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Objective. To assess the safety and efficacy of
rituximab in a randomized, double-blind, placebo-phase
trial in adult and pediatric myositis patients.

Methods. Adults with refractory polymyositis
(PM) and adults and children with refractory dermat-
omyositis (DM) were enrolled. Entry criteria included
muscle weakness and >2 additional abnormal values on
core set measures (CSMs) for adults. Juvenile DM
patients required >3 abnormal CSMs, with or without
muscle weakness. Patients were randomized to receive
either rituximab early or rituximab late, and glucocor-
ticoid or immunosuppressive therapy was allowed at
study entry. The primary end point compared the time
to achieve the International Myositis Assessment and
Clinical Studies Group preliminary definition of im-
provement (DOI) between the 2 groups. The secondary

end points were the time to achieve >20% improvement
in muscle strength and the proportions of patients in
the early and late rituximab groups achieving the DOI
at week 8.

Results. Among 200 randomized patients (76 with
PM, 76 with DM, and 48 with juvenile DM), 195 showed
no difference in the time to achieving the DOI between
the rituximab late (n � 102) and rituximab early (n �
93) groups (P � 0.74 by log rank test), with a median
time to achieving a DOI of 20.2 weeks and 20.0 weeks,
respectively. The secondary end points also did not
significantly differ between the 2 treatment groups.
However, 161 (83%) of the randomized patients met the
DOI, and individual CSMs improved in both groups
throughout the 44-week trial.

Conclusion. Although there were no significant
differences in the 2 treatment arms for the primary and
secondary end points, 83% of adult and juvenile myosi-ClinicalTrials.gov identifier: NCT00106184.
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tis patients with refractory disease met the DOI. The
role of B cell–depleting therapies in myositis warrants
further study, with consideration for a different trial
design.

The idiopathic inflammatory myopathies (IIMs)
are a heterogeneous group of acquired disorders char-
acterized by chronic inflammation of striated muscle,
leading to predominantly proximal muscle weakness.
The most common subsets of IIM include adult polymy-
ositis (PM), adult and juvenile dermatomyositis (DM),
myositis in overlap with cancer or another connective
tissue disease, and inclusion-body myositis (IBM). The
IIMs are frequently associated with constitutional symp-
toms and commonly involve other organ systems, includ-
ing the skin, joints, lungs, gastrointestinal tract, and
heart. They are rare, with an estimated incidence of 4–10
cases/million population per year, and a bimodal inci-
dence pattern reflecting childhood onset of juvenile DM
and a later peak in adulthood (1). Although the precise
pathogenesis is unknown, IIMs likely result from
immune-mediated processes initiated by environmental
factors in genetically susceptible individuals (2). Factors
that strongly support their autoimmune basis include the
association of myositis with other autoimmune diseases,
such as Hashimoto thyroiditis, Grave’s disease, and
various connective tissue diseases, the high frequency of
circulating serum autoantibodies, and their response to
therapy with immunosuppressive or immunomodulatory
agents.

The treatment of IIM is challenging, complicated
by its rarity and heterogeneity as well as the lack of
controlled trials with only partially validated outcome
measures. Most studies involve single referral centers
using cross-sectional and retrospective analyses of small
numbers of patients with treatment-refractory disease
observed for relatively short time periods. In addition,
widely disparate inclusion criteria have complicated the
assessment of treatment response, since disease damage
and the inclusion of misdiagnosed patients contribute
to suboptimal therapeutic outcomes. Although gluco-
corticoids have not been formally tested in controlled
trials, expert consensus is that they are the primary
therapy, to be followed by a variety of immunosuppres-
sive or immunomodulatory agents either alone or in
combination (2).

Rituximab, a B cell–depleting agent long recog-
nized to be an effective therapy for B cell lymphomas,
has gained increased favor in the treatment of many
autoimmune diseases and has been approved by the
Food and Drug Administration for use in rheumatoid

arthritis (3) as well as in granulomatosis with polyangiitis
and microscopic polyangiitis (4). The effectiveness of
rituximab in PM and DM has been suggested by case
reports and case series in adult and pediatric patients
with refractory disease (5–9). B cells play a critical role
in the initiation and propagation of the immune re-
sponse, and they have been implicated in the pathogen-
esis of myositis. They localize to the perivascular region
of DM muscle and are found in the inflammatory
infiltrates from both PM and DM patients (10). In
addition to functioning as the precursor of autoantibody-
producing plasma cells, B cells present antigen to T cells
and secrete proinflammatory cytokines (10). Therefore,
based on the autoimmune characteristics of myositis and
the aforementioned immunopathogenic role of B cells,
the Rituximab in Myositis (RIM) trial assessed the
effectiveness of rituximab in refractory adult PM and
adult and juvenile DM, using validated measures of
myositis disease activity and damage, a consensus-driven
definition of improvement (11–13), and a unique ran-
domized placebo-phase trial design (14,15).

PATIENTS AND METHODS

Study population. This study was conducted at 31 sites
(20 adult centers and 11 pediatric centers), and the protocol
was approved by the Institutional Review Board at each
location. Written informed consent was obtained from each
study subject.

