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Abstract
We have conducted a double-blind, randomized, multicentric trial in 18 Duchenne muscular
dystrophy (DMD) boys, whose age ranged from 5.2 to 14.6 years (mean 7.3 yrs) for treatment with either deflazacort (0.9 mg/kg/day) or prednisone (0.75 mg/kg/day). To reduce side
effects after one year the treatment schedule was switched to an alternate day regimen. The
two groups were randomized and stratified on the basis of age and functional score at the
onset of treatment.
We followed the patients every 3 months in the first year and then every four months,
evaluating MRC scale in four limb muscles, two in the right upper limb (deltoid and triceps)
and two in the right lower limb (ileopsoas and quadriceps femoris) and performance of four
functions (walking for 10 meters, climbing stairs, Gowers’ manoeuvre, and rising from a
chair). We evaluated the differences in MRC and functional score with respect to baseline.
Statistical significance was calculated by the Mann-Whitney test. Side effects were monitored by a questionnaire and by routine blood examination (serum creatine kinase, glucose,
ions, hematocrit and complete blood count) and weight and height were recorded at each
visit. Change in body weight was evaluated with the student t-test. After 24 months there
were 2 drop out patients in the deflazacort group and 3 in the prednisone group for loss of
independent ambulation. The two steroids were equally effective improving motor function
and functional performances in the first 6 months and then we observed a slow down in the
course of the disease.
At 9 months, the average weight increase respect to baseline value was 5% (2 Kg) in the deflazacort group and 18% in the prednisone group (p< 0.005) and after 24 months it was 19%
in the deflazacort group and 41% in the prednisone group. Only 3 patients on deflazacort
had an increase in body weight that exceeded 20% with respect to baseline, but all the remaining patients in the prednisone group had an increase in body weight of over 20%.
Two fractures occurred in the deflazacort group. Bone formation and growth evaluated with
X-ray of the left hand for bone age did not appear different in the two groups. Eye examination revealed a slight cataract in 3 patients in the deflazacort group and in 1 in the prednisone group. Other minor and slight side effects such as behavioural changes, increased appetite and cushingoid appearance were observed in both groups.
Steroid treatment with deflazacort appears to cause less side effects than prednisone, particularly on weight gain, which could be important to maximize motor performances and to
avoid long term complications such as spinal deformity and respiratory fatigue.
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Duchenne muscular dystrophy is a progressive mu scle disease with fatal course characterised by the absence of dystrophin, a subsarcolemmal protein. The
boys affected by the disease usually became wheelchairbound at about 10 years of age.
Actually no risolutive therapy exists for the disease.
Awaiting gene therapy, steroids have demonstrated
good efficacy in slowing the progression of the disease
and delay the loss of deambulation in many studies [15]. In previous studies different steroids with different
regimens have been used with the aim to obtain the
maximal efficacy with less side effects. However many
doubts remain about when to begin the therapy, the best
steroid regimen and the type of steroid to use lacking
clinical trials with these targets as primary end-points
[19]. Two trials [6-7] stated that deflazacort has fewer
side effects than prednisone. Particularly deflazacort has
been shown a sparing bone loss action in children with
other disease [8].
To answer to the question of the best steroid to use
we have carried out a double-blind, randomized, multicentric trial with deflazacort 0,9 mg/Kg/die versus prednisone 0,75 mg/Kg/die. We present here results after two
years of treatment. In the design of the trial after one
year the treatment has been switched to an alternate
dose regimen, maintaining the same dosage, to reduce
side effects.
Materials and Methods
Patients
The trial was approved by the ethical committee of
University of Padua and that of the Lombardy region
and the parents gave written informed consent. 18 deambulant patients with Duchenne muscular dystrophy
confirmed by dystrophin immunohystochemistry from
two Italian neuromuscular centers (Pavia and Padua)
were randomized in two groups with equivalent dosage
of deflazacort and prednisone (0,9 mg/Kg/die versus 0,75
mg/Kg/die). The two groups were randomized on the basis of age and disease severity, so no differences were
present at the beginning of treatment.
The patients in Deflazacort had a mean age of 8,6 years
(range 5,3-14,6) while the patients in Prednisone had a
mean age of 7,5 years (range 5,1-10).
All patients underwent two visits before the beginning
of the trial to assure complete compliance with the functional tests and a monitor controlled the correct application of the protocol in the two centers. In the second
center (Pavia) the patients were filmed after informed
consent, to permit a double blind check of the results.
One patient was treated with the two drugs: first 6
months with prednisone and after with deflazacort. This
patient has not been considered in the evaluation of results.

