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ABSTRACT The efficacy of immunosuppressors in the treatment of systemic sclerosis-interstitial lung

disease is still matter of controversy. In this review we will analyse the evidence that immunosuppressors,

despite not being able to reverse fibrotic changes, may help in slowing disease progression. Induction

treatment with cyclophosphamide should be started as soon as possible in patients at risk for progression.

Mycophenolate mofetil and rituximab have to be considered in patients who are unable to tolerate

cyclophosphamide. After remission, maintenance treatment with mycophenolate mofetil or azathioprine

should be started in order to preserve the benefits achieved during the induction treatment.

@ERSpublications

SSc-ILD therapy consists of induction treatment and maintenance with mycophenolate mofetil or
azathioprine http://ow.ly/mPsdi

Introduction
Systemic sclerosis (SSc) is characterised by obliterative microvasculopathy, activation of the immune

system, and fibrosis of the skin and internal organs. In SSc, pulmonary involvement is common and

comprises interstitial lung diseases (ILD) and pulmonary vascular disease leading to pulmonary arterial

hypertension (PAH). A recent European League Against Rheumatism Scleroderma Trial and Research

(EUSTAR) analysis revealed, in a cohort of 3656 SSc patients, that ILD was present in 53% of cases with

diffuse cutaneous (dc)SSc and in 35% of cases with limited cutaneous SSc [1]. ILD and pulmonary

hypertension are considered to be the two main causes of death in SSc. A recent report estimated lung

involvement mortality to be ,33% [2] and ILD to account for 16% of the deaths [3]. In total, ,12% of

patients with ILD develop severe, chronic respiratory failure [4]. Usually, the decline in lung function

occurs in the first 4 years of disease, highlighting the importance of identifying patients at risk of ILD

progression in order to treat them more aggressively to stop disease evolution. The pathogenesis of SSc-ILD

is characterised by significant accumulation of inflammatory cells in the lung parenchyma both in

nonspecific interstitial pneumonia (NSIP) and in usual interstitial pneumonia (UIP) followed by

myofibroblast activation and collagen deposition. Therefore, immunosuppression has been hypothesised to

be a useful treatment for SSc-ILD to achieve and maintain remission. The main aim of induction treatment

is to block disease progression and, when possible, to reverse disease-related tissue modifications. After

remission, maintenance treatment is needed to preserve the benefits obtained in the induction phase and

prevent relapses.
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Nonselective immunosuppressors in SSC-ILD
Cyclophosphamide
Cyclophoshamide (CYC) is the most widely used and studied treatment for early and severe SSc-ILD. The

use of CYC in SSc-ILD was evaluated in two randomised controlled trials (RCT) versus placebo. In the

Scleroderma Lung Study I (SLS I), 158 subjects who had had SSc-ILD for ,7 years and who had not

previously received CYC were randomised to receive either oral CYC (1–2 mg?kg-1 daily) for 1 year or

placebo. The mean absolute difference in adjusted 12-month forced vital capacity (FVC) % predicted

between the CYC and placebo group was 2.53% (95% CI 0.28–4.79%) favouring CYC (p,0.03) [5]. CYC

treatment also resulted in alleviating breathing difficulties and improved patients’ quality of life [5]. The

beneficial effects of CYC persisted or increased for some months after therapy was stopped but were no

longer apparent after 12 months. This evidence strongly suggests the need for maintenance treatment after

CYC [6]. In the Fibrosing Alveolitis in Scleroderma Trial (FAST), 45 SSc-ILD patients were randomised to

receive either 6-monthly infusions of CYC followed by 6 months of daily azathioprine (AZA) or placebo.

