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Take home message

This systematic literature review on systemic sclerosis-associated interstitial lung
disease summarises the evidence supporting approaches to disease management

in clinical practice.



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-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
gender 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 multi-organ 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 can be found 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%); 6 (2.1%) were randomised controlled trials (RCTSs).



Quality of the evidence

The overall risk of bias was low amongst 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) [11].

The quality of the 235 publications from observational studies was judged to be
high for the reporting of primary outcomes (92% of the studies). Ninety-eight
percent 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
less than 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 [12-17]. Moderate-quality evidence suggested that antibody status of anti-
centromere (ACA) and anti-topoisomerase | (ATA) are risk factors associated with
ILD [13, 14], with ACA being protective for SSc-ILD and ATA increasing the

likelihood of the presence of SSc-ILD [13, 18, 19]. Other evidence identified



additional risk factors for the presence of SSc-ILD, including older age, male
gender [14, 15] and baseline forced vital capacity (FVC) and diffusion capacity of
the lung for carbon monoxide (DLco) [20, 21]. High-quality evidence reported that
high-resolution computed tomography (HRCT) findings can be used to assess the
severity of SSc-ILD at baseline [13, 22, 23]. Baseline C-reactive protein levels

correlated with long-term decline in FVC in patients with early SSc [24].

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 [20,

25, 26]. No data were reported for the optimal timing for screening.

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 [27, 28].

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) 1, the extent of ILD defined by HRCT was a

predictor of decline in FVC [29]. Moreover, pulmonary function tests (PFTSs)



including FVC and DLco have been used as surrogate measures to assess the
presence and severity of SSc-ILD at baseline (moderate-quality evidence) [21,
30]. Moderate-quality evidence found that frequent cough correlated with the

presence and severity of SSc-ILD [31].

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) [32-
34]. The SLS | [33] 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 [34].

There is also moderate evidence supporting treatment with mycophenolate mofetil
(MMF) [35, 36]. The Scleroderma Lung Study Il (SLS 1) [35] 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 endpoint 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 [35].

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 [37,
38]; however, the adverse event rate reported in one study was 43% and included
two patients (14%) with severe cardiomyopathy, of which one case was fatal

(high-quality evidence) [39].

Moderate-quality evidence supports rituximab as a potential therapy in SSc-ILD

[30, 40, 41].

Moderate-quality evidence indicates that lung transplantation is a valid treatment

for highly selected ILD or pulmonary arterial hypertension patients with SSc [42].

High-quality evidence for the inefficacy of bosentan was identified [43].
References for studies on other therapies can be found in Supplementary Table

S3.

Non-pharmacological 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 [20, 26, 44, 45].

High-quality evidence indicates that baseline HRCT can predict survival [46].

High-quality evidence found that disease progression, defined as either FVC
decline from baseline 210% or FVC decline of 5—9% with a DLco decline of 215%,
was associated with increased risk of mortality [47]. In a study investigating
predictors of mortality in patients in SLS | and Il, an FVC decline over 2 years was

a superior predictor of mortality compared with baseline FVC [48].

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

[49].

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 [31, 50].

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
[51-53]. High CC chemokine ligand 18 (CCL18) levels were associated with
disease progression and predictive of lower survival rates and deterioration of
pulmonary function [54]. However, in a different study, CCL18 levels were only
predictive of short-term decline in FVC in patients with early SSc [52]. C-X-C Motif
Chemokine Ligand 4 levels were linked to progression of lung fibrosis [55] and
Krebs von den Lungen-6 may be a useful biomarker of disease severity in SSc-

ILD [56].

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 [57]. A total of 280 publications (244 original studies; 36
publications associated with an original study) were considered eligible for
inclusion in the review. Eighty-five percent 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 [25], and chest
HRCT using limited CT slices can even detect mild SSc-ILD whilst 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 [18, 19,
51-54, 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 recently

been published [2, 66, 67]. Our SLR showed that immunosuppressive therapies



are the current standard of care in the treatment of SSc-ILD. CYC has been
frequently used in the treatment of SSc-ILD, especially as induction therapy.
Potential drug toxicity makes it unsuitable for long-term use. IV administration has
been shown to be preferable because it is less toxic than oral CYC [68]. 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 endpoint-positive RCTs are missing. Our
findings for CYC concur with recommendations included in the European League
Against Rheumatism recommendations for treatment of patients with systemic
sclerosis who have lung disease [7]. To date, no randomised placebo-controlled
trials investigating rituximab in SSc-ILD have been conducted. Observational and
non-controlled studies have shown that rituximab may benefit patients with SSc-
ILD by preventing lung function decline and thus be a potential future treatment
when further RCTs studies can prove efficacy [40, 41, 69, 70]. Haematopoietic
stem cell transplantation is a potential therapy for certain groups of patients with
SSc, although adverse events are frequent, including treatment-related mortality

[37-39].

Other immunosuppressive treatments are also frequently used in clinical practice,
but the evidence base supporting their use is not well described [71]. Thus, the
availability of effective treatment options for 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 [72]. Nintedanib is now approved for the treatment of



patients with SSc-ILD in the US and in Europe [73, 74]. Some important RCTs
relating to other therapeutic agents have also been published after the systematic
literature review [2]. Data from the Phase Il faSScinate and Phase Il 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 endpoint (the modified Rodnan skin score) [75-77]. On the
basis of these studies, both nintedanib and tocilizumab were considered in the

consensus statements [10].

The efficacy of treatments in SSc-ILD have been reviewed in detail elsewhere [2,
66]. Non-pharmacological treatments and management strategies may have a role
in supporting patients with SSc-ILD such as supplemental oxygen, pulmonary
rehabilitation, physical activity and encouraging smoking cessation [66, 78], but

were not evaluated in this systematic review.

This systematic literature review also 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
GRACE Checklist [79] 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 non-interventional studies. There is also the potential for
subjectivity from 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 [57].

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
guantification 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.



Acknowledgements

The authors meet criteria for authorship as recommended by the International
Committee of Medical Journal Editors (ICMJE). The authors did not receive
payment for the development of the review. The systematic literature review was
conducted independently by IQVIA™. Medical writing, editorial support and
formatting assistance was provided by Julie Brown (PhD) and AMICULUM Ltd,
and Claire Scott, PhD of MediTech Media, UK, which was contracted and funded
by Boehringer Ingelheim International GmbH (BI). Bl was given the opportunity to
review the manuscript for medical and scientific accuracy as well as intellectual

property considerations.

