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limited cutaneous sclerosis (lcSSc) [1]. In the last 30 years, 
the use of angiotensin-converting enzyme inhibitors signifi-
cantly decreased the scleroderma renal crisis (SRC) associ-
ated mortality, and at present, the pulmonary involvement 
is considered the main cause of mortality, in these patients. 
In fact, the two most common types of direct pulmonary 
involvement: ILD and pulmonary arterial hypertension 
(PAH), account for 60% of SSc-related deaths [2]. Gen-
erally, epidemiological studies suggest that ILD is more 
common in dcSSc while PAH is more common in lcSSc. 
Finally, lung involvement may occur in SSc with no skin 
involvement (scleroderma sine scleroderma) [3].

Classification of ILD

ILD is characterized by early pulmonary infiltration of 
immune competent cells followed by lung fibrosis and is 
classified into: (1) usual interstitial pneumonia (UIP); (2) 
non-specific interstitial pneumonia (NSIP); (3) diffuse 
alveolar damage (DAD); (4) organizing pneumonia (OP); 
(5) lymphoid interstitial pneumonia, on the basis of the 
histopathologic data. Histologically, NSIP, the most com-
mon histologic pattern seen in SSc–ILD, is characterized 
by varying degrees of inflammation and fibrosis; on the 
contrary, UIP, which is characterized by dense patchy fibro-
sis with honeycombing, is less frequent [4]. Some patient 
directly exhibit end-stage lung fibrosis, and ILD cannot be 
classified. Since the HRCT pattern predicts the underly-
ing histopathology, a lung biopsy is not generally needed 
in SSc–ILD patients, except in the case of a discrepancy 
between clinical manifestations and HRCT findings [5]. 
However, the outcome of SSc patients is strongly associ-
ated with both the disease severity at presentation and, with 
the progressive DLCO decrease, more than with the histo-
pathologic patterns [6, 7].
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Introduction

Scleroderma is an autoimmune disease characterized by 
microangiopathy, excessive fibrosis of the skin and various 
internal organs, thus leading to organ dysfunction. Two dif-
ferent forms on the basis of the extent of skin involvement 
may be recognized: diffuse cutaneous sclerosis (dcSSc) and 
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Pathophysiology

At present, the pathogenesis of SSc–ILD is still not com-
pletely understood. It has been suggested that an abnormal 
interaction among endothelial cells, lymphocytes, mono-
cytes and fibroblasts results in an uncontrolled tissue fibro-
sis [8].

Many evidences suggest that the activation of the immune 
system, in response to one or more specific antigens, has a 
pivotal role during pathogenesis [9]. In SSc, a specific pop-
ulation of activated T cells exhibiting a pro-fibrotic type 
helper 2 (Th2)-polarized phenotype may be potentially rel-
evant in mediating tissue fibrosis. Th2 T cells secrete inter-
leukin (IL)-4 and IL-13 and participate in regulating tissue 
remodeling and fibrogenesis. IL-4 and IL-13 activate fibro-
blasts and collagen production by inducing secretion of 
pro-fibrotic cytokines, mainly transforming growth factor-β 
(TGF-β) [10]. In SSc–ILD, TGF-β plays multiple func-
tions in cell signaling: by the canonical pathway, TGF-β 
causes phosphorylation of Smad2/3, which subsequently 
binds Smad4; Smad4 acts as a transcription activator, lead-
ing to the expression of extracellular matrix proteins. Via 
non-canonical pathway, TGF-β-induced cell signaling is 
mediated by specific regulatory proteins, including MAPK, 
PAR6 and RhoA [11]. Furthermore, injured tissue releases 
TGF-β, which recruits inflammatory cells, including mac-
rophages, to the site of injury, which may further release 
TGF-β, thus exacerbating fibrosis [12]. IL-13 was found 
to be increased in SSc and is involved in both inflamma-
tion and fibrosis [13, 14], via the induction of TGF-β pro-
duction by macrophages and/or via a TGF-β-independent 
mechanism [15]. Consistently, animal studies showed that 
overexpression of IL-13 in mice causes severe lung fibrosis 
[16] while IL-13 neutralization inhibits fibrosis in murine 
models of bleomycin (BLM)-induced lung fibrosis [17]. As 
far as CD8+ T cells are concerned, it is well known that 
these lymphocytes [9, 18] may infiltrate both the skin [19] 
and lung [20] of SSc patients and sharing an activated phe-
notype and antigen-driven oligoclonal expansion, in lung 
and peripheral blood [20, 21]. Moreover, it has been shown 
that a subset of scleroderma patients, at higher risk of pro-
gressive lung disease, show activated, long-lived CD8+ T 
cells in their lungs that could promote lung fibrosis, via the 
production of pro-fibrotic factors such as IL-4 and oncos-
tatin M, as well as through a direct activation of TGF-β 
[20]. Another T cell subset regulatory T cells (Tregs) has 
been extensively studied during SSc. Tregs are responsible 
for maintaining immunologic self-tolerance and preventing 
potentially damaging autoimmune and protective immune 
responses. During SSc, although the number of Tregs is 
significantly increased, an impairment in their ability to 
suppress CD4+ effector T cells may be observed and their 
defective function is associated with a lower expression of 

surface CD69 [22]. B lymphocytes may promote fibrosis by 
cytokines, autoantibodies and cell–cell contact. B cells are 
hyper-activated in SSc. SSc patients display an increased 
surface expression of CD19 on B cells, associated with 
a lower CD19 expression, and this phenotype is generally 
associated with autoantibodies production. Consistently, 
in CD19 transgenic mice, which overexpressing CD19, 
elevated levels of different autoantibodies, including anti-
topo I, may be observed. However, these transgenic mice 
do not develop fibrosis in the skin and visceral organs [23, 
24]. On the contrary, in tight-skin mouse, a genetic model 
of SSc, which display a diffuse skin fibrosis, an increased 
expression of CD19, on B cells, may be observed [25]. To 
better understand the role that CD19 plays in modulating 
autoantibodies and fibrosis, BLM, which induces tissue 
fibrosis and inflammatory cells infiltration, is associated 
with autoantibodies production [26, 27], where injected in 
CD19-deficiency mice. Interestingly, the lack of CD19, on 
the surface of B cells, significantly inhibited the develop-
ment of immune cells infiltration and skin and lung fibrosis, 
hyper-gammaglobulinemia and autoantibodies production, 
thus confirming that B cell activation modulates the down-
stream inflammatory infiltration of other immune cells [28]. 
Furthermore, activated B cells regulate T cell activation and 
differentiation, by promoting Th2 cells, shifting cytokine 
production toward the pro-fibrotic cytokines IL-6, IL-4 
and IL-13 [29]. IL-6 expression is increased in the serum 
and skin of patients with early dcSSc, and high serum IL-6 
levels are associated with the severity of skin sclerosis and 
reduced survival [30]. Blocking IL-6 in vitro decreased col-
lagen production, and in the BLM model of lung fibrosis, 
IL-6 deficiency is associated with a slow progression of the 
pulmonary disease [31]. Since IL-6 is produced by B cells, 
together with TGF-β, these 2 cytokines may synergistically 
induce matrix synthesis without collagen degradation [32]. 
Finally, the CD19 overexpression is detected in both naive 
B cells and memory B cells in SSc patients. CD19 overex-
pression could be considered responsible for some abnor-
malities of B cell compartments characterized by expanded 
naïve B cells and activated memory B cells, despite a reduc-
tion in their number. Although memory B cell numbers are 
decreased in SSc patients, those remaining cells have an 
enhanced ability to produce Ig and possibly antibody [24, 
33]. Finally, B cells can function as antigen-presenting cells 
to T cells and induce dendritic cell maturation that promotes 
pro-fibrotic Th2 response [34].

