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About the Health  Information and Quality Authority (HIQA)

The Health Information and Quality Authority (HIQA) is an independent statutory
authority established to promote safety and quality in the provision of health and
social care services for the benefit of the health and welfare of the public.

HI QA6s mandate to date extends across a wide
sector services. Reporting to the Minister for Health and engaging with the Minister

for Children, Equality, Disability, Integration and Youth, HI QA has responsibility for

the following:

A Setting standards for health and social care services 0 Developing
person-centred standards and guidance, based on evidence and international
best practice, for health and social care services in Ireland.

A Regulatin g social care services & The Chief Inspector within HIQA is
responsible for registering and inspecting residential services for older people
and people with a disability and children

A Regulating health services 0 Regulating medical exposure to ionising
radiation.

A Monitoring services & Monitoring the safety and quality of health services
and childrendés social services, and inves
about the health and welfare of people who use these services.

A Health technology assessment 0 Evaluating the clinical and cost
effectiveness of health programmes, policies, medicines, medical equipment,
diagnostic and surgical techniques, health promotion and protection activities,
and providing advice to enable the best use of resources and the best
outcomes for people who use our health service.

A Health information & Advising on the efficient and secure collection and
sharing of health information, setting standards, evaluating information
resources and publishing information on the delivery and performance of
|l rel andés health and social care services

A National Care Experience Programme 0 Carrying out national service-
user experience surveys across a range of health services, in conjunction with
the Department of Health and the HSE.
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Foreword

The National Screening Advisory Committee (NSAC) was established in 2019 by the
Minister for Health as an independent advisory committee to play a strategic role in
the development and consideration of population-based screening programmes in
Ireland. The role of the NSAC is to provide advice to the Minister for Health and the
Department of Health on new screening proposals and proposed changes to exsting
screening programmes. At the request of the Department of Health, the Health
Technology Assessment (HTA) directorate within the Health Information and Quality
Authority (HIQA) undertakes evidence synthesis and provides evidence-based advice
to NSACon behalf of the Minister for Health.

Spinal muscular atrophy (SMA) is arare genetic neuromuscular disorder. The
severity of SMAvaries. However, it is characterised by irreversible degeneration of
motor neurons in the spinal cord resulting in progressive muscle wasting and
weakness While this condition was historically associated with supportive care only,
a number of disease-modifying treatments are now approved for use in the
European Union. Newborn bloodspot screening for SMA is possibleand has the
potential to enable earlier identification and diagnosis, thereby facilitating earlier
disease management and treatment.

Work on the HTA was undertaken by an Evaluation Team from the HTA Directorate
in HIQA. A multidisciplinary Expert Advisory Group was corvened to advise the
Evaluation Team during the course of the HTA. HIQA would like to thank the
Evaluation Team, the members of the Expert Advisory Group and all who contributed
to the preparation of this report.

r»’{a::tq//

J

Dr Mairin Ryan

Deputy Chief Executive and Director of Health Technology Assessment
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Key findings and Advice to the NSAC

In January 2023, the National Screening Advisory Committee (NSAC) requested the
Health Information and Quality Authority (HIQA) to undertake a health technology
assessment (HTA) of the addition of screening for spinal muscular atrophy (SMA) to
the National Newborn Bloodspot Screening Programme (NNBSP) in Ireland.

The key findings of this HTA, which infor med

A SMA isa rare, but serious genetic neuromuscular disorder caused by a
pathogenic variant in the survival motor neuron 1 ( SMNJ) gene and is
associated with irreversible motor neuron loss and disease progression

o Inrecent years, the availability of disease-modifying therapies has
significantly improved prognosis, particularly when initiated early in the
disease course.

o Inthe absence of disease-modifying treatment, t he natural history of
SMAIis broadly characterised by progressive motor and respiratory
muscle wasting and weakness of varying severity. In most cases, this
results in motor milestones not being reached (for example, sitting,
walking), problems with breathing or swallowing (requiring mechanical
ventilation in severe cases), and frequent respiratory infections.

o This loss of the functional SMNIgene can be partially compensated for
by the presence of another gene, survival motor neuron 2 ( SMNJ.
SMNZcan be considered a diseasemodifying gene, since, typically, as
SMNZcopy number increases, the severity of the disease course
decreases However, this correlation is not absolute.

A smais categorisedinto five distinct clinical subtypes (type O to type 1V) based
on age of symptom onset and maximum motor function achieved . Symptoms
may present at birth (type 0), shortly after birth (type I), during childhood
(type 1l and 1lI) or in adulthood (type IV ). Younger age at onset is associated
with more severe disease; type 0 which has onset in utero is associated with
early infant mortality.

A Under current practice, the proportions of SMA cases that present as types |
to IV were estimated through a meta -analysis of identified studies. Type |
compromised 55.3% of cases, with type I | representing 23.3%, type llI
20.4%, and type IV 1.0% .

A In Irelan d, cases of SMA are currently identified by family history or through
clinical presentation. Cases presenting clinically with symptoms have already
experienced irreversible loss of motor neurons. In the absence of screening, it
is possible that some casesare not identified, for example, those who
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experience very early mortality and those who experience a very mild disease
course.

A Irish SMA case data were provided by Children's Health Ireland (CHI) at
Temple Street; information on age at diagnosis was available for 25 paediatric
casespresenting between 2015 and 2022. The median ages at diagnosis for
types I-1ll SMA were as follows: type I, six months (range 0 to 7.9 months);
type Il, 19 months (range 12 to 24 months); type Ill, 144 months (range 42
to 192 months).

A Newborn bloodspot screening for SMAuses polymerase chain reactionbased
methods to detect homozygous deletions of SMNI(that is, deletions affecting
both copies of the SMNIgene).

o Sampleswhich return a screen positive result for SMNIdeletion
typically undergo confirmatory testing to confirm SMNIdeletions and
to quantify SMNZcopy number in order to inform prognosis and
treatment planning. It may be possible to perform confirmatory testing
on the original bloodspot sample taken for th e purpose of newborn
screening. If this is the case, this would mean that there would be no
need to contact the family for a separate blood draw, thereby
minimising the impact of a false positive screening result on them. The
need for a separate blood draw would however depend on the
outcomes of the laboratory verification process (that is, the phase in
which the testing method is established, which occurs prior to
implementing screening in the population).

o The proposed screening test will not identify those with compound
heterozygous variants of SMN1(2 to 5% of SMA cases, where a
deletion occurs in one copy of the gene and a point mutation in the
other).

A International practice, in terms of newborn bloodspot screening for SMA, has
undergone substantial change in recentyears. HI QA6s review of scr
practice in 34 counties identified that newborn bloodspot screening is fully
implemented at a national level in eight countries, implemented at a regional
level in four countries, under implementation in one country, being piloted in
seven countries, and is under review in two further countries.

Ve

A Estimates of incidence vary internationally. Data suggest an average of 6.5
cases (95% prediction interval (PI): 2.4 to 13.2) of types [ to IVS MA a year
in Ireland based on approximately 58,000 births.

Ve

A The majority of SMA cases identified through screening have not yet
developed symptoms. Therefore, introduction of screening effectively
removes clinical subtyping; decisions on prognosis and treament instead rely
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on genetic phenotype using the patientd $SMN2gene copy number as a
biomarker.

Ve

A A meta-analysis was undertaken to indicate the likely clinical course for
individuals based on SMNZcopy number. This was conducted using historical
data from patients presenting clinically with symptoms. Of identified patients:

(0]

(0]

Ve

85.0% (95% CI: 65.3% to 94.5% ) were estimated to have up to three
copies of SMNZ2 Of these, 99.8% (95% CI: 98.8% to 100%) were
estimated to present with types | to Il SMA.

11.1% (95% CI: 4.3% to 19.9%) were estimated to have four copies
of SMNZ2 Of these, 94.4% (95% CI: 82.8% to 99.2%) were estimated
to present with types | to Ill, with the remainder presenting with type
IV SMA (5.6%, 95% CI: 0.8% to 17.2%) .

3.9% (95% CI: 0.0% to 22.8% ) were estimated to have five or more
copies of SMNZ2 The likely SMA type in this cohort is subject to
substantial uncertainty due to the very small number of cases with five
or more copies that have presented clinically in the absence of
screening. However, the available evidence suggests that these
patients would likely have milder disease types.

As identification was primarily based on symptomatic presentation, the
percentages of patients with higher copy numbers may be
underestimated. This is because these individuals typically experience a
milder disease course and may be less likely to present in clinical
practice.

A A systematic review of newborn screening programmes for SMA was
undertaken with the primary outcome of interest being clinical effective ness.
Thirty-two relevant publications, describing 20 unique studies, were included.

(0]

(0]

In 16 studies, screening for SMA was reported to accurately detect
homozygous deletions on exon 7 of the SMNIgene (the location of
interest for identification of SMA).

Referrals for confirmatory testing as a percentage of the total
population screened ranged from <0.01% to 0.14% with the midpoint
across all studies being 0.01% (1 in 10,000 screened).

As a percentage of the total population screened, the false positivity
rate was estimated at less than 0.01% (less than 1 in 10,000) in all but
one study (0.12%). Based on pooled data across the 16 studies which
reported false positivity rates, the ratio of SMA cases to false positives
detected was 6:1.

Considering total referrals and the false positivity rate, the international
evidence suggests no substantial relative increase in the diagnosed
incidence after the introduction of screening. However, t he impact of
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screening on the diagnosed incidence cannot be accurately assessed
given the recent introduction of international screening programmes.
Collectively, of approximately 3.2 million infants screened, 240 cases of
SMA were identified through screening. Of these, 49% (n = 118) had
two copies of SMNZ 30% (n =71) had three and 13% (n =31) had
four copies. Several of the studies combined data for those with four or
more copies, these cases are not included in these estimates, so the
percentage specifically with four copies is an underestimate . Of note,
32% of identified cases were noted to be symptomatic prior to
treatment beginning.

One non-randomised study from Australia compared clinical outcomes
in screened and unscreened cohorts. For identified cases &creened
n=15; unscreened n=18) there was evi dence to suggest screening was
associated with improved functional outcomes. Of note, only one case
in each cohort had four or more SMNZcopies.

The evidence relating to clinical outcomes of a screening programme
for SMA is inherently linked to the clinical outcomes of the disease-
modifying treatments. Therefore, the impact of the screening
programme in isolation is difficult to confirm.

A There is currently no known cure for SMA. However, treatments are available

Ve

to increase production of functional SMN protein. The first drug was licensed
by the European Medicines Agency(EMA) in 2017. As of September 2023,
three drugs have now been licensed: nusinersen (Spinrazd®), onasemnogene
abeparvovec (Zolgensm&) and risdiplam (Evrysdi®).

0 These drugs differ in their licensed indications and in their

reimbursement by the HSE
These drugs are associated with very high drug acquisition costs.
Annual costs to the HSE based on the list price were estimated as

approximately 0255, 000 per patient

for

risdiplam and (2. 2 omasemhogeoenabgpavovecp at i ent

when administered as a one-off treatment. The actual costs to the HSE
are anticipated to be lower, but this cannot be confirmed due to the
confidential nature of the agreements.

Current reimbursement criteria were agreed in the absence of a
screening programme. Funding arrangements would need to be
clarified for those that would be identified through screening.

A An overview of treatment effectiveness was undertaken.

0 Based on limited data, there is evidence that treatment with these

drugs leads to improved outcomes in individuals who have developed
symptoms compared to no treatment. The evidence (primarily in type |
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disease) also suggests that earlier treatment is more beneficial than
later treatment .

0 Less evidence is availablefor presymptomatic patients, with data
limited to those with two or three copies of SAMNZonly; these data
suggest that earlier intervention is associated with improved clinical
outcomes.

o Follow-up data are limited, therefore, there is substantial uncertainty
regarding the long-term effectiveness of these drugs.

Ve

A The introduction of screening for SMA would change treatment pathways for
children with SMA. Some cases may receive a different treatment than they
would have received if they had presented symptomatically at a later point.
Additionally, a small number of cases who would have remained unidentified
for many years may receive early treatment or be managed with a watchful
waiting strategy, where their condition is monitored for evidence of disease
progression before treatment begins.

A A systematic review was undertaken of the international evidence on the cost
effectiveness of newborn bloodspot screening for SMA compared with clinical
presentation. Changes in the therapeutic landscape and variationin
methodological approaches contributed to a wide range of results acrossthe
four cost-utility analyses (CUAs)and one cost-effectiveness analysisidentified.

o Newborn bloodspot screening for SMA was consicered cost saving in
two of the four identified CUAs. It was considered not cost effective
(adjusted incremental cost-e f f ecti veness ratio (1 CER)
guality-adjusted life year (QALY)) at a willingness-to-pay threshold of
U445, 00@ALYgainedin one CUA, while in the fourth CUA, the
| CER varied between not <costndeostf ecti ve
saving depending on the treatment strategy.
o In general, studies were considered to be of low to moderate quality
largely due to limitations in the evidence base and inadequate
reporting. Conflicts of interest arising from relationships with
pharmaceutical companies were reported in three out of the five
included studies. None of the studies were considered directly
applicable to the Irish context.
o De novo modelling to inform cost eff ectiveness of screening in the Irish
setting was not undertaken given insufficient evidence to inform
reliable estimation of the cost effectiveness of screening in the Irish
setting. This included limited comparative data for screened versus
non-screened populations, an absence of long-term clinical
effectiveness data, and a lack of evidence for those with higher SMN2
copy numbers.
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Ve

A n 2023, it was agreed that the NNBSP should be expanded to include
screening for severe combined immunodeficiency (SCID). Multiplex assaysare
available to screen for both SCID and SMAat the same time. Should
screening for SMA be recommended, this would potentially result in
operational efficiencies in terms of the equipment requirements, p hysical
space requirements, training needs of staff, and verification and screening
processes,as compared to a scenario where SMA were to be introduced in
the absence of screening for SCID.

A A budget impact analysis was undertaken to estimate the incremental budget
impact associated with the addition of screening for SMA to the NNBSP
relative to identification based on clinical suspicion or family history (current
care).
o The incremental budget impact (that is, the budget impact over and
above current expenditure in the absence of screening), was estimated
at approXtr./maitielliyoni ( 95% conf ibdlégonce i nt
040.5 million) over a five -year time horizon.
o Total laboratory costs, comprising equipment and consumables
associated with screening, were estimated as representing less than

5% of costs (0U0.7 million, 95% CIl: 0O0.
scheduled healthcare wutilisation (00.1
andclinicalstaff (¢ 0. 5 million, 95% CIl: 00.4 to

small proportion of the total incremental budget impact (< 5%).
The incremental budget impact was largely (approximately 90%)
driven by the cost of disease-modifying therapies ( 016 . 3 mi | | i on,
Cl : u3. 8.Thiswas @Bi®aril9 gccounted for by changes to the
treatments that would be received by individuals under screening.
Specifically, more individuals were modelled as receiving one off
treatment with onasemnogene abeparvovec than would receive it
under current care. Without screening, these cases would commence
treatment at symptom onset with nusinersen or risdiplam for an
indefinite duration. As onasemnogene abeparvovecis associated with a
very high upfront cost, its contribution to the overall budget impact is
particularly observed over shorter time horizons (such as the five years
modelled). However, use of a longer time horizon would be subject to
even greater uncertainty given the evolving treatment landscape.

o Drug costs were calculated based on the publicly known list price. It is
important to note that confidential pricing arrangements are likely to
be in place and may have a significant impact on the budget impact, as
demonstrated in scenario analyses within this HTA.

0 Sensitivity and scenario analysisdemonstrated a substantial degree of
uncertainty in the estimated budget impact. This was largely due to the
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considerable uncertainty relating to the epidemiological inputs, the cost
of disease-modifying treatments, and the knowledge gaps related to
reimbursement criteria for available disease-modifying treatments.

Ve

A Healthcare budgets are limited. In the implemen tation of any technology, the
financial resources for implementation must be found from within the existing
health budget or from the wider public sector budget. Consideration must be
given to the ethical issues arising from the discontinuance or re -allocation of
existing services, within the context of equity and justice for all patients.

A Asup to 5% of SMA cases would not be detected by the proposed screening
test (that is those with compound heterozygous variants of SMNJ, it would
be important that clinical care pathways ensure that a previous negative
screening result does not preclude testing for SMA in such cases presenting
symptomatically.

A The benefit-harm balance of screening may differ depending on the SMNZ2
copy numbers of the detected SMA case with patients with lower copy
numbers expected to have the most benefit. In particular, t he benefit is
expected to be more variable in the case of children with four copies of
SMNZ and is highly uncertain in the case of children with five or more copies
given the absence of data in this cohort.

o Children with higher SMNZ2copy numbers are at higher risk of
overtreatment (that is, receiving treatment earlier than would have
been required or that might never have been required) . An option to
mitigate this risk is to adopt a watchful waiting strategy with treatment
initiation if there are changes indicative of early disease onset and
progression. While this approach likely results in a reduced time to
treatment, as compared to absence of screening, there may be harms
in terms of psychological distress due to the potential for over -
medicalisation of these children and the potential for some irreversible
nerve damage prior to treatment initiation.

A Given the disease spectrum and variable potential to benefit, a decision to
recommend screening should specifywhat is meant by a positive screening
test and whether the aim is to identify all cases of SMA resulting from a
homozygous deletion of SMNIor to identify the subset of cases most likely to
develop clinically significant disease There are conflicting ethical implications
associated with this decision.

o Where the aim is to identify a subset of all cases of SMA, the definition
of screen positivity could be based on a stated maximum SMNZcopy
number (f or example, O 3 copies, O 4 copie
recognise the correlation between SMN2copy number and disease
severity, and the uncertainty around the effectiveness (and therefore
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cost effectiveness) and or availability of treatment for those wi th

higher SMNZ2copy numbers. As some children with SMA may not
benefit from screening, the intention would be to allow early diagnosis
and intervention for cases expected to benefit the most from

screening. It would also avoid identifying individuals for whom there is
substantial uncertainty as to their clinical course and or where adult-
onset, mild disease is more likely. This correlation however is
imperfect, and the risk of undertreatment and overtreatment cannot be
eliminated.

o If screening were introd uced without a threshold, there is a risk of
harm for cases identified in terms of psychological distress, over-
medicalisation and overtreatment. Introducing a threshold lowers this
risk but introduces other risks; cases who were not told about their
gene changes could develop symptoms (resulting from irreversible
nerve damage) that may have been avoided if they had been
monitored and treated earlier as a result of their identification through
screening.

o0 Where a definition of screen positivity based on SMAZ copy number is
used, this could potentially imply non-disclosure of a genetic diagnosis
of SMA to a subset of individuals. People may feel that they have a
right to know if they have SMA, even if they are not expected to
benefit from early treatment. This must be counterbalanced by the
challenges for parents and clinicians of disclosing genetic information
that is of uncertain value.

A Due to infrastructural constraints, implementation of screening by the
National Newborn Bloodspot Screening Laboratory isunlikely to be feasible
until the new childrends hospital on the
Appropriate resourcing of the National Newborn Bloodspot Screening
Programme is essential for the functioning of the programme as a whole.

A Inlight of the uncertainties identified throughout this HTA, ongoing
monitoring of the outcomes of a screening programme for SMA would be
important, should a decision be made to recommend screening.

Arising from this HTA, HI QA6s advice to NSAC

A Spinal muscula atrophy (SMA is a rare, serious genetic condition associated
with irreversible motor neuron loss and disease progression. Clinically, the
disease presents across a gradient of severity from type 0 (onset in utero,
followed by early infant mortality) to type IV (adult -onset).

Page 17 of 391



Addition of SMA to NNBSP- November 2023

Health Information and Quality Authority

o Based on historical data, paediatric disease (types I to Ill) represents
99% of cases identified.

o Inlreland, t he median age for diagnosis of type | SMAwas six months
(range 0 to 7.9 months), type Il was 19 months (range 12 to 24
months), and type Ill was 144 months (range 42 to 192 months) .

A Estimates of incidence vary internationally. Data suggest an average of 6.5
cases (95% prediction interval (P1): 2.4 to 13.2) of types | to IV SMA a year in
Ireland based on approximately 58,000 births. It is uncertain if screening
would be associated with an increase in the number of diagnosed cases of
SMA.

A Newborn bloodspot screening for SMA typically targets identification of the
homozygous deletion in the survival motor neuron 1 (SMNJ gene. Thisis a
reliable and accurate test.

o This test will, however, not detect cases of SMAthat do not involve
homozygous SMN1deletion (2 to 5% of cases).

A The addition of screening for SMA would enable earlier detection of infants that
would otherwise present later with symptoms . Under screening, current clinical
subtyping, which is determined by symptomatic presentation and age of onset,
would generally no longer apply. Decisions on prognosis and treatment would
instead rely on the individuald survival motor neuron 2 (SMNJ gene copy
number as a biomarker.