Funding

Funding for the systematic literature review and medical writing support was

provided by Boehringer Ingelheim.



References

1. Schoenfeld SR, Castelino FV. Interstitial lung disease in scleroderma.
RheumDisClinNorth Am 2015; 41: 237-248.

2. Distler O, Volkmann ER, Hoffmann-Vold AM, Maher TM. Current and future
perspectives on management of systemic sclerosis-associated interstitial lung
disease. Expert Review of Clinical Immunology 2019; 15: 1-9.

3. Varga J, Trojanowska M, Kuwana M. Pathogenesis of systemic sclerosis:
recent insights of molecular and cellular mechanisms and therapeutic
opportunities. Journal of Scleroderma and Related Disorders 2017; 2: 137-152.

4. Hoffmann-Vold AM, Fretheim H, Halse AK, Seip M, Bitter H, Wallenius M,
Garen T, Salberg A, Brunborg C, Midtvedt O, Lund MB, Aalokken TM, Molberg O.
Tracking impact of interstitial lung disease in systemic sclerosis in a complete
nationwide cohort. Am J Respir Crit Care Med 2019; 200: 1258-1266.

5. Hoffmann-Vold AM, Distler O, Murray B, Kowal-Bielecka O, Khanna D,
Allanore Y, EUSTAR and SCTC collaborators. Setting the international standard
for longitudinal follow-up of patients with systemic sclerosis: a Delphi-based expert
consensus on core clinical features. RMD Open 2019; 5: e000826.

6. Jaeger VK, Wirz EG, Allanore Y, Rossbach P, Riemekasten G, Hachulla E,
Distler O, Airo P, Carreira PE, Balbir Gurman A, Tikly M, Vettori S, Damjanov N,
Muller-Ladner U, Distler JH, Li M, Walker UA, EUSTAR co-authors. Incidences
and risk factors of organ manifestations in the early course of systemic sclerosis: a
longitudinal EUSTAR study. PLoS One 2016; 11: e0163894.

7. Kowal-Bielecka O, Fransen J, Avouac J, Becker M, Kulak A, Allanore Y,
Distler O, Clements P, Cutolo M, Czirjak L, Damjanov N, Del Galdo F, Denton CP,

Distler JHW, Foeldvari I, Figelstone K, Frerix M, Furst DE, Guiducci S,



Hunzelmann N, Khanna D, Matucci-Cerinic M, Herrick AL, van den Hoogen F, van
Laar JM, Riemekasten G, Silver R, Smith V, Sulli A, Tarner I, Tyndall A, Welling J,
Wigley F, Valentini G, Walker UA, Zulian F, Muller-Ladner U, EUSTAR Coauthors.
Update of EULAR recommendations for the treatment of systemic sclerosis.
AnnRheumDis 2017; 76: 1327-1339.

8. Suliman S, Al Harash A, Roberts WN, Perez RL, Roman J. Scleroderma-
related interstitial lung disease. RespirMedCase Rep 2017; 22: 109-112.

9. Mango RL, Ryu JH, Makol A. Newer insights into the management of
interstitial lung disease in systemic sclerosis. Indian Journal of Rheumatology
2017; 12: 194-203.

10. Hoffmann-Vold A-M, Maher TM, Philpot EE, Ashrafzadeh A, Barake R,
Barsotti S, Bruni C, Carducci P, Carreira PE, Castellvi |, Del Galdo F, Distler JHW,
Foeldvari |, Fraticelli P, George PM, Griffiths B, Guillén-Del-Castillo A, Hamid AM,
Horvath R, Hughes M, Kreuter M, Moazedi-Fuerst F, Olas J, Paul S, Rotondo C,
Rubio-Rivas M, Seferian A, Tom¢€ik M, Uzunhan Y, Walker UA, Wiesik-Szewczyk
E, Distler O. The identification and management of interstitial lung disease in
systemic sclerosis: evidence-based European consensus statements. Lancet
Rheumatology 2020; 2: e71-e83.

11.  Sircar G, Goswami RP, Rath D, Naskar A, Sit H, Haldar S, Sinhamahapatra
P, Ghosh A, Ghosh P. A randomized controlled, open label trial of
cyclophosphamide versus rituximab in diffuse systemic sclerosis. Indian Journal of
Rheumatology 2017; 12: S14.

12. Hafez EA, Hamza SH, Morad CS, Alkader AA. Pulmonary manifestations in
Egyptian patients with systemic sclerosis. The Egyptian Rheumatologist 2018; 40:

39-44.



13.  Séanchez-Cano D, Ortego-Centeno N, Callejas J, Pl4 VF, Rios-Fernandez
R, Tolosa-Vilella C, Espinosa-Garriga G, Colunga-Arguelles D, Egurbide-Arberas
M, Rubio-Rivas M. Interstitial lung disease in systemic sclerosis: data from the
Spanish Scleroderma Study Group. Rheumatology International 2018; 38: 363-
374.

14. Wangkaew S, Euathrongchit J, Wattanawittawas P, Kasitanon N,
Louthrenoo W. Incidence and predictors of interstitial lung disease (ILD) in Thai
patients with early systemic sclerosis: inception cohort study. Modern
rheumatology 2016; 26: 588-593.

15. Goncalves DR, Fonseca R, Aguiar F, Martins-Rocha T, Bernardes M,
Costa L. Determinants Associated with Interstitial Pulmonar Involvement in
Patients with Systemic Sclerosis-A Cross-Sectional Study. AnnRheumbDis 2016;
75: 748.

16.  Ashmore P, Tikly M, Wong M, Ickinger C. Interstitial lung disease in South
Africans with systemic sclerosis. Rheumatol Int 2018; 38: 657-662.

17.  Zamora FD, Kim HJ, Wang Q. Prevalence of pulmonary function test
abnormalities and their correlation to high resolution computer tomography in a
large scleroderma population. American Journal of Respiratory and Critical Care
Medicine 2013; 187: [Abstract ID — A2920].

