosing ILD [12,19,20]. In
2008, Goh et al. proposed an easily applicable algorithm for stag-
ing ILD in SSc patients as limited or extensive ILD based on the
identification of disease extent on HRCT, combined with a forced
vital capacity (FVC) estimation in cases with indeterminate dis-
ease extent on HRCT [11].

Once ILD has been diagnosed, it is important to organise strict fol-
low-up since ILD has a variable clinical course. Most patients will
experience a slow decline in lung function, but some will progress
rapidly after disease onset [21-23].

An optimal definition of "progressive ILD" was recently proposed
by the Outcome Measures in Rheumatology (OMERACT) CTD-ILD
Working Group, based on FVC and diffusion capacity of the lung for
carbon monoxide (DLCO) decline. ILD progression is defined as either
a relative FVC decline from baseline of �10% or a relative FVC decline
of 5-10% combined with a relative DLCO decline of �15% [24]. Goh
et al. found that this definition for ILD progression in SSc was inde-
pendently predictive of mortality at 1 and 2 year of follow-up [25].
Additionally, an increase in the radiographic extent of ILD on HRCT
would also signify progression [26].

Against this background, we aim to determine the prevalence and
incidence rate of ILD (according to the simplified flow diagram
described by Goh et al.) in our 12-year multicentre standardised SSc
cohort, and for the first time in a subgroup of “early” SSc patients
[11,19,20,26-28].
Methods

Patient selection

Up to 12-year follow-up data of consecutive adult SSc patients
were obtained from two Flemish expert centres on SSc (Ghent Uni-
versity Scleroderma Unit and University Hospitals Leuven SSc
cohort). The patients in the cohort consist of patients from academic
and community centres, being referred to the tertiary University
centres in Ghent and Louvain. Data from each SSc-specific visit
between May 2006 and December 2018, collected according to the
national Belgian SSc cohort, were evaluated [29]. All patients fulfilled
the 2001 LeRoy and Medsger criteria for “early” SSc and/or the 2013
American College of Rheumatology (ACR)/European League Against
Rheumatism (EULAR) classification criteria for SSc [13,14,30].

Patients were classified as LcSSc, DcSSc, or “early” SSc without
skin involvement, according to the LeRoy classification criteria [13,
14]. Patients with a definite overlap diagnosis with another connec-
tive tissue disease or a disease in which ILD might occur, were
excluded from analysis. Approval was obtained by the Ethics Com-
mittee of the Ghent University Hospital (EC/2008/385) and by the
University Hospitals Leuven (S52057). All patients signed informed
consent prior to inclusion in this prospective registry.
Systemic sclerosis specific visit

As previously described, a SSc specific visit includes the recording
of a patient’s medical history and drug intake and a standard clinical
examination with the measurement of skin involvement (modified
Rodnan Skin Score [mRSS]) [29,31]. A transthoracic echocardiogra-
phy, a pulmonary function test (PFT, including FVC and DLCO,
expressed as % of the predicted value [% pred]), a standard blood test
and an electrocardiography were done at each visit [20,29,32]. An
HRCT scan was performed at baseline. Optional investigations (HRCT
on visits besides the baseline visit, six minute walk test, right heart
catheterisation, ventilation-perfusion scintigraphy and arterial blood
gas sampling) were obtained according to clinical practice guidelines
[20,33].
Interstitial lung disease

Patients were classified into three subgroups (“no ILD”, limited
ILD or extensive ILD), according to the simplified flow diagram
described by Goh et al [11]. Each HRCT was centrally analysed and
interpreted for the sake of this study in 2019 in the Ghent University
Hospital, by an experienced investigator (EV) who was blinded to the
patient data [34,35]. Patients were classified in the “no ILD” subgroup
when no disease specific abnormalities (reticulations or ground-glass
opacities) were detected on HRCT. Limited ILD was defined as extent
of disease on HRCT <20% or FVC �70% pred when the disease extent
on HRCT was indeterminate [11]. Extensive ILD was defined as extent
of disease on HRCT >20% or FVC <70% pred when the disease extent
on HRCT was indeterminate. Baseline ILD classification was defined
at the time of inclusion or when unavailable, as the first ILD classifica-
tion within the first year of inclusion in the cohort (i.e. at 6-month
visit) [34]. During the follow-up visits, patients kept their former clas-
sification, or were re-evaluated with HRCT when the clinical

http://creativecommons.org/licenses/by-nc-nd/4.0/
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examination or PFT changed at the discretion of the local multidisci-
plinary teams [34,35].

