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Objective. To assess the time needed to achieve
sustained, medication-free remission in a cohort of
patients with juvenile dermatomyositis (DM) receiving
a stepwise, aggressive treatment protocol.

Methods. Between 1994 and 2004, a cohort of 49
children with juvenile DM who were followed up at a
single tertiary care children’s hospital using disease
activity measures according to a specific protocol re-
ceived standardized therapy with steroids and metho-
trexate. If a patient’s strength or muscle enzyme levels
did not normalize with this initial therapy, additional
medications were added in rapid succession to the
treatment regimen. The primary outcome measure was
time to complete remission. Additional outcome mea-
sures were onset of calcinosis, effect of treatment on
height, and complications resulting from medications.

Results. Forty-nine patients were followed up for
a mean *= SD of 48 = 30 months. All but 1 patient
received 2 or more medications simultaneously. Tran-
sient localized calcifications occurred in 4 patients (8%),
and 2 additional patients (4%) had persistent calcinosis.
Despite the aggressive therapy, complications associ-
ated with treatment were mild and were primarily
attributable to steroids. No persistent effect on longitu-
dinal growth was observed. A complete, medication-free
remission was achieved in 28 patients; the median time
to achievement of complete remission was 38 months
(95% confidence interval 32—44 months). None of these
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patients experienced a disease flare that required re-
sumption of medications during the subsequent period
of observation (mean = SD 36 = 19.7 months).
Conclusion. Our findings suggest that aggressive
treatment of juvenile DM aimed at achieving rapid,
complete control of muscle weakness and inflammation
improves outcomes and reduces disease-related compli-
cations. In more than one-half of the children whose
disease was treated in this manner (28 of 49), a pro-
longed, medication-free remission was attained within a
median of 38 months from the time of diagnosis.

Juvenile dermatomyositis (DM) is an idiopathic
diffuse vasculopathy of the skin and muscles, character-
ized by proximal muscle weakness and typical rash. The
inflammatory process primarily affects muscle and skin,
but it can also involve numerous other organ systems,
with significant mortality from cardiovascular, respira-
tory, and gastrointestinal sequelae of the disease. Prior
to the introduction of steroids in the 1960s for treatment
of the disease, one-third of patients with juvenile DM
had permanent crippling morbidity and limitations, one-
third died as a result of the disease, and only one-third of
patients recovered with minimal or no sequelae (1).

Even with the introduction of steroids, ongoing
disability and/or disease activity have persisted in a
significant percentage of patients. Notable improve-
ments in patient outcomes have been achieved with the
additional treatment options of antiinflammatory medi-
cations such as methotrexate (MTX), cyclosporine, and
intravenous immunoglobulin (IVIG) (2,3). In 2000, a
report of a Canadian multicenter cohort study of juve-
nile DM patients (4) described long-term outcomes in
children treated primarily with corticosteroids, with or
without second-line agents. Overall, 63% of these pa-
tients received disease-modifying medications in addi-
tion to steroids; 37% demonstrated a monocyclic course,
11% demonstrated a polycyclic course, and 52% had
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chronic continuous disease activity. After a median
followup of 7 years, 23% of patients had persistent
weakness, and 35% continued to receive medications,
43% of whom continued regular treatment with systemic
corticosteroids. Disruption of longitudinal growth was
one of the significant long-term sequelae observed:
almost one-third of patients were below their predicted
height by >1 standard deviation (4).

In 2005, a report from a single Canadian center
described the effectiveness of treating juvenile DM with
MTX and aggressively tapered dosages of cortico-
steroids as compared with steroids alone (2). Both
groups had similar improvements in strength and func-
tion, but the median duration of steroid therapy in
patients receiving MTX was shorter (10 months versus
27 months). Though the steroid dosage could be tapered
more rapidly in patients receiving MTX, prolonged,
treatment-free remissions remained uncommon; chil-
dren who received MTX and those who did not both had
a 30% rate of disease flares by 40 months.

Despite advances in therapy, juvenile DM con-
tinues to be associated with considerable morbidity. In
several reports, sizable percentages of patients are de-
scribed as having persistently active disease and devel-
oping subcutaneous calcifications, as well as having
significant growth retardation (4-8). In addition, juve-
nile DM patients with severe, prolonged disease and
calcinosis appear to be at greater risk of developing
lipodystrophy (9).

