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Updates in Clinical Data for FDA-approved
Disease-modifying Therapies
for Spinal Muscular Atrophy
Elizabeth Bisaccia, PharmD, BCPPS

Introduction
Spinal muscular atrophy (SMA) describes a diverse group of inher-

ABSTRACT

ited neuromuscular disorders characterized by degradation of the

Spinal muscular atrophy (SMA) is a rare, diverse group of inherited

lower motor neurons causing progressive muscle atrophy and

neuromuscular disorders that cause degradation of the lower motor

weakness. Although SMA results in neuromuscular degeneration,

neurons, progressive muscle atrophy, and weakness. The natural history

it does not affect neurocognitive ability.1,2 The most common form
of SMA (about 95% of cases) occurs due to a homozygous deletion
(less frequently a point mutation) located on the 5q13 region of the
survival motor neuron 1 (SMN1) gene.1,3-8 The SMN1 gene is respon-

of SMA has changed significantly with an increased understanding of SMA
pathophysiology and new technologies. As a result, affected individuals
now have 3 disease-modifying therapies available for treatment. Evidence
suggests that these novel agents are more effective when started early in
the disease process. This reinforces the importance of newborn screening

sible for encoding SMN1 protein, ensuring alpha motor neuron

as a mechanism for early diagnosis. Pharmacists are highly valued

fibers’ survival. The SMN2 gene is closely related to SMN1, but

members of the healthcare team who play a pivotal role in the SMA care

3

produces less protein than SMN1.9 The SMN2 gene still produces
enough protein that the clinical severity of SMA is dictated by the
number of SMN2 copies an affected individual with SMA has. The

team. Therefore, pharmacists must be up-to-date on SMA’s medical
management, including the most current efficacy and safety data to assist
providers, caregivers, and patients in selecting these agents and ensuring
patients with SMA receive optimal and timely medical care.

fewer the copies of SMN2, the more severe the SMA phenotype.10
Some forms of SMA are fatal without treatment, and patients
diagnosed with the most severe form of disease will die of respira-

Am J Manag Care. 2021;27:S3-S12
For author information and disclosures, see end of text.

tory failure by 2 years of age unless they are provided continuous
mechanical ventilation.9,11
SMA affects approximately 10,000 to 25,000 children and adults
within the United States, making SMA the most common fatal
genetic disease among infants.1,12 The estimated incidence of SMA
is 1 in 6000 to 11,000 live births, and a 1 to 2 per 100,000 individual
prevalence.1,2,13,14 Due to disease rarity and inconsistent newborn
screening across the United States, these numbers have been
difficult to ascertain. The first newborn studies conducted within
the United States suggest a 1:40 SMA carrier frequency; however,
reported frequencies vary based on ethnicity (1:48-1:97).
Over the past few years, significant changes have occurred
with the licensing of disease-modifying therapies (DMTs) for the
treatment of SMA. The medical management of patients with SMA
has drastically evolved, along with the affected patient’s quality
of life, survival outcomes, and parent and/or caregiver burden.
Three agents are now commercially available within the United
States, and pharmacists must have a thorough understanding
of these therapies’ efficacy and safety data to help the SMA care
team, patients, and caregivers obtain the best benefit from these
THE AMERICAN JOURNAL OF MANAGED CARE® Supplement
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therapies. Therefore, the purpose of this educational activity is to

becoming less practical.15 Treated SMA is now considered to lie on a

update pharmacists on the management of SMA, including clas-

continuum because patients frequently gain motor function versus

sification, diagnosis, and screening. This activity will also review

progressive loss among those untreated. To address these changes,

the most recent SMA standards of care, outcome measures, and

updates to the classification system categorize individuals with

safety and efficacy data for nusinersen, onasemnogene abeparv-

SMA as nonsitters, sitters, and walkers while focusing on current

ovec, and risdiplam.

functional status and treatment response (Table 2).15,19-26

Classification, Diagnosis, and Screening of SMA
SMA Classification

In the past, SMA was diagnosed once clinical signs appeared (such

SMA Diagnosis and Screening

The clinical burden of SMA is highly variable. Historically, SMA

as proximal muscle weakness, motor delay, or regression).21 Now,

was classified into 3 subtypes dependent on the affected individ-

if there is a high clinical suspicion of SMA, diagnosis occurs with

uals’ age of onset and highest achieved motor function (Werdnig

genetic testing that may include multiplex ligation-depended

Hoffmann disease [type 1], Dubowitz syndrome [type 2], and

probe amplification (MLPA), quantitative polymerase chain reac-

Kugelberg Welander disease [type 3]) outlined in Table 1.2 The clas-

tion (qPCR), or next-generation sequencing (NGS).21

sification system would then expand further (Table 1 ) to include

An individual must be missing both functional SMN1 copies to

congenital- or prenatal-onset (type 0, type 1 in later classifications)

be diagnosed with SMA.21 If one functional SMN1 copy is present,

and adult-onset (type 4).15-18 However, the natural history of SMA has

additional testing should occur to determine if other mutations

evolved significantly with additional clinical trials and the develop-

are present. Furthermore, if an individual has 2 functional SMN1

ment of therapeutics resulting in previous classification systems

copies but has a strikingly typical SMA phenotype, additional

2

TABLE 1. Historical Phenotypes of Spinal Muscular Atrophy2
Phenotype

Number of SMN2 copies

Alternative name

Age of onset

Natural age of death

0

-

-

Prenatal/birth

<6 months

1

2

Werdnig Hoffmann disease

<6 months

<2 years

2

3

Dubowitz syndrome

6-18 months

>2 years

3

3

Kugelberg Welander disease

>18 months

Adulthood

4

4-6

Adult-onset

Adulta

Adult

Usually in 2nd or 3rd decade of life.
Adapted with minimal changes from Verhaart IE, et al. Prevalence, incidence and carrier frequency of 5q-linked spinal muscular atrophy – a literature review.
Orphanet J Rare Dis. 2017;12(1):124, under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/).
a

TABLE 2. New Proposed SMA Classification and Common Clinical Features15,19-26
Proposed SMA
classification

SMA patient
population

Common clinical features

Notes

Nonsitters

Majority of
SMA type 1

• Bulbar musculature impairing swallowing
and secretion management
• Bell-shaped thorax deformity
• Frog-leg posture (supine), poor head control

• Some independent sitters with SMA type 2 can revert
back to nonsittersa
• Nutrition/respiratory support helped decrease
mortality

Sitters

SMA type 2
and type 3b

• Can sit independently, unable to walk
or stand independentlyc
• Joint contractures, mandible
ankyloses, scoliosis

• Scoliosis plus weak intercostal muscles can lead to
restrictive lung disease with respiratory insufficiency
• Survival outcomes dictated by level of respiratory
challenges

Walkers

SMA type 3
or type 4

• Have and maintain ability to ambulate
• More severe cases may include scoliosis
and respiratory insufficiency

• Ability to ambulate is correlated with age of onset/
independent sitting

SMA, spinal muscular atrophy.
a
Disease onset after 6 months of age.
b
SMA type 3 whose weakness has progressed to non-ambulatory.
c
Or lost the ability.
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genetic testing should occur to assess for rarer forms of SMA (or

individuals.33 Nutritional support in patients diagnosed with SMA

neuromuscular disorders) other than 5q SMA.21

has also been a historically important component of care. Hurst

An SMA diagnosis is commonly delayed for most people and

Davis et al published survey results in which all patients with SMA

can range between 4 months after symptom onset (SMA type 1) to

type I were found to require nutritional support via feeding tube,

greater than 10 months, or sometimes years, among people with

elemental formulas, probiotics, and bowel regimens.34 Orthopedic

SMA type 3.27-29 Per and colleagues followed 5 Italian centers and

professionals will often be involved in the management of these

examined the limitations that led to delays in diagnosis. What

patients due to progressive spinal deformities. These specialists may

the investigators found was that the mean time between symptom

provide braces as palliation for spinal curvature and often perform

onset and diagnosis in patients with type 1 was 1.94 months, in

surgical interventions to correct deformities.21 As stated previously,

type 2 it was 5.28 months, and in type 3 it was 16.8 months. Much

care of patients with SMA should be multidisciplinary and include

of the delay in diagnosis is attributed to the age at which patients

other healthcare providers as required to ensure patients receive a

would present with symptoms based on disease severity and rein-

comprehensive treatment plan.33

30

forced the importance of newborn screening as a mechanism for

As more research has been conducted and SMA pathology is better

early diagnosis. In patients with delayed diagnosis, initiation of

understood, it has become clear that early treatment is critical to

DMTs may not be as effective because significant degeneration of

preventing the rapid and progressive nerve degeneration seen in

the non-regenerable alpha motor neurons has already occurred.30

SMA.27 For example, evidence suggests that more than 90% of motor

Therefore, a greater emphasis on prenatal carrier testing and

units are lost within the first 6 months of age among patients with

newborn SMA genetic screening has resulted in the hopes of iden-

SMA type 1. Thus, as SMA still has a diagnostic delay and newborn

tifying infants with SMA earlier so DMTs can be initiated sooner.

screenings are not available everywhere within the United States,

In the United States, the federal Recommended Uniform Screening

the optimal window for therapeutic intervention may be missed

Panel added SMA in 2018, with 33 states currently adopting and

in many patients because treatment options can only be evaluated

implementing the recommendation (a full list of all states may

once the diagnosis has been made.27

be found at www.curesma.org/newborn-screening-for-sma/).

