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Juvenile dermatomyositis (JDM) is a heterogeneous disease in respect of clinical phenotype, association with myositis-specific autoantibodies (MSAs), pathological stigmata and response to treatment. According to the results of one randomized trial, a combination of corticosteroids and methotrexate (MTX) is now recommended in newly diagnosed cases of patients with JDM [START_REF] Ruperto | Prednisone versus prednisone plus ciclosporin versus prednisone plus methotrexate in new-onset juvenile dermatomyositis: a randomised trial[END_REF]. However, treatment failure was recorded in 13/46 (28%) of the patients assigned to this combination. Moreover, this trial did not take into account the heterogeneity of JDM, and did not include severe JDM (cutaneous or gastrointestinal ulceration, interstitial lung disease (ILD), cardiomyopathy) which may be refractory to MTX.

Conventional second lines treatments comprise mostly rituximab, mycophenolate mofetil and cyclophosphamide. Janus kinase inhibitors (JAKis) had emerged as a promising treatment of refractory adult dermatomyositis (DM) [START_REF] Ladislau | JAK inhibitor improves type I interferon induced damage: proof of concept in dermatomyositis[END_REF]. To date, the efficacy of JAKis has been reported in only a few cases series of one to four refractory patients with JDM [START_REF] Aeschlimann | A child with severe juvenile dermatomyositis treated with ruxolitinib[END_REF][START_REF] Papadopoulou | Janus kinase 1/2 inhibition with baricitinib in the treatment of juvenile dermatomyositis[END_REF][START_REF] Sabbagh | Treatment of anti-MDA5 autoantibody-positive juvenile dermatomyositis using tofacitinib[END_REF][START_REF] Kim | Kim HJanus kinase (JAK) inhibition with baricitinib in refractory juvenile dermatomyositis[END_REF]. Herein, we report the evaluation of JAK inhibition in a larger single-center series of ten patients with refractory and severe newly-diagnosed JDM We retrospectively reviewed all the patients with JDM followed in the referral center for Rare Paediatric Rheumatism and systemic autoimmune diseases (RAISE) who received JAKis between July 2017 and January 2020. Inclusion criteria were: (i) diagnosis of JDM, according to conventional clinico-pathological criteria [START_REF] Brown | An international consensus survey of the diagnostic criteria for juvenile dermatomyositis (JDM)[END_REF] (ii) treatment with JAKis (iii) follow-up of at least 6 months after the initiation of JAKis. Patients were assessed according to a standardized protocol. Muscle strength was assessed using the Childhood Myositis Assessment Scale (CMAS, range 0-52) and the Manual Muscle Testing (MMT) scale (range 0-80) and skin disease activity using the skin Disease Activity Score tool (skin DAS, range 0-9). Severe muscle involvement was defined by CMAS score ≤ 15 or MMT score ≤ 30.

Clinically inactive disease (CID) was defined by both the Paediatric Rheumatology International Trials Organisation (PRINTO) remission criteria [START_REF] Lazarevic | The PRINTO criteria for clinically inactive disease in juvenile dermatomyositis[END_REF] (at least three out of four of the following criteria have to be met: creatine kinase ≤150 U/L, CMAS≥48, MMT≥78, and Physician VAS≤0.2) and inactive skin Disease Activity Score (DAS) (score ≤ 1/9 without cutaneous ulcerations or erythema) within 6 months after JAKi introduction. Partial response was defined as an improvement of the muscle and/or skin score assessed by MMT/CMAS and skin DAS, respectively, allowing a significant tapering of steroids dosage of at least 50% of the initial dosage at 6 months after JAKi introduction, without adding a new immunosuppressive drugs. The outcome was the proportion of patients achieving a complete or partial response within the six months following the onset of JAKis. Myositis-specificantibodies (MSA) and myositis-associated (MMA) were assessed by dot-blot immunoassay using Euroline Autoimmune Inflammatory Myopathies 16 Ag (Euroimmun) and Blue Diver PMS12-24 (D-Tek). Muscle biopsies (MB) were centrally reviewed (C.G.) using the validated score tool for muscle biopsy evaluation in patients with JDM [START_REF] Wedderburn | Internationalconsensus on a proposed score system for muscle biopsyevaluation in patients with juvenile dermatomyositis: a toolfor potential use in clinical trials[END_REF]. Interferon-α protein concentration was measured by SIMOA assay (Quanterix Homebrew) as previously described [START_REF] Rodero | Detection of interferon alpha protein reveals differential levels and cellular sources in disease[END_REF]. All the adverse events were recorded. Comparisons between baseline and last follow-up visit steroid dose and serum IFN-α level between patients that achieved CID and those who did not were made using the Wilcoxon rank-sum test (GraphPad 7.0). A p-value <0.05 was considered statistically significant. Informed parental consents were obtained for the use of JAKis on a compassionate basis and for the collection of biological samples. This study was approved by the French data protection agency.

