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ABSTRACT. Objective. To evaluate the safety and efficacy of rituximab (RTX) in juvenile dermatomyositis
(JDM) in off-trial patients.
Methods.We conducted a multicenter prospective study of patients with JDM included in the French
Autoimmunity and Rituximab (AIR) registry.
Results. Nine patients with severe JDM were studied. The main indication for RTX treatment was
severe and/or refractory muscle involvement (7 patients), severe calcinosis (1 patient), or severe
chronic abdominal pain associated with abdominal lipomatosis (1 patient). RTX was associated with
corticosteroids, immunosuppressive drugs, and plasma exchange therapy in 9/9, 5/9, and 2/9
patients, respectively. Mild infections of the calcinosis sites occurred in 2 patients and an infu-
sion-related event in 1. Complete clinical response was achieved in 3/6 patients treated with RTX for
muscle involvement. In these responders steroid therapy was stopped or tapered to < 15% of the
baseline dosage, with no relapse, with a followup ranging from 1.3 to 3 years. Calcinosis did not
improve in the 6 affected patients.
Conclusion. This small series suggests that rituximab may be effective for treating muscle and skin
involvement in a small subset of children with severe JDM, and that its safety profile was satisfac-
tory. Further studies are needed to identify predictive factors of response to RTX in patients with
severe JDM. (J Rheumatol First Release June 15 2011; doi:10.3899/jrheum.101321)
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Juvenile dermatomyositis (JDM) represents up to 85% of
childhood idiopathic inflammatory myopathies1. It is a vas-
culopathic condition of presumed autoimmune etiology that
primarily affects skeletal muscle and skin, but may affect
many other organs. JDM is often a chronic disease whose
prognosis has improved, notably due to the use of cortico -
steroids and immunosuppressive drugs and to better evalu-
ation of disease activity in the last 3 decades. However,

innovative approaches are needed for some patients who are
either refractory to conventional treatments or who have
developed treatment-related complications.

Many aspects of the pathogenesis of JDM remain
unknown. T lymphocytes are the predominant cell type
involved. However, the presence of B cells in vessels and
perivascular muscle2 suggests that these cells also play a
role. B lymphocytes might be involved by participating in
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the complement fixation and deposition in vessels and
perivascular muscle, by collaborating with T cells, and by
producing autoantibodies2. Therefore, therapeutic options
that specifically target B cells may be considered. However,
to date, conflicting conclusions have been drawn regarding
the efficacy of anti-CD20 treatment, from noncontrolled
studies and case reports including only 32 patients with der-
matomyositis (DM) diagnosed in adults3,4,5,6,7,8,9,10,11,12 or
children7,13,14.

We report a series with anti-CD20 monoclonal antibody
therapy in off-trial patients with JDM included in the French
Autoimmunity and Rituximab registry (AIR), describing its
safety and efficacy.

MATERIALS AND METHODS

All patients receiving rituximab (RTX) before age 16 years for JDM, and
included in the AIR registry from September 2005 to September 2010, were
eligible for the study. Definite or probable diagnosis of DM was carried out
according to the Bohan and Peter criteria1. The cutoff date for followup was
September 2010. The AIR registry is an ongoing nationwide prospective
cohort study that since September 2005 has collected data on patients with
autoimmune diseases, and that aims to investigate the longterm safety and
efficacy of RTX for treating these disorders. The AIR was set up by the
French Society of Rheumatology and its section the Club Rhumatismes et
Inflammation (CRI), and receives financial support from Roche (unre-
stricted education grant). Roche was not involved in the design, protocol,
data collection, or statistical analysis of the study. All French hospital- and
community-based units (rheumatology, internal medicine, dermatology,
and pediatrics) were invited to take part in this observational registry. The
registry includes data from 82 centers.

