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Abstract
Spinal muscular atrophy (SMA) is an inherited lower motor neuron disease. SMA

Correspondence occurs secondary to alterations in the survival motor neuron 1 gene (SMN1), which is
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the main driver of SMN protein production. The severity of the disease is determined
by the number of copies of the SMN2 gene, which is a homolog to SMN1 but not as
efficient in protein production. Three medications have recently been approved for
the treatment of SMA. Nusinersen is an intrathecal antisense oligonucleotide that
alters SMN2 pre-mRNA, onasemnogene abeparvovec-xioi is an intravenous SMN1
gene replacement therapy, and risdiplam is an oral small molecule splicing modifier of
SMN2. No head-to-head studies have been conducted comparing these medications,
so selection of one of these medications for an individual with SMA can be challeng-
ing. In this article we outline the efficacy, safety, and other pertinent factors to con-
sider when selecting a therapy for an individual with SMA. The age of the individual
and comorbidities, such as liver or kidney disease, help guide treatment choices. All
three of these medications are efficacious, and early initiation is critical for obtaining

the best outcomes.

KEYWORDS
gene therapy, nusinersen, onasemnogene abeparvovec-xioi, risdiplam, spinal muscular atrophy

1 | INTRODUCTION termed “5q SMA”).! Other genetic types of SMA occur, but they are

rare and do not have approved genetic therapies, hence only 5q SMA

Spinal muscular atrophy (SMA) is a term applied to most hereditary is discussed in this article (and will be referred to simply as “SMA”).

lower motor neuron diseases. The large majority of SMA cases are
caused by deletions or point mutations in the survival motor neuron

1 gene (SMN1), which is on the 5q chromosome (this is sometimes

Abbreviations: AAV9, adenoassociated virus 9; AE, adverse event; BSID-II, Bayley Scales of
Infant and Toddler Development third edition; CHOP-INTEND, Children's Hospital of
Philadelphia Infant Test of Neuromuscular Disorders; CT, computed tomography; FDA, US
Food and Drug Administration; HFMSE, Hammersmith Functional Motor Scale—Expanded;
HINE-2, Hammersmith Infant Neurological Examination section 2; MFM-32, 32-item Motor
Function Measure Scale; RULM, Revised Upper Limb Module; SMA, spinal muscular atrophy.

This paper underwent peer review by the AANEM Monograph Review and Development
Committee and review by the Muscle & Nerve editor, but did not undergo additional, external
peer review. AANEM monographs are designed to be broadly educational to AANEM
members and others with interests in neuromuscular, musculoskeletal, and electrodiagnostic
medicine, and may at times be outside of the narrower scope of other articles published in
Muscle & Nerve.

SMA is inherited in an autosomal recessive fashion, with approxi-
mately 1 in 50 people in the United States carrying a deletion in the
SMN1 gene such that SMA occurs in approximately 1 in 10 000 births
in the United States.? SMA is the most common lethal autosomal
recessive disease in infants.

The homozygous deletion of SMN1 results in severely decreased
production of SMN protein, which is needed for the development and
maintenance of motor neurons.® The severity of SMA is determined
mainly by the number of copies of the SMN2 gene, a homolog of the
SMN1 gene, which can drive the production of a limited amount of
functional SMN protein. It is estimated that approximately 10%
of functional SMN protein is driven by the SMN2 gene in healthy indi-
viduals.* SMN2 has a cytosine-to-thymine transition in a splicing
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enhancer of exon 7, which results in most SMN2 mRNA transcripts
lacking exon 7, leading to nonfunctional SMN protein.®> Because
SMN2 can produce some functional protein as a backup to SMN1, the
number of SMN2 copies determines the severity of SMA, with more
copies resulting in less severe disease (Table 1). In addition, the SMN2
gene is a target of two of the disease-modifying medications for SMA.