18.  Arandia NI, Pilar C, Castillo MD, Arguelles DC, Martinez LT, Hernandez G,
Saez L, Comet MD, Egurbide MV, Arberas MD. Influence of antibody profile in
clinical features and prognosis in a cohort of Spanish patients with systemic

sclerosis. Clin Exp Rheumatol 2017; 35: S98-S105.



19. Liaskos C, Marou E, Simopoulou T, Barmakoudi M, Efthymiou G, Scheper
T, Meyer W, Bogdanos DP, Sakkas LI. Disease-related autoantibody profile in
patients with systemic sclerosis. Autoimmunity 2017; 50: 414-421.

20. YapV, Zantah M, Athwal P, Kaloudis E, Datta D, Foley R. Correlation of
PFT Parameters With HRCT-Fibrosis Score in Scleroderma Patients. Chest 2016;
150: [Abstract ID 476A].

21. Le Gouellec N, Duhamel A, Perez T, Hachulla AL, Sobanski V, Faivre JB,
Morell-Dubois S, Lambert M, Hatron PY, Hachulla E, Behal H, Matran R, Launay
D, Remy-Jardin M. Predictors of lung function test severity and outcome in
systemic sclerosis-associated interstitial lung disease. PLoS One 2017; 12:
e0181692.

22.  Martyanov V, Kim GJ, Hayes W, Du S, Ganguly BJ, Sy O, Lee SK,
Bogatkevich GS, Schieven GL, Schiopu E, Marangoni RG, Goldin J, Whitfield ML,
Varga J. Novel lung imaging biomarkers and skin gene expression subsetting in
dasatinib treatment of systemic sclerosis-associated interstitial lung disease. PLoS
One 2017; 12: e0187580.

23.  Tashkin D, Volkmann ER, Tseng C-H, Kim HJ, Goldin J, Clements P, Furst
D, Khanna D, Kleerup E, Roth MD. Relationship between quantitative radiographic
assessments of interstitial lung disease and physiological and clinical features of
systemic sclerosis. AnnRheumDis 2016; 75: 374-381.

24.  Liu X, Mayes MD, Pedroza C, Draeger HT, Gonzalez EB, Harper BE,
Reveille JD, Assassi S. Does C-reactive protein predict the long-term progression
of interstitial lung disease and survival in patients with early systemic sclerosis?

Arthritis CareRes(Hoboken) 2013; 65: 1375-1380.



25.  Showalter K, Hoffmann A, Rouleau G, Aaby D, Lee J, Richardson C,
Dematte J, Agrawal R, Chang RW, Hinchcliff M. Performance of forced vital
capacity and lung diffusion cutpoints for associated radiographic interstitial lung
disease in systemic sclerosis. J Rheumatol 2018; 45: 1572-1576.

26. Wangkaew S, Euathrongchit J, Wattanawittawas P, Kasitanon N.
Correlation of delta high-resolution computed tomography (HRCT) score with delta
clinical variables in early systemic sclerosis (SSc) patients. Quantitative imaging in
medicine and surgery 2016; 6: 381-390.

27. Gigante A, Fanelli FR, Lucci S, Barilaro GQS, Barbano B, Giovannetti A,
Amoroso A, Rosato E. Lung ultrasound in systemic sclerosis: correlation with high-
resolution computed tomography, pulmonary function tests and clinical variables
of disease. InternEmergency Med 2016; 11: 213-217.

28. Song G, Bae SC, Lee YH. Diagnostic accuracy of lung ultrasound for
interstitial lung disease in patients with connective tissue diseases: a meta-
analysis. ClinExpRheumatol 2016; 34: 11-16.

29. Khanna D, Nagaraja V, Tseng C-H, Abtin F, Suh R, Kim G, Wells A, Furst
DE, Clements PJ, Roth MD. Predictors of lung function decline in scleroderma-
related interstitial lung disease based on high-resolution computed tomography:
implications for cohort enrichment in systemic sclerosis-associated interstitial lung
disease trials. Arthritis ResTher 2015; 17: 372.

30. Daoussis D, Melissaropoulos K, Sakellaropoulos G, Antonopoulos I,
Markatseli TE, Simopoulou T, Georgiou P, Andonopoulos AP, Drosos AA, Sakkas
L, Liossis SN. A multicenter, open-label, comparative study of B-cell depletion
therapy with Rituximab for systemic sclerosis-associated interstitial lung disease.

SeminArthritis Rheum 2017; 46: 625-631.



31. Tashkin DP, Volkmann ER, Tseng C-H, Roth MD, Khanna D, Furst DE,
Clements PJ, Theodore A, Kafaja S, Kim GH. Improved cough and cough-specific
quality of life in patients treated for scleroderma-related interstitial lung disease:
results of Scleroderma Lung Study Il. Chest 2017; 151: 813-820.

32. Barnes H, Holland AE, Westall GP, Goh NS, Glaspole IN.
Cyclophosphamide for connective tissue disease-associated interstitial lung
disease. Cochrane Database Syst Rev 2018; 1. CD010908.

33.  Tashkin DP, Elashoff R, Clements PJ, Roth MD, Furst DE, Silver RM,
Goldin J, Arriola E, Strange C, Bolster MB, Seibold JR, Riley DJ, Hsu VM, Varga
J, Schraufnagel D, Theodore A, Simms R, Wise R, Wigley F, White B, Steen V,
Read C, Mayes M, Parsley E, Mubarak K, Connolly MK, Golden J, Olman M,
Fessler B, Rothfield N, Metersky M, Khanna D, Li N, Li G. Effects of 1-year
treatment with cyclophosphamide on outcomes at 2 years in scleroderma lung
disease. American Journal of Respiratory and Critical Care Medicine 2007; 176:
1026-1034.

34. Hoyles RK, Ellis RW, Wellsbury J, Lees B, Newlands P, Goh NSL, Roberts
C, Desai S, Herrick AL, McHugh NJ. A multicenter, prospective, randomized,
double-blind, placebo-controlled trial of corticosteroids and intravenous
cyclophosphamide followed by oral azathioprine for the treatment of pulmonary
fibrosis in scleroderma. Arthritis Rheum 2006; 54: 3962-3970.

