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Duchenne Muscular Dystrophy (DMD) includes predictable phases requiring dedicated standard 
treatments. Therapeutic strategies feature corticosteroids or the more recent gene therapy/stop 
codon read-through. Ataluren (Translarna®) is an oral drug promoting the readthrough of prema-
ture stop codons caused by nonsense mutation (nm) in order to produce full-length dystrophin. It 
was licensed by EMA in 2014 for ambulatory patients with nmDMD aged ≥ 5 years. 
Our aim is to report data on long-term ataluren use in Italian patients with nmDMD, with emphasis 
on continuity of the treatment after loss of ambulation (LoA).
Four DMD patients aged between 16 and 24 years who lost ambulation between 12 and 14 years 
continued to take ataluren after LoA. The oldest patient, aged 24 years, is still taking a few steps. 
Even in those experiencing motor decline, PUL-test performances were stable and respiratory 
function satisfactory in all; two patients developed severe cardiomyopathy, stable in one.
Therapeutic continuity with ataluren should be offered to all nmDMD patients after LoA given its 
favourable safety and efficacy profile. 
However, further research is recommended to identify additional clinically meaningful outcomes 
and treatment goals following LoA.
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Introduction
Duchenne Muscular Dystrophy (DMD) is a severe X-linked recessive disorder, character-
ized by progressive muscle weakness. Its prevalence equals 15.9 cases per 100000 live 
male births in USA, and 19.5 cases per 100000 live male births in UK 1-3.
Progressive muscle degeneration results in muscle weakness, motor delay, loss of ambu-
lation (LoA) generally around 12 years of age, respiratory impairment, and cardiomyopathy. 
Although clinical course can be variable, death usually occurs in late twenties, mainly due 
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to cardiorespiratory failure 4,5. The advances in care provided to DMD 
patients in last decades have progressively increased the survival up 
to the 30s and even beyond 6. Life expectancy, recently reviewed in a 
meta-analysis, found a median life expectancy of 22 years. However, 
stratification into three-time periods showed markedly increased life 
expectancy in more recent patient populations as patients born after 
1990 have a median life expectancy of 28.1 years 7.

DMD genetics

The DMD gene is the largest known human gene, featuring 79 exons 
and height promoters 8. It encodes dystrophin, a cytoskeleton protein 
linking the sarcomere to the extracellular matrix, providing strength, 
stability, and functionality to myofibres and protecting the sarcolem-
ma from contraction-induced injury 9,10. DMD is caused by pathogen-
ic variants such as large deletions or duplications, and small muta-
tions, that result in absent or insufficient functional dystrophin due 
to disruption of the reading frame 11. A correct genetic diagnosis is 
necessary for appropriate care and for eligibility of patients to clinical 
trials and personalized therapies 12.

Management and therapy

DMD includes several different clinical phases, the timing of which 
can be predicted and require dedicated standard treatments. The 
increase in the survival rate has brought out “new” needs, and has 
shifted care from the objective of increasing longevity to that of im-
proving quality of life9.
The latest standards of care, published in 2018 9,13,14, account for the 
modified natural history of the disease, but need constant update and 
a multidisciplinary approach.
Current therapeutic strategies in DMD include “secondary” treat-
ments, targeting the deleterious consequences of dystrophin defi-
ciency with anti-inflammatory medications such as corticosteroids9, 
and a pathophysiologic approach (gene therapy, exon skipping, or 
stop codon read-through) aiming to restore dystrophin protein 12,15. 
A cornerstone of care is that all the most innovative genetic and mo-
lecular therapies must be associated with Standards of Care (SoC), 
which have been progressively implemented, and play a critical role 
in preserving patients’ functioning.
Approximately 10-15% of patients have a nonsense mutation in 
the DMD (nmDMD) gene  12, resulting in a premature stop codon 
in the dystrophin mRNA, preventing translation into the functional 
full-length protein. Ataluren (Translarna®) is an oral drug designed 
to promote the readthrough of premature stop codons, caused by 
nonsense mutations in order to produce full-length dystrophin  15. 
Currently, it is indicated for patients with nmDMD, aged ≥ 2 years 
who are still ambulatory 16. 
A first open-label Phase IIa study (ClinicalTrials.gov identifier: 
NCT00264888) demonstrated an increase in full-length dystrophin 
expression in patients with nmDMD treated with ataluren for 28 
days  17. Its effectiveness has then been demonstrated in two ran-
domized, double-blind, placebo-controlled trials: a Phase IIb trial 
(ClinicalTrials.gov identifier: NCT00592553) on 174 patients 18 and a 
Phase III trial (ACT DMD; ClinicalTrials.gov identifier: NCT01826487) 
on 230 patients 19.
In this paper, we report data from four nmDMD patients (two from the 

Padua University and two from the Gemelli Hospital in Rome) aged 
between 16 and 24 years who lost ambulation between 12 and 14 
years and continued to take ataluren after LoA.