Prior to 2016, there were no disease-modifying medications avail-
able for SMA. The mainstay of treatment was supportive care, with
noninvasive ventilation, tracheostomy and invasive ventilation, enteral
feeding, bracing and surgery for scoliosis, and splinting and mobility
aids (such as walkers and wheelchairs), all serving as options for indi-
viduals with SMA.® In December 2016, nusinersen was approved by
the US Food and Drug Administration (FDA) for the treatment of
SMA.” FDA approval for onasemnogene abeparvovec-xioi followed in
May 2019 and risdiplam in August 2020.%° These three medications
now provide individuals with SMA several powerful options to alter
their disease progression (Table 2). In this investigation we cover the
key aspects of all three medications and provide guidance as clinicians
assist patients in choosing the most effective treatment options.

2 | MEDICATION OVERVIEW

Nusinersen is an antisense oligonucleotide. Nusinersen is sometimes
referred to as an exon-skipping therapy or as a phosphorodiamidate
morpholino oligomer, as these are subsets of antisense oligonucleotides.
This class of medication generates its effect by binding to DNA or RNA
and subsequently altering transcription and translation.’® Nusinersen,
specifically, binds to SMN2 pre-mRNA and alters transcription so exon
7 is included in the mRNA transcript. This, in essence, alters SMN2 tran-
scripts so they are the same as SMN1 transcripts, and are therefore much

more effective in producing functional SMN protein.!? As nusinersen is a

large molecule, it must be injected intrathecally to reach the central
nervous system. Four loading doses are given initially over 2 months,
which is then followed by injections every 4 months, indefinitely.
Nusinersen is approved for all individuals with SMA.*2

Onasemnogene abeparvovec-xioi is a gene replacement therapy
in which SMN1 is delivered intravenously via an adenoassociated virus
9 (AAV9) vector. This is given as a single 60-minute infusion and is
dosed based on the patient's weight. Onasemnogene abeparvovec-
xioi is approved for individuals less than 24 months of age.*®

Risdiplam is a small molecule splicing modifier. Similar to
nusinersen, risdiplam exerts its effect on SMN2 pre-mRNA to alter
splicing and increase the number of mMRNA transcripts that include
exon 7, which leads to increased amounts of functional SMN pro-
tein.* Because risdiplam is a small molecule, it can be delivered orally,
absorbed, and cross the blood-brain barrier.t>¢ Risdiplam dosing is
weight-based, and it is administered daily in liquid form, either by
mouth or through a feeding tube. Risdiplam is approved for individuals
with SMA who are 2 months of age or older.

3 | SCALES USED TO ASSESS MEDICATION
EFFICACY

Perhaps the most critical feature of the disease-modifying medica-
tions for SMA is the efficacy of each medication. Because SMA is a
condition that causes progressive weakness, measures of strength,
function, and mobility are key. Several different scales have been
developed to assess disease progression, or conversely, disease
improvement, in SMA. Each scale is different; therefore, it is important
to understand the scales to understand the improvement they can
potentially detect in those undergoing treatment. The scales are

tailored toward different age groups, so they are only used in the

TABLE 1 Different SMA types
SMA type SMN2 copy number Onset Motor milestone Prognosis Eponym
0 0-1 Birth Non-sitter Death in utero -
1 1-2 0-6 months Non-sitter Death before age 2 years Werdnig-Hoffmann
2 2-3 7-18 months Sitter Live at least 20 years Dubowitz
3 2-4 >18 months Stander Normal lifespan Kugelberg- Welander
4 4+ Adult Stander Normal lifespan -
TABLE 2 Disease-modifying therapies
Medication Mechanism of action Delivery route and dosing Indications
Nusinersen Antisense oligonucleotide, improves 12 mg intrathecally, four loading doses All ages
SMN_2 efficacy followed by dosing every 4 months
Onasemnogene SMN1 gene replacement Single 60-minute intravenous infusion of Age <24 months, <16 h/day of

mechanical ventilation, not
completely paralyzed

abeparvovec-xioi 1.1 x 10%* viral genomes/kg

Risdiplam RNA splicing modifier, improves

SMN2 efficacy

Oral liquid daily dosing, variable based on
weight

Age 22 months

Abbreviation: SMA2, spinal muscular atrophy gene.
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TABLE 3 Overall medication efficacy