We have evaluated strength and functional ability
every three months in the first year and then every 4
months Strength was evaluated with MRC scale in four
muscles, two in the upper limbs (deltoid and triceps) and
two in the lower ones (ileo-psoas and femoral quadriceps) and with four functional tests.
The functional tests evaluated were gait (walking for
ten meters), rising from a chair and from the floor, climbing four steps and functionality of upper limbs.
In the first four tests we measured the time employed
to perform the exercises so it was possible to calculate
GSCG compound score. GSCG is a mathematical formula
that makes more sensitive the score of the functional
tests [15].
At the beginning of the trial and during the study we
monitored blood exams (CPK, glucose, ions and full
blood count), height, body weight and blood pressure to
check steroids side effects. Cushingoid appearance and
hirsutism were evaluated and we asked the parents to
refer about behavioral changes or gastrointestinal problems. An X-ray of the left hand for bone age and an eye
exam for cataract were performed at the start and after
one year . To reduce weight gain we suggested a diet to
both groups.

Statistical analysis
We evaluated the differences in MRC, functional and
GSCG score at 6, 12, 18 and 24 months with respect to
baseline. Statistical significance was checked by the
Mann-Whitney test. The MRC, functional and GSCG
scores are not normally distributed and so we applied a
nonparametric analysis. The Bonferroni correction was
applied to the results. Student t-test has been applied to
percentage increase with respect to the initial weight.

Results
After two years no significant differences were found
between the two groups in the MRC score, functional
score and GSCG compound score (Fig 1). The two
groups were quite similar at any stage of the study. The
curves are parallel and do not differ between the two
drugs. No statistically difference were found analysing
data for single test of functional score and GSCG score
During the follow up there were three drop-out cases in
the prednisone group and two in the deflazacort group
for loss of deambulation. To avoid the bias related to the
drop-outs of the more severe patients we have maintained these patients in the calculations with the last
score obtained. In fact the score is set up primarily for
ambulant patients. The slope of different scores appears
better in the Deflazacort group but the difference
doesn’t reach statistical significance. This type of response could be related to a slight less severe degree of
compromission in the initial baseline values for the deflazacort group.
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Figure 2. Weight percentage increase respect baseline
shows greater increase in the prednisone
group
months (p < 0,05) (Tab 1).
After two years only 4 patients in deflazacort group
had an increase in body weight over 20% respect baseline (maximum 34%) against all patients in prednisone
group (maximum 48%) (Fig. 2).
Eye examination revealed a slight cataract in 3 patients
in the deflazacort group and in 1 in the prednisone
group. Other minor slight side effects such as behavioural changes, increased appetite and cushingoid appearance were observed in both groups.
No change in laboratory parameters including creatine
phosphokinase was observed in the two groups. Other
side effects as behavioral changes, increased appetite
and cushingoid appearance were rare and randomly distributed in the two groups as it is shown in table two.
The children were treated with antiacids only if they
complained about some gastrointestinal pain. This occurred in 33% children in deflazacort group and in 62,5%
in prednisone group with complete regression after the
beginning of the therapy. Two fractures occurred in the
deflazacort group but no differences in bone age has
been found in the two groups.