Materials and methods

Relevant clinical information was obtained retrospectively, from the 
patients’ charts. The following clinical data were collected: age at di-
agnosis, presenting symptoms, clinical evolution, medications history, 
age when started on ataluren, age at LoA and, if applicable, age when 
ataluren was discontinued and reintroduced, age at latest follow-up. 
The main clinical outcomes evaluated included therapy tolerability, 
6-minute walking distance (6-MWD), timed rise from floor, heart 
function (either by left ventricular ejection fraction, LVEF and by left 
ventricular shortening fraction, LVSF), respiratory function (forced vi-
tal capacity, FVC) 19-21, upper limbs function (Performance of Upper 
Limb, PUL versions 1.222 and 2.0 23. The small sample size prevented 
statistical analysis, so only qualitative data (i.e. mean, median, range) 
are shown.

Results

Patients from the University of Padua

Patient A is now 18 years old. His mother is a symptomatic carrier 
with dilated cardiomyopathy.
He had typical onset of symptoms at the age of three, elevated Cre-
atin Kinase (CK) levels, absent dystrophin on muscle biopsy and car-
ries a nonsense mutation. He began treatment with deflazacort at 5 
years of age at standard dosage. At age 8, he experienced strength 
deterioration and adverse events (osteoporosis and weight gain). He 
was also diagnosed with early-onset left ventricle dilation. At around 
10 years, when he started the treatment with ataluren, his 6MWD 
was 304 m, and his timed rise from floor was 8.5sec. Treatment 
was well tolerated but he experienced progressive functional decline 
evolving to LoA two years later. He was enrolled in the STRIDE reg-
istry, even though treatment with ataluren was withdrawn when he 
lost ambulation. At 14 years, he developed severe cardiomyopathy 
(LVEF: 30%), which required the placement of an Implantable Car-
dioverter-Defibrillator (ICD). Around the age of 16, after consultation 
and positive opinion of the local ethics committee, the Veneto region 
financed the reinstatement of ataluren as an off-label treatment. Cur-
rently, at the age of 18, his LVEF has stabilized, without cardiological 
symptoms; the respiratory function is satisfactory (FVC = 41%) and 
ventilation is not required. Following ataluren restart, the upper limbs 
function seems to have stabilized.
Patient B is now 16 years old. Family history is negative; he is a 
sporadic case (mother not carrier). Tiptoe walking was noted at 4 
years of age associated with high CK levels. He was diagnosed with 
DMD and a nonsense mutation in DMD gene was identified. He first 
presented to the Padua center at 7 years old, and at that time he was 
prescribed deflazacort. Due to dystrophin absence on muscle biopsy, 
he was enrolled in the STRIDE registry, and started treatment with 
ataluren at approximately 8 years of age, when his 6-MWD was 424 
metres and timed floor climb was 5 seconds. LoA occurred at almost 
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13 years, so ataluren was discontinued. After the authorization by the 
local ethics committee, he was put back on ataluren only 10 months 
after suspension. Though his motor function has declined over the 
last years, his hand-to-mouth function is still preserved (score 3 at 
PUL 2.0 entry item A). He did not develop cardiomyopathy (normal 
echocardiogram at the age of 16, with shortening fraction of 46%) 
and the respiratory function has so far always been satisfactory (FVC 
of 81%, at 15 years).

Patients from the Gemelli Hospital, Rome

Patient C is now 17 years old. Family history is negative. High CK lev-
els have occasionally been found during an episode of gastroenteritis 
at 1 year of age. Following the results of muscle biopsy (dystrophin 
absence) and the genetic testing for DMD, which identified a non-
sense mutation in DMD gene, he was diagnosed with DMD. At age 3, 
he started treatment with deflazacort. He first presented to the Gemelli 
center when he was 6 years old. He started treatment with ataluren 
at approximately 8 years, when his 6-MWD was 512 m. LoA occurred 
at almost 14 years, but he continues to be treated with ataluren in a 
compassionate use program. Though the motor function has declined 
over the last years, his hand-to-mouth function is still preserved (score 
3 at PUL 2.0 entry item A). He did not develop cardiomyopathy (normal 
echocardiogram at the age of 16, with LVEF of 64%).
Patient D is now 24 years old. His maternal uncle was diagnosed 
with DMD and died at 33 years from cardiorespiratory failure; his 
mother is a DMD carrier. High CK levels were occasionally found 
around 1 year of age. Given dystrophin absence on muscle biopsy, 
he was diagnosed with DMD and a nonsense mutation in DMD 
gene was identified. He first presented to Gemelli center at age 
8 and began taking ataluren at approximately age 10, when his 
6-MWD was 498m and timed rise from floor was 4 seconds. At 11 
years, he was prescribed deflazacort. His motor function has de-
clined over the years, but he is still able to walk a few steps without 
support, and his hand-to-mouth function is still preserved (score 4 
at PUL 2.0 entry item A). He developed severe cardiomyopathy, so 
that he had a left ventricular assist device (LVAD) implanted, at the 
age of 22. His respiratory function has always been satisfactory 
(vital capacity of 51%, age 24 years). 