35. Tashkin DP, Roth MD, Clements PJ, Furst DE, Khanna D, Kleerup EC,
Goldin J, Arriola E, Volkmann ER, Kafaja S, Silver R, Steen V, Strange C, Wise R,
Wigley F, Mayes M, Riley DJ, Hussain S, Assassi S, Hsu VM, Patel B, Phillips K,
Martinez F, Golden J, Connolly MK, Varga J, Dematte J, Hinchcliff ME, Fischer A,

Swigris J, Meehan R, Theodore A, Simms R, Volkov S, Schraufnagel DE,



Scholand MB, Frech T, Molitor JA, Highland K, Read CA, Fritzler MJ, Kim GHJ,
Tseng C-H, Elashoff RM. Mycophenolate mofetil versus oral cyclophosphamide in
scleroderma-related interstitial lung disease (SLS Il): a randomised controlled,
double-blind, parallel group trial. Lancet Respiratory Medicine 2016; 4: 708-719.
36.  Tzouvelekis A, Galanopoulos N, Bouros E, Kolios G, Zacharis G, Ntolios P,
Koulelidis A, Oikonomou A, Bouros D. Effect and safety of mycophenolate mofetil
or sodium in systemic sclerosis-associated interstitial lung disease: a meta-
analysis. Pulmonary Medicine 2012; 2012: 143637.

37. Burt RK, Shah SJ, Dill K, Grant T, Gheorghiade M, Schroeder J, Craig R,
Hirano I, Marshall K, Ruderman E, Jovanovic B, Milanetti F, Jain S, Boyce K,
Morgan A, Carr J, Barr W. Autologous non-myeloablative haemopoietic stem-cell
transplantation compared with pulse cyclophosphamide once per month for
systemic sclerosis (ASSIST): an open-label, randomised phase 2 trial. Lancet
2011; 378: 498-506.

38. van Laar JM, Farge D, Sont JK, Naraghi K, Marjanovic Z, Larghero J,
Schuerwegh AJ, Marijt EWA, Vonk MC, Schattenberg AV, Matucci-Cerinic M,
Voskuyl AE, van de Loosdrecht AA, Daikeler T, Kétter I, Schmalzing M, Martin T,
Lioure B, Weiner SM, Kreuter A, Deligny C, Durand J-M, Emery P, Machold KP,
Sarrot-Reynauld F, Warnatz K, Adoue DFP, Constans J, Tony H-P, Del Papa N,
Fassas A, Himsel A, Launay D, Lo Monaco A, Philippe P, Quéré |, Rich E,
Westhovens R, Griffiths B, Saccardi R, van den Hoogen FH, Fibbe WE, Socié G,
Gratwohl A, Tyndall A, EBMT EULAR Scleroderma Study Group. Autologous
hematopoietic stem cell transplantation vs intravenous pulse cyclophosphamide in
diffuse cutaneous systemic sclerosis: a randomized clinical trial. JAMA 2014; 311.:

2490-2498.



39. Nakamura H, Odani T, Yasuda S, Noguchi A, Fujieda Y, Kato M, Oku K,
Bohgaki T, Sugita J, Endo T, Teshima T, Atsumi T. Autologous haematopoietic
stem cell transplantation for Japanese patients with systemic sclerosis: Long-term
follow-up on a phase Il trial and treatment-related fatal cardiomyopathy. Modern
rheumatology 2018; 25: 879-884.

40. Sari A, Guven D, Armagan B, Erden A, Kalyoncu U, Karadag O, Apras
Bilgen S, Ertenli |, Kiraz S, Akdogan A. Rituximab Experience in Patients With
Long-standing Systemic Sclerosis-Associated Interstitial Lung Disease: A Series
of 14 Patients. Journal of Clinical Rheumatology 2017; 23: 411-415.

41.  Lepri G, Avouac J, Airo P, Anguita Santos F, Bellando-Randone S,
Blagojevic J, Garcia Hernandez F, Gonzalez Nieto JA, Guiducci S, Jordan S,
Limaye V, Maurer B, Selva-O'Callaghan A, Riccieri V, Distler O, Matucci-Cerinic
M, Allanore Y. Effects of rituximab in connective tissue disorders related interstitial
lung disease. ClinExpRheumatol 2016; 34: 181-185.

42.  Fernandez-Codina A, Berastegui C, Pinal-Fernandez I, Silveira MG, Lopez-
Meseguer M, Monforte V, Guillen-Del Castillo A, Simeon-Aznar CP, Fonollosa-Pla
V, Sole J, Bravo-Masgoret C, Roman-Broto A. Lung transplantation in systemic
sclerosis: A single center cohort study. Joint, bone, spine : revue du rhumatisme
2018; 85: 79-84.

43.  Seibold JR, Denton CP, Furst DE, Guillevin L, Rubin LJ, Wells A, Matucci
Cerinic M, Riemekasten G, Emery P, Chadha-Boreham H. Randomized,
prospective, placebo-controlled trial of bosentan in interstitial lung disease
secondary to systemic sclerosis. Arthritis Rheumatol 2010; 62: 2101-2108.

44. Bosello S, Occhipinti ME, Canestrari G, De Lorenzis E, Parisi F, Natalello

G, Leuconeo G, Larici AR, De Waure C, Ferraccioli G. Quantitative CT evaluation



in diffuse interstitial lung involvement in systemic sclerosis: Usefulness of lung
texture analysis to predict the functional change over time. Arthritis Rheumatol
2017; 69: [Abstract ID — 742].

45.  Goldin JG, Kim GHJ, Kleerup E, Elashoff R, Lu P, Clements P, Roth MD,
Tashkin DP. Association of changes in quantitative CT with outcome measures in
the Scleroderma Lung Study Il. American Journal of Respiratory and Critical Care
Medicine 2017; 195: A7416.

46. Takei R, Arita M, Kumagai S, Ito Y, Tokioka F, Koyama T, Saito R,
Nishimura K, Tokumasu H, Ishida T. Radiographic fibrosis score predicts survival
in systemic sclerosis-associated interstitial lung disease. Respirology 2018; 23:
385-391.

47. Goh NS, Hoyles RK, Denton CP, Hansell DM, Renzoni EA, Maher TM,
Nicholson AG, Wells AU. Short-Term Pulmonary Function Trends Are Predictive
of Mortality in Interstitial Lung Disease Associated With Systemic Sclerosis.
Arthritis Rheumatol 2017; 69: 1670-1678.