Eligible patients included adults with a diagnosis of
definite or probable DM or PM and patients at least 5 years of
age or older with definite or probable juvenile DM according
to the criteria of Bohan and Peter (16). In an effort to exclude
IBM and other myositis mimics (17), the medical records and
muscle biopsy results (if available) of adults with PM were
reviewed by a 3-member Adjudication Committee before
enrollment. Refractory myositis was defined by the intoler-
ance, or an inadequate response, to glucocorticoids and at least
1 other immunosuppressive or immunomodulatory agent (e.g.,
azathioprine, methotrexate, mycophenolate mofetil, cyclo-
sporine, tacrolimus, cyclophosphamide, leflunomide, or intra-
venous immunoglobulin [IVIG]). An “adequate” glucocorti-
coid regimen was defined as 60 mg/day of prednisone in adults
and 1.0 mg/kg/day of prednisone in pediatric patients, for a
duration of at least 1 month in both groups. An adequate
immunosuppressive regimen was 3 months of the agent at a
known effective dose.

Adult patients had demonstrable muscle weakness,
and manual muscle testing was assessed using a validated
measure, the Manual Muscle Testing 8 (MMT-8) (18), a core
set measure (CSM) with a maximum score of 150 when tested
bilaterally. The examination for the MMT-8 was generally
completed by trained physical therapists. RIM Study investi-
gators and physical therapists were trained and certified by one
of us (MOH-L) to complete the MMT-8 during the RIM Study
investigators meeting. Christopher Bise (University of Pitts-

RITUXIMAB IN REFRACTORY ADULT AND JUVENILE MYOSITIS 315



burgh, Pittsburgh, PA), Joseph Shrader (National Institutes of
Health [NIH], Bethesda, MD), and Mina Jain (NIH) assisted
in the training of the RIM Study investigators, who are listed in
Appendix A. Enrollment of adult subjects required a score of
�125 (of 150) on the MMT-8 in conjunction with 2 other
abnormal CSMs. Juvenile DM patients could enter the study
according to the same criteria, but if the MMT-8 score was
�125 (of 150), a third abnormal CSM was necessary. The other
CSM needed to qualify for study entry in this trial consisted of
1 of the following 5 measures (19): 1) patient’s/parent’s global
assessment of disease activity by visual analog scale (VAS)
with a minimum score of 2.0 cm; 2) physician’s global assess-
ment of disease activity by VAS with a minimum score of
2.0 cm; 3) Health Assessment Questionnaire (HAQ) (20)
or Childhood HAQ (C-HAQ) (21) disability index with a
minimum value of 0.25; 4) elevated level of at least 1 (locally
measured) muscle enzyme (creatine kinase, aldolase, lactate
dehydrogenase, alanine aminotransferase, or aspartate amino-
transferase AST) to a minimum of 1.3 times the upper limit
of normal, with the most abnormal muscle enzyme value
selected as the target enzyme to be followed during the trial;
and 5) global extramuscular disease activity score with a mini-
mum value of 1.0 cm (based on the investigator’s composite
assessment of disease activity on the constitutional, cutaneous,
skeletal, gastrointestinal, pulmonary, and cardiac scales of the
Myositis Disease Activity Assessment Tool [MDAAT]) (13).
All visual analog scales were 10 cm, anchored at the ends and
the midpoint.

Patients had been receiving a stable dosage of predni-
sone for 4 weeks prior to screening (preferably �1 mg/kg/day),
and at least 1 nonglucocorticoid immunosuppressive agent
was required (with stipulated exceptions) at a stable dose for
6 weeks prior to screening. A 4-week washout for methotrex-
ate and an 8-week washout for any other immunosuppressive
agent discontinued prior to screening were required. No live
vaccines, creatine dietary supplements, IVIG (in adults), or the
initiation of colchicine was permitted during the study.

To minimize confounding, patients with the following
conditions were excluded: drug-induced myositis, juvenile PM,
IBM, cancer-associated myositis (myositis diagnosed within 2
years of a diagnosis of cancer), myositis in overlap with another
connective tissue disease, or any concomitant illness that
precluded an accurate treatment response during the trial or
posed an added risk for participants. Patients were excluded if
they had previously received rituximab. Juvenile DM patients
with baseline IgG or IgM levels below the age-adjusted lower
limit of normal and adults with IgM levels �30% below the
lower limit of normal were also excluded.

Patients were allowed to continue an exercise program
that had been initiated before the 4-week screening period,
and a stretching program was permitted at any time. An active
muscle-strengthening program could not be initiated during
the study.

Study definitions. The definition of improvement
(DOI) chosen for this trial was based on the International
Myositis Assessment and Clinical Studies (IMACS) Group
preliminary, validated, top-ranked response criterion (11) of
�20% improvement in 3 of any 6 CSMs, with no more than 2
worsening by �25%. Of note, the MMT-8 could not be one of
the worsening measures. To meet the DOI, patients had to
satisfy criteria on 2 consecutive monthly visits; the time to

achieve the DOI was designated at the second time point of
these consecutive visits. The definition of worsening included
1) physician’s global assessment of worsening of �2 cm on the
VAS and worsening of �20% on the MMT-8 score, or 2)
global extramuscular activity worsening of �2 cm on the
MDAAT VAS, or 3) any 3 of 6 CSMs worsening by �30% on
2 consecutive visits.