Discussion
In this paper, we report our preliminary clinical experience on thera-
peutic continuity with ataluren, in four patients with nmDMD after LoA.
In some Italian regions, nmDMD patients not included in clinical trials 
nor in the STRIDE registry have been maintained on ataluren after LoA, 
with the aim to help them to perform better and longer in daily activities 
(i.e. work, social life), and to reduce their dependence on caregivers. 
At present, beyond the patients described above, there are further 
four nmDMD patients continuing to take ataluren after LoA: one from 
Veneto, one from Friuli-Venezia-Giulia, one from Emilia-Romagna 
and one from Marche region. Emilia-Romagna was the first Italian 
region to define ataluren use in patients losing ambulation as thera-
peutic continuity rather than off-label use 24.
By comparing the clinical characteristics and outcomes of our pa-
tients with those of the STRIDE registry, some features are shared 

but other are different. In our series, the mean age of patients at 
the beginning of treatment with ataluren was 9 years (range: 8-10), 
compared to 9.8 years in the STRIDE registry  25; furthermore, the 
follow-up period was longer (mean age at last assessment 18.75 
years versus 17.2 years in the interim analysis of the STRIDE 2022 
registry) 25. In our patients, LoA occurred at a median age of 13 years, 
later than in CINRG (11 years), but earlier than in the interim analysis 
of the STRIDE 2022 registry (median: 17.0 years) 25. However, Patient 
D is still able to take some steps at 24 years old.
Age at loss of ambulation is a critical factor, being predictive of age at 
onset of loss of upper limb milestones and pulmonary complications. 
Upper limbs function evaluated by PUL 2.0 documented a score in 
the baseline item A equal to 3 in two of our patients, and to 4 in one 
of them at the end of follow-up. Concerning respiratory involvement, 
two of our patients had, at the last follow-up, a FVC higher than 50% 
at 16 and 24 years of age respectively, and one a FVC of 41%, at 
18 years; in the STRIDE registry a decline of predicted FVC < 50% 
occurred at 20.1 years 25. 
Two patients in our series developed severe cardiomyopathy, one 
with stabilization of LVEF after reintroduction of ataluren. A worsening 
in cardiac function, assessed by echocardiography measured as a 
reduction in LVEF  <  55%, occurred in three patients with an age 
range of 4.6 -18.4 years, in the 2020 analysis of STRIDE data 2.
Additional literature data, although sparse and preliminary, seem 
to support the use of ataluren after loss of ambulation. A Swedish 
retrospective study evaluated the long-term use of ataluren in six 
patients with DMD, with a mean age at LoA of 13.2 years. Age at LoA 
showed a positive correlation with the duration of ataluren use: pa-
tients who reached LoA before 13.2 years took ataluren for 5 years, 
while patients who continued to walk after 13.2 years took ataluren 
for an average 6.5 years until LoA or last follow-up, if still walking. 
Four of six non-ambulatory patients treated with ataluren had higher 
upper limb performance scores and five of six patients experienced 
a slower decline in FVC 26. 
In our small series, upper extremity performance stabilized with atal-
uren or was even preserved (patient C, 17 years old).
In a different clinical scenario 27, off-label use of ataluren was report-
ed in four patients with nmDMD who lost ambulation at a mean age 
of 10.1 ± 0.5 years and started treatment with ataluren at a mean 
age of 14.1 ± 1.4 years. Serial echocardiography (LVFS), pulmonary 
function tests (FVC), and assessment of muscle strength using the 
Medical Research Council (MRC) scale indicated a mild slowing of 
disease progression over a period of 18-26 months. However, the 
low number of patients and intra- and inter-individual fluctuations 
represent limitations to this study, and can make it challenging to 
draw conclusions about efficacy. On the other hand, it is important to 
accumulate real world data, and the present experience confirms a 
good risk/benefit balance and patient/family satisfaction from contin-
ued treatment. Our preliminary results support therapeutic continuity 
after LoA in line with previous reports.

