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Plain Language Summary of Publication

Summary

What is this summary about?
This summary describes the results of a research 
study (clinical trial) called ASPIRO that was 
published in the Lancet Neurology in 2023. This 
study looked at an investigational gene therapy 
called resamirigene bilparvovec (also known 
as AT132) as a possible treatment for children 
with a disease called X-linked myotubular 
myopathy (abbreviated as XLMTM).

How to say

•• Myotubular myopathy: mai-o-tyoo- 
byuh-luh-r-mai-o-puh-thee

•• Resamirigene bilparvovec: res-a-mir-
i-jeen bil-par-voe-vek

•• Myotubularin: mai-o-tyoo-byuh- 
lah-rin
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Where can I find the original article on which this summary is based?

The original scientific article on which this summary is based was published in the Lancet 
Neurology and can be accessed at:
https://www.thelancet.com/article/S1474-4422(23)00313-7/fulltext.

The details of the original article are as follows: Shieh PB, Kuntz NL, Dowling JJ, Müller-Felber 
W, Bönnemann CG, Seferian AM, Servais L, Smith BK, Muntoni F, Blaschek A, Foley AR, Saade 
DN, Neuhaus S, Alfano LN, Beggs AH, Buj-Bello A, Childers MK, Duong T, Graham RJ, Jain M, 
Coats J, MacBean V, James ES, Lee J, Mavilio F, Miller W, Varfaj F, Murtagh M, Han C, Noursalehi 
M, Lawlor MW, Prasad S, Rico S. Safety and efficacy of gene replacement therapy for X-linked  
myotubular myopathy (ASPIRO): a multinational, open-label, dose-escalation trial. Lancet Neurol. 
2023;22(12):1125–1139. doi: 10.1016/S1474-4422(23)00313-7.

What were the main results of the study and what do they mean?
Most children with XLMTM who received gene therapy with resamirigene bilparvovec had 
improvements in their ability to breathe without a ventilator, and many gained the ability to sit up, 
stand, and walk. Some children were even able to walk on their own. Such improvements did not hap-
pen in a control group of children with XLMTM who did not receive gene replacement therapy. 
However, four children who received resamirigene bilparvovec died from severe liver disease and 
investigational research with resamirigene bilparvovec was paused (put on clinical hold) due to 
safety concerns. There is a need to better understand the risk of liver disease in children with XLMTM 
because their deaths were directly related to a liver response following dosing.

Why was the ASPIRO study done?

XLMTM is a rare disease that affects muscles. It is caused by a mutation in a gene called MTM1. 
There are no medicines currently available that can treat the underlying cause of XLMTM in children; 
treatment of people living with XLMTM is mainly supportive, which means that medication and ther-
apy is focused on reducing the symptoms of the disease. Nearly half of all male children with XLMTM 
die of respiratory failure or related complications in their first 18 months of life. The ASPIRO study 
was the first investigational study of a treatment that could potentially treat XLMTM in male chil-
dren. Resamirigene bilparvovec is a gene therapy which is designed to deliver a working copy of the 
MTM1 gene to the muscle cells of a person with XLMTM.

Researchers wanted to learn whether resamirigene bilparvovec could reduce the need for equip-
ment to support breathing (known as “mechanical ventilation” or “ventilator support”) and improve 
the ability to move in children with XLMTM.

https://www.thelancet.com/article/S1474-4422(23)00313-7/fulltext
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What is XLMTM?

•• XLMTM is a rare, genetic muscle disease, 
mostly present from birth, which is caused by 
a mutation in the DNA sequence of a gene 
called MTM1.

•• The MTM1 gene provides instructions for 
creating a protein called myotubularin, 
which is essential for the healthy growth, 
development, and function of muscle cells.

•• XLMTM primarily affects boys because the 
MTM1 gene is found on the X chromosome. 
Genetic females have two copies of the X chro-
mosome, so they usually have one non-
mutated copy of MTM1 which can help 
prevent symptoms of XLMTM. In ultra rare 
cases, females may also have inactivation of 
the non-mutated copy of MTM1, causing 
them to have symptoms. Genetic males only 
have one copy of the X chromosome and one 
copy of the Y chromosome.