Design overview. The RIM Study used a randomized,
placebo-phase design (RPPD) (15) in which a computer-
generated hidden-allocation system was used in a double-blind
manner to randomly assign patients to a rituximab early or
rituximab late treatment arm. An equal number of adult PM,
adult DM, and juvenile DM patients received the active drug
either at the beginning of the trial or 8 weeks later; this
duration for the placebo phase was agreed upon by consensus
of the Steering Committee. Figure 1 outlines the trial design.
Week 8 is the time point at which the trial was a randomized
placebo-controlled trial, since the rituximab late group had not
yet received the active study drug.

Rituximab dosing was based on the patient’s body
surface area (BSA); children with a BSA �1.5 m2 received 575
mg/m2 at each infusion, and adults and children with a BSA
�1.5 m2 received 750 mg/m2 up to 1 gm per infusion. Study
drug was kindly provided by Genentech. Patients in the
rituximab early arm received the drug at weeks 0 and 1, and
placebo infusions were given at weeks 8 and 9. Patients in the
rituximab late arm received placebo infusions at weeks 0 and 1,
and rituximab was given at weeks 8 and 9. The glucocorticoid
dosage was held constant, without reduction, until week 16,
and intravenous glucocorticoids were not allowed at the time
of any study medication infusion. If patients met the DOI (or
experienced complications), a reduction in the glucocorticoid
dosage was begun at no more than 20% of the existing dose
every 4 weeks.

Other trial features included 14 visits spread over 44
weeks during which laboratory specimens were obtained and
safety and CSMs were assessed. It was recommended that the
same investigator assess the CSMs throughout the trial period,
except for the MMT-8, which was done by the physical
therapist. Patients meeting the DOI who then met the defined

Figure 1. Schematic diagram of the design of the Rituximab in
Myositis Study, demonstrating the randomized, placebo-phase design.
Patients were randomly assigned to the rituximab (Rtx) early or
rituximab late arm. Open boxes indicate the rituximab early arm,
during which active drug was administered at weeks 0 and 1 and
placebo at weeks 8 and 9. Shaded boxes indicate the rituximab late
arm, during which placebo infusions were administered at weeks 0 and
1 and rituximab at weeks 8 and 9. The measurement at week 8 can be
regarded as the final end point of an 8-week parallel group, random-
ized, placebo-controlled clinical trial. At each of the 14 visits over 44
weeks, core set measures and adverse events were assessed and
biologic specimens were obtained for analysis.
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criteria for worsening by week 36 were offered re-treatment
with rituximab.

The Data and Safety Monitoring Board monitored
overall safety independently of the participating institutions.

Outcomes: primary and secondary end points. The
primary end point was the time to achieve the DOI, which was
compared between the rituximab early and rituximab late
groups. There were 2 secondary end points. The first com-
pared the time to achieving 20% improvement in the MMT-8
on 2 consecutive visits between the 2 groups. This end point
was chosen since the MMT-8 is quantitative and represents a
key CSM in a myositis trial assessing muscle weakness as an
important clinical outcome. The other secondary end point
compared the response rates, or the proportion of patients
achieving the DOI, at week 8 in the early versus late treatment
groups, since this time point defines the parallel-groups ran-
domized placebo-controlled phase of this trial.

B cell determination by flow cytometry. Whole blood
samples were collected in cell preparation tubes (Becton
Dickinson), and peripheral blood mononuclear cells (PBMCs)
were isolated, aliquotted, and stained with a panel of conju-
gated antibodies recognizing the leukocyte cell surface mark-
ers CD45RA/CD45RO as well as the B cell–specific surface
molecules CD19 and CD20. This combination permitted cal-
culation of the percentage of B cells among the CD45�
leukocyte population. An automated complete blood cell
count (CBC) that included a total white blood cell count was
performed at each study visit. The percentages of lymphocytes
and monocytes in the CBC and the fraction of CD19/CD20�
cells among the CD45� cells in the PBMC preparations
were then used to estimate the number of B cells/�l of whole
blood.

Adverse events (AEs). The clinical site investigator
determined which AEs were associated with the study drug. An
AE or serious AE (SAE) was regarded as possibly related to
the study drug if the investigator believed 1) there was a
clinically plausible time sequence between onset of the AE and
the administration of rituximab, and/or 2) there was a bio-
logically plausible mechanism by which rituximab could cause
or contribute to the AE, and 3) the AE could not be attributed
solely to the concurrent/underlying illness, other drugs, or
procedures. The RIM Study investigator coded each AE and
SAE as one of the following: definitely related, probably
related, possibly related, unlikely to be related, or unrelated.
For purposes of analysis, only AEs and SAEs deemed to have
a definite, probable, or possible relationship to the study drug
were considered to be related.

Statistical analysis. Randomization was done within
disease subsets (adult PM, adult DM, juvenile DM) for each
institution. A minimization procedure was used to control
overall balance in the 2 treatments. Assuming a daily hazard of
0.0023 in the 8-week placebo phase of the control group, a
daily hazard of 0.017 while receiving rituximab (16), and an
alpha level of 0.05 by 2-sided test, there was statistical power of
0.82 to detect a difference in treatment arms in each of the 2
adult disease groups (PM and DM). The study was not
designed to have sufficient power to detect such a difference in
the juvenile DM group. All of the analyses were based on the
intent-to-treat principle and were performed using 2-sided
tests. Analyses of the primary outcome and the time to
achieving a �20% reduction in baseline MMT-8 score were

done using a log rank test, and the proportion showing
improvement at 8 weeks was analyzed using logistic regression.
For the primary outcome, analysis was repeated, adjusting for
CSMs and potential confounders using a proportional hazards
model. As specified a priori in the protocol, comparison of the
treatment arms was done within each of the disease subgroups
(adult PM, adult DM, and juvenile DM).

