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Abstract
Background and Objectives
Spinal muscular atrophy (SMA) is an autosomal recessive disorder caused by biallelic variants
of the Survival Motor Neuron 1 gene (SMN1) that affects approximately 1 in 15,000 live births.
Availability of 3 SMN-enhancing treatments for SMA has led to urgency to review how
clinicians and patients use these treatments for SMA, while additional research and real-world
data and experience are being collected. This work describes important factors to assist with
decision-making for SMN-enhancing treatments.

Methods
A systematic literature review was conducted on SMN-enhancing treatments for SMA and related
studies. Aworking group of American and European health care providers with expertise in SMA care
identified barriers and developed recommendations through a modified Delphi technique with serial
surveys and feedback through virtual meetings to fill gaps for informationwhere evidence is limited. A
community working group of an individual living with SMA and caregivers provided insight and
perspective on SMA treatments and support through a virtual meeting to guide recommendations.

Results
The health care provider working group and the community working group agreed that when
determining whether to start, change, add, or discontinue a treatment, essential considerations
include patient and family/caregiver perspective, and treatment safety and side effects. When
initiating treatment for patients newly diagnosed with SMA, important patient characteristics are
age and Survival Motor Neuron 2 gene (SMN2) copy number. Furthermore, when initiating,
changing, or adding treatment, current clinical status and comorbidities drive decision-making.
When considering a medication or treatment plan change, unless there is an urgent indication, a
treatment and associated patient outcomes should be monitored for a minimum of 6–12months.
When determining a treatment plan with an adolescent or adult with SMA, consider factors such
as quality of life, burden vs benefit of treatment, and reproductive issues. Access to care co-
ordination and interdisciplinary/multidisciplinary care are essential to treatment success.

Discussion
Sharing information about current knowledge of treatments and shared decision-making between
health care providers and patients living with SMA and caregivers are essential to overcoming
barriers to providing SMN-enhancing treatments.
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Introduction
SMA is an autosomal recessive disorder caused by biallelic
variants of the Survival Motor Neuron 1 (SMN1) gene on
chromosome 5q and affects approximately 1 in 15,000 live
births.1 Across 6 major ethnic groups in the United States,
carrier frequency and detection rates range from 1/47 and
94.8% (White population) to 1/72 and 70.5% (African
American population), respectively.2 SMA is characterized by
dysfunction and irreversible loss of alpha motor neurons in the
spinal cord and brainstem, causing progressive muscular
weakness and atrophy.3 SMA results in a wide range of clinical
severity. The number of Survival Motor Neuron 2 (SMN2) gene
copies, a low-functioning paralogue of SMN1,4,5 generally
correlates inversely with disease phenotype with some overlap
especially among individuals with 3 or 4 SMN2 copies. His-
torically, before SMN-enhancing disease-modifying therapies
(DMTs), SMA was classified into types defined by age of
symptom onset and maximum motor function achieved.3,6

In 2007, an International Conference convened to develop
the first publication on SMA standards of care.6 In 2018, the
SMA best practice recommendations for diagnosis and
management were updated by convening an International
Conference of experts in SMA7 and 2 publications were
produced.8,9 To date, 3 SMN-enhancing treatments, nusi-
nersen (Spinraza, Biogen, Cambridge, MA), onasemnogene
abeparvovec-xioi (Zolgensma, Novartis Gene Therapies,
Bannockburn, IL), and risdiplam (Evrysdi, Genentech/
Roche, South San Francisco, CA), have been approved by
multiple national health regulatory agencies, and treatment
approval is heterogeneous by country.

The SMN-enhancing treatments have resulted in dramatic
change in the natural history of SMA across all ages. The
knowledge generated by clinical trials and commercial use of
these interventions have led to a shift in disease management
because suspected SMA is now recognized as a clinical
emergency that requires (1) accurate genetic diagnosis, in-
cluding SMN2 copy number quantitation in both symp-
tomatic and presymptomatic individuals,8 and (2) rapid
implementation of treatment. Furthermore, the historical
classification of SMA by type no longer adequately charac-
terizes prognosis or outcomes. With the availability of up to 3
SMN-enhancing treatments for children younger than 2
years and 2 treatments for older individuals with SMA, un-
derstanding the risk and benefits of each treatment, and
selecting “best” treatment for a specific clinical scenario re-
quire additional real-world data collection research.

In addition, understanding treatment outcome expectations is
essential to shared decision-making between patient/caregiver
and health care provider (HCP). SMA is a progressive neuro-
degenerative disorder with rapid irreversible motor neuron loss
and functional decline early in the disease course followed by a
variable rate of further decline.10-14 Therefore, DMT outcome
expectations include slowing disease progression which may

present clinically as slower rates of functional decline as eval-
uated by longitudinal assessments or no change or restoring
some function or increased function. Understanding SMA
natural history and the range of outcomes following DMTs is
important for HCPs, the SMA community, and treatment ac-
cess policy makers. This knowledge will guide decision-making,
best care practice and access to treatments, and identify gaps for
future research.

The aim of this work was to provide best practice recom-
mendations to facilitate shared decision-making between
HCPs and patients living with SMA and caregivers when
considering DMTs. This work is intended for HCPs, patients
and caregivers, and policy makers.