ILD progression during follow-up visits was determined based on
both lung functional parameters and HRCT, in the subgroup of
patients with Goh algorithm rated limited or extensive ILD at base-
line [11]. The definition of the OMERACT CTD-ILD Working Group
was used to define lung functional progression during follow-up vis-
its compared to baseline values (a relative FVC decline �10% or a
combined relative FVC decline of 5-10% with a relative DLCO decline
�15%) [19,24]. An increase in the radiographic extent of ILD on HRCT,
i.e. evolution from baseline limited ILD to extensive ILD according to
the Goh algorithm, during follow-up visits, was interpreted as HRCT
progression [26]. The progressiveness of baseline ILD was evaluated
at 1, 2, 3, 5, 10 and 12 years of follow-up. Of note, patients evolving
from baseline Goh algorithm rated “no ILD” to Goh algorithm rated
limited or extensive ILD during follow-up were defined as incidental
cases.

Statistical analysis

For descriptive purposes, absolute numbers with percentages are
shown for nominal categorical variables, medians with interquartile
ranges (IQR) for ordinal categorical and skewed continuous variables
and means with standard deviation (SD) for symmetric continuous
variables.

The baseline prevalence was calculated by dividing the number of
SSc patients with ILD at baseline by the total number of SSc patients
included in the cohort. The cumulative prevalence was calculated by
dividing the total number of SSc patients with ILD by the total num-
ber of SSc patients included in the cohort. The incidence was calcu-
lated by dividing the number of SSc patients who evolved from “no
ILD” to Goh algorithm rated limited or extensive ILD during follow-up
(i.e. “incidental cases”), by the number of SSc patients without ILD at
baseline. The incidence rate per 1000 person-years (PY) was obtained
by dividing the number of incidental ILD cases by the total number of
PY accumulated by the cohort (excluding SSc patients with ILD at
baseline). The 95% confidence intervals (95%CI) for a single propor-
tion were measured using the Poisson rate confidence interval [36].

The proportion of patients with lung functional progression/HRCT
progression is reported in the total cohort, as well for the subgroups
of patients with baseline Goh algorithm rated limited and extensive
ILD, and for the different SSc clinical subsets (i.e. LcSSc, DcSSc and
Table 1
Baseline characteristics of the 722 SSc patients who had baseline HRCT.

Total (n=722) LcSSc (

Age (years), mean§SD 54§14 55§14
Gender (</,), n (%) 179(25%) / 543(75%) 101(23
Disease duration (months), median (IQR) For 558/722 For 41

21 (5-69) 23 (4-7
Entire follow-up duration (months), median (IQR) 39 (12-80) 38 (9-8
SSc pattern on capillaroscopy

§

[15,16] 552/668 (76.5%) 344/40
Anti-centromere antibodies

§

313/721 (43%) 209/43
Anti-topoisomerase I antibodies

§

161/722 (22%) 84/435
Anti-RNApolymerase III antibodies

§,° 23/714 (3%) 13/429
FVC (% pred), median (IQR) For 692/722 For 41

107 (92-120) 109 (9
DLCO (% pred), median (IQR) For 692/722 For 42

73 (60-86) 73 (60
Immunosuppressive/Immunomodulatory therapy

§,* 232/637 (36%) 134/37

ACR: American College of Rheumatology; DcSSc: diffuse cutaneous systemic sclerosis; DLCO
Rheumatism; FVC: forced vital capacity; IQR: interquartile range; LcSSc: limited cutaneous s

x number of true positives/total number of patients with available data (percent).
° Anti-RNApolymerase III antibodies were determined in Ghent by the Systemic Sclerosis

