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ABSTRACT This systematic review summarises current evidence to help guide treatment decisions for
patients with systemic sclerosis (SSc)-associated interstitial lung disease (ILD). A systematic search of the
literature ( January 2012 to April 2018), including grey literature (searched between 1992 and 2011), was
conducted using multiple electronic databases. Guidelines, meta-analyses, randomised controlled trials and
observational studies reporting on risk stratification, screening, diagnosis, treatment and management
outcomes for patients with SSc-ILD were included. A quality assessment of the included evidence was
undertaken.

In total, 2464 publications were identified and 280 included. Multiple independent risk factors for ILD
in patients with SSc were identified, including older age, male sex and baseline pulmonary function. High-
resolution computed tomography (HRCT) has been used for characterising ILD in patients with SSc, and
pulmonary function tests are a key adjunctive component in the diagnostic and monitoring pathway. The
clinical value of biomarkers relating to SSc-ILD diagnosis or assessment for disease progression is
unknown at present. Immunosuppressive therapy (monotherapy or combined therapy) is the current
standard of care for SSc-ILD; long-term evidence for effective and safe treatment of SSc-ILD is limited.

Identification of patients at risk for SSc-ILD remains challenging. HRCT and pulmonary function tests
are key to diagnosing and monitoring for disease progression. Although immunosuppressive therapy is
considered current first-line treatment, it is partly associated with adverse effects and long-term follow-up
evidence is limited. Novel therapies and biomarkers should be further explored in well-controlled clinical
studies.
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Introduction
Systemic sclerosis (SSc) is a rare, heterogeneous autoimmune disease characterised by immune-mediated
inflammatory processes, vasculopathy and fibrosis, which is clinically manifested by multiorgan
involvement [1, 2]. Although the aetiology of SSc is unknown, evidence suggests links between genetic
predisposition and environmental factors [3]. Interstitial lung disease (ILD) is a frequent organ
manifestation and is a leading cause of morbidity and mortality in patients with SSc [1, 4]. As such, early
identification of patients who are at risk of organ disease as well as the subsequent monitoring of these
patients are of importance in improving clinical outcomes [5, 6].

The early identification of SSc-ILD is challenging, as symptoms are usually subclinical. Consequently,
SSc-ILD is frequently diagnosed during advanced stages of disease. There is a paucity of evidence-based
guidelines for the screening and early diagnosis of SSc-ILD, as well as limited scientific information that
may be used to guide treatment decisions [7]. Long-term, effective treatment options for SSc-ILD are scarce
and current treatment approaches focus on targeting inflammatory pathways with immunosuppressive
therapy [8, 9]. In daily clinical practice, treatment initiation is often based on the presence of factors that
are related to either expected ongoing lung disease progression or to baseline disease severity.

The objective of this systematic review is to summarise the available scientific literature to help guide
decisions for screening, management and monitoring disease progression for patients diagnosed with
SSc-ILD. These results formed the basis for the development of evidence-based consensus statements on
the identification and management of SSc-ILD [10].

Methods
Search strategy
The search strategy methods are described in the supplementary methods.

Outcomes
Data were collected for the following key outcomes: risk factors for SSc-ILD (comorbidities, biomarkers,
polymorphisms); screening (tests for currently undiagnosed disease), diagnosis (tests used to diagnose
SSc-ILD) and assessment of disease severity; treatment initiation and options; and disease progression
(tests and markers for disease progression).

Results
A total of 2464 citations were retrieved, of which 1894 unique abstracts were identified. Screening of these
abstracts led to the inclusion of 708 publications for full-text review, out of which 447 publications were
ineligible. In addition, the grey literature search using Google Scholar yielded a total of 360 articles, of
which 19 publications were relevant. A total of 280 publications (244 original studies; 36 publications
associated with an original study) were considered eligible for inclusion in the review (figure 1). Most of
the evidence is based on observational studies (n=237; 85%); six (2.1%) were randomised controlled trials
(RCTs).

Quality of the evidence
The overall risk of bias was low among the six included RCTs. Details on the statistical analysis plan and
allocation concealment were missing from most of the studies. One open-label RCT was only published as
an abstract and not available as a full paper at the time of analysis (table 1) [14].

The quality of the 235 publications from observational studies was judged to be high for the reporting of
primary outcomes (92% of the studies). 98% of these studies included quantitative analyses. There was
adequate reporting of treatment exposure in 75% of the studies. However, the quality of publications was
judged to be low for reporting and handling of confounding factors and immortal time bias (the period of
follow-up time during which the outcome of interest cannot occur), and validation of study primary
outcomes, with <50% of publications reporting these details. Almost one-third (30%) of the included
observational studies were reported as conference abstracts only (supplementary table S2).