A Evidence suggests that earlier treatment with disease -modifying drugs may
result in better clinical outcomes by preventing or reducing irreversible motor
neuron loss and disease progression

o There are limited clinical effectiveness data for all relevant subgroups
(for example, presymptomatic populations, and those with higher copy
numbers of the SMNZ2gene, indicative of less severe disease) There is
also an absence of long-term effectiveness data.

o The limitations of the effectiveness evidence mean that any estimates of
cost effectiveness are highly uncertain.

A While treatments are available for SMA, reimbursement arrangements have not
been agreed in the context of screening and would need to be clarified.

A The incremental budget impact associated with the addition of screening for
SMA to the National Newborn Bloodspot Screening Programme(that is, the
budget impact over and above current expenditure in the absence of
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screening),was esti mated al7.7aplipnr(%®% icom@dnee! y
interval (CI): 5.4t o040% million) over a five -year time horizon. This was
estimated using publicly available drug list prices. The results are subject to
considerable uncertainty.

o Approxi mately 90% of these costs
million, 95% Cl: 03.8 to 0u38.9).

o Total laboratory costs, comprising equipment and consumables
associated with screening, were estimated as representing less than 5%
of costs (00.7 million, 95% CI : 4

o The costs of schedul ed healthcare
$0.02 to 00.3) and clinical staff
comprised a small proportion of costs (less than 5%).

Given the disease spectrum and variable potential to benefit, a decision to
recommend screening should specify whether the aim is to identify all cases of
SMA resulting from a homozygous deletion of SMNZor to identify the subset of
cases most likely to develop clinically significant disease There are conflicting
ethical implications associated with this decision. Limiting identification to a
subset of cases on the basis of SMN2copy number, would:

o risk harm in children who could otherwise have been identified through
screening, given that SMN2copy number is an imperfect biomarker of
severity. This would apply specifically to those who may develop
clinically significant disease in childhood despite having a higher SMNZ2
copy number.

o potentially imply non -disclosure of a genetic diagnosis of SMA to a
subset of individuals. This must be counterbalanced by the challenges
for parents and clinicians of disclosing genetic information that is of
uncertain value.

Due to infrastructural constraints, implementation of screening by the National
Newborn Bloodspot Screening Laboratory is unlikely to be feasible until the
new childrends hospital on t hApprdprated a
resourcing of the National Newborn Bloodspot Screening Programmeis
essential for the functioning of the programme as a whole .
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Executive Summary

A health technology assessment (HTA) is a multidisciplinary process that summarises
information about the medical, social, economic, and ethical issues related to the

use of a health technology and does so in a systematic, transparent, unbiased, and
robust manner. A HTA is intended to support evidence-based decisionmaking
regarding the optimal use of resources in healthcare services.

This report summarises the findings of a HTA on the potential addition of screening
for spinal muscular atrophy (SMA) to the National Newborn Bloodspot Screening
Programme (NNBSP).

Background

In January 2023, at the request of the National Screening Advisory Committee
(NSAC) the Health Information and Quality Authority (HIQA) agreed to undertake a
HTA on the potential addition of SMA to the NNBSP.

Methods

This research was carried out in accordance withHlI QA6s gui delines for
of HTAs. In summary, the following too k place:

A Terms of Reference for the HTA were agreed between HIQA and the NSAC
Secretariat

A An Expert Advisory Group EAG) was convened by HIQA comprising
representation from relevant stakeholders. These included the Department of
Health, the Health Service Executive (HSB, the NNBSP,the National Newborn
Bloodspot Screening Laboratory, clinical and laboratory science experts,
patient and public representatives, and international experts.

A The existing and proposed diagnostic and treatment pathways for SMA, and
international practice regarding the use of screening for SMA were described.

A The epidemiology and burden of disease of SMA in Ireland and internationally
was described.

A A systematic review of the test accuracy and clinical effectiveness of newborn
screening for SMAwas conducted.

A An overview of the currently available treatments was provided and evidence
from clinical trials of disease-modifying treatments was described.
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A A systematic review of the cost effectiveness of newborn screening for SMA
was conducted.

A The organisational and budgetary implications of introducing newborn
screening for SMA in Ireland were described and estimated.

A Wider ethical and societal implications that newborn screening for SMA may
have for children, families, the general public, and the healthcare system in
Ireland were described.

A A draft report summarising the findings of this HTA was produced and
circulated to the EAG for review and subsequently amended, where
appropriate.

A Following a meeting of the EAG, the final draft of the report for the HTA was
amended and Htb QSREG sircutatédtoi thee &AG for consideration

A Following review by the EAG, the final draft of the HTA was to the Board of
HIQA for approval.

A Fdlowing its approval, the finalised HTAwas submitted to NSAC for
consideration and published on the HIQA website.

Description of SMA, e pidemiology , and burden of disease

SMA is a rare, genetic neuromuscular disordercaused by pathogenic variants in
genes that code for the survival motor neuron (SMN) protein. This protein is
important for the maintenance of specialised nerve cells (motor neurons) located in
the spinal cord and the brainstem. In cases of SMA, insufficient levels of this protein
results in progressive and irreversible destruction of the nerve cells in the brain and
spinal cord that control movement, leading to muscle wasting and weakness

Most of the SMN protein is a product of the survival of motor neuron 1 (SMNJ gene.
In the major ity of individuals with SMA, the condition results from a deletion of a
coding region in both copies of the SAMNIgene. Less frequently, SMA results from a
deletion on one of the copies of SMNIalongside a smaller change (point mutation)
on the other copy. In all of these cases, where the SAMNIgene becomes non
functional and unable to produceSMAG (SN pro
called because the SMNIgene is located on the long arm of chromosome 5 (5q)).
Almost all cases of SMA are inherited in an autosomal recessiveinheritance pattern
where each parent is a carrier of the associated genetic pathogenic variant. Where
both members of a couple are carriers of SMA each of their children has a one in
four chance of having SMA
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The SMN protein can also be produced from the survival of motor neuron 2 (SMNZ2
gene. However, only about 10% of the gene -product of SMNZis a functional SMN
protein. Given the ability of SMN2to produce limited amounts of functional SMN
protein, this gene can partially compensate for the lack of protein produced due to
the deletions in SMN1 Higher copy numbers of SMNZ2are associated with lower
disease severity and SMN2copy number is therefore used as a prognostic biomarker
for SMA. However, while a correlation between SAMN2copy number and clinical
severity exists, it is not absolute and discordant cases do present.

In recent years, the availability of disease-modifying therapies has significantly
improved the prognosis of individuals with SMA, particularly when initiate d early in
the disease course. In the absence of disease-modifying treatment, the natural
history of SMA is broadly characterised by progressive motor and respiratory muscle
wasting and weakness of varying severity. This can result in motor milestones not
being reached (for example, sitting, walking), problems with breathing or swallowing
for some patients (requiring mechanical ventilation in severe cases), and frequent
respiratory infections.

SMA is categorised into five distinct clinical subtypes (type 0 to type 1V) based on
age of symptom onset and maximum motor function achieved. Symptoms may
present at birth (type 0), shortly after birth (type 1), during childhood (type Il and

[l) or in adulthood (type 1V). Younger age at onset is associated with more severe
disease; type 0 which has onset in utero is associated with early infant mortality.
Children with type | SMA who do not receive disease-modifying treatment typically
do not survive beyond the age of two years. As discussed below,the arrival of these
treatments has resulted in substantially improved outcomes for these children.
Estimates of the incidence of SMA vary internationally. Data suggest an international
incidence of types | to IV SMA of 1 in 8,932, which would equate to an average of
6.5 cases (95% prediction interval (PI): 2.4 to 13.2) a year in Ireland, based on
approximately 58,000 births. In Ireland, cases of SMA are currently identified by
family history or through clin ical presentation. Irish data for diagnosed cases of SMA,
for the period 2018 to 2022 suggest an incidence of 1 in 12,211. However, this
incidence may be underestimated due to the lack of centralised data collection and
the potential for underdiagnosis of milder SMA types Available national
epidemiological data are broadly in line with international estimates, taking small
sample sizes and naturally occurring variation in the context of rare diseases into
account.

The proportions of SMA cases that are types | to IV were estimated in this HTA
through a meta-analysis of published studies. Type | was estimated to comprise
55.3% of cases, followed by type Il (23.3%), type 11l (20.4%) and type IV (1.0%).

It is important to note that in the context of newborn bloodspot screening for SMA,
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the majority of individuals are asymptomatic at diagnosis. Therefore, introduction of
screening effectively removes clinical subtyping; decisions on prognosis and
treatment instead rely on genetic phenotype using the patient 6 SMA2 gene copy
number as a biomarker.

To indicate the likely clinical course for individuals based on SMN2copy number, a
meta-analysis was undertaken using historical data from patients presenting
clinically with symptoms. The majority of these patients were estimated as having up
to three copies of SMN2(85.0%), and, amongst these, almost all were estimated to
present with types | to 1l SMA (99.8%) . An estimated 11.1% (95% confidence
interval, Cl: 4.3% to 19.9%) had four copies of SMNZ of which 94.4% (95% CI:
82.8% to 99.2%) were estimated to present with types | to Ill, with the remainder
presenting with type IV SMA (5.6%, 95% CI: 0.8% to 17.2%) . The data suggest
that 3.9% (95% CI: 0.0% to 22.8%) had five or more copies of SMNZ2 The
percentage of individuals with higher copy nhumbers is subject to substantial
uncertainty due to the very small number of cases with five or more copies that have
been diagnosed with SMAIn the absence of screening. While the likely SMA type in
the absence of treatment is subject to substantial uncertainty , for those with higher
SMNZcopy numbers, the available evidence suggests that these patients would
likely have milder disease

In the absence of screening, there may be a delay between symptom onset and
diagnosis; this delay could be avoided if a newborn bloodspot screening programme
were implemented. The literature suggests that the interval from symptom onset to
diagnosis increases as the clinical severity of disease decreases. Type ISMA is
associated with the shortest diagnostic delay and type IV with the longest. This likely
reflects the challenges in recognising and attributing symptoms, particularly in those
with a milder disease course. In the Irish context, data on age of diagnos is were
provided by CHI at Temple Street for 25 paediatric cases. Here, the median age at
diagnosis for type | SMA was six months (range 0 to 7.9 months), type Il was 19
months (range 12 to 24 months), and type Il was 144 months (range 42 to 192
months).

Description of technology

This report considers the addition of newborn screening for SMA to the NNBSP in
Ireland. Of note, in the event that a decision is made to add SMA to the NNBSP,
those with a confirmed high risk of a child with SMA, due to a family history of SMA,
would continue to be offered prenatal genetic testing, in line with current practice .

Populatonrbased newborn screening for SMA typical
genetic material (their DNA) for homozygous deletions in the SMNIgene, that is,
deletions in both copies of the gene. The DNA is extracted from the dried bloodspot
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sample and amplified using quantitative polymerase chain reaction (qPCR1 based
techniques to detect the homozygous deletion. This process may be accomplished
using commercially available testing kits. Following an initial positive screening test,
there is an additional test undertaken, often performed using multiplex ligation-
dependent probe amplification (MLPA, to confirm the diagnosis and quantify the
number of copies of the SMNZ2gene. The screening test cannot distinguish between
SMA types; however, prognostic information can be drawn from the SAMNZcopy
number (although, as previously stated, this method is not absolute). Also of note,
the proposed screening test only identifies homozygous deletions in the SMNIgene
and will not identify those with compound heterozygous variants of SMNI(up to 5%
of SMA cases, where a deletion occurs in one copy of the gene andthere is a point
mutation in the other).

In terms of current international practice regarding newborn screening for SMA, a
review of 34 countries was conducted up to August 2023, including those in the
European Economic Area,the United Kingdom, the United States, Canada
(provinces), Australia (regions) and New Zealand Newborn screening for SMA was
found to be fully nationally implemented in eight countries, regionally implemented
in four countries, under implementation nationally in one country, being piloted in
seven countries, and under review in two countries.

In the absence of screening (that is, current practice), cases of SMA are identified by
family history or symptomatic presentation . These current diagnostic pathways
depend on whether the condition is paediatric-onset or adult-onset. In the paediatric
setting, if SMA is suspected, the child is referred for diagnostic testing by a
healthcare professional. Diagnostic testing is carried out at the molecular genetics
laboratory in the Department of Clinical GeneticsatCh i | dr en é andiGHR | t h | r e
Crumlin or, specifically for those seen in the neuromuscular clinic in CHI at Temple
Street, by an external provider in Germany. A blood draw is taken and molecular
genetic testing is performed to quantitatively analyse SMNIand SMNZ2 This is
performed using MLPA, gPCRor next-generation sequencing. The absence of two
full SMNIcopies (suggesting homozygous deletion of the SMNIgene) is indicative of
a diagnosis of SMA. If only one full copy is present and the clinical presentation is
indicative of SMA, the SMNIgene is sequenced to check for point mutations.

Once diagnosis is confirmed, the child is seen in the neuromuscular service at CHI at
Temple Street, which acts as the national tertiary referral centre for children with
SMA . Here, decisons on the treatment are made in conjunction with the family.
Siblings of children with SMA are assessed by a clinical specialist for any potential
signs or symptoms of SMA. If there is clinical concern, genetic testing is then
undertaken. For adults, suspected cases of adult-onset SMA aretypically diagnosed
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by a local neurologist or through referral to a neurologist with a special interest in
neuromuscular conditions.

While paediatric-onset SMA cases will transition to adult services for ongoing
treatment and monitoring, currently there are no SMN -dependent drugs reimbursed
for the treatment of adult -onset SMA in Ireland. Treatment in adults is supportive in
nature and case-specific depending on the clinical needs of the patient.

Clinical effectiveness  of screening

In order to describe the clinical effectiveness of newborn screening for SMA, a
systematic review of the international literature was undertaken to examine
approaches to, and outcomes of, newborn bloodspot screening for SMA. Both
comparative studies (which compare clinical outcomes based on the intervention of
screening) and non-comparative studies (which report outcomes for population -
based newborn bloodspot screening and contribute descriptive information on
outcomes such as test performance) of population-based newborn bloodspot
screening for SMA were considered eligible.

Thirty-two publications, describing 20 unique studies, were included, consisting of 29
non-comparative publications (17 unique cohorts) and three comparative
publications (all unique cohorts). Of the 17 studies providing detail on approaches
used, the primary target of screening in all studies was homozygous deletions in
SMN1using PCRbased methods as the initial test. However, there was variation in
the use of second tier tests, test targets, confirmatory testing methods, and
laboratory techniques. Eight studies included a second tier test to confirm SMN1
deletions and or quantify SMNZ2copy number. In two studies, the number of SMNZ2
copies was used to establisha cut-off for screen positives (meaning that those
identified as having more than the specified SAMN2copy numbers were not reported
as having SMA). In both of these studies, the use of SMNZcut-offs for test positivity
(four or more copies or five or more copies) was related to the uncertainty
associated with the prognostic value of higher copy numbers.

Following a positive result on a screening test, confirmatory testing is undertaken to
establish a diagnosis. In the studies examined, as a percentage of the total
population screened, referrals for confirmatory testing ranged from <0.01% to
0.14%, with the midpoint being 0.01% (that is, 1 in 10,000). The positive predictive
value (PPV) of a test means the probability that when a test result is positive, the
person truly has the condition. Across studies, the PPVranged from 16.67% to
100%, with the midpoint being 100% and 13 studies reporting a PPV at or above
90%. As a percentage of the total population screened, this reflected a false
positivity rate for the screening test (that is, the number of those without the
condition that are incorrectly classified as positive by the test) of less than 0.01% (<
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1in 10,000) in all but one study (0.13%). Based on pooled data across the 16
studies which reported false positivity rates, the ratio of SMA cases to false positive
cases was 6:1. In included studies, factors noted to influence test accuracy included
contamination, and human or system errors.

Collectively, over 3.2 million infants were screened, with 240 cases of SMA identified
through screening. The majority of these cases had two (n = 118, 49%) or three (n
=71, 30%) SMNZcopies. Symptom status was reported for 212 cases with 68
(32%) noted to be symptomatic at some point within the screening pathway up to
and including treatment initiation. The majority of those that were symptomatic
within the screening pathway had two SMNZcopies (n = 51, 75%). The reported
incidence rate of SMA associated with homozygous deletions ranged from 1 in 6,059
to 1 in 19,000 (mid point 1 in 13,500) across the studies. Considering the total
number of SMA cases detected and the total number of infants screened in these
studies, a collective incidence of 1 in 14,574 is estimated. Given the relatively recent
introduction of newborn screening for SMA, it is difficult to assess the impact of
screening on SMA incidence, that is, whether it results in an increase in the total
number of cases that are identified.

Limited data on the impact of newborn screening on morbidity were identifie d from
three comparative studies, with all three presenting a potential positive impact. One
study explicitly compared outcomes in a screened cohort with an unscreened cohort,
with evidence to suggest significantly improved functional outcomes with screening.
While providing promising results of the effect of newborn screening on clinical
outcomes, these studies included small sample sizes, were restricted to a maximum
of two years of follow -up data, and are inherently linked to the long -term
effectiveness data of disease-modifying interventions, which is also limited at
present.

With respect to consideration of the potential harms of screening, it is noteworthy
that it may be possible to perform confirmatory testing on the original bloodspot
sample taken for the purpose of newborn screening. If this is the case, this would
mean that there would be no need to contact the family for a separate blood draw,
thereby minimising the impact of a false positive screening result on them. The need
for a separate blood draw would however depend on the outcomes of the
verification process (that is, the phase in which the testing method is established,
which occurs prior to implementing screening in the population ).

Overview of treatment

There is currently no known cure for SMA,; historically SMA was managed
symptomatically through supportive therapies. However, treatments are now
available which serve to increase production of the SMN protein and thereby aim to
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alter disease processes. The first drug was licensed by the European Medicines
Agency (EMA) in 2017. As of September 2023, there are three SMN-dependent
drugs licensed by the European Medicines Agency: nusinersen,onasemnogene
abeparvovec (OA), and risdiplam.

The drugs differ in their mechanisms of action, treatment duration, and
administration schedules. Both nusinersen and risdiplam act to enhance the
production of SMN protein from the SMNZ2gene, and both may be administered for
an indefinite duration provide d the patient continues to benefit from treatment.
Nusinersen is adminisiered via intrathecal injection initially every 14 days, with the
interval increasing over time to administration once every four months. Risdiplam is
administered via oral solution daily. OA is a gene therapy which acts to replace the
missing or non-functional SMNIgene. This treatment is administered as a one-off
therapy via intravenous infusion.

These drugs are associated with very high drug acquisition costs. Annual costs to the

HSE based on the | ist price were estimated as
for each of nusinersen and ri sddApheam and 02.
administered as a one-off treatment. The actual costs to the HSE are anticipated to

be lower, but t his cannot be confirmed due to the confidential nature of the

agreements.

Access to treatment is available in the publicly funded healthcare system in Ireland
for children with symptomatic SMA subject to managed access protocols. However,
cases of type 0 SMA are managed with supportive and palliative care, including
family counselling. With regard to treatment availability for patients who are not yet
symptomatic (as would be the case for most patients identified through screening),
at least one treatment is currently reimbursed through the publicly funded
healthcare system for patients who have up to three SMNZcopies. However, it is
noted that current reimbursement criteria were agreed in the absence of a screening
programme and will likely also change over time in line with emergence of new
evidence. Reimbursement arrangementsin the context of screening would need to
be clarified.

Published interim efficacy data for presymptomatic treatment initiation were
identified from three ongoing trials. One trial each was identified for nusinersen (n =
25), OA (n = 29), and risdiplam (n = 6) with follow -up ranging from 12 months to a
median of 2.9 years. The studies were all single-arm and the reported findings are
limited to individuals with two or three copies of SMNZ2 Across the three trials, all
patients were alive at follow -up, with no patient requiring permanent mechanical
ventilation. Functional outcome data indicated that the majority of children achieved
their motor milestones within the normal development range.
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In terms of efficacy data for symptomatic treatment initiation , five pivotal trials that
informed the EMA authorisation of the three drugs were identified. Overall, these
were limited in terms of study size and follow-up duration. Results published to date
demonstrate motor and developmental improvements across studies. Data from the
studies of nusinersen and OA in patients with type | SMAindicate improved event-
free survival (that is, absence of death or permanent ventilation) compared with a
control group and natural history cohort, respectively.

No trials were identified that directly compared presymptomatic initiation of
treatment to treatment once a patient with SMA has become symptomatic. Evi dence
from a subgroup analyses of trials in the symptomatic setting suggests that early
treatment with nusinersen may be associated with greater improvement compared
with later treatment. Unadjusted comparisons of outcomes observed in clinical trials,
for patients expected to develop type | SMA and who were treated with nusinersen
or OA, suggest that presymptomatic treatment may lead to improved outcomes
compared with symptomatic initiation. However, such comparisons are heavily prone
to bias.