Louvain by Fluoroenzymeimmunoassay (FEIA) (Thermo Fisher, Uppsala, Sweden).
* of the 232 treated with immunosuppressive or immunomodulatory therapy at baselin

phenolate mofetil, 10 d-penicillamin, 8 azathioprine, 2 sulfasalazine, 1 cyclophosphamid
amongst whom 7 with baseline ILD (1 LcSSc and 6 DcSSc), 6 with incidental ILD during follo
“early” SSc) [8,13,14]. Proportions were calculated as the number of
events divided by the available observations at the follow-up visits.
To assess the uncertainty introduced by missing data at the follow-
up visits, a sensitivity analysis was performed, reporting the best-
and worst-case scenarios. More specific, in the best-case scenario for
patients with missing information, it was assumed that no lung func-
tional progression or no evolution to Goh algorithm rated extensive
ILD occurred (‘non-events’). In the worst-case scenario, all missing
observations were considered ‘events’. In both scenarios, proportions
were calculated with respect to the total number of patients that
could have reached the respective yearly SSc-specific follow-up visit
in the cohort, excluding patients passed away prior to the follow-up
visit and patients who were lost to follow-up at that particular visit.
Statistical analysis was performed with SPSS statistical software, ver-
sion 25.0.
Results

Baseline characteristics

Between May 2006 and December 2018, a total of 898 consecutive
SSc patients were included in the SSc cohorts of the University Hospi-
tals Ghent (n=580, 65%) and Louvain (n=318, 35%). All patients
(n=898, 100%) fulfilled the LeRoy and Medsger criteria and 702 (78%)
the ACR/EULAR classification criteria [13,30].

Baseline PFT was available for 848 (94%) patients, i.e. for 546/580
(94%) of the Ghent SSc patients and for 302/318 (95%) of those from
Louvain. A baseline HRCT was performed in 794 (88%) of the 898
included patients, i.e. in 555/580 (96%) of the Ghent SSc patients and
in 239/318 (75%) of those from Louvain.

Amongst the 794 patients with available baseline HRCT, 72 were
excluded from analysis due to definite overlap: rheumatoid arthritis
(n=21), systemic lupus erythematosus (n=15), idiopathic inflamma-
tory myopathy (n=11), Sjogren’s syndrome (n=10), mixed connective
tissue disease (n=8), systemic vasculitis (n=3), sarcoidosis (n=2),
undifferentiated connective tissue disease (n=1) and Crohn’s disease
(n=1). Hence, a total of 722 SSc patients was finally retained for the
analysis of this study. Their baseline demographic and clinical charac-
teristics are reported in Table 1. The mean age at baseline was 54§
14 years, and 75% were female. Four hundred thirty-five (60%)
patients were classified at baseline as having LcSSc, 145/722 (20%) as
n=435) DcSSc (n=145) “Early” SSc (n=142) ACR/EULAR (n=583)

54§14 49§14 53§14
%) / 334(77%) 56(39%) / 89(61%) 22(15%) / 120(85%) 157(27%) / 426(73%)
7/435 For 141/145 N/A For 557/583
4) 16 (7-52) 20 (4-66)
1) 44 (19-79) 32 (6-79) 39 (15-81)
1 (79%) 110/132 (76%) 98/135 (73%) 460/546 (79%)
4 (48%) 22/145 (15%) 82/142 (58%) 248/583 (42%)
(19%) 70/145 (48%) 7/141 (5%) 147/583 (25%)
(3%) 10/144 (7%) 0/142 (0%) 22/576 (4%)

9/435 For 137/145 For 136/142 For 564/583
5-120) 95 (81-109) 114 (102-123) 106 (91-119)
0/435 For 136/145 For 136/142 For 561/583
-86) 64 (51-75) 81 (69-89) 72 (59-85)
8 (35%) 67/134 (50%) 31/125 (25%) 200/515 (34%)

: diffusing capacity of the lung for carbon monoxide; EULAR: European League Against
ystemic sclerosis; N/A: not applicable; SD: standard deviation; SSc: systemic sclerosis.