Age at treatment initation Scale

<2 months CHOP-INTEND After mean 33.9 months:
(max = 64) SMN2 two copies, 62.1; SMN2
three copies, 63.4
HINE-2 (max = 26) Scores increased from baseline:
SMN2 two copies, 2.7-23.9;
SMN_2 three copies, 3.2-26
Survival without After mean 33.9 months: 100%
permanent assisted
ventilation
2-24 months CHOP-INTEND >4 point increase at end of trial®:
(max = 64) 71%
HINE-2 (max = 26) Response® at end of trial*: 51%
Survival without At end of trial®: 61%
permanent assisted
ventilation
Ability to sit (BSID-III) NA
>24 months HFMSE (max = 66) Changes from baseline after

RULM/ULM (max = 37)

Nusinersen

15 months: 3.9; change from
baseline after 38 months:
SMAI, 10.8; SMAII, 1.8

Change from baseline after
38 months: 4.0

Onasemnogene
abeparvovec-xioi

By 6 months of age:
SMN2 two copies,
100% (14 of 14)
reached 50 points,
86% (12 of 14) reached
60 points

NA

After 6 months: 100%

Mean points increase
after:

1 month, 6.9; 3 months,
11.7; 5 months, 14.3;
mean points increase
at end of trial®: high
dose, 24.8 points; low
dose: 7.7 points

NA

After mean 8.2 months,
in STR1VE: 89.5%; at
end of trial for START®:
100%

For 230 seconds after
mean 8.2 months: 50%

NA

NA
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Risdiplam
NA

NA

NA

24 point increase after
12 months: 90%

Response® after 12 months:
78%

After 12 months: 90%

For 25 seconds after
12 months: 29%

Difference in HFMSE favoring
risdiplam after 12 months:
0.58 (not significant)

Score difference between
risdiplam and control,
favoring risdiplam; after
12 months: 1.59

Abbreviations: BSID-III, Bayley Scales of Infant and Toddler Development third edition; CHOP-INTEND, Children's Hospital of Philadelphia Infant Test of
Neuromuscular Disorders; HFMSE, Hammersmith Functional Motor Scale—Expanded; HINE-2, Hammersmith Infant Neurological Examination section 2;

max, maximum; NA, not applicable; RULM, Revised Upper Limb Module.

2ENDEAR trial had first infant treated on August 21, 2014 and last infant treated on November 21, 2016 (28 months).
BSTART trial ran from May 2014 (low dose)/December 2014 (high dose) to August 2017 (40 months/31 months).
“HINE-2 response defined as having more motor milestones improve than worsen.

appropriate age groups in clinical trials, which can make direct com-
parisons of medication efficacy in SMA challenging.

In SMA type |, infantile onset, the Children's Hospital of Philadel-
phia Infant Test of Neuromuscular Disorders (CHOP-INTEND),
Hammersmith Infant Neurological Examination section 2 (HINE-2),
and Bayley Scales of Infant and Toddler Development third edition
(BSID-Il) measures can be used to assess efficacy. Another indicator
of efficacy is the chance of surviving without permanent assisted
ventilation. The CHOP-INTEND is a 16-part scale that totals 64 points
(maximum of 4 points per item). Each item tests a different

motor function, such as upper extremity movement, lower extremity

movement, and head control.}” The HINE-2 is designed for those 2 to
24 months of age and is a pure motor milestone test. There are eight
items and a maximum score of 26.18 The BSID-IIl has sections that
focus on fine motor (66 items) and gross motor (72 items) skills of
children between 1 and 42 months of age.*’