Overall, while treatment-related adverse events were reported, few serious safety
concerns were identified in the clinical trials examined. Serious liver failure and acute
liver failure (including two fatal cases) have been reported with OA post
authorisation.

In summary, based on limited data, there is evidence that in symptomatic individuals
these drugs lead to improved outcomes relative to the natural history of the disease.
Fewer data are available for presymptomatic patients, with some evidence of
improvement for those with two or three copies of SMNZ2 The evidence (primarily in
type | disease) also suggests that earlier treatment may be more beneficial than
later treatment. Follow -up data are limited and therefore there is substantial
uncertainty regarding the lon g-term effectiveness of these treatments.

Systematic review of  the cost effectiveness of screening

A systematic review was undertaken to synthesise and critically appraise the
international evidence on the cost effectiveness of newborn screening for SMA
(including subsequent treatment) compared with clinical presentation. Five studies,
including four cost-utility analyses (CUA) and one costeffectiveness analysis (CEA),
met the inclusion criteria.

Changes in the treatment landscape over time and variation in methodological
approaches contributed to an extremely wide range of results in terms of the cost
per quality-adjusted life year (QALY) gained. Compared with clinical presentation,
newborn bloodspot screening for SMA was considered cost saving in two GJAS; in
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these studies, a substantial proportion of patients identified by screening were

modelled as being treated with OA. In contrast, in one CUA, newborn bloodspot

screening with nusinersen treatment, relative to clinical presentation, was not found

to be cost effective (adjusted incremental cost-e f f ect i veness ratio (1C
per QALY), given a willingnessto-pay t hreshol d of 045,000 per
in one CUA, the | CER varied between not <cost
QALY ganed) and cost saving, depending on the treatment strategy. All of the

models were highly sensitive to the cost of the treatment strategy, and sensitive to a

lesser extent to resource use, utility values and incidence of SMA

Due to limitations in the evi dence base including the absence of long-term clinical
effectiveness data, limited comparative data for screened versus non-screened
populations, and a lack of evidence for those with higher copy numbers, as well as
concerns regarding the modelled assumptions, conclusions regarding the cost
effectiveness of screening could not be made. Given these limitations in the clinical
evidence base, de novo modelling to inform cost effectiveness of screening in the
Irish setting was not undertaken.

Organisational as pects and budget impact analysis

In terms of changes to practice within the current NNBSP, beyond the common
changes with the addition of any condition to the programme, it is not anticipated
that the addition of screening for SMA would result in any specific change to overall
practice within the NNBSP The NNBSPhighlighted that, with the exception of the
laboratory staffing changes described below, the NNBSP itselfwould be unlikely to
require additional staff if screening for SMA were implemented, provided the current
requirements submitted as per the HSE National Service Plan for 2024 are fulfilled.

Considering processes regarding informed consent, as with the addition of any new
condition to the NNBSP, there would be a need to update written material and
processes associated with informed consent for testing.

In 2023, it was agreed that the NNBSP should be expanded to include screening for
severe combined immunodeficiency (SCID).In terms of laboratory considerations,
screening for SMA involves the same PCRoased technology as screening for SCID
and there are commercially available multiplex assays which allow for concurrent
screening for these two conditions. Should screening for SMA be recommended, this
would potentially result in operational efficiencies in terms of the equipment
requirements, physical space requirements, training needs of staff, and verification
and screening processes,as compared to a scenario where SMA were to be
introduced in the absence of screening for SCID. It is not anticipated that verification
of the testing method could begin prior to t
hospital being operational. However, verification and implementation of the testing
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methods for SMA and SCID screening could take placeconcurrently. Therefore, no
additional laboratory staff would be required under the assumption that staff
requirements submitted as part of the HSE National Service Plan to implement
TREGbased screening for SCID are met. A decision would be required on the
location of second-tier testing using MLPA methodology; this would require
consideration of factors such as demand for testing, and the expertise and
equipment required.

In terms of management pathways, i n the context of newborn screening for SMA,
decision-making regarding treatment would likely be made on the basis of SMNZ2
copy number and, for the majority of cases, in the absence of a known SMA type.
The introduction of screening for SMA would also likely result in some patients
following an alternative treatment pathway than they would have followed if they
had presented symptomatically at a later point. This would have resource and
budget implications for the HSE. Additionally, a small number of those identified as
having SMA may not meet the criteria for, or consent to, immediate treatment.
Inclusion of a watchful waiting strategy within the management pathway would
need to be considered.

A budget impact analysis was undertaken to estimate the incremental budget impact
associated with the addition of screening for SMA to the NNBSP relative to
identification based on clinical suspicion or family history. For patients with a
diagnosis of SMA, the treatment pathway was determined according to disease type
(meaning SMA types | to IV) in the current care arm, and SMNZ2copy number in the
screening arm.

The incremental budget impact associated with the addition of screening for SMA to

the NNBSP(that is, the budget impact over and above current expenditure in the

absence of screeningh,was esti mated atl7.7appid ooinmbHR &Iy CU :
t 0405 million) over a five -year time horizon. Total laboratory costs, comprising

equipment and consumables associated with screening, were estimated as
representing |l ess than 5% of costs (00.7 mi/l
schedul ed healthcare wutilisation (00.21 mil/l.i
staff (00.5 milobioad, 7pP58l €b: camhphdi sed a smal
total incremental budget impact (less than 5%). The majority of expenditure over

this period (greater than 90%) r el at ed t o 3dnilliong95% €ls 43Bto( U 1 6 .
038.9 million). This was primarily accounted for by changes to the treatments that

would be received by individuals under screening. Specifically, more individuals were

modelled as receiving one-off treatment with onasemnogene abeparvovec than

would receive it under current care. Without screenin g, these cases would be treated

later, for an indefinite duration, with nusinersen or risdiplam. As onasemnogene

abeparvovec is associated with a very high upfront cost, its contribution to the
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overall budget impact is particularly observed over shorter ti me horizons (such as
the five years modelled). However, use of a longer time horizon would be subject to
even greater uncertainty given the evolving treatment landscape. Of note, drug
costs were calculated based on the publicly known list price. Confidential pricing
arrangements are likely to be in place and may have a significant impact on the
incremental budget impact, as demonstrated in scenario analyses within this HTA.

Given a high level of uncertainty is inherent to research related to rare diseases,
extensive sensitivity and scenario analyses were undertaken. These demonstrated a
substantial degree of uncertainty around the estimated incremental budget impact,
largely due to the considerable uncertainty relating to the epidemiological inputs, the
cost of disease-modifying treatments (in particular the potential for confidential
pricing agreements), and the current knowledge gaps related to reimbursement
criteria for available disease-modifying treatments.

Ethical and social considerations

The benefit - harm balance of screening may differ depending on the SMNZ2copy
number of the detected SMA case; individuals with lower copy numbers would be
expected to have the most benefit given their higher likelihood of severe disease.
Were current treatment access arrangements in Ireland to hold in the context of
screening being in place, those with fewer than four copies of SMNZ2(the majority of
patients with SMA) would likely have earlier access to treatment, leading to
improved clinical outcomes. However, as SMN2copy number is not fully predictive of
SMA severity, some of these individuals are at risk of overtreatment (receiving
treatment earlier than would have been required or that might never have been
required) or would receive a different treatm ent to that which they would have
received in the absence of screening. In particular, the benefit is expected to be
more variable in the case of children with four copies of SMNZ and is highly
uncertain in the case of children with five or more copies gi ven the absence of data
in this cohort.

Children with higher SMNZcopy numbers are at higher risk of overtreatment (that is,
receiving treatment earlier than would have been required or that might never have
been required). An option to mitigate this risk is to adopt a watchful waiting strategy
with treatment initiation if there are changes indicative of early disease onset and
progression. While watchful waiting likely results in a reduced time to treatment than
would occur in the absence of screening, there may be harms in terms of
psychological distress due to the potential for medicalisation of these children
following identification through screening. Also, adoption of a watchful waiting
approach would mean there is greater potential for some irreversible nerve damage
prior to treatment initiation compared to a scenario where treatment is initiated soon
after diagnosis.

Page 31 of 391



Addition of SMA to NNBSP- November 2023

Health Information and Quality Authority

With regards to autonomy, screening for SMA involves a particularly vulnerable
population (newborns) with consent for screening and decision-making for care
deferred to parents. The informed consent process needs to be clear that SMA
caused by compound heterozygous variants of SMN1(up to 5% of SMA cases)

would not be detected by the screening test. It would be important that clinical care
pathways ensure that testing for SMA is considered in children who present
symptomati cal |l y e vsaspectedd(negdive)scrderdndtes. 6 not
Additionally, it is important to note t hat screening of newborns for SMA may result in
subsequent identification of other family members as either being affected with SMA
or as carriers.

In this way , screening for SMA may have implications for the families of those
identified as part of the scr eening programme in terms of autonomy. Where a case
of SMA is identified, some members of the family of the newborn may also be
offered cascade testing to aid in the identification of sibling cases or carriers. For
some, this might be beneficial in that it may facilitate earlier access to treatment or
inform future family planning . However, individuals may experience psychological
distress associated with this information, or feel that they are being labelled
unnecessarily.

Given the disease spectrum and variable potential to benefit, a decision to
recommend screening should specify what is meant by a positive screening test and
whether the aim of screening should be to identify all cases of SMA resulting from a
homozygous deletion of SMNZor just to identify the subset of casesmost likely to
develop clinically significant disease If a definition of screen positivity based on
SMNZcopy number is used, this could potentially imply non-disclosure of a genetic
diagnosis of SMA to a subset of individuals, which may have important ethical
implications. People may feel that they have a right to know if they have SMA, even
if they are not expected to benefit from early treatment. These would need to be
balanced against the ethical implications of classifyingapersonas a &écased wher
uncertain if or when they might present with clinical symptoms .

From the justice and equity perspective, healthcare budgets are finite. In the
implementation of any technology, the financial resources for implementation must
be found from within the existing health budget or from the wider public sector
budget. Consideration must be given to the ethical issues arising from the
discontinuance or re-allocation of existing services, within the context of equity and
justice for all patients. This is particularly relevant when considering the cost of the
disease-modifying treatments for SMA, and the uncertainties that exist in the
estimates of the cost effectiveness and budget impact of adding screening for SMA
to the NNBSP.
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Conclusion

SMA is arare genetic neuromuscular disorder characterised by significant morbidity
and mortality. The condition results in irreversible degeneration of motor neurons in
the spinal cord, resulting in progressive muscle wasting and weakness and occurs
across a gradient of severity. The proposed screening method accurately identifies
homozygous deletions of the SMNIgene which are associated with at least 95% of
cases of SMA.It will not detect cases of SMA that do not involve homozygous SMN1
gene deletion (2-5% cases).

Based on limited data, there is evidence to suggest that screening, compared with
no screening, is associated with clinical benefits, due to earlier identification and
access todisease-modifying treatment, for those who would otherwise develop type
| to type lll disease . However, due to the absence of complete correlation between
SMNZcopy number and SMA type, it is not possible to pre dict with certainty which
patients will develop severe disease. As such,the benefit T harm balance in the
context of screening varies.

Given the disease spectrum and variable potential to benefit, a decision to
recommend screening should specify whether the aim is to identify all cases of SMA
resulting from a homozygous deletion of SMNZor to identify the subset of cases
most likely to develop clinically significant disease. A definition of screen positivity
could be devised based on SMN2copy number such that only those with SMA who
have a copy number within a certain range are disclosed as being screen positive.
There are potential ethical issues that would arise from limiting identification to a
subset of cases on the basis of SMANZcopy number. These include a risk of harm in
children who could otherwise have been identified through screening, given that
SMNZcopy number is an imperfect biomarker of severity. However, this risk would
need to be balanced against the ethical implications of identifying babies as having a
condition in the absence of a clear correlation between genotype and phenotype.

The potential benefits of a screening programme, comprising end-to-end care, need
to be considered in light of key uncertainties including the epidemiology of SMA
types in Ireland, a rapidly evolving treatment landscape, a lack of long -term
effectiveness data and uncertainty regarding reimbursement criteria in the context of
screening. These knowledge gaps combine to produce significant uncetainty
regarding the cost effectiveness and affordability of screening. In light of these
uncertainties, ongoing monitoring of the outcomes of a screening programme for
SMA would be important, should a decision be made to recommend screening.
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Plain lan guage summary

Screening can help people with rare and serious conditions to be identified and

treated sooner. Earlier treatment means they might live longer or have a better

quality of life. The National Newborn Bloodspot Screening Programme carries out the

heel prick test. This involves a small sampl
in the first 72 hours after they are born. The sample is then sent to a laboratory and

tested for several conditions. The programme currently screens for nine conditions.

In January 2023, the Minister for Health approved the addition of a tenth condition

to the programme.

Spinal muscular atrophy (SMA) is a rare, serious condition. Through screening, SMA
can be identified in newborns. The National Screening Advisory Conmittee
requested that the Health Information and Quality Authority (HIQA) examine the
available information on screening of newborns for SMA. This work was done to
inform a decision on whether SMA should be added to the existing National Newborn
Bloodspot Screening Programme.

SMA iscaused by changesinagene wi t hi n aSMAcausesparrdanentD N A
damage to the motor nerves. This damage causes muscles to become weaker over

time. As these muscles become weaker, it can make it challenging for a person to do
activities like walking, talking, and even breathing .

There are five different types of SMA. The type of SMA a person has is based on the
age at which they start to show symptoms and the movement milestones they

reach, for example, sitting or walkin g. Without treatment, some SMA types can
cause early death, or result in serious disabilities in childhood such as problems with
walking or breathing. Other SMA types can be associated with developing symptoms
later in childhood or as an adult, and in havi ng less severe symptoms. It is more
common for SMA to be severe than to be mild. In Ireland, on average, around seven
babies a year are expected to be born with SMA, though this number will likely differ
from year to year.

Until a few years ago, children with SMA were given physical therapy, nutritional
support, and breathing support to help manage their symptoms. No treatments were
available that could stop the disease from progressing. Since 2017, new drug
treatments specifically for SMA have become available. There are now three drugs
licensed in Europe for SMA. As the drug treatments are quite new and as SMA is a
rare disease, evidence of how well they work is limited. Some studies suggest that
they can help to maintain muscle function in babies and children with SMA. The
drugs cannot reverse any existing damage, so these treatments likely work better
the sooner they are given. This would be an advantage of screening i if babies with
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SMA are identified and treated sooner, it could help stop further muscle damage or
even stop the damage occurring in the first place.

SMA is a genetic condition. This means it can be passed from parents to children.
Parents can pass along SMA without having SMA themselves. To screen for SMA in
infants,the bl ood sample taken from the babyds he
changes that happen in SMA. This screening test is very accurate. If the screening
test suggests that the baby has SMA, scientists can do another test to confirm the
result and get an idea of how serious the disease might be. This second test is
important as the information it provides may be used to decide what treatment, if
any, should be offered to the child. However, the screening test only works for some
gene problems. Up to one in every 20 babies with SMA have a different gene
problem and cannot be identified by this screening test. These children would not
benefit from the introduction of screening for SMA.

While the treatments for SMA may help children with SMA, they are very expensive.
Depending on the treatment usyatforeach coul d co
patent ( f or treat ments given regularly) -ofr 02.2
treatment. Not many studies have been carried out to see whether or not screening

for SMA would be a good use of the healthcare budget. The studies that have been

carried out do not answer the question fully and did not all agree on the answer. As

a result, it is unclear if screening for SMA gives good results for the amount of

money spent.

Including the cost of treatment, it is estimated that screening for SMA would cost

a b o u 8 millioh over the first five years after it is introduced. This number is very
uncertain. The amount could be higher or lower, as the full information on prices for
testing and treatments is not available. Also, with screening, the upfront costs of
treatment would be very high. This is because more patients would receive a one -off
treatment.

Some children with SMAmay not benefit from screening. Some children identified as
having SMA may not require treatment until they are adults. It is possible that s ome
children might be treated who would have never needed treatment. Sometimes a
child may be identified through screening as having SMA but may never even
develop any symptoms. A diagnosis of SMA will result in upset for patients and their
families. Patients and their families would need to have access to support and
education to help them cope with the diagnosis. As SMA is a genetic condition they
would also need to think about testing their other family members for the gene
problem. Parents of a child with SMA might also want information to support their
future family planning .
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With screening, decision-makers would have to say what they mean by a positive
screening test. It could be everyone with a change in the gene or only those that are
most likely to develop symptoms of the disease earlier in life or who are more likely
to have serious symptoms. If a positive screen were based on those most likely to
develop serious symptoms this would impact on a small number of cases and raise
the following concerns. People may feel that they have a right to know if they have
SMA, even if they are not expected to benefit from early treatment. However, having
this information means they and their families will need to live with this diagnosis ,
and think about what it means for their family and any future children they may
have. It is not possible to be certain about which patients will develop severe
disease. If some people are not told about their gene changes, there is a risk that
they could develop symptoms that could have been avoided. Another option is for a
specialist team to monitor children who are at lower risk of severe disease, and to
start treatment if symptoms develop. Although these concerns only apply to a small
number of cases, decisionrmakers have to carefully consider the impact of these
choices

Overall, SMA is a very rare and serious condition. Sceening for SMA is very accurate
and can identify most babies with SMA before they start to show symptoms. It is not
known if all people with the gene change will eventually develop symptoms of SMA.
Treatments for SMA may work better if given earlier. These treatments are very
expensive, and not a lot is known about how well they work in the long term.
Screening is expected to benefit most children with SMA, but may not benefit all. It
is important that all of these points are considered before a decision ismade on
whether or not SMA screening is introduced.
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List of abbreviations used in this report

AAV9

BIA

BSID -1l

CEA

CHEC

CHI

CHMP
CHOP-INTEND

Cl
CMAP
CNS
CPI
CPU

Ct

CUA
DBS
ddPCR
DNA
DoH
DRG
EAG
EQ-5D-3L
EMA
EMG
EUnetHTA
FDA
GLMM
GMFM
GP
HFMSE
HINE
HIQA
HR
HR-QoL

adeno-associated virus 9

budget impact analysis

Bayley Scales of Infant and Toddler Development Third Edition
cost-effectiveness analysis

Consensus on Health Economics Criteria

Children's Health Ireland

Committee for Medicinal Products for Human Use

Children's Hospital Of Philadelphia Infant Test Of Neuromuscular
Disorders
confidence interval

compound muscle action potential

central nervous system

consumer price index

Corporate Pharmaceutical Unit

cycle threshold

cost-utility analysis

dried bloodspot

digital droplet polymerase chain reaction
deoxyribonucleic acid

Department of Health

Diagnosis related Group

expert advisory group

EuroQol 5-dimensions with 3-levels

European Medicines Agency
Electromyography

European Network for Health Technology Assessment
US Food and Drug Administration

generalised linear mixed methods

Gross Motor Function Measure

General Practitioner

Hammersmith Functional Motor Scale Extended
Hammersmith Infant Neurological Examination
Health Information and Quality Authority
hazard ratio

health related quality of life
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HSE
HTA
ICER
ICT
IQR
ISPOR

VD
LYG
MAP
MCID
MDT
MFM
MLPA
MMP
NBS
NMB
NCPE
NNBSL
NNBSP
NSAC
OA
PCR

Pl
PICOS

PNCR
PPP
PPV
PRISMA

QALY
gPCR
RCT
RULM
SCID
SD
SMA

Health Information and Quality Authority

Health Service Executive

health technology assessment

incremental cost-effectiveness ratio
information and communication technology
interquartile range

International Society for Pharmacoeconomics and Outcomes
Research
/in vitro diagnostic medical devices

life year gained

managed access protocol

minimal clinically important differences
multidisciplinary team

Motor Function Measure

multiplex ligation-dependent probe amplification
HSE Medicines Management Programme
newborn bloodspot screening

monetary benefit

National Centre for Pharmacoeconomics

National Newborn Bloodspot Screening Laboratory
National Newborn Bloodspot Screening Programme
National Screening Advisory Committee
onasemnogene abeparvovec

polymerase chain reaction

prediction interval

Population, Intervention, Comparator, Outcomes and Study
design
Paediatric Neuromuscular Clinical Research

purchasing power parity
positive predictive value

Preferred Reporting Items for Systematic Reviews and Meta
Analyses
guality-adjusted life year

guantitative polymerase chain reaction
randomised controlled trial

Revised Upper Limb Module

severe combined immunodeficiency
standard deviation

spinal muscular atrophy

Page 38 of 391



Addition of SMA to NNBSP- November 2023

SMN
SMN1
SMNZ2
SmPCs
TREC
VAS
VAT
WHO
WTE
WTP
XLA
6MWT

Health Information and Quality Authority

survival motor neuron (protein)
survival motor neuron 1 (gene)
survival motor neuron 2 (gene)
Summary of Product Characteristics
T-cell receptor excision circles
visual analogue scale

value added tax

World Health Organization
whole time equivalent
willingness to pay

X-linked agammaglobulinemia
6 minute walk test
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1 Introduction

1.1 Background to the request

Spinal muscular atrophy (SMA)is a rare, genetic neuromuscular disorder.:? There
are five subtypes of SMA, distinguished by clinical severity, with more severe forms
typically presenting in infancy and early childhood, and milder forms presenting in
later life .5 While the severity of SMAVvaries, it is characterised by irreversible
degeneration of motor neurons in the spinal cord resulting in progressive muscle
wasting and weakness* % SMAwas historically associated with supportive care
only. However, in recent years a number of disease-modifying treatments have been
approved for use in the European Union.©-9)

Given the pathophysiology associated with SMA, there is clinical rationale and
emerging evidence to suggest that earlier identification and initiation of treatment
may improve overall outcomes.®-®) Newborn bloodspot screening for SMAIs possible
and has been implemented in a number of countries internationally, with th at
number anticipated to increase over the coming years given the recent availability of
treatments. (")

There are a number of considerations that need to be taken into a ccount within

decisiorrmaking for screening programmes. In October 2020, the National Screening

Advisory Committee (NSAC) produced a modified list of 20 criteria for appraising the

viability, effectiveness and appropriateness of a screening programme.® These

criteria are presented in Appendix Chapter 1, Table Al.1 in a categorised format

(that is, under the headingsof 6condi ti ond, O6éscreening method
6screening progr amme 0 A healthtdchnblognastessmenht at i on 6)
(HTA) may be used to systematically synthesise information to inform these criteria.

