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Take home message: Lung function tests and chest imaging help predict who has
SSc-associated ILD and whether it will progress. In the absence of standardised
methods for doctors, we recommend a strategy that combines both lung function

tests and chest imaging.



Abstract

Systemic sclerosis (SSc) is a systemic autoimmune disease affecting multiple organ
systems, including the lungs. Interstitial lung disease (ILD) is the leading cause of
death in SSc.

There are no valid biomarkers to predict the occurrence of SSc-ILD, although auto-
antibodies against anti-topoisomerase | and several inflammatory markers are
candidate biomarkers that need further evaluation. Chest auscultation, presence of
shortness of breath and pulmonary function testing are important diagnostic tools,
but lack sensitivity to detect early ILD. Baseline screening with high-resolution
computed tomography (HRCT) is therefore necessary to confirm an SSc-ILD
diagnosis. Once diagnosed with SSc-ILD, patients’ clinical courses are variable and
difficult to predict, though certain patient characteristics and biomarkers are
associated with disease progression. It is important to monitor patients with SSc-ILD
for signs of disease progression, though there is no consensus about which
diagnostic tools to use or how often monitoring should occur. In this article, we
review methods used to define and predict disease progression in SSc-ILD.

There is no valid definition of SSc-ILD disease progression, but we suggest that
either a decline in forced vital capacity (FVC) from baseline of 210%, or an FVC
decline of 5-9% in association with a decline in diffusing capacity of carbon
monoxide of 215% represents progression. An increase in the radiographic extent of
ILD on HRCT imaging would also signify progression. A time period of 1-2 years is
generally used for this definition, but a decline over a longer time period may also

reflect clinically relevant disease progression.



Lay summary

Patients with systemic sclerosis can develop serious lung fibrosis. Predicting who will
develop this and whether the disease will get worse helps patients receive the best
treatments. Currently, there are no standard methods for doctors to follow to identify
whether patients are getting worse. We suggest an approach that combines lung
function testing, changes in shortness of breath and chest imaging to help monitor

the course of the disease.



Introduction

Systemic sclerosis (SSc) is a systemic autoimmune disease that is characterised by
endothelial dysfunction, resulting in small-vessel vasculopathy, immune
dysregulation, fibroblast dysfunction and subsequent fibrosis; however, its detailed
pathogenesis remains unclear [1]. Due to the heterogeneity of the disease, SSc
represents a major clinical challenge for both physicians and patients [2]. In addition
to disfiguring skin involvement, SSc can affect multiple organ systems, including the
lungs [3]. The clinical course is variable, but organ manifestations frequently occur
early in the disease [4]. SSc is associated with a 250% increase in mortality risk
compared with healthy controls and, overall, this has not changed significantly in the
last 40 years [5]. Mortality is primarily due to pulmonary complications: in the largest
observational study conducted to date, the leading cause of death was interstitial
lung disease (ILD, 17%), with pulmonary arterial hypertension (PAH) accounting for
15% of deaths [6, 7]. Furthermore, in a Norwegian cohort study, mortality in SSc
correlated with the extent of lung fibrosis [8].

Between 1972 and 2002, the proportion of deaths due to scleroderma renal crisis
declined from 42% to 6% of SSc-related deaths, likely due to identification of risk
factors, prevention, the use of angiotensin-converting enzyme inhibitors to treat this
dimension of the disease and a greater awareness of milder SSc cases less likely to
develop renal crisis. In contrast, over the same period, the proportion of SSc deaths
due to ILD increased from 6% to 33% [9], and in recent interventional studies,
respiratory failure due to ILD has been reported to account for 43% of deaths [10].
This increase in the proportion of deaths due to ILD may reflect decreases in other
causes of deaths. The overall 10-year survival improved from 54% to 66% from 1972

to 2002 [9].