31

In 2018, Glascock et al released a treatment algorithm developed

Biomarkers are also another tool being investigated to help

for infants identified as SMA-positive via newborn screening based

identify patients with SMA sooner, predict disease severity, and

on their SMN2 copy number.27 The working group developed this

optimize therapy. More than 200 candidates exist focusing on SMN2

algorithm to identify which patients should be treated immedi-

copy number and/or non-SMN-related biomarkers. A review of

ately following a positive newborn screen.27 SMA is a disease state

biomarkers is beyond the scope of this document but was recently

with a wide range of severity and acuity. Some manifestations of

reviewed by Kariyawasam et al.32

the disease are imminently life threatening, whereas others, while
rare, may be completely asymptomatic. The working group that

SMA Standards of Care and Scoring Tools
SMA Standards of Care

designed the algorithm consisted of 15 SMA experts who used a
modified Delphi process moderated by a neutral third-party expert.

The 2018 SMA Standards of Care emphasize the importance of a

Glascock et al recommended that infants with 2 or 3 copies of SMN2

multidisciplinary approach for the management of patients with

should receive immediate treatment. Infants with 1 copy were

SMA.20,21 SMA is a highly complex disorder that requires multiple

recommended to be treated if they were truly pre-symptomatic,

specialties (eg, neurology, orthopedics, respiratory, nutrition and

and if they had symptoms, it was up to the physician’s discretion.

gastrointestinal, pharmacy) work in concert along with a coordi-

Similarly, among patients with 4 or more copies of SMN2, the

nator and the patient’s family to provide the best possible outcomes

working group recommended to monitor and begin treatment at

for the affected patient.21

the onset of symptoms. Also, routine follow-up care should occur

Before the approval of pharmacologic therapies, supportive

every 3 to 6 months until the patient is 2 years old, and every 6

care was the only option for patients with SMA, especially respi-

to 12 months after treatment if not started immediately. The

ratory care as these patients will eventually progress to requiring

working group also recommended follow-up tests such as elec-

ventilation. Airway clearance that consists of manual chest phys-

tromyography, compound muscle action potential monitoring,

iotherapy plus mechanical insufflation-exsufflation should be the

myometry, physical examinations, and motor function scales in

primary methods used in patients who are ambulatory.20,21 Airway

patients once they achieve the appropriate age.27 Finally, parents

clearance measures must be implemented proactively based on a

and/or caregivers should be educated to notify their primary SMA

physical assessment to manage respiratory illnesses aggressively.

healthcare provider if they observe a significant change in their

Clinical assessment should include cough effectiveness, nocturnal

child (eg, movement, feeding, breathing pattern, increased fatigue,

hypoventilation, and any potential for infection among ambulatory

voice/cry changes).35
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In 2019, the SMA working group reconvened and determined

points/month (mild to severe phenotypes), −0.04 points/month (mild

sufficient new clinical data and real-world experience existed

phenotypes), and −12.67 points over 2 years.41-43 The CHOP INTEND

to justify reevaluating infants with 4 copies of SMN2 who were

scoring tool was created to optimize the measurement of motor

confirmed SMA-positive via newborn screening.36 Glascock et al

skills in the SMA patient population; however, further studies will

updated their position, whereby, they now recommend immediate

be needed to continue to establish validity of this tool and quantify

treatment for infants diagnosed with SMA from newborn screening

the sensitivity of this test to accurately measure change over time.39

with 4 copies of SMN2. In addition, the working group reaffirmed
SMN2 copies. All other recommendations remained the same as

Hammersmith Infant Neurological Examination-Section 2,
Motor Milestones (HINE-2)

outlined in the previous 2018 treatment algorithm.27,36

HINE-2 is a motor function assessment tool developed to evaluate

their recommendation for watchful waiting among infants with 5

infants’ motor skills and can be used to assess patients aged 2

SMA Outcome Measures

to 24 months diagnosed with SMA. Section 2 of the HINE motor

Historically, SMA muscle weakness was measured directly via assess-

milestones is a brief (5-15 minute), standardized assessment tool

ments of strength, and those data were used to describe the level of

that evaluates 8 motor skills (voluntary grasp, ability to kick, head

impairment or disease severity experienced by affected patients.

control, sitting, crawling, standing, rolling, and walking) and their

Today, outcome measures in SMA focus on the patient’s functional

progression in healthy or high-risk infants. The milestone progres-

37

status and quality of life. Measurement tools that evaluate how well

sion score shows increased levels of functional ability moving

individuals with SMA function in their daily lives are considered

from left to right. The total score is the sum of points from each

more clinically relevant and meaningful. Furthermore, changes

functional item and ranges from 0 to 26.

in strength can be evaluated more appropriately to assess how

Despite HINE-2 not being designed for individuals with SMA

the change will impact a patient’s performance. Early tests such

specifically, it has been used in SMA clinical trials and was found

as the Test of Infant Motor Performance had good reliability but

to be both reliable and sensitive to change.37 HINE-2 was capable

were poorly tolerated in patients with SMA type 1 due to the patient

of detecting change over time in 16/19 infants with type 1 SMA (in

needing to be in the prone position, which taxed the respiratory

all 8 motor skill domains).44 Improvements observed in HINE-2

reserve because of diaphragmatic breathing.38

were likewise correlated with changes in other neuromuscular

With the promise of pharmacologic therapies on the horizon,

outcome measures.44

SMA experts worldwide coalesced to develop and validate outcome
measures that could be used for surrogate end points in clinical

Hammersmith Functional Motor Scale-Expanded (HFMSE)

practice and clinical trials.37 Five of the most common outcome

The HFMSE scale is used to assess children’s (aged >24 months)

measures used in SMA research and clinical practice are outlined

ability to perform multiple activities in later-onset SMA types 2

in more detail below.

and 3. The HFMSE scale contains 33 items, and increased func-

Children’s Hospital of Philadelphia Infant Test of
Neuromuscular Disorders (CHOP INTEND)

with each item being scored from 0 to 2. It is recommended that

tional ability moves from left to right. The maximum score is 66,
the HFMSE is performed by a healthcare provider experienced in

CHOP INTEND is a validated 16-item scale developed to evaluate

handling children and adults with SMA. The test takes approxi-

motor function in infants with SMA type 1.38,39 The tool was devel-

mately 10 to 30 minutes to complete. The HFMSE scale is highly

oped based on the natural history progression of motor function.37

correlated with the gross motor function measure and can help

The 16 items are graded on a scale of 0 (no response) to 4 (complete

healthcare providers determine the SMA type and ambulatory and

response) and are ordered to minimize position changes, the prone

respiratory function.39

position, and purposely test least tolerated items last. The CHOP
INTEND test takes approximately 15 to 40 minutes based on how

Revised Upper Limb Module (RULM)

cooperative the infant/child is. The maximum test score is 64.

The RULM scale assesses upper limb function among ambulatory

Based on research using the CHOP INTEND scoring tool, chil-

and non-ambulatory children and adults with SMA.37 Both upper

37

dren with SMA who are untreated have declining scores over time.

limbs should be measured and scored using the 19-item test. Items

Further, infants with SMA have significantly lower CHOP INTEND

assessed are typically associated with activities of daily living

scores compared with age-matched typically developing infants

such as pressing a button, placing hands on lap, and picking up a

over the same time.

token.45,46 RULM has a maximum score of 37, with each item being

40,41

Infants with SMA type 1 who possess 2 copies

of SMN2 have an average score of 20.2 and do not score above 36.37

scored from 0 to 2 (one item scored as can or cannot). The test

Results of long-term data showed a mean change in the loss of −0.31

requires 10 to 15 minutes to complete.37
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6-Minute Walk Test (6MWT)

on therapy, they must complete a series of loading doses before

The 6MWT is an objective measure of functional exercise capacity

moving on to maintenance therapy. The first 3 loading doses of

among ambulatory individuals with later-onset SMA.37 The 6MWT

nusinersen are administered every 14 days. The fourth and final

measures how far an individual can walk in 6 minutes on a linear

loading dose of nusinersen is administered 30 days after the third

25-meter marked course. The test takes approximately 10 minutes

dose. After completing the loading dose regimen, patients are

to complete and has demonstrated excellent reliability and conver-

started on maintenance therapy that includes 1 intrathecal injec-

gent validity in patients with SMA.

tion every 4 months. Nusinersen is approved in pediatric and adult

37

patients with SMA.49

Bayley Scales of Infant Development (BSID-III)