(Nucleoli) Profile Euroline (IgG) lineblot assay (Euroimmun, L€ubeck, Germany) and in

e, 133 received methotrexate, 116 corticosteroids, 31 hydroxychloroquine, 13 myco-
e, 1 anti-TNF-blocker. Of note, 18 SSc patients received rituximab during follow-up,
w-up (1 LcSSc and 5 DcSSc) and 5 DcSSc without ILD.
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DcSSc and 142/722 (20%) as “early” SSc. The median (IQR) follow-up
of these 722 patients was 39 (12-80) months.

At year 1, 14% (90/640); at year 2, 19% (118/604); at year 3, 19%
(104/526); at year 5, 22% (95/249); at year 10, 32% (78/245) and at
year 12, 23% (36/153) of the 722 patients who had received baseline
HRCT were lost to follow-up. No significant differences were
observed in the baseline characteristics of the patients who were in
follow-up compared to those who lost follow-up.

Prevalence of ILD in the entire cohort

In the 12-year period, 243 patients were Goh algorithm rated as
having ILD at baseline and 39 as developing incidental ILD during fol-
low-up, resulting in a baseline prevalence of 34% (243/722) and a
cumulative prevalence of 39% (282/722). Amongst the patients with
baseline ILD, 207/243 (85%) were classified as limited ILD and 36/243
(15%) as extensive ILD, according to the Goh algorithm (see Table 2).

Subgroup analysis for the 583/722 SSc patients who fulfilled the
ACR/EULAR classification criteria showed a baseline ILD prevalence of
38% (219/583) and a cumulative prevalence of 42% (248/583) (see
Table 2).

Prevalence of ILD in different subgroups of SSc

Subgroup analysis for the SSc patients with skin involvement (i.e.
classified as having either LcSSc or DcSSc, n=580), revealed a baseline
ILD prevalence of 41% (235/580) and a cumulative prevalence of 47%
(271/580) (see Table 2).

Amongst the 435 included LcSSc patients, 154 were rated as hav-
ing ILD at baseline and 26 as developing incidental ILD during follow-
up, resulting in a baseline prevalence of 35% (154/435) and a cumula-
tive prevalence of 41% (180/435). Amongst the patients with baseline
ILD, 134/154 (87%) were classified as limited ILD and 20/154 (13%) as
extensive ILD (see Table 2).

Amongst the 145 included DcSSc patients, 81 were rated as having
ILD at baseline and 10 as developing incidental ILD during follow-up,
resulting in a baseline prevalence of 56% (81/145) and a cumulative
prevalence of 63% (91/145). Amongst the patients with baseline ILD,
66/81 (81%) were classified as limited ILD and 15/81 (19%) as exten-
sive ILD (see Table 2).

Eight patients out of the 142 “early” SSc patients were Goh algo-
rithm rated as having ILD at baseline and another three as developing
incidental ILD during follow-up, resulting in a baseline prevalence of
6% (8/142) and a cumulative prevalence of 8% (11/142). Amongst the
patients with baseline ILD, 7/8 (87.5%) were classified as limited ILD
and 1/8 (12.5%) as extensive ILD (see Table 2).