During SSc, many different molecules not directly linked 
to the immune system have been shown to be involved in 
SSc pathogenesis. Endothelin-1 (ET-1), which is produced 
by endothelial cells (ECs), is one of the best characterized 
molecules in these setting. It may be secreted in the skin 
and lungs, thus activating resident fibroblasts. ET-1 might 
induce fibrosis, directly by binding its specific receptors, 
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endothelin type A receptor (ETA) and to endothelin type 
B receptor (ETB) on fibroblasts, or alternatively by induc-
ing pro-fibrotic cytokines, such as TGF-β. ET-1 levels are 
strongly elevated in animal models of lung fibrosis as well 
as in the plasma and bronchoalveolar lavage fluids (BAL) 
of SSc–ILD patients [28]. Specifically, transgenic mice 
overexpressing ET-1 spontaneously develop lung fibrosis, 
together with the accumulation of perivascular inflamma-
tory cells [35, 36]. Furthermore, ET-1 levels are elevated 
in BLM-induced pulmonary fibrosis (PF). Epithelial cells, 
alveolar macrophages, ECs and mesenchymal cells are 
responsible for the increased levels of ET-1 in lungs of 
SSc patients. As far as, the ET receptors’ expression in 
SSc–ILD lung tissue is concerned, decreased levels of the 
ETA associated with a slightly increase in the ETB levels 
have been reported [37]. ETB receptors are predominantly 
expressed on ECs, mediating vasodilation and removing 
ET-1 from the circulation. In SSc, ETB receptors are down-
regulated on ECs which may diminish their vasodilatory 
role while are up-regulated on smooth muscle cells and 
can contribute to cell proliferation, hypertrophy, inflamma-
tion, fibrosis and vasoconstriction [37, 38]. Of note, ET-1 
increases TGF-β expression and induces alveolar epithe-
lial–mesenchymal transition through ETB-mediated pro-
duction of TGF-β. It must be pointed out that TGF-β is able 
to modulate ET-1 overexpression in human lung fibroblasts. 
This induction occurs through a Smad-independent, activin 
receptor-like kinase 5 (ALK-5)/JNK-dependent mechanism 
and an activator protein 1 (AP-1) site in the ET-1 promoter 
[39]. Finally, it has been suggested that ET-1 may contrib-
ute to the TGF-β ability to promote a pro-fibrotic pheno-
type in human lung fibroblasts [40].

Clinical presentation and diagnosis of SSc–ILD

The spectrum of SSc–ILD ranges from limited lung 
involvement, which is often non-progressive, to severe dis-
ease, which mainly occurs in the first years from disease 
onset and may progress to respiratory failure and death 
[41]. The patients may remain asymptomatic despite the 
presence of physical findings such as crackles on auscul-
tation or interstitial thickening on chest radiography. The 
symptoms are not specific, including dyspnea on exer-
tion and dry cough, which are frequently associated with 
fatigue. Chest discomfort, pain and hemoptysis are uncom-
mon. Physical examination may show bilateral inspiratory 
and expiratory crackles (“Velcro” crackles) on auscultation 
of the lung bases. In the later stage of ILD, cyanosis and 
signs of right heart failure may be detected. Although ILD 
may develop in the course of lcSSc, it occurs more fre-
quently in dcSSc.

Pulmonary function tests (PFTs) including spirometry 
and single-breath diffusion capacity for carbon monoxide 

(DLCO) play a major role in the investigation of lung 
involvement during SSc. Mild changes in function may be 
detected before any symptoms or changes in chest radi-
ography. The most common change of PFTs is a reduced 
FVC with normal or even increased FEV1/FVC ratio that 
is indicative of a restrictive ventilatory pattern, similarly to 
ILD and PF [42]. DLCO is one of the most important func-
tional tests, due to its ability to investigate the thickening 
of the interstitium, and the decrease in DLCO levels corre-
lates with the extent of lung [4]. Severe restrictive lung dis-
ease (FVC ≤50% predicted) may occur in 10% of patients 
[41]. A progressive decline of DLCO is the most significant 
marker of poor outcome [6] while an early reduction in 
FVC is considered, by many authors, an important predic-
tor for an early evolution to the end-stage lung disease [43]. 
In SSc, impaired DLCO may also indicate, pulmonary 
hypertension (PH), and/or other disease manifestations, 
including anemia, smoking [44]. An isolated reduction in 
DLCO with preservation of lung volumes (FVC/DLCO 
ratio >1.4–1.6) is suggestive of PAH [45]. As mentioned 
above, patients are asymptomatic early in the course of 
ILD and PH and symptoms including dyspnea, fatigue and 
exercise intolerance are not specific and frequently associ-
ated with other conditions (anemia, cardiovascular disease) 
making clinical diagnosis of both conditions challenging. 
Thus, early and regular screening with PFTs and DLCO 
should be performed at baseline and every 3–6 months dur-
ing the first 4 years of disease, to detect both ILD and PH 
[46].

Because SSc–ILD may develop in the absence of dysp-
nea, HRCT should be performed at the time of diagnosis 
of SSc, together with PFT with DLCO. The extent of PF 
is considered a powerful predictor of both decline and 
mortality [47]. Goh et  al. proposed a simple staging sys-
tem for SSc–ILD as limited or extensive disease, based 
on simplified HRCT evaluation and FVC estimation that 
provides more powerful prognostic information than each 
single component. In particular, extensive disease (>20% 
HRCT involvement) would warrant immunosuppressive 
treatment, whereas limited disease (<20% HRCT involve-
ment) would not. In those patients with an indeterminate 
extent of PF on HRCT, the use of an FVC threshold of 70% 
FVC would drive the decision to treat (<70% predicted) or 
not to treat (>70% predicted) [48]. Later, Moore et al. [47] 
reported that extensive disease on HRCT at baseline, evalu-
ated using a semiquantitative grading system, is predictive 
of decline or mortality in SSc–ILD, when compared with 
limited disease, and that during follow-up, both increased 
HRCT grade and decreased PFT parameters are predictive 
of poor outcome. Furthermore, it has been reported that the 
extent of fibrosis on lung HRCT was the only variable that 
independently predicts both ILD progression and mortality 
[49]. Finally, the extent of changes on HRCT appears to be 
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more important than pattern of abnormality (ground glass) 
in predicting outcome. Findings of ground-glass pattern of 
the lung bases on HRCT are suggestive for active alveolitis, 
which may progress toward lung fibrosis. When the disease 
progresses, fibrosis becomes prominent and the “honey-
combing” pattern of lung parenchyma may be observed. 
Generally, HRCT, due to the excessive radiation risk, 
should be performed routinely to confirm or exclude SSc–
ILD only in a higher risk group of patients (SSc patients 
positive for anti-topoisomerase I autoantibodies) or when 
clinically significant progression of SSc–ILD is suspected 
and other serial variables are inconclusive. Therefore, PFTs 
and HRCT, when used in combination, may be a power-
ful tool for predicting disease progression and mortality in 
SSc–ILD.