•• Children with XLMTM produce low or no 
levels of the myotubularin protein due to the 
mutation in the MTM1 gene. This leads to 
severe muscle weakness.

•• Around half of boys born with the disease die 
before they are 18 months old. Children with 
XLMTM are often unable to breathe for 
themselves and are reliant on equipment to 
support breathing, known as “mechanical 
ventilation” or “ventilator support”.

•• Mechanical ventilation can be either invasive 
ventilation via a tube into the windpipe (i.e., 
tracheostomy), or non-invasive ventilation via 
a mouth piece or mask.

•• Most of these children are unable to sit with-
out support, and reaching motor milestones 

like crawling or walking usually do not hap-
pen at all, may only happen briefly, or may be 
delayed.

•• There are no medicines currently available for 
the treatment of the underlying cause of 
XLMTM. Management is mainly supportive, 
which means that healthcare workers give 
medications and therapies to try to reduce the 
symptoms of the disease.

What is the gene therapy used in the study?

•• Resamirigene bilparvovec (also known as 
AT132) is a gene therapy which is designed to 
deliver the copies of the MTM1 gene with the 
correct sequence to the muscle cells of a child 
with XLMTM in a one-time treatment with last-
ing effects.

•• Resamirigene bilparvovec was previously 
shown to be effective in restoring typical muscu-
lar function in animals with XLMTM without 
any notable adverse reactions; ASPIRO was the 
first study of this investigational gene therapy 
performed in humans.

•• Children received the gene therapy directly into 
the veins, via a single intravenous infusion.

Glossary of terms

•• Gene therapy: a medical treatment 
that works by transferring correctly-
working versions of faulty or  
missing genes to targeted areas of 
the body. The aim of gene therapy  
is to help treat or prevent diseases 
that are caused by those faulty 
genes.

•• Resamirigene bilparvovec: a gene 
therapy designed to deliver a working 
copy of the MTM1 gene to the muscle 
cells of a person with XLMTM.

Glossary of terms

•• X-linked myotubular myopathy:  
a rare muscle disease caused by a 
mutation in a gene called MTM1.

•• Gene: a section of DNA (i.e., heredi-
tary information) which contains a set 
of instructions for making a particular 
protein.

•• Mutation: a change in the DNA that 
could potentially affect how the body 
works.

•• Protein: a type of molecule that the 
body uses to grow, stay strong, and do 
important jobs. All living things are 
made up of many different proteins 
with different jobs.

•• Myotubularin: a protein that is 
essential for the healthy growth, devel-
opment, and function of muscle cells.

•• Ventilator support: equipment that 
is used to help support breathing in 
patients who are unable to breathe for 
themselves.
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Who took part in the study?

The ASPIRO study included 26 children with XLMTM from Canada, France, Germany, and the 
USA. Many of the children in ASPIRO had been in a previous study, called INCEPTUS (Link), that 
looked at breathing, motor muscle strength, and health issues due to XLMTM.

The treatment groups were as follows:

•• 7 children received the lower dose.
•• 17 children received the higher dose.
•• 14 children were in the untreated control 

group.

The untreated control group was made up of two 
children enrolled into ASPIRO who received no 
treatment and 12 children from the INCEPTUS 
study who did not receive gene therapy.

Children who took part in the study:

•• Were all boys younger than 5 years old or had 
participated in the previous INCEPTUS 
study.

•• Had a diagnosis of XLMTM that had been 
confirmed by a genetic test.

•• Required mechanical ventilation (either inva-
sive, via a tracheostomy, or non-invasive, via a 
mask or mouthpiece) to help them breathe.

Glossary of terms

•• Treatment (group): a group of patients with a specific disease who receive dosing with a treat-
ment, in this case the gene therapy resamirigene bilparvovec, being tested in a clinical trial. 
The treatment group is compared against the control group to see if the treatment is working.

•• Control (group): a group of patients with a specific disease who do not receive dosing with a 
treatment, in this case the gene therapy resamirigene bilparvovec, being tested in a clinical trial.

•• Motor milestones: a set of movements that babies and young children will normally develop 
as they grow. Doctors will check these milestones at specific ages to see if a child is developing 
normally.