Methodology
Systematic Literature Review
In November 2021, Cure SMA enlisted RTI Health Solutions
(RTI-HS) to conduct a systematic literature review (SLR) to
understand diagnostic/newborn screening and treatment
landscape for SMA over the previous 10 years. The objective of
the SLRwas to review the SMA treatment evidence. Searches of
electronic medical literature databases identified 1,347 records.
After removing duplicates, 855 records (titles and abstracts)
were manually screened, 217 articles were progressed to full-
text review, and 115 articles met the predefined inclusion cri-
teria. After excluding diagnostic/newborn screening articles, 90
articles were selected for inclusion in the SLR on SMA treat-
ment landscape, see Figure (PRISMA Diagram)15,16 and eSAP
1. A second literature search was conducted to include more
recent treatment evidence, used the same keywords and in-
clusion criteria, and was limited to peer-reviewed treatment
data published through June 2023. This search yielded 8 ad-
ditional articles for inclusion.

SMA Diagnosis Working Groups
Health Care Provider Working Group
Participants included Cure SMA Care Center Network Center
Directors, SMA Clinical Trial Investigators, and Cure SMA
Medical Advisory Council members. SMA Europe, a partner
patient advocacy organization, identified European providers.
Respondents were invited to participate in a modified Delphi
process. The health care provider working group (HCPWG)
members, supported by Cure SMA, were invited to an in-
troductory virtual meeting. The HCPWG included 18 mem-
bers, plus 2 organizing and nonvotingCure SMA staffmembers
who moderated discussions and had no stake in the decisions.
The HCPWG included 3 European physician neurologists, 14
US physician neurologists, and 1 US pediatric critical care
physician. All HCPWG members participated voluntarily
without compensation.

Achieving Consensus Through the Modified Delphi
Technique
The HCPWG used a modified Delphi technique17,18 to reach
consensus on recommendations. Data were collected using 3
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iterative rounds19 of online surveys. The responses to the initial
survey open-ended questions were consolidated and reported
back to the participants through virtual meeting discussion.
The second survey asked participants to rank order possible
barriers to treatments, indicate factor importance contributing
to treatment plan decision-making scenarios using a Likert
scale, and select important characteristics for specific patient
categories contributing to treatment plan decision-making us-
ingmultiple choice responses. Compiled results were discussed
among participants through virtual meeting. Based on discus-
sion, a final survey requesting yes/no agreement response to
specific recommendations was developed and completed by
the HCPWG. Results with 90% or more agreement were
considered highly significant. Results with 80%–89% agree-
ment were considered significant.

Community Working Group
Individuals with SMA and caregivers were invited to participate
in a virtual meeting to gain their perspective. One adult with
SMA, a representative from SMA Europe, and 4 caregivers
participated and discussed questions as a group. Questions fo-
cused on treatment, resources, and information that would be
helpful at time of diagnosis to make informed decisions. The
community working group (CWG) was asked comparable
questions as the HCPWG. Consensus was achieved through
CGW discussion. Qualitative responses were compiled.

Standard Protocol Approvals, Registrations,
and Patient Consents
Not applicable.

Data Availability
Anonymized data not published within this article will
be made available by request from any qualified investigator.

Results
Current SMA Treatments
Three SMN-enhancing treatments are approved by the US
Food and Drug Administration (FDA) and the European
Medicines Agency (EMA): nusinersen, onasemnogene
abeparvovec-xioi (OA), and risdiplam. See Table 1 for SMA
treatment characteristics based on published European
Public Assessment Reports20-22 and US Prescribing
Information.23-25 Treatments are described briefly in chro-
nological order of licensing.

Nusinersen is an antisense oligonucleotide approved by the
United States in 2016, and in 2017 by the EU and in many
other countries. Nusinersen acts on the SMN2 gene transcript
to alter splicing of the premessenger RNA (pre-mRNA) and
results in greater inclusion of exon 7 thus yielding increased

Figure PRISMA Diagram

PRISMA flow diagram for systematic literature
review conducted in November 2021; see eSAP 1
for complete report. PRISMA = Preferred
Reporting Items for Systematic Reviews and
Meta-analyses.
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Table 1 SMA Treatment Characteristics for EU and US Prescribers

Nusinersen (Spinraza®) Onasemnogene abeparvovec-xiox (Zolgensma®) Risdiplam (Evrysdi®)

Description Antisense oligonucleotide Single-stranded SMN1 DNA through adeno-
associated virus (AAV9) vector

Small molecule

Mechanism SMN2 mRNA splicing modifier SMN1 functional replacement with SMN1 DNA
episome and own promotor

SMN2 mRNA splicing modifier

EU EMA-approved
indications20-22

5q spinal muscular atrophy 5q spinalmuscular atrophy and SMA type 1 or up to 3
SMN2 gene copies up to 21 kg

5q spinal muscular atrophy and SMA
type 1, 2, or 3, or up to 4 SMN2 gene
copies

US FDA-approved
indications23-25

5q spinal muscular atrophy in pediatric
and adult patients

Pediatric patients with 5q spinal muscular atrophy
and <2 y of age

5q spinal muscular atrophy in pediatric
and adult patients

Dose 12 mg/5 mL 1.1 × 1014 vector genomes/kg body weight (vg/kg) • 0.15 mg/kg/d up to 2 mo of age
• 0.2 mg/kg/d 2 mo to <2 y
• 0.25 mg/kg >/= 2 yo and <20 kg
• 5 mg per day >/= 2 yo and >20 kg
Concentration: 0.75 mg/mL