Data concerning patient characteristics, indications, therapy regimen,
and tolerance and efficacy of RTX were collected at baseline and at 3- and
6-month followup, then every 6 months or at disease relapse, by use of an
electronic case report form. Research study nurses were specifically trained
in RTX treatment and the use of the case report form by the coordinator of
the study (J-EG). Study nurses visited each center regularly to update
patients’ data. The amount of missing data was minimized by providing the
physician in charge of the patient and the study nurses with summaries of
missing data for each patient in each center, and requesting that the miss-
ing data be provided when possible. Inconsistencies in data were noted, and
corrected when possible. The primary care physician or the private rheuma-
tologist was contacted when patients did not have followup visits for ≥ 10
months. The recorded clinical data included assessment of muscle strength
with manual muscle testing (MMT), presence of skin, digestive, muscu-
loskeletal and pulmonary involvement, and calcinosis. Laboratory data
included complete blood cell count, serum creatine kinase (CK), aldolase
and aspartate aminotransferase (AST) levels, B cell count, and serum
immunoglobulin levels.

The study was approved by the appropriate ethics committee.
Permission for treatment was obtained from all patients’ parents and assent
was obtained from the patients; all were aware that RTX had not been
approved for use in adults or children with DM. Patients received oral
information and gave oral consent for being enrolled in the study. In accord
with French regulations, patient’s informed written consent was not need-
ed for this observational study.

The response to treatment was analyzed by comparing muscle strength
and specific organ involvement before and after RTX perfusion at each
evaluation. Muscle strength was assessed with MMT. Skin, articular, and/or
digestive involvement was assessed according to the physician evaluation
as absent or present. For the study, we defined complete clinical response
as a clinical state in which rash (heliotrope rash, Gottron’s papules, or skin
ulcers) is absent, and there is no evidence of active myositis (normal

strength and normal muscle enzyme levels), arthritis, or digestive involve-
ment without any modification of immunosuppressive medications within
at least the 3 months preceding and following the first infusion of RTX. A
severe infection was defined as an infection requiring hospitalization
and/or intravenous antibiotics and/or resulting in death. Complete B cell
depletion was defined as a peripheral CD19 + B lymphocyte count < 5
cells/µl.

RESULTS

Patients. Among the 595 patients registered in the AIR reg-
istry between September 2005 and May 2010, 9 patients
with JDM (8 girls and 1 boy; Table 1) were enrolled from 5
pediatric and 1 dermatology center. Demographic character-
istics and disease duration and manifestations are shown in
Table 1. Definite JDM was diagnosed in 7 patients and prob-
able JDM in 2 patients (Table 1). One patient also had cys-
tic fibrosis (Patient 8). The ages of patients at the time of the
first infusion of RTX ranged from 6.2 to 16 years. The mean
duration of DM from the onset of DM to the first infusion of
RTX was 3.4 years (range 1 month to 8.4 yrs). All patients
but one had been previously treated with immunosuppres-
sive agents, without efficacy, and experienced a chronic dis-
ease course lasting from 11 months to 8.4 years (Table 1).
The remaining patient (Patient 1) was newly diagnosed and
received corticosteroids, plasma exchange therapy, and RTX
because of life-threatening DM with severe muscle involve-
ment associated with capillary leak syndrome (Patient 1).
The main indication for RTX treatment was active muscle
involvement (7 patients), severe calcinosis (1 patient), or
severe abdominal pain associated with abdominal lipomato-
sis (1 patient). Muscle involvement was associated with skin
involvement (7 patients) and gastrointestinal involvement (2
patients). CK level was increased in all patients at diagnosis
of JDM, but in only 2 patients at initiation of RTX (Patients
3 and 7). The prolonged disease course before the start of
RTX and the poor nutritional status of most of the patients
may explain these normal muscle enzyme levels. In Patient
1, CK levels decreased dramatically after receiving plasma-
pheresis before RTX.