In 2002, we presented data regarding our institu-
tion’s practice of stepwise, aggressive treatment aimed at
achieving rapid, complete control of muscle inflamma-
tion in juvenile DM patients. We reported decreased
long-term sequelae, including calcinosis, with the best
outcomes being associated with a more rapid normaliza-
tion of muscle inflammation (10).

In this report, we present the findings of our
study of a cohort of patients followed up in our program
for juvenile DM who were treated according to a
prescribed prospective therapeutic algorithm. We
sought to determine whether the rapid institution of
steroid-sparing medications would improve outcomes
and provide long-term disease control.

PATIENTS AND METHODS

Study population. Children with juvenile DM who
were treated according to a prospective therapeutic regimen at
Children’s Hospital Boston between January 1994 and Decem-
ber 2004 were included in this analysis. Patients were diag-
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nosed as having probable or definite juvenile DM based on the
Bohan and Peter criteria for myositis (11), which include a
typical skin rash and 2 or more of the following: symmetric
proximal muscle weakness, increased serum muscle enzyme
levels, electromyographic abnormalities, and muscle biopsy
findings consistent with myositis. In most patients included in
our cohort, the disease was also confirmed by magnetic
resonance imaging (MRI). Patients were excluded if they had
evidence of mixed connective tissue discase, scleroderma,
systemic lupus erythematosus, or an overlap connective tissue
disease syndrome; if their disease was managed at an outside
institution; or if they exhibited no evidence of muscle weakness
or inflammation (amyopathic DM).

The date of disease onset was defined as the earliest
date that the patient’s guardian reported symptoms consistent
with juvenile DM. Medications, growth parameters, medica-
tion side effects, calcinosis, laboratory data, and Disease
Activity Scores (DAS) for juvenile DM (12) were recorded
from clinic and hospital records.

Criteria for assessment of disease activity. Strict cri-
teria were used to define complete clinical response and
clinical remission, based upon definitions of the International
Myositis Assessment and Clinical Studies Group (13). Com-
plete clinical response was defined as no evidence of active
myositis for =6 months while receiving therapy. Clinical
remission was defined as no evidence of active myositis for =6
months while not receiving any drug therapy (13).

Lack of evidence of myositis disease activity was de-
fined as normal muscle strength, with normal muscle enzyme
levels (including aldolase, alanine aminotransferase, aspartate
aminotransferase, creatine kinase, lactate dehydrogenase, and
von Willebrand factor antigen). In some cases, MRI of the
upper thighs was obtained as well. A juvenile DM flare was
defined as clinical or laboratory evidence of increasing muscle
or skin disease requiring adjustment of medications.

Treatment protocol. Treatment was begun promptly
upon diagnosis, according to a stepwise approach based on the
extent of myositis at presentation. Patients with mild disease
(isolated mild weakness that did not limit activities of daily
living, and no involvement of the muscles of respiration or
deglutition) received high-dose oral prednisone. Patients with
moderate to severe disease (weakness that limited activities of
daily living, and/or difficulties involving respiration or degluti-
tion) were treated with 3 pulsed doses of intravenous methyl-
prednisolone (MP) (30 mg/kg, with a maximum dose of 1 gm),
followed by weekly pulse MP, MTX, and daily oral prednisone
(2 mg/kg), until a complete clinical response was achieved.
When muscle enzyme levels and strength normalized, medica-
tions were tapered, beginning with steroids (a mean of 4
months after the start of therapy). However, if a patient’s
strength or muscle enzyme levels did not normalize after 3
months of therapy, cyclosporine and IVIG were added sequen-
tially. If needed, additional medications were added in rapid
succession to further control inflammation. This study was
approved by the Clinical Investigation Committee of Chil-
dren’s Hospital Boston.