48. Volkmann ER, Tashkin DP, Sim M, Khanna D, Roth M, Clements PJ, Furst
DE, Keyes-Elstein L, Pinckney A, Goldmuntz E. The course of the forced vital
capacity during treatment for systemic sclerosis-related interstitial lung disease
predicts long-term survival in 2 independent cohorts. Arthritis Rheumatol 2017; 69:
943.

49.  Wu W, Jordan S, Becker MO, Dobrota R, Maurer B, Fretheim H, Ye S,
Siegert E, Allanore Y, Hoffmann-Vold AM, Distler O. Prediction of progression of
interstitial lung disease in patients with systemic sclerosis: the SPAR model.

AnnRheumDis 2018; 77: 1326-1332.



50. Theodore AC, Tseng C-H, Li N, Elashoff RM, Tashkin DP. Correlation of
cough with disease activity and treatment with cyclophosphamide in scleroderma
interstitial lung disease: findings from the Scleroderma Lung Study. Chest 2012,
142: 614-621.

51. Volkmann ER, Tashkin DP, Hant FN, Bogatkevich GS, Roth M, Hyun K,
Goldin J, Akter T, Wilhalme H, Tseng C-H. Surfactant protein d and Krebs von den
Lungen-6 predict severity of systemic sclerosis-related interstitial lung disease in
two independent cohorts. Arthritis Rheumatol 2016; 68: 3245.

52. Elhaj M, Charles J, Pedroza C, Liu X, Zhou X, Estrada YMRM, Gonzalez
EB, Lewis DE, Draeger HT, Kim S, Arnett FC, Mayes MD, Assassi S. Can serum
surfactant protein D or CC-chemokine ligand 18 predict outcome of interstitial lung
disease in patients with early systemic sclerosis? JRheumatol 2013; 40: 1114-
1120.

53. Yamakawa H, Hagiwara E, Kitamura H, Yamanaka Y, lkeda S, Sekine A,
Baba T, Okudela K, Iwasawa T, Takemura T. Serum KL-6 and surfactant protein-
D as monitoring and predictive markers of interstitial lung disease in patients with
systemic sclerosis and mixed connective tissue disease. JThoracDis 2017; 9: 362.
54.  Hoffmann-Vold AM, Tennoe AH, Garen T, Midtvedt O, Abraityte A,
Aalokken TM, Lund MB, Brunborg C, Aukrust P, Ueland T, Molberg O. High level
of chemokine CCL18 is associated with pulmonary function deterioration, lung
fibrosis progression, and reduced survival in systemic sclerosis. Chest 2016; 150:
299-306.

55. Volkmann ER, Tashkin DP, Roth MD, Clements PJ, Khanna D, Furst DE,
Mayes M, Charles J, Tseng C-H, Elashoff RM, Assassi S. Changes in plasma

CXCL4 levels are associated with improvements in lung function in patients



receiving immunosuppressive therapy for systemic sclerosis-related interstitial
lung disease. Arthritis ResTher 2016; 18: 305.

56. Kennedy B, Branagan P, Moloney F, Haroon M, O'Connell OJ, O'Connor
TM, O'Regan K, Harney S, Henry MT. Biomarkers to identify ILD and predict lung
function decline in scleroderma lung disease or idiopathic pulmonary fibrosis.
Sarcoidosis VascDiffuse Lung Dis 2015; 32: 228-236.

57.  Hoffmann-Vold A-M, Maher TM, Philpot E, Ashrafzadeh A, Barake R,
Barsotti S, Bruni C, Carducci P, Carreira PE, Castellvi |, Del Galdo F, Distler JH,
Foeldvari I, Fraticelli P, George PM, Griffiths B, Guillen-Del Castillo A, Hamid AM,
Horvath R, Hughes M, Kreuter M, Moazedi-Fuerst FC, Olas J, Paul S, Rotondo C,
Rubio-Rivas M, Seferian A, Tomcik M, Uzunhan Y, Walker UA, Wiesik-Szewczyk
E, Distler O. The identification and management of interstitial lung disease in
systemic sclerosis: evidence-based European consensus statements. Lancet
Rheumatol 2020; 2: E71-E83.

58.  Wijsenbeek M, Kreuter M, Olson A, Fischer A, Bendstrup E, Wells CD,
Denton CP, Mounir B, Zouad-Lejour L, Quaresma M, Cottin V. Progressive
fibrosing interstitial lung diseases: current practice in diagnosis and management.
Current Medical Research and Opinion 2019; 35: 2015-2024.

59. Scholand MC, E: Frech, T: Hatton, N: Markewitz, B: Sawitzke, A. Interstitial
lung disease in systemic sclerosis: diagnosis and management. Rheumatology
(Oxford) 2012; S1: 8.

60. Frauenfelder T, Winklehner A, Nguyen TD, Dobrota R, Baumueller S,
Maurer B, Distler O. Screening for interstitial lung disease in systemic sclerosis:
performance of high-resolution CT with limited number of slices: a prospective

study. AnnRheumDis 2014; 73: 2069-2073.



61. Kranenburg P, van den Hombergh WM, Knaapen-Hans HK, van den
Hoogen FH, Fransen J, Vonk MC. Survival and organ involvement in patients with
limited cutaneous systemic sclerosis and anti-topoisomerase-I antibodies:
determined by skin subtype or auto-antibody subtype? A long-term follow-up
study. Rheumatology (Oxford) 2016; 55: 2001-2008.

62. Caetano J, Nihtyanova S, Harvey J, C.P. D, Ong VH. Distinctive clinical
phenotype of anti-centromere antibody positive diffuse systemic sclerosis. Arthritis
Rheumatol 2016; 68: 111-112.

63. van Bon L, Affandi AJ, Broen J, Christmann RB, Marijnissen RJ, Stawski L,
Farina GA, Stifano G, Mathes AL, Cossu M, York M, Collins C, Wenink M,
Huijbens R, Hesselstrand R, Saxne T, DiMarzio M, Wuttge D, Agarwal SK,
Reveille JD, Assassi S, Mayes M, Deng Y, Drenth JP, de Graaf J, den Heijer M,
Kallenberg CG, Bijl M, Loof A, van den Berg WB, Joosten LA, Smith V, de Keyser
F, Scorza R, Lunardi C, van Riel PL, Vonk M, van Heerde W, Meller S, Homey B,
Beretta L, Roest M, Trojanowska M, Lafyatis R, Radstake TR. Proteome-wide
analysis and CXCL4 as a biomarker in systemic sclerosis. New England Journal of
Medicine 2014; 370: 433-443.