Patients with SSc are routinely divided into limited cutaneous (IcSSc) and diffuse
cutaneous (dcSSc) subsets based on the extent of skin fibrosis [11, 12]. Pulmonary
involvement can occur in both subsets of the disease, and it can affect all aspects of
the respiratory tract, including the parenchyma, vasculature and musculature [8, 13].
ILD is an early complication in SSc, and in some patients (approximately 4%) the
first clinical symptom of SSc is directly related to ILD [2, 14]. Most patients who
develop severe restrictive lung disease do so in the first 5 years following the onset
of SSc symptoms [2].

Despite the established relationship between SSc-associated ILD (SSc-ILD) and
morbidity and mortality, there is still no consensus on screening for ILD, nor on
monitoring for disease progression. This issue is further complicated by the lack of
validated biomarkers for SSc-ILD and an absence of clinical recommendations to
inform the method and timing of investigations to diagnose patients with SSc-ILD
and identify those at risk of progression [15].

In this perspective piece, we summarise the current understanding of disease
pathogenesis and risk factors for the presence of ILD in patients with SSc, discuss
screening, early detection of ILD and risk factors for progression, and propose
guidance on monitoring disease progression and the implications of this for treating

SSc-ILD.

Pathogenesis of SSc-ILD

SSc may affect multiple organs and systems, with most irreversible damage due to
progressive fibrosis [2, 16]. Based on research to date, it is likely that there is a
complex interplay between innate and adaptive immunity, endothelial dysfunction,

small vessel abnormalities, inflammation and fibrosis [17]. The key pathways



implicated in SSc-ILD are summarised in Figure 1. The most common initiator of the
pathogenesis of SSc-ILD is injury to alveolar epithelial and vascular endothelial cells,
in which inflammatory pathways lead to pro-fibrotic stimuli that induce the
differentiation of lung fibroblasts to the myofibroblast phenotype [6, 18]. Fibrosis
results from an abnormal healing process coupled with an aberrant expansion of
mesenchymal cells that originate from multiple sources including: bone marrow, the
transdifferentiation of pericytes, epithelial cells and endothelial cells, and the
differentiation from resident fibroblasts to myofibroblasts [16, 18]. Transforming
growth factor-beta is thought to play a central role in the development and
progression of fibrosis in SSc-ILD [6, 16] and platelet-derived growth factor, Wnt-3-
catenin and hedgehog signalling also drive fibrosis [18, 19]. SSc fibroblasts have
been shown to be more resistant to the fibrotic-inhibitory potential of cytokines, such
as interferon gamma [20]. Furthermore, patients with SSc-ILD can have increased
levels of pro-inflammatory cytokines such as interleukin (IL)-8, IL-6, tumour necrosis
factor-alpha and macrophage inflammatory protein-lalpha in bronchoalveolar lavage
(BAL) fluid and serum [21-23]. It has also been hypothesised that B-cells may be
involved, as patients with SSc-ILD more frequently present with anti-topoisomerase |
antibodies and antifibroblast antibodies [24]. The functional role of antifibroblast
antibodies has not been clarified, but they might directly affect extracellular matrix
remodelling by binding to fibroblasts to increase the collagen breakdown and matrix
metalloproteinase-1 production [25]. The increased release of these cytokines,
growth factors and bioactive proteins contribute to a self-perpetuating cycle of
stimulation of the fibrotic process [16, 18]. A greater understanding of the underlying
mechanisms may enable the identification of biomarkers that could be used to

screen at-risk patients and facilitate the development of targeted and personalised



therapy. For instance, higher-circulating mixed M1 (classically
activated)/M2 (alternatively activated) monocyte/macrophage cell percentages are
associated with ILD, suggesting a need for research on their possible role as a

biomarker or pathogenic element for SSc lung involvement [26].

Risk factors for presence of ILD

Estimates of the prevalence of ILD in SSc vary depending on how ILD is defined;
using high-resolution computed tomography (HRCT), prevalence is estimated at 47—
84%. In the Canadian Scleroderma Research Group registry, 65% of patients had
evidence of ILD on HRCT scans, 26% had ILD identified by physical examination
and 22% identified by chest radiography [27]. In a Norwegian cohort, 50% of patients
had ILD on HRCT [8]. Relying on pulmonary function testing (forced vital capacity
[FVC] % predicted or a decrease in at least one pulmonary function test [PFT])
results in a lower estimate of prevalence of ILD [28]. At autopsy, evidence of
interstitial fibrosis was found in 74% of patients with SSc [29].