Conclusions 

As treatment goals and clinical needs of patients and caregivers 
change after LoA, it would be very important to collect more clinical 
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data on upper limb, heart and respiratory function on larger patients’ 
cohorts to better evaluate long-term efficacy and safety data on ata-
luren therapy in these patients. 

Acknowledgments

We acknowledge the unconditional support of Medical Affairs PTC 
Italy for medical writing.

Conflict of interest 

Luca Bello reports honoraria (speaker, consultancy) for PTC Thera-
peutics, Sarepta Therapeutics, Epirium Bio, Edgewise Therapeutics; 
research funding from PTC Therapeutics, Santhera Pharmaceuticals. 
Carlotta Spagnoli, Rachele Adorisio, Adele D’Amico, Maria Grazia 
D’Angelo, Marika Pane, Valeria Sansone, Andrea Vianello, and Carlo 
Fusco report no conflicts of interest to disclose.

Funding

No funding was obtained for this study.

Authors contributions

CS: analysis or interpretation of data, drafting of the manuscript, 
critical revision of the manuscript; MP and PRi: acquisition, analysis 
or interpretation of data, critical revision of the manuscript; LB, RA, 
ADA, MGDA, MP, MP, PR, VS, and AV: concept and design, acquisi-
tion, analysis or interpretation of data, critical revision of the man-
uscript for important intellectual content. CF: concept and design, 
supervision in manuscript writing, critical revision of the manuscript 
for important intellectual content. 
All authors approved the final manuscript.

Ethical consideration

No ethical approval is required for this retrospective, observational 
study.

References
1 Ryder S, Leadley RM, Armstrong N, et al. The burden, epidemiology, costs and 

treatment for Duchenne muscular dystrophy: an evidence review. Orphanet J 

Rare Dis 2017;12:79. https://doi.org/10.1186/s13023-017-0631-3

2 Mendell JR, Shilling C, Leslie ND, et al. Evidence-based path to newborn screen-

ing for Duchenne muscular dystrophy. Ann Neurol 2012;71:304-313. https://doi.

org/10.1002/ana.23528

3 Moat SJ, Bradley DM, Salmon R, et al. Newborn bloodspot screening for 

Duchenne muscular dystrophy: 21 years experience in Wales (UK). Eur J Hum 

Genet 2013;21:1049-1053. https://doi.org/10.1038/ejhg.2012.301

4 Guiraud S, Chen H, Burns DT, et al. Advances in genetic therapeutic strategies for 

Duchenne muscular dystrophy. Exp Physiol 2015;100:1458-1467. https://doi.

org/10.1113/EP085308

5 Van Ruiten H, Bushby K, Guglieri M. State of the art advances in Duchenne mus-

cular dystrophy. EMJ 2017;2:90-99. https://doi.org/10.33590/emj/10311993

6 Saito T, Kawai M, Kimura E, et al. Study of Duchenne muscular dystrophy 

long-term survivors aged 40 years and older living in specialized institutions 

in Japan. Neuromuscul Disord 2017;27:107-114. https://doi.org/10.1016/j.

nmd.2016.11.012

7 Broomfield J, Hill M, Guglieri M, et al. Life Expectancy in Duchenne Muscu-

lar Dystrophy: Reproduced Individual Patient Data Meta-analysis. Neurology. 

2021;97:e2304-e2314. https://doi.org/10.1212/WNL.0000000000012910

8 Ahn AH, Kunkel LM. The structural and functional diversity of dystrophin. Nat 

Genet. 1993;3:283-291. https://doi.org/10.1038/ng0493-283

9 Birnkrant DJ, Bushby K, Bann CM, et al. Diagnosis and management of 

Duchenne muscular dystrophy, part 1: diagnosis, and neuromuscular, rehabilita-

tion, endocrine, and gastrointestinal and nutritional management. Lancet Neurol 

2018;17:251-267. https://doi.org/10.1016/S1474-4422(18)30024-3

10 Ervasti JM, Ohlendieck K, Kahl SD, et al. Deficiency of a glycoprotein component 

of the dystrophin complex in dystrophic muscle. Nature 1990;345:315-319. 

