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Key messages

 Methotrexate resulted in clinically inactive disease in only 31% of newly-diagnosed juvenile dermatomyositis (JDM) patients.

 Methotrexate seems more efficient in JDM patients that are negative for musclespecific/associated auto-antibodies than in antibody-positive forms.

 Muscle inactivity under methotrexate was achieved less often in severe patients than in the remaining patients.

Juvenile dermatomyositis (JDM) is a heterogeneous disease in respect of clinical phenotype, association with myositis-specific autoantibodies, histopathological stigmata and response to treatment. Following the results of one randomized trial [START_REF] Ruperto | Prednisone versus prednisone plus ciclosporin versus prednisone plus methotrexate in new-onset juvenile dermatomyositis: a randomised trial[END_REF], a combination of corticosteroids (CS) and methotrexate (MTX) is now recommended in patients with newly diagnosed JDM [START_REF] Enders | Consensus-based recommendations for the management of juvenile dermatomyositis[END_REF]. However, 28% of the patients assigned to this combination in the trial did not meet improvement criteria after a six-month treatment, and adverse events leading to MTX discontinuation occurred in 26% of cases. Moreover, the study excluded severe patients, and did not take into account the heterogeneity of JDM. In the present study, we aimed for the first time to assess the efficacy of the conventional first-line combination of CS and MTX at six months after treatment initiation in a cohort of newly-diagnosed JDM patients, regardless of disease severity

We retrospectively reviewed all patients with newly diagnosed JDM followed in the Paris referral center for Rare Paediatric Rheumatism and systemic autoimmune diseases (RAISE), who received a combination of MTX and CS between December 2012 and December 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] with clinical muscle involvement, ii) first-line treatment with a combination of CS and oral or subcutaneous MTX and iii) follow-up of at least six months after the initiation of MTX. Patients who had previously received prednisone treatment alone during one month or less before MTX initiation were also included. Patients had a standardized assessment of skin, muscle and other organ involvement. Clinical and biological data were collected at disease onset and six months (M6) after treatment initiation. Muscle strength was assessed using the Childhood Myositis Assessment Scale (CMAS, range 0-52) and the Manual Muscle Testing (MMT) scale (range 0-80) [START_REF] Bode | Disease activity score for children with juvenile dermatomyositis: reliability and validity evidence[END_REF] and skin disease activity using the skin Disease Activity Score tool (skin DAS, range 0-9) [START_REF] Anyanwu | Validation of the Cutaneous Dermatomyositis Disease Area and Severity Index: characterizing disease severity and assessing responsiveness to clinical change[END_REF]. Severe JDM was defined by i) the requirement for intensive care unit (ICU), and/or ii) the presence of skin ulcerations and/or iii) the presence of a severe muscle involvement, defined by CMAS < 15 or MMT < 30, and/or iv) the presence of a severe organ involvement: dysphonia and/or dysphagia, cardiac or pulmonary function impairment, gastrointestinal vasculitis occurring within the first month of diagnosis. Clinically inactive disease (CID) was defined by associating both the Paediatric Rheumatology International Trials Organisation (PRINTO) criteria for CID [START_REF] Lazarevic | The PRINTO criteria for clinically inactive disease in juvenile dermatomyositis[END_REF] (at least three out of four of the following: creatine kinase ≤150 U/L, CMAS ≥48, MMT ≥78, and Physician Visual Analogue Scale (VAS) ≤ 0.2), and inactive skin disease (skin DAS score ≤1 without skin ulcerations or erythema). Clinically inactive muscle and skin disease were respectively defined by CMAS ≥48 and MMT ≥78, and skin-DAS ≤1 without ulcerations or erythema.

The primary outcome was the proportion of patients achieving CID within the six months following the onset of MTX, without addition of another immunosuppressive treatment. We also assessed separately the achievement of muscle and skin CID, and the tolerance of MTX.

Myositis-specific-antibodies (MSA) and myositis-associated antibodies (MAA) were assessed by dot-blot immunoassay using Euroline Autoimmune Inflammatory Myopathies 16 Ag (Euroimmun) and Blue Diver PMS12-24 (D-Tek). Muscle biopsies were centrally reviewed by one of the investigators (C.G.) using the validated score tool for muscle biopsy evaluation in patients with JDM [START_REF] Wedderburn | International consensus on a proposed score system for muscle biopsy evaluation in patients with juvenile dermatomyositis: a tool for potential use in clinical trials[END_REF]. All adverse events were recorded. Data were analyzed using descriptive statistics. Quantitative variables were described in terms of median with interquartile range (IQR), categorical variables as frequencies with percentages. Patients' characteristics at diagnosis were compared using chi-square or Fisher's exact test for discrete variables and Mann-Whitney U test for continuous variables. We conducted a univariate analysis to compare patients' characteristics at diagnosis according to the following endpoints at M6: CID, muscle-CID, skin-CID, and MTX intolerance leading to discontinuation before M6. A p-value less than 0.05 (two-sided) was considered statistically significant. Data was computed using the Medistica application software p-value. After parental consent, patients were registered in the French Centre des Maladies Rares (BAMARA). This study was approved by the Ethics board of Necker hospital.