How given Intrathecal bolus Slow intravenous infusion over 60 min Enteral liquid (oral or feeding tube)

How often Four loading doses over 2 mo, then
every 4 mo

One time only Daily

Body distribution Cerebrospinal fluid Systemic and cerebrospinal fluid Systemic and cerebrospinal fluid

Laboratory testing
and monitoring

Blood and urine
Obtain at baseline and before each
dose: platelet count, prothrombin time
(PT), activated partial thromboplastin
time (PTT), quantitative spot urine
protein testing

Before OA infusion:
Assess for illness and do not give if concurrent
infection is suspected until the infection has resolved
Obtain blood for anti-AAV9 antibody testing, liver
function testing, creatinine, complete blood count,
and troponin-I
After OA infusion monitor blood tests for the
following 3 mo after dosing:
Liver function and platelet count weekly for the first
month, then every other week for the second and
third mo until back to baseline. Monitor troponin-I
level weekly for 1 mo, then monthly for the second
and third mo until back to baseline

None required

Boxed warning None SERIOUS LIVER INJURY and ACUTE LIVER FAILURE
Cases of sudden liver failure with fatal outcomes
have been reported. Acute serious liver injury and
elevated liver aminotransferase levels can occur with
OA. Patients with preexisting liver impairment may
be at higher risk. Before receiving OA, assess liver
function of all patients by clinical examination and
laboratory testing. Corticosteroids must be given to
all patients before and after OA infusion. Continue to
monitor liver function for at least 3 mo after infusion,
and as clinically indicated

None

Warnings and
precautions

Thrombocytopenia and coagulation
abnormalities
Renal toxicity

After OA infusion, instruct caregiver to monitor for
fever, lethargy, decreased feeding, vomiting,
decreased urination, seizures, or easy bruising or
bleeding and report to health care provider
immediately
1. Acute serious liver injury, acute liver failure
including fatalities, have been reported with OA use.
These effects are mitigated by administering
systemic corticosteroids to all patients before giving
OA and continued after dosing OA. Patients with
preexisting liver impairment or acute hepatic viral
infectionmay be at higher risk for serious liver injury/
liver failure
2. Systemic immune response may occur if OA is
given to a patient with an active infection. Avoid
giving OA. When an infection of any kind is suspected
until infection is resolved
3. Thrombocytopenia may be transient and was
typically observed in the first 2 wk after OA.
4. Thrombotic microangiopathy (TMA) has been
reported within the first 2 weeks after OA infusion.
TMA is associated with thrombocytopenia,
hypertension, microangiopathic hemolytic anemia,
and acute kidney injury
5. Elevated troponin-I has been observed and should
be monitored for at least 3 mo after dose

None

Continued

Neurology: Clinical Practice | Volume 15, Number 1 | February 2025 Neurology.org/CP
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full-length SMN protein production. Nusinersen is adminis-
tered intrathecally with 4 loading doses over 2months followed
by maintenance dosing once every 4 months; see eTable 1
(Nusinersen Clinical Trials).

OA is a gene transfer therapy approved by the United States in
2019 and by the EU in 2020 and other countries variably. OA
delivers a functional SMN1 gene using a transgene packaged in
an adeno-associated viral vector serotype 9 (AAV9). OA is
administered as a single intravenous dose to infants and tod-
dlers per each country’s health governing agency guidance; see
eTable 2 (OA Clinical Trials).

Risdiplam is a small molecule that functions as an SMN2 splice
modulator increasing exon 7 inclusion in SMN2 mRNA tran-
scripts and thus enhancing production of full-length SMN
protein. Risdiplam was approved by the United States in 2020
and with extended indications in 2022 and approved by the EU
in 2021 and with extended indications in 2023. Risdiplam is an
enteral liquid given by mouth or feeding tube once daily; see
eTable 3 (Risdiplam Clinical Trials).

Clinical trials of SMN-enhancing treatments have demon-
strated outcome benefit in motor function, event-free survival,
and reduced need for ventilatory support compared with
natural history.26-28 In addition, best outcomes are associated

with early treatment as demonstrated by clinical trials with
presymptomatic infants.29-32 Thus, treatment as soon as rea-
sonably possible after diagnosis is essential. Each treatment
has a unique route of administration, frequency, and potential
side effects to monitor. To date, long-term follow-up is pri-
marily clinical trial extension study data. None of the current
treatments have resulted in a cure for SMA.

Treatment Barriers
The HCPWG identified the following barriers to providing
DMT in rank order.

Access to Treatments Including Insurance/Payer
Issues and National Clinical Criteria (Overall Rank 1)
Barriers to treatment access included insurance/payer issues,
applicable in some countries, and regulations for access (not
payment) defined by country health governing agencies and
applicable in some countries. In addition, continued access to
a treatment may be limited by the payer or health governing
agency due to a requirement that patients demonstrate
continued absolute improvement while on treatment and
may not take into consideration the significance of im-
provement relative to SMA natural history and in the context
of each patient’s clinical status. Furthermore, current motor
function assessments may be limited and may not accurately
indicate slowed disease progression.