RESULTS

Baseline characteristics and core set measures.
Of the 236 patients who were screened, 200 were
randomized (Figure 2). Prior to screening, diagnostic
accuracy was adjudicated in all PM patients, leading to
86 muscle biopsy reviews and 44 subsequent exclusions
(14 for IBM, 29 for undetermined myopathy but not PM
or DM, and 1 for excessive muscle damage). Targeted
accrual goals were met for adult PM and DM (76 each),
while 48 juvenile DM patients (of 50 expected) were
enrolled. The quality of the data was excellent, with only
1.2% missing values. There was very low patient drop-

Figure 2. Flow diagram of participants in the Rituximab in Myositis
Study. After adjudicating all polymyositis patients (see Patients and
Methods for details), 239 patients were screened, and 200 were
randomized. Most of the excluded patients either did not meet the
criteria for muscle weakness or had immunoglobulin levels that were
too low. Of the 200 randomized patients, 195 were included in the final
analysis. Thirty-five patients were excluded for the following reasons:
definite diagnosis not met in 1, other form of myositis in 1, prednisone
dose stable �4 weeks in 1, Manual Muscle Testing 8 score �125 in 10,
IgG or IgM level below the lower limit of normal in 11, hematologic
abnormality in 2, concomitant illness in 2, and prior central nervous
system toxoplasmosis, muscle atrophy and damage, chronic lympho-
cytic leukemia, hypercholesterolemia, hypercalcemia/high hemoglobin,
current use of adalimumab, and disease flare in 1 patient each.
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out, with only 5 patients having a baseline visit and no
subsequent measures.

Table 1 summarizes the baseline demographic
features of the 2 treatment groups. In general, the

demographic characteristics were well balanced; how-
ever, there was a greater percentage of Caucasians in the
late rituximab group. This cohort with refractory myosi-
tis consisted of patients in whom therapy with glucocor-
ticoids and a mean of 3.1 immunosuppressive agents had
failed. At study entry, the prednisone dosage averaged
20.8 mg/day, and almost 90% of the patients were taking
additional immunosuppressive agents, either alone or in
combination. Most patients were Caucasian (70%) and
female (73%), with a mean disease duration exceeding
5 years. Their disease was active, as evidenced by a
physician’s global assessment of disease activity VAS
score �5.0 cm at study entry and an average baseline
VAS muscle activity score of 4.8 cm on the MDAAT
(not shown in Table 1). Autoantibody subsets were well
represented, with 80% of the cohort possessing at least
1 myositis-specific autoantibody, as determined by im-
munoprecipitation (22). Specifically, 17% had antisyn-
thetase antibodies (primarily anti–Jo-1), 13% had anti–
signal recognition particle (anti-SRP) antibodies, and
37% had DM-associated autoantibodies (either anti–
Mi-2, probable anti–transcription intermediary factor 1�
[23], or probable anti-MJ [24,25]).

The values for the CSMs at baseline were similar
between the early and late rituximab groups except for
the baseline muscle enzyme value, which was statistically
higher in the early rituximab arm. Patients were weak, as
evidenced by the low baseline MMT-8 scores, with a
mean of 105 in adult DM patients, 103 in adult PM
patients, and 116 in juvenile DM patients. Patients
generally rated their overall disease activity higher (by
VAS) than did the investigators. Extramuscular mani-
festations appeared mild to moderate, with mean VAS
scores of 34.1 and 33.1 in adult DM and juvenile DM
patients, respectively, and 21.6 in adult PM patients, the
higher scores reflecting cutaneous involvement in the
DM subsets. In 48% of patients, the same investigator
assessed the CSMs throughout the trial, while 92% of
patients had assessments by �2 investigators. If the
MMT-8 was not done by trained physical therapists, it
was completed by the principal investigator at the site,
who was also trained and certified at the RIM Study
investigator meeting.

B cell depletion. Peripheral blood B cell deple-
tion was complete and appropriate for the timing of
rituximab, with the lowest B cell counts occurring 4
weeks after rituximab infusion (Figure 3). There were no
differences in the median nadir B cell counts between
the early and late rituximab groups. Seven of 200
patients receiving active drug did not experience deple-
tion to �5 B cells/�l of blood; these patients were

Table 1. Baseline demographic and clinical characteristics and core
set measures, by treatment group*

Characteristic

Rituximab
early

(n � 96)

Rituximab
late

(n � 104)

No. (%) Caucasian 62 (65) 81 (78)
Age, mean � SD years 43 � 18.2 40 � 18.4
No. (%) female 68 (71) 78 (75)
IIM subset

PM 37 39
DM 36 40
Juvenile DM 23 25

Disease duration, mean � SD years 5.2 � 6.5 5.4 � 6.0
Prednisone dosage, mean � SD mg/day 19.7 � 12.1 21.4 � 14.4
No. (%) taking noncorticosteroid

immunosuppressive agents
84 (88) 89 (86)

Myositis autoantibody, no. (%) positive
Antisynthetase 16 (18) 16 (16)
Anti–signal recognition particle 13 (14) 12 (12)
DM-associated† 33 (37) 38 (38)
Other autoantibody‡ 8 (9) 16 (16)
None of the above 20 (22) 19 (19)