Due to the small size of the patient cohort statistical significance was not reached. However, the adjusted

between-group difference in FVC of 4.2% showed a strong trend in favour of the treated group (95% CI

0.57–8.95, p50.08) [7]. A randomised unblinded trial comparing daily oral CYC to AZA for 18 months

showed a trend toward FVC improvement in patients treated with CYC (+3.3%) while patients receiving

AZA showed a significant decrease of FVC (-11.1%, p,0.001) [8]. A meta-analysis of these three RCTs and

of six prospective observational studies concluded that though an overall improvement in pulmonary

function was observed in SSc patients treated with CYC this was not clinically relevant [9]. Despite this

conclusion, the results previously obtained supported the use of CYC in the induction treatment of SSc-

ILD. However in the risk/benefit assessment CYC, as all the other alkylating agents, may have a significant

toxicity (bone marrow suppression, teratogeneity, gonadal failure or haemorrhagic cystitis). In the SLS I,

patients on CYC exhibited a significantly higher number of adverse events in comparison to patients

receiving placebo [5]. It is important to note that in these studies, due to the limited follow-up, it was

impossible to detect potential long-term consequences.

EUSTAR recommendations concluded that in view of high-quality RCTs (SLS and FAST), CYC should be

considered for the treatment of SSc-ILD with a warning about its toxicity [10]. CYC may be administered

either intravenously or orally but the use of intermittent i.v. pulses is preferred because it is less toxic [11].

There is no consensus between SSc experts about the dose of each pulse (which may range from 0.5 to

2 g?m-2) or about the duration of the therapy with CYC (generally 6–18 months).

Mycophenolate mofetil
Mycophenolate mofetil (MMF) is an antiproliferative immunosuppressive agent with a more favourable

safety profile than CYC. MMF is administered orally at a dose of 2 g daily. At present, only observational

studies on the use of MMF in SSc-ILD have been published. Due to the limited number of patients

included, most of these studies did not show any significant changes of FVC or of diffusing capacity of the

lung for carbon monoxide (DLCO) [12–17]. In one study, a significant increase of both FVC and DLCO was

reported. In this study, patients received three consecutive daily i.v. methylprednisolone pulses before

MMF, followed by five additional monthly i.v. methylprednisolone pulses and low-dose (5–10 mg?day-1)

oral prednisolone [18]. Therefore, it is not possible to define if the benefit observed was due to MMF or

rather to the concomitant therapy with steroids. Two retrospective analyses showed a significant increase in

FVC and vital capacity (VC) but no changes in DLCO [19, 20]. In a prospective study, MMF was associated

with a significant increase of DLCO with a trend toward an increase in FVC [21]. In a recent study evaluating

the effects of MMF on connective tissue diseases (CTD)-ILD, patients were divided into two groups; with or

without UIP-pattern. MMF significantly improved FVC and DLCO in the subgroup without UIP pattern

and was associated with stability of both FVC and DLCO in patients with UIP pattern [22]. A survey

conducted between SSc experts has shown that MMF is only used occasionally in the induction treatment of

SSc-ILD, but is the most commonly used immunosuppressor in maintenance therapy [23]. Considering the

minor toxicity of MMF in comparison to CYC, many physicians have been asking themselves if MMF may

be an alternative therapy to CYC as a first-line agent. The answer to this question will be given in the

coming years by the ongoing Scleroderma Lung Study II (SLS II), whose aim is to compare MMF with CYC

as induction treatment for SSc-ILD.

Other nonselective immunosuppressors
Azathioprine
AZA versus CYC was evaluated in a RCT in which a significant worsening of both DLCO (-11.6, p,0.001)

and FVC (-11.1, p,0.001) was observed after 18 months in SSc-ILD patients on AZA but not in patients on

CYC [8]. Therefore, AZA may not be recommended as induction treatment in SSc-ILD. However, data
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suggested a role for AZA as maintenance treatment following i.v. CYC. A retrospective series of 27 patients

with SSc-ILD showed stabilisation or improvement of lung function with a combination regimen of

monthly CYC pulses administered for 6 months followed by 18 months of AZA [24]. A similar result was

obtained in a prospective open-label study in which 13 patients were treated with i.v. CYC for 1 year

followed by AZA for 1 year [25].

Methotrexate
Two RCTs have evaluated the use of methotrexate (MTX) in SSc [26, 27]. In these studies, while a benefit

on skin involvement was described, there was no improvement in lung function. For this reason EUSTAR

recommended the use of MTX for skin involvement only [10].