Rituximab regimen. There was wide heterogeneity in the rit-
uximab regimen (Table 1). Premedication with diphenhy-
dramine, paracetamol, and/or methylprednisolone was given
30–60 minutes before the rituximab infusion in all courses.
One patient received 2 courses of RTX (Patient 2). All
patients received prednisone, with dosage ranging from 0.2
to 2 mg/kg/day, when starting rituximab. Associated treat-
ments are listed in Table 1. RTX was associated with corti-
costeroid use in 9/9 patients and plasma exchanges in 2/9
patients, and was added to stable background therapy with
immunosuppressive drugs in 5/9 patients. Five patients (6
courses) received intravenous immunoglobulins (IGIV) as a
replacement treatment after RTX (Patients 1, 2, 3, 7, and 8).

Safety monitoring. One patient (Patient 6) experienced a
moderately acute infusion-related event at the onset of the
first infusion of RTX, leading to discontinuation of treat-
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ment. Another RTX course was not undertaken because of
the occurrence of an intestinal perforation 2 weeks after a
combination of methylprednisolone pulses and RTX infu-
sions in a patient with severe muscle, cutaneous, and diges-
tive involvement (Patient 2). A second course of RTX,
administered 16 months later, was well tolerated in this
patient. Localized bacterial infection of the calcinosis sites
occurred 2 and 11 months after RTX in Patients 7 and 9,
who had had normal IgG level and neutrophil counts at the
time of infection. Infections resolved after treatment with
oral antibiotics. One patient died suddenly after a fall, from
unexplained causes, 2 years after RTX onset, while she still
had moderately active myositis (Patient 5).

Clinical and biological responses. A complete clinical
response was achieved in 3/6 evaluable courses in 3 patients
who had both active muscle and skin involvement (Patients
1, 2, 3), including 2 patients (Patients 2 and 3) who received
one immunosuppressive drug at a stable dosage at least 3
months before and then after the onset of RTX, and in one
patient (Patient 1) who received plasmapheresis before and
during the RTX course (Table 1). Patient 2 also had a diges-
tive involvement, which went into complete remission after
RTX infusion. MMT scores achieved normal values within
3 months (Figure 1). Two of these responder patients had
normal muscle enzyme levels (CK, AST, aldolase) at onset
of RTX and during the followup. The third patient had mod-
erately elevated baseline muscle enzymes (CK 220 U/l, nor-
mal 30–150; AST 130 U/l, normal 7–50; aldolase 25 U/l,

normal 5–18), which normalized 3 months after the onset of
treatment. In these 3 responders, steroid therapy was either
stopped (Patients 1, 2) 1.5 to 2 years after the first infusion
of RTX, or tapered to 15% of the baseline dosage (Patient
3). Among the remaining 3 nonresponder patients who pre-
sented with active muscle, skin, and/or digestive involve-
ment, the disease activity remained unchanged in all
domains. RTX was also ineffective in treating calcinosis in
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Table 1. Demographic characteristics at onset of treatment and outcome og 9 patients with JDM treated with rituximab (RTX).

Course/ Age at onset Symptoms Ab Previous Treatment RTX Regimen Clinical Duration of
Sex of JDM/RTX, (mo since last treatment) Outcome/ Followup

yrs Relapse Since First
RTX infusion,

Patient yrs

1 1 F 8/8.1 Myositis*, rash* (d) — PRED* (1.5 mg/kg/day), MP*, PE*, IVIG (0.5) 4 × 375 mg/m2 CCR/No 3
2 2a F 10/12 Myositis*, rash*, calcinosis*, — PRED*, MP*, CSA*, MTX (18) 2 × 500 mg/m2 NE

GI disease* (d)
2b F 10/13.3 Myositis*, rash*, calcinosis*, — PRED* (0.2 mg/kg/day), MMF*, CYC (14), 2 × 375 mg/m2 CCR/No 2.5

GI disease* (d) CSA (13), MTX (34)
3 3 F 4/7.1 Myositis*, rash*, calcinosis* (p) ANA PRED* (1.5 mg/kg/day), MTX* 4 × 375 mg/m2 CCR/No 3.5
4 4 F 7.6/16 Myositis*, rash*, calcinosis*, ANA PRED** (0.5 mg/kg/day), PE*, MP, MMF 2 × 500 mg/m2 NR 2.2