Ten patients were included, comprising one previously reported patient [START_REF] Aeschlimann | A child with severe juvenile dermatomyositis treated with ruxolitinib[END_REF]. Demographic, clinical, immunological and pathological manifestations at diagnosis are shown in the Table . Based on drugs availability, patients received either ruxolitinib (n=7) or baricitinib (n=3) (both JAK1/2 selective inhibitors) on a compassionate basis. The main indications for treatment were refractory muscle involvement (n=9) and/or ulcerative skin disease (n=2). One anti-MDA5-positive patient with JDM with severe skin ulcerations and polyarthritis received baricitinib as a first line treatment in association with corticosteroids (P4). No patient had interstitial lung disease (ILD). Median time from diagnosis to JAKi initiation was 7 months (range 2-40). At the introduction of JAKi, the nine refractory patients with JDM had previously received a median of 3 immunosuppressive drugs (range, 0-6). In addition to treatment with JAKi, patients also received corticosteroids (n=10), plasma exchange (PEX) or immunoadsorption (IA) (n=5) and/or intravenous immunoglobulins (IVIG) (n=6). Clinical inactive disease was achieved in 5/10 patients, ranging from 1.7 to 6 months after JAKi initiation (Figure 1A-1D). It was sustained at last follow-up after a median duration of JAKi of 15 months (range 8-35) (Table ). The daily steroid dose decreased from a median dosage of 1.1 mg/Kg/day at JAKi introduction (range 0.35-2 mg/Kg/d) at JAKis introduction to 0.1 mg/kg/day (range, 0-0.3, p=0.009 at 6 months in complete responders (Figure 1E). All other treatments including immunosuppressive drugs, IVIG and PEX/IA were withdrawn within six months in the five responders. Among the five remaining patients, two additional patients (P6, P7) met the criteria of partial response at 6 months. However, JAKi had to be removed at the last follow-up (Table ), because of a severe muscle relapse at 11 months and insufficient efficacy respectively. Three patients (P8, P9 and P10) were non responder because either a severe muscle relapse after a short transient partial improvement (P8, P9) or worsening of the JDM without any improvement (P10) respectively. Calcinosis developed in P1 and partially regressed in P2. Muscle biopsy was repeated in P1, 51 months after the first MB and 26 months after the introduction of ruxolitinib and showed the complete restoration of endomysial microvascular bed (total score: 5, vascular score 0), the normalization of MHC-I immunostaining (likely reflecting the deactivation of type I-IFN signaling), myofibers appearing negative unlike capillaries, and only very mild sequelae lesions: myofiber size irregularity, rounded appearance and centronucleation of myofibers, mild endomysial fibrosis, without inflammatory infiltrates, necrosis/regeneration or myosinolysis (Supplemantal material, Figure S1). Clinically inactive disease was observed in the two anti-MDA5, 3/4 anti-NXP2 patients and none of the anti-TIF1positive patients.

Both high and low muscle total activity and vascular score were demonstrated on complete responders (Table ). The highest histological connective tissue score (endomysial and perimysial fibrosis) was observed in two patients who did not reach CID with a long-lasting JDM. Serum IFN-α concentration was measured in all the patients before the initiation of JAKis. It was elevated in all of them (median 109 fg/mL, range 30-31328) before the initiation of JAKis (median 109 fg/mL, range 30-31328) and decreased in all the eight patients tested to 4.5 fg/mL (range, 0-216) at the last follow-up (Figure 1F). It normalized (<10 fg/mL) in four of the five patients with CID (median time from JAKi introduction 2.5 months; range, 1.6-14) (Supplemental material, Figure S1). The two anti-MDA5 positive patient had the highest concentration at baseline (3350 and 31328 fg/mL) compared to anti-MDA5-negative patients (median 76 fg/mL, range 30-495) (Figure 1F). Median serum IFN-α concentration at JAKi introduction did not significantly differ between patient with CID (333 fg/mL) and others (82 fg/mL) (p=0,41).