Discussion
Figure 1. Course of GSCG score, muscle strength measured by MRC scale and functional score, over 2
years, in 17 DMD patients.
The results about the increase in body weight are interesting. The average increment from the initial weight
was 4,6 Kg in the deflazacort group versus 8,7 Kg in the
prednisone one at 24 months. The difference between
the two groups became statistical significant after 9

Our results answer to an important question in the
steroid treatment of Duchenne muscular dystrophy in
fact both deflazacort and prednisone appear to be
equally effective in slowing the progression of the disease. No difference is present both in the force measured
with MRC score and functional ability. In the first trial
with steroids in DMD Siegel et al. compared 7 DMD patients treated with prednisolone (5 mg/Kg on alternate
days) with 7 age-matched pair-mates in placebo. The
authors with a pessimistic point of view defined the results as ‘transient and minimal slowing of the disease

Table 1. Mann-Whitney test on weight percentage difference respect baseline value.
Months

Deflazacort Mean

Prednisone Mean

Deflazacort SD.

Prednisone SD.

p-level

0
6
12
18
24

25
25,7
27,1
28,7
29,6

22,3
24,5
27,1
30,5
29,3

9,26
9,37
9,69
9,86
10,1

5,63
6,61
7,93
9,38
6,43

.020928
.016150
.00033
.00165
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process in several patients’ but after two years six of the
seven patients in the prednisolone group were ambulant
against only two in the controls.
From that study many others followed and more than
200 patients have been treated and many double blind,
randomized, controlled trials have been performed [5, 7,
9, 20, 21, 22]. All these trials showed significant benefit
of steroid treatment with a marked initial improvement
and a slowing in the progression of the disease.
This is the first trial that compares in a double blind,
randomized fashion two types of corticosteroids. As in
previous trial we observed a clear improvement in the
first six months of therapy in all followed by a stabilization or slower decline that become more evident in the
second year.
Steroids have been demonstrated to be effective in the
treatment of Duchenne muscular dystrophy in many trials. Some mechanisms of action have been supposed to
be important in the steroid therapeutic effect:

in the decision of how to treat a boy with Duchenne
dystrophy. The incidence and types of side effects remain the main factor we should consider in the decision.
In our trial, for the first time, two types of steroid are
compared in a randomized, double blind fashion. After
two years we have a similar trend of the two types of
steroids in clinical efficacy. Deflazacort appears to reduce the increase in body weight. The difference in
body weight, slight in the first year, becomes more evident in the second year. The increase in body weight
could be particularly important in Duchenne muscular
dystrophy since an increase in body weight could reduce the effects of steroid in motor performances and
weight gain might cause a major stress on muscle fibers
that results in increase in muscle necrosis. Overweight
could increase spine deformity when patients became
wheel-chair-bound. After two years there was a slight
major prevalence of cataracts in the deflazacort group.
Similar data from a multicenter deflazacort versus prednisone, randomised trial were seen by Reitter et al. (Personal communication) and relevance of these data were
discussed at the 75°Workshop of the European Neuromuscular Center on the treatment of Duchenne Muscular
Dystrophy.

1. an anabolic effect of the steroids on the muscle has
been demonstrated in vitro with low dose of drug
while with higher dosage a catabolic effect probably
occurs. An increased urinary creatinine excretion has
been found in Mendell’s trial suggesting an increase
in the total muscle mass [9]. On this basis a pilot study
with oxandrolone has been performed by Fenichel et
al. [12] in ten DMD boys treated for 3 months. An increase in muscle strength has been demonstrated but
the effect of this anabolic steroid in a long term treatment are still unknown.
2. an immunosuppressant action reducing the number of
cytotoxic lymphocytes [13]. In fact cyclosporine resulted effective in a months trial [10]. However this effect doesn’t appear to be the main one since a subsequent trial with azathioprine resulted ineffective in improving strength in Duchenne muscular dystrophy
[11].
3. an antifibrotic action slowing the substitution of the
muscle with fibrous-adipose tissue avoiding muscle
‘cirrhosis’ and allowing the regeneration of the muscle
to proceed in a correct way.
4. a specific increase in some important membrane cell
proteins like dystrophin and utrophin [14, 17, 18]
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