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One-year follow up of three Italian patients
with Duchenne muscular dystrophy treated
with ataluren: is earlier better?

Abstract

Background: Ataluren was approved for the treatment of nmDMD, both the efficacy and safety
have been previously reported only from clinical trials but no report exists about real-life

experience.

Patient/methods: we describe three Italian children with nmDMD treated with ataluren for
1 year. Measurements were made every 3 months and was evaluated the 6-Minute Walking

Distance (6MWD].

Results: Case involves a patient with a 6MWD at TO of 360 m, who started ataluren therapy
at age 10 years. Case2 is a child who began treatment with ataluren at age 8 years when he
had severe ambulatory compromise (MWD < 75 m at T0). A third patient (case3) had a 6MWD
of 320 m when he started ataluren therapy at age 5 years. The best improvement in 6MWD
was observed in case3, a patient in whom treatment with ataluren was started much earlier.
In casel, ataluren was started relatively late and 6MWD was maintained at a stable level.
Surprisingly, we observed a 50% improvement in 6MWD in case2, a patient who began therapy
early, but with a severe loss of lower limb muscle function at the time.

Conclusions: treatment responses depend on the patient’s age and disease severity when
therapy was initiated. On the basis of our experience, the main factor that influences the
effectiveness seems to be earlier instigation of therapy and positive results may still be
achieved in patients with more severe muscle involvement. Interestingly, these three boys
with phenotypically different nmDMD provide useful information regarding future therapeutic
recommendations for the ataluren administration in real clinical practice.
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Duchenne muscular dystrophy (DMD) is a severe
and rare X-linked genetic condition characterized
by progressive muscle weakness and atrophy due
to the absence of functioning dystrophin, and
premature death due to cardiac or respiratory fail-
ure.'”> In approximately 10-15% of cases, the
condition is caused by a nonsense mutation
(nmDMD) in the gene encoding dystrophin,
resulting in a premature stop codon in mRNA
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which leads to the decay of the transcript and the
production of a truncated peptide which is
degraded and nonfunctional.*

Management of DMD has been limited to corti-
costeroid therapy, which slows the progression
of dystrophinopathy, but can cause significant
side effects. Furthermore, it does not treat the
underlying cause of nmDMD.5 For the specific
form of the disease caused by a nonsense
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mutation, an innovative therapeutic approach is
available. Ataluren is a first-in-class drug which
was approved by the European Medicines
Agency in July 2014 for the treatment of
nmDMD in ambulatory patients aged 5years
and older. It targets the underlying cause of non-
sense mutation DMD by promoting readthrough
of the premature stop codon in the mRNA,
thereby increasing the production of full-length
functional dystrophin.>-7

While both the efficacy and safety of ataluren in
patients with nmDMD have been previously
reported from clinical trials,8?° it is also important
to describe the real-life experience of patients
with rare diseases such as nmDMD. Clinical
findings with ataluren in patients with nmDMD
in everyday clinical practice will help extend our
knowledge regarding its effectiveness and safety/
tolerability, as well as aspects related to function-
ality, patient/family satisfaction and overall well-
being/quality of life.

We describe here findings from three Italian
children with nmDMD treated with ataluren
40 mg/kg/day for 1year. All evaluations were
performed by the same physician, measure-
ments were made every 3 months (T0, T1, T2,
T3, T4) and the following outcomes were eval-
uated: 6- Minute Walking Distance (6MWD),10
and the timed function tests (TFTs), stand from
supine, four-stair ascend, four-stair descend
and 10 m run/walk. All patients’ legally author-
ized representative (parent or guardian) pro-
vided written informed consent for inclusion in
the case series and publication of medical data.
Case series do not require approval from the
Ethics Committee of University of Naples,
Federico II.