ENDEAR (NCT02193074) evaluated the safety and efficacy of

The Bayley Scales of Infant Development (BSID) are now on their

intrathecal nusinersen in 121 infants with infantile-onset SMA

third iteration.47 The original BSID was developed out of the National

who were aged 6 months or younger.50 The primary efficacy end

Collaborative Perinatal Project and served as an important standard

points included motor-milestone response, defined according to

for the assessment of infant and toddler development between age

HINE, and event-free survival. An interim analysis showed that

2 and 30 months. Now in its third edition, this scale assesses the

patients treated with nusinersen had higher HINE motor mile-

development of infants and toddlers aged between 1 and 42 months.

stone improvement (41%) compared with the control group (0%)

This assessment is completed both by observation and a caregiver

(P <.001). The nusinersen group had a prolonged time to death (hard

questionnaire. Sections of this assessment include evaluation

ratio for death, 0.37; P = .004) or need for permanent ventilation

of behavior, language, and fine motor and gross motor develop-

compared with controls. Also, 8.2% (6/73) of nusinersen-treated

ment. Within the motor scale, patients will complete tasks such

patients could sit independently , and those with shorter disease

as grasping, stacking blocks, sitting, and climbing stairs. Items on

duration had an improved response to treatment.50 Due to the

47

this scale are scored as able or unable. Currently, there are no data

overwhelming evidence of efficacy, ENDEAR was terminated early,

to support use of the BSID-III specifically in the SMA population.37

and all patients were enrolled in the open-label extension study

Motor Function Measure-32 (MFM-32)

tolerability of nusinersen in patients with SMA who previously

MFM-32 is an assessment comprising 32 tasks across 3 dimensions

participated in ENDEAR and CHERISH.20,52 Results of the final anal-

to assess a patient’s motor abilities.48 Dimension 1 assesses standing

ysis of ENDEAR showed 51% of nusinersen-treated infants had a

SHINE (NCT02594124) to further evaluate the long-term safety and

and transfers. Dimension 2 assesses axial and proximal motor

motor-milestone response compared with 0% in the control group.

function. Dimension 3 assesses distal motor function. Patients

The nusinersen-treated infants also had a 47% lower risk of death

are scored based on a 4-point scale in which 0 means they cannot

or use of permanent assisted ventilation (hazard ratio, 0.53; 95%

initiate the task or maintain a starting position and 3 indicates

CI, 0.32.-0.89; P = .005).50

that the patient can complete the task fully and completely. Upon

CHERISH (NCT02292537) included 126 children with later-onset

completion of the scoring tool, the lower a patient score, the more

SMA defined as symptom onset after 6 months of age (age range,

severe the motor impairment.48

2-9 years).51 The primary end point was the least-squares mean
change from baseline in the HFMSE score at 15 months of treat-

SMA Treatment
Nusinersen

ment.51 Interim analysis showed that the nusinersen group had a

Nusinersen is an antisense oligonucleotide that causes pre-messenger

(P <.001) in the HFMSE score. A least-squares mean increase of 4.2

RNA (mRNA) splicing of the SMN2 gene to increase exon 7 inclusion

points in the nusinersen (−0.5 points in the control group) from

mean 4-point increase versus a 1.9 mean decrease in the controls

in SMN2 mRNA transcripts, increasing production of full-length

baseline to 15 months using RULM score (P <.001) was also seen. The

SMN protein.3,49 Nusinersen was approved by the FDA in 2016,

final analysis showed that 57% of patients treated with nusinersen

making it the first disease-specific therapy for SMA.49 Nusinersen

compared with 26% in the sham group had a 3-point rise in HFMSE

is indicated for the treatment of SMA in pediatric and adult patients

scores after 15 months of treatment. Like ENDEAR, the CHERISH

based on results from 2 pivotal phase 3 randomized, double-blind,

trial was also terminated early based on these positive results, and

sham-controlled trials (ENDEAR and CHERISH).50,51 Both phase

all patients were enrolled in the SHINE trial. Moreover, this trial

3 trials were terminated early due to statistically and clinically

also demonstrated the capacity of nusinersen to effect positive

significant differences demonstrated during an interim analysis

meaningful changes on the clinical course of SMA among children

of the nusinersen and control groups.50,51

with later-onset SMA.51

Nusinersen is administered to patients intrathecally. Each

The SHINE open-label extension trial began in November 2015

dose of nusinersen is 12 mg (5 mL). When patients are initiated

and has an estimated completion date of August 2023. All patients

49
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enrolled in SHINE were moved to 12-mg intrathecal injections every

evaluation and a pivotal, double-blind, active-control randomized

4 months. Data up to the October 2018 cutoff date showed 89 children

treatment period followed by an open-label treatment period. After

moved from ENDEAR to SHINE from the nusinersen group and 24

the safety evaluation, 2 loading doses of 50 mg administered 14 days

from the control group.53 Among the children who originally received

apart, followed by a maintenance dose of 28 mg every 4 months, will

nusinersen in ENDEAR, 36% could sit without support, 8% could

be evaluated.60 The third part of the trial will determine how to safely

stand with assistance, and 5% were able to walk with assistance

and efficiently transition patients from the current FDA-approved

compared with 0% who received placebo in ENDEAR. The abstract

dosing to the higher nusinersen dose evaluated in the study. The

did not include data from the 2019 cutoff; however, it is noted by

study has an estimated study completion date of July 4, 2023.59

the manufacturer that individuals who began nusinersen earlier in

In July 2020, plans for a phase 4 trial, RESPOND, were announced

the disease process had the greatest benefit compared with those

to evaluate the benefit of nusinersen in infants and children treated

who started later and only had evidence of motor function stabiliza-

with onasemnogene abeparvovec with unmet clinical needs after

tion or improvement.53 Similarly, CHERISH had 83 nusinersen and

treatment.61 RESPOND will be a 2-year, open-label study that will

42 placebo patients that transitioned to SHINE. Again, patients

evaluate change from baseline on motor function measures, other

who were started earlier on nusinersen had better motor function

clinical outcomes, and caregiver burden. This trial will also use

evaluated using the HFMSE and RULM scores compared with the

an exploratory biomarker end point (neurofilament levels) for

54

control group in CHERISH.54 Results from 5 young adults with SMA

biological disease activity. The trial estimates to enroll 40 infants

types 2 and 3 who began nusinersen treatment between the ages of

aged 9 months or younger with 2 copies of SMN2 who received

13 and 15 in the CS2 trial and open-label CS12 who moved to SHINE

onasemnogene abeparvovec at 6 months of age or younger. The

were also reported. Data using a 2018 cutoff found 3 patients who

second study group will include 20 children and evaluate nusin-

55

were able to ambulate were still able to throughout SHINE, and 1

ersen in children up to 3 years old at the first time of nusinersen

non-ambulatory patient was able to stand with assistance, and

dose. The RESPOND trial sponsors expect to begin enrolling in the

the final patient was able to sit without support during SHINE.55

first quarter of 2021.61

Nusinersen is also being evaluated in NURTURE (NCT02386553),
an open-label interventional study assessing the efficacy, safety,

Onasemnogene abeparvovec

tolerability, and pharmacokinetics of multiple doses of intrathecal

Onasemnogene abeparvovec is an adeno-associated virus type 9

nusinersen in genetically diagnosed pre-symptomatic infants aged

(AAV9) vector-based SMN1 gene therapy that replaces the SMN1

6 weeks or younger (at first dose) with SMA.56 The primary end point

gene encoding human SMN protein.62 Onasemnogene was FDA

is time to death or respiratory intervention. Interim results from

approved in May 2019 for the treatment of SMA in pediatric patients

25 infants found that four met the primary end point (ie, required

younger than 2 years with bi-allelic mutations in the SMN1 gene.62

respiratory support during a time of illness). All infants could sit

Approval for this agent was granted based on a completed phase 1

without support, 22 were able to walk unassisted, and 17 could walk

and an ongoing phase 3 clinical trial in infantile-onset SMA. The

independently. These data emphasized the importance of newborn

FDA-approved dosing for onasemnogene is 1.1 x 1014 vector genomes

screening and early treatment as soon as a genetic diagnosis is

per kilogram of patient’s body weight. Onasemnogene is adminis-

made in pre-symptomatic infants.56 In June 2020, new NURTURE

tered as an intravenous infusion over 60 minutes.62

data (as of February 2020) reported that all 25 patients (median age,

The START phase 1 trial (NCT02122952) included 15 infants

3.8 years) treated with nusinersen were alive and did not require

with SMA type 1 who had 2 copies of SMN2 in a single-arm, open-

permanent ventilation.57 A notable finding as most children with

label, ascending-dose study.63 The purpose of the study was to

SMA type 1 who are untreated rarely live to age 2 years. All children

evaluate the preliminary efficacy and safety of onasemnogene.64

who achieved walking independently have maintained that ability

Safety was the study’s primary outcome (defined as any treatment-

from the first occurrence through their last visit. The study has been

related adverse effects, grade 3 or higher), and time until death or

extended an additional 3 years to evaluate the participants through

the need for permanent ventilation was the secondary outcome.