Table 1 SMA Treatment Characteristics for EU and US Prescribers (continued)

Nusinersen (Spinraza®) Onasemnogene abeparvovec-xiox (Zolgensma®) Risdiplam (Evrysdi®)

Adverse reactions Infantile onset SMA: Lower respiratory
infection and constipation; later-onset
SMA: fever, headache, vomiting and
back pain

Elevated liver aminotransferases and vomiting Later-onset SMA: fever, diarrhea, and
rash; infantile-onset SMA: fever,
diarrhea, rash, upper respiratory tract
infection, lower respiratory tract
infection, constipation, vomiting, and
cough

Drug interactions None Adjust vaccination schedule to accommodate
concomitant corticosteroid administration

Evrysdi may increase plasma
concentration of drugs eliminated
through multidrug and toxin extrusion
(MATE) protein transporters

Associated
treatment

None One day before OA infusion begin systemic enteral
prednisolone 1 mg/kg per day or equivalent for 30
d while monitoring as above followed by tapering
dose as clinically indicated
RSV prophylaxis treatment is recommended

None

Use in specific
populations

Pregnancy: insufficient data Premature neonates: not recommended because
concomitant treatment with corticosteroids may
adversely affect neurologic development. Delay
ZOLGENSMA infusion until full-term gestational age
is reached

Pregnancy: no adequate data on
developmental risk in pregnant
women. In nonclinical animal studies,
risdiplam during pregnancy or
throughout pregnancy and lactation
resulted in adverse effects on
development
Females of reproductive potential:
Pregnancy testing before initiation of
treatment is recommended and
advising use of effective contraception
Male fertility may be compromised by
treatment with risdiplam based on
animal toxicity studies
Counsel male patients of reproductive
potential receiving risdiplam about the
potential effects on fertility. Male
patients may consider sperm
preservation before treatment

Neurology.org/CP Neurology: Clinical Practice | Volume 15, Number 1 | February 2025
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Time to Treatment Initiation forNewlyDiagnosedWith
SMA (Overall Rank 2)
The first clinic visit with a patient suspected and/or di-
agnosed with SMA and their caregivers is tremendously im-
portant, and multiple goals must be achieved. These goals
include evaluating the patient’s clinical condition, providing
culturally appropriate education to patients and caregivers
with compassion and care to facilitate shared decision-
making, and obtaining data and laboratory studies to confirm
the diagnosis and submit for treatment approval. Variance at
each step may contribute to treatment initiation delay. In
addition, for all patients and especially those with 2 SMN2
copies, time to initiate treatment is critical due to ongoing
associated progressive irreversible motor neuron loss.33,34

Insufficient Data (Overall Rank 3)
Insufficient data (see Table 2) may be contextual and may
apply to different aspects of a treatment. For example, each
treatment may have different levels of available data re-
garding short-term efficacy, timing of beneficial effect onset,
side effects, and long-term outcomes. In addition, HCPs
have variable experience and confidence with the available
DMTs, and some may have limited staff and infrastructure
resources to provide intrathecal treatment. Unknown long-
term efficacy outcomes may contribute to subjective expec-
tations of HCPs and patients and caregivers.

Expectations (Overall Rank 4)
Expectations about care and treatment, response to treatment,
side effects, and long-term outcomes may be unknown and
influence decision-making. However, expectations may be
managed by HCP continuous self-education, providing edu-
cation and information about SMA and treatment options to
patients and caregivers, and providing reliable information re-
sources. These conversations require repetition, curiosity, and
being open to asking questions to facilitate understanding and
perception. Core to conversations between HCPs and patients
and caregivers is acknowledging what is not known and sharing
a commitment to gather as much data and information as
possible together. Shared expectations between HCP and pa-
tients and caregivers are essential to fostering a collaborative
relationship and shared decision-making.

Recommendations
To facilitate shared decision-making regarding SMN-enhancing
treatments, the following recommendations were developed
with the HCPWG and CWG (see Table 3).

Recommendation 1
When determining whether to start, change, add, or dis-
continue treatment, essential and consistent considerations
include (1) patient and family perspective and (2) treatment
safety and side effects.

The HCPWG achieved significant consensus (89%), and these
considerations ranked high in all treatment plan scenarios (see
Table 4). Treatment safety and side effects were discussed and
considered separate from treatment efficacy. Central to this rec-
ommendation is that prescribing HCPs be educated and knowl-
edgeable about all treatment options including expected and
possible side effects, safety monitoring requirements, currently

Table 2 Treatment Barriers: Insufficient Data Survey

Question
Responses (%)
Yes No

Do you agree we have SUFFICIENT data for
short-term safety and efficacy?

89 11

Do you agree we currently have
INSUFFICIENT data for

• Long-term safety and efficacy? 78 22

• Safety and efficacy and potential
efficacy of combination/sequential
therapy?