Details of three cases of first-born boys with
nmDMD treated at the Neuromuscular center of
University Federico II of Naples are presented.
All three cases were confirmed in a similar man-
ner. Once DMD was suspected, initial assess-
ment involved multiplex ligation-dependent
probe amplification genetic testing to search for
deletions/duplications in the dystrophin gene. As
no mutations were found, each patient under-
went muscle biopsy, which showed a dystrophic

pattern with reduction of dystrophin levels
(Figure 1). Sanger sequencing was subsequently
performed, and a nonsense mutation in the dys-
trophin gene was identified in each case (Table
1). Following molecular confirmation of diagno-
sis in these three children, the genetic investiga-
tion was extended to their mothers and all three
were confirmed to be carriers. No other family
members with DMD were identified for any of
the three boys. During the course of follow up,
none of the children exhibited cardiac or respira-
tory involvement. Periodic echocardiograms,
electrocardiograms and spirometry check ups
were all normal and each patient received regular
sessions of physical therapy and psychomotor
testing.

This patient is an 11-year-old male with nmDMD
(c.2077T > C, exon 17). Past medical history
was uneventful with normal milestones until the
age of 5years. The patient had his first neurologi-
cal examination at the age of 5 years after elevated
transaminase levels were detected in the absence
of any liver function impairment. Subsequently,
markedly raised creatine phosphokinase levels
(>10,000U/MT) were recorded and nmDMD was
confirmed as described above. The patient was
immediately started on corticosteroids (deflaza-
cort 15mg/day). However, this treatment had to
be stopped when the patient was 7-years old as a
result of poor tolerability (agitation and sleep
alterations). When the child reached the age of
10years, the 6MWD ranged between 300 and
400 m, and treatment with ataluren was started at
40mg/kg/day (Table 1). Surprisingly, considering
the patient’s age and absence of steroid treat-
ment, he was still able to walk 360 m at timepoint
TO. His good performance on the 6-minute walk
test (6MWT) may be explained by the presence
of a faint reaction of dystrophin or revertant fibers
in his muscle biopsy (Figure 1D).!! During the
course of 12months’ treatment, the patient’s dis-
ease remained stable with no marked worsening
of motor performance; 6MWD remained between
300 and 400 m, and at the 12-month timepoint it
was 370m (Table 1). Other measures of func-
tional performance such as the TFT's (10m walk/
run, timed four-stair ascent and descent, and the
time to stand from the supine position) also
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(d)

Figure 1. Muscle biopsy findings in a normal subject compared with case 1.
(a), (b) HE of a normal subject (a) and case 1 (b) with dystrophic changes; (c) and (d) dystrophin immunohistochemistry
normally expressed in (c) and reduced with few reverted fibers in muscle of case 1 (d).

HE, haemotoxylin-eosin staining.

confirmed stabilization of the disease with respect
to motor performance during treatment with ata-
luren (Table 1).

Case 2: mutation: ¢.3242C > A, p.S1081X

exon 24

This patient is an 8-year-old male with nmDMD
(c.3242C > A, exon 24). At 5years of age he pre-
sented with poor language ability and mild cogni-
tive impairment; nmDMD was subsequently
phenotypically and genotypically confirmed.
Treatment with deflazacort (20mg/day) was
initiated almost immediately postdiagnosis.
Ataluren therapy (40mg/kg/day) was started
when the boy was 7-years old and this motor
impairment was already very severe (6MWD <
75m). In fact, he presents a more severe clinical
impairment when compared with natural history
studies.!? The premature worsening of his motor
performance was due to inadequate surgical cor-
rection of a contracted Achilles tendon.
Unfortunately, in contrast with our opinion and

guidelines’ recommendations, the patient was
treated by an orthopedic surgeon at age 6 who
lacked specific neuromuscular training. 5

Over the course of the 12-month ataluren treat-
ment period, the 6MWD almost doubled and was
=100m at all timepoints. The patient could also
perform the 10m walk/run much faster (30s at
baseline and 17.3s after 12months) (Table 1).