Statistical analysis. Age and strength were compared
using Student’s #-test and expressed as the mean and SD.
Medication data, months to remission, and diagnoses were
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compared using Wilcoxon’s signed rank test and presented as
the median and range. Categorical data and proportions were
compared using Fisher’s exact test. Kaplan-Meier survival
analysis was applied to determine median time to outcome
events of complete clinical response and clinical remission,
with 95% confidence intervals (95% ClIs) calculated using
Greenwood’s formula (14). Median time to complete clinical
response and clinical remission was computed using the
product-limit estimator for censored data. Repeated-measures
analysis of variance using a mixed-model approach was utilized
to assess differences in the age-adjusted height percentile
between baseline and followup points in the time course
through 48 months (15). Statistical analysis was performed
with SPSS (version 16.0, 2007; SPSS, Chicago, IL). P values less
than 0.05 were considered significant.

RESULTS

Demographics. Of 93 patients with juvenile DM
followed up at our center from 1994 to 2004, 49 patients
(23 boys, 26 girls) met the inclusion criteria for the study.
Twenty-four patients were excluded because their initial
disease management was outside of our institution, 10
were excluded because they moved out of state, and 10
were excluded because they had amyopathic DM.

The mean * SD age at the time of diagnosis was
6.5 = 3.1 years (range 1.6-13 years). Patients were
followed up for a mean * SD of 48 = 30 months (range
9-151 months). The mean = SD time from the onset of
symptoms to initiation of treatment was 5.2 = 11.7
months (range 1 week to 72 months) (Table 1).

Overall, all but 1 patient (98%) received 2 or
more immunosuppressive medications concurrently.
The median number of treatments patients received
during their illness was 4, which included prednisone
(98%), pulsed-dose steroids (84%), MTX (78%), hy-
droxychloroquine (45%), cyclosporine (27%), 1VIG

Table 1. Characteristics of the juvenile dermatomyositis (DM) pa-
tients at the time of presentation (n = 49)*

Sex, no. (%) male 23 (47)

Age at diagnosis, years 6.5 3.1
Duration of symptoms, months 52+ 11.7
Initial total DAS 10.8 = 3.7

Muscle enzyme levels
Aldolase, units/liter
Aspartate aminotransferase, units/liter
Alanine aminotransferase, units/liter
Creatine kinase, units/liter
Von Willebrand factor antigen, %
Lactate dehydrogenase, units/liter

63 + 221 (3-9.7)
293 + 936 (2-40)
128 = 314 (3-30)

5,088 + 21,185 (4-175)
211 =+ 109 (50-160)
670 + 979 (100-210)

* Except where indicated otherwise, values are the mean * SD
(normal range). DAS = Disease Activity Score.
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Figure 1. Time to complete clinical response and clinical remission in
patients with juvenile dermatomyositis. Patients were considered to
have had a complete clinical response once strength and muscle
enzyme levels had normalized, with no evidence of active myositis for
=6 months while receiving therapy. The median time to complete
clinical response was 21 months (95% confidence interval [95% CI]
18-24 months), and the median time to complete remission was 38
months (95% CI 32-44 months). There was a lag between complete
clinical response and clinical remission, since medications were ta-
pered slowly, while normal strength and muscle enzyme levels were
maintained. Values are the percentage of patients with clinical re-
sponse or clinical remission at each time point; bars show the 95% CI.

(20%), topical tacrolimus (20%), plasmapheresis (8%),
and cyclophosphamide (4%).

Outcomes. Response to treatment tended to be
rapid, complete, and persistent. The mean * SD initial
DAS for juvenile DM was 10.8 = 3.7, and the mean
score subsequently improved to 3.7 and 1.9, at 12 and 24
months, respectively. Muscle enzyme levels, strength,
and the presence of skin lesions normalized at a median
of 14 months (range 1-67), 13 months (range 3-78), and
19 months (range 3-113), respectively. These data were
skewed by the occurrence of disease flares in 5 patients.
In the time period studied, complete clinical response
was achieved in 37 of 49 patients within a median of 21
months (95% CI 18-24). Clinical remission (including a
DAS of 0) was achieved in 28 of 49 patients within a
median of 38 months (95% CI 32-44) (Figure 1). None
of these patients experienced a disease flare that re-
quired resumption of medications during the subsequent
period of observation (mean = SD 36 * 19.7 months).