Il n response to t he Do@lpAanual Ged,a proposhlwase al t hds 2
submitted to NSAC to consider the introduction of screening for spinal muscular

atrophy (SMA) as part of the National Newborn Bloodspot Screening Programme

(NNBSP)® This proposal was subsequently prioritised by NSAC and a requestwas

submitted to the Health Information and Quality Authority (HIQA) to undertake a

HTA on this topic.

1.2 Terms of reference

Based on the available evidence, this HTA will inform the decision-making by, and
subsequent recommendation of, NSAC to the Minister for Health. The terms of
reference for this HTA, as agreed with the NSAC Secretariatin the Department of
Health, were to:
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Describe the existing and proposed diagnostic and treatment pathway for
spinal muscular atrophy (SMA) in Ireland.

Conduct a review on the international practice of the use of newborn bloodspot
screening for SMA.

Describe the epidemiology and burden of disease of SMA.
Perform a review of the test accuracy of newborn bloodspot screening for SMA.

Describe the clinical effectiveness of screening for SMA, and ofthe available
disease- modifying treatment options in Ireland.

Assess the cost effectiveness, budget impact, and resource implications of
introducing newborn bloodspot screening for SMA.

Consider any wider organisational, ethical or societal implications that newborn
bloodspot screening for SMA may have for patients, families, the general public
or the healthcare system in Ireland.

Produce a report summarising the above pieces of work.

Convene meetings of the HIQA Expert Advisory Group (EAG), and present the
above findings to the EAG for their interpretation and input.

Subject to HIQA Board approval, provide a final report summarising the overall
findings of the assvestec®da@t and HI QAO

1.3 Overall approach

A multidisciplinary EAG was convened by HIQA comprising representation from
relevant stakeholders including the Department of Health, the Health Service
Executive (HSB, the NNBSP, National Newborn Bloodspot Screening Laboratory,
clinicians with specialist expertise in paediatric neurology, adult neurology, public
health, and clinical genetics, two patient and public representatives (SMA Ireland
and Cuidil) and internati onal experts. The role of the EAG was to inform and guide
the process, provide expert advice and information, and to provide access to data
where appropriate. A full list of the membership of the EAG is available in the
acknowledgements section of this report.

The terms of reference of the EAG were to:
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A Contribute to the provision of high quality research and considered advice by
HIQA to NSAC on behalf of the Minister for Health.

A Contribute to the work of the group by providing expert guidance, as
appropriate.

A Be prepared to provide expert advice on relevant issues outside of group
meetings, as requested.

A Provide advice to HIQA regarding the scope of the analysis.
A Review the project plan outline and advise on priorities, as required.

A Support the Evaluation Team during the assessment process by providing
expert opinion and access to pertinent data, as appropriate.

A Review the draft report from the Evaluation Team and recommend
amendments, as appropriate.

A Contribute to HI QAds d dovHdA hy panieipating io dn
evaluation of the process on the conclusion of the assessment.

A Notify the project lead if a nominee can no longer participate or contribute to
the process, as non-participation may require alternative EAG membership to
be sought.

HIQA appointed an Evaluation Team, comprising staff from the team within the HTA
Directorate designated to support NSAC, to carry out the assessment.

The Terms of Reference of the HTAwere reviewed by the EAG at its first meeting
and the draft chapters of the description of technology, clinical effectiveness,
overview of treatments, and the systematic review of economic literature were
discussed. Consideration of the epidemiology, budget impact, organisational
implications, and ethical and social considerations were discussed atthe second
meeting of the group. Draft versions of this report were circulated for review by the
EAG and amended as appropriate. Consistent with standard HIQA governance, the
final draft of the HTA was submitted to the Board of HIQA for approval. Following its
approval, the finalised HTA was submitted to NSAC for consideration and published
on the HIQA website.
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2 Description of the technology

Key points

A Newborn bloodspot screening is offered to all newborns in Ireland wit hin the
first 72 to 120 hours of life through the National Newborn Bloodspot Screening
Programme (NNBSP). Screening is performed through the collection of a dried
bloodspot sample, with samples tested at the National Newborn Bloodspot
Screening Laboratory( t h e -porhiecekl. t est 0)

o The programme currently screens for nine conditions. Addition of severe
combined immunodeficiency (SCID) to the programme was approved by
the Minister for Health in January 2023 and is undergoing
implementation.

A This assessment cansiders the addition of 5q spinal muscular atrophy,
hereafter referred to as spinal muscular atrophy (SMA), to the NNBSP in
Ireland.

A SMA is arare, genetic, neuromuscular disorder characterised by muscle
weakness and atrophy. The disease is categorised ino five distinct subtypes
across a continuous gradient of age and severity from prenatal onset in type O
to adult onset in type IV.

o Genetically, SMA is marked by deletions in the survival motor neuron 1
(SMNJ) gene and is modified by the copy number of a second gene
known as survival motor neuron 2 (SMNJ. Typically, the more copies of
SMNZan individual has, the less severe the disease tends to be.

A In the absence of newborn bloodspot screening, detection of SMA relies on:

0 screening on the basis of family history or known carrier status of
parents (prenatal or cascade testing),

o clinical presentation through the recognition of symptoms synonymous
with the disease.

A Newborn bloodspot screening for SMA is possible through the detection of
homozygous deletions (that is, a deletion is present on both versions of the
gene) of SMN1using polymerase chain reaction (PCR-based methods on dried
bloodspot samples. Positive screens typically undergo testing to confirm SMN1
deletions and to quantify SMN2copy number in order to inform treatment
planning.
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0 As of August 2023, at least two commercial multiplex assays are
available, both of which have capability for dual testing of SCID and
SMA

0 As the screening test targets homozygous deletions, it will not detect
cases of SMA causedby other variants (estimated as up to 5% of alll
SMA cases.

o0 The PCRbased screening test cannot distinguish between SMA subtypes
and as such will detect all SMA cases with homozygous deletions. This
includes those who would not otherwise present until later childhood or
into adulthood.

o It may be possible for th e confirmatory test to be performed on the
original bloodspot sample, thereby removing the need for an additional
blood draw. A decision on the most appropriate sample would depend
on the outcomes of the verification pro cessundertaken by the
laboratory (that is, the phase in which the testing method is established,
which occurs prior to implementing screening in the population) .

A International recommendations for the diagnosis of SMA exist and there is a
defined diagnostic pathway in Ireland. For paediatric cases, this is centralised
to Childrenbés Health | r el and-orfs& thsey area
referred to neurologists locally.

A Treatment options for SMA include supportive and disease-modifying
treatments. Under the current standard of care in Ireland (that is, symptomatic
presentation), disease-modifying treatments are reimbursed (that is, are
available through the publicly funded healthcare system) for patients with SMA
types I, II, and I11.

o Currently no disease-modifying treatments are available in Ireland for
patients with type 0 or type IV SMA

A In the context of newborn bloodspot screening, indications for disease-
modifying treatments rely on the prognostic value of the quantification of
SMNZcopy number. International treatment pathways have typically included a
Owat chful wai asympgroaticsndividuadlsevghyhighem SMN2copy
numbers.

0 A possible treatment pathway has been outlined for the Irish context for
the purposes of this HTA. Under this pathway, prenatal onset type 0
caseswould continue to be treated with supportive care, while
symptomatic and asymptomatic cases with three or fewer copies of
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SMN2would likely receive immediate treatment. Asymptomatic cases
with four or more copies of SMN2would be monitored undera O wa't
wai t i n g owitls tteatraentengiated at symptom onset.

0 Should a decision be made to implement SMA screening, a working
group of stakeholders, including clinical specialists would be established
in order to outline the associated pathways.

A A review of international screening practice was undertaken to understand the
status of screening for SMA internationally. This review examined 34 countries
considered to be of most relevance to Ireland, including those in the European
Economic Area, the United Kingdom, the United States, Canada, Australia and
New Zealand.

o International practice in terms of newborn bloodspot screening for SMA
is undergoing substantial change. While only fully implemented at a
national level in eight countries, screening has been implemented at a
regional level in an additional four countries, is under implementation in
one country, is being piloted in seven countries, and is under review in
two further countries.

o Of the countries considered, almost all base their definition of screen
positivity solely on homozygous deletion of exon 7. In two countries, the
definition also takes account of the SAMNZ2copy number, with those with
more than three or more than four SAMN2copy numbers not considered
to be screen positive.
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The purpose of this chapter is to describe key elements of the technology under
consideration. The current National Newborn Bloodspot Screening Programme
(NNBSBR in Ireland is briefly described followed by the diagnostic and treatment
pathways for spinal muscular atrophy (SMA. An overview of newborn bloodspot
screening for SMA is presentd alongside the status of such screening
internationally.

2.1 National Newborn Bloodspot Screening Programme

The organisation, governance, and processes of the NNBSPhave been previously

described in a HTA published by HIQA in 2023.(19 Briefly, the NNBSP is offered to all

newborns in the first 72 to 120 hours of life using a dried bloodspot (DBS) sample

taken from the newlpaorircks theedld) ( tadtiahal G eesd led at
Newborn Bloodspot Screening Laboratory (NNBSL). The programme currently

screens for nine rare but serious conditions; these are:

A phenylketonuria
homocystinuria

maple syrup urine disease
classical galactosaemia
congenital hypothyroidism
cystic fibrosis

medium chain acyl-CoA dehydrogenase deficiency

> > > > > > >

glutaric aciduria type 1
A adenosine deaminase deficiency severe combined immunodeficiency

Following a HIQA HTA, severe combined immunodeficiency (SCID)was given a
positive recommendation by the National Screening Advisory Committee NSAQ,
received approval for addition to the programme from the Minister for Health in
January 2023, and is undergoing implementation.®?

2.2 Spinal muscular atrophy

The condition of relevance to this assessment is SMA. This section provides a brief
background to the condition, followed by a description of the current associated
diagnostic and treatment pathways for SMA The aetiology, genotypes (genetic
makeup) and phenotypes (observable traits) of SMA are discussed in further detail in
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chapter 3: epidemiology, with this chapter also providing a more detailed description
of the clinical presentation and burden of disease.

2.2.1 Aetiology

SMA is a rare, genetic neuromuscular disordercaused by pathogenic (disease-
causing) variants in genes that code for the survival motor neuron (SMN) protein. (12
The SMN protein is found throughout the body, with highest levels in the spinal cord.
This protein is important for the maintenance of specialised nerve cells (motor
neurons) located in the spinal cord and the brainstem. In cases of SMA, an absence
of a sufficient level of this protein results in progressive and irreversible destruction
of the nerve cells in the brain and spinal cord that control movement, leading to
muscle wasting and weakness (@ 13.14) Most of the SMN protein is a product of the
survival of motor neuron 1 (SMNJ gene on the long arm of chromosome 5 (5q).
The survival of motor neuron 2 (SMNZ) gene also encodes the SMN protein
however, only about 10% of the gene -product is a full length SMN proteint The
number of SMNZ2copies acts as a modifier of functional SMN production such that
greater numbers of SMNZ2copies (in the absence of SMNJ affords greater
functionality .(16-18)

Most cases(approximately 95%) of SMA are caused bya homozygous (that is,
involving both versions of the gene, known as alleles) deletion of exon 7 of the
SMNIgene. Less frequently (in up to 5% of cases), SMAresults from a deletion of
exon 7 on one of the copies of SMN1alongside a smaller, more specific pathogenic
variation (point mutation) on the other copy of SMNI(henceforth referred to as
compound heterozygous variants).®® In all of these cases, where the SMNIgene
becomes non-functional and unable to produce the SMN protein, this is known as
50-SMA.In rare cases pathogenic variants in other genes can also cause SMA such
casesof SMAarek nown a%q 63fADBThis group represents clinically
overlapping, yet separate conditions which are not detectable through current
methods of newborn bloodspot screening for SMA, and are therefore not included in
the scope of this HTA(1°-21) Throughout the remainder of this report , 5q-SMA is
referred to simply as SMA

2.2.2 Classification

SMA presents across acontinuous gradient of severity divided into functional
subtypes. The condition has traditionally been classified into five subtypes, types O
to 1V, based on the typical age of onset, clinical severity, and achieved motor
milestones (non-sitters, sitters, and walkers). The classification of these subtypes is
briefly outlined in Table 2.1 and is discussed ingreater detail in chapter 3
(epidemiology). This classification is typically based on the use of supportive therapy
only. Recent advancements in disease-modifying treatments for SMA have changed
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the course of the disease for patients within a number of these subtypes, so that
outcomes by subtype are now more diverse and may overlap.? 35

Table 2. 1 Typical SMA presentation and phenotype*

SMA Age at onset Life expectancy Motor milestones
sub type
0 Prenatal Weeks from birth None achieved
I < 6 months 2 years Non-sitter
I 6 - 18 months Majority alive at 25 years | Sitter
1] a 18 months - 3 years | Normal Sitter
3 years - adulthood | Normal Walker
v Adulthood Normal Walker

Key: SMAT spinal muscular atrophy.
* In the context of supportive care only ; that is, in the absence of disease-modifying treatments.
Sources: Keniath et al.®, Prior and Leach®, Wirth et al. @

2.2.3 Genotype 1 phenotype correlation

Given the ability of SMN2to produce limited amounts of functional SMN protein, this
gene can substitute for the lack of protein produc ed due to the deletions in SAMN1(16-
18,22) The number of SMNZ2copies is inversely associated with disease severity(that
is, higher copy numbers of SMNZare associated with lower disease severity) and is
used a prognostic biomarker for SMA (2. 17.18.22) The quantification of SMNZcopies is
often used as a guide for treatment options in SMA.® The following is frequently
cited as the most common SMNZ2copy number per SMA subtype:? 22)

A type I: two copies of SMNZ2

Ve

A type II: three copies of SMN2

Ve

A type llI: three or four copi es of SMN2

Ve

A type IV: four or more copies of SMN2

However, while a correlation between SAMN2copy number and clinical severity exists,
it is not absolute and discordant cases do present.? 22 For example, cases oftype |
SMA can have four SMNZ2copies, and cases oftype IV SMA can have two SVMN2
copies.
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2.2.4 Diagnosis in the absence of screening

In the absence of newborn bloodspot screening, clinical suspicion of SMA is based
on family history or symptomatic presentation (for example, failure to meet motor
milestones or difficulty in breathing or swallowing ). % Symptoms associated with
SMA are described in greater detail in chapter 3.

A 2018 international consensus statement on the standard of care for the diagnosis
and management of SMA, updated from 2007, presents guidelines for the diagnosis
of the condition. - 23) Figure 2.1 summarises the stages associated with a diagnosis.
Briefly, unless there is familial risk, this process is prompted by clinical suspicion due
to symptomatic presentation. A blood draw is taken, and molecular genetic testing is
performed to quantitatively analyse SMNZand SMNZ This is performed using the
techniques of multiplex ligation -dependent probe amplification (MLPA), quantitative
polymerase chain reaction (QPCR) or next generation sequencing.

The absence oftwo full SMNIcopies (suggesting homozygous deletion of the SMN1
gene) is indicative of a diagnosis of SMA. If only one full copy is present and the
clinical presentation of the child is indicative of SMA, the SMNIgene is sequenced to
check for point mutations. If both full SANIcopies are present, a diagnosis of SMA
is highly unlikely, but the international consensus guidelines recommend that SMN1
gene should be sequenced if there is a clinical presentation consistent with SMA or
consanguinity.® If sequencing does not indicate a diagnosis of SMA (that is, no
relevant pathogenic variants are identified), but clinical features are suggestive of
the condition, additional tests such as electromyography and nerve conduction tests
may be performed to check for other neuromuscular c onditions as part of a
differential diagnosis.

In the context of an established diagnosis of SMA on the basis of deletion of SMN1,
the quantification of SMNZ2copy number offers prognostic value and informs
eligibility for certain therapies .(1-2 5 17. 18) Whijle the various quantitative techniques
outlined above can be used, MLPA is comsidered to be the gold standard.?4

Discrepancies between initial and re-determined SMN2copy number have however
been highlighted when using this method. A 2019 study repeating MLPAbased
guantification in 20 SMA patients identified nine discordant results with seven
resulting in lower SMN2copy numbers and two being higher.(?4 Factors noted to
influence the accuracy of MLPA for SMN2copy number quantification include the
type of equipment used, contamination, obtaining sufficient quality and quantity of
DNA, availability and use of appropriate controls, and definition of cut-off values.®*
25) Accordingly, validation, that is tests of reliability and quality control procedures,
should be performed before SMN2copy numbers can be broadly used for clinical
decisions and interpretation of outcome data. The Department of Clinical Genetics in
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Crumlin has validated processesfor 1, 2, and 3 SMNZcopy results. To date, there

has not been a clinical need for the centre to validate results indicating four or more
SMNZcopies. However, the centre would perform validation for these results if there
was a clinical need to do s0.?® The department participates in international external
quality assessment schemes annually®?>

Figure 2.1 Diagnostic process for SMA
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Source: Mercuri et al.®

Diagnostic pa thway in Ireland

Similar to the recommendations outlined above, under the current standard of care,
patients with SMAIn Ireland are identified through symptomatic presentation or, in a

minority of cases, family history.?®) Asis discussed further in section 2.3.2, the latter
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typically involves prenatal testing offered to families with higher risk pregnancies (for
example, a previous case of SMA in a sibling) However, it should be noted that not
all families will elect to avail of prenatal testing . In terms of symptomatic
presentation, as outlined in section 2.2.2, SMAtypes 0, I, Il, and Il are associated
with the paediatric period while type 1V is adult onset. The current diagnostic
pathway for each life stage is outlined below.

Paediatric-onset SMA

In paediatric cases of SMA, the diagnostic pathway begins with the recognition of
symptoms consistent with the condition by a healthcare professional prompting a
referral for diagnostic testing. A blood sample is taken for MLPA analysis to check for
deletions in SMNIand quantify SMNZ2copy number. MLPA analysisis carried out by
the molecular genetics laboratory in the Department of Clinical Genetics at Children's
Health Ireland (CHI) Crumlin or, specifically for those seen in the neuromuscular
clinic in CHI at Temple Street, by an external provider in Germany. Once diagnosis is
confirmed, the child is seen in the neuromuscular service at CHI at Temple Street
which acts as the national tertiary referral centre for children with SMA®©®) Anti-
Adeno-Associated Virus 9 AAV9 antibody titre levels are quantified to inform
treatment planning, as presence of these antibodies may impact the effectiveness of
one of the available disease-modifying treatment options . This testing is provided by
an external provider in The Netherlands. In the case of a positive result, counselling
is provided on the SMA diagnosis and treatment options (outlined in section 2.2.5) .

Families of children diagnosed with SMA arereferred to the CHI Clinical Genetics
Service which provides carrier testing and information on reproductive options. In
subsequent pregnancies the parents are offered prenatal testing. Siblings of children
with SMA are assessed by a clinical specialist for any potential signs or symptoms of
SMA. If there is clinical concern, genetic testing is then undertaken.