64. Steen VD, Medsger Jr TA. Severe organ involvement in systemic sclerosis
with diffuse scleroderma. Arthritis Rheum 2000; 43: 2437-2444.

65. Hoffmann-Vold A-M, Allanore Y, Alves M, Brunborg C, Airé P, Ananieva L,
Czirjak L, Guiducci S, Hachulla E, Li M, Mihai C, Riemekasten G, Sfikakis P,
Kowal-Bielecka O, Riccardi A, Distler O. Progressive interstitial lung disease in
patients with systemic sclerosis-associated interstitial lung disease in the EUSTAR
database. AnnRheumDis 2020; Epub ahead of print: doi: 10.1136/annrheumdis-

2020-217455.



66. Hoffmann-Vold AM, Allanore Y, Bendstrup E, Bruni C, Distler O, Maher TM,
Wijsenbeek M, Kreuter M. The need for a holistic approach for SSc-ILD -
achievements and ambiguity in a devastating disease. Respir Res 2020; 21: 197.
67. Roofeh D, Jaafar S, Vummidi D, Khanna D. Management of systemic
sclerosis-associated interstitial lung disease. CurrOpinRheumatol 2019; 31: 241-
249.

68. Hoyles RK, Ellis RW, Wellsbury J, Lees B, Newlands P, Goh NS, Roberts
C, Desai S, Herrick AL, McHugh NJ, Foley NM, Pearson SB, Emery P, Veale DJ,
Denton CP, Wells AU, Black CM, du Bois RM. A multicenter, prospective,
randomized, double-blind, placebo-controlled trial of corticosteroids and
intravenous cyclophosphamide followed by oral azathioprine for the treatment of
pulmonary fibrosis in scleroderma. Arthritis Rheum 2006; 54: 3962-3970.

69. Daoussis D, Liossis SC, Tsamandas AC, Kalogeropoulou C, Paliogianni F,
Sirinian C, Yiannopoulos G, Andonopoulos AP. Effect of long-term treatment with
rituximab on pulmonary function and skin fibrosis in patients with diffuse systemic
sclerosis. ClinExpRheumatol 2012; 30: S17-S22.

70.  Jordan S, Distler JH, Maurer B, Huscher D, van Laar JM, Allanore Y, Distler
O. Effects and safety of rituximab in systemic sclerosis: an analysis from the
European Scleroderma Trial and Research (EUSTAR) group. AnnRheumbDis
2015; 74: 1188-1194.

71.  Adler S, Huscher D, Siegert E, Allanore Y, Czirjak L, DelGaldo F, Denton
CP, Distler O, Frerix M, Matucci-Cerinic M, Mueller-Ladner U, Tarner IH, Valentini
G, Walker UA, Villiger PM, Riemekasten G. Systemic sclerosis associated
interstitial lung disease - individualized immunosuppressive therapy and course of

lung function: results of the EUSTAR group. Arthritis ResTher 2018; 20: 17.



72.  Distler O, Highland KB, Gahlemann M, Azuma A, Fischer A, Mayes MD,
Raghu G, Sauter W, Girard M, Alves M, Clerisme-Beaty E, Stowasser S, Tetzlaff
K, Kuwana M, Maher TM. Nintedanib for systemic sclerosis—associated interstitial
lung disease. New England Journal of Medicine 2019; 380: 2518-2528.

73.  U.S. Food & Drug Administration. OFEV® (nintedanib): prescribing
Information.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/205832s013Ibl.pdf.

Date last updated: March 2020. Date last accessed: September 24 2020.
74.  European Medicines Agency. OFEV® (nintedanib): Summary of Product

Characteristics. https://www.ema.europa.eu/en/documents/product-

information/ofev-epar-product-information_en.pdf. Date last updated: July 28

2020. Date last accessed: September 24 2020.

75. Khanna D, Denton CP, Lin CJF, van Laar JM, Frech TM, Anderson ME,
Baron M, Chung L, Fierlbeck G, Lakshminarayanan S, Allanore Y, Pope JE,
Riemekasten G, Steen V, Muller-Ladner U, Spotswood H, Burke L, Siegel J,
Jahreis A, Furst DE. Safety and efficacy of subcutaneous tocilizumab in systemic
sclerosis: results from the open-label period of a phase Il randomised controlled

trial (faSScinate). Ann Rheum Dis 2018; 77: 212-220.

76. Khanna D, Lin CJF, Goldin J, Kim G, Kuwana M, Allanore Y, Batalov A,
Butrimiene I, Carreira P, Matucci-Cerinic M, Distler O, Kaliterna DM, Mihai C,
Mogensen M, Olesinska M, Pope J, Riemekasten G, Rodriguez-Reyne TS, Santos
MJ, van Laar JM, Spotswood H, Siegel J, Jahreis A, Furst D, Denton C. OP0245
Preservation of lung function observed in a phase 3 randomized controlled trial of

tocilizumab for the treatment of early SSc. AnnRheumDis 2019; 78: 202-203.


https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/205832s013lbl.pdf
https://www.ema.europa.eu/en/documents/product-information/ofev-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/ofev-epar-product-information_en.pdf