Risk factors
The evidence was assessed for risk factors that may be associated with the presence, severity and
progression of SSc-ILD.

High-quality evidence reported an association between diffuse skin involvement and ILD [17–22].
Moderate-quality evidence suggested that antibody status of anti-centromere (ACA) and
anti-topoisomerase I (ATA) are risk factors associated with ILD [18, 19], with ACA being protective for
SSc-ILD and ATA increasing the likelihood of the presence of SSc-ILD [18, 23, 24]. Other evidence
identified additional risk factors for the presence of SSc-ILD, including older age, male sex [19, 20] and
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baseline forced vital capacity (FVC) and diffusing capacity of the lung for carbon monoxide (DLCO) [25,
26]. High-quality evidence reported that high-resolution computed tomography (HRCT) findings can be
used to assess the severity of SSc-ILD at baseline [18, 27, 28]. Baseline C-reactive protein levels correlated
with long-term decline in FVC in patients with early SSc [29].

Supplementary table S3 provides a comprehensive list of other risk factors associated with SSc-ILD.

Screening, diagnosis and assessment of disease severity
Moderate-quality evidence suggests that pulmonary function tests (including FVC and DLCO) in
combination with HRCT may be useful in screening for SSc-ILD [25, 30, 31]. No data were reported for
the optimal timing for screening.

TABLE 1 Critical appraisal of randomised controlled trials using National Institute for Health and Care Excellence standards#

First author, year [ref.] Randomisation Allocation concealment Blinding Follow-up Selective reporting Statistical analysis plan

TASHKIN, 2007 [12] Yes Unclear Yes No No Unclear
TASHKIN, 2016 [13] Yes Unclear Yes No No Yes
SIRCAR, 2017¶ [14] Yes Unclear No Unclear No Unclear
PÉREZ CAMPOS, 2012 [15] Yes Yes Yes No No Unclear
SEIBOLD, 2010 [16] Unclear Unclear Yes No No Unclear

#: a further study was underpowered and therefore not rated at the same evidence level [11]; ¶: please note that since the date of the literature
search, this reference (abstract) has been published in full.

FIGURE 1 Selection process of
included publications (Preferred
Reporting Items for Systematic
Reviews and Meta-Analyses
diagram).
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HRCT was identified as the most common method for diagnosing SSc-ILD (supplementary table S3).
Moderate-quality evidence identified lung ultrasound as a potential tool to detect the presence of ILD in
patients with SSc [32, 33].

Other evidence reported on other tests, including prognostic non-HRCT-based algorithms, serial
cardiopulmonary exercise tests, nailfold capillaroscopy and other less commonly used tests that have been
used for detecting ILD in SSc patients (supplementary table S3).

In the Scleroderma Lung Study (SLS) I, the extent of ILD defined by HRCT was a predictor of decline in
FVC [34]. Moreover, pulmonary function tests (PFTs) including FVC and DLCO have been used as
surrogate measures to assess the presence and severity of SSc-ILD at baseline (moderate-quality evidence)
[26, 35]. Moderate-quality evidence found that frequent cough correlated with the presence and severity of
SSc-ILD [36].

Treatment and options (initiation, escalation, rescue)
Immunosuppressive drugs (monotherapy and combination) were predominantly used (supplementary
table S3). No evidence or recommendations were identified for when and how to escalate treatment doses.

There is overall high-quality evidence supporting cyclophosphamide (CYC) [11, 12, 37]. SLS I [12]
reported that treatment with CYC improved lung function (FVC % predicted, total lung capacity %
predicted) compared with placebo in patients with SSc-ILD at 1 year. Another trial showed a trend for
increased efficacy of low-dose prednisolone and intravenous CYC followed by oral azathioprine compared
with placebo in an underpowered study [11].

There is also moderate evidence supporting treatment with mycophenolate mofetil (MMF) [13, 38]. SLS II
[13] found that treatment with CYC for 1 year or MMF for 2 years both resulted in significant
improvements in pre-specified measures of lung function (FVC % predicted), lung imaging, dyspnoea and
skin disease. MMF was more tolerable and less toxic, yet this study failed its primary end-point of
superiority of 2 years’ treatment with MMF over 1 year’s treatment with CYC, and other RCTs do not
exist for MMF. These data support the effectiveness of both treatments for progressive SSc-ILD and the
current preference for MMF because it is more tolerable and associated with fewer adverse effects [13].