Corticosteroids
While the use of corticosteroids alone is recommended for idiopathic pulmonary fibrosis, several warnings

about the onset of scleroderma renal crisis have significantly limited their use in SSc [28–31]. However, in

several works steroids have been used in combination with CYC to treat SSc-ILD. In an Italian study,

patients were treated with 6-monthly pulses of CYC (1000 mg?m-2) in association with prednisone 25 mg

daily for 1 month followed by prednisone 5 mg daily for the remaining 5 months, with stabilisation of

pulmonary function in most patients [32]. In a subsequent study, patients were treated with oral CYC and

25 mg of prednisone daily for 3 months, followed by 5 mg daily for 9 months with favourable results [33].

In the already mentioned FAST study, patients received prednisone 20 mg on alternate days [7]. In other

studies, low doses of prednisone were used in association with CYC [6, 8]. Two studies have outlined the

therapeutic effects of using a combination of CYC and methylprednisolone pulses in patients with SSc-ILD

[34, 35]. In the first study a statistically significant improvement in the high-resolution computed

tomography (HRCT) scan was observed while DLCO remained stable [34]. In the second, nearly 70% of

patients showed stabilisation or improvement of pulmonary function [35]. In both studies a deterioration

of lung function was observed after the end of the therapy.

Biological immunotherapies
Rituximab
Rituximab (RTX) is a chimeric monoclonal antibody directed against CD20, an antigen on the surface of B

lymphocytes [36]. Since elevated levels of B lymphocytes have been described in the lung of patients with

SSc-ILD, there is a strong rational for the use of RTX [37]. The beneficial effects of RTX on SSc-ILD have

been documented in three case reports [38–40]. Some small, open-label clinical studies have explored the

potential clinical efficacy of RTX in SSc. Two studies have evaluated the effects of two pulses of RTX;

1000 mg at baseline and after 15 days [41, 42]. 6 months after RTX infusion, the pulmonary function test

(PFT) remained stable [41, 42]. Recently, an open-label, randomised controlled, 1-year pilot study was

conducted on 14 SSc-ILD patients. Eight patients received two cycles of RTX (baseline and 24 weeks). Each

cycle consisted of four weekly RTX infusions at 375 mg?m-2?week-1. While the other six patients continued

their previously administered treatment unchanged (prednisone alone n52, CYC alone n51, CYC and

prednisone n51, and MMF and prednisone n52). After 1 year a significant improvement of pulmonary

function (FVC: 7.5%, p50.0018; DLCO: 9.75%, p50.017) was observed in patients treated with RTX [43].

These eight patients then received another two cycles, at an interval of 6 months. A significant improvement

of pulmonary function was also observed after 2 years (FVC: 9%, p,0.0001, DLCO: 10.88%, p,0.001) [44].

In an open label uncontrolled study, nine patients, unresponsive to previous treatment with CYC, received

one course of RTX (consisting of two infusions 1 g each) and PFTs remained stable through the study [45].

In all these studies RTX was always well tolerated. Encouraging results have also been reported in a

retrospective study on eight patients with very severe CTD-ILD treated with RTX. Indeed a median

significant improvement of FVC and DLCO was registered [46]. Since no RCT has been performed to date,

the role of RTX in SSc-ILD still remains to be determined.

Other biological immunotherapies
Antitumour necrosis factor-a, abatacept and tocilizumab
Observational studies failed to demonstrate an efficacy of antitumour necrosis factor-a in SSc-ILD [47, 48].

Recently a EUSTAR observational study on 27 patients with SSc-associated polyarthritis and myopathy

showed no significant changes in lung fibrosis [49].