During ILD, BAL may be used to detect inflammation 
and to confirm active alveolitis. Although, previous stud-
ies on SSc patients suggested that BAL neutrophilia was 
associated with subsequent declines in PFTs in untreated 
patients [50, 51] and with extensive fibrotic disease on 
HRCT in SSc, the current use of BAL cellular analysis 
for SSc–ILD is limited to exclude infection. In fact, in 
more recent studies, BAL did not show any predictive 
value for evaluating the rate of response to cyclophos-
phamide (CYC) in the Scleroderma Lung Study (SLS) 
[52], and only one retrospective study suggested that 
>5% eosinophils in BAL represented an unfavorable 
prognostic factor, associated with reduced survival [6].

Prognosis and survival in patients with SSc–ILD

A recent meta-analysis of 27 studies was conducted to 
identify variables that predict mortality and ILD progres-
sion in SSc–ILD. A total of 1616 SSc–ILD patients were 
included. Male sex, extent of disease on HRCT scan, 
presence of honeycombing, elevated Krebs von den Lun-
gen values and increased alveolar epithelial permeability 
were identified as predictors of both mortality and ILD 
progression on unadjusted analysis. The extent of disease 
on HRCT scan was the only variable that predicts, inde-
pendently, both mortality and ILD progression. DLCO was 
the most consistent predictor of mortality and may help 
to identify patients with a poor prognosis; however, more 
rigorous studies are needed to confirm and expand these 
findings [49]. Other several risk factors that are associated 
with the risk to develop ILD in SSc patients, including 
African-American race, extent of skin involvement, anti-
topoisomerase I antibodies, selected biomarkers such as 
serum IL-6, CXCL4, chitinase 1, tenascin-C, lysyl oxidase 
and IL-33 [53–56].

As far as the survival in SSc is concerned, a recent 
meta-analysis that included a total of 43 studies reporting 

data from 13,529 patients was conducted. SSc presents a 
larger mortality than general population (survival mortality 
rate = 2.72) [57]. SSc–ILD is responsible for up to 30% of 
the mortality of SSc patients [58], and the median survival 
is 5–8 years for SSc–ILD [48]. The overall survival rate of 
SSc–ILD patients, at 5 years, is more than 90% [59], but 
significantly lower (38% at 9 years) if the patient is affected 
by the diffuse form.

Candidate patients for treatment

A very important challenge for Rheumatologists is to iden-
tify the patients who should be treated for their SSc–ILD 
and the ideal timing to start the treatment. Many papers 
have been published in the last years, suggesting [47, 48, 
60] that the SSc–ILD patients showing the following cri-
teria would warrant an immunosuppressive treatment : 
(1) either an extent of lung disease >20% on HRCT or an 
indeterminate extent (disease extent not readily classifiable 
as minimal or severe; HRCT extent 10–30%) [48] of dis-
ease plus an FVC <70%, (2) patients experiencing a signif-
icant decrease in pulmonary functional assessment during 
the follow-up (FVC >10% or DLCO >15% or both, what-
ever the extent of lung involvement for 12 months [46, 61].

Treatment approaches for SSc–ILD

Currently, the management of SSc–ILD is largely con-
fined to immunomodulation. Non-selective immuno-
suppressants such as CYC followed by mycophenolate 
mofetil (MMF) and azathioprine (AZA) are still the most 
widely used medications in SSc–ILD. Several alternative 
approaches may be considered, including B cell deple-
tion therapies (rituximab; RTX), bosentan, anti-TGF-β 
antibody, tyrosine kinase inhibitors (imatinib, dasatinib), 
anti-IL-6 antibody, anti-IL-13 antibody, pirfenidone and 
haematopoietic stem cell transplantation (HSCT). Finally, 
lung transplantation may be limited to those patients, 
with severe SSc–ILD, unresponsive to pharmacologic 
interventions.

Cyclophosphamide

Although conflicting results are reported in the available 
literature, CYC is recommended as first-line therapy in 
SSc–ILD patients. The efficacy and safety of oral or pulse 
CYC in the treatment of SSc–ILD disease were shown in 
two randomized clinical trials (RCTs): the Scleroderma 
Lung Study (SLS) [52] and the Fibrosing Alveolitis in 
Scleroderma Trials (FAST), respectively [62]. The SLS 
study showed that 1 year of oral CYC (≤2 mg/kg/day for 
12  months followed for an additional 1  year) improved 
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lung function, skin scores, dyspnea and health status/dis-
ability, and these effects might persist or increase, for sev-
eral months after CYC discontinuation. However, except 
for a sustained impact on dyspnea, all of these effects 
waned and were no longer apparent at 24 months. Moreo-
ver, treatment with CYC was associated with severe toxic-
ity than the placebo group. The FAST study did not show 
an improvement in the primary (FVC or DLCO) or sec-
ondary endpoints in the CYC group. However, for FVC, 
there was a trend toward statistical significance between 
the 2 groups. It must be pointed out that, despite of sev-
eral studies support the effectiveness of CYC therapy in 
preventing a decline in lung function and premature death 
in SSc–ILD patients, recent systematic review and meta-
analysis of RCTs and observational prospective cohort 
studies fail to confirm any clinically significant improve-
ment in pulmonary function in SSc patients treated with 
CYC [63, 64].

Mycophenolate mofetil

MMF, an inhibitor of lymphocyte proliferation, is a safer 
and less toxic alternative to CYC for the treatment of SSc–
ILD. Several case series, uncontrolled studies and more 
recently 2 meta-analyses [65, 66] reported the safety and 
efficacy of MMF in SSc–ILD patients [67, 68]. Recently, 
SLS II, a study in which SSc–ILD patients were treated 
with MMF for 2 years or CYC for 1 year, showed that both 
the treatment resulted in a significant improvement in the 
pre-specified measures of lung function over the 2-year 
course of the study. Although MMF was better tolerated 
and associated with less toxicity, the hypothesis that it 
would have greater efficacy at 24  months than CYC was 
not confirmed. These findings support the potential clinical 
effectiveness of both CYC and MMF for progressive SSc–
ILD, and a possible preference for MMF because of its 
better tolerability and toxicity profile [69]. Finally, Owen 
et al. [70] showed that in SSc–ILD patients and decline of 
pulmonary function, MMF therapy was associated with 
clinical stability for up to 36 months and lower frequency 
of early adverse events when compared with AZA treated 
patients.

Azathioprine

A randomized unblended clinical trial, comparing CYC and 
AZA (a purine analog), as first-line treatment, did not pro-
vide any evidence of efficacy for AZA in the treatment of 
SSc–ILD [71], although small case series and retrospective 
studies suggested the use of AZA as maintenance immu-
nosuppressive treatment for SSc–ILD [72–74]. Importantly, 
the very recent study showed the efficacy and tolerability of 
MMF and AZA in the management of SSc–ILD [70].

Pirfenidone

Pirfenidone is a pyridone showing both anti-inflammatory 
and anti-fibrotic effects and has been approved for the man-
agement of patients with idiopathic pulmonary fibrosis 
(IPF). Pirfenidone was administered as a compassionate 
treatment in 8 patients with IPF and 2 patients with SSc–
ILD. The drug was overall well tolerated, and although it 
did not improve survival, it stabilized the effects on pro-
gressive PF [75]. Further studies reported that pirfenidone 
has a stabilizing effect on ILD in SSc patients although the 
efficacy of pirfenidone for SSc remains unclear [76, 77]. 
Recently, the LOTUSS study, a phase II, open-label, ran-
domized, 16-week study was designed to assess the safety 
and tolerability of pirfenidone in patients with SSc–ILD. 
The drug showed an acceptable tolerability profile that 
was not affected by concomitant treatment with MMF, but 
result about efficacy is still not available [78].