Adult-onset SMA

Suspected cases of adultonset SMA are diagnosed at the local level. Such cases will
typically present as a suspected neuromuscular disorder which is investigated
further. This may be through the local neurologist or referral to a neurologist with a
special interest in neuromuscular conditions. Genetic testing may be undertaken with
samples sent to various laboratories depending on local agreements within the
hospital (for example, an external provider in Germany); however, the re may be
variation in the extent to which such testing occurs and the completeness of the
genetic panels tested.?”
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2.2.5 Treatment

SMA requires multidisciplinary management.- 5 28) The 2018 consensus statement
on the standard of care for the diagnosis and management of SMA, outlines
guidance for the clinical evaluation and management of the condition. (28 Following
diagnosis of SMA detailed multisystem evaluations of the patient are undertaken
and a management plan established and monitored.® 5 28) A range of outcome
measures are used to evaluate and monitor patients. Appendix Chapter 2, Table
A2.1 outlines some of the common measures used in clinical practice (% 28)
Evaluation may include:

A growth monitoring

A gastrointestinal function and feeding
A respiratory function
A musculoskeletal function (for example, gross and fine motor skills).

While not mutually exclusive, the management of SMA may be considered in terms
of (i) supportive therapy and (ii) diseasemodifying treatments.

Supportive therapy

Given the heterogeneity of clinical manifestations of SMA and the development of
complications, supportive therapy is guided by the clinical status of the patient. 28
The 2018 consensus statement on the standard of care for the diagnosis and
management of SMA provides detailed guidance for assessment and intervention in
terms of rehabilitation, orthopaedic management, pulmonary function, nu tritional
support, home care, and transportation needs. %28 The interventions and goals of
management outlined are categorised according to the functional status of the
patient (non-sitters, sitters, walkers) and vary widely in terms of gravity and
requirements for follow up. For example, respiratory support ranges from invasive
ventilation in severe presentations to monitoring and supportive care , when
required, in milder forms.

Disease -modifying treatment s

Historically, SMA was managed symptomatcally through supportive therapies;
however, drug treatments now exist which aim to alter disease processes.? These
therapies may be considered as SMN independent and SMN dependent? SMN
independent therapies include those aimed at neuroprotection and muscle
enhancement. To date, no SMN-independent treatments have received licencing
approval for SMA 2 3 and therefore these will not be discussed further in the
context of this HTA.
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SMN-dependent therapies include SMAZmodulators and SMNIgene therapy.® The
clinical indications for these therapies vary depending on patient age and SMA
subtype. Three such therapies have beenauthorised for use by the European
Medicines Agency (EMA).Eachis briefly discussed below and expandedupon, in
terms of mechanism of action, clinical effectiveness and safety, and reimbursement
status in Ireland, in chapter 5 (overview of treatments) .

SMNZ2modulators

Two SMN2Zmodulators have been authorised by the EMA. The first EMA authorised
drug treatment for SMA was nusinersen (trade name: Spinraz&®). It was approved
for use in the EU for patients with 5g -SMA in 20173 Nusinersen is given
indefinitely by intrathecal injection (that is, into the area around the spinal cord).

The second SMN2Zmodulator, risdiplam (trade name: Evrysdi®), received EMA
marketing authorisation in 2021.% Taken orally once a day, the drug is indicated
for the treatment of 5q -SMA patientswho have a clinical diagnosis of SMAtype I, Il
or Il I, or four or fewer copies of SMNZ2

SMN1gene therapy

One gene therapy has been authorised for use by the EMA onasemnogene
abeparvovec (OA, trade name: Zolgensma®).(D |t is indicated for patients with 5q -
SMAwho have pathogenic variants in both copies of the SAMNIgene and a clinical
diagnosis of SMAtype |, or patients with 5q-SMA with pathogenic variants in both
copies of the SMNIgene and three or fewer copies of the SMNZ2gene. It is given as
a one-off infusion.

Treatment pathway in Ireland
Paediatric cases

In the case of paediatric patients, once a diagnosis of SMA has been established the
family decides on the treatment c ourse for the child with guidance from the treating
clinician at CHI Temple Street.(?® Given the severe form and very limited life
expectancy, cases oftype 0 SMA are managed with supportive and palliative care,
including family counselling. In type | cases, OAis considered the treatment of
choice for the majority of applicable cases. For patients with types Il and IIl,
nusinersen or risdiplam are typically considered as first-line therapiesy. In both
contexts, an application is sent by the treating clinician to the Health Service
Executive (HSE Medicines Maragement Programme (MMP). In parallel, the clinician
informs pharmacy colleagues in Temple Street In the case of treatment with OA,
colleaguesinSt J a Hospstad ae also informed.
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Where OA s the chosen treatment, a recommendation is typically provid ed by the
MMP within 24 hours of application, with the HSEtypically granting authorisation of
reimbursement within another 24 hours.@% A request is then made to the
pharmaceutical company who provide the treatment, with a turnaround time of
approximately 72 hours for receipt of the product . Overall, within seven to 14 days
of diagnosis, treatment is generally available. While the gene therapy is administered
i n St Blaespii@ Bublm, the infant is admitted to C HI Temple Street the day
before for pre-procedural tests and for the administration of prednisolone (as part of
the treatment protocol). The next day, the infant 1is trar
Hospital to initiate gene therapy. Historically, in severely unwell infants, these
transfers have been facilitated by the Irish Paediatric Acute Transport Service;
however, this is not routinely required and typically the HSE National Ambulance
Service is used. A nurse, registrar and the treating clinician accompany the child in
transfer. The care episode at St Jamesods hospital
after which the child is t ransferred back to CHI Temple Street. A ten-day admission
at CHI Temple Street typically follows to monitor the child for complications. Once
platelet levels have reduced in accordance with the treatment protocol , generally
occurring at day seven post-infusion, the child returns home. The child attends CHI
Temple Street for monitoring every one to two weeks for the first two to three
months. Thereafter, the child attends every four to six months to monitor outcomes
and accessmultidisciplinary (MDT) intervention as required (for example,
physiotherapy). Although treatment is centralised to the designated centres in
Dublin, an additional neuromuscular clinic is in place in Cork, where children with
SMA can attend for follow-up.

Similarly, for nusinersen, an application is made to the MMP with subsequent
authorisation being granted by the HSE (collectively taking approximately 48 hours).
CHI at Temple Street is the only prescribing centre in Ireland ; initial doses are
provided at this location, while subsequent doses may be providedat this location or
at CHI at Tallaght University Hospital. Unlike OA, it is available in pre-formulated
vials, so is generally available from the hospital pharmacy at short notice. For the
administration of nusinersen, as per the dosing schedule outlined above, the child is
admitted as a day case. Follow-up is typically scheduled with dosing, so both are
completed on the same day. The child attends CHI at Temple Street or Tallaght, and
meets with other MDT members for evaluation and outcome measure assessments
prior to being seen by a clinical specialist. Following evaluation, the intrathecal dose
is given and the child remains under observation in the day ward for approximately
one hour prior to being discharged home.

As of September 2023, risdiplam is also reimbursed on a named patient basis

subject to an application to the MMP by approved prescribers, and authorisation

being granted by the HSE. Patients receiving risdiplam do not require admission for
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treatment as it is administered daily as an oral solution. The child attends for clinical
evaluation to monitor outcomes and to access MDT intervention, as required.

Adult cases

While paediatric-onset SMA cases will transition to adult services for ongoing
treatment and monitoring (for example Beaumont Hospital for the ongoing
administration of nusinersen), currently there are no SMN-dependent drugs
reimbursed for the treatment of adult -onset SMA in Ireland.?” Treatment is
supportive in nature and case-specific dependng on the clinical needs of the
patient. @7)

2.3 Screening for SMA

Screening for SMA can include carrier screening, prenaal testing, or newborn
bloodspot screening. Carrier screening and prenatal testing are briefly described
below, followed by newborn bloodspot screening which is the topic of interest in this
HTA.

2.3.1 Carrier screening

Molecular genetic testing can establish carrier status for SMA. Similar to the testing
process outlined in section 2.2.4, a quantitative analysis of SMNZ1is undertaken to
identify heterozygous deletions in the gene (that is, a deletion is present in one
allele). Preconception carrier screening has been recommended in the United States
for those with and without a family history of SMA; G2 however, the extent to which
this occurs in practice is unclear. In Ireland , carrier screening is typically only
undertaken in the case of a positive family history and is provided by the Clinical
Genetics service at CHI Crumlin®® Further detail on the genetic inheritance of SMA
and carrier frequency, alongside potential limitations of the process of carrier
testing, is outlined in chapter 3.

2.3.2 Prenatal testing

The use of prenatal testing is typically due to both parents being identified as
carriers from the identification of an index case of SMA.® This service is coordinated
by the Clinical Genetics service at CHI Crumlin.Prenatal testing is most commonly
performed through the invasive collection of samples from the placenta at weeks 11
to 14 (chorionic villus sampling),® 33 from which DNA is extracted and tested for
SMNIdeletions. A non-invasive form of prenatal diagnosis has been available in the
UK for three years which involves collecting a blood sample from the mother. This
service has been accessed by a number of Irish families ¢4
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2.3.3 Newborn bloodspot screening for SMA

The topic of interest in this HTA is population -based newborn bloodspot screening
for SMA. While different approaches have been described in the literature (as is
outlined in chapter 4), including a variability in the use of second tier tests, the most
frequent method of first tier population-based newborn bloodspot screening for SMA
is gPCRbased assays to detect homozygous deletions in SMNZusing DNA extracted
from dried bloodspot samples. As is discussed further in chapter 4, given the target
of these assays is homozygous deletions which account for approximately 95% of all
SMA cases, the remaining 5% of cases with a deletion on one allele and point
mutations on the other (known as compound heterozygous variants) are not
detected by this screening method. Following an initial positive screening test, the
newborn requires follow-up testing, often performed using MLPA, to confirm the
diagnosis and quantify the number of copies of the SMNZ2gene.

While it may be possible for this confirmatory test to be performed on the original
bloodspot sample taken for the purpose of newborn screening; @ this would be
contingent on being able to extract a DNA sample of sufficient quality from the
sample. The choice of sample will depend on the outcomes of the verification
process (that is, the phase in which the testing method is established, which occurs
prior to implementing screening in the population). ?® The screening test cannot
distinguish between SMAtypes. However, prognostic information can be drawn from
the SMNZ2copy number (albeit this method is not absolute) .

Screening requires co-operation across numerous stakeholders involved in sample
collection, sample transport, analysis, reporting of results and ultimately the referral
of identified cases to the appropriate clinical pathway. @8 Each of these stakeholders
has responsibilities related to their role in the screening programme. 38 While it is
the responsibility of the NNBSL to ensure that all screen positive cases are referred
to the appropriate clinical care team, reporting standards (for example, the definition
of screen positivity applied) and procedures must be agreed between all stakeholder
groups prior to implementation. If a decision is made to implement screening for
SMA, testing processes, quality assurance practices, and pathways for referral,
management and follow-up would need to be developed in consultation with key
stakeholders, including clinical specialists to ensure appropriate end-to-end care for
all cases identified within the agreed standards.

Of note, in the event that a decision is made to add SMA to the NNBSP, those with a
family history of SMA would continue to be offered prenatal testing wher e a coupl e
risk indicates that this is appropriate, in line with current practice.

Commercally available assays
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As of August 2023, at least two commercially available assays exist for newborn
bloodspot screening of SMA, namely, the PerkinElmer EONISM platform, and the
Immuno IVD SPOT-it™ screening kit.¢” 38 The EONISMkit received FDA
authorisation in 2022.%9 Both manufacturers note that the assays are CE-marked
(that is, that a product meets requirements for sale in the EEA). G7-38) Both assays
are capable of performing multiplex PCR for the detection of both SCID and SMA,
that is, the polymerase chain reaction can be used in these assays to amplify the
targets for each of SCID and SMA simultaneously. The EONISMkit further allows for
the detection of X-linked agammaglobulinemia, a rare immunodeficiency disorder.

Regulation of test kits

/n vitro diagnostic medical devices (IVDs) which are intended for newborn bloodspot

screening of congenital disorders are subject to EU IVD Regulation 2017/746.¢9 This

new EU Regulation has applied since 26 May 2022 and strengthens the oversight of

IVDs. While self-certification of these devices was previously permitted under the

IVD Directive 98/79/EC, the conformity assessment for CE-marking of these devices

under the new Regulation (Class C) now requires involvement of a Notified Body to

ensure their safety and performance. These devices are classified under rule 3(m)

based on their 1 ntend dodcomenitapdisardersindewborn scr een
babies where failure to detect and treat such disorders could lead to life -threatening

situations or severe disabiliti e )6 .

Reporting of screen positive results

While the target of the majority of SMA screening worldwide is limited to
homozygous deletion of exon 7, some of the international programmes identified
had notable exceptions. Programmes in Sweden and Canada provinces of Alberta,
British Columbia, Manitoba, and Ontario) make reference to the number of SMNZ2
copies present in second tier screening asqualifiers for a screen positive result.(#2 43)
In these programmes, currently, only children with three or fewer (Sweden) or four
or fewer (Canadg copies of SMN2would be considered screen positive, despite the
presence of homozygous deletions of exon 742 43 This is further discussed in the
international practice section below. The ethical implications of this approach are
also discussed in chapter8 (ethical and social considerations).

Treatment algorithms in the context of newborn bloodspot screening for
SMA

Treatment options for SMA were historically based on the subtype of the condition
as determined by the clinical presentation of the child (see Table 2.1). The
emergence of newborn bloodspot screening for SMA meansthat screened infants
will be identified presymptomatically in the majority of cases. It is important to
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consider how this will impact on the treatment pathways for cases identified. While
such treatment pathways will be i mpacted by the reimbursement protocols in
individual countries, two examples identified from the literature are presented below.

SMA Newborn Bloodspot Screening Multidisciplinary Working Group

A consensusbased treatment algorithm for SMA cases detected through newborn
bloodspot screening was put forward in the US in 2018 b y Thé SMA Newborn
Bloodspot Screening Multidisciplinary Working Groum.*# This working group
consisted of 15 members including clinicians, geneticists with SMA expertise, and
patient advocacy representatives, and was supported by the US-based advocacy
group CureSMA®4 49 |t should be highlighted that a number of the members of the
SMA Newborn Bloodspot Screening Multidisciplinary Working Group disclosed
commercial interest in terms of research funding, advisory/consultancy fees, and or
employment status.

The algorithm is presented in Figure 2.2 and is based on the predictive value of
SMNZcopy number following a confirmed diagnosis of SMA. The authors highlight
that for type O cases, it is highly likely that these children will be symptomatic at
birth and hence the consensus is to defer to the medical team to dete rmine if the
infant and family would benefit from disease- modifying treatment based on clinical
status. The 2018 algorithm recommended that those with two SMNZ2copies
(probable type I) or three copies (probable type Il or 1ll) should be offered
immediate treatment, and those with four or more copies (probable type Il or IV)
should not receive immediate treatment but should be monitored carefully for the
first presentation of symptoms. However, this recommendation was updated in
2020.¢“8) The updated recommendation recommends the immediate treatment of all
infants diagnosed with SMA through newborn bloodspot screening who have four or
fewer copies of SMN2 This recommendation was based onan extrapolation of
benefits observed in a single arm trial of nusinersen for patients with two or three
SMNZcopies to those with four copies.“®) The recommendation to not immediately
treat those with five SMNZcopies, and instead to closely monitor such patients, did
not change. It was further acknowledged that assays can have difficulty in
guantifying precise numbers of SMNZ2at the higher end of the scale and so follow -up
should be performed with a laboratory capable of precise estimation.
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Figure 2.2 US group consensus recommendations (2018 and 2020) on
treatment of SMA inth e context of newborn  bloodspot
screening
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Ontario newborn bloodspot screening for SMA: testing and follow-up
recommendations

Aligning with the implementation of newborn bloodspot screening for SMA in Ontario
Canada, a group of paediatric neuromuscular disease andnewborn bloodspot
screening experts were convened to establish, by consensus, a standardised post
referral evaluation pathway for infants with a positive screen result. “”) A series of
teleconferences and a final one day face-to-face meeting were used.

Consensus was reached that infants with homozygous deletion of SMA/Zand four or

fewer copiesof SMN2woul d be cl| assi f iaeddefefiesl o eegomal posi t i
treatment centre. A trained genetic counsellor or nurse wouldc ont act t he i nf a
family by telephone, and they would be directed to the closest paediatric hospital,

have blood sent for confirmatory SMA testing, and meet with a paediatric

neuromuscular specialist to discuss the potential implications of the test result.

Following diagnostic confirmation, and determination of SMNZ2copy number, infants

and their families would be assessed by apaediatric neuromuscular specialist at

which time the family would have an opportunity to discuss treatment options and
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standard of care guidelines that are followed at all Ontario Paediatric Neuromuscular
clinics. Baseline functional assessments would ale be performed.

At the time of the consensus recommendations, nusinersen was the only disease-
modifying treatment for SMA reimbursed in Canada. The following treatment
guidelines based on SMN2copy number were recommended by the group:

A One SMNZcopy (likely type 0 SMA: recommended immediate evaluation.
Given the potential severity of this congenital -onset form of SMA which could
include the need for mechanical ventilation, the paediatric neuromuscular
physician and family would discuss potential treatment options.

A Two or three SMNZcopies: given the evidence for rapid and irreversible loss
of motor neurons, recommended for immediate initiation of disease -modifying
treatment prior to any clinical symptom onset (recommendation is concordant
wi t h On kcaptionad AcsessEProgram reimbursement criteria for
nusinersen). Ongoing surveillance through structured measures dependent on
age (see Appendix Chapter 2, Table A2.2).

A Four SMNZ2copies: neuromuscular assessment and nerve conduction studies
recommended astype | or Il can present with four copies. Any clinical sign of
SMA on neuromuscular examination (for example, weakness, hypotonia,
hyporeflexia) or neurophysiological evidence would prompt initiation of
disease-modifying treatment. If no signs of SMA then treatment would not be
initiated and the child would be seen every three months until 12 months of
age with structured outcome measures dependent on age (see Appendix
Chapter 2, Table A2.3). After this time point, the intervals between
appointments would be extended and age appropriate outcome measures
would be used, with the child scheduled to be seen at 18 months, 24 months,
and annually from there on.

It should be highlighted that a number of the authors of these recommendations,
disclosed commercial interest in terms of research funding and or advisory or
consultancy fees.

Possible Irish treatment pathway in the context of newborn bloodspot
screening

As highlighted, any decision to implement newborn bloodspot screening for SMA

would require the establishment of a working group of stakeholders to outline the

associated pathways @ Given the evolving evidence base, a treatment pathway

would be influenced by the most up -to-date evidence with respect to treatment

effectiveness and the access arrangements for the relevant treatments at that time

(that is, the reimbursement arrangements in place), in addition to factors relating to
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patient experience. However, at a high level for the purposes of this HTA, the
following treatment pathway has been outlined by clinical specialists as a possible
course of action: (26

A

A

A

2.4

Following confirmatory testing and quantification of SMNZcopy number, the
clinician would discuss treatment options with the family.

For those with prenatal onset type 0 SMA, the current treatment pathway of
supportive and palliative care would be maintained.

For those who become symptomatic, it is anticipated that the usual
treatment pathway will be followed.

For those who are asymptomatic with three or fewer copies of SMNZ2
provided AAVO titres do not prohibit, immediate treatment with OA through
the pathway outlined in section 2.2.5 is considered to be the most likely
strategy.

o Should AAV9 tires prohibit immediate treatment, it is likely , given the
age of the infant, that titre presence would be reflective of maternal
causes“® The child would receive a bridging therapy (most likely
nusinersen) until the AAV9titres reduce. At this point, the treatment
would be changed to OA

For asymptomatic children with four or more copies of SMNZ a watchful
waiting strategy could be advised. The child would undergo detailed clinical
evaluation including nerve conduction studies. If no signs of the disease are
identified, t he child would be followed-up by a clinical specialist in SMA at
three-monthly intervals for the first 12 months and six -monthly thereafter.

o Treatment initiation would be at symptom onset and based on SMA
type classification, with the pathway followed as per the current
standard of care of clinical identification outlined in section 2.2.5.

As per the current standard of care, genetic counselling would be provided,
carrier testing offered to parents, and prenatal testing offer ed for any
subsequent pregnancies. Siblings of SMA cases would undergo clinical
evaluation by a specialist, with any signs of disease prompting genetic
testing.

International practice in newborn bloodspot screening
for SMA

To provide an overview of current international practice regarding newborn
bloodspot screening for SMA, a scoping search was performedup to August 2023
which examined countries deemed to be of most relevance to Ireland, including
those in the European Ecanomic Area, the United Kingdom, the United States,
Canada (provinces), Australia(regions) and New Zealand. A targeted grey literature
search (for example, national public health organisations, and the websites of
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governmental departments and relevant agencies), was performed. Thirty -four
countries were assessed, with a number including specific territories or regions
(Australia and Canadg.

