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Introduction

Systemic sclerosis (SSc) is a connective-tissue disease characterized by excessive collagen deposition, vascular hyper-reactivity, and obliterative microvascular phenomena [START_REF] Dumoitier | Pathophysiology of systemic sclerosis: state of the art in 2014[END_REF]. Patients are classified according to the extent of skin involvement. Patients with limited SSc (lSSc) have skin sclerosis limited to the hand and to the face whereas patients with diffuse SSc (dSSc) have proximal skin involvement. Prognosis of SSc is mainly due to pulmonary involvement such as pulmonary arterial hypertension and interstitial lung disease. Still, other organs can be involved in SSc including joint, tendon, and muscle [START_REF] Denton | Systemic sclerosis[END_REF].

SSc associated myopathy (SScAM) is a heterogeneous feature of SSc that needs to be further investigated. Its prevalence varies from 5 to 96% [START_REF] Walker | Clinical risk assessment of organ manifestations in systemic sclerosis: a report from the EULAR Scleroderma Trials And Research group database[END_REF][START_REF] Ranque | Systemic sclerosisassociated myopathy[END_REF]. Despite differences in definition criteria, authors agree that SScAM is associated with poor outcomes including disability and mortality [START_REF] Pope | Musculoskeletal involvement in scleroderma[END_REF]. Indeed, we reported that SSc patients with skeletal myopathy were prone to myocardial involvement [START_REF] Ranque | Myopathies related to systemic sclerosis: a case-control study of associated clinical and immunological features[END_REF]. Other groups have also reported that muscle weakness, or creatine kinase (CK) level or history of myopathy/myositis were associated with Health Assessment Questionnaire disability index (HAQ-DI) score [START_REF] Paik | Independent Association of Severity of Muscle Weakness With Disability as Measured by the Health Assessment Questionnaire Disability Index in Scleroderma[END_REF][START_REF] Jung | Myopathy is a poor prognostic feature in systemic sclerosis: results from the Canadian Scleroderma Research Group (CSRG) cohort[END_REF].

Treatment of SScAM is not codified and consensus is lacking. Our group has proposed that treatment should be guided on the presence of inflammation on muscle biopsy since muscle inflammation was the only factor associated with good muscle prognosis in a multivariate analysis of 35 patients' biopsy [START_REF] Ranque | A descriptive and prognostic study of systemic sclerosis-associated myopathies[END_REF]. This finding was recently confirmed by Paik et al. who reported that the presence of fibrosis on muscle histopathology was associated with an increased mortality when compared to the presence of inflammatory/necrosis findings on muscle histopathology of patients with SSc [START_REF] Paik | Association of Fibrosing Myopathy in Systemic Sclerosis and Higher Mortality[END_REF].

Corticosteroids (CS) are commonly used as treatment for inflammatory components of musculoskeletal involvement in SSc [START_REF] Ranque | A descriptive and prognostic study of systemic sclerosis-associated myopathies[END_REF]. Although low doses of prednisone may improve arthritis, high doses of CS are often necessary to control myositis, raising concerns in SSc patients who are at risk for scleroderma renal crisis. Therefore there is a need for CS-sparing agents and due to lack of available study, CS are often prescribed/chosen on the basis of idiopathic inflammatory myopathies (IIM) experience. Intravenous immunoglobulins (IVIg) are known to have immunomodulatory properties [START_REF] Chaigne | Mechanisms of action of intravenous immunoglobulin[END_REF][START_REF] Watad | Intravenous immunoglobulin: a biological corticosteroid-sparing agent in some autoimmune conditions[END_REF][START_REF] Sharif | Unmasking a New Potential Role of Intravenous Immunoglobulins: Could It Stand the Cancer Challenge?[END_REF][START_REF] Vadasz | Rheumatology and Autoimmunity in The Israel Medical Association Journal (IMAJ)[END_REF]. Consequently, they have long been used in autoimmune diseases including immune thrombocytopenia, myasthenia gravis, vasculitis and idiopathic inflammatory myopathies [START_REF] Bayry | Intravenous immunoglobulin therapy in rheumatic diseases[END_REF][START_REF] Zandman-Goddard | The steroid-sparing effect of intravenous immunoglobulin in patients with autoimmune diseases[END_REF][START_REF] Shalem | The Efficacy of Intravenous Immunoglobulin in Guillain-Barré Syndrome: The Experience of a Tertiary Medical Center[END_REF]. In dermatomyositis, Dalakas et al. demonstrated their efficacy in muscle involvement [START_REF] Dalakas | A controlled trial of high-dose intravenous immune globulin infusions as treatment for dermatomyositis[END_REF]. In SSc, IVIg are not a recommended treatment and have mostly been evaluated in open-label trials evaluating their efficacy in skin, pulmonary, digital, or muscle involvement of the disease [START_REF] Sanges | Intravenous immunoglobulins in systemic sclerosis: Data from a French nationwide cohort of 46 patients and review of the literature[END_REF][START_REF] Takehara | A randomized, double-blind, placebo-controlled trial: intravenous immunoglobulin treatment in patients with diffuse cutaneous systemic sclerosis[END_REF][START_REF] Nacci | Intravenous immunoglobulins improve the function and ameliorate joint involvement in systemic sclerosis: a pilot study[END_REF][START_REF] Levy | Intravenous immunoglobulin modulates cutaneous involvement and reduces skin fibrosis in systemic sclerosis: an open-label study[END_REF]. In IIM, Anh-Tu Hoa et al. recently reviewed their use and showed that a body of randomized controlled trial evidence is available for their therapeutic role in dermatomyositis, polymyositis and specific features of IIM, including rash and dysphagia. However the authors clearly pointed out that the response in connective tissue-disease-related myositis is less certain [START_REF] Hoa | Critical review of the role of intravenous immunoglobulins in idiopathic inflammatory myopathies[END_REF].