Bosentan

Despite of the potential pathogenic role of ET1 in SSc–
ILD, bosentan, a non-selective endothelin receptor antago-
nist, failed to show any positive effect on SSc–ILD, in a 
prospective, double-blind, randomized, placebo-controlled 
trial (BUILD-2, Bosentan in Interstitial Lung Disease in 
Systemic Sclerosis-2) enrolling 163 patients: 77, rand-
omized to receive bosentan, and 86, randomized to receive 
placebo. Although many outcome variables were stable, 
bosentan did not reduce the frequency of clinically impor-
tant worsening and these data do not support the use of 
endothelin receptor antagonists as therapy for SSc–ILD 
[79].

Anti‑tyrosine kinases

Imatinib

Imatinib, a tyrosine kinase inhibitor, may be a therapeutic 
option for SSc patients. The first two open-label studies 
conducted to assess the safety and effectiveness of imatinib 
mesylate in the treatment of dcSSc showed a statistically 
significant improvement in skin thickening and FVC [80, 
81]. However, the feasibility and efficacy to use imatinib 
to treat skin fibrosis in dcSSc were further evaluated in 
two randomized, double-blind, placebo-controlled studies. 
In the first study, although imatinib was poorly tolerated, 
and the number of patients enrolled was too small for defi-
nite conclusions. The second study failed to demonstrate 
the efficacy of imatinib in skin fibrosis. To better explain 
the potential role of tyrosine kinase inhibition, a phase II 
pilot study was conducted on 30 SSc patients with active 
pulmonary involvement, unresponsive to CYC, and treated 
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with a lower dose of imatinib 200 mg/day for 6 months fol-
lowed by a 6-month follow-up. The drug was well tolerated 
and stabilized the FVC in a large proportion of patients, 
improving the HRCT lung scans, thus suggesting the need 
of more extensive studies in SSc–ILD [82]. More recently, 
dasatinib, another tyrosine kinase inhibitor, with a bet-
ter safety profile, has been suggested for the treatment of 
patients who cannot tolerate imatinib. An open-label study 
was concluded on 2012, but no results were published until 
now (NCT00764309; Table 1).

Transforming growth factor‑β

The role of CAT-192, a recombinant human antibody neu-
tralizing TGF-1β, in the treatment of early-stage dcSSc was 
evaluated in a phase I/II randomized, placebo-controlled 
study. A total of 45 patients were enrolled (treatment 
groups: 10, 5, 0.5  mg/kg, infusions: day 0 and weeks 6, 
12, and 18). Unfortunately, the results of this study did not 
show any evidence of clinical efficacy for CAT-192. Fur-
thermore, a higher mortality rate was observed in this study 
[83]. Lastly, in an open–label trial, the effect of fresoli-
mumab, a high-affinity neutralizing antibody that targets all 
3 TGF-β isoforms, on skin fibrosis was evaluated. A signifi-
cant improvement in the MRSS was observed, showing that 
fresolimumab may rapidly reverse skin fibrosis [84]. How-
ever, further studies are needed to better evaluate the role of 
this molecule for the treatment of SSc–ILD.

Rituximab

An improvement in SSc–ILD with RTX was reported in 
a few case reports and open-label, uncontrolled studies 
[85, 86]. The largest study, assessing the efficacy of RTX 
on skin and lung fibrosis, was conducted in 63 patients, 9 
out of them with SSc–ILD. The primary objective of this 
study was to measure the change of MRSS from baseline 
to follow-up between the RTX and control groups. Second-
ary objectives were to measure the change of the FVC from 
baseline to follow-up between the two groups and safety 
measures. The most frequent application was 2 infusions 
of 1000 mg in 2 weeks (75% of patients), but there were 
also other application schemes. In these 9 patients, RTX 
significantly prevented the decline of FVC (0.4 ±  4.4 vs 
−7.7 ± 3.6%; p = 0.02). An improvement in skin fibrosis 
was also reported. Furthermore, the safety profile of RTX 
was acceptable and no serious adverse events were reported 
[87].

Anti‑IL‑6

Tocilizumab (TCZ), an anti-IL-6 soluble receptor mono-
clonal antibody, was administered in 2 patients with dcSSc 

over 6 months. After TCZ treatment, both patients showed 
an improvement in skin fibrosis, without any effect on SSc–
ILD [88]. Furthermore, a study was conducted in patients 
with a longstanding lung involvement, but results were 
inconclusive [89]. More recently, the results of a phase II, 
randomized, controlled trial, conducted on 87 patients with 
early SSc, to assess the safety and efficacy of subcutane-
ous TCZ (162 mg weekly) did not produce definitive data 
about skin and lung effectiveness [90]. These results need 
to be tested in an adequately powered phase 3 study. Such 
a study is currently recruiting patients (NCT02453256; 
Table 1).

Anti‑IL‑13 antibody

Currently, a randomized, double-blind, placebo-controlled, 
multiple-dose, multicenter pilot study, to assess safety, 
tolerability, pharmacokinetics and pharmacodynamics 
of intravenous doses of QAX576 (fully human antibody 
against human IL-13) in patients with PF secondary to SSc 
is ongoing. The study has been completed, and results are 
awaited in the next year (NCT00581997; Table 1).

TNF‑alpha inhibitors

As far as the role of TNF-alpha inhibitors in SSc is con-
cerned, an EUSTAR expert consensus statement, by using 
Delphi technique, does not recommend the routine use of 
these biologic drugs in SSc [91].

Abatacept

Abatacept is a recombinant fusion protein inhibiting T 
cell activation. A randomized, double-blind, placebo-con-
trolled trial to evaluate the safety and efficacy of abata-
cept in patients with diffuse SSc has been completed, and 
results are awaited with interest (NCT00442611; Table 1). 
The primary endpoint was the change in MRSS, whereas 
the secondary endpoints were change in oral aperture and 
hand extension, in PFTs (FVC and DLCO), digital ulcera-
tions and Scleroderma Health Assessment Questionnaire. 
Recently, an observational study to evaluate the safety and 
effectiveness of TCZ and abatacept in SSc-polyarthritis or 
SSc-myopathy was conducted on 20 patients, but, despite 
of a good safety profile, no change in lung fibrosis was 
reported in patients treated with abatacept [92].

Cell‑based therapies

Haematopoietic stem cell transplantation

HSCT emerged as a novel rescue therapy for a variety of 
refractory autoimmune diseases. The therapeutic strategy 
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involves the ablation of the aberrant self-reactive immune 
cells by chemotherapy and the regeneration of a new self-tol-
erant immune system formed by the transplanted stem cells.

There are three prospective, multicenter studies aimed to 
evaluate the safety and efficacy of HSCT in SSc: the Autol-
ogous Stem cell Transplantation International Scleroderma 
Trial (ASTIS), the American Scleroderma Stem Cell versus 
Immune Suppression Trial (ASSIST) and the Scleroderma: 
Cyclophpsphamide or Transplantation (SCOT).