age 8 years and collect longer-term efficacy and safety data.54 The

An amendment to the study protocol was made after an elevated

new estimated study completion date is set for February 2025.58

serum aminotransferase occurred in the first patient (cohort 1) to

In March 2020, research of nusinersen was continued with a phase

administer concomitant oral prednisolone. At 2 years post-infusion,

2/3 controlled dose-escalating trial, DEVOTE (NCT04089566).59 The

1 participant in the low-dose cohort met the end point of permanent

purpose of the DEVOTE study is to evaluate whether a higher dose of

ventilation, but the ventilation requirement was reduced by 25%,

nusinersen will increase treatment efficacy (using CHOP INTEND)

and all patients in the high-dose cohort were free from permanent

across a broad group of patients with SMA (including adults). The

ventilation. Also, 9 of 12 participants (75%) in the high-dose cohort

trial will be completed in 3 parts and include an open-label safety

could sit independently for more than 30 seconds; 2 participants
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(16.7%) could stand and walk independently. CHOP INTEND scores

were pyrexia, upper respiratory tract infections, constipation, and

increased by 9.8 points after 1 month and 15.4 after 3 months in

scoliosis, considered manageable and consistent with the drug

the high-dose group compared with a decrease in untreated SMA

safety profile.67-69

type 1. Furthermore, all 15 patients achieved 20 months of age and did

Another phase 3 trial, SPR1NT (NCT03505099), is an open-label,

not require permanent ventilation compared with 8% of participants

single-arm trial evaluating the safety and efficacy of onasemno-

in the historical cohort who were free from permanent ventilation

gene pre-symptomatically in infants with SMA younger than 6

64

at the time of data collection. There were 56 serious adverse effects

weeks old with 2 or 3 copies of SMN2 (similar to the NURTURE

(AEs) reported in 13 participants across both cohorts. Two AEs were

trial).70 Interim data analysis with a December 31, 2019 cutoff was

treatment-related grade 4 elevated serum aminotransferase levels.

conducted to determine preliminary results. Results of these data

Another 241 non-serious AEs occurred, with just three being treat-

showed that 57% (8/14) of participants with 2 copies of the SMN2

ment related. Fourteen participants also experienced respiratory

gene could sit independently for at least 30 seconds, and 28.5%

illness in the treatment group. Overall results showed that a single

(4/14) could walk independently.69 All participants with 2 SMN2

onasemnogene intravenous infusion positively affected survival

copies achieved or maintained CHOP INTEND scores greater than

and motor function among infantile-onset SMA.64 A subsequent

or equal to 50 (with 13 ≥58). Among SMA type 1 natural history

follow-up study is underway assessing long-term safety among

patients, individuals rarely score 40 or above on CHOP INTEND. Also,

13/15 of the participants who received onasemnogene and will be

26.5% (4/15) of participants with 3 copies of the SMN2 gene could

followed for up to 15 years.65

stand independently for at least 3 seconds, and 20% (3/15) could

Another study comparing untreated patients with SMA type

walk independently. AEs were reported after administration in all

1 in the NeuroNEXT (NCT10736553) trial had a 100% survival rate

participants with 17 deemed treatment related.69 The most common

among infants treated with onasemnogene compared with 38% in

AEs were pyrexia, upper respiratory tract infection, constipation,

the NN101 cohort.41,66 The baseline mean CHOP INTEND score was

and nasopharyngitis. Six patients had serious AEs, but they were

28.2 and improved to 56.5 in the onasemnogene group compared

not deemed to be treatment related.69 For this 2019 analysis, many

with 20.3 with a decrease to 5.3 in the NN101 group after 24 months.

of the patients who had not yet achieved certain motor milestones

Furthermore, 92% of the onasemnogene patients could sit inde-

were still within the appropriate age range for continued develop-

pendently for 5 seconds or more, 83% for 10 seconds or more, 75%

ment.62 As the data continue to be collected, the results from the

for 30 seconds or more, and 17% (2 people) could stand and walk

study may become more robust.62

unassisted. In contrast, CHOP INTEND scores in the NN101 cohort
did not suggest any motor milestones being achieved.66

START Long-Term Follow-Up (START LTFU) is an ongoing
observational, long-term follow-up study from the patients who

Results from the STR1VE-US trial (NCT03306277) evaluating

completed the phase 1 START trial and received onasemnogene.69

the safety and efficacy of onasemnogene used in symptomatic

As of December 31, 2019, ten of the 12 participants from the second

patients with SMA type 1 (aged <6 months with 2 SMN2 copies)

cohort of START who enrolled in the LTFU study were alive and did

were recently reported.67-69 This phase 3, open-label, single-arm,

not require permanent ventilation. Also, there were no previously

single-dose, gene replacement trial administered onasemnogene

achieved motor milestones lost during the follow-up period. Two

via intravenous infusion and 91% of patients met the co-primary

patients achieved a new milestone of standing with assistance

efficacy end point of event-free survival at 14 months and 59%

(and did not receive treatment with nusinersen during the follow-

met functional sitting for 30 seconds or longer at 18 months of age

up period). None of the patients who were free from ventilation

(P <.0001 vs. natural history).69 Also, 68.2% of patients remained free

at the end of START have had to initiate new ventilation support

of noninvasive ventilation during the study, and 81.8% were free

during the follow-up period. Also, 60% (6/10) of participants also

of ventilation at 18 months of age. Twenty-one patients achieved

do not require daily respiratory support after more than 4 years

CHOP INTEND scores greater than or equal to 30, and fourteen

from receiving their onasemnogene dose. No new treatment-

achieved a score greater than or equal to 50.67 This study also was

related severe adverse events or AEs of note occurred during the

the first to introduce the “ability to thrive” composite measure

long-term follow-up study.69

defined as the proportion of infants able to maintain a healthy

Onasemnogene has also been studied for intrathecal admin-

body weight without nutritional support. Of the 22 participants,

istration.71,72 The phase 1/phase 2 trial STRONG investigated the

40.9% (P <.0001 vs natural history) demonstrated the ability to

safety of 2 different doses of onasemnogene when given via the

thrive at 18 months of age, with 19 participants not requiring a

intrathecal route. A total of 32 patients were enrolled in the study.

feeding tube, 14 maintaining a good weight, and 12 able to tolerate

Two groups were created, those older and younger than 2 years.

thin liquids.69 There was 1 AE reported in all 22 participants (12 that

Participants’ ages ranged from 6 months to 5 years. The STRONG

were deemed treatment related). The most commonly reported AEs

trial has been on hold since October 2019. In preclinical data, there
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was inflammation found in primates secondary to the intrathecal

milestones were met after 1 year of treatment with risdiplam.79

administration of onasemnogene. Although this has not been

Of the 17 participants who received the part 2 study dose, 41.2%

seen in any of the human participants, the FDA is conducting a

(7/21) were able to sit independently for a minimum of 5 seconds.

full investigation of the preclinical findings.71,72

Also, 64.7% (11/17) could sit with or without support, and 52.9%

Overall cumulative safety data from all trials and postmarketing

(9/17) achieved upright head control after 12 months of treatment

surveillance suggest that patients experience AEs from onasem-

measured via the HINE-2. One infant was also able to stand by 12

nogene, but they are generally manageable and not serious. One

months. Part 1 also used CHOP INTEND to assess motor function.

69

potentially serious AE is liver injury. Liver transaminase elevations

Of the 17 participants, 58.8% in the risdiplam group achieved a

need to be monitored via liver function tests and should be managed

CHOP INTEND score of 40 or more points. The CHOP INTEND

with prophylactic prednisolone started 1 day before treatment and

median change from baseline to month 12 was 17.5 points. Among

73

continued for at least 30 days. Liver injury and hepatotoxicity can

all 21 participants, none of the infants lost the ability to swallow,

be serious without appropriate monitoring and intervention.74

required tracheostomy, or permanent ventilation. The most

73

Feldman and colleagues reported 2 cases of transient drug-induced

common AEs were pyrexia, upper respiratory tract infections, diar-

liver failure with use of onasemnogene. Teams considering use of

rhea, vomiting, cough, pneumonia, and constipation.79 Preliminary

onasemnogene in their practice may want to consider inclusion of

final results of part 2 were recently presented and showed event-

a hepatologist in the patient care team. Thrombocytopenia has also

free survival time was vastly improved among those treated with

occurred but usually is transient and resolves without intervention

risdiplam compared with natural history SMA.80 The majority of

and monitored via platelet counts. Postmarketing surveillance has

infants also retained their ability to swallow and feed. Almost half

also noted reports of heart rate changes and laboratory anomalies

of the risdiplam-treated patients did not require hospitalization

that are not explained clinically. Therefore, troponin I should also

up to 12 months.80

be monitored in patients receiving onasemnogene. No dorsal root

SUNFISH (NCT02908685) is a second phase 2/3, randomized,

ganglia inflammation has been observed clinically at this time. No

double-blind, placebo-controlled extension study evaluating the

new deaths have been reported in either the STR1VE-US or STR1VE-EU

safety, tolerability, and effectiveness of risdiplam in SMA types

trials; the 2 reported deaths were determined to be unrelated to

2 and 3 in individuals aged 2 to 25 years who are not ambula-

drug therapy based on autopsy findings.69

tory.81 Part 1 (N = 51) examined the safety, pharmacodynamics,
pharmacokinetics, and optimal dose of risdiplam. Part 1 showed