Thus, it appears that the use of IVIg in SScAM needed to be addressed. This is why we conducted a retrospective study to evaluate the efficacy and safety of IVIg in SScAM.

Patients and Methods

Patients

We performed a retrospective study in the database of SSc patients of Cochin University Hospital (Internal Medicine Department/French National Referral Centre for Rare systemic autoimmune disease of Ile de France, Hôpital Cochin, Paris-Centre Hospital Group; Paris, France). Patients who met the American College of Rheumatology / European League against Rheumatism 2013 for SSc [START_REF] Van Den Hoogen | classification criteria for systemic sclerosis: an American College of Rheumatology/European League against Rheumatism collaborative initiative[END_REF] and who had a SScAM were included. SScAM was defined as muscle involvement on a muscle biopsy or muscle symptoms including myalgia or muscle weakness along with an elevation of CK or aldolase levels and/or evidence for muscle inflammation upon magnetic resonance imaging (MRI) [START_REF] Ranque | Systemic sclerosisassociated myopathy[END_REF][START_REF] Ranque | Myopathies related to systemic sclerosis: a case-control study of associated clinical and immunological features[END_REF][START_REF] Ranque | A descriptive and prognostic study of systemic sclerosis-associated myopathies[END_REF].

Characteristics of the study patients

Clinical and biologic data were collected by physicians in charge of the patients at the time of SSc diagnosis, at initiation of IVIg treatment, and during follow-up. Clinical and complementary examination assessments recorded the main SSc-related features, together with modified Rodnan skin score (mRSS), antinuclear antibodies, anti-DNA, anticentromere, antitopoisomerase 1, antipolymyositis/scleroderma, antiribonucleic acid polymerase III, antiribonucleoprotein, anti-Sjogrens' syndrome A and Sjogrens' syndrome B antibodies, CK and aldolase titres, electromyography and MRI findings, muscle biopsy findings, pulmonary functions tests and treatment characteristics.

Response to IVIg

IVIg therapy was considered for SScAM purposes only, and patients receiving IVIg for other indications including hypogammaglobulinemia or immune thrombocytopenia were excluded.

Patients' characteristics at the initiation of IVIg therapy were referred to as baseline characteristics. Complete remission of SScAM corresponded to the disappearance of all clinical and biological muscle symptoms attributable to SScAM. Complete clinical remission of SScAM was defined as the absence of signs and symptoms attributable to SScAM. Partial clinical remission of SScAM was defined as an improvement of signs and symptoms.

Complete biological remission of SScAM was defined as the normalisation of muscle enzyme levels. Partial biological remission of SScAM was defined as a decrease of muscle enzyme levels. Relapse of SScAM was defined as the reappearance of clinical or biological symptoms after remission.

Evolution of main SSc-related features including skin with mRSS and interstitial lung disease with pulmonary function tests of patients who received or did not receive IVIg for SScAM were also recorded.

Statistical Analysis

Data for continuous variables are presented as the median and interquartile range (IQR). Data for qualitative variables are presented as the number and percentage. Fisher's exact test was used to compare qualitative variables and the nonparametric Mann-Whitney U test was used to compare continuous variables. P values less than 0.05 were considered significant.

Statistical analyses were computed with GraphPad Prism version 4.0.

Results

Baseline characteristics of patients

Fifty-two patients (42 women and 10 men) with a median age of 44 [IQR 27-51] years at diagnosis of SSc were included in the study. Thirty-three (63.5%) patients were European and 8 (15.4%) were Arabic or North African. Patients' characteristics are summarized in Table 1.