Incidence (rate) of ILD in the entire cohort

A total of 39 incidental Goh algorithm rated ILD cases (8%) were
found during follow-up (see Table 2). For the 479 SSc patients with-
out ILD at baseline, there was a total of 22999 months of follow-up,
which results in an incidence rate of 20.3/1000 PY, 95%CI:14.5-27.8.
Table 2
Overview of the SSc patients rated as having baseline and incidental Goh algorith

Total (n=722) LcSSc (n=435) D

ILD at baseline, n (%) 243/722 (34%) 154/435 (35%) 8
Limited ILD, n (%) 207/243 (85%) 134/154 (87%) 6
Extensive ILD, n (%) 36/243 (15%) 20/154 (13%) 1
Incidence of ILD during follow-up

§

39/479 (8%) 26/281 (9%) 1

ACR: American College of Rheumatology; DcSSc: diffuse cutaneous systemic scle
ous systemic sclerosis; SD: standard deviation; SSc: systemic sclerosis.

x Incidence = number of incidental cases (i.e. the number of SSc patients that
limited or extensive ILD during follow-up) divided by the number of patients wit
Subgroup analysis for SSc patients who fulfilled the ACR/EULAR
classification criteria revealed 29 incidental cases, resulting in an inci-
dence rate of 19.1/1000 PY, 95%CI:12.8-27.4.

Incidence (rate) of ILD in different subgroups of SSc

Twenty-six incidental ILD cases (9%) were found in the LcSSc
group during follow-up (see Table 2). There were 13588 months of
follow-up for the 281 LcSSc patients without ILD at baseline, resulting
in an incidence rate of 23.0/1000 PY, 95%CI:15.0-33.6.

Ten incidental ILD cases (16%) were found in the DcSSc group dur-
ing follow-up (see Table 2). There were 3220 months of follow-up for
the 64 DcSSc patients without ILD at baseline, resulting in an inci-
dence rate of 37.3/1000 PY, 95%CI:17.9-68.5.

Subgroup analysis for the “early” SSc patients versus those with
skin involvement (i.e. classified as having either LcSSc or DcSSc),
revealed that three (2%) versus 36 (10%) incidental Goh algorithm
rated ILD cases were found during follow-up, resulting in an inci-
dence rate of 5.8/1000 PY, 95%CI:1.2-17.0 versus 25.7/1000 PY,
95%CI:18.0-35.6 respectively (see Table 2).

Progressiveness of ILD in the entire cohort

The progressiveness in the entire cohort of patients with ILD at
baseline is visualised in Fig. 1 and data on lung functional progression
as well as HRCT-graphic progression at each time-point are repre-
sented in detail in supplementary file 1.

At baseline, 243 patients were rated as having ILD (207 limited ILD
and 36 extensive ILD). Their median follow-up was 43 months (IQR
17-86).

For the evaluation of lung functional progression, PFT data were
available for 154 (135 limited ILD and 19 extensive ILD) at 1 year of
follow-up and for 86 (78 limited ILD and 8 extensive ILD) at 5 years
of follow-up. There was lung functional progression in 19% (29/154)
of them at 1 year of follow-up and in the majority of the patients (52/
86, 60%), both in the subgroups with limited (46/78, 59%) and exten-
sive (6/8, 75%) ILD at 5 years of follow-up.

For the evaluation of HRCT progression (from Goh algorithm rated
limited ILD at baseline to Goh algorithm rated extensive ILD) at 1 and
5 years of follow-up, 55 respectively 24 HRCTs were available. HRCT
progression was seen in 2% (1/55) at 1 year and 21% (5/24) at 5 years
of follow-up. Sensitivity analysis corroborated these data (see supple-
mentary file 1).

Progressiveness of ILD in different subgroups of SSc

Data concerning the progressiveness of ILD per SSc subgroup, at
different years of follow-up, are depicted in supplementary file 1.

At baseline, 154 LcSSc patients were rated as having ILD (134
limited ILD and 20 extensive ILD). Their median follow-up was 43
months (IQR 16-88). For the evaluation of lung functional pro-
gression, PFT data were available for 95 patients (86 limited ILD
and 9 extensive ILD) at 1 year of follow-up and for 52 patients
m rated ILD.

cSSc (n=145) “Early” SSc (n=142) ACR/EULAR fulfilment (n=583)

1/145 (56%) 8/142 (6%) 219/583 (38%)
6/81 (81%) 7/8 (87.5%) 185/219 (85%)
5/81 (19%) 1/8 (12.5%) 34/219 (15%)
0/64 (16%) 3/134 (2%) 29/364 (8%)

rosis; EULAR: European League Against Rheumatism; LcSSc: limited cutane-

evolved from baseline Goh algorithm rated “no ILD” to Goh algorithm rated
hout Goh algorithm rated baseline ILD.