The ASTIS was the first phase III HSCT trial in a rheu-
matic autoimmune disease, targeted patients with early 
dcSSc at high risk of mortality, and a better event-free 
survival and overall survival rate in the HSCT group were 
observed. Other key observations included improvements 
in skin thickness (which correlates with a better survival) 
and lung function, expressed as improvement in vital 
capacity. However, this approach may be still considered in 
selected, severe SSc–ILD cases [93].

The ASSIST trial was a North American phase II trial, 
launched in 2006 and designed to assess the efficacy and 
safety of autologous non-myeloablative HSCT versus the 
standard of care, CYC. All patients randomly allocated to 
receive HSCT show an improvement in skin score, pulmo-
nary function test when compared to controls [94].

A randomized study of different non-myeloablative con-
ditioning regimens with Hematopoietic Stem Cell Support 
in patients with Scleroderma (Autologous Systemic Scle-
rosis Immune Suppression Trial—II ASSIST IIb) is cur-
rently recruiting patients, in order to compare the ASSIST 
I conditioning regimen of CYC and Rabbit Anti-thymocyte 
Globulin (rATG) with a less intense regimen of rATG/
CYC/fludarabine, in order to determine whether a lesser 
cardiotoxic regimen might be safer than the standard regi-
mens (NCT01445821; Table 1).

The SCOT is a North American randomized controlled 
phase III trial, designed to compare high-dose immunosup-
pressive therapy and HSCT to monthly pulse CYC. Until 
now, no data are available about the results of this trial, 
except of the mortality rate, that was approximately 10% 
[95]. This datum seems to be related to the cardiac toxicity 
associated with high-dose CYC therapy and to higher car-
diovascular risk associated with altered cardiopulmonary 
function related to SSc. Finally, the Scleroderma Treatment 
with Autologous Transplant (STAT) trial, a multicenter, 
non-comparative study which is still recruiting patients, is 
aimed at evaluating the event-free survival when mainte-
nance MMF therapy for up to 2 years is used after autolo-
gous HSCT (NCT01413100; Table 1).

At present, due to the limited number of patients 
enrolled in these studies, the results of larger randomized, 
double-blind clinical trials are a strong unmet need, in 
order to improve the clinical use of stem cell therapies in 
SSc patients.

Lung transplantation

Lung transplantation is a life-saving option for SSc–ILD 
patients who are unresponsive to pharmacologic interven-
tions. Carefully selected SSc patients, without multi-organs 
involvement, undergoing lung transplantation have accept-
able morbidity and mortality comparable to patients under-
going lung transplantation for IPF [96].

Conclusions

SSc–ILD represents the main cause of death during SSc, 
and so far, a gold standard treatment for this complication 
is still lacking. Despite of, in the last decade, many differ-
ent novel therapies, targeting different molecules or cell-
based therapies has been used trying to improve the thera-
peutic possibilities and the outcome of these patients, the 
therapeutic choice is still a major challenge for rheumatol-
ogists. Until now, studies conducted on the SSc–ILD have 
favored the use of CYC as first-line therapy. However, the 
benefit of CYC for this disease is tempered by its complex 
adverse event profile. The results of the very recent SLS II 
study showed that the effectiveness and the tolerability of 
MMF may be comparable to CYC with lower side effect 
rate. Finally, HSCT may be considered a rescue therapy 
for selected SSc–ILD patients, while lung transplantation 
remains a life-saving option for SSc–ILD patients who 
are not responsive to any pharmacologic interventions.

In the next future, the improvement of our knowledge 
regarding the genetic background of the disease and the 
molecular pathways, involved in the susceptibility and 
pathophysiology of SSc–ILD, will allow us to better iden-
tify/classify patients, that are potentially good-responder to 
specific targeted therapies, in order to improve our skill in 
SSc–ILD treatment, a complication in which an effective 
treatment is still an unmet need.

Acknowledgements  The authors thank Mrs. Federica Sensini for her 
technical assistance.

Funding  This work was supported by FIRA (Fondazione Italiana 
Ricerca per l’Artrite) 2012 through the Young Investigator Award that 
Dr. Vasiliki Liakouli was a recipient (RN1366/2013).

Compliance with ethical standards 

Conflict of interest  RG, VL, OB, PR, PDB, FCa, GG, SDB, FCi, GT 
and PC declare that they have no conflict of interest for this work.

Ethical approval  This article does not contain any studies with ani-
mals or human participants performed directly by any of its authors. 
Authors of the included studies have declared in their published arti-
cles that their protocols were approved by institutional review boards 
or ethics committee at each participating site.



861Rheumatol Int (2017) 37:853–863	

1 3

Informed consent  The authors of this article did not directly involve 
any human subjects; however, the individual studies have declared 
obtaining informed consent from the patients.

References

	 1.	 LeRoy EC, Black C, Fleischmajer R et  al (1988) Scleroderma 
(systemic sclerosis): classification, subsets and pathogenesis. J 
Rheumatol 15:202–205

	 2.	 Steen VD, Medsger TA (2007) Changes in causes of death in 
systemic sclerosis, 1972–2002. Ann Rheum Dis 66:940–944

	 3.	 Toya SP, Tzelepis GE (2009) The many faces of scleroderma 
sine scleroderma: a literature review focusing on cardiopulmo-
nary complications. Rheumatol Int 29:861–868

	 4.	 American Thoracic Society/European Respiratory Society Inter-
national Multidisciplinary Consensus Classification of the Idi-
opathic Interstitial Pneumonias (2002) This joint statement of the 
American Thoracic Society (ATS), and the European Respiratory 
Society (ERS) was adopted by the ATS board of directors, June 
2001 and by the ERS Executive Committee, June 2001. Am J 
Respir Crit Care Med 165:277–304

	 5.	 MacDonald SL, Rubens MB, Hansell DM et  al (2001) Non-
specific interstitial pneumonia and usual interstitial pneumonia: 
comparative appearances at and diagnostic accuracy of thin-sec-
tion CT. Radiology 221:583–584

	 6.	 Bouros D, Wells AU, Nicholson AG et al (2002) Histopathologic 
subsets of fibrosing alveolitis in patients with systemic sclerosis 
and their relationship to outcome. Am J Respir Crit Care Med 
165:1581–1586

	 7.	 Kim DS, Yoo B, Lee JS et al (2002) The major histopathologic 
pattern of pulmonary fibrosis in scleroderma is nonspecific inter-
stitial pneumonia. Sarcoidosis Vasc Diffuse Lung Dis 19:121–127

	 8.	 Wynn TA (2011) Integrating mechanisms of pulmonary fibrosis. 
J Exp Med 208:1339–1350

	 9.	 Sakkas LI, Platsoucas CD (2004) Is systemic sclerosis an anti-
gen-driven T cell disease? Arthritis Rheum 50:1721–1733

	10.	 Gurujeyalakshmi G, Giri SN (1995) Molecular mechanisms of 
antifibrotic effect of interferon gamma in bleomycin-mouse 
model of lung fibrosis: downregulation of TGF-beta and procol-
lagen I and III gene expression. Exp Lung Res 21:791–808

	11.	 Willis BC, Borok Z (2007) TGF-b-induced EMT: mechanisms 
and implications for fibrotic lung disease. Am J Physiol Lung 
Cell Mol Physiol 293:525–534