Thirty-four (65.4%) patients had dSSc and 18 (34.6%) patients had lSSc. Eighteen (34.6%) patients (16 women and 2 men) received IVIg and were compared to the 34 (65.4%) patients who did not receive IVIg. There was no difference in baseline characteristics between the two groups (Table 1).

Baseline characteristics of systemic sclerosis-associated myopathy

SScAM occurred at 1 [0-15] month after the diagnoses of SSc. Characteristics of SScAM are summarized in Table 2. Muscle weakness was found in 34 (65.4%) patients and was the prominent clinical complaint followed by myalgia, which was noted in 28 (53.8%) patients.

Dysphagia was present in 24 (46.2%) patients. Muscle enzyme levels were above normal values in 50 (96.2%) patients. An EMG was performed in 26 (50%) patients and was abnormal in 22 (84.6%) patients. MRI was performed in 12 (23.1%) patients and revealed muscle involvement in 10 (83.3%) patients. A muscle biopsy was performed in 50 (96.2%) patients and was abnormal in 49 (98%) of them. The most predominant histopathological finding was the presence of inflammatory findings in 32/50 (64%) patients and the presence of necrotic findings in 31/50 (62%) patients. Fibrotic findings were noted in 15/50 (30%) patients.

Although an MRI was performed in more patients who received IVIg, there was no difference in SScAM characteristics between the two groups.

IVIg regimen

Eighteen patients received IVIg. Fourteen patients received TEGELINE ® , 3 received CLAIRYG ® and 1 received SANDOGLOBULINE®. The median number of treatment lines received before IVIg initiation was 1 [0-1], including immunosuppressive or immunomodulatory agents in 11 patients (61.1%): cyclophosphamide (33%), methotrexate (MTX) (22%), mycophenolate mofetil (MMF) (12%), hydroxychloroquine (12%), infliximab (6%), d-penicillamine (6%), azathioprine (AZA) (6%), rituximab (6%) and tacrolimus (6%).

IVIg was mainly prescribed in combination with CS in 14 patients including 7 (38.9%) patients who also received an immunosuppressive agent. These patients received MTX (n=5), 

Outcome

The median duration of follow-up was 79 months . Remission was obtained in 46 (88.5%) patients (Table 3). Remission was obtained in all patients who received IVIg and in 28 (82.4%) patients who did not receive IVIg (p > 0.05). Eight (15.4%) patients experienced SScAM relapse, including 4 (22.2%) who were receiving IVIg, and 4 (11.8%) who did not (p = 0.69). Although it did not reach statistical significance, median time to relapse was longer in patients who received IVIg (23 [3.8-52] vs 13 [4.3-99.8] months, p = 0.97). When investigating SSc skin and lung evolutions, mRSS, forced vital capacity, total lung capacity and diffusing capacity for carbon monoxide did not differ between patients who received IVIg and those who did not (Table 3).

Safety of IVIg therapy

Eight (44%) patients had at least 1 adverse event (AE), including 3 patients with serious AE.

Two patients experienced acute kidney insufficiency (AKI) and one patient experienced aseptic meningitis. The two patients who experience AKI had previous history of chronic kidney insufficiency, received IVIg containing sacarosis, and had creatinine level increase after the first IVIg infusion. Aseptic meningitis occurred after the third infusion. Five patients experienced mild-to-moderate adverse events during the first IVIg infusion only, which comprised fever (n=3), hypotension (n=1), abdominal pain (n=1), urticarial rash (n=1), and headaches (n=1). Only the two (11.1%) patients with acute kidney injury required IVIG discontinuation, and no deaths related to an adverse event related to IVIg therapy were observed. Comparatively in the control group, four deaths occurred and one patient experienced kidney insufficiency during the follow-up.