Fig. 1. Estimated ranges of proportions of lung functional progression (best-/worst-case scenario) at annual follow-up versus baseline. DcSSc: diffuse cutaneous systemic
sclerosis; LcSSc: limited cutaneous systemic sclerosis; Lung functional progression of baseline Goh rated ILD was defined as a relative decline of FVC �10% or a relative
FVC 5-10% decline combined with a relative DLCO decline �15% during follow-up visits compared to baseline. The cohort consisted of a total of 722 SSc patients without
overlapping diseases, who had a baseline HRCT. Amongst these 722 SSc patients, 243 were Goh algorithm rated as having ILD at baseline. Figure A represents the esti-
mated ranges of proportions of lung functional progression in the subgroups of patients with limited ILD (blue) versus extensive ILD (orange) at the follow-up visits
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(48 limited ILD and 4 extensive ILD) at 5 years of follow-up.
There was lung functional progression in 21% (20/95) at 1 year of
follow-up and in the majority of them (33/52, 63%) at 5 years of
follow-up. At year 5, there was progression in both the subgroups
with limited (29/48, 60%) and extensive (4/4, 100%) ILD. For the
evaluation of HRCT progression (from Goh algorithm rated lim-
ited ILD at baseline to Goh algorithm rated extensive ILD) 29
HRCTs were available at 1 year of follow-up and 15 HRCTs at
5 years of follow up. HRCT progression was seen in 3% (1/29),
respectively 27% (4/15).

At baseline, 81 DcSSc patients were rated as having ILD (66
limited ILD and 15 extensive ILD). Their median follow-up was 42
months (IQR 17.5-87). At 1 year of follow-up, PFT data were
available for 54 patients (45 limited ILD and 9 extensive ILD) and
at 5 years of follow-up, PFT data were available for 30 patients
(26 limited ILD and 4 extensive ILD). There was lung functional
progression in 18.5% (10/54) at 1 year of follow-up and in the
majority of them (17/30, 57%) at 5 years of follow-up. At year 5,
there was progression in 58% (15/26) of those having limited ILD
at baseline and in 50% (2/4) of those having extensive ILD at
baseline. Amongst the 66 DcSSc classified as limited ILD at base-
line, an HRCT was performed in 25 patients at year 1 and in 9 of
the patients at 5 years of follow-up, showing HRCT progression in
0% (0/25), respectively 11% (1/9).

At baseline, eight “early” SSc patients were rated as having ILD
(seven limited ILD and one extensive ILD). Their median follow-up
was 43 months (IQR 15-79.5). At 1 year of follow-up, PFT data were
available for five patients, showing no progression. At 5 years of fol-
low-up, PFT data were available for four patients with limited ILD at
baseline. There was lung functional progression in 50% (2/4) at 5 years
of follow-up compared to baseline. No 5-year follow-up PFT data
were available for the one patient with extensive ILD at baseline. One
patient, with “early” SSc and ILD at baseline, had repeat HRCT at 1
year of follow-up, which showed no progression and no data are
available concerning HRCT progression in “early” SSc patients at
5 years of follow-up.