77. Khanna D, Lin CJF, Furst DE, Goldin J, Kim G, Kuwana M, Allanore Y,
Matucci-Cerinic M, Distler O, Shima Y, van Laar JM, Spotswood H, Wagner B,
Siegel J, Jahreis A, Denton CP, Lucero E, Pons-Estel B, Rivero M, Tate G, Smith
V, De Langhe E, Rashkov R, Batalov A, Goranov I, Stoilov R, Dunne J, Johnson
SR, Pope JE, Martinovi¢ Kaliterna D, Mogensen M, Olesen AB, Allanore Y, Henes
JC, Muller-Ladner U, Riemekasten G, Skapenko A, Vlachoyiannopoulos P, Kiss E,
Minier T, Beretta L, Gremese E, Matucci-Cerinic M, Valentini G, Asano Y, Atsumi
T, Ihn H, Ishii T, Ishikawa O, Kuwana M, Shima Y, Takahashi H, Takehara K,
Tanaka Y, Yamasaki Y, Bukauskiene L, Butrimiene I, Medrano Ramirez G,
Ramos-Remus C, Sofia Rodriguez Reyna T, de Vries-Bouwstra J, van Laar JM,
Batko B, Jeka S, Kucharz E, Majdan M, Olesinska M, Smolenska Z, Alves J,
Santos M, Mihai CM, Rednic S, Castellvi Barranco |, Lopez Longo FJ, Simeon
Aznar C, Carreira P, Distler O, Walker UA, Derrett-Smith E, Griffiths B, McKay N,
Denton CP, Aelion J, Borofsky M, Fleischmann R, Forstot JZ, Furst DE, Kafaja S,
Khan MF, Khanna D, Kohen MD, Martin RW, Mendoza-Ballesteros F, Nami A,
Pang S, Rios G, Simms R, Sullivan KM, Steen VD. Tocilizumab in systemic
sclerosis: a randomised, double-blind, placebo-controlled, phase 3 trial. The
Lancet Respiratory Medicine 2020; ePublished.

78. de Oliveira NC, Portes LA, Pettersson H, Alexanderson H, Bostrom C.
Aerobic and resistance exercise in systemic sclerosis: State of the art.
Musculoskeletal Care 2017; 15: 316-323.

79. Dreyer NA, Velentgas P, Westrich K, Dubois R. The GRACE checklist for
rating the quality of observational studies of comparative effectiveness: a tale of

hope and caution. Journal of Managed Care Pharmacy 2014; 20: 301-308.



80. Perez Campos D, Estevez Del Toro M, Pena Casanovas A, Gonzalez
Rojas PP, Morales Sanchez L, Gutierrez Rojas AR. Are high doses of prednisone

necessary for treatment of interstitial lung disease in systemic sclerosis?

Reumatologia clinica 2012; 8: 58-62.



Table 1. Critical appraisal of RCTs using NICE standards”

Statistical
Allocation Follow-  Selective
Author Randomisation Blinding analysis
concealment up reporting
plan
Tashkin 2007 [33] Yes Unclear Yes No No Unclear
Tashkin 2016 [35] Yes Unclear Yes No No Yes
Sircar 2017** [11] Yes Unclear No Unclear No Unclear
Perez Campos 2012 [80] Yes Yes Yes No No Unclear
Seibold 2010 [43] Unclear Unclear Yes No No Unclear

NICE, National Institute for Health and Care Excellence; RCT, randomised controlled trial.
"Another study was underpowered and therefore not rated at the same evidence level [34].**Please note that since the date of

the literature search, this reference (abstract) has been published in full.
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Figure 1. Selection process of included publications (PRISMA diagram)
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Supplementary Methods

Eligibility criteria

Guidelines, consensus statements, meta-analyses, randomised controlled trials
(RCTs), observational studies or case series (studies with =212 patients) reporting on
risk stratification, screening, diagnosis, monitoring, treatment, ongoing management
and outcomes for patients with SSc-ILD were included. Studies reporting on surgery
as a comparator, reviews, editorials, letters, commentaries, animal studies, preclinical

studies and single case reports were excluded.

Searching the literature
EMBASE, PubMed, the Cochrane Database of Systematic Reviews, and the
Cochrane Central Register of Controlled trials were searched from January 2012 to

April 2018 (Supplementary Table S1 provides details of search strategies).

A grey literature search, including government reports, conference proceedings,
theses, and unpublished trials was carried out using Google Scholar (2007-2011,
2002-2006; 1992—-2001). The keywords used to identify the relevant articles were
("Systemic Sclerosis" OR Scleroderma) AND ("Interstitial Lung Disease"). The results
were captured from the first 20 pages and filtered to retrieve the most frequently cited

references for each time period. Searches were limited to the English language.



Study selection

Titles and abstracts were screened by two independent reviewers; discrepancies
were resolved by a third reviewer and the decisions were confirmed by the Steering
Committee (AMHV; TMM; OD; AA; EP). Full-text articles were screened by one
reviewer and 50% of the results were checked by a second reviewer as per
methodology recommended by the National Institute for Health and Care Excellence
(NICE) [1], the Centre for Reviews and Dissemination (CRD) [2], and the German

Institute for Quality and Efficiency in Healthcare [3].

Quality assessment of individual studies

The methodological quality of RCTs was assessed using the criteria for NICE and
CRD evidence submissions [1, 2]. Appraisal of observational studies was undertaken
using the Good Research for Comparative Effectiveness (GRACE) checklist [4]

(Supplementary Table S2).

Quality assessment of the overall evidence

The overall quality of the included evidence was subsequently assessed using a
modified approach to Grading of Recommendations Assessment, Development and
Evaluation [5] and reported as high to very low quality (Supplementary Table S2).
High-quality evidence was defined [5] as where further research is very unlikely to
change our confidence in the estimate of effect, as supported by the following
evidence: a) several high-quality studies with consistent results or b) in special cases:

one large, high-quality multicentre trial. Refer to Supplementary Table S2 for



definitions of moderate-, low- and very-low-quality evidence. The judgements on
overall quality were discussed and confirmed by the Steering Committee (AMHV;

TMM; OD; AA; EP).

Data extraction and handling

Data extraction was conducted by one reviewer and quality checking was undertaken
on a sample of records by a second reviewer [2]. Discrepancies were resolved by a
third reviewer. Data were collated using Excel summary tables and the evidence was

summarised narratively.
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Table S1- Supplementary Table S1. Search strategies

Search strategy for MEDLINE

Search# Search string

#1

#2

#3

#4

#5

#6

Search (systemic sclerosis[TIAB] OR systemic
scleroses[TIAB] OR SSc [TIAB] OR scleroderma[TIAB] OR
"diffuse scleroderma"[TIAB] OR “Diffuse cutaneous
systemic sclerosis”[TIAB] OR “Diffuse cutaneous systemic
scleroses”[TIAB])

Search ("Scleroderma, Systemic"[Majr] OR "Scleroderma,
Diffuse"[Majr] OR "CREST Syndrome"[Majr])

Search (#1 OR #2)

Search ("Lung Diseases, Interstitial"'[Majr] OR

respirat*[ TIAB] OR ILD[TIAB] OR Pneum*[TIAB) OR
“interstitial lung disease"[TIAB])