Seven infections occurred in four patients. Three patients had herpes zoster infection which required hospitalization in one patient. Two patients with skin ulcerations developed staphylococcus aureus skin abscesses associated with a psoas abscess in one of them. All of them continued the JAKis therapy. Two patients had growth retardation which resolved on JAKis (P3 and P7).

In this retrospective study, JAKis treatment associated with corticosteroids led to CID within 6 months in 5/10 patients with severe JDM, including one new-onset anti-MDA5 positive patient. The rational of the use of their inhibitors (JAKis) is supported by type I IFNregulated genes (IRG) upregulation in peripheral blood, muscle, skin and endothelial cells and elevated serum IFN-α in serum of DM and patient with JDM, which has been shown to correlate with DM and JDM activity [START_REF] Greenberg | Interferon-alpha/beta-mediated innate immune mechanisms in dermatomyositis[END_REF][START_REF] Melki | Circulating Interferon-α Measured With a Highly Sensitive Assay as a Biomarker for Juvenile Inflammatory Myositis Activity: Comment on the Article by Mathian et al[END_REF]. The efficacy of either JAK1/2 (ruxolitinib, baricitinib) or JAK1/3 (tofacitinib) inhibitors has been previously reported in about 50 DM patients, mostly with anti-MDA5 or anti-TIF1-γ refractory skin, muscle, joint involvement [START_REF] Ladislau | JAK inhibitor improves type I interferon induced damage: proof of concept in dermatomyositis[END_REF][START_REF] Hornung | Remission of Recalcitrant Dermatomyositis Treated with Ruxolitinib[END_REF][START_REF] Kurtzman | Tofacitinib Citrate for Refractory Cutaneous Dermatomyositis: An Alternative Treatment[END_REF][15][START_REF] Moghadam-Kia | Management of refractory cutaneous dermatomyositis: potential role of Janus kinase inhibition with tofacitinib[END_REF][START_REF] Kurasawa | Tofacitinib for refractory interstitial lung diseases in anti-melanoma differentiation-associated 5 gene antibody-positive dermatomyositis[END_REF] and/or refractory rapidly progressive ILD [START_REF] Melki | Anti-MDA5 juvenile idiopathic inflammatory myopathy: a specific subgroup defined by differentially enhanced interferon-α signalling[END_REF]. In JDM, responses to baricitinib, ruxolitinib and tofacitinib have been reported in seven anti-MDA5 and anti-TIF1γ positive patients with refractory muscle, skin, and/or interstitial lung disease [START_REF] Papadopoulou | Janus kinase 1/2 inhibition with baricitinib in the treatment of juvenile dermatomyositis[END_REF][START_REF] Sabbagh | Treatment of anti-MDA5 autoantibody-positive juvenile dermatomyositis using tofacitinib[END_REF][START_REF] Kim | Kim HJanus kinase (JAK) inhibition with baricitinib in refractory juvenile dermatomyositis[END_REF], and in one patient of the present study [START_REF] Aeschlimann | A child with severe juvenile dermatomyositis treated with ruxolitinib[END_REF]. JDM is heterogeneous regarding clinical phenotype, association with myositis-specific autoantibodies (MSAs), pathological stigmata and response to treatment.

Interestingly,in our study, complete responders comprised one new-onset anti-MDA5 as well as refractory JDM positive for anti-MDA5 or anti-NXP2 antibodies. Anti-MDA5 antibodies are associated with 1) a distinct clinical phenotype of JDM characterized by skin ulceration resulting from vasculopathy, oral ulceration, arthritis and milder muscle disease, 2) a higher serum IFN levels 3) a peripheral and skin IRG upregulation compared to other JDM subtypes a higher serum IFN levels, and a peripheral and skin IRG upregulation compared to other JDM subtypes [START_REF] Melki | Anti-MDA5 juvenile idiopathic inflammatory myopathy: a specific subgroup defined by differentially enhanced interferon-α signalling[END_REF]. These findings and our study suggest that IFNα might represent an appropriate therapeutic target in this specific subgroup, as a first or second line treatment.