Case 3: mutation: c.7471 C > T, p.Glu2491X

exon 51

This patient is currently a 6-year-old boy with
nmDMD (c.7471C > T, exon 51). At 4years of
age, during the first neurological examination, he
showed attention difficulties and waddling gait
(mainly on the tips of the toes) with hyperlordosis.
He also had a positive Gower’s sign and pseudo-
hypertrophy of the quadriceps and gastrocnemius
muscles with associated moderate proximal weak-
ness. A few months later, the diagnosis of DMD
was confirmed by genetic testing. At the age of
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Results for the 6-minute walk test and timed function tests in three patients with nonsense mutation
Duchenne muscular dystrophy treated with ataluren 40 mg/kg/day over a period of 1 year.

TO T T2 T3 T4

Case 1 age at diagnosis: byears
CPK ~14,0001U/L; no steroids due to side effects; mutation: c.2077 T > C, exon 17; ataluren treatment
started at 10years of age

6-minute walk distance (m) 360 303 375 400 370
Timed 10 m run/walk (s) 10 6.5 7.5 6.7 7.5
Timed four-stair ascend (s) 7.0 7.2 7.5 8.3 7.6
Timed four-stair descend (s) 4.5 6.1 5.2 5.5 5.5
Timed stand from supine (s) 35 26 25 16 A
Case 2 age at diagnosis: byears

CPK > 10,0001U/L; on steroids (deflazacort; 20 mg/d) since 5years of age;

mutation: ¢.3242C >A, exon 24; ataluren treatment started at 7years of age

6-minute walk distance (m) b4 100 101 119 118
Timed 10 m run/walk (s) 30 19 22 16 17
Timed four-stair ascend (s) NA® NA® NA* NA* NA*
Timed four-stair descend (s) NA® NA NA NA® NA
Timed stand from supine (s) NA* NA* NA* NA* NA*

Case 3 age at diagnosis: 4years
CPK >10,0001U/L, no steroids (mother refused to start the treatment) mutation: c.7471C > T, exon 51;
ataluren treatment started at byears of age

6-minute walk distance (m) 320 330 355 409 400
Timed 10 m run/walk (s) 10 5.6 5.9 6.8 8.6
Timed 4-stair ascend (s) 14 10 11 15 14
Timed 4-stair descend (s) 9 9 10 9.7 10
Timed stand from supine (s) 4.5 5.6 4.2 5 7

*Not able to perform test.
CPK, creatine phosphokinase; NA, not applicable.

5years, treatment with ataluren was initiated and
mobility measures (6 MWD, TFTs) remained the
same or improved during the 12-month treatment
period. The baseline 6MWD in this patient was
320m and increased to 400m after 12months’
treatment with ataluren. The results for the TFTs
are shown in Table 1.

For each of the three cases described above, the
respective caregivers reported less fatigue and a
reduction in the number of falls per month.

Additionally, all three children achieved better
school performance ratings, were more participa-
tive and spent more time involved in social and
entertainment-based activities. Ataluren was gen-
erally well tolerated and no adverse events (AEs)
reported.

Ataluren is a first-in-class drug indicated for the
treatment of nmDMD; therefore, it is important

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

450

350 i ——

300 e

250

200

150

100 ',/.—o—l4—'

50

o

1 2 3

Visible
(a)

12

10 I —

2 3 4 5
Visible

(c)

L Ruggiero, R lodice et al.

Visible

(b)

10
-
P
3
4
2
1]
1 2 3 4 5
Visible

(d)

Timed function tests in three patients with nonsense mutation Duchenne muscular dystrophy
treated with ataluren 40 mg/kg/day over a period of 1 year.

Case 1
-e- Case 2
Case 3

(a) 6MWD (m); (b) timed 10m walk/run; (c) timed four-step descent; (d] timed four-step ascent.

6MWD, 6-minute walking distance.

to collect information on its effectiveness and
safety/tolerability in routine clinical practice.
Unlike clinical trials where the population is
divided in homogeneous groups for the correct
interpretation of results, in clinical practice, the
patients are heterogeneous and the observed
results are different from those expected. Here,
we report the clinical follow up of three Italian
boys with nmDMD who were treated with ata-
luren for 1year. The findings provide several
points to reflect upon, given the wide phenotypic
spectrum of the three cases. In particular, they
started treatment at different ages with different
degrees of muscle involvement, and they achieved
individual responses to therapy with some inter-
esting aspects to analyze.