A summary of the findings of this review is presented in Table 2.2, followed by
detailed findings for each specific country. As outlined in Table 2.2, of the 34
countries that were examined, newborn bloodspot screening for SMA was fully
nationally implemented in eight countries, regionally implemented in four countries,
under implementation nationally in one country, being piloted in seven countries,
and under review in two countries.

Table 2.2 Overview of countries identified as having screening for SMA in
place, undergoing implementation, undergoing pilot, and under

review A
Austria Full implementation
Australia (regions) Regional implementation
West Australia Full implementation
South Australia/Tasmania | Under implementation
Queensland Full implementation
New South Wales/ Full implementation
Australian Capital Territory
Victoria Pilot or implementation planned for 2023
Belgium Full implementation
Canada (provinces) Regional implementation
Alberta Pilot
British Columbia Full implementation
Manitoba Pilot
Ontario Full implementation
Quebec Under review
Saskatchewan Pilot
Croatia Full implementation
Czech Republic Pilot
Denmark Full implementation
Estonia Pilot
France Pilot
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Country/Provence Level of implementation
Full implementation

Hungary Pilot

Italy Regional implementation

Latvia Pilot

The Netherlands Full implementation

New Zealand Under review

Norway Full implementation

Poland Full implementation

Portugal Pilot

Spain Pilot

Sweden Under implementation

United Kingdom Under review

United States Regional implementation*

A For the purposes of this revi eealepreimiparylstody. Thet udy

study may or may not precede a decision to implement, and may or may not use the methods or
procedures used at a regional or national level implementation (for example, an SMN2threshold).
* A recommendation had been made for national implementation, however not all states have
implemented screening for SMA as of August 2023.

Austria

In June 2021 pilot screening for SMA was introduced.*® Since then SMA has been
added to the c aewbotnblgodspot straeningprogrdmme.©0)

Australia

The jurisdictions of New South Wales, the Australian Capital Territory, and Western
Australia currently offer newborn bloodspot screening for SMA®Y In the jurisdictions
of Queensland, the Northern Territory, and South Australia, pilot programmes have
commenced. In the jurisdiction of Victoria, a pilot programme or implementation has
been planned for 2023.

Belgium

Following a three year pilot in southern Belgium (Wallonia and Brussels), SMA
screening transitioned into th e official newborn bloodspot screening programme in
March 2021.52 Northern Belgium (Flanders) correspondingly made a political
commitment to include SMA in their official programme and SMA screening beganin
2022.(52.59)
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Canada

Seven of ten Canadian provinces were identified as having newborn bloodspot
screening for SMA to some extent. Of note, the newborn bloodspot screening
programmes of Alberta, British Columbia, Manitoba, and Ontario do not consider
homozygous deletions of SMNIwith five or more copies of SMN2to be a positive
result.(42)

Alberta

Beginning in February 2022, infants are screened for SMA through a pilot
programme funded by Muscular Dystrophy Canada®* The screening test will
become part of /Alodidspotsceednimg programime aftar the pilot
programme is completed.(®4

British Columbia

All infants born after 30 September 2020 are screened for SMA following a
programme expansion which also included the addition of SCID and biotinidase
deficiency.®9

Manitoba

Beginning in June 2022, all dried bloodspots received for newborn bloodspot
screening at the Manitoba Newborn Screening Program will be screened for SMA as
part of a two year pilot programme. ©6)

Quebec

In November 2021, the Canadian HTA organisation, Institut national d'excellence en
santé et services sociaux(INESSS, published an assessment of the suitability of
neonatal screening for SMA(4 Consequently, INESSS recommended the addition of
SMA to the neonatal screening programme of Quebec.

Ontario

Screening for SMA stated in January 2020 as a pilot program. ") SMA was officially
added to the newborn bloodspot screening panel in Ontario in July 2020.57)

Saskatchewan

A two-phase pilot started in February 2022, which involves external validation prior
to permanent addition to the newborn bloodspot screen panel®® The pilot includes
SMA, SCID, laemoglobinathopies, and congenital cytomegalovirus.(58)

Croatia
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Newborn bloodspot screening for spinal muscular atrophy has been in place in
Croatia since March 2023(9)

Czech Republic

A nationwide pilot program me has been launched in the Czech Republic, which has
expanded neonatal screening to include SMA and SCIDS?

Denmark

The Minister for Health of Denmark announced that SMA will be added to the
countries existing newborn bloodspot screening programme in 2023.69 The decision
was made on the basis of a recommendation from the Danish health authority,
Sundhedsstyrelsen® As of January 2023, all newborn heel prick samples are
screened for SMA®2)

Estonia
A pilot programme to screen for SMA commenced in 202263
France

The DEPISMA project, which started inlate 2022, launched by AFM-Téléthon, in
collaboration with the University Hospitals of Strasbourg, the University Hospital
Centre of Bordeaux, and the Grand-Est and Nouvelle Aquitaine regianal health
agencies, aims to assess the feasibility of national screening for SMA®4 The project
will run for two years. (¢4

Germany

Germany launched an SMA pilot programme in January 2018 Following two years of
this programme, the Federal Joint Committee for Health gave a positive
recommendation for the inclusion of SMA on the newborn bloodspot screening
programme in April 2021.©5

Hungary

Following a decision by the National Centre of Public Health, an SMA research
programme began in November 2022.(66)

Italy

SMA screening in Italy was first implemented as a two-year pilot study in 2019
covering hospitals in the Lazio and Tuscany regions.”) Screening has continued in
these regions beyond the pilot programme. ®”) The Puglia region placed SMA
screening into regional law (as a pilot) in April 2021. (©68)
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Latvia

A pilot study was performed in Latvia between February and November of 2021 and
encompassed all the countryds faThiepiloti ty depa
was followed by strong recommendation to add SMA to the newborn bloodspot

screening programme; ©9 however, it is unclear as to whether it has since officially

been added to the national programme.

The Netherlands

The Health Council of the Netherlands recommended that the country screen for
SMA in 20199 Following the results of a 2020 feasibility study, screening for SMA
was introduced in the Netherlands as part of the national newborn bloodspot
screening programme in June 2022.(7%)

New Zealand

According to minutes for the New Zealand National Screening Unit meeting on 27
July 2022, the introduction of SMA screenirny is under review. (2

Norway

In 2020, the Ministry of Health and Care Services received an application to consider
the expansion of the newborn bloodspot screening programme to include SMA3)
SMA was subsequently added to the national screening panel in September 2021("3)

Poland

Screening for SMA n Poland was introduced initially as part of a pilot programme
and gradually increased to screen all infants born in the country since March
2022.(74

Portugal

A pilot SMA screening programme began in October 20227 following the
publication of a white paper on the subject in July 2021 by the European Alliance for
Newborn Screening in SMA.

Spain

A pilot SMA screening programme was announced in February 2021 by the Valencia
University hospital.("®)

Sweden

Newborn bloodspot screening for SMA was approved for inclusion in the country £
national screening programme, and is awaiting the introduction of regulations which
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are expected by the end of summer 2023.¢3) Notably, the report which informed the
decision to implement screening recommends that only those born with three or
fewer copies of SMN2be considered screen positive.“*3)

United Kingdom

SMA was examined in 2018 by the UKNational Screening Committee (NSQ to
determine its suitability for addition to the national newborn bloodspot screening
programme.(’”) At this time the condition was not recommended. At the time of the
analysis, the committee considered that there was insufficient evidence to show how
effective a screening programme would be and the best way to support positive
results was not known.”) Since then, the UK NSC has recommended that anadn-
service evaluationoshould take place and that a new cost-effectiveness model for the
UK screeningcontext be developed. Separately, a pilot study by Oxford University,
and funded by the pharmaceutical industry and academia, is currently underway as
of March 2022, and is expected to be completed by March 2025.(8)

United States

SMA was added to the Recommended Uniform ScreeningPanel in 2018.(9
According to the Health Resources and Services Administration government website,
48 states in the US currently screen for SMA as part of their respective newborn
bloodspot screening programmes (€%

2.5 Discussion

The purpose of this chapter was to describe the key elements of the technology
under consideration (that is, newborn bloodspot screening for SMA) It should be
emphasised that newborn bloodspot screening for SMA would constitute an addition
to an existing national screening programme. In this way, it is important to consider
how the screening pathway for SMA including the screening test, referral routes, and
diagnostic and treatment pathways would be embedded within the existing
programme.

The NNBSP currently screens for nine conditions.Screening for SCID was given a
positive recommendation by NSAC, received approval for aldition from the Minister
for Health in January 2023, and will further be added to the programme .19 The
2022 HIQA HTA conpleted to support this recommendation, identified that
investment in new equipment, resourcing, and training was required for the NNBSL
to facilitate addition of SCID to the NNBSP. This investment largely centred on PCR
based analysis involvingthe same equipment required to facilitate SMA screening. As
outlined in section 2.3.3, commercial assayshave multiplex capability for dual testing
of both SCID and SMA. As such, efficiencieswould likely arise were both SCID and
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SMA testing to proceed; such efficienciesare discussed in further detail in the
budget impact and organisational implications chapters.

A defined diagnostic pathway for SMA exists in Ireland. Under the current standard
of care (that is, identification predominantly based on symptomatic presentation),
cases of SMA are identified across infancy, early childhood, later childhood, and into
adulthood. The screening test cannot differentiate between SMA subtypes and hence
the introduction of newborn bloodspot screening for SMA would imply that all cases
of SMA resulting from homozygous deletions in SMNIwould be detected in early
infancy. This has implications for the treatment pathway, whereby cases of SMA who
would not otherwise present until later childhood or even adulthood would be
identified significantly earlier.

In the context of a positive screening recommendation a proportion of SMAcases
would likely accrue benefit in terms of receiving treatment before, or in the early
stages of, neurological impairment. However, there is the potential for over -
diagnosis, a change in treatment strategy, and or inefficient resource use in children
who remain asymptomatic and would not otherwise present until late childhood or
adulthood. Suchfactors are contingent on the definition of screen positivity adopted,
decisiornrmaking regarding the treatment pathway in the context of a newborn
bloodspot screening programme, the reimbursement criteria for pharmaceutical
intervention, and the use of watchful waiting strate gies. This appears particularly
pertinent in those with higher SAMNZcopy numbers for whom the disease course is
associated with greater clinical uncertainty.“”-81 As s detailed further in chapter 3
(epidemiology and burden of disease), while a correlation exists between this
biomarker and disease severity, it is not absolute. ?? For example, type | SMA is
most frequently associated with two SMNZcopies, however, cases with four or more
copies have been documented. Type IV SMA is typically asociated with four or more
copies but cases with lower copy numbers do present. It is notable that, contrary to
practice in many programmes, screening programmes in Sweden and Canada
(Alberta, British Columbia, Manitoba, and Ontario) have included a criterion for the
definition of a case of SMA that is based on SMA/2copy number.“243) Under this
criterion, only cases that are positive on PCRbased testing and also have three or
fewer (Sweden) or four or fewer (Canada) copies of SMN2are considered to meet
the definition of SMA for the purposes of screening.®? 43 That is, infants with
homozygous deletions in SMN] thereby fulfilling SMA diagnostic criteria, but who
had higher SMNZ2copy numbers, are not reported as screen positive and are
therefore not carried forward in th e screening pathway. These decisions were made
in light of the programmes finding an uncertain natural history of patients with
higher SMNZ2copy numbers and that the appropriate treatment for these individuals
is unclear.
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Newborn bloodspot screening for SMA was noted to be implemented across a
number of countries in Europe, alongside Canada and the United States. The
implementation of such screening programmes has been associated with the
publication of several studies which provide detail of elements such as algorithms
used and effectiveness outcomes. Theseare detailed in chapter 4 of this report.
Given the relative recency of defined testing methods and disease modifying
treatments, it is unsurprising that many programmes are in pilot or regional phases
of implementation.

A 2021 international survey of experts in countries with (n = 9) and without (n =

76) newborn bloodspot screening for SMAup to December 2020, examined actual
and foreseen obstacles to its adoption and or implementation with a number of
commonalities reported across both groups.(”) These included lacking financial
resources, limited health economic data or cost-benefit analyses, limited long term
follow-up data on the effectiveness of pre-symptomatic treatment, and limited
resources and support from government. In countries without newborn bloodspot
screening, additional factors included the need for clear professional consensusfor
treatments at national and international levels, alongside clear guidelines and
recommendations, especially for those with four or more SMNZcopies. Thirty-seven
respondents reported plans for establishing newborn bloodspot screening for SMA,
indicating the potential for an increase in the number of countries screening in the
coming years. It should be noted that this survey is associated with a number of
limitations including the coverage attained (87 experts from 82 ¢ ountries of 152
countries contacted), the surveying of clinical stakeholders involved in SMA care as
opposed to those responsible for decision-making on screening, a limited description
of survey methods used (for example, question generation), and a declaration of
competing interests including consultancy and funding from industry partners by the
lead authors.

Collectively, the technology under consideration within this HTA, that is newborn
bloodspot screening for SMA, appears to be associated with an established means of
screening in terms of a clinical test, a defined clinical pathway in terms of diagnosis
in Ireland, and has been implemented across a number of countries internationally.
SMA represernts a rare, genetic condition; however, there is heterogeneity across
subtypes in terms of the age of clinical onset and disease severity. While the
majority of cases identified through screening may benefit from earlier detection and
treatment, there is potential for over-diagnosis and a change in treatment strategy
for some cases. The following chapters will focus on the epidemiology and burden of
disease associated with SMA, the clinical effectiveness of newbornbloodspot
screening for SMA, the availabilty and outcomes of disease-modifying treatments,
the cost-effectiveness and resource implications of screening, and the organisational,
ethical and social considerations relevant to screening for SMA.
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3 Epidemiology and burden of disease

Key points

A Spinal muscular atrophy (SMA) is a genetic neuromuscular condition
characterised by a deficiency in spinal motor neuron (SMN) protein; this
deficiency causes progressivedamage to nerves leading to muscle weakness
and atrophy.

A SMA is categorisedclinically into five distinct subtypes (type O to type IV). Type
0 is the most severe form of SMA with a prenatal onset and a life expectancy
of days to weeks. Of the remaining subtypes, type | SMA represents the most
severe form with a reducing severity moving up th e SMA subtypes. This
reduction is noted in terms of physical impact, quality of life, and caregiver
burden.

A The aetiology of SMA involves an autosomal recessive inheritance pattern
where in the majority of cases each parent is a carrier of the associated
genetic pathogenic variant. Where both members of a couple are carriers, each
of their children has a one in four chance of having SMA

A From the Irish context, of 25 paediatric caseswith data on age at diagnosis
provided by Children's Health Ireland (CHI) at Temple Street, the median age
for type | was six months (range 0 to 7.9 months), type Il was 19 months
(range 12 to 24 months), and type Ill was 144 months (range 42 to 192
months). These casesall presented between 2015 and 2022.

A Estimates of the incidence of SMA vary internationally. This variation may be
due to geographical differences, testing approaches, or challenges in the
estimation of rare diseases generally. International data suggest an incidence
of types | to IV SMA of 1 in 8,932 (95% prediction interval (P1) 1in 24,423 to
1in 4,394). This is equivalent to an average of 6.5 cases (95% PI: 2.4 to 13.2)
a year in Ireland, based on approximately 58,000 births.

o lIrish data from which SMA incidence could be estimated were available
for a five-year period between 2018 and 2022. These data suggest an
incidence estimate for SMA diagnosis of 1 in 12,211 While care of
children with SMA in Ireland is centralised, care of adult patients is not.
This means that some adult cases may not be included in these figures
and the incidence could be underestimated.

o Of note, there are challenges in obtaining reliable estimates of type 0
(due to early mortality) and type 1V (due to mild disease presentation)
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SMA in particular. However, these subtypes are typically considered to
represent a small minority across the SMA subtypes.

A The proportions of SMA cases that are types | to IV were estimated through a
meta-analysis of identified studies. Type | was estimated to comprise the
largest proportion of patients at 55.3%, followed by type Il (2 3.3%), type llI
(20.4%) and type IV (1.0%).

A Clinical subtyping (that is, classification of patients as types 0 to 1V) is
determined by the emergence of symptoms and the age at onset. Therefore,
the introduction o f newborn bloodspot screening for SMA would effectively
remove clinical subtyping. In this context, prognosis, and subsequent
treatment decision-making, would be reliant on genetic-phenotype correlation
(using the survival motor neuron 2 (SMNJ gene copy number of a patient as a
biomarker).

A A meta-analysis was undertaken to indicate the likely clinical course for
individuals based on SMNZ2copy number using historical data from patients
presenting clinically with symptoms.

0 Those with up to three copies of SMNZrepresented 85.0% (95% CI:
65.3% to 94.5%) of patients with SMA. Of these patients, 99.8% (95%
Cl: 98.8% to 100%) were estimated to present with types | to Il SMA.

0 Those with four copies of SMNZrepresented 11.1% (95% CI: 4.3% to
19.9%) of patients w ith SMA. Of these patients, 94.4% (95% CI: 82.8%
to 99.2%) were estimated to present with types | to Ill, with the
remainder presenting with type IV SMA (5.6%, 95% CI: 0.8% to
17.2%).

o Among those with five or more copies of SMNZ the likely SMA type is
subject to substantial uncertainty due to the very small number of cases
with five or more copies that have presented clinically in the absence of
screening. However, the available evidence suggests that these patients
would have milder SMA

o As identification was primarily based on symptomatic presentation, the
percentages of patients with higher copy humbers may be
underestimated given the evidence that these individuals typically
experience a milder disease course and may be less likely to present in
clinical practice.

A While lower copy numbers of SMNZ2are typically associated with more severe
SMA subtypes (and, conversely, higher with less severe), this correlation is not
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absolute. There is, for example, a proportion of patients with type | SMA who
have four or more copies of SMNZ and vice-versa, a proportion among type IV
with two or three copies. On both ends of the spectrum this has implications in
terms of the treatment and management that is likely to be offered.
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The purpose of this chapter is to describe the epidemiology and burden of disease
associated with spinal muscular atrophy (SMA. The chapter outlines the aetiology of
the condition, followed by the incidence, genotype -phenotype correlation, clinical
presentation, and natural history and burden of disease. International data and data
from 55 children born with SMA in Ireland between 2001 and 2023 are included
where relevant; the latter data were ob tained from a clinical databaseat Chi | dr end s
Health Ireland (CHI) at Temple Street.(®? These data were supplemented with data
from the Department of Clinical Genetics at CHI at Crumlin for patients diagnosed
from 2015 to 2023. As this department accepts samples for diagnostic testing of
adult patients, the Crumlin data also included some results for patients diagnosed as
adults (that is, probable type IV SMA). As care for patients with adult SMA is not
centralised in Ireland, it was not feasible to source incidence or prevalence of type

IV (that is, adult onset) fr om lIrish clinicians given the rarity of the disease.

Where necessary, to obtain estimates for the budget impact analysis (chapter 6), de
novo analyses of international data were undertaken by the HIQA evaluation team.
Two meta-analyses of data collated from two published literature reviews of
incidence rates and survival motor neuron 2 (SMNZ) gene copy number distributions
in SMA were undertaken using a generalised linear mixed methods (GLMM)
approach.?%22) |n the case of the SMNZcopy number meta-analysis, studies
providing relevant data identified by the evaluation team throughout the course of
this HTA were also included. Prediction intervals (PI) are presented to quantify the
uncertainty around the resulting estimates from these anal yses. These intervals
outline a range where a future additional data point may lie given the previous
observed data points. All analyses were completed in R (version 4.1.0) using the
omet af or 6 package.

3.1 Aetiology

SMA is caused by a lack ofsurvival motor neuron (SMN) protein. SMN is an essential
protein for all cells for the function of splicing; that is, part of the process where
genetic material is converted into a final protein product. - 16-18) While essential to all
cells, reduced SMN levels appear to primarily affect neuromuscular junctions
innervated by alpha motor neurons. 1618 Hence, a lack of functional SMN leads to
degeneration, and irreversible loss, of alpha motor neurons in the anterior horn of
the spinal cord.( 16-18) This results in progressive muscle weakness and wasting
which affects the ability to control movement and, in more severe forms, can impact
a childés ability to feed and breathe.

