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Abstract

Spinal muscular atrophy is a hereditary neuromuscular disease characterized by the degeneration of alpha motor
neurons of the anterior horn of the spinal cord, leading to progressive symmetrical muscle weakness and a high risk for
respiratory complications resulting in the need for some degree of ventilatory support.

Two infants are presented with hypotonic syndrome in which spinal muscular atrophy was diagnosed by a genetic
study. Gene therapy with Zolgensma® with subsequent combination treatment with Risdiplam (Everysdi®) was used
to evaluate the clinical improvement in motor function according to the Chop Intend Scale.
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1. Introduction

Spinal muscular atrophy (SMA) is a genetic disease that causes weakness and wasting in the voluntary muscles of infants
and children and, more rarely, in adults!.

It is identified as the loss of lower motor neurons in the spinal cord and brainstem, leading to progressive symmetrical
muscle weakness2.

Specifically, it is an autosomal recessive disorder in the survival motor neuron 1 gene, SMN1, that causes a loss of
specialized nerve cells, termed alpha motor neurons that control muscle movement.

The SMN protein codes for 2 genes (SMN1 y SMN2). It is vital for its role in the spliceosome assembly and biogenesis of
ribonucleoproteins. A loss of the SMN protein affects the motor neuron’s homeostatic environment3. A loss of these
motor neurons prevents the sending of signals between the spinal cord and skeletal muscle, resulting in progressive
proximal muscle weakness and paralysis*.

The SMA phenotype is categorized into four grades of severity (SMA I, SMA II, SMA 111, SMA 1V) based on the age of onset
and motor function achieved>. Type 1 is the most severe, where the patient is unable to sit; Type 2 is unable to walk
unaided; Type 3 can achieve some walking abilities; and Type 4 is adult-onset SMAS7.
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When mutations occur in the SMN1 gene, the amount of encoded protein practically disappears, since the levels of a
protein that the SMN2 gene can provide are not sufficient. The more copies of the SMN2 gene the patient has, the less
severe the disease.

SMN2 copy amount largely accounts for the clinical severity between the SMA types. The higher the amount of SMN2
copy mutation (with fewer copies) the higher the probability of developing a severe phenotype.

When untreated, it will result in severe limitations to motor function, including walking incapability; high risk for
respiratory complications resulting in the need for some degree of ventilatory support; as well as a high risk for
orthopedic complications such as frequently painful contractures and scoliosis; and reduced life expectancy.

The 45% to 60% of cases of SMA are SMA Type 1, making it the most common form of SMAS8. Patients with SMA Type 1
with 2 copies of SMN2 have a particularly poor prognosis. These patients usually show signs of SMA before six months
of age, evident by their lack of ability to sit. Unfortunately, these infants typically do not survive past two years of age
without significant mechanical ventilatory and nutritional support.

The diagnosis of SMA can be confirmed with molecular genetic testing with targeted mutation analysis®.

Gene therapy is an experimental approach that uses imported genes to treat disorders that result from genetic
mutations!. Gene therapies include replacing, silencing, or knocking out a mutated gene or introducing a new gene to
restore additional function or protection.

Onasemnogene abeparvovec, also known as Zolgensma®, is a gene therapy that was recently approved by the US Food
and Drug Administration in May 2019 as a treatment for SMA in pediatric patients under the age of two.

It consists of a single-dose, free-of-preservative, sterile, intravenous infusion of a non-replicating, self-complementary
adeno-associated vector 9 (AAV9) that crosses the blood-brain barrier. The active substance in Zolgensma® contains a
functional copy of the SMN1 gene under the control of the cytomegalovirus (CMV) enhancer/chicken-f-actin-hybrid
promoter (CB)L.

One of the two adeno-associated vectors (AAV) inverted terminal repeats (ITRs) has been modified to promote
intramolecular annealing of the transgene, thus forming a double-stranded transgene ready for transcription.
Therefore, restoring a normal SMN protein regulates cellular homeostatic pathways and, by extension, the state of the
motor neuron.

Risdiplam (Evrysdi®) is the first oral drug developed to treat spinal muscular atrophy (SMA) and is approved in multiple
countries worldwide. It is approved for the treatment of SMA in patients aged = 2 months in the USA and the EU, with
this approval further specified in the EU for the treatment of 5g-autosomal recessive SMA with a clinical diagnosis of
SMA types 1, 2, or 3 or with one to four survival motor neuron 2 (SMN2) copies. As an SMNZ2 pre-mRNA splicing modifier,
risdiplam increases the production of full-length SMN protein, the lack of which drives the pathophysiology of SMA. In
phase 2/3 clinical trials, risdiplam significantly improved motor function in infants with SMA type 1 and in patients aged
2-25 years with SMA types 2 or 3. These motor improvements were maintained with up to 2 years of treatment with
risdiplam. Risdiplam was generally well tolerated, with a favourable benefit to risk balance. As an oral drug, risdiplam
provides a convenient and useful treatment option across a broad range of patient ages and subtypes of SMA12,

Chop Intend Scale (Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders)?!3

A 64-point motor assessment that captures neck, trunk, proximal, and distal limb strength in 14 elicited and 2
observational items are designed to evaluate muscle strength and function in infants with SMA.

Each item is graded on a scale of 0 to 4 (0 = no response, 4 = complete response).
The total score ranges from 0 to 64. Higher scores indicate improved ability.