	12.	 Khalil N, Bereznay O, Sporn M et  al (1989) Macrophage pro-
duction of transforming growth factor beta and fibroblast col-
lagen synthesis in chronic pulmonary inflammation. J Exp Med 
70:727–737

	13.	 Riccieri V, Rinaldi T, Spadaro A et  al (2003) Interleukin-13 in 
systemic sclerosis: relationship to nailfold capillaroscopy abnor-
malities. Clin Rheumatol 22:102–106

	14.	 Vettori S, Cuomo G, Iudici M et al (2014) Early systemic sclero-
sis: serum profiling of factors involved in endothelial, T-cell, and 
fibroblast interplay is marked by elevated interleukin-33 levels. J 
Clin Immunol 34:663–668

	15.	 Abraham DJ, Varga J (2005) Scleroderma: from cell and molecu-
lar mechanisms to disease models. Trends Immunol 26:587–595

	16.	 Liu T, Jin H, Ullenbruch M et  al (2004) Regulation of found 
in inflammatory zone 1 expression in bleomycin-induced lung 
fibrosis: role of IL-4/IL-13 and mediation via STAT-6. J Immu-
nol 173:3425–3431

	17.	 Jakubzick C, Choi ES, Joshi BH et al (2003) Therapeutic attenu-
ation of pulmonary fibrosis via targeting of IL-4- and IL-13-re-
sponsive cells. J Immunol 171:2684–2693

	18.	 Tiev KP, Abriol J, Burland MC, Antonelli D et al (2005) T cell 
repertoire in patients with stable scleroderma. Clin Exp Immunol 
139:348–354

	19.	 Fuschiotti P, Larregina AT, Ho J et al (2013) Interleukin-13-pro-
ducing CD8+ T cells mediate dermal fibrosis in patients with 
systemic sclerosis. Arthritis Rheum 65:236–246

	20.	 Luzina IG, Atamas SP, Wise R, Wigley FM et al (2003) Occur-
rence of an activated, profibrotic pattern of gene expression in 
lung CD8+ T cells from scleroderma patients. Arthritis Rheum 
48:2262–2274

	21.	 Gustafsson R, Tötterman TH, Klareskog L et al (1990) Increase 
in activated T cells and reduction in suppressor inducer T cells in 
systemic sclerosis. Ann Rheum Dis 49:40–45

	22.	 Radstake TRDJ, van Bon L, Broen J et al (2009) Increased fre-
quency and compromised function of T regulatory cells in sys-
temic sclerosis (SSc) is related to a diminished CD69 and TGFb 
expression. PLoS ONE 6:e5981–e5992

	23.	 Sato S, Hasegawa M, Fujimoto M et  al (2000) Quantitative 
genetic variation in CD19 expression correlates with autoim-
munity. J Immunol 165:6635–6643

	24.	 Sato S, Fujimoto M, Hasegawa M et al (2004) Altered blood B 
lymphocyte homeostasis in systemic sclerosis: expanded naive 
B cells and diminished but activated memory B cells. Arthritis 
Rheum 50:1918–1927

	25.	 Saito E, Fujimoto M, Hasegawa M et  al (2002) CD19-depend-
ent B lymphocyte signaling thresholds influence skin fibro-
sis and autoimmunity in the tight-skin mouse. J Clin Invest 
109:1453–1462

	26.	 Yamamoto T, Takagawa S, Katayama I et  al (1999) Animal 
model of sclerotic skin. I: local injections of bleomycin induce 
sclerotic skin mimicking scleroderma. J Invest Dermatol 
112:456–462

	27.	 Yamamoto T (2006) The bleomycin-induced scleroderma model: 
what have we learned for scleroderma pathogenesis? Arch Der-
matol Res 297:333–344

	28.	 Yoshizaki A, Iwata Y, Komura K et  al (2008) CD19 regulates 
skin and lung fibrosis via Toll-like receptor signaling in a model 
of bleomycin induced scleroderma. Am J Pathol 172:1650–1663

	29.	 Wynn TA (2004) Fibrotic disease and the T(H)1/T(H)2 para-
digm. Nat Rev Immunol 4:583–594

	30.	 Khan K, Xu S, Nihtyanova S et al (2012) Clinical and pathologi-
cal significance of interleukin 6 overexpression in systemic scle-
rosis. Ann Rheum Dis 71:1235–1242

	31.	 Saito F, Tasaka S, Inoue K et al (2008) Role of interleukin-6 in 
bleomycin-induced lung inflammatory changes in mice. Am J 
Respir Cell Mol Biol 38:566–571

	32.	 Ihn H, Yamane K, Kubo M et al (2001) Blockade of endogenous 
transforming growth factor beta signaling prevents up-regulated 
collagen synthesis in scleroderma fibroblasts: association with 
increased expression of transforming growth factor beta recep-
tors. Arthritis Rheum 44:474–480

	33.	 Famularo G, Giacomelli R, Alesse E et al (1989) Polyclonal B 
lymphocyte activation in progressive systemic sclerosis. J Clin 
Lab Immunol 29:59–63

	34.	 Maddur MS, Sharma M, Hegde P et  al (2014) Human B cells 
induce dendritic cell maturation and favour Th2 polarization by 
inducing OX-40 ligand. Nat Commun 5:4092

	35.	 Hocher B, Schwarz A, Fagan KA et al (2000) Pulmonary fibro-
sis and chronic lung inflammation in ET-1 transgenic mice. Am J 
Respir Cell Mol Biol 23:19–26

	36.	 Mutsaers SE, Foster LM, Chambers RC et  al (1998) Increased 
endothelin-1 and its localization during the development of bleo-
mycin-induced pulmonary fibrosis in rats. Am J Respir Cell Mol 
Biol 18:611–619

	37.	 Abraham DJ, Vancheeswaran R, Dashwood MR et  al (1997) 
Increased levels of endothelin 1 and differential endothelin type 



862	 Rheumatol Int (2017) 37:853–863

1 3

A and B receptor expression in scleroderma-associated fibrotic 
lung disease. Am J Pathol 151:831–841

	38.	 Bauer M, Wilkens H, Langer F et al (2002) Selective upregula-
tion of endothelin B receptor gene expression in severe pulmo-
nary hypertension. Circulation 105:1034–1036

	39.	 Shi-Wen X, Kennedy L, Renzoni EA et al (2007) Endothelin is 
a downstream mediator of profibrotic responses to transform-
ing growth factor β in human lung fibroblasts. Arthritis Rheum 
56:4189–4194

	40.	 Jain R, Shaul PW, Borok Z et  al (2007) Endothelin-1 induces 
alveolar epithelial mesenchymal transition through endothelin 
type A receptor-mediated production of TGF-β1. Am J Respir 
Cell Mol Biol 37:38–47

	41.	 Steen VD, Conte C, Owens GR et  al (1994) Severe restrictive 
lung disease in systemic sclerosis. Arthritis Rheum 37:1283–1289

	42.	 Behr J, Furst DE (2008) Pulmonary function tests. Rheumatol-
ogy (Oxford) 47(Suppl 5):v65–v67

	43.	 Morgan C, Knight C, Lunt M et  al (2003) Predictors of end 
stage lung disease in a cohort of patients with scleroderma. Ann 
Rheum Dis 62:146–150

	44.	 Hudson M, Lo E, Lu Y et  al (2011) Canadian Scleroderma 
Research Group. Cigarette smoking in patients with systemic 
sclerosis. Arthritis Rheum 63:230–238