100 0

• Comparing treatments? 100 0

Table 3 Spinal Muscular Atrophy Update in Best Practice:
Recommendations for Treatment
Considerations Summary

Recommendation 1
When determining whether to start, change, add, or discontinue treatment,
essential and consistent considerations include (1) patient and family
perspectives and (2) treatment safety and side effects

Recommendation 2
When considering initiating treatment for patients newly diagnosed with
SMA (either symptomatically or before symptom onset) SMN2 copy number
and age are two important patient characteristics that guide treatment

Recommendation 3
When considering whether to start, change, or add a treatment for patients
with SMA who are not newly diagnosed, a major factor driving decision-
making is current clinical status (which may include comorbidities, complex
spine anatomy, and/or decreased function following treatment)

Recommendation 4
A. When considering amedication or treatment plan change, unless there is
an URGENT indication, a medication and associated patient outcomes
should be monitored for a minimum of 6–12 mo before making a change
(89% agreement)
B. URGENT indications to consider changing a treatment plan outside of a
6–12 mo assessment period (100% agreement) include:

• Significant side effects or intolerance to medication not acceptable to
patient or HCP

• Intolerance to medication administration route
• Significant disease progression as determined by the health care

provider and patient/caregiver
• Loss of motor milestones (infancy and young child)

Recommendation 5
Factors that guide decision-making when determining treatment for
adolescent and adult patients with SMA:

• Treatment intolerance
• Quality of life
• Benefit vs burden
• Treatment side effects
• Loss of functionality
• Reproductive concerns (male and female)
• Pregnancy
• Disease progression despite treatment
• Patient perspective (tired, burnt out)

Recommendation 6
Access to care coordination and interdisciplinary/multidisciplinary care are
essential to the success of providing SMN-enhancing treatment to patients
living with SMA, benefits the patient and caregiver experience, and benefits
the HCP experience

Neurology: Clinical Practice | Volume 15, Number 1 | February 2025 Neurology.org/CP
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known efficacy, and best practice regarding each treatment. This
information should be shared with patients and caregivers ob-
jectively and reliable information resources should be provided
including websites of patient advocacy organizations. Additional
knowledgeable team members may be important to support and
reinforce information provided to patients and caregivers in-
cluding, for example, genetic counselor and care coordinator.

The CWG agreed with this recommendation and reiterated
the importance of receiving clear and reliable information

regarding all treatment options including safety concerns,
side effects, and monitoring so they are empowered to be
active decision-making partners regarding treatment.35 Ex-
pectations about treatments should be shared collaboratively
with patients and caregivers, including anticipated realistic
goals of treatment—both known and unknown and that
treatment is not a cure.36 Patients and caregivers require
information about how each treatment is administered, clinic
visit frequency, travel requirements to receive treatment, and
ongoing testing requirements to monitor for side effects and

Table 4 Treatment Workgroup Consensus Survey Results

Delphi questions Responses (%) (%)

Recommendation 1 Yes No

Do you agree with the following statement? The top 2 factors when determining whether to
start, change, add, or stop a treatment are
- Safety and side effects
- Patient and family preference

89% 11%

Recommendation 2 Yes No

Do you agree with the following statement?
SMN2 copy number and age are 2 important factors when considering initiating treatment for
patients diagnosed with SMA (either symptomatic or without symptom)

100 0

Recommendation 3 Yes No

Do you agree with the following statement? When it comes tomaking a decision on whether
to start, change, or add a treatment, amajor factor for making this determination is current
clinical status (whichmay include comorbidities, complicated spines, anddecreased function
following treatment)

100 0

Recommendation 4A Yes No

When considering amedication or treatment plan change: unless there is anURGENT reason,
a medication and patient outcomes should be monitored for a minimum of 6–12 mo before
making a change

89 11

Recommendation 4B Yes No

The following would be considered URGENT reasons to consider changing a treatment plan
outside of a 6–12 mo assessment period:
- Significant side effects/intolerance to medication
- Intolerance to medication administration route
- Significant disease progression
- Loss of motor milestones

100 0

Recommendation 5 Very important (%) Somewhat important (%)

Please identify the level of importance of the following factors that guide decision making
when determining treatment for adult patients with SMA

Using a Likert 5 level scale, the HCPWG identified the following factors as very important or
somewhat important

• Treatment intolerance 100 0

• Quality of life 91 9

• Benefit vs burden 82 18

• Treatment side effects 82 18

• Loss of functionality 82 18

• Reproductive concerns (male and female) 72 27

• Pregnancy 64 36

• Disease progression despite treatment 64 36

• Patient perspective (tired, burnt out) 55 45

Neurology.org/CP Neurology: Clinical Practice | Volume 15, Number 1 | February 2025
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efficacy. This information along with collaborative discus-
sions between the HCP about their considerations and
recommendations and the perspectives of the patient and
caregiver and their capacity to comply with specific re-
quirements will provide guidance to determine the specific
treatment plan and overcome barriers around expectations.
Providing a treatment is an agreement for continued care
between the HCP and the patient and caregiver. The em-
phasis on shared decision-making between patient, caregiver,
and HCP is essential to providing best care and achieving
best outcomes.

Efficacy and safety information is available through com-
pleted clinical trials and extension trials on small well-defined
clinical cohorts with limited variability to determine proof of
concept for efficacy and safety for each treatment as outlined
above. Although limited, real-world data are actively being
collected across the SMA community to better understand
treatment efficacy and safety, the changing SMA phenotype,
and to guide development of treatment recommendations for
specific clinical scenarios. Collection of real-world clinical
data is essential to establish clinically meaningful outcomes
and requires collection of high-quality agreed-uponmeasures
across the SMA community for analyses. Furthermore, these
data, which may include new findings and care practices, may
be leveraged to advocate, educate, and engage with payers
and health governing agencies to address barriers to treat-
ment access and insufficient data.