No. with undefined autoantibody§ 6 3
Mean MMT-8 ratio¶ 71 71.7
Mean global assessment, by VAS

(0–100 mm scale)
Physician’s 51.4 49.2
Patient’s/parent’s 65.4 65.6

Mean HAQ/C-HAQ disability index
(range 0–3)

1.55 1.53

Muscle enzyme, mean � SD �ULN# 9.5 � 14.9 5.5 � 9.0
Mean extramuscular score, by VAS (0–

100 mm scale)
27.4 30.7

* Visual analog scale (VAS) scores were based on a 10-cm scale, but
were standardized to a 100-point scale to account for printing differ-
ences across clinical centers. IIM � idiopathic inflammatory myo-
pathy; PM � polymyositis; HAQ � Health Assessment Questionnaire;
C-HAQ � Childhood HAQ.
† Dermatomyositis (DM)–associated autoantibodies consisted of pos-
itivity for 1 of the following 3 autoantibodies: anti–transcription
intermediary factor 1�, anti-MJ, or anti–Mi-2.
‡ Other autoantibodies were those associated with connective tissue
disease (CTD) overlap syndromes or other CTDs (e.g., anti–PM-Scl,
anti–U1 RNP, or others).
§ Undefined autoantibodies were those that could not be definitively
identified by immunoprecipitation.
¶ The Manual Muscle Testing 8 (MMT-8) ratio was calculated as the
recorded MMT-8 score divided by the total possible score for the
muscles tested (maximum 150; less if some muscle groups were not
assessed).
# Elevation of at least 1 (locally measured) muscle enzyme value
(creatine kinase, aldolase, lactate dehydrogenase, alanine aminotrans-
ferase, or aspartate aminotransferase) to a minimum level of 1.3 times
the upper limit of normal (ULN). The muscle enzyme with the most
abnormal value was selected as the target enzyme that was mentioned
during the trial. The difference between rituximab early and rituximab
late groups was significant (P � 0.03).
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equally distributed among the myositis subsets and be-
tween the early and late rituximab groups. There were
no differences in the median B cell numbers at each time
point following rituximab infusion, with a return of
median B cell numbers to �5/�l at �32–36 weeks after
rituximab infusion in both groups (Figure 3).

Primary outcome. Five patients had a baseline
visit, but no subsequent measurements were performed
because they dropped out of the study. Of the remaining
195 randomized patients included in the analysis of the
primary outcome, 161 (83%) met the predetermined
DOI by the week 44 evaluation. The primary outcome in
the RIM Study compared the time to achieving the DOI
between the 2 patient groups (early versus late rituximab
therapy) as shown in the Kaplan-Meier analysis, plotting
failure to meet the DOI versus time (Figure 4). Unlike
most survival plots, the occurrence of the primary event
(achieving the DOI) represents a favorable outcome;

therefore, the lower curve of patients failing to meet the
DOI signifies superior treatment.

The early treatment arm had 93 analyzable (as-
sessed through week 8) patients, with a median time
from randomization to achieving the DOI of 20.0 weeks,
while the late rituximab arm had 102 analyzable patients,
with a median time from randomization to achieving the
DOI of 20.2 weeks (P � 0.74 by log rank test, indicating
no statistical difference in the time to achieving the DOI
between the early and late rituximab groups). Adjust-
ment for the individual CSMs or the 6 combined CSMs
at baseline did not result in statistical significance for
the test of the primary hypothesis. Conducting the
analysis with a requirement of only a single time point of
improvement in order to meet the DOI (rather than the
predetermined 2 consecutive time points) also revealed
no statistically significant differences in the time to
achieving the DOI between the 2 treatment arms.

Also included in Figure 4 are separate Kaplan-
Meier plots comparing the time to achieving the DOI in
the adult PM, adult DM, and juvenile DM subsets, each
without evidence of a statistically significant difference
in the time to achieving the DOI. Although the juvenile
DM plot shows an 8-week difference in the median time
to achieving the DOI and a clear separation in the early
and late rituximab arms, this difference was not statisti-
cally significant. Since the test for interaction of treat-
ment and disease category was not statistically signifi-
cant (P � 0.42), there is no justification to conclude that
the treatment effect differs in the disease subgroups.
Only 7 patients treated with rituximab did not experi-
ence depletion of B cells to �5/�l, but 6 of these patients
still met the DOI.

Secondary outcomes. The time to achieve a 20%
improvement in the MMT-8 on 2 consecutive visits was
a secondary end point. Comparison of this end point
for the 2 treatment arms indicated no statistically signif-
icant difference (P � 0.90) (data not shown). The other
secondary end point compared the response rates, or the
proportion of patients achieving the DOI, in the early
versus late treatment groups at week 8. Fifteen percent
of patients in the rituximab-treated group met the DOI,
while 20.6% in the placebo-treated group met the DOI
at this 8-week time point, with no statistically signifi-
cant difference between the 2 groups. Since there was a
significant difference in the baseline values for the
muscle enzyme CSM (Table 1), we tested the difference
in the proportions of patients meeting the DOI in the 2
treatment groups, adjusting for these baseline values,
but the results remained nonsignificant. When compar-
ing the proportion of patients showing improvement at