Corticosteroid sparing

IVIg were associated to CS in 14 (77.8) patients with SScAM. At the time of IVIg first infusion, the median CS dose was 20 [START_REF] Bayry | Intravenous immunoglobulin therapy in rheumatic diseases[END_REF][START_REF] Zandman-Goddard | The steroid-sparing effect of intravenous immunoglobulin in patients with autoimmune diseases[END_REF][START_REF] Shalem | The Efficacy of Intravenous Immunoglobulin in Guillain-Barré Syndrome: The Experience of a Tertiary Medical Center[END_REF][START_REF] Dalakas | A controlled trial of high-dose intravenous immune globulin infusions as treatment for dermatomyositis[END_REF][START_REF] Sanges | Intravenous immunoglobulins in systemic sclerosis: Data from a French nationwide cohort of 46 patients and review of the literature[END_REF][START_REF] Takehara | A randomized, double-blind, placebo-controlled trial: intravenous immunoglobulin treatment in patients with diffuse cutaneous systemic sclerosis[END_REF][START_REF] Nacci | Intravenous immunoglobulins improve the function and ameliorate joint involvement in systemic sclerosis: a pilot study[END_REF][START_REF] Levy | Intravenous immunoglobulin modulates cutaneous involvement and reduces skin fibrosis in systemic sclerosis: an open-label study[END_REF][START_REF] Hoa | Critical review of the role of intravenous immunoglobulins in idiopathic inflammatory myopathies[END_REF][START_REF] Van Den Hoogen | classification criteria for systemic sclerosis: an American College of Rheumatology/European League against Rheumatism collaborative initiative[END_REF][START_REF] Avouac | Joint and tendon involvement predict disease progression in systemic sclerosis: a EUSTAR prospective study[END_REF][START_REF] Jaeger | Functional disability and its predictors in systemic sclerosis: a study from the DeSScipher project within the EUSTAR group[END_REF][START_REF] Levy | Skin score decrease in systemic sclerosis patients treated with intravenous immunoglobulin--a preliminary report[END_REF][START_REF] Asano | A case of diffuse scleroderma successfully treated with high-dose intravenous immune globulin infusion[END_REF][START_REF] Szekanecz | Combined plasmapheresis and high-dose intravenous immunoglobulin treatment in systemic sclerosis for 12 months: follow-up of immunopathological and clinical effects[END_REF][START_REF] Mauhin | Improvement in lung fibrosis using intravenous immunoglobulin in systemic sclerosis with myositis[END_REF] mg/day. In contrast patients who did not receive IVIg median CS starting dose was 15 mg/day (p > 0.05). Interestingly, maximal CS median dosage was higher in patients who received IVIg (47.5 [32.5-50] mg/day) than patients who did not (15 mg/day) (p < 0.05) (Figure 1A). The median decrease of CS at month 3 after IVIg initiation was of 5 [0-12.5] mg/day whereas patient who did not received IVIg had a median decrease of 0 [0 -2.5] mg/day (p < 0.05) (Figure 1B). This decrease resulted in a statistical significant decrease in CS dosage at one year. Thus, the median CS dosage of patients who received IVIg was 5 [5 -5.75] mg/day and the median CS dosage of patients who did not receive IVIg was 7.5 [5 -10] mg/day (p < 0.05) (Figure 1C).

Overall, median cumulative CS dosage at one year was similar in patients who received IVIg (4.1 [1.9-5.6] grams) and patients with SScAM who did not (4.1 [3.2-5.7] grams); p > 0.05).

Still CS dosage at the end of follow-up was lower in patients with SScAM who received IVIg than in patients who did not receive IVIg (5 [1.5-5.5] mg/day vs 7.5 [START_REF] Pope | Musculoskeletal involvement in scleroderma[END_REF][START_REF] Ranque | Myopathies related to systemic sclerosis: a case-control study of associated clinical and immunological features[END_REF][START_REF] Paik | Independent Association of Severity of Muscle Weakness With Disability as Measured by the Health Assessment Questionnaire Disability Index in Scleroderma[END_REF][START_REF] Jung | Myopathy is a poor prognostic feature in systemic sclerosis: results from the Canadian Scleroderma Research Group (CSRG) cohort[END_REF][START_REF] Ranque | A descriptive and prognostic study of systemic sclerosis-associated myopathies[END_REF][START_REF] Paik | Association of Fibrosing Myopathy in Systemic Sclerosis and Higher Mortality[END_REF] mg/day; p < 0.05) (Figure 1D).

Discussion

In this study, we analysed in our cohort of 52 patients with SScAM, the data of 18 patients who received IVIg for SScAM. Musculoskeletal manifestations in SSc are a major cause of morbidity and mortality [START_REF] Pope | Musculoskeletal involvement in scleroderma[END_REF]. Due to the absence of consensus, SScAM and musculoskeletal involvement in SSc prevalences varie from 5 to 96% SSc patients. Still, SScAM is a severe condition associated to reduction of left ventricular ejection fraction [START_REF] Avouac | Joint and tendon involvement predict disease progression in systemic sclerosis: a EUSTAR prospective study[END_REF] and to handicap [START_REF] Jaeger | Functional disability and its predictors in systemic sclerosis: a study from the DeSScipher project within the EUSTAR group[END_REF]. Our group has previously reported that it is more predominant in SSc patients with diffuse SSc and associated with heart involvement and alteration of pulmonary function test [START_REF] Ranque | Myopathies related to systemic sclerosis: a case-control study of associated clinical and immunological features[END_REF]. The present study brings real-life data from patients with this rare and severe condition. It gives new information on patients with SScAM, shows that IVIg is mostly used in association with CS and/or another IS treatment, and suggests that IVIg is an effective and well-tolerated therapy in SScAM which allows CS-sparing in SScAM.