Recommendation 2
When considering initiating treatment for patients newly
diagnosed with SMA (either symptomatically or before
symptom onset) SMN2 copy number and age are 2 impor-
tant patient characteristics that guide treatment.

The HCPWG achieved highly significant consensus (100%)
(see Table 4). In addition, the HCPWG agreed that SMN-
enhancing treatment should be initiated as soon as feasible
for newly diagnosed patients. SMN2 copy number and age at
diagnosis and age at onset of SMA symptoms (when pre-
sent) are important factors to consider when providing
guidance around initiating treatment for newly diagnosed
individuals with SMA. Infants with 2 SMN2 copies have an
extremely short time during which rapid irreversible motor
neuron loss occurs.33 Infants with 3 or 4 SMN2 copies di-
agnosed before symptom onset may have a somewhat longer
yet highly variable time course for irreversible motor neuron
loss and the appearance of symptoms. However, rapid loss of
motor neurons occurs before symptom presentation33; thus,
treatment cannot be delayed. Generally, a higher SMN2 copy
number is associated with less severe disease although there
are exceptions.5 Knowledge of the SMA natural history based
on age and number of SMN2 copies relative to a patient’s
presentation, e.g., newborn screening or symptomatically,
guides the education and information to provide about SMA
to the patient and caregivers to guide expectations. Initiating
treatment for newly diagnosed SMA is urgent for all infants

with up to and including 4 SMN2 copies per consensus
statement among US HCPs.37

Currently SMN2 copy number and patient age affect specific
treatment access. For example, availability of intravenous OA is
specified by each country’s health governing agency andmay be
based on age, SMN2 copy number, and/or weight.21,24 Access
to other treatments is heterogeneously available as per each
country’s policy makers. In some countries, the national health
governing agency may not support treatment of patients with
SMA and 4 SMN2 copies and who are without symptoms.
Individuals with SMA and 5 or more SMN2 copies may not be
eligible for SMN-enhancing treatments.

An additional consideration when initiating treatment for
newly diagnosed patients with SMA is the results of screening
laboratory studies. Abnormal initial laboratory test results
may affect which initial treatmentmay be used, e.g., abnormal
AAV9 titer or abnormal liver function evaluation in a child <2
years will delay or may eliminate OA treatment. For best
outcomes, and to minimize time to first treatment barrier,
treatment should be started as early as possible after di-
agnosis with any SMN-enhancing treatment. When abnor-
mal test results normalize, the initial intended treatment may
be considered.

Recommendation 3
When considering whether to start, change, or add a treat-
ment for patients with SMA who are not newly diagnosed, a
major factor driving decision-making is current clinical status
(which may include comorbidities, complex spine anatomy,
and/or decreased function following treatment).

The HCPWG achieved highly significant consensus (100%)
that a patient’s clinical status at the time of initiating,
changing, or adding a treatment drives decision-making re-
garding treatment management (see Table 4). For example,
due to physical route of administration, a patient with
complex spine anatomy is at risk for or may have difficulty
tolerating the administration of intrathecal DMT. Therefore,
physical route of administration limitations may drive con-
sideration of initial DMT andmay also drive a treatment plan
modification from intrathecal administration to a DMT with
an alternative route of administration. Similarly, patients
with underlying liver disease or elevated liver transaminases
on initial screening are limited in treatment choice because
treatment (OA) may exacerbate preexisting liver disease.
Another example of clinical status considerations for treat-
ment is a patient whose neurologic status stabilized on a
treatment for several years and then lost function, e.g., lost
the ability to walk independently. This delayed loss of
function may be due to treatment slowing SMA disease
progression while not preventing further progression. In this
clinical scenario, an HCP and patient/caregiver may explore
whether to change or add a treatment, although there is
currently a lack of published data. Reproductive planning
also affects DMT considerations due to insufficient data.
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The CWGdiscussed the importance of receiving information
about timeline expectations for treatment response and what
the response may be. It is also helpful to discuss which op-
tions may be available if a treatment has unacceptable or
intolerable side effects/symptoms or no longer seems to be
providing benefit.38 In addition to discussing treatment and
to optimize treatment effect, guidance and recommenda-
tions for supportive care is equally important and includes
receiving multidisciplinary care for musculoskeletal, re-
spiratory, and nutrition concerns. These conversations will
reduce the barrier of expectations and facilitate shared de-
cision-making.

Recommendation 4
A. When considering a medication or treatment plan

change, unless there is an URGENT indication, a
medication and associated patient outcomes should be
monitored for a minimum of 6 to 12 months before
making a change (89% agreement).