The remaining three long-lasting responders to JAKis were anti-NXP2 patients who presented with a severe subtype of JDM, associating a severe muscle weakness and severe muscle ischemia [START_REF] Aouizerate | Muscle ischaemia associated with NXP2 autoantibodies: a severe subtype of juvenile dermatomyositis[END_REF]. In one of these patients with complete response, we showed the complete restoration of endomysial microvascular bed and the normalization of MHC-I immunostaining, which likely reflects the deactivation of type I-IFN signaling. These features confirm the in vivo effects of IFN-I on muscle endothelial cells (ECs) angiogenesis [START_REF] Ladislau | JAK inhibitor improves type I interferon induced damage: proof of concept in dermatomyositis[END_REF].

During severe JDM vasculopathy, myogenic progenitor cells derived from muscle taken from patients with JDM are one of cellular sources of type I IFN which drives an antiangiogenic response in ECs [20]. Altogether, these data and our series suggest that JAKis may have beneficial effects in patients with JDM with severe muscle vasculopathy, especially in the case of anti-NXP2 positivity, before the occurrence of irreversible muscle damages. Overall, targeting the IFNα pathway with JAKis might reverse severe JDM vasculopathy either in muscle (anti-NXP2 positivity) or skin (anti-MDA5 positivity). Conversely to some reports of patients with DM and JDM [START_REF] Papadopoulou | Janus kinase 1/2 inhibition with baricitinib in the treatment of juvenile dermatomyositis[END_REF]15,[START_REF] Moghadam-Kia | Management of refractory cutaneous dermatomyositis: potential role of Janus kinase inhibition with tofacitinib[END_REF], none of our two TIF-positive patients achieved a CID. However, the small size of our cohort makes difficult to draw definitive conclusion about the efficacy of JAKi among each subsets of MSA-positive patients. Both responder and non-responder patients had elevated serum IFN-α levels prior treatment. Thus, the identification of biomarkers which may predict the response to JAKis is warranted.

Treatment of calcinosis remains challenging, and the efficacy of JAKi for treating this complication is unclear. Improvement or stabilization of calcinosis were reported in two DM and three patients with JDM [START_REF] Papadopoulou | Janus kinase 1/2 inhibition with baricitinib in the treatment of juvenile dermatomyositis[END_REF][START_REF] Sabbagh | Treatment of anti-MDA5 autoantibody-positive juvenile dermatomyositis using tofacitinib[END_REF][START_REF] Wendel | Successful treatment of extensive calcifications and acute pulmonary involvement in dermatomyositis with the Janus-Kinase inhibitor tofacitinib -A report of two cases[END_REF]. Both progression and partial regression were observed in our series.

Treatment with JAKis was overall well tolerated. Consistent with studies from adult rheumatoid arthritis patients, we observed a high rate of herpes zoster infection. Most infections were mild or moderate in severity and did not result in drug discontinuation.

Our study has limitations as a retrospective study with a limited sample size, and in terms of the observation period and sampling inequality. In particular, the lack of some clinical data did not allow us to use the validated juvenile dermatomyositis PRINTO levels of improvement [START_REF] Rider | Update on outcome assessment in myositis[END_REF]. Moreover, a cumulative effect of previous rituximab may have increased efficacy of JAKis. However, given that 1) the last infusion of rituximab was performed more than 2 months before starting JAKis in three of the four complete responders who received rituximab, 2) three of the four patients with complete response that received Rituximab treatment prior to JAKi normalized their B cell count while maintaining CID (Supplemental material, Figure S2)., the likelihood of an effect of the combined treatments is small at least in these patients. Finally, this study did not allow us to assess the respective efficacy of the two different JAKis used. One strength of this first series of patients with JDM treated with JAKis is the homogeneous way of follow-up by the same medical team.

In conclusion, JAKis resulted in a CID. in a subset of new-onset and refractory patients with JDM, especially in a subset of anti-MDA5 and anti-NXP2 positive patients.

Overall tolerance was good except for a high rate of non-severe herpes zoster infection.

Prospective multicenter trials are needed to identify predictive factors of response to JAKis in new-onset or refractory patients with JDM. 
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