Across all SMA cases there is abi-allelic disruption of the survival motor neuron 1
(SMNJ) gene (that is, both versions, or alleles, of the gene are affected), which
impedes the production of SMN. Over 108 different pathogenic SMNIvariants have
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been described @ It is estimated that 95 -98% of SMA cases are causel by
homozygous deletion of the SMNIgene on chromosome 5 which results in a
homozygous loss of SMN/Iexon 7 or exons 7 and 8 (that is, deletions are present in
both alleles).? 35 The remaining 2-5% of cases present with compound
heterozygous variants (that is, there is a deletion in one allele and the second allele
has different pathogenic variant).® Clinical SMAcases are distinct from carriers in
that there is disruption in both alleles , whereas carriers have a disruption of one
allele only.

While the majority of functional SMN is produced through SMNIE 17:18) several
different versions of the SMN protein are also produced by the SMNZ2gene which is
also located on chromosome 5. However, only one form is of full size and
functional.® 517.18) The more SMNZgene copies a person has, the more SMN
protein they produce and hence the number of SMNZcopies present acts as a
modifier of functional SMN production.(16-18.21) Typically, humans have one or two
copies of the SMN2gene but some people have up to eight copies. 17 18)

3.11 Inheritance pattern

The vast majority of cases are inherited in an autosomal recessive fashion.?- % As

outlined in Figure 3.1, autosomal recessive inheritance means that the mutated gene

occurs on one of the 22 non-sex chromosomes( 6 a ut o s ®anladaréer pamrit

and a child is clinically affected when both parents pass on their mutated gene
(6recessived). This kind of chancethatthetchild ce equa
will have SMA a one in two chance that the child will be a carrier and a one in four

chance that they will neither have SMAnor be a carrier.

Approximately 2% of SMA cases are considered to havea de novo pathogenic
variant in one allele; in these instances, only one parent is a carrier.? 5
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Figure 3.1 Autosomal recessive inheritance pattern

[ Carrier father ] [ Carrier mother ]

Unaffected child Carrier child Carrier child Affected child

3.1.2 Carrier status

The process of carrier testing is outlined in section 2.3.1. Carrier status for SMA may

be divided into four main SAMNIgenotype categories as outlined in Figure 3.2, B) to

E).D) The most common non-carrier genotype (A) involves a normal copy of SMN1

on each chromosome, and therefore has two copies of SMNIin total. A rarer non -

carrier genotype (not illustrated in Figure 3.2) involves two functional SMNIcopies

on one chromosome and one functional copy on the other, that is, three copies of

SMN1in total. The most frequent carrier state (B) isthe 61 + 0 6thigfeemot ype
means that there is one normal copy of SMNZon one chromosome and no functional

copy on the other chromosome (1 copy of SMNZintotal). The 62 + (@6 genot
exhibits two functional SAMNIcopies on one chromosome and none on the other.

The remaining g¢e(@oatnydp eds2,(Eardlcandiderdd  be rare

and involve having one or two functional copies on one chromosome and a non-
functional copy on t hethesaghnetypesda@nbtesthe dent i fi er
presence of a point mutation or microdeletion as the pathogenic variant.

Tests such asmultiplex ligation-dependent probe amplification (MLPA which

measure SMNIcopy number do not provide a definitive carrier/non -carrier result for

every individual tested. They can confirm ca
carrier genotype, since only one copy of SMNlispresentt The 62 + 006 genoty
present in approximately 5 to 8% of the population, can evade carrier testing given

that two copies of SMNIwill be detected without distinguishing where they are
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placed.® 21 Also, they cannot detect the rarer 1D pathogenic variants. Therefore,
where two copies of SMNIare detected during carrier testing, it is generally not
possible to exclude carrier status. Carrier testing is still very helpful, since a carrier
risk figure may be calculated which considers family history of clinical SMA and the
results of any genetic testing done in other family members. Riskscan be estimated
both from an individual perspective (ri sk of being a carrier) and for a couple (risk of
having a child affected with SMA). Collectively, the potential for de novo pathogenic
variants, gene conversion events, and asymmetrical carrier genotypes mean the
efficacy of carrier testing using routine methods is limited. That is, cases of SMA can
still occur even if carrier testing does not suggest a risk. If not detected through
carrier testing, these cases would still be identified through the proposed newborn
screening programme (detection of homozygous deletion of SMNJ).

While not within the scope of the current HTA, some jurisdictions, such as Israel,
offer testing to identify SMA carriers as part of a population -based screening
programme.®3) Carrier screening can be carried out either pre conception or during
pregnancy and is separate to newborn bloodspot screening for SMA.

Were newborn bloodspot screening for SMAto be introduced, the earlier
identification of patients with SMA may lead to an increased number of their family
members availing of carrier testing or availing of it earlier.
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Figure 3.2 SMA carrier genotypes

SMNI

A) Normal (non-carrier)

SMNT
SMNT

B)'1 + 0" genotype carrier

C) 2 + 0’ genotype carrier

D) '1 + 1D genotype carrier

SMNI

SMNT
{point mutation or microdeletion)

E) "2 + 1D’ genotype carrier

SMN1 SMN1

SMNT

{Point mutation or microdeletion)

Key: SMAT spinal muscular atrophy, SMNI- survival of motor neuron 1
060D6 denotes point mutation or microdeletion
Source: Verhaart et al.?V
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Carrier frequency

A consideration of carrier frequency is relevant to this HTA, given its rel ationship
with SMA incidence and the potential for earlier and increased carrier testing if
screening for SMA were to be introduced. Given the autosomal recessive nature of
SMA, carrier frequency likely varies acrosspopulations.??) Populations who are
geographically isolated or have high rates of consanguineous unions (that is,
between individuals who are related) can have particularly high carrier
frequencies.?Y

A 2017 literature review sought to summarise the carrier frequency of SMA across
different ethnic groups. Y The authors noted that most studies have been
conducted outside of Europe, varied in terms of the methods used to determine
carrier status, and were conducted in varying population sizes (for example, small
ethnic groups versus population-based). Collectively, across all studies included, the
carrier frequency was estimated at 0.019 (1:52) . The carrier frequency by ethnic
group is presented in Table 3.1. The estimates of carrier frequency will inevitably be
approximate; this is due to the limitations in the methods used to derive the
estimates, which require mathematical modelling in some cases, and the ability of
some genotypes to evade carrier testing. For example, it is highlighted that the
lower carrier frequency seen in certain groups (for example, Black Sub-Saharan) is
likely due to the presence of a higher frequency of carrier genotypes evaded by

traditional carrier testing (fr exampl e,

Table 3.1 Carrier frequency across ethnic groups

‘ Population ‘ Carriers

Frequency  Ratio*

All groups 238,647 4,610 0.019 152
Arab 9,058 152 0.017 1:60
Asian 119,718 2,492 0.021 1:48
Asian Indian 1,465 20 0.014 1:73
Black (Sub-Saharan 8,012 80 0.010 1:100
ancestry)

Caucasian 31,549 680 0.022 1:46
Hispanic 9,649 127 0.013 1:76
Jewish 59,196 1,059 0.018 1:56

* Calculated by HIQA evaluation team.

Source: Verhaart et al.@V
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3.2 Incidence of SMA

3.2.1 Estimates of Irish incidence

A dataset of children diagnosed with SMA in Ireland was provided by CHI at Temple
Street; this indicates that from 2018 to 2022, 17 children were born and
subsequently diagnosed with SMA®2) Given the centralised nature of care since the
advent of new treatments, these cases are considered to represent a complete
dataset for paediatric onset SMA in children who were both born and diagnosed
during this time period. However, some patients born during this period have yet to
present to the centre as they have not developed symptoms or received a diagnosis
to date. Therefore, these casesonly represent a minimum incidence. In these five
years, there were 293,066 registered births in Ireland, there fore suggesting a
minimum incidence of SMA of 1 in 17,239 births.

To account for type Il cases who may develop symptoms at any point from 18
months to up to 18 years of age, an analysis of cases diagnosed from 2018 to 2022
(as opposed to cases born from 2018 to 2022) was also conducted using further
data from CHI at Temple Street. This analysisincludes cases diagnosed during this
period who may or may not have been born during this period. These data showed
that there were 20 paediatric cases diagnosed from 2018 to 2022. Taking the
registered births from 2018 to 2022 as a proxy for birth rates across the time in
which these cases may have been born, this reflects an incidence of type | to Il
SMA diagnosis of 1 in 14,653 births.

Summary data from the Department of Molecular Genetics based at CHI at Crumlin
were used to confirm the completeness of the Temple Street estimates. 62 84 While
the number of SMA cases was not always consistent between centres, the variation
was explained by changes in testing patterns related to the HSE cyber-attack. (8> 86)

The incidence estimates above do not account for cases diagnosed as adults who
represent probable type IV SMA during this timeframe. A small number of adult
cases (n< 5) received a genetic diagnosis of SMA based on samples tested at CHI
at Crumlin. Including these adult cases with the paediatric cases results in an
incidence estimate for SMA diagnosis of 1 in 12,211 between 2018 and 2022.
However, as there is no central register of all SMA cases in Ireland it is possible that
some adult patients may have had their sample transferred to an international
centre for testing. Therefore, th is incidence estimate may be an underestimate.

These incidence estimates are in line with what would be expected relative to the
international data outlined below. However, given the natural variation expected
with rare diseases, coupled with the relatively short five year time horizon for which
there is considered to be suitable data on patients diagnosed with SMA, no firm
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conclusions regarding the similarity of the Irish population estimates to international
norms can be drawn. Across the five year period (2018 to 2022), the number of
cases born and diagnosed with SMA varied from three to four cases per year, and
the number of paediatric patients diagnosed varied from one to seven cases per
year.

3.2.2 International estimates of incidence

A 2017 review of the incidence of SMA internationally found that, on average across
the included studies, the incidence was approximately 8 per 100,000 live births, or 1
in 12,500 live births. @Y The range across studies wasfive to 24 per 100,000 (or 1 in
20,000 to 1 in 4,166), likely reflecting geographical differences (for example,
healthcare access or higher rates of consanguinity). The authors note that the
majority of studies were conducted in small populations and prior to the ti me at
which the SMNIgene was identified as causative (1995). As these studies are
therefore based on clinical rather than genetic diagnosis, there is the potential for
misdiagnoses, which may under or overestimate the true incidence.

A 2017 study, led by the same author as the review above, surveyed genetic
laboratories across Europe with the aim of obtaining contemporary estimates of SMA
incidence.®”) Survey responseswere received from 122 laboratories across 27
countries. Collectively, of 18 country responses with sufficient information, 4,560
patients were identified as having been genetically diagnosed with SMAfrom 2011 to
2015. The median incidence of SMA was 11.9 per 100,000 (ranging from 6. 3 to 25.5
per 100,000) or 1 in 8,403 live births (ranging from 1 in 15,873 to 1 in 3,922). Itis
important to note that the responses to the survey indicate the laboratory | ocation
and not necessarily the residency of the patient. Therefore, some of the variability in
incidence rates may be related to cross-border testing and or diagnosis occurring in
neighbouring countries. Additionally, the survey response rate was not complete for
all countries; however, a concerted effort was made to include al | main testing
laboratories.

The observed incidence of SMA from populationbased screening programmesis
outlined in detail in chapter 4 (clinical effectiveness) but briefly, this ranged from 1
in 19,000 to 1 in 6,059 (midpoint 1 in 13,500) across 13 studies. To note, this
incidence reflects SMA caused by homozygous deletions inSMNZonly, given the
nature of the screening target (that is, these figures do not capture cases resulting
from compound heterozygous variants).

It should be highlighted that, in the absence of screening, the incidence estimates
for type IV SMA cases in particular may be limited due to these being adult onset
and the mildest form (see section 2.2.2). It is plausible that such cases may be
underdiagnosed or misdiagnosed. However, there is no means to reliably estimate
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the extent to which this occurs. Similarly, a 2008 study of asymptomatic individuals
with homozygous SMNIdisruption noted that identification of asymptomatic SMA is
rare.®® The study genetically assessed 490 clinically healthy family members of SMA
cases, and 300 healthy controls. Among the healthy family members, a bi-allelic
deletion in the SMNIgene was found in three individuals, aged 25 years, 47 years,
and 53 years at the time of the study, while no such deletions were identified in
controls. However, in two of the three individuals in whom bi -allelic changes were
identified, neurogenic changes on electromyography (EMG) were also noted (with
EMG not being assessed in the third). Therefore, while these individuals were
clinically asymptomatic, neurological changes were in fact present. The authors
highlight the difficulty of interpreting these changes given the fact that mild
neurogenic changes were also observed in a healthy sibling of an SMA patient who is
a heterozygous deletion carrier, with only one copy of SMNI Up to the time of
publishing, the authors noted that they were aware of 23 similar cases with
asymptomatic SMA documented in the literature, across 19 families. The authors
caution that the emergence of clinical symptoms in these cases in the future cannot
be excluded given the late onset form of the disease.

3.2.3 Subtype incidence

The 2017 review described above, the most recent review on this topic identified,
further sought to estimate the incidence of each SMA subtype.@V) The authors
presented the incidence for types I, I, and Il for each study individually. As with

the estimate of SMA incidence overall, there was variation in incidence noted across
studies.

Meta-analysis of incidence of SVA by subtype based on Verhaart et al. (2017)

In order to provide synthesised estimates, and to inform the budget impact analysis
(chapter 6), a meta -analysis of the incidence of each subtype was undertaken using
data presented for individual studies in the Verhaart et al. 2017 review.®) This was
performed by the HIQA evaluation team using a random -effects GLMMapproach.
Data for general populations were included in the analysis, while specific cohorts
with known higher incidence rates (for example, geographically isolated
communities) were excluded. The estimated incidence calculated per subtype using
this approach was:

A type I: 5.93 per 100,000 births (95% prediction int erval (P1): 2.96 to 10.66)
A type II: 2.71 per 100,000 births (95% PI: 0.91 to 6.38)
A type lll: 2.45 per 100,000 births (95% PI: 0.62 to 6.64)

Prediction intervals are presented rather than confidence intervals. This is because
the inputs into the analysis r epresent incidence estimates derived from different
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regions or countries. For the purposes of this HTA, we are interested in predicting
the uncertainty surrounding the future incidence of SMA in an individual study or
country (Ireland), which is represente d by the prediction interval, rather the
uncertainty in the average worldwide estimate (as estimated by the confidence
interval).

Estimates of subtypes O, llla, Illb, and IV

No reliable estimates of the incidence of type 0 or type IV SMA were identifie d from
the literature to inform this HTA. As noted, the incidence of these casesis
challenging to reliably estimate given the potential for early mortality (in the case of
type 0) and underdiagnoses or underreporting (in type 1V). Studies describing SMA
prevalence or the relative prevalence of different SMA types in European countries
have outlined that type 0 encompasses 0.31% to 2.79% of all SMA cases, with type
IV encompassing 0.63% to 2.09%. (8%-°1) However, the percentage of type | SMA
cases in these studies(range 20% to 27%) is lower than expected, given the
incidence of the disease; this is likely due to the mortality associate d with this
subtype and reflects prevalence-based estimates. Therefore, plausibly, given such
estimates are impacted by the potential for mortality in type | SMA cases, the true
number of type 0 and type IV cases is likely to be lower (that is, if there we re no
mortality in type | then the proportions for type 0 and type IV would be lower).
However, again, this may be offset by under -diagnosis or underreporting of these
cases overall. As type 0 SMA will not influencethis HTA (that is, this cohort are
identified at birth and the standard of care will remain the same), the incidence for
this subtype was not estimated. For the purposes of this HTA, type IV patients were
estimated as representing 1% of cases, generating an incidence of 0.11 per 100,000
births (95% PI: 0.01 to 0.35). This estimate was taken from the prevalence range
reported above (0.63% to 2.09%) considering such cases are likely to have a normal
life expectancy, and under the assumption that the true proportion of patients who
have type IV SMAs at the lower end of the range.

Based on the incidence estimates above, the incidence of type 1 to IV SMA is
estimated at 11.2 per 100,000 births (95% Pl 4.1 to0 22.8) or 1in 8,932 ( 1in 24,423
to 1in 4,394). This is equivalent to an average of 6.5 cases (95% PI: 2.4 to 13.2) a
year in Ireland based on approximately 58,000 births.

Proportionally, considering the meta-analysis and the above estimates, the
breakdown of SMA cases by subtype estimated within this HTA was:

A typel: 55.3% (95% PI: 45.3t0 68.4)
A type ll: 23.3% (95% PI: 19.3 to 25.4)
A type llI: 20.4% (95% PI: 12.2 to 26.5)
A type IV: 1.0% (95% PI: 0.1 to 2.8)
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Considering type Ill SMA specifically, as is discussed in section 3.4.2, there is a
broad spectrum of age at onset within this group (that is, 18 months to 18 years).
While estimates of incidence were not identified within this HTA, six prevalence
based studies were identified from a 2018 review paper which provided a
proportional estimate of type llla (that is, onset from 18 months to three years) and
type llIb (that is, onset from three to 18 years). (?? The weighted proportions across
studies were calculated by the HIQA evaluation team as 53.6% for type llla and
46.4% for type llb.

3.2.4 Concordance of type amongst siblings

Given the inheritance pattern of SMA, familial cases of multiple affected siblings
exist. From a database of self-identified individuals with types | -1V SMA globally from
1996 to 2016, the Cure SMA project (a US based advocacy and funding body)
examined the concordance of SMA types in627 individuals representing 303 groups
of siblings (285 with two siblings, 15 with three siblings, and three with four
siblings).®® The authors identified that 8 4 . 8 % 257 had concordant SMA
subtypes and 15.2% (n = 46) had discordant SMA subtypes Given that the
database involved seltidentification by patients and given limitations in the study
design, it should be noted that this sample may not be repr esentative. However, it
represents the largest study of sibling concordance identified within this HTA.

3.3 Genotype -phenotype correlations

SMNZcopy number represents the main prognostic biomarker used in clinical
practice for SMA? 5 17.18) with the quantification of copy number used as a guide
for treatment options in those with SMAwho are presymptomatic.® In general,
higher copy numbers of SMA2are associated with lower disease severity (2 17.18.22)
However, while a correlation between SAMNZ2copy number and clinical severity exists,
it is not absolute and discordant cases do present.(? 22)

Data from contexts where screening is already in place cannot inform the
determination of how SMNZ2copy number corresponds to SMA subtype. This is
because almost all patients identified with SMA through screening will be
asymptomatic at diagnosis and, where treatment occurs prior to symptom onset, a
clinical subtype (which reflects the natural history o f the condition) cannot be
assigned. As such, the correlation of genotype with subtype must be informed by
historical data based on clinical presentation.

A 2018 study sought to determine SMNZ2copy number by SMA subtype in 625
Spanish SMA patients and futher compiled international reports of SMNZcopy
number across SMA subtypes from 33 studies published from 1999 onwards®? The
HIQA evaluation team identified three additional studies of relevance since the
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publication of this dataset. (63 8% %0) Collectively, from the 2018 paper, the
international dataset, and the additional studies identified, data on SMNZcopy
number across SMA subtypes were available for 4,672 cases.

Meta-analysis of the proportion of SMA subtype within copy number

To indicate the likely clinical course for individuals with particular SMNZ2copy
numbers, and to inform the budget impact analysis (chapter 6), a meta-analysis of
the above studies relating to SMN2copy number (the 2018 review and the additional
studies identified) was completed by the HIQA evaluation team using a random -
effects GLMM approach®?

In terms of considering how copy number corresponds to SMA subtype, the key
figures are outlined below. Based on historical data, which are derived from a non-
screening context (that is, pati ents presenting clinically with types [ to IV ):

A Those with up to three copies of SMNZrepresented 85.0% (95% Cl: 65.3%
to 94.5%) of patients with SMA.

A Those with four copies of SMN2were estimated to represent 11.1% (95% ClI:
4.3% to 19.9%) of the patients, while those with five or more copies
represented 3.9% (95% CI: 0.0% to 22.8%).

A Among those with up to three SMN2copies, 99.8% (95% Cl: 98.8% to
100%) are estimated to reflect types | to 1l SMA, while the remaining 0.2%
(95% CI: 0.0% to 1.2%) are estimated to have type IV disease.

A Among those with four SMNZcopies, 94.4% (95% Cl: 82.8% to 99.2%) are
estimated to reflect types | to Il SMA, while the remaining 5.6% (95% CI:
0.8% to 17.2%) are estimated to have type IV disease.

A Among those with five or more copies of SMNZ2 the uncertainty is too large
(confidence intervals ranging from 0% to 100%) to estimate the proportion
falling into particular types; however, the direction of effect suggests that
such individuals would have milder SMA.

Patients with up to three SMNZcopies are considered as one group here for

simplicity; this grouping reflects genotypes which are more likely to represent

paediatric-onset phenotypes, and is also the grouping of patients for which

immediate treatmentof SMAwas suggested in the &édpossible
identified (see chapter 2, description of technology).

It is important to note that if screening were to identify cases that previously would
have gone undiagnosed due to their mild clinical course, the proportion of those with
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severe disease would decrease as a proportion of the total SMA cases identified,
while, correspondingly, the proportion of those with mild disease would increase.