SMA types Il and Il typically are assessed with different scales
than SMA |, as increased age usually is associated with more motor
function. The Hammersmith Functional Motor Scale Expanded
(HFMSE), Revised Upper Limb Module (RULM), and 32-item Motor
Function Measure Scale (MFM-32) are used to evaluate the efficacy
of different medications in SMA |l and lll. The HFMSE has 33 motor
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ability items with a total of 66 points and is designed for individuals
with SMA.2° The RULM has 19 items totaling 37 points, and it focuses
on upper body function only.?* The MFM-32 has 32 items with
128 total points and is validated in those 6 years of age and older

with neuromuscular disease.??

4 | EFFICACY DATA

Once the efficacy scales are understood, then attempts can be made
to compare the efficacy of the different medications in their respec-
tive clinical trials (Table 3). When making these comparisons, it is criti-
cal to note that all three medications clearly have greater efficacy
when started early in life, and the earlier they are started the more
efficacious the medication.?® In addition, the number of SMN2 copies
is also crucial in determining the disease severity in SMA. Therefore,
when comparing these three medications it is critical to try to com-
pare studies involving cohorts of similar age at treatment and SMN2
copy number.

41 | Presymptomatic (under 2 months of age at
treatment initiation)

Two trials were undertaken in presymptomatic infants to assess the
benefit of early treatment. The open-label NURTURE trial (n = 25)
assessed nusinersen in infants with two and three copies of SMN2.
After a mean of 33.9 months, the average CHOP-INTEND score was
62.1 and 63.4 points for infants with two and three copies of SMN2,
respectively, all surviving without permanent assisted ventilation.?*
With onasemnogene abeparvovec-xioi, the interim analysis of the
ongoing open-label SPRINT trial (n = 29) saw all infants with two
SMN2 copies reach a CHOP-INTEND score of 50 by 6 months of age,
with 86% reaching 60 points. In addition, all infants survived without

requiring permanent assisted ventilation.?

4.2 | Infantile onset (2-24 months of age at
treatment initiation)

Several trials were conducted to test efficacy among symptomatic
infants. For nusinersen, two trials were conducted, CS3A and
ENDEAR. CS3A, an open-label, dose-escalating trial, had a duration of
14 months. The two dosage groups were an initial dose of 6 mg, then
later 12 mg (n = 4) and 12 mg (n = 16) throughout. Of the four sub-
jects in the first dose group, one reached a HINE-2 milestone,
whereas all 15 in the higher dose group reached HINE-2 milestones.?®
ENDEAR, a double-blind, placebo-controlled trial (n = 122) began in
August 2014 and ended early in November 2016. The study showed
that nusinersen-treated subjects had a higher chance than the placebo
group of having a HINE-2 response (51% vs 0%) and surviving without
permanent assisted ventilation (61% vs 32%; hazard ratio [HR], 0.53;
95% confidence interval [CI], 0.32-0.89; P = .005). Furthermore, 71%

in the nusinersen group had an increase of at least 4 points in their
CHOP-INTEND score vs only 3% in the placebo group.!!

For onasemnogene abeparvovec-xioi, STR1VE and START tested
efficacy in infants. STR1VE (n = 22) is an open-label study. Of the 19
of 22 subjects who remained in the study, 17 (89.5%) survived with-
out permanent assisted ventilation. The CHOP-INTEND scores
increased by an average of 6.9, 11.7, and 14.3 points after 1, 3, and
5 months, respectively, with a mean baseline score of 3227 START, a
two-drug dosage cohort study, ran from May 2014 to August 2017.
All participants survived without permanent assisted ventilation.
Those in the high-dose group (n = 12) had a mean increase in CHOP-
INTEND of 24.8 points; in the low-dose group (n = 3), patients saw a
mean increase of 7.7 points.*®

For risdiplam, the FIREFISH trial studied the efficacy in infants.
FIREFISH had two parts, with the first part assessing safety and the
second part efficacy. Part | (n = 21) was a two-dosage cohort study,
where 90% survived without permanent assisted ventilation.2® In part
Il (n = 41), after 12 months of treatment, 29% were able to sit inde-
pendently for at least 5 seconds, as evaluated using the BSID-III. In
addition, 90% showed an increase in CHOP-INTEND score of at least

4 points.?