Risdiplam

treatment with risdiplam resulted in a median 2-fold increase in

Risdiplam is the first oral, small-molecule, SMN2 splicing modifier

blood SMN protein levels after 4 weeks, which were sustained

that increases functional SMN protein.75 Risdiplam is approved in

for a minimum of 24 months.82 Motor function measure (MFM)

patients aged 2 months and older and is available as an oral liquid

total change from baseline at month 24 was also larger in patients

that can be administered by mouth or via feeding tube. Dosing

treated with risdiplam (3.99-point difference, 95% CI, 2.34-5.65;

is both weight and age based for risdiplam. Patients between 2

P <.0001). Part 2 of the SUNFISH trial results were recently presented.

months and 2 years of age will receive 0.2 mg/kg of their body

A change in baseline of the MFM-32 scale was significantly greater

76

weight of risdiplam regardless of weight. For patients 2 years and

in risdiplam-treated patients compared with placebo (−1.55-point

older, dosing is 0.25 mg/kg body weight with a maximum dose of

mean difference; P = .0156). The greatest response in MFM-32 was

5 mg recommended in all patients 20 kg and greater.76 Risdiplam

observed in the 2- to 5-year age group versus placebo and disease

is dispensed in amber, glass bottles for protection from light and

stabilization in the 18- to 25-year age group. The safety profile was

pharmacists will need to dispense the appropriate amber syringes

consistent with other risdiplam trials, and the most common AEs

for the patient’s dose. Risdiplam is manufactured as a 0.75-mg/mL

were upper respiratory tract infections, nasopharyngitis, pyrexia,

oral solution. It was FDA approved in August 2020 to treat SMA

headache, diarrhea, vomiting, and cough.81

in patients aged 2 months and older. Approval of this agent was
77

based on 2 pivotal trials: FIREFISH and SUNFISH.

JEWELFISH (NCT03032172) is a phase 2, open-label exploratory trial in patients with SMA types 1 to 3 between the ages of 6

FIREFISH (NCT02913482) was an open-label, 2-part phase 2/3

months and 60 years who have also received previous treatment

trial in infants with SMA type 1 aged 1 to 7 months.78 Part 1 (N = 21)

for SMA with nusinersen, onasemnogene, or olesoxime.82,83 The

included a dose-finding study and a safety evaluation. Part 2 (N = 41)

study enrolled 174 participants with 76 previously treated with

evaluated the efficacy of risdiplam. The primary efficacy objec-

nusinersen and 14 with onasemnogene. The other 83 participants

tive was measured using the proportion of infants sitting without

had been treated with other compounds under development by the

support for 12 months of treatment and longer using the Gross

manufacturer. The most common AEs observed were upper respi-

Motor Scale of the BSID-III.78 Part 1 results showed that key motor

ratory tract infections, headache, fever, diarrhea, nasopharyngitis,
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and nausea. No drug-related safety findings have led to withdrawal
from JEWELFISH to date, and AE profiles are consistent with those
found in risdiplam trials with SMA-targeting therapy-naïve patients.82
This study is ongoing and has an estimated study completion date
of January 31, 2025.
RAINBOWFISH (NCT03779334) is an open-label, single-arm,
multicenter study that is ongoing and evaluating the efficacy,
safety, pharmacokinetics, and pharmacodynamics of risdiplam
in infants from birth to 6 weeks old genetically diagnosed with
SMA and pre-symptomatic.84 RAINBOWFISH is currently recruiting
and is expected to enroll 25 participants. Each participant will be
given oral risdiplam once daily for 2 years and then enrolled in an
open-label extension and follow-up. The estimated completion
date is July 22, 2026.84

Conclusions
In summary, SMA is an inherited neuromuscular disorder that
results in a wide variety of clinical burdens. Disease severity correlates, although imperfectly, with SMN2 copy number. Before 2016,
there were no disease-modifying therapies, and patients and caregivers relied on supportive care. The natural history of SMA has
evolved over the years as additional research and technologies
have improved our understanding of the pathologic mechanisms
responsible for SMA. Increased understanding has also resulted in
the development of novel disease-modifying therapies that have
led to patients achieving motor milestones and survival outcomes
never before possible. There are now 3 disease-modifying therapies
FDA approved and commercially available for use in patients with
SMA. Therefore, it is crucial that pharmacists, as integral members
of the SMA care team, have a thorough understanding of efficacy
and safety data for these agents to improve clinical decision making
and outcomes among affected patients with SMA. n
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ABSTRACT

Cost of Care

The cost burden of patients with SMA is considerable, and is estimated

The cost burden of patients with spinal muscular atrophy (SMA)

to be approximately $4 million to $5 million over 10 years in patients

is significant and varies due to the type of SMA and medications
used. In a study conducted from January 2006 to March 2016
(before approval of pharmacologic therapy), investigators evalu-

with early-onset SMA. This cost is 54.2 times greater than an otherwise
healthy population. The utilization of medication, resources, and cost
differs between different types of SMA and is more intensive in infantileonset SMA type 1. Patients often require supportive physical aides,

ated healthcare resource utilization and costs in patients. A total

ventilation, and other services to treat sequalae of muscle weakness.

of 341 patients with SMA included in the analysis were stratified by

Early diagnosis and treatment initiation are necessary to maximize

infantile-onset SMA before age of 6 months (mean age, 0.2 years;

benefit of treatment. Genetic newborn screening has allowed for early

n = 22), childhood-onset SMA between 6 months and 3 years of age
(mean age, 0.9 years; n = 22), and late-onset SMA, which included
all other patients with SMA (mean age, 52.2 years; n = 296), then

diagnosis. With the approval of novel pharmacotherapy options for SMA,
timely treatment initiation may help to decrease healthcare burden and
costs associated with early-onset SMA. Current options are effective
in improving mobility, but maximum benefit has yet to be seen as this

were compared with a cohort without SMA. Medications that

population is still growing. Due to the cost of treatment, managed care

these patients used during their follow-up period were consis-

pharmacists should consider appropriate utilization management and

tent with physical symptoms of SMA, such as gastroesophageal
reflux disease, respiratory tract infections, muscle spasm, difficulty moving muscles and joints, and concurrent mental health
disorders. Medications that have been used most commonly were

innovative outcomes-based payment models to decrease risk while
maximizing outcomes.
Am J Manag Care. 2021;27:S13-S18
For author information and disclosures, see end of text.

acid suppressants, antibiotics, muscle relaxants, benzodiazepines,
prokinetic agents, and anxiolytics. Of note, those with infantile
SMA have observed higher rates of acid suppressants and prokinetic agents, whereas those of older-onset SMA had more use of
muscle relaxants, benzodiazepines, anxiolytics, and antidepressants. Although these medications are generically available and
inexpensive, there is an increased burden of higher medication
usage. These medications are summarized in Table 1.1
Along with increased medication usage, there was a significant
number of patients with SMA who required utilization of costly
resources. More patients with infantile SMA used a mechanically
assisted cough device compared with late-onset SMA (52.2% vs 1.2%).
Other healthcare resources that were highly utilized in infantile
SMA included noninvasive ventilation (26.1%), invasive ventilation (17.4%), and gastrostomy tube (34.8%). A summary of common
healthcare resources utilized from this study is shown in Table 1.1
The high rates of medication usage and healthcare resource
utilization translate into high costs associated with SMA. On a
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per-member per-month (PMPM) basis, those in the infantile SMA

follow-up period; childhood onset was 33.7 times higher; and adult

group had the highest mean costs ($25,517) followed by childhood

onset was 3.1 times higher.1

onset ($6357) and late onset ($2499). In the matched cohort without

In a separate Institute for Clinical and Economic Review (ICER)

SMA, the cost was significantly lower in the infantile group ($406),

evaluation of nusinersen and onasemnogene abeparvovec-xioi

childhood onset ($188), and late onset ($742). A comparison of

for SMA, evaluators estimated the annual cost of best supportive

these costs is outlined in Table 2.1 It is also important to note that

care (BSC) for SMA to be approximately $167,400 excluding any

the average cost to treat a patient with infantile-onset SMA was

FDA-approved pharmacologic therapy. This is similar to other esti-

54.2 times higher than someone without SMA during a similar

mates of cost of care associated with routine SMA care.2 In a 2010
evaluation of total annual costs, those with
early-onset SMA (<3 years old) had an esti-

TABLE 1. Common Medications and Healthcare Resources Identified in
an SMA Population1

mated cost of $184,647 per patient compared

Infantile SMA
(n = 23)

Childhood-onset
SMA (n = 22)

Late-onset SMA
(n = 296)

11 months

27.7 months

36 months

Mean length of follow-up

Common Medications

with other SMA at $45,750 a year. Of the costs
associated with early-onset SMA, $115,223 were
directly attributable to medical costs. Total
nonmedical costs were estimated to be $51,655
for this early-onset SMA population. When

Acid suppressants

56.5%

31.8%

28.7%

broken down by individual costs, professional

Antibiotics

56.5%

68.2%

67.2%

caregiving made up a majority of annual costs

Muscle relaxants

17.4%

31.8%

36.8%

($50,542), followed by moving/home modifi-

Benzodiazepines

17.4%

31.8%

36.1%

cation ($3685), other nonmedical costs such

Prokinetic agents

13.0%

4.5%

3.4%

as food and travel ($2106), and purchasing/

8.7%

9.1%

21.3%

modifying transportation ($1814).3 It should

0%

0%

31.8%

Anxiolytics
Antidepressants
Botulinum toxin

0%

0%

2.4%

CNS stimulants

0%

0%

6.4%

Healthcare Resources

be noted that these cost estimates were prior
to FDA-approved pharmacotherapy options
for SMA. Cost estimates were higher for SMA
type 1 due to extensive healthcare needs and
disease severity compared with later-onset

Mechanically assisted
cough devices

52.2%

31.8%

1.4%

Noninvasive ventilation

26.1%

9.1%

4.1%

Invasive ventilation

17.4%

13.6%

1.0%

Enteral feeding products

60.9%

39.4%

5.1%

Gastrostomy tube

34.8%

13.6%

2.0%

SMA. This high healthcare burden on patients
with early-onset SMA underlies the essential
need for effective and early management of
symptoms, which may have the potential to
decrease costs associated with these symptoms.