Figure 3. Peripheral blood B cell numbers prior to and following
rituximab treatment of patients with idiopathic inflammatory myopa-
thies (IIMs) in the Rituximab in Myositis Study. Peripheral blood
samples were obtained at baseline (week 0) and at weeks 4, 8, 12, 20,
32, and 44 following the baseline visit. Whole blood white blood cell
counts and a differential cell counts were obtained at each visit and
used in conjunction with flow cytometry to estimate the number of B
cells/�l of blood at each time point (see Patients and Methods for
details). Data are shown as box plots. Each box represents the 25th to
75th percentiles of each sample set. Lines inside the boxes represent
the median. Whiskers represent the 10th and 90th percentiles. Patients
treated at weeks 0 and 1 with rituximab (n � 85) are represented by
open boxes; patients treated with rituximab at weeks 8 and 9 (n � 98)
are represented by shaded boxes. Because of either technical reasons
or performance of flow cytometry locally at European sites, the total
number of patients represented (n � 183) does not match the total
number analyzed (n � 195).
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either the 4-week or the 8-week visit, 38% in the early
treatment group met the criteria, compared to 35% in
the late treatment group (P � 0.73).

Core set measures as outcomes. We also con-
ducted analyses comparing the 2 treatment arms with
regard to a �20% reduction from baseline in individual
CSMs at 2 consecutive visits. None of these comparisons
revealed statistically significant differences. However,
the mean/median CSM values indicated improvement
throughout the entire 44-week trial in both groups (data
not shown). Therefore, we also conducted a longitudinal
analysis adjusting for baseline level to compare the
change over time in the 2 treatment groups. Again,
however, these results did not consistently favor one
treatment arm over the other.

Additional treatment effect results. The mean
prednisone dosage at baseline in the 160 patients taking
glucocorticoids was 20.8 mg/day. This dropped to 14.4
mg/day, based on the 153 patients who were taking
steroids at their last visit and the 7 patients who were
able to completely discontinue prednisone (P � 0.001 by
paired comparison). Four patients were taking steroids

at their last visit, but not at baseline. There was no
significant difference in the steroid taper rate between
the early and late treatment groups.

Seventeen patients met the criteria for re-
treatment with rituximab (by first meeting the DOI and
then fulfilling the criteria for definition of worsening).
Seven were ineligible for re-treatment (had low immu-
noglobulin levels, did not consent to re-treatment, or
were outside the window of eligibility), and 9 of the
remaining 10 were re-treated and evaluable (4 in the
early rituximab and 5 in the late rituximab arms). Their
mean time to initial achievement of the DOI was 12.4
weeks, with increased disease activity occurring a mean
of 16.5 weeks later. Eight of the 9 patients who were
re-treated met the DOI again after a mean of 19.9
weeks.

Several potential confounders, if imbalanced at
baseline between the 2 treatment arms, could have
affected the results of the trial. When analysis of the
primary outcome was repeated, adjusting for global
disease damage measured by a validated index (26), for
disease duration, and for myositis autoantibody status,

Figure 4. Kaplan-Meier curves plotting failure to meet the definition of improvement (DOI) versus time from randomization in the entire study
cohort and in the 3 myositis subsets. Graphs depict the probability of DOI-free survival in the rituximab late (black line) and rituximab early (gray
line) groups. The percentage of patients who did not meet the DOI is indicated on the y-axis. Values for the entire cohort (A) are as follows: for
the rituximab late group, 87 met the DOI and 17 censored at a median of 20.2 weeks and for the rituximab early group, 74 met the DOI and 22
censored at a median of 20.0 weeks (P � 0.74). Values for the juvenile dermatomyositis (DM) subset (B) are as follows: for the rituximab late group,
20 met the DOI and 5 censored at a median of 19.6 weeks and for the rituximab early group, 20 met the DOI and 3 censored at a median of 11.7
weeks (P � 0.32). Values for the adult polymyositis (PM) subset (C) are as follows: for the rituximab late group, 33 met the DOI and 6 censored
at a median of 24.0 weeks and for the rituximab early group, 26 met the DOI and 11 censored at a median of 21.9 weeks (P � 0.43). Values for the
adult DM subset (D) are as follows: for the rituximab late group, 34 met the DOI and 6 censored at a median of 20.3 weeks and for the rituximab
early group, 28 met the DOI and 8 censored at a median of 20.4 weeks (P � 0.70).
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the results remained essentially unchanged. Similarly, 14
patients received add-on therapy during the trial outside
of the study protocol, but adjustment for these also did
not affect our overall conclusions.

Findings of the safety analysis. AEs and SAEs
along with infusion reactions were monitored and re-
ported in a standardized manner throughout the study
period, using the Common Terminology Criteria of the
National Cancer Institute, with clinical site investigators
determining their relatedness to the study drug. During
the 44-week trial period, only 1 patient (in the late
rituximab group) withdrew early due to an AE. A total
of 67 SAEs occurred in 64 patients, 26 of which were
related to the study drug. Infections were the most
common of these SAEs, with pneumonia in 6, cellulitis
in 6, urosepsis in 2, herpes zoster in 2, and septic
arthritis, histoplasmosis, urinary tract infection, respira-
tory failure, heart failure, dysrhythmia, venous thrombo-
sis, syncope, rash, and neurologic symptoms (without

evidence of progressive multifocal leukoencephalopa-
thy) occurring in 1 patient each. There was no difference
in AEs at week 8, the randomized placebo-controlled
time point. Table 2 summarizes the adverse events.
There was 1 death during the trial, occurring in a
74-year-old woman who developed a lung mass that was
suspected to be a malignancy, followed by a stroke that
led to a dense hemiparesis.