The objective was to evaluate the efficacy in two patients with SMA who received gene therapy with onasemnogene
abeparvovec (Zolgensma®) with subsequent combination treatment with Risdiplam (Everysdi®).
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2. Clinical case 1

4-month-old girl, with normal pregnancy, obtained by natural childbirth, without complications. She is brought to the
consultation due to hypotonia at one month of age. On neurological examination, expressive facies, with visual tracking
and social smile, lingual fasciculations, hypotonia, and weakness of the 4 extremities predominantly proximal, with
Daniels Scale 3/5 muscle strength, as well as areflexia, were detected. Her breathing was with thoraco-abdominal
dissociation, without oxygen requirement.

Genetic testing for MLPA was requested, resulting in 0 copies of the exon 7 SMN1 gene, 1 copy of the exon 8 SMN1 gene,
and 2 copies of the SMN2 gene. She was diagnosed with spinal muscular atrophy type 1 due to the onset of symptoms
and genetic confirmation at four months of age.

Subsequently, anti-AAV9 antibodies were requested; they were negative with a titer <1:50. Normal liver function tests
and blood counts were taken.

During her evolution, she presented respiratory infection due to rhinovirus with increased secretions, which were
managed with pulmonary physiotherapy. Currently having difficulty swallowing with the use of a nasogastric tube.

The Chop Intend Scale was 37 (moderate grade) before treatment (Fig. 1).

Onasemnogene abeparvovec, also known as Zolgensma®, is applied at five months of age, in the operating room, in a
sterile environment, during one hour with an infusion pump, previous and later administration of oral prednisolone.

A single dose of 1.1 x 1014 vg (viral genomes)/kg is administered as an infusion over 60 minutes. She remained
hospitalized for 5 days with subsequent monitoring of liver function tests and hematic biometry, as well as vital signs
under the supervision of a pediatric intensive care physician. No complications occurred.

The patient showed improvement in muscle strength with better cephalic control. The Chop Intend Scale was 45 after
treatment with improvement (Fig. 2).

Figure 1 Before treatment

Figure 2 After treatment with Zolgensma®
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Six months later, oral Risdiplam 0.20 mg/kg was started with improvement on the Chop Intend Scale to 49, achieving
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sitting with support (Fig. 3).

Figure 3 After treatment with Risdiplam

3. Clinical case 2

6-month-old boy, with normal pregnancy, obtained by natural childbirth, without complications. He is brought to the
consultation due to neurodevelopmental delay and hypotonia at four months of age. On neurological examination,
expressive facies, with visual tracking and social smile, lingual fasciculations, hypotonia, and weakness of the 4
extremities predominantly proximal, with Daniels Scale 3/5 muscle strength, as well as areflexia, were detected. His
breathing was with thoraco-abdominal dissociation, without oxygen requirement.

Genetic testing for MLPA was requested, resulting in 0 copies of the exon 7 SMN1 gene, 1 copy of the exon 8 SMN1 gene,
and 3 copies of the SMN2 gene. He was diagnosed with spinal muscular atrophy type 1 due to the onset of symptoms
and genetic confirmation at five months of age.

Subsequently, anti-AAV9 antibodies were requested; they were negative with a titer <1:50. Normal liver function tests
and blood counts were taken.

The Chop Intend Scale was 37 (moderate grade) before treatment (Fig. 4).

Onasemnogene abeparvovec, also known as Zolgensma®, is applied at six months of age, in the operating room, in a
sterile environment, during one hour with an infusion pump, previous and later administration of oral prednisolone.

A single dose of 1.1 x 1014 vg (viral genomes)/kg is administered as an infusion over 60 minutes.

He remained hospitalized for 5 days with subsequent monitoring of liver function tests and hematic biometry, as well
as vital signs under the supervision of a pediatric intensive care physician. No complications occurred.

The patient showed improvement in muscle strength.

The Chop Intend scale was 42 after treatment with improvement (Fig. 5).
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Figure 5 After treatment with Zolgensma®

Six months later, oral Risdiplam 0.20 mg/kg was started with improvement on the Chop Intend Scale to 46, achieving
sitting with support (Fig. 6).
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Figure 6 After treatment with Risdiplam.

4. Conclusions

SMA is a genetic disease that causes weakness and wasting in the voluntary muscles of infants and children and, more
rarely, in adults.

It is an autosomal recessive disorder in the survival motor neuron 1 gene, SMN1, that causes a loss of specialized nerve
cells, termed alpha motor neurons that control muscle movement.

The diagnosis of SMA can be confirmed with molecular genetic testing with targeted mutation analysis.

When untreated, it will result in severe limitations to motor function, some degree of ventilatory support, and reduced
life expectancy.

Gene therapy is an experimental approach that uses imported genes to treat disorders that result from genetic
mutations.

The active substance in Zolgensma® contains a functional copy of the SMN1 gene.
Risdiplam is a splicing modifier of SMN2 pre-mRNA.

The literature mentions the possibility of using combined and sequential therapies!4. This is the first experience in a
private hospital in Mexico.

The motor scale was found to differ depending on the treatment (Zolgensma® vs. Zolgensma® plus Risdiplam), with a
significance level of <0.05. The Friedman test was applied.

Patients showed improvement on motor scores and did not require mechanical ventilation with combined sequential
therapy of Zolgensma® plus Risdiplam.

Further studies are needed to evaluate the efficacy and safety of initial use of combined therapies.
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