GI disease* (d) (37), AZA (7), CSA (1), MTX (6)
5 5 F 1.5/6.2 Myositis*, rash*, calcinosis* (d) — PRED*, MTX (20), CSA (40) 2 × 500 mg/m2 NR 2 (death)
6 6 F 8/9.6 Myositis*, rash* (p) ANA PRED* (0.5 mg/kg/day), MMF* NE NE
7 7 F 9.4/10.3 Myositis*, rash (d) Anti-Ku PRED* (1 mg/kg/day), MTX*, PE (1), 4 × 375 mg/m2 NR 0.3

CSA (3), MP (12)
8 8 F 7.5/11.5 Myositis, rash, calcinosis* (d) ANA PRED* (0.5 mg/kg/day), MTX (14), CSA* 4 × 375 mg/m2 NR 3.5
9 9 M 2.5/9 Myositis, rash, GI disease* ANA PRED* (0.2 mg/kg/day), MTX (17), CSA 4 × 375 mg/m2 NR 4

(abnormal lipomatosis), (26), IVIG (14)
calcinosis* (d)

* Present at the time of starting rituximab; treatment was under way at time of starting rituximab, at a stable dosage for at least 3 months. PRED: prednisone;
MP: methylprednisolone; PE: plasma exchange; IVIG: intravenous immunoglobulins; CSA: cyclosporine; MTX: methotrexate; MMF: mycophenolate
mofetil; AZA: azathioprine; ANA: antinuclear antibodies; CCR: complete clinical response; NR: no response; NE: not evaluable; GI: gastrointestinal; (p):
probable JDM according to Bohan and Peter criteria1; (d): definite JDM according to Bohan and Peter criteria; Ab: autoantibodies N: normal values.

Figure 1. Changes in muscle strength assessed with manual muscle testing
scores (MMT) following treatment with rituximab (RTX) in the 6 evalu-
able patients treated with RTX for severe muscle involvement.



the 6 affected patients (Patients 2, 3, 4, 5, 8, and 9) and also
chronic abdominal pain (Patient 9). Responders had a short-
er disease duration before RTX (< 3.5 yrs) than nonrespon-
ders (Figure 1). Complete remission lasted in all of the
responders, with a followup ranging from 1.3 to 3 years.

B cell depletion and immunoglobulin level. Complete
CD19-positive B cell depletion was effective in all the
patients. It lasted more than 7 months in all patients except
one nonresponder, in whom it lasted only 4 months (Patient
4). CD19-positive B cell counts returned to normal values
within 2 years. Serum immunoglobulin IgM data were avail-
able for all the evaluable courses. IgM decreased < 0.35 g/l
in 3 patients (Patients 2, 5, 7). One patient who did not
receive substitution IVIG had an IgG level < 6 g/l (Patient 5).

DISCUSSION

This open-label study of patients with JDM from the French
AIR registry shows that RTX had a satisfactory tolerance
profile and clinical efficacy, with a corticosteroid-sparing
effect, in a small subset of patients with severe muscle and
skin involvement. Conversely, it was not more effective for
treating calcinosis than numerous other treatments that were
tested.

Tolerance was satisfactory because only 1 patient experi-
enced a moderate infusion-related reaction, despite premed-
ication with antihistamines and methylprednisolone. The
main side effect usually attributable to RTX is severe infec-
tion, which did not occur in our series. The role of RTX in
the 2 reported calcinosis-site infections is questionable,
given that such infections also occurred before the onset of
treatment and that the patients presented with normal IgG
levels and neutrophil counts. The intestinal perforation that
occurred 2 weeks after methylprednisolone pulses in combi-
nation with RTX in one girl was more likely due to methyl-
prednisolone than to RTX, since the retreatment with RTX
was well tolerated. However, the recent report of a possibly
T cell-mediated severe ulcerative colitis15 suggests that
RTX must be used with caution in JDM patients with diges-
tive involvement. The death following a fall did not seem to
be related to JDM or RTX.