4.3 | Late onset (over 24 months of age at
treatment initiation)

The CHERISH trial and the CS2/CS12 extension study assessed the
efficacy of nusinersen in treating SMA Il and lll. CHERISH (n = 126), a
double-blind, placebo-controlled study, lasted 15 months. At the end,
the nusinersen group had a mean increase in HFMSE score of 3.9
points, whereas the placebo group had a mean decrease of 1 point.*°
The other clinical trials in evaluating late-onset SMA efficacy began
with CS1, an open-label dose escalation of 1, 3, 6, or 9 mg. Those
who took 3 mg, could enroll in CS10, whereas those who took 1 mg
could enroll in CS2. CS12 is an extension study of C510 and CS2.3* In
the CS12 (n = 24) extension study, patients with SMA |l had an
increase of 10.8 points in HFMSE score and patients with SMA Il had
an increase of 1.8 points after 38 months of treatment.3?

For onasemnogene abeparvovec-xioi, the STRONG (n = 31) clini-
cal trial evaluated efficacy in older patients, and the medication was
delivered intrathecally. STRONG is a phase 1 study of SMA patients
who could sit but not walk. After a mean of 9.3 months, patients saw
a HFMSE score change of 5.9 points. This trial was put on hold
because animal data showed inflammation of dorsal root ganglia.®

The SUNFISH trial assessed the efficacy of risdiplam in late-onset
SMA patients. The study had two parts, with the first part evaluating
safety and dose and the second testing efficacy. In part | (n = 51),
after 24 months, 81% had an increase in MFM-32 score and 54% had
at least a 3-point increase.>* In part Il (n = 180), risdiplam was com-
pared with a placebo. There was a statistically significant difference of
1.55 points in MFM-32 score, favoring risdiplam after 1 year
(P = .016). A difference in HFMSE, favoring risdiplam, was noted, but

significance was not met (P = .302).%°
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5 | SAFETY DATA

After efficacy, perhaps the second most important quality of SMA
medications for patients and their families is safety (Table 4). For
these medications, safety is determined both by the medicine itself as
well as the mechanism of medication delivery.

51 | Nusinersen

In the clinical trials, moderate and severe adverse events (AEs) were
common in both the treatment and placebo groups (mainly respiratory
illness), but no clear association with nusinersen was found. Post-
lumbar puncture symptoms were prevalent in the nusinersen group.
At 24, 72, 120, and 168 hours after treatment, the incidence of lum-
bar puncture-associated adverse effects were 9%, 14%, 15%, and
15%, respectively, in the nusinersen group and 3% at all time-points in
the placebo group.*°

Two more serious AEs potentially associated with nusinersen
include thrombocytopenia and renal toxicity. One clinical study
showed six (11%) nusinersen-treated patients with normal or above
normal baseline platelet levels had platelet levels below accepted
levels after treatment, whereas the control group had no patients with
thrombocytopenia. With regard to kidney function, 17 (33%) infantile-
onset patients treated with nusinersen had increased urine protein,
whereas only 5 (20%) placebo-treated patients showed an increase. In
late-onset cases, 36 (69%) had higher urine protein.”

Based on these findings, it is recommended that platelet count
and urine protein are measured and coagulation studies are obtained
before each dose of nusinersen. In general, the most common and
notable side effects of nusinersen are related to the intrathecal

method of delivery (such as post-lumbar puncture headache).