	45.	 Steen VD, Graham G, Conte C et  al (1992) Isolated diffus-
ing capacity reduction in systemic sclerosis. Arthritis Rheum 
35:765–770

	46.	 Moore OA, Proudman SM, Goh N et  al (2015) Quantifying 
change in pulmonary function as a prognostic marker in sys-
temic sclerosis-related interstitial lung disease. Clin Exp Rheu-
matol 33:S111–S116

	47.	 Moore OA, Goh N, Corte T et  al (2013) Extent of disease on 
high-resolution computed tomography lung is a predictor of 
decline and mortality in systemic sclerosis-related interstitial 
lung disease. Rheumatology (Oxford) 52:155–160

	48.	 Goh NS, Desai SR, Veeraraghavan S et al (2008) Interstitial lung 
disease in systemic sclerosis: a simple staging system. Am J 
Respir Crit Care Med 177(11):1248–1254

	49.	 Winstone TA, Assayag D, Wilcox PG et al (2014) Predictors of 
mortality and progression in scleroderma-associated interstitial 
lung disease: a systematic review. Chest 146:422–436

	50.	 Behr J, Vogelmeier C, Beinert T et  al (1996) Bronchoalveolar 
lavage for evaluation and management of scleroderma disease of 
the lung. Am J Respir Crit Care Med 154:400–406

	51.	 Wells AU, Hansell DM, Haslam PL et al (1998) Bronchoalveolar 
lavage cellularity: lone cryptogenic fibrosingalveolitis compared 
with the fibrosing alveolitis of systemic sclerosis. Am J Respir 
Crit Care Med 157:1474–1482

	52.	 Tashkin DP, Elashoff R, Clements PJ et  al (2006) Scleroderma 
Lung Study Research Group. Cyclophosphamide versus placebo 
in scleroderma lung disease. N Engl J Med 354:2655–2666

	53.	 Silver RM, Bogatkevich G, Tourkina E et al (2012) Racial differ-
ences between blacks and whites with systemic sclerosis. Curr 
Opin Rheumatol 24:642–648

	54.	 Walker UA, Tyndall A, Czirják L et  al (2007) Clinical risk 
assessment of organ manifestations in systemic sclerosis: a 
report from the EULAR Scleroderma Trials and Research Group 
database. Ann Rheum Dis 66:754–763

	55.	 De Lauretis A, Sestini P, Pantelidis P et al (2013) Serum inter-
leukin 6 is predictive of early functional decline and mortality 
in interstitial lung disease associated with systemic sclerosis. J 
Rheumatol 40:435–446

	56.	 Lee CG, Herzog EL, Ahangari F et  al (2012) Chitinase 1 is a 
biomarker for and therapeutic target in scleroderma-associated 
interstitial lung disease that augments TGF-β1 signaling. J 
Immunol 189:2635–2644

	57.	 Rubio-Rivas M, Royo C, Simeón CP et al (2014) Mortality and 
survival in systemic sclerosis: systematic review and meta-analy-
sis. Semin Arthritis Rheum 44:208–219

	58.	 Steen VD, Medsger TA Jr (2000) Severe organ involvement in 
systemic sclerosis with diffuse scleroderma. Arthritis Rheum 
43:2437–2444

	59.	 Wells AU, Hansell DM, Rubens MB et al (1997) Fibrosing alve-
olitis in systemic sclerosis: indices of lung function in relation 
to extent of disease on computed tomography. Arthritis Rheum 
40:1229–1236

	60.	 Au K, Khanna D, Clements PJ et  al (2009) Current concepts 
in disease-modifying therapy for systemic sclerosis-associated 
interstitial lung disease: lessons from clinical trials. Curr Rheu-
matol Rep 11:111–119

	61.	 American Thoracic Society (2000) Idiopathic pulmonary fibro-
sis: diagnosis and treatment. International consensus statement. 
American Thoracic Society (ATS), and the European Respiratory 
Society (ERS). Am J Respir Crit Care Med 161(2 Pt 1):646–664

	62.	 Hoyles RK, Ellis RW, Wellsbury J et  al (2006) 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 54:3962–3970

	63.	 Nannini C, West CP, Erwin PJ et al (2008) Effects of cyclophos-
phamide on pulmonary function in patients with scleroderma and 
interstitial lung disease: a systematic review and meta-analysis 
of randomized controlled trials and observational prospective 
cohort studies. Arthritis Res Ther 10:R124

	64.	 Poormoghim H, Moradi Lakeh M et  al (2012) Cyclophospha-
mide for scleroderma lung disease: a systematic review and 
meta-analysis. Rheumatol Int 32:2431–2444

	65.	 Panopoulos ST, Bournia VK, Trakada G et al (2013) Mycophe-
nolate versus cyclophosphamide for progressive interstitial lung 
disease associated with systemic sclerosis: a 2-year case control 
study. Lung 191:483–489

	66.	 Yilmaz N, Can M, Kocakaya D et al (2014) Two-year experience 
with mycophenolate mofetil in patients with scleroderma lung 
disease: a case series. Int J Rheum Dis 17:923–928

	67.	 Tzouvelekis A, Galanopoulos N, Bouros E et  al (2012) Effect 
and safety of mycophenolate mofetil or sodium in systemic scle-
rosis-associated interstitial lung disease: a meta-analysis. Pulm 
Med 2012:143637

	68.	 Omair MA, Alahmadi A, Johnson SR (2015) Safety and effec-
tiveness of mycophenolate in systemic sclerosis. A systematic 
review. PLoS ONE 10:e0124205

	69.	 Tashkin DP, Roth MD, Clements PJ et  al (2016) Sclerodema 
Lung Study II Investigators. Mycophenolate mofetil versus oral 
cyclophosphamide in scleroderma-related interstitial lung dis-
ease (SLS II): a randomised controlled, double-blind, parallel 
group trial. Lancet Respir Med 4:708–719

	70.	 Owen C, Ngian GS, Elford K et  al (2016) Mycophenolate 
mofetil is an effective and safe option for the management of 
systemic sclerosis-associated interstitial lung disease: results 
from the Australian Scleroderma Cohort Study. Clin Exp Rheu-
matol 34(Suppl 100):170–176

	71.	 Nadashkevich O, Davis P, Fritzler M et al (2006) A randomized 
unblinded trial of cyclophosphamide versus azathioprine in the 
treatment of systemic sclerosis. Clin Rheumatol 25:205–212

	72.	 Paone C, Chiarolanza I, Cuomo G et  al (2007) Twelve-month 
azathioprine as maintenance therapy in early diffuse systemic 
sclerosis patients treated for 1-year with low dose cyclophospha-
mide pulse therapy. Clin Exp Rheumatol 25:613–616

	73.	 Bérezné A, Ranque B, Valeyre D et al (2008) Therapeutic strat-
egy combining intravenous cyclophosphamide followed by 
oral azathioprine to treat worsening interstitial lung disease 



863Rheumatol Int (2017) 37:853–863	

1 3

associated with systemic sclerosis: a retrospective multicenter 
open-label study. J Rheumatol 35:1064–1072

	74.	 Iudici M, Cuomo G, Vettori S et al (2015) Low-dose pulse cyclo-
phosphamide in interstitial lung disease associated with systemic 
sclerosis (SSc–ILD): efficacy of maintenance immunosuppres-
sion in responders and non-responders. Semin Arthritis Rheum 
44:437–444