Only 5 patients (10%) had disease flares/relapses
after beginning therapy; clinical remission was achieved
in 4 of these 5 patients by a median of 58 months (range
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Table 2. Characteristics of the patients in whom complete remission
was achieved, with or without a disease flare (n = 28)

With flares Without flares
Variable* (n=4) (n = 24)
Age, mean = SD years 55%31 6.9 3.7
Sex, no. male/female 1/3 12/12
Concurrent medications, 4 (3-5) 3 (1-5)
median (range)
Months to diagnosis, 2 (1-6) 1(0-72)

median (range)
Calcinosis, no. (%) 1(25) 4(17)

Initial strength DAS, 53£38 4.6 3.0
mean * SD
Months to remission, 58 (35-100)F 26 (9-60)

median (range)

* DAS = Disease Activity Score.
TP < 0.01 versus patients without flares.

35-100). The time to complete remission in patients with
a disease flare (n = 4) was significantly longer compared
with that in the 24 patients in whom complete remission
was achieved without a disease flare (Table 2). Clinical
remission was not achieved in 1 patient (2%) with a
chronic disease course. A total of 6 patients (12%)
developed calcinosis, but this resolved in most. Only 2
patients (4%) had persistent calcinosis, which was super-
ficial. There were no deaths during the period of study.

Medication side effects and growth. Despite the
aggressive introduction of immunosuppressive medica-
tions into the patients’ treatment regimens, complica-
tions associated with treatment were mostly mild and
self-limited. Moderate and severe side effects are listed
in Table 3.

Growth assessment during the disease course
revealed a decrease in height percentile during the first
year of therapy, with subsequent recovery of height. The
patients’ overall mean height never dropped below the

Table 3. Moderate to severe side effects of aggressive treatment in
the juvenile dermatomyositis patients (n = 49)*

Abdominal distress/pain 1(2)
Acute psychosis 1(2)
Fracturest 5(10)
Hypertension 3(6)
Infectionst 2(4)
Mood swings 1(2)

* Moderate to severe side effects were evaluated as grade 3 or higher
according to the Common Toxicity Criteria of the National Cancer
Institute (25). Values are the number (%) of patients.

F One humeral, 1 radial, 2 tibial, and 1 vertebral compression fracture.
+ Rotavirus and diarrhea, requiring fluid resuscitation and admission
to the intensive care unit, and axillary furuncle, requiring intravenous
antibiotics.
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Figure 2. Height of the patients with juvenile dermatomyositis.
Growth deceleration was demonstrated after the initiation of treat-
ment, but height percentiles returned to pre-disease levels over time
(mean of 4 years after diagnosis). Values are the mean and SD.
* = P < 0.05 versus pre-disease level (baseline).

25th percentile, and the mean height had returned to
baseline values by 48 months after the start of therapy
(Figure 2).

DISCUSSION

In this single-center cohort study, we demon-
strated that aggressive treatment of juvenile DM may
improve the rates of complete disease remission, limit
disease flares, and reduce disease- and therapy-related
complications as compared with historical controls. To
our knowledge, this is the first study of a pediatric
rheumatologic disease to demonstrate a high percentage
of children with no evidence of disease years after
discontinuing all medications. In addition, we found no
significant long-term sequelae associated with treat-
ment. Side effects were largely attributable to steroids
and were generally mild, self-limited, and reversible.
Furthermore, only 6 patients developed calcinosis, which
persisted in only 2 (4%).

For the majority of rheumatologic diseases, the
goal is disease control, and cures are thought to be
largely unattainable. This is true for a variety of reasons,
including the fact that the fundamental aberration caus-
ing most chronic inflammatory conditions is unknown.
As a result, rheumatologists have tended to accept as
inevitable disease chronicity in a sizable proportion of
children. The occasional cases that seem to enter a
prolonged, medication-free remission are termed
“monocyclic,” in contrast to the majority of cases that
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are incurable and labeled “polycyclic” or “chronic” (1,4).
The implication is that the difference is inherent and
uncontrollable.

In fact, until recently, pediatric malignancies
were regarded in a similar manner. Prior to 1960,
essentially no children with acute lymphocytic leukemia
survived past 5 years, and treatment efforts aimed at
curing this condition were thought to be futile (16,17).
With the availability of more potent multidrug chemo-
therapeutic regimens, effectiveness of therapy came to
be viewed as the major determinant of prognosis in
pediatric oncology, with characteristics of the tumor
affecting the details of the regimen but generally not the
goals (18). Success is now measured in cures, and 5-year
survival rates in patients with juvenile acute lymphocytic
leukemia have improved to >85% (19,20).