Infusion reactions were specifically tracked, since
no glucocorticoids were administered at the time of
infusion of the study medication. There were signifi-
cantly more infusion reactions with rituximab (15.4% [60
of 389 events]) than with placebo (5.3% [21 of 393
events]; P � 0.01), but no difference was seen between
the first and second rituximab infusions. Most reactions
(88% [53 of 60]) were related to the study drug; 4 of
them were severe, 24 moderate, and 32 mild. Two events
required hospitalization, and most patients (53 of 60
infusion reactions) were able to receive the full dose of
rituximab after resolution of the infusion reaction.

DISCUSSION

The RIM Study is the first prospective, random-
ized, double-blind trial in myositis enrolling both pedi-
atric and adult patients and is the largest clinical trial
ever performed in the inflammatory myopathies. It
represents the first collaboration of pediatric and adult
rheumatologists and neurologists to study an auto-
immune illness affecting children and adults. This trial
used a unique design, the RPPD (15) or delayed-start
design (14,27), and was the first study to implement
recently validated myositis disease activity and damage
measures (11,13,26). This trial was also the first to test a
consensus-driven definition of improvement that has
been proposed for juvenile and adult IIM clinical trials
(11,12,28). Although the study did not provide sufficient
evidence to reject the null hypothesis of no treatment
effect in the primary and secondary outcomes, 83% of
the enrolled patients met the DOI by the end of the trial.
It is important to note that these patients represented a
cohort of patients with refractory myositis in whom
therapy with glucocorticoids and, on average, more than
3 additional immunosuppressive agents had failed over
the course of their disease. The addition of rituximab
provided a significant steroid-sparing effect between the
start and conclusion of this trial, and 8 of 9 patients
meeting criteria for the definition of worsening after an
initial response improved again after re-treatment with
rituximab.

Rituximab was generally well tolerated in a trial

Table 2. Common drug-related adverse events (frequency �2) and
all drug-related infectious adverse events

Adverse event No. of events

Common adverse events
Headache 21
Nausea/vomiting 19
Diarrhea 11
Rash 10
Cough and cold 10
Pruritus 8
Fatigue/malaise 8
Leukopenia 7
Nasal congestion 5
Dizziness/vertigo 5
Chills 4
Sweats 4
Hypertension 3
Hypotension 3
Bronchospasm 3
Joint pain/swelling 3
Flushing 3
Hypogammaglobulinemia 3
Hypersensitivity reactions 3

Infectious adverse events
Urinary tract infection 30
Sinus/ear infection 20
Upper respiratory tract infection 18
Pneumonia/lower respiratory tract infection 18
Cellulitis 14
Herpesvirus infection 11
Febrile episodes 10
Fungal infection 4
Eye infection 3
Bacteremia 3
Joint infection 2
Soft tissue infection 2
Viral syndrome 1
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in which preinfusion glucocorticoids were not routinely
administered. There were significantly more infusion
reactions associated with rituximab administration, but
88% of the patients with infusion reactions still received
the full dose of rituximab. Infectious complications
comprised the majority of severe adverse events, with a
frequency similar to that in a recently reported trial of
rituximab in vasculitis (4).

There were several factors that decreased the
probability of detecting an effect of rituximab. First, the
power calculations to detect differences in the 2 treat-
ment groups were based on the premise that rituximab
had an earlier effect as a therapeutic agent. Based on the
existing literature for rituximab use in IIM at the time of
study design (6), the steering committee postulated that
�50% of patients would respond to rituximab by 8
weeks. In fact, one-half of the patients responded by
�20 weeks, indicating a lower than expected potency,
for which this study was not adequately powered. Com-
pounding this problem, the anticipated placebo rate was
underestimated in the original power calculations,
meaning that the response during the 2 months of
placebo therapy was greater than would be expected for
the assumed hazard when the trial was designed. In
essence, there was an overestimate of the rapidity of the
response to rituximab and an underestimate of the DOI
in those receiving placebo.

When assessing the results in the individual my-
ositis disease subsets, the juvenile DM cohort response
reflected what was originally hypothesized. That is, the
early rituximab group among those with juvenile DM
had a median time to achieving the DOI that was nearly
8 weeks sooner than that in the late rituximab group,
mirroring the duration of the placebo phase. However,
the trial was not powered for assessing response in
individual myositis subsets at the observed potency.