Orthotics

30.4%

54.5%

27.0%

Orthopedic surgery

17.4%

22.7%

38.5%

Disease Progression and Need for
Timely Diagnosis and Treatment

Durable medical equipment

13.0%

45.5%

14.5%

Left untreated, SMA results in significant comor-

Scoliosis correction surgery

4.3%

4.5%

2.0%

bidities and mortality. Depending on the type
of SMA (type 0-4), age of onset and clinical

CNS, central nervous system; SMA, spinal muscular atrophy.

presentation will vary. In those with untreated
SMA type 1, patients may never sit/stand and
death will likely occur within the first 2 years
TABLE 2. Mean Costs of Treating Patients With SMA Compared With a Cohort
Without SMA1

of life. These patients suffer from physical
symptoms of reduced muscle tone, decreased

With SMA
(PMPM)

Without SMA
(PMPM)

Average higher cost in SMA
vs without SMA (95% CI)

$25,517

$406

54.2 times higher (27.2-107.9)

Childhood onset

$6357

$188

33.7 times higher (15.9-71.6)

SMA type 2, life expectancy is longer (young

Adult onset

$2499

$742

3.1 times higher (2.5-3.8)

adult) than type 1 but also results in the need

Infantile onset

PMPM, per-member per-month; SMA, spinal muscular atrophy.
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limited movements, difficulty with eating and
swallowing, and impaired breathing that can
lead to respiratory depression. In patients with

for mobility aids as well as potential need for

SPINAL MUSCULAR ATROPHY: AN UPDATE FOR MANAGED CARE PHARMACISTS
ventilation. Those with type 3 have the potential to live a typical

of symptomatic management (eg, muscle relaxants, antibiotics),

lifespan with treatment but have an increased risk of respiratory

mobility aides (eg, walker, wheelchair), and other therapies. It is

infections and musculoskeletal concerns, such as scoliosis and

important to have open communication and coordination among

muscle/joint weakness. Those with SMA type 4 usually have mild-

the managed care organization and provider support staff to ensure

moderate physical symptoms and a normal lifespan.4 Historically,

timely treatment. Newborns have up to 30 days to be added to

there has been a delay in SMA diagnosis of 3.6, 14.3, and 43.6 months

insurance benefits of parents and coverage will be backdated to

for SMA types 1, 2, and 3, respectively.5 This delay in diagnosis may

the newborn day of birth. Additionally, under the Health Insurance

lead to irreversible disease progression and worsening prognosis.

Portability and Accountability Act, if enrolled within 30 days of

It is thought the delay occurs due to symptoms varying widely in

birth, insurance companies may not impose preexisting condition

onset and severity and can resemble other diseases. Additionally,

exclusions on the newborn.11

the lack of expertise in the field can lead to healthcare professionals
ruling out other diagnoses before considering SMA.

Costs Associated With Treatment of SMA

To mitigate these detrimental effects and high mortality rate,

In 1 claim-based healthcare resource utilization review of patients

early diagnosis and appropriate treatment are essential. Genetic

with SMA from September 1, 2016 to August 31, 2018, patients were

testing for SMA due to homozygous deletion of exon 7 in SMN1 has

categorized into 4 cohorts: (1) patients with SMA type 1, (2) patients

been added to the Recommended Uniform Screening Panel (RUSP).

with SMA type 1 on nusinersen, (3) patients with other types of SMA,

The RUSP is a list of disorders that the Secretary of the Department

and (4) patients with other types of SMA on nusinersen. When

of Health and Human Services recommends adding to each state’s

the cost of nusinersen was excluded, the annual cost of treating

universal newborn screening (NBS) program. Disorders are added

patients with SMA type 1 (no nusinersen) was $137,627 compared

to the list if there is (1) a net benefit for screening, (2) the ability to

with $92,618 in the SMA type 1 on nusinersen group. This may have

screen for the disorder, and (3) the availability of effective treat-

been associated with a decrease in annual inpatient days of 14.1 and

ments. Non-grandfathered health plans are also required to cover

4.6, respectively. However, this decrease in medical visits per year

screenings for conditions listed on the RUSP without a co-payment,

and annual cost without nusinersen was not consistent with other

co-insurance, or deductible.6 As of 2020, 28 states had incorporated

types of SMA. Authors noted limitations to their results, which

SMA into routine NBS, and 5 states have implemented SMA NBS

included potentially underestimated costs that were not in the

pilot programs as a result of the RUSP guidelines.7

claims system. While limited, these data support that for those with

If newborns are positively screened for SMA types 0-3, patients

SMA type 1, treatment of nusinersen reduced healthcare resource

should receive immediate treatment if pre-symptomatic. In those

utilization and other total costs. These cost savings were offset by

with SMA type 0, physician discretion should be used if the patient

the real-world cost of nusinersen, which was $191,909 PMPM for

presents with symptoms. The effective treatment of patients before

the first 3 months (loading dose) followed by $36,882 PMPM for

symptom manifestation may help to maintain motor neurons and

maintenance costs. The study results are summarized in Table 3.12

preserve muscle motor function. This efficacy was demonstrated

In an ICER review of nusinersen and onasemnogene abepar-

in clinical trials, but the true lifelong benefit of treatment has yet to

vovec-xioi for SMA, costs per quality-adjusted life-year (QALY)

be seen because the first pharmacotherapy option was approved in

gained were described by type of SMA and intervention. For SMA

8,9

2016. Recent releases of long-term safety and efficacy checkpoints

type 1, the total cost of treatment with nusinersen and nontreat-

do show continued durability of treatments. In clinical trials, all

ment healthcare costs were $3,884,000 compared with $789,000

currently approved FDA therapies for SMA observed more benefit in

for BSC. Nusinersen use was associated with total QALY gained of

patients treated earlier in their disease pathway.10 Current pharma-

3.24 years, total life-year (LY) gained of 7.64 years, and cost/QALY of

cotherapy is approved in pediatrics and adult patients, but clinical

$1,112,000. This is in comparison with onasemnogene abeparvovec-

trials have not included those with SMA type 4 (older onset). Before

xioi, which had a relatively similar total cost of care of $3,657,000, a

the approval of these therapies, disease management consisted

total of 12.23 QALY gained, 18.17 LY gained, and a cost/QALY gained

TABLE 3. Summary of Results of a Claim-Based Healthcare Resource Utilization Review12
SMA type 1
(n = 349)

SMA type 1 + nusinersen
(n = 45)

Other types of SMA
(n = 5728)

Other types of SMA + nusinersen
(n = 404)

Average medical visits per year

59.4 days

56.6 days

44.5 days

63.7 days

Annual cost without nusinersen

$137,627

$92,618

$49,175

$76,371

SMA, spinal muscular atrophy.
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of $243,000. It should be noted that this was before the approval

Limited data are available regarding the cost-effectiveness of

of risdiplam, the other medication approved for the treatment of

risdiplam for the treatment of SMA. However, treatment strategies

SMA. These results are summarized in Table 4.2,13

should follow the same strategy as other available agents. Early

Researchers from this ICER analysis concluded that neither

diagnosis and initiation of therapy as soon as possible prevent

nusinersen nor onasemnogene abeparvovec-xioi met $150,000

loss of neurons and muscle function. Potential advantages with

per QALY gained to meet traditional cost-effectiveness thresholds.

risdiplam include an oral formulation that would not need to be

Nusinersen was the most cost-effective in the pre-symptomatic

administered by a healthcare professional.

population, but the cost would still need to be reduced to $65,000
preting the cost-effectiveness of ultra-rare disorders, it is important

Managed Care Considerations for the
Management of SMA

a year for it to meet traditional cost-effectiveness.2 When interto consider that traditional thresholds of cost per QALY gained may

At this time, ICER could not identify any opportunities to reduce

need to be reconsidered. With these novel treatments for ultra-rare

unnecessary costs for patients with SMA. However, because of high

disorders, higher costs for QALY gained may become more common.