To the best of our knowledge, we here described the largest series of patients with SScAM.

We confirm that SScAM is often reported in patients in diffuse SSc and associated to myocardial SSc involvement. Interestingly, we also showed that antibody profile of our patients with SScAM is more heterogeneous than previously reported with a predominance of SSA antibody in only 26.9% of the patients and a fewer representation of patients with anti-RNP antibody or anti-PM/Scl antibody [START_REF] Ranque | Systemic sclerosisassociated myopathy[END_REF]. Although not all patients were tested for the presence of RNA polymerase III or anti-U1 RNP antibodies, it is important to highlight that no patient had anti-centromere antibody. An important strength of this study is that nearly every patient underwent muscle biopsy. It therefore allows us a description of SScAM histopathological findings. It confirms that SScAM has mainly inflammatory and necrotic histopathological characteristics. Interestingly, out of 50 patients who underwent muscle biopsy, this investigation was relevant for 49 patients. In contrast to previous studies including one performed by our group, we were not able to highlight different response to treatment when comparing patients based on histopathological findings. This is certainly due to an overall good response to treatment, which was observed in more than 85% patients.

IVIg is not an evidence-based treatment of SSc. Its efficacy has been reported in case series [START_REF] Nacci | Intravenous immunoglobulins improve the function and ameliorate joint involvement in systemic sclerosis: a pilot study[END_REF][START_REF] Levy | Skin score decrease in systemic sclerosis patients treated with intravenous immunoglobulin--a preliminary report[END_REF][START_REF] Asano | A case of diffuse scleroderma successfully treated with high-dose intravenous immune globulin infusion[END_REF][START_REF] Szekanecz | Combined plasmapheresis and high-dose intravenous immunoglobulin treatment in systemic sclerosis for 12 months: follow-up of immunopathological and clinical effects[END_REF][START_REF] Mauhin | Improvement in lung fibrosis using intravenous immunoglobulin in systemic sclerosis with myositis[END_REF][START_REF] Poelman | Intravenous immunoglobulin may be an effective therapy for refractory, active diffuse cutaneous systemic sclerosis[END_REF][START_REF] Clark | Intravenous immunogobulin therapy for severe gastrointestinal involvement in systemic sclerosis[END_REF][START_REF] Raja | Sustained benefit from intravenous immunoglobulin therapy for gastrointestinal involvement in systemic sclerosis[END_REF][START_REF] Kamei | Successful treatment of a refractory dysbiotic intestinal pseudo-obstruction in a patient with systemic sclerosis-polymyositis overlap syndrome by intravenous immunoglobulin administration possibly related to gut flora normalisation[END_REF][START_REF] Cacciatore | Systemic sclerosis: Efficacy of intravenous immunoglobulins in severe cardiac involvement?[END_REF] but has been studied in only one randomized controlled study with negative results [START_REF] Takehara | A randomized, double-blind, placebo-controlled trial: intravenous immunoglobulin treatment in patients with diffuse cutaneous systemic sclerosis[END_REF]. Indeed, Takehara et al. reported a, double-blind, placebo-controlled trial evaluating one single course of 2g/kg/day IVIg in 63 patients with diffuse cutaneous SSc. Twelve weeks after IVIg infusion, changes in mRSS were not statistically different between patients and controls [START_REF] Takehara | A randomized, double-blind, placebo-controlled trial: intravenous immunoglobulin treatment in patients with diffuse cutaneous systemic sclerosis[END_REF]. Recently, a French nationwide cohort of patients with SSc in which IVIg were used independently of SSc involvement has been published [START_REF] Sanges | Intravenous immunoglobulins in systemic sclerosis: Data from a French nationwide cohort of 46 patients and review of the literature[END_REF]. Although this study did not comprise a control group, the authors were able to describe a safe and potential improvement of muscle symptoms in patients treated with IVIg. Indeed, 36 patients with muscle involvement received IVIg. Among them a reduction of pain and weakness, was observed in 19 and 8 patients, respectively. Our study adds information to this study. We confirm that patients with defined SScAM are treated with IVIg therapy which is given most of the time in combination with CS and/or IS. However we were not able to show that the overall good response was only due to IVIg. Importantly, we do not provide evidence that IVIg has benefit for skin and lung SSc involvements. Due to their properties, which include antifibrotic and immunomodulatory properties, IVIg could have participated in patient good clinical and biological response. IVIg has proven to be an efficient treatment of idiopathic inflammatory myopathies. Indeed Dalakas et al. conducted a prospective randomized crossover study in 15 adult patients with dermatomyositis with failure of corticosteroids and methotrexate in which IVIg treatment was associated with significant improvement of muscle involvement [START_REF] Dalakas | A controlled trial of high-dose intravenous immune globulin infusions as treatment for dermatomyositis[END_REF]. In our study, we failed to identify differences of response between patients treated with IVIg and those who were not. As previously mentioned, this is probably due to the good response rate observed overall in our study. Additional work must be performed to individualize patients who will benefit from IVIg therapy in SScAM but in our opinion, we would recommend to use IVIg only in SScAM patients who experienced failure of a combination of 15 mg/d prednisone and methotrexate 0.3 mg/kg/week or with major disability/choking leading to expect a failure of this treatment.