The results of the current study suggest that just
such a change in paradigm should be the goal in
rheumatologic diseases, and in fact, may now be applied
to juvenile DM. Only with aggressive, complete control
of all vestiges of active myositis and dermatitis can a
sustained, drug-free remission be achieved in a majority
of children. This is not just a desirable goal, but is
apparently an urgent necessity, since the ability of
medications to affect the aberrant autoimmunity that
leads to disease may wane over time.

Even though autoimmune diseases may be initi-
ated by loss of tolerance to a single antigen (21), results
of animal studies and limited data in humans demon-
strate that with chronicity, the immune response often
broadens to include other epitopes of the same molecule
and even other molecules (so-called “epitope spread-
ing”) (22). While this process likely enhances the effi-
ciency of protective immune responses in clearing infec-
tions, in autoimmune diseases, this process may
contribute to the decreased responsiveness to treatment
over time (23). As with malignancies, there may be a
window of opportunity for curing juvenile DM during
the early phases of the illness, when the disease burden
is relatively limited. Consistent with this is our finding
that patients with disease flares (4 of 49 patients) had
significantly longer disease durations. Clinical remission
was ultimately achieved in the majority of these patients
with resumption of aggressive therapy, suggesting that
we might have missed low-grade, subclinical disease
activity, which was then controlled with additional treat-
ments.

Disease flares occurred less frequently in our
patient population as compared with that in a recent
Canadian study in which MTX and steroids were used as
initial therapy (10% [versus 30% at 40-month followup])
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(2). This disparity is likely due in part to differences in
treatment and tapering protocols. The Canadian proto-
col mandated the tapering of medications after 6 weeks
of therapy if there were improvements in muscle enzyme
levels and strength, with a predetermined schedule for
tapering. In contrast, the protocol at our institution
involved very gradual tapering that proceeded only when
all markers of disease activity, including muscle enzyme
levels and strength, were normal. Our reliance on intra-
venous MP could also have contributed to our improved
outcomes, in light of recent pharmacokinetic findings
in juvenile DM patients that suggested improved bio-
availability of parenteral steroids compared with oral
therapy (24).

The goal of therapy at our institution is to
completely control all detectable evidence of disease
activity or muscle inflammation in all patients. Thus, the
deliberately slow tapering of medication is dictated by
the requirement that all ongoing disease activity be
eradicated. At the time of presentation of any patient
with juvenile DM, it is not possible to predict whether
the disease will be more or less aggressive or more or
less responsive to treatment. Therefore, we varied the
approach between patients based on the clinical severity
of their disease at presentation, which is, at best, an
inexact predictor of prognosis and of response to partic-
ular therapies.

Our results are limited by the relatively small
number of patients in this study and by the restricted
long-term followup (mean 36 months). Controls are
historical, so differences between centers or secular
trends could account for the improved outcomes in our
patients. This seems unlikely to completely explain our
findings, however, since outcomes of previous studies
have been fairly consistent in all centers (1,2,4,8). Fi-
nally, neither the investigators nor the patients were
blinded with regard to the treatments. However, out-
comes included objective measures (muscle enzyme
levels) as well as subjective measures (DAS for juvenile
DM), making observer bias or a placebo effect an
unlikely explanation for our findings.

In summary, using an aggressive, multidrug treat-
ment regimen, clinical remission was achieved in a
majority of children with juvenile DM within a median
of 38 months. Furthermore, even patients who did not
exhibit complete disease control demonstrated fewer
complications and sequelae compared with patients de-
scribed in previous reports. Complete clinical remission
was maintained in our patients for a mean of 3 years of
followup after medication discontinuation, demonstrat-
ing for the first time apparent disease resolution in a
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majority of patients with a pediatric autoimmune condi-
tion. With the expanding number of alternatives for
controlling inflammatory myopathies, including ongoing
studies of targeted anti-B cell therapy, and with the
discovery of specific markers of disease activity and
therapeutic responsiveness, further optimization of
treatment and improvement in outcomes seems attain-
able.
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