*Respiratory strength is measured as the greatest pressure that the muscles responsible for breathing in 
can create (called maximal inspiratory pressure or MIP). The lower end of the normal range for chil-
dren aged 0–4 years is 80 cm H2O. †Motor skills are assessed by the Children’s Hospital of Philadelphia 
Infant Test of Neuromuscular Disorders (abbreviated as CHOP INTEND), out of a maximum score 
of 64 points.

https://journals.sagepub.com/doi/full/10.3233/JND-210781
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What happened in the study?

ASPIRO was originally designed with two parts:

•• Part 1 assessed the safety and increasing doses 
(dose escalation) of resamirigene bilparvovec 
to identify the best dose for use in further 
studies

•• Part 2 was to use the dose of resamirigene 
bilparvovec selected in part 1 for further 
study

The study assessed resamirigene bilparvovec 
given as a single injection directly into the chil-
dren’s veins, at one of two dose levels:

•• Lower dose (1.3 × 1014 copies of the gene 
therapy per kilogram of bodyweight)

•• Higher dose (3.5 × 1014 copies of the gene 
therapy per kilogram of bodyweight)

The gene therapy was successfully delivered and laboratory tests of muscle samples showed increases 
in levels of myotubularin protein in the skeletal muscle. During the course of the trial, three children 
who received the higher dose died. After a safety review, regulatory authorities allowed the trial to con-
tinue with dosing at the lower dose only, which meant that the study no longer consisted of two parts. 
Another death of a child who received the lower dose resulted in regulatory authorities pausing the 
study (called a clinical hold). Investigational research with resamirigene bilparvovec in humans is 
still on clinical hold. If resamirigene bilparvovec was to be used for research in humans at any time 
in the future, this would be carried out in a new clinical trial that would need to be reviewed by the 
FDA and other health authorities outside of the USA.

The main question that the researchers 
wanted to answer in the study was:

Did treatment with resamirigene bilparvovec 
reduce the hours of ventilator support required 
each day, from the start of the study to week 24 
and week 48, compared with the untreated 
control?

Other questions that the researchers wanted 
to answer were:

Did treatment with resamirigene bilparvovec 
increase respiratory muscle strength, measured 

by maximal pressure on breathing in (called max-
imal inspiratory pressure or MIP), compared 
with the untreated control group?

Did treatment with resamirigene bilparvovec 
increase motor skills, measured by the Children’s 
Hospital of Philadelphia Infant Test of 
Neuromuscular Disorders (abbreviated as CHOP 
INTEND), compared with the untreated control 
group?

Was treatment with resamirigene bilparvovec 
safe? Did it lead to any unwanted side effects  
during the study?
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What were the main findings of the study

Did treatment with resamirigene bilparvovec reduce the hours of daily mechanical ventila-
tion required relative to the start of the study at week 24 and week 48 following treatment, 
compared with the untreated control?

•• Yes. At 24 and 48 weeks after treatment, 
improvements were observed in daily hours of 
ventilation support among children who 
received either the lower dose or higher dose 
of resamirigene bilparvovec compared 
with children who received no treatment.

•• At 48 weeks after treatment, 29% of children 
who received the lower dose and 29% of 
children who received the higher dose no 
longer needed ventilator support; all children 
in the untreated control group still required 
mechanical ventilation support.

Did treatment with resamirigene bilparvovec increase respiratory muscle strength,  
measured by MIP, compared with the untreated control?

•• Yes. Improvements were observed at 24 and 48 weeks after treatment in respiratory muscle strength 
among children who received either the lower dose or higher dose of resamirigene bilparvovec 
compared with children who received no treatment.

*Respiratory strength is measured as the greatest pressure that the muscles responsible for breathing in 
can create (called maximal inspiratory pressure or MIP). Higher scores mean greater muscle strength.

*
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Did treatment with resamirigene bilparvovec increase motor skills, measured by CHOP 
INTEND, and achievement of motor milestones such as sitting unsupported (measured by 
the Bayley Scales of Infant Development), compared with the untreated control?

•• Yes. At 24 and 48 weeks after treatment, 
improvements were observed in motor skills 
in children who received either the lower dose 
or higher dose of resamirigene bilparvovec 
compared with children who received no 
treatment.

•• At 48 weeks after treatment, 71% of children 
who received the lower dose and 76% of chil-
dren who received the higher dose could sit 
unsupported for at least 30 seconds, com-
pared with 29% of children in the untreated 
control group.