A number of patient characteristics are associated with a higher risk of developing
ILD in SSc (Table 1). In the EUSTAR database, ILD was more common in dcSSc
(53.4%) than in IcSSc (34.7%) [30]. Sex and ethnicity also appear to be important
determinants of ILD development. Despite the strong female predominance reported
in SSc (female to male ratio 4.7:1), men with SSc are more likely to develop ILD than
women with SSc (relative risk 1.24; 95% confidence interval 1.01-1.52) [31, 32]. A
large multi-ethnic observational study conducted in the setting of a universal
healthcare system found that in comparison to white patients of European descent,
patients of Afro-Caribbean descent with SSc more frequently have ILD (31% versus

53%; p=0.007) [33].



Risk factors for the development of SSc-ILD also include anti-topoisomerase |
positivity, lower FVC and lower diffusing capacity of the lung for carbon monoxide
(DLco) [34], although FVC and DLco changes may be caused by ILD and not present
before ILD onset. Multivariate analyses suggest that the risk of developing ILD is
more closely associated with anti-topoisomerase | positivity than to dcSSc versus
lcSSc [30].

A number of studies also support an association of gastroesophageal reflux with ILD

in SSc, as reviewed by Christmann RB et al. [35].

Diagnosis and screening of ILD

Diagnosis of ILD

The most common initial symptoms of SSc-ILD are exertional dyspnoea and dry
cough, although early SSc-ILD can be relatively asymptomatic [6]. As lung
involvement can affect all aspects of the respiratory tract, when a patient with SSc
presents with symptoms of dyspnoea, the differential diagnosis can be quite broad
and may include PAH, deconditioning, chronic anaemia [13], and left heart
involvement with reduced or preserved ejection fraction.

SSc-ILD is diagnosed using HRCT to detect parenchymal lung disease [36].
Typically, a pattern suggestive of nonspecific interstitial pneumonia (NSIP) appears
on HRCT as bilateral ground-glass opacities, reticulation and traction bronchiectasis
most prominent in the lower lobes (Figure 2A) [36]. Generally, HRCT appearance
can differentiate NSIP and usual interstitial pneumonia (UIP) patterns [37]. Although
lung biopsy is very rarely indicated to diagnose SSc-ILD, if performed, interstitial
fibrosis with temporal homogeneity and a modest inflammatory cell infiltrate (i.e.

fibrotic NSIP) is typically visualised (Figure 2B). In a small number of cases, cellular



NSIP or UIP are observed [13]. Although computed tomography (CT) scans are
necessary for diagnosis, they expose patients to radiation [38]. Reduced-dose HRCT
protocols may reliably detect SSc-ILD with a much lower radiation exposure than
whole-chest HRCT [38, 39]. While these reduced-dose protocols have become
routine in some centres, further validation in larger cohorts is required.

PFTs in patients with SSc-ILD generally show a restrictive ventilatory defect with a
decreased FVC and/or total lung capacity, a preserved forced expiratory volume in 1
second (FEV;), and a normal or increased FEV1/FVC ratio, as well as a decreased
single-breath DLco [6]. It is important to note that patients with early SSc-ILD may
have preserved lung volumes, despite clear evidence of structural lung disease on
HRCT [28, 40], and decreases in DLco. Two studies found that over 60% of patients
with SSc and ILD diagnosed using HRCT had normal spirometry [28, 40]. Therefore,
while PFTs are an important part of the diagnostic work-up for SSc-ILD, they are not
sensitive enough to reliably detect early ILD [28, 40, 41]. Performing PFTs regularly
(at least once a year) in the first 5 years following SSc diagnosis may be useful for
detecting changes in lung function indicative of ILD.

At present, there is no widely accepted consensus on when SSc-ILD becomes

clinically significant and when treatment is indicated.