B. URGENT indications to consider changing a treatment
plan outside of a 6-to-12 month assessment period
(100% agreement) include:

c Significant side effects or intolerance to medication not
acceptable to patient or HCP

c Intolerance to medication administration route
c Significant disease progression as determined by the

HCP and patient/caregiver
c Loss of motor milestones (infancy and young child)

The HCPWG achieved significant (4.A.) and highly signifi-
cant (4.B.) consensus (see Table 4). A treatment plan is
defined as a collaborative effort to identify the patient’s/
caregiver’s goals for treatment and what will be provided to
treat or manage the disease. In general, the HCPWG rec-
ommended allowing 6 months to monitor response based on
current knowledge of treatment onset of action and timeline
to clinically observe response to a treatment. However, there
are exceptions. Clinical examples that may lead to consider
changing a treatment plan before 6 months include:

c Intolerance to intrathecal injections
c Intolerance to gastrointestinal side effects of oral medication
c Abnormal results from monitoring laboratory studies
c Within 2–3 months after starting a treatment, loss of

motor milestone(s) in an infant or further loss of function
in older individuals with SMA

c A patient who becomes pregnant
c Persistent symptoms after DMT and perceived lack of

response

These scenarios require monitoring, review of patient journey,
and consideration of a possible change in the treatment plan.

The CWG emphasized that patients and caregivers are in-
tegral to decisions around modifying a treatment plan. To be
successful shared decision-makers, patients and caregivers

require unbiased information about considerations and op-
tions for treatment changes, what is known and not known,
and guidance for monitoring symptoms and possible side
effects that may occur with a specific treatment plan. In ad-
dition, patients and caregivers should receive information
about who to contact about concerns. Owing to limited data
around long-term effect of overlapping or sequential treat-
ments on larger numbers of patients from real-world data,
shared decision-making between patients, caregivers, and
their health care team is essential to providing best care.

Clinical judgment about significant disease progression is
individualized and includes understanding the natural history
of SMA relative to the individual patient’s age at symptom
onset (if present), age and development or functional status
at DMT start, disease trajectory before DMT, and their ca-
pacity to respond to treatment which includes slowing pro-
gression of disease, stabilizing, or maintaining function, or
improvement. For example, patients with SMA <5 years old
have capacity for increased response to SMN-enhancing
treatments with the greatest responsiveness in patients
younger than 2 years.13,14,26-28,39-45 Older children, teens,
and adults may increase function that assists with optimizing
independence, e.g., continued ability to drive their own
motorized wheelchair or ability to lift a drink in a cup from a
surface.46,47 In addition, the response may include stabili-
zation of disease progression and improved quality of life,
e.g., improved tolerance to viral illness while continuing to
require ventilation support or the ability to tolerate sitting
upright for longer periods of time.48,49 Observations in
natural history and clinical trials have shown that the out-
comes response to DMTs is positive across all age groups
and severity. If significant disease progression is the clini-
cian’s judgment, e.g., loss of motor milestones in an infant, as
the treatment plan is being reviewed, questions to consider
include whether the patient may have additional response
with a change of the treatment plan.

Add-on treatment is being explored in clinical trials, and
additionally, real-world data are being collected. Add-on
treatment includes any SMN-enhancing treatment that is
given after receiving OA and also includes risdiplam and
nusinersen given concurrently. Unanswered questions con-
cerning the possible benefits of add-on treatment (efficacy)
include is it safe to add on treatment (safety), and when to
add (timing). Discussion with the patient and caregiver is
essential to achieve shared decision-making because there are
insufficient data to provide recommendations regarding add-
on treatment, and in many countries, this may not receive
cost approval.

Real-world data collection of the patient journey will guide un-
derstanding of SMA treatments and reduce the barriers of in-
sufficient data in SMA care and managing expectations. In
addition, collaborative development of clinically meaningful
outcomes for older children, teens, and adults is needed to reduce
treatment access barriers and contribute to decision-making.
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Recommendation 5
Factors that guide decision-making when determining
treatment for adolescent and adult patients with SMA:

c Treatment intolerance
c Quality of life
c Benefit vs burden
c Treatment side effects
c Loss of functionality
c Reproductive concerns (male and female)
c Pregnancy
c Disease progression despite treatment
c Patient perspective (tired, burnt out)

The HCPWG used a Likert 5-level scale to identify the im-
portance of each of the above factors. All were identified as
very important or somewhat important and factors are listed
in decreasing order of percent of respondents indicating the
factor was very important (see Table 4).

When providing care and considering treatment of adults with
SMA, it is important to review the natural history of SMAdisease
without treatment which is progressive neuromotor loss over
time.14 In addition, comorbidities play a significant role such as
having complex spine anatomy or underlying renal disease, and
reproductive planning also affects decision-making. The ex-
pectations for response to treatment for adults have a different
focus compared with young children. Anticipated outcomes
for adults are slowed progression of SMA disease, maintaining

current motor function to perform activities of daily living, and
optimizing independence. Thus, the effect of SMN-enhancing
treatments may require a longer time course to observe, 12
months or more. In addition, patient age is a less important
when considering treatment for adults. When considering
treatment options with an adult livingwith SMA, it is essential to
discuss the above listed topics and gain understanding of each
patient’s personal goals for their unique life and their baseline
functional status and then engage in shared decision-making.

Recommendation 6
Access to care coordination and interdisciplinary/multidisciplinary
care are essential to the success of providing SMN-enhancing
treatment to patients living with SMA, benefits the patient and
caregiver experience, and benefits the HCP experience.