In terms of safety, IVIg is in general well tolerated with a good safety profile [START_REF] Marie | Management of adverse effects related to human immunoglobulin therapy: Recommendations for clinical practice[END_REF]. In our study, the adverse event (AE) rate is similar to what was previously described at immunomodulating doses in other auto-immune diseases. Still, AE due to IVIg can be minimized using slower infusion rates in patients at risk of renal insufficiency, particularly those with renal insufficiency or other risk factors such as obesity, hypertension, hyperviscosity and/or concomitant nephrotoxic treatments [START_REF] Marie | Management of adverse effects related to human immunoglobulin therapy: Recommendations for clinical practice[END_REF].

An interesting finding of our study was the CS sparing benefit brought by IVIg in patient with SSc. CS is commonly used in SScAM, up to 80 % of patients [START_REF] Ranque | Systemic sclerosisassociated myopathy[END_REF]. Patients with SScAM are at risk of renal crisis and therefore using high dose CS in these patients is not recommended.

Although we did not observe a difference in the cumulative dose of CS and even if the observed difference (7.5 mg/d vs 5mg/d) could seem to be low, we believe that this difference is relevant and of interest. First, when we looked at the maximum CS dose ever between patients who received IVIg and those who did not, we saw that this maximal dose was higher in patients who received IVIg. Thus, these patients probably have a more severe and/or refractory disease than others. Moreover, we can see that at one year and even at the end of the follow up, patients who were treated with IVIg did not receive more than 5 mg/day, which can be considered an acceptable and well tolerated dose of prednisone. Last but not least we saw that the decrease of CS was performed in the first three months of treatment. Altogether this work suggests that patients with SScAM that require CS to control muscle involvement may benefit from an adjunction of IVIg which enables to limit the CS dose to 15 mg/d and/or quickly decrease CS dose at one year of follow-up.

Our work has some limitations mainly due to its retrospective nature and therefore due to missing data (eg: antibody status regarding RNA polymerase III and U1-RNP and/or myositis specific antibody). Firstly, although patients had a precise characterisation of their myopathy and although no statistical difference was observed between the two groups, patients' heterogeneity and the relative small number of patients who received IVIg did not allow us to perform additional subgroups and multivariable analysis. Secondly, one could argue that our definition of SScAM could make us misdiagnose patients with dermatomyositis or polymyositis based on Bohan and Peter or 2017 EULAR/ACR idiopatic inflammatory criteria. We believe that the presence of a diagnosed SSc overcome these criteria which were made in order to classify patients and that further work will try to individualize SScAM from other myositis. Thirdly, we included patients who received both IVIg and IS agents. Even if we had a controlled group to limit bias in our analysis, it is impossible to rule out a bias from other treatments which is a limit to the interpretation of outcomes. Lastly, although the follow-up duration of patients included in the study is very long when it comes to a retrospective study, it was not sufficient to evaluate the occurrence of AE due to CS.

Consecutively, there is a need for a prospective randomised control trial evaluating IVIg in SScAM.

Conclusions

To conclude, this retrospective study suggests that there is a benefit of IVIg and that the safety profile is acceptable, thus supporting its use in SScAM, Although prospective randomized trials are urgently needed to confirm these findings and define the regimen of IVIg use, we believe that this treatment may be useful as an adjunctive therapy to CS particularly in patients with severe SScAM who are at risk of renal crisis. 
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  MTX and AZA (n=1), or AZA only (n=1). Seven (38.9%) patients received IVIg in combination with CS alone and one patient only received IVIg. The three other patients received IVIg with MTX only, AZA only, or MMF only. The median duration of IVIg therapy was 10 months (IQR 4-20 months). Patients received a median of 6 [2-16] courses of IVIg at a dose of 2 [2-2] g/kg/course. The median duration of an IVIg course was of 2 [2-3] days.