https://doi.org/10.1038/345315a0

11 Aartsma-Rus A, Van Deutekom JC, Fokkema IF, et al. Entries in the leiden 

Duchenne muscular dystrophy mutation database: an overview of mutation 

types and paradoxical cases that confirm the reading-frame rule. Muscle Nerve 

2006;34:135-144. https://doi.org/10.1002/mus.20586

12 Fortunato F, Farnè M, Ferlini A. The DMD gene and therapeutic approaches 

to restore dystrophin. Neuromuscul Disord 2021;31:1013-1020. https://doi.

org/10.1016/j.nmd.2021.08.004

13 Birnkrant DJ, Bushby K, Bann CM, et al. Diagnosis and management of Duchenne 

muscular dystrophy, part 2: respiratory, cardiac, bone health, and orthopaedic 

management. Lancet Neurol 2018;17:347-361. https://doi.org/10.1016/

S1474-4422(18)30025-5

14 Birnkrant DJ, Bushby K, Bann CM, et al. Diagnosis and management of Duchenne 

muscular dystrophy, part 3: primary care, emergency management, psychosocial 

care, and transitions of care across the lifespan. Lancet Neurol 2018;17:445-

455. https://doi.org/10.1016/S1474-4422(18)30026-7

15 Politano L. Read-through approach for stop mutations in Duchenne mus-

cular dystrophy. An update. Acta Myol 2021;40:43-50. https://doi.

org/10.36185/2532-1900-041

16 European Medicines Agency. Translarna. https://www.ema.europa.eu/ en/ medi-

cines/ human/ EPAR/ translarna, accessed on 17th June 2022.

17 Finkel RS, Flanigan KM, Wong B, et al. Phase IIa study of ataluren-mediated 

dystrophin production in patients with nonsense mutation Duchenne muscu-

lar dystrophy. PLoS ONE 2013;8,e81302. https://doi.org/10.1371/journal.

pone.0081302

18 Bushby K, Finkel R, Wong B, et al. Ataluren treatment of patients with non-

sense mutation dystrophinopathy. Muscle Nerve 2014;50:477-487. https://doi.

org/10.1002/mus.24332

19 McDonald CM, Campbell C, Torricelli RE, et al. Ataluren in patients with nonsense 

mutation Duchenne muscular dystrophy (ACT DMD): a multicentre, randomised, 

double-blind, placebo-controlled, Phase III trial. Lancet 2017;390:1489-1498. 

https://doi.org/10.1016/S0140-6736(17)31611-2

20 Mercuri E, Muntoni F, Osorio AN, et al. Safety and effectiveness of ataluren: com-

parison of results from the STRIDE Registry and CINRG DMD Natural History Study. 

J Comp Eff Res 2020;9:341-360. https://doi.org/10.2217/cer-2019-0171

21 McDonald CM, Muntoni F, Penematsa V, et al. Ataluren delays loss of ambu-

lation and respiratory decline in nonsense mutation Duchenne muscular dys-

trophy patients. J Comp Eff Res 2022;11:139-155. https://doi.org/10.2217/

cer-2021-0196



Carlotta Spagnoli et al.

122

22 Mayhew A, Mazzone ES, Eagle M, et al.; Performance of the Upper Limb Working 

Group. Development of the Performance of the Upper Limb module for Duchenne 

muscular dystrophy. Dev Med Child Neurol 2013;55:1038-1045. https://doi.

org/10.1111/dmcn.12213

23 Pane M, Coratti G, Brogna C, et al. Upper limb function in Duchenne muscular 

dystrophy: 24 month longitudinal data. PLoS One 2018;13:e0199223. https://

doi.org/10.1371/journal.pone.0199223

24 Atto del Dirigente DETERMINAZIONE Num. 7511 del 21/04/2022 BOLOGNA.

25 Mercuri E, Osorio AN, Muntoni F, et al.; STRIDE and CINRG DNHS investigators. 

Safety and effectiveness of ataluren in patients with nonsense mutation DMD 

in the STRIDE Registry compared with the CINRG Duchenne Natural History 

Study (2015-2022): 2022 interim analysis. J Neurol 2023:1-18. https://doi.

org/10.1007/s00415-023-11687-1

26 Michael E, Sofou K, Wahlgren L, et al. Long term treatment with ataluren-the 

Swedish experience. BMC Musculoskelet Disord 2021;22:837. https://doi.

org/10.1186/s12891-021-04700-z

27 Ebrahimi-Fakhari D, Dillmann U, Flotats-Bastardas M, et al. Off-Label Use of 

Ataluren in Four Non- ambulatory Patients With Nonsense Mutation Duchenne 

Muscular Dystrophy: Effects on Cardiac and Pulmonary Function and Muscle 

Strength. Front Pediatr 2018;6:316. https://doi.org/10.3389/fped.2018.00316