Challenges in diagnosis

There are many challenges associated with the diagnosis of SSc-ILD. One potential
barrier to diagnosis is a lack of awareness within primary care of SSc, which can
lead to late referrals [42]. There is also variability in the degree of involvement of
clinical specialties in establishing a diagnosis of SSc-ILD, and a lack of formally

designated SSc specialist centres [42].



Early detection of ILD

There is a need for early systematic screening of patients to identify pulmonary
complications, though there is a lack of consensus regarding which tests should be
used during screening and follow-up [2, 42]. In one study, screening for ILD at
diagnosis of SSc using HRCT identified 35% of subjects with no ILD, 51% of
subjects with ILD of limited extent (1-20% fibrosis), and 13% of subjects with ILD
involving >20% of the lungs [43].

Subclinical interstitial lung abnormalities (ILAs) detectable on CT scans also offer a
possible approach to detect ILD early [44, 45]. ILAs have been studied in rheumatoid
arthritis-associated ILD, where they are associated with increased cough and
dyspnoea and decreased PFT results [46]; however, there is little evidence
characterising them in SSc-ILD. One study in early SSc-ILD demonstrated ground-

glass opacities that later progressed to NSIP pattern [47].

Future directions in the diagnosis and screening of SSc-ILD

In future, lung ultrasound may be integrated with other approaches in the screening
of ILD [48-51]. Preclinical studies of positron emission tomography scanning suggest
that targeted nuclear imaging of components of ILD disease processes (such as
integrin alpha-v-beta-3 and somatostatin receptor 2) could be integrated with other
approaches in the screening and evaluation of ILD [52, 53]. However, this method is
limited by the high levels of radiation exposure associated with the technique.
Another potential approach to help identify patients with ILD is nailfold
videocapillaroscopy (NVC). NVC is a safe and validated tool, and NVC patterns are

associated with different SSc clinical complications [54, 55]. Recently, NVC was



tested in 287 patients with SSc to evaluate whether it could improve the detection of
patients with high risk for cardiopulmonary involvement. In this analysis, NVC pattern
was associated with the presence of ILD and heart/lung involvement, independent of
specific anti-extractable nuclear antigen antibodies [56]. This might indicate that
microangiopathy is an important cause of organ involvement. NVC may in future be
incorporated, together with other parameters, in high-performance algorithms in the
early detection of lung involvement in SSc.

However, despite identified risk factors for the development of ILD in patients with
SSc, and newer techniques that may contribute to identify subpopulations with
increased risk of developing ILD, currently none of the available techniques other
than CT can detect ILD with appropriate sensitivity and specificity. Chest CT,

therefore, remains the gold standard to screen for and diagnose SSc-ILD.

Risk factors for progression of ILD

Once ILD has been diagnosed in patients with SSc, it is important to identify which
patients are likely to progress, because the natural history of SSc-ILD is variable.
Some patients experience accelerated loss of lung function, and others progress
slowly or exhibit stable disease [57, 58].

At present, there is no biomarker that predicts the course of SSc-ILD across multiple
clinical cohorts [59]. Initial reports that BAL cellularity could predict mortality, benefit
of immunosuppressive therapy, progression or progression-free survival [60, 61]
have not been substantiated in studies examining larger cohorts [62]. However,
several strategies are available to help identify patients at risk for the development
and progression of SSc-ILD, and these should be considered as a first step in the

management of patients with SSc (Table 2).



In clinical practice, the severity of SSc-ILD may be staged based on the “Goh
criteria” whereby patients have “limited” or “extensive” disease based on HRCT
clearly <20% or clearly >20%, respectively, with the use of an FVC threshold of 70%
in indeterminate cases [41]. Baseline HRCT extent has been associated with decline
in FVC % predicted [63] and, in a more recent study, extensive disease (>20%) was
associated with a threefold increase in deterioration or death [64].