	75.	 Nagai S, Hamada K, Shigematsu M et al (2002) Open-label com-
passionate use one year-treatment with pirfenidone to patients 
with chronic pulmonary fibrosis. Intern Med 41:1118–1123

	76.	 Udwadia ZF, Mullerpattan JB, Balakrishnan C et  al (2015) 
Improved pulmonary function following pirfenidone treatment 
in a patient with progressive interstitial lung disease associated 
with systemic sclerosis. Lung India 32:50–52

	77.	 Miura Y, Saito T, Fujita K et al (2014) Clinical experience with 
pirfenidone in five patients with scleroderma-related interstitial 
lung disease. Sarcoidosis Vasc Diffuse Lung Dis 31:235–238

	78.	 Khanna D, Albera C, Fischer A et al (2015) Safety and tolerabil-
ity of pirfenidone in patients with systemic sclerosis-associated 
interstitial lung disease—the LOTUSS study. Ann Rheum Dis 
74:S816

	79.	 Seibold JR, Denton CP, Furst DE, Guillevin L, Rubin LJ, Wells 
A, Matucci Cerinic M, Riemekasten G, Emery P, Chadha-
Boreham H, Charef P, Roux S, Black CM (2010) Randomized, 
prospective, placebo-controlled trial of bosentan in interstitial 
lung disease secondary to systemic sclerosis. Arthritis Rheum 
62:2101–2108

	80.	 Spiera RF, Gordon JK, Mersten JN et  al (2011) Imatinib 
mesylate (Gleevec) in the treatment of diffuse cutaneous sys-
temic sclerosis: results of a 1-year, phase IIa, single-arm, open-
label clinical trial. Ann Rheum Dis 70:1003–1009

	81.	 Khanna D, Saggar R, Mayes MD et al (2011) A one-year, phase 
I/IIa, open-label pilot trial of imatinib mesylate in the treatment 
of systemic sclerosis-associated active interstitial lung disease. 
Arthritis Rheum 63:3540–3546

	82.	 Fraticelli P, Gabrielli B, Pomponio G et  al (2014) Imatinib in 
Scleroderma Italian Study Group. Low-dose oral imatinib in the 
treatment of systemic sclerosis interstitial lung disease unrespon-
sive to cyclophosphamide: a phase II pilot study. Arthritis Res 
Ther 16:R144

	83.	 Denton CP, Merkel PA, Furst DE, Khanna D, Emery P, Hsu VM, 
Silliman N, Streisand J, Powell J, Akesson A, Coppock J, Fv 
Hoogen, Herrick A, Mayes MD, Veale D, Haas J, Ledbetter S, 
Korn JH, Black CM, Seibold JR (2007) Cat-192 Study Group; 
Scleroderma Clinical Trials Consortium Recombinant human 
anti-transforming growth factor beta1 antibody therapy in sys-
temic sclerosis: a multicenter, randomized, placebo-controlled 
phase I/II trial of CAT-192. Arthritis Rheum 56:323–333

	84.	 Rice LM, Padilla CM, McLaughlin SR et  al (2015) Fre-
solimumab treatment decreases biomarkers and improves 

clinical symptoms in systemic sclerosis patients. J Clin Invest 
125:2795–2807

	85.	 Yoo WH (2012) Successful treatment of steroid and cyclophos-
phamide-resistant diffuse scleroderma-associated interstitial lung 
disease with rituximab. Rheumatol Int 32:795–798

	86.	 Bosello S, De Santis M, Lama G et al (2010) B cell depletion in 
diffuse progressive systemic sclerosis: safety, skin score modifi-
cation and IL-6 modulation in an up to thirty-six months follow-
up open-label trial. Arthritis Res Ther 12:R54

	87.	 Jordan S, Distler JH, Maurer B et al (2015) Effects and safety of 
rituximab in systemic sclerosis: an analysis from the European 
Scleroderma Trial and Research (EUSTAR) group. Ann Rheum 
Dis 74:1188–1194

	88.	 Shima Y, Kuwahara Y, Murota H et al (2010) The skin of patients 
with systemic sclerosis softened during the treatment with anti-
IL-6 receptor antibody tocilizumab. Rheumatology (Oxford) 
49:2408–2412

	89.	 Fernandes das Neves M, Oliveira S, Amaral MC et  al (2015) 
Treatment of systemic sclerosis with tocilizumab. Rheumatology 
(Oxford) 54:371–372

	90.	 Khanna D, Denton CP, Jahreis A et al (2016) Safety and efficacy 
of subcutaneous tocilizumab in adults with systemic sclerosis 
(faSScinate): a phase 2, randomised, controlled trial. Lancet 
25(387):2630–2640

	91.	 Distler JH, Jordan S, Airo P et al (2011) Is there a role for TNFα 
antagonists in the treatment of SSc? EUSTAR expert consensus 
development using the Delphi technique. Clin Exp Rheumatol 
29:S40–S45

	92.	 Elhai M, Meunier M, Matucci-Cerinic M et al (2013) EUSTAR 
(EULAR Scleroderma Trials and Research group). Outcomes 
of patients with systemic sclerosis-associated polyarthritis and 
myopathy treated with tocilizumab or abatacept: a EUSTAR 
observational study. Ann Rheum Dis 72:1217–1220

	93.	 Van Laar JM, Farge D, Sont JK et  al (2014) EBMT/EULAR 
Scleroderma Study Group. JAMA 311:2490–2498

	94.	 Burt RK, Shah SJ, Dill K, Grant T, Gheorghiade M, Schroeder J, 
Craig R, Hirano I, Marshall K, Ruderman E, Jovanovic B, Milan-
etti F, Jain S, Boyce K, Morgan A, Carr J, Barr W (2011) Autolo-
gous non-myeloablative haemopoietic stem-cell transplantation 
compared with pulse cyclophosphamide once per month for 
systemic sclerosis (ASSIST): an open-label, randomised phase 
2 trial. Autologous hematopoietic stem cell transplantation vs 
intravenous pulse cyclophosphamide in diffuse cutaneous sys-
temic sclerosis: a randomized clinical trial. Lancet 378:498–506

	95.	 Van Laar JM, Nihtyanova SI, Naraghi K, Denton CP, Tyndall 
A (2013) Autologous HSCT for systemic sclerosis. Lancet 
381:2079–2080

	96.	 Khan IY, Singer LG, de Perrot M et al (2013) Survival after lung 
transplantation in systemic sclerosis. A systematic review. Respir 
Med 107:2081–2087


	Interstitial lung disease in systemic sclerosis: current and future treatment
	Abstract 
	Introduction
	Classification of ILD
	Pathophysiology
	Clinical presentation and diagnosis of SSc–ILD
	Prognosis and survival in patients with SSc–ILD
	Candidate patients for treatment
	Treatment approaches for SSc–ILD
	Cyclophosphamide
	Mycophenolate mofetil
	Azathioprine
	Pirfenidone
	Bosentan
	Anti-tyrosine kinases
	Imatinib
	Transforming growth factor-β
	Rituximab
	Anti-IL-6
	Anti-IL-13 antibody
	TNF-alpha inhibitors
	Abatacept

	Cell-based therapies
	Haematopoietic stem cell transplantation
	Lung transplantation


	Conclusions
	Acknowledgements 
	References