drug costs and uncertain long-term efficacy and safety, managed

In a separate study, authors examined the cost-effectiveness

care organizations (MCOs) should develop appropriate coverage

of onasemnogene abeparvovec-xioi and nusinersen. This study

criteria based on the most current clinical evidence as well as

found an LY gain of 37.20 for onasemnogene abeparvovec-xioi

guidelines and input from local providers. Of note, a set of recom-

and 9.68 LY for nusinersen. This was considerably higher than the

mendations regarding coverage criteria for SMA pharmacotherapy

ICER estimations of 18.17 LY for onasemnogene abeparvovec-xioi

was proposed. The considerations include2:

and 7.64 LY for nusinersen.14 It should be noted that, due to the
one-time administration, the longer a patient’s life, onasemno-

1. Diagnosis: Should be confirmed via genetic testing, without
the need for more than one genetic test.

gene abeparvovec-xioi becomes more cost-effective. Because we
have yet to see the full benefit and lifespan of these patients, the

2. Pre-symptomatic SMA: Through genetic testing, patients can

full cost-effectiveness of treatment is to be determined. Managed

be screened for number of SMN2 copies where 4 or more copies

care pharmacists should be aware of ongoing long-term safety

may predict less severe forms of SMA. Current recommenda-

and efficacy follow-up studies in patients who were administered

tions support the immediate initiation of pharmacotherapy in

onasemnogene abeparvovec-xioi to continuously update their

patients who test for 4 or fewer copies of SMN2.

understanding on the cost-benefit of gene therapy compared with

3. Age: Pre-symptomatic patients should begin therapy imme-

more traditional medications. As favorable long-term safety and

diately. Evidence does not support loss of efficacy in patients

efficacy data continue to become available, it is expected to have

with SMA type 2-3 at all ages. Therefore, there should not be an

an adjusted impact on the cost-effectiveness of SMA treatments.

age restriction for use.

TABLE 4. Cost and QALY Gained With Nusinersen and Onasemnogene abeparvovec-xioi for SMA2,13
Drug treatment cost

Total costs

QALY gained

Cost/QALY gained vs BSC

SMA type 1
Nusinersen

$2,231,000

$3,884,000

3.24

$1,112,000

Onasemnogene abeparvovec-xioi

$2,000,000

$3,657,000

12.23

$243,000

--

$789,000

0.46

--

$9,148,000

12.28

$8,156,000

$1,442,000

11.34

--

$11,929,000

21.94

$709,000

$3,264,000

6.25

$157,000

$801,000

6.25

--

BSC

SMA type 2/3
Nusinersen

$7,634,000

BSC

Pre-symptomatic SMA
Nusinersen
Onasemnogene abeparvovec-xioi

$10,565,000
a

BSC

--

a

BSC, best supportive care; QALY, quality-adjusted life-year; SMA, spinal muscular atrophy.
a
This estimation was hypothetical and used onasemnogene abeparvovec-xioi pricing with QALY and outcomes associated with nusinersen.
Adapted with minimal changes from Tables 5 and 6 from Thokala P, et al. Cost effectiveness of nusinersen for patients with infantile-onset spinal muscular atrophy
in US. Cost Eff Resour Alloc. 2020;18(1):41, under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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4. Other clinical criteria: Pre-symptomatic patients should not

who are younger than 2 years and meet eligibility requirements.

have any additional requirements. It is debatable if patients

Patients with late-onset SMA would not fit into this demographic.

who are immobilized or with more severe symptoms should be

Because of the high cost of treatment with onasemnogene

eligible for treatment. Some MCOs may also place restrictions

abeparvovec-xioi, and unknown long-term efficacy, MCOs may

on patients who are already on permanent ventilation. However,

consider an outcomes-based payment contract with the manu-

advocates have noted that small motor improvements can result

facturer. By establishing an outcomes-based payment contract,

in large quality-of-life gains in patients.

the MCO can transfer some of the financial risk back to the manu-

5. Renewal criteria: A baseline assessment should be documented

facturer if outcomes are insufficient.18 However, these outcomes

using a standard outcome measure. This baseline can serve as

should be quantifiable, widely accepted outcomes. With SMA, a

a guideline for evaluation of disease stability or improvement.

challenge for implementing an outcomes-based payment contract

For nusinersen and risdiplam, MCOs may require documenta-

will be determining what is an appropriate outcome response, and

tion of treatment success needed for continued approvals. Every

what constitutes an inadequate response. By tying financial risk or

patient is unique, and the provider managing the patient should

health outcomes, MCOs can hold manufacturers to their efficacy

assess if there has been improvement or at least a halt of disease

data in a real-world setting.2,19
In an example of this outcomes-based payment contracting, the

progression to justify continued approvals.
6. Combination or sequential therapy: MCOs should monitor for

manufacturer of onasemnogene abeparvovec-xioi offers an option

concurrent use of FDA-approved treatments for SMA and closely

to pay over multiple years and engage in outcomes-based payments

monitor switching between agents if an inadequate response

to bring the overall medical cost to within a more cost-effective

is seen in one therapy. Implications for switching should be

range.20 As this payment model is still novel, MCOs should pay

evaluated and considered on a case-by-case basis in the current

extra attention to how payments are made and how outcomes have

absence of strong clinical data on the subject.

affected payments overall. Future studies on how this outcomes-

When developing coverage criteria for medications used for

help to make future formulary determinations.

based payment model has affected overall cost-effectiveness will
SMA, managed care pharmacists should also take into consider-

Regardless of treatment selection, coverage criteria should

ation drug-specific characteristics, such as indication, approved

consider FDA-approved indication, current efficacy, safety data,

age range, administration concerns, and significant safety concerns.

and diagnosis based on genetic testing. As evidence continues to

Table 5 summarizes these considerations.

Considerations for

develop, managed care pharmacists should strive to incorporate

nusinersen include evaluation for spinal deformities, planning

the most updated recommendations into coverage criteria. For

15-17

for regular intrathecal administration, and coordination with the

example, in a recent update to SMA diagnosis, immediate phar-

patient to ensure access to a location for appropriate administra-

macotherapy is recommended for infants who screened positive

tion. Costs of these administrations should consider things like

for 4 copies of SMN2 (indicative of SMA type 3 or 4).8 Managed care

transportation and lodging, especially in geographically isolated

pharmacists should focus on minimizing inappropriate utilization

patients. While risdiplam has fewer administration concerns (oral

and maximizing treatment potential through encouragement of

solution), it lacks long-term safety and efficacy data and is only

early diagnosis and treatment.

indicated for patients 2 months and older. Onasemnogene abepar-

Once an appropriate treatment has been determined, it is

vovec-xioi is administered once and is only indicated for patients

important to have effective coordination between the medical and

TABLE 5. Managed Care Considerations for Pharmacotherapy Treatment Options for SMA15-17

Indication
Age range

Nusinersen

Onasemnogene abeparvovec-xioi

Risdiplam

Treatment of SMA in pediatric
and adult populations

Treatment of SMA with bi-allelic
mutations in the SMN1 gene

Treatment of SMA

Newborns and older

Younger than 2 years

2 months and older

Administration

Initially, 4 loading doses;
then maintenance intrathecal
injections every 4 months

1 intravenous infusion

Once daily
oral solution

Warnings and
precautions

Thrombocytopenia, coagulation
abnormalities, renal toxicity

Acute serious liver injury,
thrombocytopenia, elevated troponin-I

Fever, diarrhea, rash

SMA, spinal muscular atrophy.

THE AMERICAN JOURNAL OF MANAGED CARE® Supplement

   S17

VOL. 27, NO. 1

REPORT

pharmacy benefit. Current SMA treatments offer a unique challenge in that the 3 current products have the potential for 3 unique
methods of coverage and payment. Risdiplam as an oral therapy
would be processed and evaluated for medical necessity under the
pharmacy benefit that is managed by a pharmacy benefits manager.
Nusinersen requires administration by a healthcare professional
and would typically be evaluated and covered under the medical
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Onasemnogene abeparvovec-xioi as a one-time infusion would be
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processed under the medical benefit with the required inpatient
costs associated with administration. Given the various stakeholders