An evidence-based prediction model — SPAR — that combines peripheral capillary
oxygen saturation (SpO2) and arthritis history has recently been developed to predict
progression of mild ILD [65]. In 215 patients with SSc and mild ILD, lower SpO2 after
a 6-minute walk test and the presence of arthritis at any point were independent
predictors of ILD progression (defined as a relative decrease in FVC 215%, or FVC
210% combined with DLco 215% at 1-year follow-up) [65]. By combining both
predictors, the derived SPAR model was able to increase the prediction rate from
25.5% to 91.7% and, ultimately, may enable risk stratification of patients with early,
mild SSc-ILD [65].

A number of other risk factors for SSc-ILD disease progression have been identified.
A large SSc-ILD cohort study demonstrated that FVC (hazard ratio [HR] 0.97;
p=0.0009), DLco (HR 0.97; p=0.0004) and increasing age (HR 1.03; p=0.04) were
significantly associated with mortality after adjusting for sex, body mass index,
smoking status, serology, disease subtype and immunosuppressive use [66]. A
recent analysis showed that a decline in FVC or DL¢co over 2 years was a better
predictor of mortality than baseline FVC and DL¢o [10].

Auto-antibodies against the DNA-modifying enzyme topoisomerase | are frequently
present in patients with dcSSc and may be associated with the faster progression of

SSc-ILD [34, 67, 68]. Owing to the pathogenic role of the chemokine receptors



CXCR3 and CXCR4 in fibrosis, auto-antibodies against them have been investigated
in patients with SSc [69]. Anti-CXCR3 and anti-CXCR4 antibody levels have been
shown to be different among SSc subgroups compared with healthy subjects, and
highest in diffuse SSc patients. Patients with SSc-ILD exhibited higher antibody
levels than those without ILD; however, patients with deterioration of lung function
(FVC % predicted <70%) showed lower anti-CXCR3/4 antibody levels compared with
those with stable disease [69]. However, these biomarkers are not routinely
available.

Several inflammatory markers have been investigated. Elevated serum chemokine
ligand 18 is predictive of FVC decline [70, 71] and is a risk factor for death or
progression of SSc-ILD [71-73]. Baseline C-reactive protein levels predict long-term
progression of SSc-ILD, and higher levels are also associated with shorter survival
[74] and a decline in PFTs [75]. Krebs von den Lungen-6 (KL-6) and surfactant
protein-D (SP-D) are proteins predominantly expressed in the lung, and are
associated with lung damage, fibrosis and inflammation [71, 76]. Serum KL-6 level is
inversely correlated with DLco % predicted, and elevated levels are associated with
end-stage lung disease and faster FVC decline [71, 76-78], even in the presence of
treatment with immunosuppression [79]. Further research is required to validate

these biomarkers.

Monitoring disease progression

The variable rates of disease progression in SSc-ILD mean that it is important that

patients are appropriately monitored after a diagnosis of ILD in SSc, although there
is currently no established definition for disease progression. Serial measurements

of symptoms (e.g. appearance or aggravation of dyspnoea, cough and/or fatigue),



physical examination and PFTs are important to assess disease progression at
regular clinic visits [6, 21], and recent studies highlight the impact of change in PFT
on mortality [10, 80].

Patient-reported outcomes may also be important for measuring disease
progression; there is an association between lower FVC and worsening scores on
St. George’s Respiratory Questionnaire (SGRQ), a measure of respiratory-related
health status, in patients with ILD [81]. It should be noted that this study largely
evaluated patients with idiopathic pulmonary fibrosis, hypersensitivity pneumonitis
and nonspecific interstitial pneumonia; SGRQ scores in SSc may be affected by
comorbidities, including musculoskeletal problems.

Outstanding questions remain regarding the use of repeated HRCT, including how
often it should be performed routinely (for instance, every year or every other year),
and whether PFT or other tools should be used for monitoring, with HRCT only used
if necessary (e.g. unexpected worsening or suspicion of infection) [38, 82]. In
addition, there is some debate as to whether and how often CT scans should be

repeated in patients with SSc who do not have an ILD when first examined.