Haematopoietic stem cell transplantation should be considered for the treatment of carefully selected
patients with rapidly progressing SSc who are at risk of organ failure. Improvements in FVC were seen and
sustained at 2-year follow-up [39, 40]; however, the adverse event rate reported in one study was 43% and
included two (14%) patients with severe cardiomyopathy, of which one case was fatal (high-quality
evidence) [41].

Moderate-quality evidence supports rituximab as a potential therapy in SSc-ILD [35, 42, 43].

Moderate-quality evidence indicates that lung transplantation is a valid treatment for highly selected ILD
or pulmonary arterial hypertension patients with SSc [44].

High-quality evidence for the inefficacy of bosentan was identified [16]. References for studies on other
therapies can be found in supplementary table S3.

Nonpharmacological treatments were not assessed.

Disease progression
PFTs and HRCT were identified as the most common measures to monitor the disease in SSc-ILD
patients (supplementary table S3).

High-quality evidence identified HRCT as a useful imaging tool to determine the disease pattern in
patients with SSc-ILD, correlating with PFTs [25, 31, 45, 46]. High-quality evidence indicates that baseline
HRCT can predict survival [47].

High-quality evidence found that disease progression, defined as either FVC decline from baseline ⩾10%
or FVC decline of 5–9% with a DLCO decline of ⩾15%, was associated with increased risk of mortality
[48]. In a study investigating predictors of mortality in patients in SLS I and II, an FVC decline over
2 years was a superior predictor of mortality compared with baseline FVC [49].

Other evidence identified decline in exercise-induced blood oxygen saturation and arthritis as predictors of
ILD progression in patients with SSc who had mild ILD [50].

A correlation between frequent cough and the presence or severity of SSc-ILD has been identified and is
recognised as a symptom of disease progression in patients with SSc-ILD [36, 51].
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Additional evidence was found for measures associated with disease progression, including exhaled nitric
oxide, oesophageal diameter, pulmonary artery/ascending aorta ratio, arthritis and FVC values within the
first 3 years following diagnosis (supplementary table S3).

Circulating biomarkers
The evidence was assessed for biomarkers that may be diagnostic for the presence or severity of SSc-ILD
or prognostic for disease progression. Moderate-quality evidence found that surfactant protein-D serum
levels correlated with markers of ILD severity, lung function and lung fibrosis in patients with SSc-ILD
[52–54]. High CC chemokine ligand 18 (CCL18) levels were associated with disease progression and were
predictive of lower survival rates and deterioration of pulmonary function [55]. However, in a different
study, CCL18 levels were only predictive of short-term decline in FVC in patients with early SSc [53].
C-X-C motif chemokine ligand 4 levels were linked to progression of lung fibrosis [56] and Krebs von den
Lungen-6 may be a useful biomarker of disease severity in SSc-ILD [57].

A list of other biomarkers identified in the systematic review can be found in supplementary table S3.

Discussion
A comprehensive systematic literature review was conducted and provides a broad summary on the
SSc-ILD literature landscape regarding screening, diagnosis, management and disease progression. This
review provides the foundation for the evidence-based consensus statements for the identification and
management of SSc-ILD [10]. A total of 280 publications (244 original studies; 36 publications associated
with an original study) were considered eligible for inclusion in the review. 85% of the evidence is based
on observational studies.

Screening patients with SSc for lung disease is important for identifying patients with SSc-ILD early. In
one study, 30% of patients with SSc-ILD showed progressive disease, defined by PFT decline, which was
associated with decreased survival compared with stable FVC [4]. Progressive ILD is associated with
poorer outcomes [4] and therefore regular monitoring of all patients with SSc-ILD is needed to identify
those with progression and facilitate treatment decisions [58]. However, of key concern in patients with
SSc-ILD are the complex and diverse clinical features that make early identification difficult [59]. The
methods with highest-quality evidence identified to screen, diagnose and monitor the disease in SSc-ILD
patients were PFTs and HRCT, which are routinely used in clinical practice. HRCT can detect ILD even
when PFTs are normal [30], and chest HRCT using limited CT slices can even detect mild SSc-ILD while
reducing patient exposure to radiation [60]. Several biomarkers, with varying levels of sensitivity and
specificity, have also been investigated within clinical studies for the purpose of diagnosis, severity
assessment and prediction of progression [23, 24, 52–55, 61–63]. However, the potential application of
these biomarkers in the real-world hospital setting is unclear and needs further confirmation with more
clinical evidence. The evidence may be indicative of potentially useful markers in the future.

Treatment of SSc-ILD is also challenging because of the clinical complexity and heterogeneity of the
disease. Lung function decline has been shown to occur early in the disease course, and early treatment
initiation may improve patient outcomes [64]. However, more recent evidence shows that patients may
have a slower course of disease progression, demonstrating the importance of monitoring to identify
patients at risk of progression [65].