Supportively, the sensitivity analysis performed to cope with the
missing data, corroborated all the aforementioned results (Fig. 1 and
supplementary file 1).
Discussion

We retrospectively analysed the HRCTs and PFTs in a 12-years
Flemish multicentre unselected SSc cohort to determine the epidemi-
ology of ILD in SSc. The main study findings can be summarised as fol-
lows: 1) The baseline prevalence of Goh algorithm rated ILD in the
entire cohort is 34% and the incidence rate is 20.3/1000PY, 95%CI
14.5-27.8; 2) the small majority of the SSc patients with ILD pro-
gresses within 5 years, regardless of their initial classification as lim-
ited or extensive ILD and regardless of their clinical subset (LcSSc or
DcSSc); and 3) in the “early” SSc group, the baseline prevalence of
Goh algorithm rated ILD was low (6%) and only a very small propor-
tion of these “early” SSc patients (2%) developed ILD during follow-
up. This low incidence of ILD in the “early” SSc group may be indica-
tive when preparing future guidelines on the follow-up of this partic-
ular SSc subset (i.e. those with solely the combination of a Raynaud’s
Phenomenon, SSc-specific antibody and/or an SSc pattern on capil-
laroscopy), as epidemiological data on ILD in this SSc subset are cur-
rently non-existent [19,27,37].

The methodological approach using the HRCT-based simplified
Goh algorithm allowed us to reliably identify ILD in our unselected
SSc cohort. Our baseline ILD prevalence of 34% and cumulative preva-
lence of 39% are in line with the prevalence reported in different SSc
cohorts, ranging between 19% and 52% [6,38,39]. This wide range
can, at least partially, be explained by the historical use of different
tools to identify ILD in SSc patients (i.e. HRCT and PFT alone or com-
bined), as consensus about the identification of ILD in SSc patients
was lacking until recently [18]. As such, we know from literature that
HRCT, which has recently been recognised as gold standard for the
identification of ILD by the SSc expert community, is not routinely
performed in all SSc patients at diagnosis [12,18-20]. For example, in
a Dutch SSc cohort, an HRCT was available in less than 50% of the
included 654 patients, and in only 80% of patients in a recent Norwe-
gian national SSc cohort [12,39]. In our multicentre study, a baseline
HRCT was performed in 88% of the patients, with locoregional differ-
ences between the two centres (96% and 75% respectively) (see sup-
plementary files 4 and 5). This study underscores the need to
perform a baseline HRCT in all SSc patients. In addition, all patients
diagnosed with ILD should be assessed for SSc, not only by evaluating
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them for skin involvement and other (clinical) classification criteria,
but also for specific SSc-antibodies and/or SSc pattern on nailfold
capillaroscopy, before diagnosing them as “idiopathic pulmonary
fibrosis” [40].

To our knowledge, the prevalence of ILD in an “early” SSc popula-
tion, a particular precursor SSc subset, without (yet) skin involve-
ment, has never been described. We found a low baseline ILD
prevalence of only 6% and noted that only three of the 134 “early”
SSc patients developed Goh rated limited ILD during follow-up (inci-
dence rate of 5.8/1000 PY, 95%CI:1.2-17.0). Importantly, of these
“early” SSc patients with incidental ILD, all had Raynaud’s phenome-
non, SSc specific anti-centromere antibodies and an SSc pattern on
nailfold capillaroscopy at baseline [14,41-44]. Consequently, based
on these important novel data, we suggest that in an “early” SSc pop-
ulation it may be sufficient to perform an HRCT and lung function
test only at baseline, and to monitor these patients during follow-up
visits with SSc-specific clinical examination. Our data may suggest,
unlike these of the clinically overt forms of SSc (LcSSc and DcSSc)
where yearly follow-up is paramount, that the interval between lung
functional follow-up periods may be extended over more than one
year in “early” SSc.

The progressiveness of ILD was assessed, according to recently
consented definitions [24]. We found that the majority of SSc patients
with baseline Goh algorithm rated ILD had lung functional progres-
sion at 5 years of follow-up (see figure 1) [19,24,45]. Our data are in
line with the previous report in 2014 by Nihtyanova et al., describing
an increase of the cumulative incidence of clinically significant ILD to
34% in DcSSc patients and 16% in LcSSc patients at 5 years follow-up
[7]. Both the Nihtyanova study and our findings corroborate the fact,
as stated in recent clinical practice guidelines, that disease monitor-
ing with PFT during follow-up should be rigorous in the clinically
overt forms of SSc (DcSSc and LcSSc) [19,20,27].