The CWG identified the importance of patients and care-
givers having access to a designated care coordinator(s) in-
troduced early in the SMA journey to support and navigate
local and specialty health care systems including:

c Receiving and reinforcing information about SMA and
available treatments

c Understanding the process and expectations around
access to treatments

c Scheduling care visits with the SMA care team and
interdisciplinary/multidisciplinary HCPs

c Coordinating laboratory monitoring studies associated
with SMA treatment

Table 5 Recommended SMA Education and Resources

SMA diagnosis education SMA treatments education Support resources

Understanding SMA
• Cause
• Genetics
• Pathophysiology
◦Adapted to patient clinical status

Overview of treatments
• Mechanism of action
• Route and frequency of administration
• Clinical trial information and results

Identified care coordinator
Identified multidisciplinary/interdisciplinary
team members

Symptoms
• Impacted organ systems

Risks and benefits
• Efficacy
• Side effects
◦ Known, anticipated and Possible

• Required monitoring

Psychosocial counseling services for patient/
caregiver

Natural history of disease without treatment Access to treatment process
• Health governing agency

Supportnavigatingprocess toaccess treatment
• Health governing agency/payors
• Communications

Health management
• Supportive care of SMA disease symptoms
◦ Interdisciplinary care
- Respiratory
- Nutrition/bone health/gastrointestinal
- Neuromusculoskeletal/rehabilitation
- Orthopedic
- Psychosocial
- Acute care

• Preventative (routine) health care
immunizations

◦ Routine health care checkup
◦ Exercise/activities

Expectations
• Shared decision-making
• Time and travel commitments
• Medical compliance
◦ Safety
◦ Follow-up

• Financial
• Cultural considerations

Patient advocacy organizations
• Examples
◦ Cure SMA
◦ SMA Europe

Current knowledge limitations What is known and not known
• Treatment outcomes

Parent and patient support groups
• Social media
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c Information and access to community support services,
e.g., counseling services, transportation, patient advocacy
groups, patient and caregiver support services

TheHCPWGdiscussed and agreedwith the importance of care
coordination to facilitate providing SMN-enhancing treatments
(seeTable 5) and addressingmultiple barriers including time to
treatment, access to treatment, and managing expectations.
Coordinated care for rare conditions involves working together
across multiple care processes to enable everyone involved in a
patient’s care to avoid duplication and achieve shared out-
comes. Ideally, care coordination is patient-centered, holistic
for the patient and caregiver, evidence-based, with equal access
to coordinated care irrespective of patient circumstances and
geographical location.50

In addition, emphasizing the importance of and providing
access to interdisciplinary and multidisciplinary supportive
care optimizes DMT outcomes and facilitates assessment
and anticipation of unique needs, e.g., possible need for
respiratory support during illness, or musculoskeletal brac-
ing and other assistive devices to optimize development,
function, and independence. Owing to not having a cure for
SMA, limited numbers of patients with SMA and limited
long-term SMN-enhancing treatment outcomes data, con-
tinued interdisciplinary and multidisciplinary evaluations
are necessary to understand and improve healthcare for in-
dividuals with SMA.

Discussion
This work provides recommendations for SMA treatment
decision-making betweenHCPs and patients and caregivers
in North America and Western Europe. Access to treat-
ments and resources varies worldwide, reflecting a variety of
barriers. The goals are to provide uniform early diagnosis,
SMN-enhancing treatment, and ongoing interdisciplinary/
multidisciplinary care for all people living with SMA. De-
spite many unanswered questions, this framework requires
current knowledge of SMN-enhancing treatments and
collaboratively sharing that knowledge with patients and
caregivers to actively engage in shared decision-making.
Barriers to providing DMTs may be addressed through
collaborative and coordinated real-world data collection,
analyses and dissemination to increase evidence and
knowledge and leveraging this knowledge to advocate for
treatment access, optimize time to treatment, andmanaging
expectations.

Additional work is needed to establish a revised clinically
meaningful classification of SMA, characterize the “new”
natural history of SMA disease including presymptom-
atic to symptomatic SMA disease spectrum, and validate
clinically meaningful outcomes for adolescents and adults
with SMA. Use of SMA DMTs will continue to evolve,
and further updates in SMA treatment best practice are
needed.
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TAKE-HOME POINTS

When determining whether to start, change, add,
or discontinue SMA treatment, essential consid-
erations include patient and family/caregiver
perspective, and treatment safety and side
effects.

When initiating treatment for patients newly di-
agnosed with SMA, important patient characteris-
tics are age and SMN2 gene copy number.
Furthermore, when initiating, changing, or adding
treatment for patients not newly diagnosed with
SMA, current clinical status and comorbidities drive
decision-making.

When considering a medication or treatment plan
change, unless there is an urgent indication, a
treatment and associated patient outcomes should
be monitored for a minimum of 6–12 months
before making a change.

When determining a treatment plan with an
adolescent or adult with SMA consider factors such
as quality of life, burden vs benefit of treatment, and
reproductive issues.

Access to care coordination and interdisciplinary/
multidisciplinary care are essential to the success
of providing SMN-enhancing treatment to
patients living with SMA, benefits the patient
and caregiver experience, and benefits the HCP
experience.
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Appendix 2 Coinvestigators

Coinvestigators are listed at Neurology.org/cp.
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