REFERENCES

involved, lack of coordination has the potential to result in mixed

1. Tan H, Gu T, Chen E, Punekar R, Shieh PB. Healthcare utilization, costs of care, and mortality among
patients with spinal muscular atrophy. J Health Econ Outcomes Res. 2019;6(3):185-195. doi: 10.36469/63185
2. Institute for Clinical and Economic Review (ICER). Final evidence report. Spinraza and Zolgensma for
spinal muscular atrophy: effectiveness and value. April 3, 2019. Updated May 24, 2019. Confidential
data unmasked November 2, 2020. Accessed November 18, 2020. https://icer-review.org/wp-content/
uploads/2018/07/ICER_SMA_Final_Evidence_Report_110220.pdf
3. Lewin Group. Cost of Amyotrophic Lateral Sclerosis, Muscular Dystrophy, and Spinal Muscular Atrophy
in the United States. March 12, 2012. Accessed January 21, 2021. www.mda.org/sites/default/files/
Cost_Illness_Report.pdf
4. Spinal Muscular Atrophy Fact Sheet | National Institute of Neurological Disorders and Stroke. Page
modified October 8, 2020. Accessed November 18, 2020. www.ninds.nih.gov/Disorders/Patient-CaregiverEducation/Fact-Sheets/Spinal-Muscular-Atrophy-Fact-Sheet
5. Lin CW, Kalb SJ, Yeh WS. Delay in diagnosis of spinal muscular atrophy: a systematic literature review.
Pediatr Neurol. 2015;53(4):293-300. doi: 10.1016/j.pediatrneurol.2015.06.002
6. Recommended Uniform Screening Panel. US Health Resources & Services Administration. Published
July 3, 2017. Page reviewed February 2020. Accessed November 18, 2020. www.hrsa.gov/advisorycommittees/heritable-disorders/rusp/index.html
7. McCall S. Newborn screening for spinal muscular atrophy. Cure SMA. Accessed December 16, 2020.
www.curesma.org/newborn-screening-for-sma/
8. Glascock J, Sampson J, Connolly AM, et al. Revised recommendations for the treatment of
infants diagnosed with spinal muscular atrophy via newborn screening who have 4 copies of SMN2.
J Neuromuscul Dis. 2020;7(2):97-100. doi: 10.3233/JND-190468
9. Glascock J, Sampson J, Haidet-Phillips A, et al. Treatment algorithm for infants diagnosed with spinal muscular atrophy through newborn screening. J Neuromuscul Dis. 2018;5(2):145-158. doi: 10.3233/JND-180304
10. Dangouloff T, Servais L. Clinical evidence supporting early treatment of patients with spinal muscular
atrophy: current perspectives. Ther Clin Risk Manag. 2019;15:1153-1161. doi: 10.2147/TCRM.S172291
11. Protections for Newborns, Adopted Children, and New Parents...The Newborns’ and Mothers’ Health
Protection Act of 1996 | U.S. Department of Labor. Accessed December 16, 2020. www.dol.gov/agencies/
ebsa/about-ebsa/our-activities/resource-center/publications/protections-for-newborns
12. Droege M, Sproule D, Arjunji R, Gauthier-Loiselle M, Cloutier M, Dabbous O. Economic burden of
spinal muscular atrophy in the United States: a contemporary assessment. J Med Econ. 2020;23(1):70-79.
doi: 10.1080/13696998.2019.1646263
13. Thokala P, Stevenson M, Kumar VM, Ren S, Ellis AG, Chapman RH. Cost effectiveness of nusinersen
for patients with infantile-onset spinal muscular atrophy in US. Cost Eff Resour Alloc. 2020;18(1):41.
doi: 10.1186/s12962-020-00234-8
14. Malone DC, Dean R, Arjunji R, et al. Cost-effectiveness analysis of using onasemnogene abeparvocec
(AVXS-101) in spinal muscular atrophy type 1 patients. J Mark Access Health Policy. 2019;7(1):1601484.
doi: 10.1080/20016689.2019.1601484
15. Spinraza. Prescribing information. Biogen; 2020. Accessed January 20, 2021. www.spinraza-hcp.com/
content/dam/commercial/spinraza/hcp/en_us/pdf/spinraza-prescribing-information.pdf
16. Zolgensma. Prescribing information. AveXis; 2019. Accessed January 20, 2021. www.avexis.com/us/
Content/pdf/prescribing_information.pdf
17. Evrysdi. Prescribing information. Genentech; 2020. Accessed January 20, 2021. www.gene.com/
download/pdf/evrysdi_prescribing.pdf
18. Value & Outcomes-Based Contracting. Pharmaceutical Care Management Association (PCMA).
Accessed November 20, 2020. www.pcmanet.org/policy-issues/value-outcomes-based-contracting/
19. Vlaanderen FP, Tanke MA, Bloem BR, et al. Design and effects of outcome-based payment models in
healthcare: a systematic review. Eur J Health Econ. 2019;20(2):217-232. doi: 10.1007/s10198-018-0989-8
20. Rosenberg J. FDA approves gene therapy with $2.1M price tag for spinal muscular atrophy in pediatric patients. AJMC. May 24, 2019. Accessed November 20, 2020. www.ajmc.com/view/fda-approves-genetherapy-with-21m-price-tag-for-spinal-muscular-atrophy-in-pediatric-patients

messaging of approval or denial due to the differences in criteria
by the different vendors.

Conclusions
The cost burden of early-onset SMA is significant and can cost
approximately $184,647 per patient per year compared with other
types of SMA at $45,750 a year. The significantly higher costs
associated with earlier-onset SMA can be attributed to increased
need for extensive physical supportive care and medical needs.
Advances in the ability to genetically screen for SMA, as well as
the availability of novel treatment options that should be started
before symptom development, offer MCOs and providers an
opportunity to address patients with SMA like never before. By
treating SMA before symptom development, there is a potential
to mitigate disease progression and improve patient outcomes.
Current pharmacotherapy is recommended in patients who are
pre-symptomatic at all types of SMA. Each treatment option has a
different route of administration, method of payment, and potential advantages. Regarding cost-effectiveness, it was estimated
that onasemnogene abeparvovec-xioi has a more favorable cost
per QALY gained compared with nusinersen in pre-symptomatic
type 1 SMA, but neither were determined to be cost-effective
when compared with the $150,000 per QALY-gained threshold.
This benefit is augmented with increased lifespan in patients.
Managed care pharmacists should take into consideration longterm safety and efficacy data as they are published. Utilization
management of these medications should be in accordance with
current guidelines and best available evidence. An outcomesbased payment contract should be considered for onasemnogene
abeparvovec-xioi to decrease financial risk and aim for optimal
health outcomes. n
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1. Each participant evaluating the activity is eligible to receive CE credit.
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be automatically uploaded to CPE Monitor. Please ensure that your
Pharmacy Times® account is updated with your NABP e-profile ID number and your date of birth (MMDD format). Participation data will not
be uploaded into CPE Monitor if you do not have your NABP e-profile
ID number and date of birth entered into your profile on www.
PharmacyTimes.org.

Sample of Online Posttest
Choose the best answer for each of the following:

1. Evidence suggests more than _____ percent of
motor units are lost within the first 6 months of age
in patients with spinal muscular atrophy (SMA) type 1.
A. 30
B. 50
C. 70
D. 90

4. Which of the following dosing protocols is being
investigated in the DEVOTE trial for nusinersen in
a broad range of patients with SMA?
A. Two loading doses of 40 mg 14 days apart followed by
28 mg every 4 months
B. Two loading doses of 40 mg 14 days apart followed by
28 mg every 6 months
C. Two loading doses of 50 mg 14 days apart followed by
28 mg every 4 months
D. Two loading doses of 50 mg 14 days apart followed by
28 mg every 6 months

SAMPLE
POSTTEST

2. In 2019, the SMA working group reconvened based on
updated clinical data and experience in SMA. Based on
that meeting, the SMA treatment algorithm was
amended with which of the following:
A. Immediate treatment for infants with 1 SMN2 copy
B. Immediate treatment for infants with 4 SMN2 copies
C. Watchful waiting in lieu of immediate treatment for
infants with 2 SMN2 copies
D. Watchful waiting in lieu of immediate treatment for
infants with 6 SMN2 copies

3. Nusinersen was the first disease-specific therapy
approved for the treatment of SMA in pediatric and adult
patients and works by increasing production of which
of the following?
A. AAV9
B. mRNA
C. SMN2
D. SMN protein

5. Onasemnogene is FDA approved for the treatment of
SMA in pediatric patients with bi-allelic mutations in
the SMN1 gene and what age group?
A. 1-7 months only
B. 6 months or older
C. 24 months or younger
D. 24 months or older
6. Risdiplam was approved for the treatment of SMA in
patients aged 2 months and older as the first ____ agent:
A. Intramuscular
B. Intravenous
C. Oral
D. Subcutaneous
7. Which type of SMA has been associated with the highest
annual healthcare cost?
A. SMA type 1
B. SMA type 2
C. SMA type 3
D. SMA type 4
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8. Which of the following was not a common healthcare
resource associated with early-onset/infantile SMA?
A. Mechanically assisted cough devices
B. Noninvasive/invasive ventilation
C. Gastrostomy tube
D. Eye surgery
9. What is an appropriate estimate of annual cost of care for
a patient with SMA type 1 (without pharmacotherapy)?
A. $15,750 per year
B. $45,100 per year
C. $167,400 per year
D. $500,000 per year

10. Which of the following is true regarding the Institute
for Clinical and Economic Review evaluation of therapies
for the treatment of SMA?
A. Traditional cost-effectiveness thresholds of cost per
quality-adjusted life-year (QALY) gained may need to be
reconsidered in ultra-rare disorders such as SMA.
B. Risdiplam met the traditional cost-effectiveness
threshold of $150,000 per QALY gained.
C. Treatment with onasemnogene abeparvovec reduced
healthcare resource utilization in type 2 and type 3 SMA.
D. Treatment with nusinersen did not reduce healthcare
resource utilization.
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