Motor skills are assessed by the CHOP INTEND, out of a maximum score of 64 points. Ability to sit 
unsupported for 30 seconds was measured by the Bayley Scales of Infant Development (also known as 
“Bayley-III assessments”).

•• Over the course of the study (represented by 
the white boxes), many of the children who 
received treatment were able to achieve multi-
ple motor milestones, such as sitting without 
help or walking without support.

•• Six (86%) lower-dose participants and 14 
(82%) higher-dose participants attained the 
ability to sit independently for at least 30 sec-
onds (represented by ) compared with five 
(36%) control participants.

•• Six (86%) lower-dose participants and six 
(35%) higher-dose participants could pull 
themselves to stand (represented by ) com-
pared with zero control participants.

•• Five (71%) lower-dose participants and three 
(18%) higher-dose participants could walk 
unsupported (represented by ) post dosing 
compared with zero control participants.
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†Participant 05 reached the milestones of sitting independently and raising self to stand, but was not 
able to do either of these milestones at later assessments.
‡Milestones are based on standard measures of childhood development, known as Bayley Scales of 
Infant Development or “Bayley-III assessments”

Did treatment with resamirigene bilparvovec lead to side effects during the study?

•• Yes. In the lower-dose group, 24 serious side 
effects were reported among five (71%) of 
seven children. In the higher-dose group, 58 
serious side effects occurred among 13 (76%) 
of 17 children. These were not necessarily 
related to the study treatment: similar serious 
events occurred in 13 (93%) of 14 children in 
the untreated control group. The serious side 
effects in treated children that the researchers 
considered to be treatment-related occurred 
in two children in the lower-dose group and 
nine children in the higher-dose group. These 
mostly involved the heart or liver.

•• Three children who received the higher dose 
of resamirigene bilparvovec and one child 

who received the lower dose of resamirigene 
bilparvovec died from severe liver complica-
tions related to cholestasis. These children 
had intermittent evidence of cholestasis prior 
to dosing. Cholestasis is a condition that 
occurs when the flow of bile from the liver is 
reduced or blocked.

•• Three children in the control group died dur-
ing the study. The causes of these deaths were 
aspiration pneumonia, chronic bronchopneu-
monia, and bleeding in the liver, which were 
not unexpected based on what is known about 
the course of XLMTM.
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A child in the study could experience multiple side effects. The treatment related serious adverse 
events in heart, liver and blood listed here do not include the patients with treatment related serious 
adverse events who had died.

Troponin l is a protein that is released into the bloodstream when the heart muscle has been damaged. 
Myocarditis is inflammation of the heart muscle. ALT (alanine transaminase), AST (aspartate transaminase), 
and bilirubin are liver enzymes, high levels of which can mean that the liver is injured. Cholestasis is a condi-
tion that occurs when the flow of bile from the liver is reduced or blocked. Thrombocytopenia is a condition 
that occurs when the amount of platelets in the blood, which are needed for clotting, is too low.

What do the findings of the study mean?

The results of the ASPIRO study showed that gene therapy to replace myotubularin in muscle cells has 
the potential to be an effective treatment for this rare, severe, and often fatal disease. Most children  
with XLMTM who received gene replacement therapy with a single dose of resamirigene bilparvovec 
by injection had significant improvements in their ability to breathe without a ventilator.

•• Almost a third of children no longer needed ventilator support by 48 weeks after treatment with 
either the lower dose or the higher dose of resamirigene bilparvovec. This hardly ever happens 
in children with XLMTM who have not received gene therapy.

Important milestones, such as the ability to sit up, stand, and walk, were achieved by many children 
with XLMTM who were treated with resamirigene bilparvovec, with some even being able to walk 
on their own. Such improvements are not seen in this population without treatment and were not 
observed in untreated children with XLMTM in the control group, where three children died from 
complications due to the disease.

However, four children who received resamirigene bilparvovec died from severe liver problems. 
These deaths revealed that children with XLMTM can develop severe liver complications related to 
cholestasis, which were different from the liver problems previously known to occur in XLMTM. 
Research is ongoing to better understand liver disease in children with XLMTM, and how to monitor 
for potential liver problems before and after any investigational treatment such as gene therapy.
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