Haematopoietic stem cell transplantation
Haematopoietic stem cell transplantation (HSCT) proceeded by high CYC immunosuppressive

conditioning doses has been proposed for the treatment of early dcSSc. This procedure consists of

intensive immunosuppression to ablate immune responses involved in disease activity, followed by the
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infusion of haematopoietic progenitors (using CD34 selection) [50]. The aim of HSCT is to generate a new,

non-autoreactive immune system. To ablate the immune response both a non-myeloablative (CYC with or

without antithymocyte globulin) and a myeloablative regimen (CYC with total body irradiation or

busulfan) have been proposed [51]. The joint committee of the European Group for Blood and Marrow

Transplantation and the European League Against Rheumatism (EBMT/EULAR) have collected the data of

41 patients affected either by early diffuse SSc with high risk of progression or by limited SSc with

threatening pulmonary fibrosis or pulmonary hypertension. Despite a remarkable improvement of skin

involvement after HSCT (improvement of modified Rodnan skin score (mRss) of .25% in 69% of

patients), no positive effect on pulmonary function was recorded [52]. Values of VC and transfer factor of

the lung for carbon monoxide (TLCO) were used to evaluate pulmonary function and a change in VC or

TLCO of .15% was considered to be clinically significant. Using this criterion in patients with lung

involvement at baseline, the VC improved in 16%, deteriorated in 24% and remained stable in 68% and

TLCO improved in 9%, deteriorated in 39% and remained stable in 52%. A high mortality rate related to the

transplantation was reported (17%) [52]. The subsequent report of EBMT/EULAR, which included an

additional 25 SSc patients, confirmed a significant reduction of mRss and no significant improvement

neither in VC or in TLCO. In this study, the transplantation-related mortality was reduced to 8.7% [53]. A

pilot, phase II, single arm study conducted in the USA on 34 patients showed also a significant reduction of

mRSS while pulmonary function was not modified. The mean increase in FVC between baseline and final

evaluation was 2.11% (p50.50) while DLCO decreased by an average of 6.04% (p50.05). Treatment-related

mortality was high (23%) [54]. At present, two multicentre RCTs of CYC versus HSCT are ongoing:

Autologous Stem Cell Transplantation in Scleroderma (ASTIS) in Europe and Scleroderma

Cyclophosphamide or Transplant (SCOT) in the USA. Preliminary results of ASTIS show a 100-day

treatment-related mortality of 10% in the transplantation arm, while the total number of deaths was higher

in the control arm (24 (31.2%) out of 77), where the majority of deaths were due to SSc progression, than in

the transplant arm (16 (20.2%) out of 79) [55].

Outcome measures in evaluating the response to the treatment
PFTs are a key outcome measure to evaluate the response to treatment. DLCO is an early marker of both ILD

and PAH and correlates with disease severity [56]. Fibrotic changes result in a restrictive pattern

characterised by reduced total lung capacity (TLC) and FVC. TLC is therefore a useful measure in

evaluating the severity of ILD, even if most studies only consider FVC [54]. In the very early inflammatory

phases of SSc-ILD, a reduction of DLCO alone is observed and is followed with ILD progression by a

reduction in FVC that corresponds to the development of fibrosis. This explains the difficulty of obtaining a

significant improvement of FVC through immunosuppressive therapy. In the early inflammatory phase,

DLCO is more sensitive not only to interstitial but also to vascular changes.

HRCT is very useful for the diagnosis of ILD but ILD modifications may fail to change after treatment since

most are due to fibrosis and therefore are irreversible. Ground-glass opacities (GGO) appear to be reversible

only in a minority of patients [57], as they often represent fibrosis more than inflammation. This conclusion

is in agreement with the observation that reversible inflammatory disease is found during biopsy in ,25%

of SSc patients [58], despite the high frequency of GGOs on HRCT.

At present no biomarkers are validated to evaluate the efficacy of a therapeutic regimen. However, it has

been observed that serum levels of surfactant protein-D and Krebs von den Lungen-6, produced by type II

alveolar epithelial cells, are elevated in sera of patients with ILD [59]. In the future, a comparison of the

levels before and after immunosuppressive treatment in patients with clinical improvement may define

whether they could be considered as a marker of response sensitive enough to change.

It has been shown that the presence/absence of active alveolitis at bronchoalveolar lavage (BAL) did not

independently predict disease progression or response to CYC at 1 year [60, 61]. Therefore, the routine

performance of BAL is not necessary and not helpful in RCTs.

Since breathlessness is the main symptom in patients with ILD the subjective evaluation of dyspnoea

through the Mahler Dyspnoea Index may also be used to evaluate the response to the treatment [62].