Sixty-six patients diagnosed with JDM have been followed in our centre during the considered study period. Seventeen patients did not meet eligibility criteria (ten received another first-line treatment and seven had amyopathic JDM), and four were excluded due to missing data at M6. Thus, forty-five patients were included in analyses. Demographic, clinical, immunological and muscle pathological characteristics at diagnosis are shown in Table 1. Median age at diagnosis was 8.6 years (IQR 5.8-11.0). Dermatomyositis was classified as severe in thirty patients (67%), due to cutaneous ulcerations (16/45), severe muscle involvement (11/45), severe organ involvement (24/45) and/or requirement for ICU (6/45). Admissions to ICU were required because of swallowing difficulties (n=6), severe muscle involvement (n=5), and/or acute respiratory failure (n=2). Myositis-specific autoandibodies were found in thirty-one patients (69%), and MAA in four patients (9%).

Muscle biopsy scores at diagnosis were available in twenty-two patients (49%), with a median overall histological score of 17.5 (IQR 12.2 -20.0). Median delay between the first manifestation and the initiation of treatment was three months (IQR 1.6-5.6 months). Patients received initial treatment with a median daily dose of 1.5 milligram per kilogram of body weight per day (mg/kg/d) of prednisone (IQR 1.0-2.0) and a median weekly dose of 0.5 mg/kg of MTX (IQR 0.4-0.6). Twenty-three patients (51%) received methylprednisolone pulses. Methotrexate was administrated subcutaneously in thirty-six patients (80%) and orally in the remaining cases. At M6, fourteen patients (31%) had achieved CID while on CS and MTX (complete responders). Table 2 shows the comparison between complete responders (group 1) and nonresponders and/or patients who were intolerant to MTX (group 2). There was no statistical difference between the two groups regarding gender, age at onset, diagnosis delay, clinical features at diagnosis, type of MSA, histological scores at diagnosis, and initial dosages and way of administration of CS and MTX. Univariate analyses showed that the proportion of patients without MSA or MAA and the muscle strength measured with MMT were significantly higher in group 1 than in group 2. Conversely initial clinical manifestations and muscle biopsy scores did not significantly differ between the two groups.

When analysed separately, muscle and skin CID were achieved in nineteen patients (42%) and fifteen patients (33%) at M6 respectively. Patients who achieved muscle CID had higher median CMAS (35.0 versus 11.5, p=0.033) and MMT scores (65.0 versus 50.0, p=0.033) and less skin ulcerations at diagnosis (16% of patients versus 50%, p=0.018) than patients who did not achieve muscle CID. None of the patients requiring ICU at disease onset achieved muscle CID under CS and MTX (p=0.029). Patients who achieved skin CID had a lower initial skin DAS than patients who did not (p=0.033), but the incidence of skin ulcerations did not significantly differ between the two groups (20% versus 37%, p = 0.12).

No difference was observed for histological scores.

Methotrexate was stopped in thirteen patients before M6 (29%), due to inefficacy (in nine patients) and/or to treatment intolerance (increase of transaminase levels or rash in six patients). None of these patients was hospitalized. Liver involvement at diagnosis (defined by elevated liver enzyme levels associated with elevated gamma-glutamyl transferase) was the only variable significantly associated with MTX intolerance (p <0.01).

In the present study, we found that less than a third of newly-diagnosed JDM patients achieved a CID with a first-line combination of CS and MTX in a tertiary pediatric rheumatology center. The proportion of patients who did not achieve remission at six months is much higher than what was observed in the clinical trial by Ruperto et al. [START_REF] Ruperto | Prednisone versus prednisone plus ciclosporin versus prednisone plus methotrexate in new-onset juvenile dermatomyositis: a randomised trial[END_REF], which reported a treatment failure only in 28% of the MTX group. However, the endpoint criteria, consisting in the PRINTO minimal improvement threshold [START_REF] Ruperto | The provisional Pediatric Rheumatology International Trial Organization/American College of Rheumatology/European League Against Rheumatism disease activity core set for the evaluation of response to therapy in juvenile dermatomyositis: a prospective validation study[END_REF] was less stringent than in our study. Moreover, it excluded severe patients with cutaneous or gastrointestinal ulceration, interstitial lung disease and/or cardiomyopathy, which represent 67 % of our cohort. Muscle CID was observed in a slightly higher number of patients (42%) than skin CID (33%) in our cohort study.