The first important point to consider is that, in
contrast with guidelines’ recommendations and
our advice, only one of the patients continued
corticosteroid therapy.>13 For cases 1 and 3 the
caregivers refused to continue glucocorticoids, as
they had concerns regarding side effects. While
this lack of compliance represents a therapeutic
failure, it also demonstrates that there are still
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some problems regarding compliance and the
urgent requirement to develop glucocorticoids
with a more selective mechanism of action for a
better balance of efficacy versus side effects.!4

It must be emphasized that in 1 year’s treatment
with ataluren, the disease did not significantly pro-
gress in these three patients who achieved an
improved (cases 2 and 3) or stable (case 1) response
from baseline evaluation at clinic based upon
6MWT results (Figure 2). Natural history studies
have shown that in patients with DMD and a
6MWD of 370 m, a moderate to severe decline of
50-117m, respectively, can be expected.!? The
lack of disease progression in such a devastating,
unrelentingly progressive disease as nmDMD,
which was observed in the three cases described
herein, should be considered an important thera-
peutic outcome. These findings are in line with the
results of a recent study?® in which the group treated
with ataluren, compared with placebo, had less of
a reduction in 6MWT distances

We noted an improvement in walking distance in
two of the three patients (cases 2 and 3). The
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hypothesis that improvement may have been due to
the early initiation of ataluren treatment which
helped to prevent muscle degeneration is supported
by a muscle biopsy study in DMD patients which
found that fibrotic tissue rapidly peaks (to about
30%) in children aged 6 to 7years, and then slowly
increases until the age of 10years.!> This is a crucial
time for patients with DMD, since the muscle tis-
sue loses its ability to self-regenerate and declines
toward fibrotic degeneration. This suggests that
this age period may be critical for making treatment
decisions regarding when to begin therapy for chil-
dren with DMD. It may also suggest beginning
treatment well before this age period, which may
thus explain why we observed a better result in case
3, who started therapy early, (5years) compared
with case 1, who started therapy late (10years).
This is despite the fact that at the TO visit, the
6 MWD for case 1 was longer than it was for case 3.
It is important to underscore that on the basis of
natural history studies, the 5-year-old patient in
case 3 could have a spontaneous improvement of
disease at the age of 5years;!6 therefore, it is man-
datory to continue a strict and longer follow up.

Case 2 presents some interesting information relat-
ing to a patient with severe mobility loss. At the
start of ataluren treatment, the boy’s muscle
impairment was already very severe (6MWD <
75m) and we expected him to lose ambulation in a
very short time. It was therefore a surprise that this
patient achieved an approximate 50% improve-
ment in motor performance. This observation
highlights the fact that while the best results may
be obtained when ataluren is administered at a
younger age, positive results may still be achieved
in patients with more severe muscle involvement.
Our data therefore confirm the importance of an
early diagnosis with gene sequencing, since start-
ing treatment early with ataluren can help prevent
muscle degeneration and thereby obtain a better
therapeutic result in children with nmDMD. Of
course, this observation was noted in a single case,
and further study is needed in a larger group of
patients with the similar characteristics.

From our experience in these three cases, we
found that ataluren was relatively straightforward
to administer with no compliance issues, and it
was generally very well tolerated, with no AEs
reported. Last but not least, all caregivers anecdo-
tally reported an improvement in endurance and
school performance in each of the three children
and they were able to spend more time playing.

There was an improvement in the quality of life of
the three children and also their caregivers. Given
that studies on quality of life of caregivers and
ataluren-treated children are scarce, we feel that
this is an important area for future research.

In conclusion, this is the first report of ataluren
administration in real clinical practice, and on the
basis of our limited experience, the main factor
influencing the effectiveness of treatment seems
to be the earlier instigation of therapy. This aspect
has yet to be emphasized in clinical trials.
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