TABLE 4 Medication safety

Medication Black-box warning Common side effects

Nusinersen NA Lower respiratory
infection, upper
respiratory infection,
and constipation

Onasemnogene Acute liver injury and Vomiting, fever,

&NERVE RV 18 AN

5.2 | Onasemnogene abeparvovec-xioi

Of all patients treated with onasemnogene abeparvovec-xioi in clinical
studies, the most common AEs were hepatic transaminase increase
(12.4%) and vomiting (8.2%). In addition, thrombocytopenia occurred
in 4.1% of subjects, but resolved within 2 weeks. Troponin | levels
were also observed to increase in 3.1% of subjects.® Postmarketing
surveillance has identified cases of thrombotic microangiopathy
within weeks of receiving onasemnogene abeparvovec-xioi. Given
these findings, there is a black-box warning for “acute serious liver
injury,” and this medication may not be appropriate in those with
known hepatic disease. In addition, prednisolone 1 mg/kg/day should
be administered starting 1day prior to the onasemnogene
abeparvovec-xioi infusion and continued for at least 1 month (and
until transaminases normalize). Prior to the first infusion, an AAV9
antibody titer needs to be assessed and, if elevated, onasemnogene
abeparvovec-xioi cannot be administered (although it can be repeat-
edly checked and, if it normalizes, then treatment can proceed). It is
also recommended to check cell counts, transaminases, bilirubin, coag-
ulation studies, hemoglobin, creatinine, and troponin | prior to the first
infusion, weekly for the next month, and every 2 weeks afterward for

months 2 and 3 and until values normalize.®

5.3 | Risdiplam

In the risdiplam clinical trials AEs were common, with pneumonia
being the most common severe AE.282%3435 Upper tract respiratory
infections, fever, constipation, diarrhea, and vomiting also occurred
more commonly in the risdiplam group.” Based on these results, no
specific monitoring is required with risdiplam. In our experience, nau-

sea and vomiting are relatively common and often resolve over weeks.

Major side effects Medication monitoring

Platelet count, prothrombin
and partial thromboplastin
time, and urine protein prior
to each dose

Thrombocytopenia and renal
toxicity; intrathecal access also
includes risk of infection,
bleeding, and post-lumbar
puncture syndrome

Liver injury, thrombocytopenia, Platelet count,

abeparvovec-xioi

Risdiplam

increased
aminotransferases can
occur

NA

Abbreviation: NA, not applicable.

increased
aminotransferases,
thrombocytopenia, and
increased troponin |
levels

Fever, diarrhea, and rash;

among infantile-onset:
upper respiratory tract
infection, pneumonia,
constipation, and
vomiting

and thrombotic
microangiopathy

Nausea, vomiting, and diarrhea:

adverse effects on male
fertility in animal models

aminotransferases, bilirubin,
prothrombin time,
hemoglobin, creatinine, and
troponin | weekly for the
first months and then every
2 weeks for months 2 and 3
and until values normalize

No standard laboratory
monitoring; consider sperm
banking
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Preclinical animal studies suggested that risdiplam could affect male

fertility, so this warning is included in the risdiplam package insert.”

6 | CONTRAINDICATIONS AND FDA
LABELING

Nusinersen is approved for all individuals with SMA. No absolute con-
traindications exist for nusinersen, but caution should be used in
those with poor kidney function or thrombocytopenia. In addition,
severe scoliosis and/or surgically implanted rods for scoliosis may limit
access to the thecal sac, which in rare circumstances results in an
inability to administer this medication. Fluoroscopic guidance, com-
puted tomography (CT) guidance, implanted catheters, and high cervi-
cal access points have all been used to administer nusinersen in those
with complicated spines.3¢

Onasemnogene abeparvovec-xioi is approved for those with SMA
and between 0 and 24 months of age. Some providers may not recom-
mend this medication for those with complete paralysis and/or more than
16 hours/day of mechanical ventilation, as it was not studied in these
populations. Liver dysfunction and persistently elevated AAV9 antibody
titers are absolute contraindications to onasemnogene abeparvovec-xioi.