SSc-ILD expert panel

An international panel of SSc-ILD experts from Europe and North America was
assembled to discuss developments in the field. Topics of interest were selected by
panel chairs and discussed in groups. The selected group of pulmonologists and
rheumatologists identified predictors of progression of SSc-ILD as an area of unmet
need. We reviewed evidence for the clinical course of SSc-ILD, examined the
challenges involved in diagnosis, and provided guidance on the staging and risk

stratification of patients with SSc-ILD.



We support the definition of progression of disease in individual patients as a
sustained change in lung function characterised by an FVC decline from baseline of
=210%, or an FVC decline of 5-9% in association with a DLco decline of 215%
(Figure 3) [80]. If serial CTs show an increase in the extent of ILD on HRCT imaging
this would also be taken into account. This definition is one of the most commonly
used definitions for progression, although it has not been formally validated in SSc-
ILD. Researchers usually use this definition with a time period of 1 year, but there is
no agreement on how disease progression should be defined over a longer time
period. It should be acknowledged that this decline in FVC and/or DL¢o observed
over a longer time period still demonstrates potentially clinically relevant disease
progression, albeit at a slower rate.

Without intervention, the natural annual loss of lung function is 15-25 mL (inferred
from regression equations in [83]). Diurnal variability in lung function is 8-9% and
measurement error in clinical trials is about 1% [84]. In the worst-case scenario, this
amounts to 10%. Thus, for a relative 5-9% loss in FVC, we agreed that it should be

accompanied by a decline in DLco to confirm disease progression.

Implications for therapy

In the recently published SENSCIS® trial, patients with SSc-ILD treated with
nintedanib had a lower rate of annual FVC decline than those receiving placebo
(treatment difference 41 mL) [85]. Based on these data, nintedanib has recently
been approved by the US Food and Drug Administration for slowing the rate of
decline in pulmonary function in patients with SSc-ILD [86]. Guidelines issued by the
European League Against Rheumatism and the EUSTAR group in 2017 recommend

consideration of tailored cyclophosphamide (CYC) treatment in patients with SSc-



ILD, and the use of haematopoietic stem cell transplant in selected patients with
rapidly progressing SSc [87]. Following the SLS Il trial [10], a Delphi consensus
treatment algorithm advocated for first line treatment of SSc-ILD with mycophenolate
mofetil (MMF). Second-line treatments included CYC or rituximab as induction
therapy, followed by MMF as maintenance therapy [88].

However, there is currently no consensus regarding treatment initiation or escalation
[89]. Most SSc experts draw on their clinical experience and consider the risk factors
for SSc-ILD progression to inform their decision on when to initiate therapy on a
case-by-case basis [90]. Better identification of patients at greatest risk of
progression will help to identify those who can benefit the most from early treatment
[6]. There is a clear need for new treatments. As our understanding of the
pathogenesis of SSc-ILD evolves, there is the hope that specific therapies will be
introduced that treat the disease in the organ systems affected, improving patient
well-being, function and survival [91-94]. Targeting the self-perpetuating fibrosis may
provide therapeutic options in the future [16], although it remains unknown whether
aggressive treatment of the disease early is beneficial in terms of modifying disease
progression and preventing irreversible lung damage. In the near future, it is hoped
that molecular detection of disease will inform immunomodulatory therapy in SSc

patients [95].

Conclusions

By increasing awareness of frequency, progression and mortality associated with
SSc-ILD among physicians, there is the potential to improve patient outcomes.
Better identification of which patients are at risk of progression will also be beneficial.

ILD is an early complication of SSc, and there is a need for early and systematic



screening of patients to potentially enable treatment prior to deterioration of lung
function in subjects at high risk of disease progression. Pulmonary function testing
remains an important diagnostic tool, but may need to be performed regularly
following SSc diagnosis to detect changes suggesting ILD. Baseline screening with
HRCT, as part of a wider clinical work-up that includes lung function testing, is
necessary to confirm an SSc-ILD diagnosis. We favour a definition of disease
progression as a sustained change in lung function characterised by an FVC decline
from baseline of 210%, or an FVC decline of 5-9% in association with a DLco
decline of 215%. This decline in FVC or DLco should be considered as disease
progression even if it is only observed beyond the 12-month period. Patient-reported
outcome tools focused on breathlessness and imaging may provide valuable
supporting information. In the future, it is hoped that new imaging techniques and
diagnostic and predictive biomarkers will play an increasingly important role in

defining SSc-ILD progression.
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Tables