A second factor leading to the statistical failure of
the trial relates to the RPPD study design and the
selection of the “placebo-phase” duration of 8 weeks
chosen by the RIM Steering Committee. There are
several reasons for this: 1) the enrollment of children
precluded a traditional parallel-groups randomized con-
trolled trial in which only one-half of the patients would
receive active drug, 2) international consensus guide-
lines for the conduct of clinical trials in myositis sug-
gested that the ethical median duration for placebo
administration or background therapy in a clinical trial
should be 8 weeks for adult myositis patients and 6
weeks for childhood myositis patients (28), and 3) the
expected mean response to rituximab was assumed to be
8 weeks. Ultimately, the slower onset of action of

rituximab in our cohort with refractory myositis (re-
flected by the longer than expected time to improve-
ment) coupled with the short 8-week placebo phase
made it difficult to distinguish the response in the 2
treatment arms. Similar delayed-start trial designs have
been used in other chronic diseases, with favorable
results (28). Although this design has regulatory support
(29), its limitations, such as the duration of the placebo
phase and the statistical approach to data analysis, have
been discussed elsewhere (14). Nevertheless, the use of
the delayed-start design with appropriate attention to
stipulated details has been encouraged in chronic rheu-
matic diseases (14). It is conceivable that the RPPD, or
delayed-start design, may still be appropriate for agents
with a shorter time to effect.

Finally, although the CSMs and the DOI used in
this study have been partially validated and agreed upon
by myositis experts (11,13,18,26), there were no recent
prospective clinical trials that used these measures be-
fore the RIM Study. Several of the CSMs that contrib-
uted to the DOI are subjective, including the physician’s/
patient’s global assessments of disease activity VAS
scores, HAQ scores, and extramuscular disease activity
indices. The MMT-8, although quantitative and fully
blinded with regard to treatment group, may be subject
to patient effort (30). Moreover, muscle enzyme levels
may not correlate with either clinical improvement or
increased disease activity. Finally, myositis is hetero-
geneous, as evidenced by the long disease duration
(Table 1) and the range of autoantibody subsets in our
cohort (28% positivity for an antisynthetase or anti-SRP
autoantibody [9,31,32]) that resulted in wide variance
around the time to achieving the DOI in both treatment
groups. Nevertheless, these CSMs have been carefully
studied and scrutinized by experts from many disciplines
who provide care for both adult and pediatric myositis
patients under the auspices of international myositis
collaborative groups (11,18,19,33). In the future, it will
be necessary to use the prospective data collected from
the RIM Study, the largest trial ever performed in adult
and juvenile myositis, and other prospective myositis
trials, to reexamine the CSMs and DOI in order to
develop more robust measures of disease activity and
improvement for use in future clinical trials.

While the trial itself showed no statistical differ-
ence between treatment groups, the overall response
rate in a group of patients with refractory myositis, the
ability to taper glucocorticoid therapy, and the responses
to re-treatment suggest that the agent had an effect but
that certain aspects of the study design made identifica-
tion of such an effect difficult. The information gleaned
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from the RIM Study will clearly be enhanced by subse-
quent immunologic analyses to address the mechanisms
of disease response in this cohort of patients with
inflammatory myopathy.
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APPENDIX A: RIM STUDY GROUP MEMBERS

Members of the RIM Study Group (countries, principal
investigators, and centers) are as follows. In Canada (pediatric sites):
Brian Feldman (Hospital for Sick Children, Toronto, Ontario) and
Adam Huber (IWK Health Centre, Halifax, Nova Scotia). In the
Czech Republic (adult site): Jiřı́ Vencovský and Herman Mann
(Institute of Rheumatology, Prague). In Sweden (adult site): Ingrid E.
Lundberg (Karolinska Institutet, Stockholm). In the US (adult sites):
Richard Barohn, Mazen Dimachkie, and Kevin Latinis (University of
Kansas Medical Center, Kansas City), Lorinda Chung and David
Fiorentino (Stanford University, Palo Alto), Leslie Crofford (Univer-
sity of Kentucky, Lexington), Mary Cronin (Medical College of
Wisconsin, Milwaukee), Stephen DiMartino (Hospital for Special
Surgery, New York), Barri Fessler (University of Alabama at Birming-
ham), Michael Harris-Love (Washington DC Veterans Affairs Medi-
cal Center), Sharon Kolasinski (University of Pennsylvania, Philadel-
phia), Todd Levine (Phoenix Neurological Associates), Galina Marder
(North Shore–LIJ, New York), Richard Martin and Aaron Eggebeen
(adult and pediatric site: Michigan State University, Grand Rapids),
Frederick Miller (National Institute of Environmental Health Sci-
ences, NIH, Bethesda), Pushpa Narayanaswami and Seward B. Rut-
kove (Beth Israel Deaconess Medical Center/Harvard Medical School,
New York), Chester Oddis, Dana Ascherman, Rohit Aggarwal, David
Lacomis, and Christopher Bise (University of Pittsburgh), Nancy
Olsen and Andreas Reimold (University of Texas Southwestern
Medical Center at Dallas), Elena Schiopu, Kristine Phillips, and James
Seibold (University of Michigan, Ann Arbor), Khema Sharma (Uni-
versity of Miami), Swamy Venturupalli and Michael Weisman
(Cedars-Sinai Medical Center, University of California at Los Ange-
les), and Steven Ytterberg (Mayo Clinic, Rochester). In the US
(pediatric sites): Susan Kim (Children’s Hospital of Boston), Tzielan
Lee (Stanford University, Palo Alto), Daniel Lovell (Cincinnati Chil-
dren’s Hospital), C. Egla Rabinovich (Duke University Medical Cen-
ter, Durham), Ann Reed (Mayo Clinic, Rochester), Lisa Rider (Na-
tional Institute of Environmental Health Sciences, NIH, Bethesda),
Rafael Rivas-Chacon (Miami Children’s Hospital), and David Sherry
(The Children’s Hospital of Philadelphia).
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