Several different treatment approaches and strategies for SSc-ILD have been published recently [2, 66, 67].
Our systematic literature review showed that immunosuppressive therapies are the current standard of care
in the treatment of SSc-ILD. CYC has been used frequently in the treatment of SSc-ILD, especially as
induction therapy. Potential drug toxicity makes it unsuitable for long-term use. Intravenous
administration has been shown to be preferable because it is less toxic than oral CYC [11]. MMF is widely
suggested as an alternative immunosuppressive therapy for induction and maintenance and has been
shown to stabilise lung function, but it actually lacks highest-level evidence, as primary end-point positive
RCTs are missing. Our findings for CYC concur with recommendations included in the European League
Against Rheumatism recommendations for treatment of patients with SSc who have lung disease [7]. To
date, no randomised placebo-controlled trials investigating rituximab in SSc-ILD have been conducted.
Observational and noncontrolled studies have shown that rituximab may benefit patients with SSc-ILD by
preventing lung function decline and thus may be a potential future treatment when further RCT studies
can prove efficacy [42, 43, 68, 69]. Haematopoietic stem cell transplantation is a potential therapy for
certain groups of patients with SSc, although adverse events are frequent, including treatment-related
mortality [39–41].

Other immunosuppressive treatments are frequently used in clinical practice, but the evidence base
supporting their use is not well described [70]. Thus, the availability of effective treatment options for
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patients with SSc-ILD remains limited. After our literature search, additional data were published that were
used in the development of the evidence-based consensus statements. This included results from the
SENSCIS trial showing that nintedanib is an effective treatment for patients with SSc-ILD [71]. Nintedanib
is now approved for the treatment of patients with SSc-ILD in the United States and in Europe [72, 73].
Some important RCTs relating to other therapeutic agents have been published since the systematic
literature review [2]. Data from the phase II faSScinate and phase III focuSSced studies investigating
tocilizumab as a treatment for early, inflammatory diffuse cutaneous SSc indicate that it has a beneficial
effect on ILD disease progression as measured by FVC decline and HRCT, despite the focuSSced study not
meeting its primary end-point (the modified Rodnan skin score) [74–76]. On the basis of these studies,
both nintedanib and tocilizumab were considered in the consensus statements [10].

The efficacy of treatments in SSc-ILD has been reviewed in detail elsewhere [2, 66]. Nonpharmacological
treatments and management strategies such as supplemental oxygen, pulmonary rehabilitation, physical
activity and encouraging smoking cessation [66, 77] may have a role in supporting patients with SSc-ILD,
but were not evaluated in this systematic review.

This systematic literature review has some limitations. Full publication of abstracts that were identified
could have taken place since the search date in April 2018; this may impact on the current quality
assessment of some of the included studies. There are no quality assessments existing that are universally
applicable to cover the wide range of prediction, assessment and management covered in this systematic
literature review, and thus compromises had to be made. The Good Research for Comparative
Effectiveness checklist [78] does not have an option for “not applicable”, and therefore a lower quality
indicator was applied if information was not available, for example from an abstract, which reduced the
overall quality of some studies, particularly if they were not published as a full article or if they were not
clinical trials. This was often the case for noninterventional studies. In addition, there is the potential for
subjectivity by the steering committee in assigning overall quality ratings to the evidence.

A strength of this study was that a comprehensive search of the literature was conducted, using multiple
electronic sources and grey literature to identify the current evidence on risk stratification, screening,
diagnosis, monitoring, treatment (patterns, pathways, escalation, algorithm) and ongoing management
(including criteria for disease progression and biomarkers) outcomes for patients with SSc-ILD. A
standardised methodology was used to minimise researcher bias. This review has informed the
development of Delphi-based consensus statements for screening, diagnosis, treatment and assessment of
disease progression in SSc-ILD, and to develop a management algorithm that will provide a framework for
future decision-making in SSc-ILD [10].

Conclusion
SSc is a complex disease with diverse manifestations, which makes identification of clinically relevant ILD
frequently challenging. Current evidence supports the notion that HRCT is a robust tool to diagnose,
determine extent of disease and to identify disease progression of SSc-ILD. More research is required on
the optimal quantification method and alternative imaging techniques. Several biomarkers have been
investigated, but their relevance in clinical practice needs confirmation. This systematic review has
highlighted the lack of high-quality evidence for guidance or recommendations for treatment algorithms
and choice of treatments for patients with SSc-ILD. There is a need for further robust clinical research to
evaluate alternative safe and effective treatment options for patients with SSc-ILD.
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