Figure 1 .

 1 Figure 1. Corticosteroid sparing effect of intravenous immunoglobulin in patients with systemic sclerosis-associated myopathy Panel A. Box and whiskers show the minimum to the maximum median maximal dose of corticosteroid (mg/day) ever received by 18 patients with systemic sclerosis-associated myopathy (SScAM) who were treated with intravenous immunoglobulin (IVIg) and 34 patients with SScAM who were not. Panel B. Box and whiskers show the minimum to the maximum decreased dose of corticosteroid (mg/day) at 3, 6, 12 months and at the end of the follow-up period (>M12) of 18 patients with SScAM who were treated with IVIg and 34 patients with SScAM who were not. Panel C. Box and whiskers show the minimum to the maximum median dose of corticosteroids (mg/day) received at 12 months by 18 patients with SScAM who were treated with IVIg and 34 patients with SScAM who were not. Panel D. Box and whiskers show the minimum to the maximum median dose of corticosteroids (mg/day) received at the end of the follow-up by 18 patients with SScAM who were treated with IVIg and 34 patients with SScAM who were not Mann-Whitney test was used for comparisons. * p-value < 0.05.

Table 1 . Characteristics of patients with systemic sclerosis associated myopathy

 1 

	Patients' characteristics	All (n=52)	IVIg+ (n=18)	IVIg-(n=34)	p value
	Demographics				
	Gender				
	Female, n (%)	42 (80.8)	16 (88.9)	26 (76.5)	0.46
	Male, n (%)	10 (19.2)	2 (11.1)	8 (23.5)	0.46
	Ethnicity/origin, n (%)				
	European, n (%)	33 (63.5)	13 (72.2)	20 (58.8)	0.38
	Caribean, n (%)	5 (9.6)	2 (11.1)	3 (8.8)	-
	Arabic/North-African, n (%)	8 (15.4)	2 (11.1)	6 (17.6)	-
	Sub-Saharian African, n (%)	4 (7.7)	1 (5.6)	3 (8.8)	-
	Asiatic, n (%)	2 (3.8)	0 (0)	2 (5.9)	-
	Systemic sclerosis				
	Age at diagnosis, years; median				
	[IQR]	44 [27-51]	42 [25-52] 44 [28 -53]	0.73
	SSc clinical subtype				
	Limited SSc, n (%)	18 (34.6)	7 (38.9)	11 (32.4)	0.76
	Diffuse SSc, n (%)	34 (65.4)	11 (61.1)	23 (67.6)	0.76
	Weight, kg; median [IQR]	60 [50 -69]	58 [50-66]	60 [50-70]	0.67
	Puffy hands, n (%)	28 (53.8)	10 (55.6)	18 (52.9)	1.00
	Sclerodactyly, n (%)	44 (84.6)	13 (72.2)	31 (91.2)	0.11
	Digital ulcers, n (%)	35 (67.3)	13 (72.2)	22 (64.7)	0.76
	Telangiectasia, n (%)	26 (50)	11 (61.1)	15 (44.1)	0.38
	Pathological capillaroscopic, n (%)	31 (59.6)	13 (72.2)	18 (52.9)	0.24
	Raynaud's phenomenon, n (%)	48 (92.3)	17 (94.4)	31 (91.2)	1.00
	Calcinosis, n (%)	8 (15.4)	4 (22.2)	4 (11.8)	0.43
	PAH, n (%)	6 (11.5)	2 (11.1)	4 (11.8)	1.00
	ILD, n (%)	33 (63.5)	10 (55.6)	23 (67.6)	0.55
	GERD, n (%)	41 (78.8)	14 (77.8)	27 (79.4)	1.00