Therefore, to monitor the response to treatment it is advised to consider both HRCT and PFTs. A subjective

evaluation of dyspnoea by the patient may also be useful.

Which patients should be treated and when?
At present no treatment is able to solve the problem of SSc-ILD. Several studies have shown that

immunosuppression slows and sometimes prevents disease progression. A physician should make their

clinical profile in front of SSc-ILD patients, which include stage, activity and severity of the disease, in order

to design the most appropriate treatment. Indeed, of paramount importance is to understand whether the
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disease will progress in the future. Demographic variables, in particular male sex, black race and

seropositivity for antitopoisomerase I antibodies, have been associated with SSc-ILD progression [63–66].

Early disease [4], low baseline FVC and DLCO [58, 67] and a severe HRCT score at baseline [68] have also

been described as predictors of progressive SSc-ILD. As for the histopatological pattern, in 80 patients with

biopsy proven SSc-ILD 5-year survival was not significantly different between patients with NSIP (91%) and

UIP (82%) [58].

Recently, an algorithm based on combined evaluation of HRCT and PFTs has been proposed to differentiate

patients with extensive lung disease from those with limited lung disease. Patients with .30% HRCT

abnormalities were considered with extensive lung disease and those with ,10% with limited lung disease. In

the case of HRCT extent between 10–30% (indeterminate cases), patients were considered to be affected by

extensive lung disease if the FVC was ,70% and by limited lung disease if the FVC was ,70%. Patients with

extensive lung disease had strikingly higher mortality and rapid deterioration of lung function [69].

When starting immunosuppressive treatment we should not only consider which patients have a higher risk

of disease progression but also which have a higher probability to respond to the treatment, since variables

that predict progression may be different from those that predict treatment response. At present, little is

known about predictors of treatment response in SSc-ILD. Factors that have been described to be associated

to treatment response are: early phase of disease [34, 35]; baseline FVC [70]; maximal severity of reticular

infiltrates on HRCT at baseline; and mRss at baseline [71]. Nevertheless, in different studies, factors

associated with better response were not always univocal. The observation that patients with low FVC did

not respond to immunosuppression could be explained by the fact that FVC reflects disease damage rather

than disease activity [70]. On the contrary, another study observed a better response to CYC in patients with

more severe reticular infiltrates on HRCT [71]. Therefore, in the absence of certain factors that may tell us

which patient will respond better to treatment, immunosuppression should be started as soon as possible.

This should be always the strategy, especially in patients at risk of progression and with a worsening of lung

function in the previous months.

Conclusions
The efficacy of immunosuppression in SSc-ILD is still a matter of debate as it is not effective in reversing

fibrosis but may slow and sometimes stop disease progression. For this reason, all patients at risk of ILD

progression should be treated with CYC (fig. 1). In patients who are not tolerant to CYC or in young

females, induction therapy with MMF or RTX may be considered. In the presence of both ILD and severe

skin involvement the possibility to perform HSCT should be discussed with the patient. If a patient does not

respond to CYC, the use of RTX or of HSCT may be considered. It has been observed that lung function

CYC
i.v. pulses 0.5–2 g.m-2 monthly 

for 6–18 months
MMF: 2 g daily oral

RTX: cycles of 1000 mg at baseline and day 15

Consider:

HSCT

RTX (patients previously 

treated with CYC or MMF)

Patients not able to tolerate CYC or with 

contraindication to it:

No
Yes

MMF: 2 g daily oral AZA: 1–2 mg.kg-1 daily oral

Maintenance treatment

Remission?

FIGURE 1 Algorithm for the treatment of systemic sclerosis-interstitial lung disease in patients with progressive or
extensive disease. CYC: cyclophosphamide; MMF: mycophenolate mofetil; RTX: rituximab; HSCT: haematopoietic stem
cell transplantation; AZA: azathioprine.
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worsens 6 months after the end of CYC therapy [6] and, therefore, after the initial induction to achieve

remission maintenance treatment with MMF or AZA should be started.

Further studies on mediators and pathways of lung fibrosis are needed in order to develop new targeted

therapies and improve the prognosis of patients.
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