Table 1. Clinical and biological factors associated with the presence of ILD in SSc

Characteristics predictive of ILD in SSc

Demographic

Disease status

Biomarkers

Pulmonary function tests

Male

Afro-Caribbean ethnicity

Peoples et al. 2016 [31];
Hussein et al. 2014 [32];

Al-Sheikh et al. 2019 [33]

Diffuse cutaneous sclerosis

Walker et al. 2007 [30]

Anti-topoisomerase |

positivity

Walker et al. 2007 [30]

Lower FVC

Lower DLco

Nihtyanova et al. 2014 [34];

Peoples et al. 2016 [31]

Abbreviations: DLco, diffusing

capacity of the lungs for carbon monoxide; FVC, forced vital capacity.




Table 2. Clinical and biological factors associated with progression of SSc-ILD?*

Characteristics predictive of disease progression

Demographic Disease status Biomarkers Pulmonary function Imaging
tests
African American Diffuse cutaneous IL-6 Low baseline FVC Extent of ILD on HRCT
ethnicity sclerosis CRP Low baseline DLco Goh et al., 2008 [41];
Advanced age Nihtyanova et al., 2014 CCL2 Steen et al., 1994 [99]; Khanna et al., 2011 [63];
: 4 M l., 2013 [64];
Assassi et al., 2010 [68]; [34] Morgan et al., 2003 oore et al., 2013 [64]
CCL18 I
. . Ariani et al., 2017 [79,
Al Sheikh et al. 2019 [100]; Plastiras et al., rlani et a [
CXCL4
[33]; Ahmed et al., 2014 2006 [101]; Nihtyanova 98, 102]
[66] KL-6 et al., 2014 [34]; Ahmed
SP-D et al., 2014 [66]; Morgan

Anti-topoisomerase |

et al., 2003 [100];

Nihtyanova et al., 2014




Anti-CXCR3

Anti-CXCR4

De Lauretis et al., 2013
[22]; Liu et al., 2013
[74]; Ross et al., 2018
[75]; Wu et al., 2017
[96]; Tiev et al., 2011
[70]; Schupp et al., 2014
[72]; Elhai et al., 2019
[71]; van Bon et al.,
2014 [97]; Kuwana et al.
2016 [77]; Salazar et al.,
2018 [78]; Yamakawa et
al., 2017 [76]; Assassi et

al., 2010 [68];

[34]




Nihtyanova et al., 2014
[34]; Weigold et al.,

2018 [69]; Volkmann et
al. 2019 [79]; Volkmann

et al. 2016 [98]

W orsening of pulmonary function.

Abbreviations: CCL, chemokine ligand; CI, confidence interval; CRP, C-reactive protein; DLco, diffusing capacity of the
lung for carbon monoxide; FVC, forced vital capacity; HR, hazard ratio; HRCT, high-resolution computed tomography; IL,
interleukin; ILD, interstitial lung disease; KL-6, Krebs von den Lungen-6; NR, not reported; OR, odds ratio; SP-D,

surfactant protein D.




Figure legends

Figure 1. Schematic of the key pathways implicated in systemic SSc-ILD [16,

18, 36]

Abbreviations: TGFf3, transforming growth factor beta.

Figure 2. (A) HRCT from a patient with SSc-ILD (disease extent >20%). (B) Lung

histology from a patient with SSc showing NSIP

Abbreviations: HRCT, high-resolution computed tomography; ILD, interstitial lung

disease; NSIP, nonspecific interstitial pneumonia; SSc, systemic sclerosis.

Figure 3. Proposed definition of disease progression

Abbreviations: DLco, diffusing capacity of the lungs for carbon monoxide; FVC,

forced vital capacity.
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