#3 AND #4

Search (treatment*or therap* or drug* OR pharmacologic*
OR prescri* OR medicat* OR pattern* OR regimen* OR
sequenc* OR number OR duration OR management OR
medicine OR dose escalation OR off label OR "standard of
care" OR SoC OR "lines of therapy" OR "line of therapy"
OR "first line" OR "second line" OR efficacy OR safety OR

algorithm OR diagnos* OR biomarker OR stratif* OR

# of hits

26,701

15,782

27,880

537,320

1809

18,057,256



Search #

#7

#8

#9

Search string

screen* OR monitor* OR “pulmonary function testing” OR
PFT OR characteristic* OR progress* OR initiat* OR
symptom OR “high resolution computed tomography” OR
HRCT OR imaging)

#5 AND #6

#7 NOT (letter[PT] or comment[PT] or editorial [PT]))

#9 NOT (letter[PT] or comment[PT] or editorial [PT])) Filters:

Publication date from 2012 /01/01; Humans; English

- Search strategy for EMBASE

Search #

#1

#2

#3

#4

#5

Search string

Systemic sclerosis:ti,ab OR systemic scleroses:ti,ab OR
ssc:ti,ab OR scleroderma:ti,ab OR 'diffuse
scleroderma’:ti,ab OR 'diffuse cutaneous systemic
sclerosis':ti,ab

'systemic sclerosis'/mj OR 'diffuse scleroderma’/mj OR
'syndrome crest'/mj

#1 OR #2

'interstitial lung disease'/mj OR respirat*:ti,ab OR ild:ti,ab
OR 'interstitial lung disease':ti,ab OR pneum*:ti,ab

#3 AND #4

# of hits

1616
1571

496

# of hits

31,406

18,625

36, 655

860,370

3373



Search# Search string

#6 treatment* OR therap* OR drug* OR pharmacologic* OR
prescri* OR medicat* OR pattern* OR regimen* OR
sequenc* OR number OR duration OR management OR
medicine OR dose escalation OR off?label OR 'standard of
care' OR SoC OR 'lines of therapy' OR 'line of therapy' OR
first line' OR 'second line' OR efficacy OR safety OR
algorithm OR diagnos* OR biomarker OR stratif* OR
screen* OR monitor* OR 'pulmonary function testing’' OR
PFT OR characteristic* OR progress* OR initiat* OR
symptom OR 'high resolution computed tomography' OR

HRCT OR imaging

#7 #5 AND #6
#8 #7 NOT ([editoriall/lim OR [letter])/lim OR [note]/lim)
#9 #8 AND [2012 -2018 ]/py AND [english}/lim AND

[humans]/lim
- Search strategy for Cochrane Library
Search# Search string
#1 Systemic sclerosis or systemic scleroses or SSc or
scleroderma or "diffuse scleroderma" or "Diffuse cutaneous
systemic sclerosis" or "Diffuse cutaneous systemic

scleroses"

# of hits

25,610,959

3244

3201

1828

# of hits

1199



Search# Search string

#2

#3

#4

#5

#6

#i

#8

#9

#10

MeSH descriptor: [Scleroderma, Systemic] explode all trees
#1 OR #2

MeSH descriptor: [Lung Diseases, Interstitial] explode all
trees

respirat* or ILD or Pneum*

#4 OR #5

#3 AND #6

treatment* OR therap* OR drug* OR pharmacologic* OR
prescri* OR medicat* OR pattern* OR regimen* OR
sequenc* OR number OR duration OR management OR
medicine OR dose escalation OR off?label OR 'standard of
care' OR SoC OR 'lines of therapy' OR 'line of therapy' OR
first line' OR 'second line' OR efficacy OR safety OR
algorithm OR diagnos* OR biomarker OR stratif* OR
screen* OR monitor* OR 'pulmonary function testing’' OR
PFT OR characteristic* OR progress* OR initiat* OR
symptom OR 'high resolution computed tomography' OR
HRCT OR imaging

#7 AND #8

#9 Publication Year from 2012 onwards

# of hits
364
1199

499

84,463
84,635
214

1,025,947

211

140



Table S2- Supplementary Table S2 Quality assessment

Assessment of overall quality of included publications

Code Quality of

evidence
A High
B Moderate
C Low

D Very Low

Definition

Further research is very unlikely to change our confidence in

the estimate of effect, as supported by following evidence:
. Several high-quality studies with consistent results

. In special cases: one large, high-quality multicentre

trial

Further research is likely to have an important impact on our
confidence in the estimate of effect and may change the

estimate, as supported by following evidence:

. One high-quality study

. Several studies with some limitations

Further research is very likely to have an important impact on
our confidence in the estimate of effect and is likely to change

the estimate, as supported by following evidence:

e One or more studies with severe limitations

Any estimate of effect is very uncertain, as supported by



Code Quality of Definition
evidence

following evidence:

. Expert opinion
. No direct research evidences
. One or more studies with very severe limitations

Modified from GRADE 2007 [1]

GRACE checklist for assessing quality of observational studies

All 11 questions have a Yes/No response.

Q1: Were treatment and/or important details of treatment exposure adequately
recorded for the study purpose in the data source(s)?

Q2: Were the primary outcomes adequately recorded for the study purpose (e.qg.,
available in sufficient detail through data source(s))?

Q3: Was the primary clinical outcome(s) measured objectively rather than subject to
clinical judgment (e.g., opinion about whether the patient’s condition has improved)?
Q4: Were primary outcomes validated, adjudicated, or otherwise known to be valid in
a similar population?

Q5: Was the primary outcome(s) measured or identified in an equivalent manner

between the treatment/ intervention group and the comparison group(s)?



Q6: Were important covariates that may be known confounders or effect modifiers
available and recorded?

Q7: Was the study (or analysis) population restricted to new initiators of treatment or
those starting a new course of treatment?

Q8: If one or more comparison groups were used, were they concurrent
comparators? If not, did the authors justify the use of historical comparisons
group(s)?

Q9: Were important covariates, confounding and effect modifying variables taken into
account in the design and/or analysis?

Q10: Is the classification of exposed and unexposed person-time free of “immortal
time bias”?

Q11: Were any meaningful analyses conducted to test key assumptions on which

primary results are based?
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Manetti 2012 [107]

Mango 2017 [108]
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