Table 2 . Muscle involvement in 52 patients with systemic sclerosis associated myopathy
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	Patients' characteristics	All (n=52)	IVIg+ (n=18) IVIg-(n=34) p value
	Clinical				
	Onset, months; median [IQR]	1 [0-15]	4 [0 -24]	0 [0 -13]	0.24
	Myalgia, n (%)	28 (53.8)	12 (66.7)	16 (47.1)	0.25
	Muscle weakness, n (%)	34 (65.4)	12 (66.7)	22 (64.7)	1.00
	Dysphagia, n (%)	24 (46.2)	10 (55.6)	14 (41.2)	0.98
	Biological				
	CK titre IU; median [IQR]	6.6 [3.2-11.4] 6.2 [3.0-12.2] 6.9 [3.4-12.4]	0.68
	Increased CK, n (%)	50 (96.2)	18 (100)	32 (94.1)	0.54
	Aldolase titre; median [IQR]	2.7 [1.7-5.5] 2.3 [1.5-11.2] 3.3 [1.7-6.3]	0.95
	Increased aldolase, n (%)	24 (46.2)	9 (50)	15 (44.1)	0.77
	EMG, n (%)				
	EMG abnormal, n (%)	22/26 (84.6)	10/12 (83.3)	12/14 (85.7)	1.00
	Myogenic syndrome, n (%)	17/26 (65.4)	10 /12(83.3)	7/14 (50.0)	0.11
	MRI, n (%)				
	MRI with muscle involvement, n (%)	10/12 (83.3)	8/9 (88.8)	2/3 (66.7)	0.45
	Muscle biopsy, n (%)	50 (96.2)	16 (88.9)	34 (100)	0.12
	Biopsy with muscle involvement, n (%)	49 (94.2)	16 (88.9)	33 (97.1)	1.00
	Inflammatory findings, n (%)	32 (61.5)	9 (50)	23 (67.6)	0.53
	Necrotic findings, n (%)	31 (59.6)	11 (61.1)	20 (58.8)	0.55
	Regeneration, n (%)	23 (44.2)	7 (38.9)	16 (47.1)	1.00
	MAC deposition, n (%)	21 (40.4)	8 (44.4)	13 (38.2)	0.37
	Micro-angiopathy, n (%)	16 (30.8)	4 (22.2)	12 (35.3)	0.53
	Atrophy, n (%)	16 (30.8)	5 (27.8)	11 (32.3)	1.00
	Fibrotic findings, n (%)	15 (28.8)	4 (22.2)	11 (32.3)	0.75
	Vasculitis, n (%)	9 (17.3)	3 (16.7)	6 (17.6)	1.00

Table 3 . Evolution of 52 patients with systemic sclerosis associated myopathy
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	Patients' characteristics	All (n=52)	IVIg+ (n=18) IVIg-(n=34)	p value
	Follow-up, months; median [IQR]	79 [43-147]	108 [63-156]	69 [41-134]	0.16
	Clinical or biological remission (data				
	availability)	47 (90.4)	18 (100)	29 (85.3)	0.15
	Remission, n (%)	46 (88.5)	18 (100)	28 (82.4)	1.00
	Clinical remission, n (%)	44 (84.6)	16 (88.9)	28 (82.4)	0.55
	Partial, n (%)	13 (25)	6 (33.3)	7 (20.6)	0.52
	Complete, n (%)	31 (59.6)	10 (55.6)	21 (61.8)	0.34
	Biological remission, n (%)	46 (88.5)	18 (100)	28 (82.4)	1.00
	Partial, n (%)	4 (7.7)	2 (11.1)	2 (5.9)	0.63
	Complete, n (%)	41 (78.8)	16 (88.9)	25 (73.5)	1.00
	mRSS (data availibility), n (%)	41 (78.8)	13 (72.2)	28 (82.4)	0.48
	Change in mRSS; median [IQR]	-0.5 [-7.3 -4]	0 [-6.3 -0]	0 [-8.5 -8.0]	0.35
	Diminution of mRSS, n (%)	19 (36.5)	5 (27.8)	14 (41.2)	0.52
	FVC (data availibility), n (%)	22 (42.3)	8 (44.4)	14 (41.2)	1.00
	Change in FVC; median [IQR]	1 [-10-7.5]	5 [-17 -11]	1 [-4.3 -7.3]	0.80
	>/=5% Increase in FVC, n (%)	9 (17.3)	6 (33.3)	6 (17.6)	0.30
	TLC (data availibility), n (%)	25 (48.1)	7 (38.9)	18 (52.9)	0.39
	Change in TLC; median [IQR]	2 [-5-6.5]	1 [-29.0 -7.0]	2 [-6.5 -8]	0.49
	Increase in TLC, n (%)	8 (15.4)	4 (22.2)	4 (11.8)	0.16
	DLCO (data availibility), n (%)	19 (36.5)	5 (27.8)	14 (41.2)	0.38
	Change in DLCO; median [IQR]	-7 [-20-0]	-15 [-26.2 -6] -4 [-17.8 -3]	0.46
	Increase in DLCO, n (%)	5 (9.6)	1 (5.5)	4 (11.8)	
	Number of patients with relapse, n (%)	8 (15.4)	4 (22.2)	4 (11.8)	0.69
	Time before relapse, months; median				
	[IQR]	13 [3.8-52]	23 [3.8-52]	13 [4.3-99.8]	0.97
	FVC: forced vital capacity; TLC: total lung capacity; DLCO: diffusing lung capacity for carbon	
	monoxyde; IQR: interquartile range; IVIg: intravenous immunoglobulins; mRSS: modified Rodnan skin
	score. N: number.				
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