Risdiplam is approved for those with SMA who are at least
2 months of age. There are no absolute contraindications to risdiplam,
although the drug not be appropriate if an individual is unable to take
a daily liquid medication. Animal studies raised the concern that
risdiplam may affect male fertility, although this has not been demon-
strated in humans. For this reason, some physicians advocate for

sperm banking prior to initiation of risdiplam.

Patient age?
. Y ¥
0-2 months 2-24 months > 24 months

\ Y

Persistently Persistently Thrombocytopenia,
elevated AAV9 elevated AAV9 | Yes | kidney disease, or
titer or liver titer or liver concern regarding
disease? disease? intrathecal injection?
No
Yes No
No Yes
\/ \ \i \/
Consider Consider
Consider nusinersen (use risdiplam
onasemnogene caution with (consider
abeparvovec-xioi thrombocytopenia sperm banking
or kidney for males)
disease)

FIGURE 1 Decision tree for choosing best available medication
for spinal muscular atrophy. AAV9, adenoassociated virus 9

7 | TREATMENT ALGORITHM

Choosing one of three medications can be a daunting task, especially
given the lack of head-to-head comparisons. For some individuals
with SMA, one or more of the medications may be contraindicated.
Perhaps the most common contraindication is patient age, with
onasemnogene abeparvovec-xioi only approved for patients up to
24 months of age and risdiplam only approved for those 2 months of
age and older. Other considerations when choosing which of these
medications to use include the presence of a complicated spine, liver
disease, persistently elevated AAV9 antibody titers, thrombocytope-
nia, and kidney disease. As previously stated, comparing the efficacy
of these medications is challenging because each study used different
SMA types, ages at treatment initiation, SMN2 copy numbers, lengths
of treatment, and outcome measures. Figure 1 presents our treatment

strategy while considering contraindications, safety, and efficacy.

8 | BRIEF EXAMPLE CASES

The following cases are based on presentations we have seen in our
practice, and they were chosen because they help illustrate the pro-
cess used to select a medication.

Case 1. A 9-month-old girl presented with hypotonia. Genetic
testing confirmed SMA with two copies of SMN2. She had no other
underlying medical conditions; her AAV9 antibody titer was normal;
and laboratory studies were normal, including complete blood count,
comprehensive metabolic panel, prothrombin time/partial thrombo-
plastin time, and troponin I. In consultation with her mother, we
selected treatment with onasemnogene abeparvovec-xioi, as it could
be delivered with a single infusion. The patient was in the treatable
age range, and there were no contraindications.

Case 2. A 28-year-old woman presented with SMA Il and three
SMN2 copies. She had scoliosis rods that had been placed at 12 years
of age, but a pretreatment CT scan showed areas where the thecal
sac could be accessed with fluoroscopic guidance. This patient trav-
eled frequently for work and she thought intermittent dosing every
4 months would work better than daily medication dosing for her
schedule. In consultation with her we selected nusinersen as an
appropriate treatment.

Case 3. A 15-year-old boy presented with SMA Ill and three
SMN2 copies. He had minimal scoliosis, no history of back surgery,
and no other medical conditions. He did not want to undergo repeat
lumbar punctures for treatment, so we selected risdiplam as an appro-
priate treatment option. He and his parents opted against sperm

banking prior to the initiation of treatment.

9 | SUMMARY AND THE FUTURE OF SMA
TREATMENT

Three medications are currently approved for the treatment of SMA.

Two of these work by increasing the efficacy of SMN2 production of
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SMN protein and the other works by replacing the SMN1 gene. For
each of these medications, it is clear that the sooner they are started
the more efficacy they provide. Selecting the appropriate medication
requires consideration of the patient's age, comorbidities, and pre-
ferred medication delivery route.