A recent study reported that around a quarter of patients with JDM still had active disease and damage two years after treatment initiation [START_REF] Varnier | Comparison of treatments and outcomes of children with juvenile dermatomyositis followed at two European tertiary care referral centers[END_REF]. Chronic course is a major predictor of poor functional outcome in JDM [START_REF] Ravelli | Long-term outcome and prognostic factors of juvenile dermatomyositis: a multinational, multicenter study of 490 patients[END_REF]. Thus, the identification of biomarkers predictive of an early response to treatment represents a major unmet medical need in order to shorten the duration of active disease. Unique gene expression profiles in muscle biopsies from adult patients with MSA-defined subtypes of myositis suggests that different pathological mechanisms underlie muscle damage in each of these diseases, which may have therapeutic implications [START_REF] Pinal-Fernandez | Machine learning algorithms reveal unique gene expression profiles in muscle biopsies from patients with different types of myositis[END_REF]. It has been shown that muscle pathology in combination with MSA is useful to predict the risk of remaining on treatment in JDM, and is associated with clinical severity and prognosis [12 13]. More recently, it was suggested that biomarker profiles could be used for predicting response to treatment in patients with JDM, since patients with high serum levels of galectin-9, CXCL10, TNFR-2, and galectin-1 may respond sub-optimally to conventional treatment [START_REF] Wienke | Arthritis Rheumatol. Endothelial and Inflammation Biomarker Profiles at Diagnosis Reflecting Clinical Heterogeneity and Serving as a Prognostic Tool for Treatment Response in Two Independent Cohorts of Patients With Juvenile Dermatomyositis[END_REF]. An important group of investigated biomarkers is related to the type 1-IFN signature, which has been demonstrated in the peripheral blood and muscle biopsies of JDM patients [START_REF] Wienke | Systemic and tissue inflammation in juvenile dermatomyositis: from pathogenesis to the quest for monitoring tools[END_REF]. So far, IFNα2 protein measurements obtained by SIMOA have been shown to correlate with disease activity, but it has not been evaluated as a possible predictor of treatment response [START_REF] Melki | Circulating Interferon-alpha Measured With a Highly Sensitive Assay as a Biomarker for Juvenile Inflammatory Myositis Activity: Comment on the Article by Mathian et al[END_REF]. Herein we show for the first time that the absence of detectable MSA or MAA at diagnosis was associated with a better overall, cutaneous and muscular therapeutic response to MTX. Interestingly, none of the patients who required an admission to ICU achieved muscle CID at M6 under MTX. Cutaneous ulcerations, which result from skin vasculopathy, were also associated with a less favourable muscle outcome. This finding confirms that severe vasculopathy-related clinical features could be associated with severe JDM refractory to MTX [START_REF] Aouizerate | Muscle ischaemia associated with NXP2 autoantibodies: a severe subtype of juvenile dermatomyositis[END_REF][START_REF] Gitiaux | Vasculopathy-related clinical and pathological features are associated with severe juvenile dermatomyositis[END_REF]. Conversely, we did not find a significant association between the vascular histological score domain and therapeutic response, but this result should be interpreted with caution since muscle biopsy data was only available in 49% of the patients. Altogether, these features emphasize the high heterogeneity of JDM and the need for tailoring the first-line treatment according to each subtype of JDM.

Besides MTX which remains efficient in the treatment of a large subset of JDM without criteria of severity, Janus-kinase inhibitors seem to be a potential promising first line treatment, especially in a subset of severe anti-NXP2 and anti-MDA5 positive JDM patients [START_REF] Voyer | JAK inhibitors are effective in a subset of patients with juvenile dermatomyositis: a monocentric retrospective study[END_REF].

MTX intolerance is a frequent unwanted side effect and the most common reason for treatment discontinuation in juvenile inflammatory diseases, occurring for example in 25% of patients with juvenile idiopathic arthritis within six months of MTX treatment [START_REF] Hügle | MTX intolerance in children and adolescents with juvenile idiopathic arthritis[END_REF].

Intolerance to MTX leading to treatment discontinuation occurred in 13% of patients in our cohort, which was lower than in the Ruperto et al. study.

Our study has several limitations. The monocentric design restricted the number of included patients, which was notably too small to conduct multivariate analyses. However, the use of the same medical team guaranteed continuity of follow-up and homogeneity in treatment protocols.

In conclusion, this study emphasizes that the conventional first-line treatment with MTX is not efficient in a large subset of JDM patients, especially in patients with MSApositive forms, and in patients with severe JDM. Larger multicenter cohorts are required to confirm these data and to identify new biomarkers predictive of response to MTX, in order to treat patients with JDM as early as possible with appropriate targeted drugs.
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