Finally, our study has the limitations of a cohort study. First, since
a cohort is a dynamic phenomenon, with new inclusions, loss of
included patients (due to mortality or loss of follow-up), patients
temporarily not showing up at the yearly SSc-specific visit, or not yet
reaching a specific follow-up visit, the precise number of patients
included in the cohort at each moment in time is unpredictable. In
order to calculate the cumulative prevalence and incidence, we used
as denominator the total number of patients included in the cohort,
without taking into account the above-mentioned limitations. This
definitely might have underestimated the reported values. Also, since
not all patients with normal baseline HRCTs underwent follow-up
HRCTs, the incidence rate of ILD may be underestimated. Second, we
did not focus on the treatment options and the use of immunosup-
pressive or immunomodulatory therapy. This is because for ILD in
SSc, no disease modifying drugs with long-term efficacy are at hand
yet. Also, there might be some bias in the data on the use of immuno-
suppressive or immunomodulatory therapy, due to the retrospective
analysis of the collected data and due to the fact that data were only
collected at predefined fixed dates. Also, as this study has been con-
ducted in an era before clinical practice guidelines on treatment of
SSc associated ILD were published, for sure not all patients have been
treated in that 12 year time period as we would treat them nowadays
[19,27,37]. Third, we did not assess the clinical course of ILD in detail.
The course of SSc associated ILD remains rather unpredictable [26].
Hence, while of potential interest, we did not investigate which pre-
dictors (e.g. antibody state, gender, disease duration, treatment . . .)
might be associated with progressiveness of ILD, as this research
question extends beyond the scope of our very manuscript. Fourth,
repeat HRCT was only available in the minority of the patients with
ILD at baseline. Follow-up HRCTs were not routinely performed, but
according to the current recommendations, only based on clinical
examination and PFT changes. We are aware that these small num-
bers might give a selection bias. Fifth, the HRCTs were only scored as
limited or extensive disease by the simplified Goh criteria. HRCT
progression was only evaluated from limited to extensive disease
and progression within the limited or extensive group was not evalu-
ated. So conclusions on HRCT progression of ILD are outside the pur-
pose of this manuscript. Additionally, one may argue that the Goh
algorithm was used for rating ILD by one single investigator. This
simplified flow diagram was developed by Goh and colleagues with
the aim to enable clinicians with varying expertise to readily classify
SSc-ILD patients as “low” or “high” risk [11]. On the one hand, the use
of this scoring system could have underestimated the ILD prevalence,
as it evaluates only five fixed levels of the HRCT scan. On the other
hand, some other lung specific entities resembling lung fibrosis, such
as dysaeration of the lung, pneumonitis, post-infectious lesions or
post-radiation therapy sequellae, could have been falsely interpreted
as ILD. Despite these limitations, the Goh algorithm has already
proved its worth in the past for rating ILD in a subgroup of SSc
patients with skin involvement (i.e. those SSc patients classified as
having either LcSSc or DcSSc), with excellent inter-rater reliability
(r=0.81, 95%CI 0.74-0.88) [34]. So, for this manuscript, we chose to
rate the HRCTs by one experienced investigator who was blinded to
the patient data.

Conclusion

In an unselected, multicentre Flemish SSc cohort, one third has
Goh algorithm rated ILD at baseline with an incidence rate of 20.3/
1000PY, 95%CI 14.5-27.8, which is in line with current literature.
Screening with HRCT at baseline is justifiable both in clinically overt
(LcSSc and DcSSc) as well as in the “early” SSc subgroup.

As the majority of the LcSSc or DcSSc patients with ILD at baseline
had progression of their ILD during follow-up, yearly routine, rigor-
ous monitoring with PFT seems necessary in these patients.

Frequency of monitoring in the “early” SSc population (with a
very low incidence of ILD) might be performed less stringently and
may be balanced versus health economy and logistic turn over capac-
ity of local multidisciplinary units.
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