The frequency of some RTX-related side effects, espe-
cially the occurrence of hypogammaglobulinemia and neu-
tropenia16, may have been underestimated as not all patients
had been investigated in this regard, in this retrospective
study. In addition, longterm followup is required, consider-
ing the report of progressive multifocal leukoencephalo -
pathy in a few patients treated with RTX for autoimmune
disorders, especially in patients who received immunosup-
pressive drugs before RTX17.

We were unfortunately unable to use the response crite-
ria that have been developed18,19,20 for this study, since
some of the core variables used were not available in the
questionnaire developed by the registry. However, we
defined complete clinical response as being the physician’s

clinical evaluation, the assessment of muscle strength using
MMT, and muscle enzyme levels, as was proposed in a
recent JDM study21. Using these criteria, we found that RTX
resulted in a complete clinical response of active muscle,
skin, and digestive involvement in 3/6 evaluable patients
treated for severe muscle involvement. In these patients,
cutaneous and digestive manifestations paralleled the mus-
cle remission, which was observed within 3 months after the
first infusion of RTX. RTX was probably effective in 2 of
these patients, in whom it was added to a stable background
therapy with immunosuppressive drugs. Efficacy per se was
more questionable in the third patient, who simultaneously
received RTX and plasmapheresis at diagnosis of life-threat-
ening JDM. As described6,8,13, we found that B cell recov-
ery did not always parallel a muscle relapse, in contrast to
what has been observed in patients with systemic lupus
 erythematosus22.

To date, the safety and efficacy of B cell depletion in
refractory DM had been assessed in only one small noncon-
trolled study and a few case reports3,4,5,6,7,8,9,10,11,12,13,14,
which gave conflicting results. This variable efficacy of
RTX could be explained in part by the differences in the
main indication for RTX and in the different outcome meas-
ures used, but also by the heterogeneity of JDM, especially
the expression of pathological muscle changes. It has recent-
ly been shown that the structure of muscle lymphocytic
infiltration correlates with the response to treatment, since a
lymphoid follicle-like structure was associated with severe
and difficult-to-treat disease, whereas diffuse infiltrates or
lymphocytic aggregates lacking the follicle-like organiza-
tion were responsive to standard therapy with steroids and
methotrexate23. The authors hypothesized that follicle-like
structures represented inflammatory foci that were more dif-
ficult to disrupt with first-line treatment, and that anti-B cell
therapy might be beneficial in such cases.

Recent survey data and expert opinion resulted in a con-
sensus on the initial use of corticosteroids and methotrexate
for treating moderately severe JDM24. In patients who have
insufficient response to or severe side effects with these
treatments, the choice of second-line treatment remains
empiric. Cyclosporine has been used in many centers as a
steroid-sparing agent, but efficacy was supported only by
findings from several small case series1; a randomized trial
to compare initial treatment with corticosteroids against
treatment with corticosteroids plus methotrexate or cortico -
steroids plus cyclosporine is under way25. Recently,
mycophenolate mofetil was shown to yield a significant
decrease in both muscle and skin inflammation in patients
with JDM26,27. Additional controlled studies are required to
determine the roles of these treatments and RTX in sec-
ond-line therapy for refractory JDM.

There are several limitations to our study. First, because
of the retrospective assessment of efficacy, some data were
missing, particularly an objective cutaneous disease activity
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score. We think the physician’s evaluation of cutaneous dis-
ease activity may be taken into account in this series since a
complete clinical response was recorded, comprising a com-
plete remission of active skin lesions. Second, the absence
of early muscle strength assessment within the month fol-
lowing the first infusion of RTX did not allow precise eval-
uation of the delay of response. Third, the frequency of
some RTX-related side effects, particularly hypogamma-
globulinemia and neutropenia, may have been underesti-
mated because of unrelated investigations. Finally, the lack
of a control group of JDM patients who did not receive RTX
did not allow for definite conclusions.

This small series from the AIR registry suggested that
RTX may be effective for treating muscle and skin involve-
ment in a subset of children with refractory JDM, and that
its safety profile was satisfactory. Further controlled trials
are needed to identify patients with JDM who might benefit
from RTX treatment.
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