Over the past 4 years, the treatment of SMA has been revolution-
ized, and it is anticipated that more advances will occur over the next
5 years. Potential advances include expanded age indications, differ-
ent delivery mechanisms, combination treatment with the medications
currently available, development and approval of new SMA-specific
medications, and development and approval of medications to
increase strength in a wide variety of neuromuscular conditions. Some
health-care providers have already begun prescribing combinations of
the currently available medications, which typically includes adminis-
tration of onasemnogene abeparvovec-xioi followed in combination
with either nusinersen or risdiplam.3” These combinations are chosen
based on differing mechanisms of action, but clinical trials assessing
these combinations have not been conducted. Clinical trials have
begun with new splicing medications and non-disease-specific medi-
cations, such as myostatin inhibitors. The results of these trials, as well
as clinical experience with the currently available medications, will

guide the promising future of SMA treatment.
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CME Content
Intended audience and objectives: This monograph is intended for

physicians who treat individuals with spinal muscular atrophy (SMA).

Upon completion of this monograph and associated questions, the

reader will be able to describe the three treatments available for SMA,

discuss the mechanism of action of each treatment, and describe the
considerations that are involved in choosing a specific treatment.
Summary description: Spinal muscular atrophy (SMA) is an inherited
lower motor neuron disease. Three medications have been approved for the
treatment of SMA over the past several years. This monograph describes
these treatments and the important aspects of each treatment that need to

be considered prior to selecting a treatment for an individual with SMA.
Questions:
What is the mode of inheritance for SMA?

. Autosomal dominant

. Autosomal recessive

. X-linked dominant

. X-linked recessive
Mitochondrial

m o N o >

Answer: B

What gene is altered in individuals with SMA?

SMN1
SMN2
SMN3

. SMA gene
GJBP

moonw»

Answer: A

An increased copy number of which gene is associated with less
severe SMA?

A. SMN1
B. SMN2
C. SMN3
D. SMA gene
E. GJBP
Answer: B
What is the mechanism of action of nusinersen?
A. SMN1 gene replacement
B. Small molecule splicing modifier of SMN2 pre-mRNA
C. Direct replacement of survival motor neuron protein
D. Antisense oligonucleotide binding to SMN2 pre-mRNA
E. Myostatin inhibition

Answer: D

What is the mechanism of action of onasemnogene abe-

parvovec-xioi?

. SMN1 gene replacement
. Small molecule splicing modifier of SMN2 pre-mRNA
. Direct replacement of survival motor neuron protein

. Antisense oligonucleotide binding to SMN2 pre-mRNA

m oo w>

Myostatin inhibition
Answer: A
What is the mechanism of action of risdiplam?
. SMN1 gene replacement
. Small molecule splicing modifier of SMN2 pre-mRNA

. Direct replacement of survival motor neuron protein
. Antisense oligonucleotide binding to SMN2 pre-mRNA

m oo wm>

Myostatin inhibition

Answer: B

Which of the following medications may cause severe

hepatotoxicity?

A. Nusinersen

B. Oral albuterol

C. Oral prednisolone
D. Risdiplam

E. Onasemnogene abeparvovec-xioi

Answer: E
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Which of the following medications may cause nephrotoxicity? A 3-year-old boy has recently been diagnosed with SMA.
Which of the following medications is not approved for treatment
A. Nusinersen of this child?
B. Oral albuterol
C. Oral prednisolone A. Nusinersen
D. Risdiplam B. Oral albuterol
E. Onasemnogene abeparvovec-xioi C. Risdiplam
D. Onasemnogene abeparvovec-xioi
Answer: A
Answer: D
Which of the following medications may adversely affect male fertility?
A. Nusinersen
B. Oral albuterol How to cite this article: Cartwright MS, Upadhya S. Selecting
C. Oral prednisolone disease-modifying medications in 5q spinal muscular atrophy.
D. Risdiplam Muscle & Nerve. 2021;1-9. https://doi.org/10.1002/mus.
E. Onasemnogene abeparvovec-xioi 27358

Answer: D


https://doi.org/10.1002/mus.27358
https://doi.org/10.1002/mus.27358
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