The meta-analysis results are presented in Table 3.2 in the inverse format of the
proportion of each copy number within each subtype.

There are a number of limitations to the data which informed this meta -analysis.

Multiple studies were from single countries, resulting in the potential for duplicate

reporting of cases. Also, some studies only looked at certain subtypes, which may

impact on the representativeness of the samples included. Additionally, there is the

potential for discrepancies in subtype clinical definitions, and some studies grouped

higher copy numbers (for exampl e, into o6four or mored).
SMNZcopies were identified among types | and Il, and no cases with one SMNZ2

copy number were identified among types Ill and IV.

Table 3.2 Meta -analysis results of proportional breakdown of SMNZ2 copy
numbers within each SMA subtype
SMNZ copy number

Mean percentage (95% Cl

type |l type |l
1 SMNZcopy 7.5 0.9 - -
(0.7 t0 26.3) (0.0t0 7.4)

2 SMNZ2 69.1 13.2 6.9 12.3
copies (33.9t094.4) | (0.5t045.9) (0.3 to 29.8) (0.0 to 53.5)
3 SMNZ2 20.3 73.4 46.3 7.3
copies (0.9t054.5) | (31.3t0 97.2) | (18.9to 74.4) (1.6 to 18.9)
4 SMNZ2 0.5 5.6 43.5 63.0
copies (0.0t0 2.3) (0.1 to 28.4) (16.2 to 72.6) (27.5 t0 93.5)
5 SMNZ2 2.6 6.9 2.5 14.2
copies (0.0t0 37.5) | (0.0to 54.0) (0.0to 19.5) (0.0 to 55.9)
6 SMNZ2 - - 0.8 3.2
copies (0.0 to 6.4) (0.2to 13.3)

Key: SMN2 - survival of motor neuron 2.
This analysis considers each subtype separately and hence it is to be read as dstinct columns which
sum to 100.

SMNZ copy number by subtype from the Irish cohort

For the Irish data, copy number breakdown for adult cases was unavailable and
therefore the likely clinical course based on SMN2copy number could not be reliably
estimated.
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From the dataset provided by CHI at Temple Street, copy number by subtype was
available for 52 cases born from 2001 onwards.®? Within each paediatric subtype,
the proportional breakdown of copy number was as follows:

A typel (n = 16): two (n =15, 93.8%) or three (n =1, 6.2%) SMNZcopies
A type Il (n = 29): three copies (n = 29, 100%)
A typelll (n=7): three (n = 6, 85.7%) or four (n = 1, 14.3%) copies

Of paediatric cases presenting clinically, only one patient out of 52 cases had more
than three copies of SMNZ2. Therefore, as expected, cases presenting clinically with
paediatric onset disease have generally had lower SMN2copy numbers. However,
these data are based on a very small number of patients who specifically presented
for diagnosis in the paediatric setting. The potential for an undiagnosed population
cannot be eliminated.

3.3.1 Other biomarkers

Additional biomarkers are noted in the literature, including molecular-based
biomarkers (for example, SMN2variants ¢.859G > Cand ¢.863G> T) and
electrophysiological and imaging-based biomarkers (for example, compound muscle
action potential).®* However, most are not routinely used in clinical practice. (?6)

3.4 Clinical presentation

SMAIis characterised by muscle atrophy and weakness. This weakness is typically
symmetrical, proximal greater than distal, and progressive in nature. % In more
severe forms of SMA the bulbar nerve can be impacted. This affects feeding and
leads to a failure to thrive. The intercostal nerves can further be i mpacted resulting
in respiratory difficulty which often presents as a bell -shaped chest with paradoxical
breathing.® Potential clinical findings by SMA subtype are outlined in Table 3.3.(:5
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Table 3.3 Potential clinical findings by SMA subtype

SMA type ‘ Potential clinical findings

type O Severely reduced muscle tone
Severe weakness

Absence of reflexes

Respiratory failure at birth

Facial palsy

Reducedfoetal movements

Heart defects

Congenital contractures

Loss of head control

Joint contractures

Normal or minimal facial weakness
Variable suck/ swallow difficulties
Scoliosis

Respiratory impairment
Developmental delay

Reducedor absent deep tendon reflexes
Proximal muscle weakness
Postural tremor of fingers

Scoliosis

Contractures

Respiratory impairment

Proximal muscle weakness (difficulty with stairs,
running)

Loss of motor skills

Fatigue

Postural tremor of fingers

Loss of lower limb reflexes

Fatigue

Proximal muscle weakness
Source: Prior and Leech,® Mercuri et al.®W

type |

type Il

(I I T D T D T T D T D T D D T D D D D

type Il

type IV

D> > >

3.4.1 First clinical symptoms

As noted, type 0 SMA is associated with symptoms at birth. A 2016 French registry
study of SMA cases from 1999 to 2014 identified 16 type 0 cases.® All were
considered to have profound hypotonia at birth with an absence of deep tendon
reflexes, and the majority had joint contractures. All patients were further noted to
have significant respiratory impairment at birth with most casesrequiring mechanical
ventilation within the first minutes or hours of life.

A 2020 Italian study of type | -1l SMA noted that for the majority of cases symptoms
were first recognised by parents regardless of type.(®®) The first symptoms by SMA
subtype reported by the study are outlined in Table 3.4.
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Table 3.4 First clinical symptoms identified in SMA types | -1

SMA type First symptoms (%)

Type | (n=191) General hypotonia (59.2%)
Developmental delay i head control (17.3%)
Absence of antigravity movement (7.9%)
Respiratory distress (7.9%)
Developmental regression (3.7%)
Feeding issues (3.1%)

Absence of deep tendon reflexes (1.1%)
Not standing (39.5%)

Developmental delay i sitting position (20.5%)
Hypotonia 7 lower limbs (18.1%)

Not crawling (1.9%)

Failure to thrive (0.5%)

Respiratory infections (0.5%)

Unsteady gait (28.8%)

Falls (22.5%)

Difficult in rising from floor (12.5%)
Difficulty in climbing stairs (11.3%)
Developmental delay (5.0%)
Developmental regression (3.8%)
Difficulty running (3.8%)

Clumsy movements (3.8%)

Muscle weakness (2.5%)

Toe walking (2.5%)

Accidental finding (2.5%)

Tremor (1.3%)

Type Il (n = 210)

Type lll (n =79)

T T I D> B D> D D> D D> D D BB D B D D> D D D B D >

Source: Pera et al ®®

For type IV SMA, a 2020 retrospective review of 227 Brazilian patients with SMA
found that, of 20 patients identified, the majority first presented with proximal lower
limb weakness (75%), followed by cramp -fasciculation (20%), and a single case
(5%) of asymptomatic elevated c reatine kinase.®”) The suspected pathologies
prompting referral were limb girdle muscular dystrophy in 60% of cases followed by
amyotrophic lateral sclerosis (20%), inflammatory myopathy (10%), and chronic
inflammatory demyelinating polyradiculoneuropathy (10%).

3.4.2 Age at symptom onset

The classification of SMA subtype, in the absence of screening, is in part based on
age at clinical onset. The general categorisation of SMA subtypes on this basis is
outlined in Table 3.5.(: 3.9
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Table 3.5 Diagnostic classification of SMA based on age at clinical onset

SMA subtype ‘ Age at onset

Type O Prenatal

Type | < 6 months

Type Il 6 - 18 months

Type Il a 18 months - 3 years
b 3 years - adulthood

Type IV Adulthood

Key: SMAT spinal muscular atrophy.
Source: Prior and Leech® Wirth et al. @, Keinath et al.®

As outlined previously, type 0 SMA is associated with a prenatal onset and therefore
an infant will have symptoms consistent with the disease at birth. 95

From the Irish context, of 25 paediatric cases with data on age at symptom onset
provided by CHI at Temple Street, the median age for type | was four months
(range 1.3 to 4.0 months), type Il was 12 months (range 7.9 to 18 months), and
type 11l was 114 months (range 24 to 144 months). 2 These casesall presented
between 2015 and 2022. A 2015 systematic review of age at symptom onset for
SMA type |, I, and Il identified 21 studies from 2000 to 2014. The weighted mean
age of symptom onset across studies was{®®

A type | SMA: 2.5 months (standard deviation (SD) = 0.6, range 1 to 11
months)

A type Il SMA: 8.3 months (SD = 1.6, range 2 to 18 months)

A type Ill SMA: 39.0 months (SD = 32.6, range 5 to 192 months).

A 2020 Italian study of 480 children diagnosed with SMA in five neuromuscular
centres from 1996 to 2019 provides similar results in terms of the mean age of
onset: )

A type | SMA: 2.8 months (SD =2.0, range 0 to 10 months)
A type Il SMA: 10.4 months (SD = 4.0, range 3 to 24 months )
A type Il SMA: 31.8months (SD = 37.9, range 9 months to 15 years)

0 type llla: 18.1 months
o type lllb: 84.7 months.

For type IV SMA, a 2020 retrospective review of 227 Brazilian patients with SMA
identified 20 patients with this subtype. The median reported age of onset was 31.4

Page 89 of 391



Addition of SMA to NNBSP- November 2023
Health Information and Quality Authority

years (range 21 to 51 years). ©?) Similarly, a 2018 cross-sectional study of patients
with SMA from The Netherlands reported a median age of onset of 38 years (range
31 to 44 years) for six patients with this subtype. ©9

3.4.3 Age at diagnosis

From the Irish context, of 25 paediatric cases with data on age at diagnosis provided
by CHI at Temple Street, the median age for type | was six months (range 0 to 7.9
months), type Il was 19 months (range 12 to 24 months), and type 11l was 144
months (range 42 to 192 months). 2 These casesall presented between 2015 and
2022.

The same 2015 systematic review outlined above estimated the weighted mean age
at diagnosis for type |, Il and Il  SMA patients{%®)

A type | SMA: 6.3 months (SD = 2.2, range 0.6 to 9 months)
A type Il SMA: 20.7 months (SD = 2.6, range 1.2 to 72 months)
A type lll SMA: 50.3 months (SD = 12.9, range 3 to 82.8 months).

Again the 2020 Italian paper outlines similar results: ©6)

A type | SMA: 4.7 months (SD = 2.8, range 10 days to 13.2 months)
A type Il SMA: 15.6 months (SD = 5.9, range 5 to 53 months)
A type Il SMA: 52.1 months (SD=48.1, range 10 to 216 months)

o type llla: 32.6 months
o type lllb: 117.8 months.

3.4.4 Delay between symptom onset and diagnosis

It is important to note that the 2015 systematic review outlined above considers
different patient cohorts for age at symptom onset and age at diagnosis so the two
weighted means cannot be directly compared. However, a limited number of studies
provided both estimates to inform estimatio n of diagnostic delay: ®®

A type | SMA: 3.6 months (SD = 1.9, range 1.0 to 5.9 months, three
studies)

A type Il SMA: 14.3 months (one Chinese study)

A type lll SMA: 43.6 months (one Chinese study).

For the 2020 Italian study shorter intervals are outlined: ©6)
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A type | SMA: 1.9 months (SD =1.8; range 0 to 10.3 months)
A type Il SMA: 5.3 months (SD = 4.7; range 0 to 35 months)
A type lll SMA: 16.8 months (SD = 18.7; range 0 to 102 months)

o Diagnostic delay was noted to be shorter for type llla than type Ilb.

While not providing age at diagnosis for type IV cases, the 2020 Brazilian study
outlines a mean delay of 12.4 years (+/ - 7.3 years) from symptom onset. ©7)

Collectively across the studies identified within this HTA, the interval from symptom
onset to diagnosis appears to increase across SMA subtypes with type | associated
with the shortest diagnostic delay and type IV with the longest, likely reflective of
the clinical severity of each subtype making recognition of symptoms more
challenging as severity reduces.

3.5 Natural history and burden of disease
3.5.1 Natural history by SMA subtype

Given the heterogeneity of disease severity, the natural history of SMA is outlined by
subtype below. To note, this encompasses the typical progression of the condition in
the absence of significant therapeutic intervention. It should be highlighted that
many of the studies outlined below were associated with potential conflicts of
interest including industry -based employment, funding, consultancy and or advisory
fees.

Type 0 SMA

There is a scarcity of literature describing the natural history of type 0 SMA. For the
most part this group is described as having limited life expectancy due to prenatal
onset and a rapid deterioration of clinical state. 2% %) Hence, the type of treatment
for these patients is typically restricted to supportive and palliative care. One study
was identified which described a cohort of 16 type 0 SMA cases from a French
registry.®® As outlined in section 1.4.1, this cohort had significant musculoskeletal
and respiratory impairment at birth with the latter meaning that all required
mechanical ventilation. All 16 infants died within approximately one month with the
median age at death being 15 days (range six to 33 days).

Type | SMA

Four studies were identified which provided detailed descriptions of the natural
history of type | SMA. The characteristics of these studies are outlined in Table 3.6.
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Table 3.6 Type | SMA natural history study characteristics

Study Location \ Population Outcomes Follow -up
PNCR Three US 34 type | SMA cases| A Mortality At least 12
Network for | sites A Requiring at months
SMA SMNZ2 copy least 16 hours
2014100 number:* per day of non-
A Two copies (n = invasive
23) ventilation
A Three copies (n support for at
=9) least 14 days
A CHORINTEND
scores
NeuroNEXT | Multicentre 26 type | SMAcases | A Mortality 24 months
network US study A Intubation
2017401 SMNZ copy A CHORINTEND
number:- or AIMS scores
A Two copies (n = depending on
16) baseline function
A Three copies (n | A CMAP
= b)
A Four copies (n
=1)
Healthy controls: n
=27
ANCHOVY International | 60 type | SMA cases| A Event free Upto 24
study chart review survival (death months
2022102) study across | SMNZ2 copynumber: or permanent
nine A Two copies (n = ventilation)
countries 30) A HINE-2 scores
A Unknown (n= | A Initiation of
30) respiratory
support
A Swallowing and
feeding support
A Growth
measurements
Oskoui et al | International | 143 type | SMA A Survival of Mean follow-
2007103 Spinal cases patients bornin | up of 49.9
Muscular 1995 to 2006 (n | months
Atrophy = 78) compared
Patient with patients
Registry bornin 1980 to

1994 (n = 65)

Key: AIMS - Abnormal Involuntary Movement Scale; CHORINTEND - Children's Hospital of
Philadelphia Infant Test of Neuromuscular Disorders; CMAP- compound muscle action potential;
HINE - Hammersmith Infant Neurological Examination; NeuroNEXT - National Network for Excellence
in Neuroscience Clinical Trials PNCR- Paediatric Neuromuscular Clinical Research; SMA spinal
muscular atrophy; SMNZ2- survival of motor neuron 2.
* available for 32 children, ~ available for 22 child ren, +available for 15 children.
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The 2014 Paediatric Neuromuscular Clinical ResearcfPNCR study included a
mixture of type | cases enrolled within three months of diagnosis and after three
months of diagnosis, and the group was further subdivided into those with symptom
onset before three months of age and after three months of age. 1°® Nine (26.5%)
out of 34 participants died during the study period with the ¢ ause of death being
acute pulmonary infection (n = 6), airway obstruction (n = 2), and bradyc ardic
arrest (n = 1). The median age at reaching the combined endpoint of mortality or
requiring 16 hours of non -invasive ventilation per day was 13.5 months (IQR 8.1 to
22.0). The age distribution at reaching the combined endpoint was similar for
subjects with SMA type | who had symptom onset before three months and after
three months of age. The mean rate of decline in Children's Hospital Of Philadelphia
Infant Test Of Neuromuscular Disorders (CHORINTEND) scores (a scale assessing
ability to perform cer tain movements; see chapter 2: description of t echnology) was
1.27 points per year (95% confidence interval (Cl) 0.21 to 2.33) (of a total possible
CHORINTEND score of 64). Children with two SMNZ2copies were noted to have
higher morbidity and mortality than those with three SAMNZcopies.

Twelve (46.2%) of 26 type | patients died over the course of the 2017 NeuroNEXT
study while seven more withdrew from the study. %9 SAMN2copy number was
inversely associated with risk of death or permanent invasive ventilator support:
there was an eight times higher risk of these outcomes in those with two SMNZ2
copies or an unknown copy number compared with those with mor e than two copies
of SMNZ2(hazard ratio (HR) = 8.13, 95% CI 1.1 to 63.0 ). The median survival time
for SMA infants with two SAMNZcopies was eight months (95% CI 6 to 17). The
median survival time for the SMA infants with more than two SMN2 copies was not
reached, with 85% alive at 24 -months follow-up.

The ANCHOVY study was a retrospective chart review study across nine countries

which sought to describe the natural history of type | SMA to provide comparisons

for ongoing trials of the risdiplam drug. %2 Thirty cases had two SMNZ2copies with

copy number unknown for a further 30. The median age of reaching the primary
endpointofdeat h or per manent Vv e ffintdrquaatiterange was 7. 3
(IQR) 5.9 t0 10.5), while the medianageatper manent ventil ation wa
(IQR6.9to 164 and at d4£1&2mbnthsy @ahe median age at initiation of
respiratory snomphs QRt6.8td39) &d f8r initiation of feeding

support momhs (IGR.58 to 14.7). With a large amount of missing data

points, data on motor development were obtained from nine participants at 12

months of follow up, none of whom were able to sit without support or none of

whom achieved any further motor milestones.

Given the increasing availability of proactive clinical care for patients with SMA (for
example, non-invasive ventilation), a 2007 US study sought to explore, using registry
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data, whether there had been a change in survival over time in patients diagnosed
with type | SMA between 1980 and 2006.(19%) Survival of patients born in the period
of 1995 to 2006 (n = 78) was compared with patients born from 1980 to 1994 (n =
65). Patients born in the later period had significantly increased survival compared
with those born in the earlier period (HR for risk of death = 0.3, 95% CI 0.2 to 0.5).
Factors influencing this finding included the availability of ventilation support for
more than 16 hours per day, airway clearance devices, and gastrostomy tube
feeding.

Type Il and Il SMA

Studies of type Il and Ill SMA were largely not disaggregated within the available
literature. As such, these groups are presented collectively here with clear
differences highlighted wherever possible.

A 1997 study of SMA cases in Germany and Poland estimated the survival probability
of type Il SMA to be 98.5% at five years, reducing to 68.5 % at 25 years. 194 The
same study outlined that survival in type Il cases was not significantly different to
normal life expectancy; however, precise estimates were not provided by the

authors.

The 2020 NatHissSMA study was conducted across nine centres in Belgium, France,
and Germany. In this study, 53 type Il (non -sitters = 19, sitters = 34) and 28 type

[ll (non -ambulant = 9, ambulant = 19) cases were assessed over a 24 month period
for changes in motor and pulmonary function, among other clinical data. 9% Motor
function, as measured by the 32-item Motor Function Measure assessment, declined
significantly over 24 months but not over 12 months in the total population. Of note,
post-hoc analyses indicated that the change was only significant in non-sitters with
type Il SMA; declines in other groups did not reach statistical significance. Upper
limb strength decreased significantly over 12 and 24 months across the population.
Pulmonary function, measured by forced vital capacity, declined significantly over 12
months, but not 24 months.

A 2012 prospective observational cohort study reported findings of changes in
clinical outcomes up to 48 months in 79 cases of type Il (n =41) and Ill (n = 38)
SMA across clinical PNCR network site$'%6) Outcomes assessed includedmotor
function, pulmonary function, quality of life, and muscle strength. Across the study
cohort, motor and pulmonary function were reported to decline over time in a non-
linear manner, particularly at time points beyond 12 months of follow -up. In terms
of motor milestones, two participants with type Il SMA (5%) and one participant
with type IIl SMA (3%) lost the ability to sit during the study, while five participants
with type Il SMA (13%) lost the ability to walk . No significant declines were
observed in quality of life, muscle strength, or electrophysiological measures.
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Specifically with regards to ambulation in type Il cases, a 2021 study of Polish
registry data, which included 393 cases with this subtype, outlined that 44% (n =
172) had maintained the ability to walk with the mean age of loss of this function
being 14 years (SD = 11). @) The probability of preserved ambulation for 293
patients was presented and is outlined in Table 3.7 for various time points of disease
duration (the attrition was not explained by study authors but may relate to

complete time points). As shown, the reduction is more pronounced in those with
type llla (onset before three years of age) as opposed to those with type llib (onset
after three years of age). The authors further highlight that those with four SMNZ2
copies were more likely to maintain ambulation th an those with three SMNZcopies.

Table 3.7. Probability of being ambulatory in type Ill SMA

Probability of being ambulatory at
different time points of disease duration

10 years 20 years 30

years

40 years

Type Il (n = 293) 80% 68% 61% 60%
Type llla (n = 159) | 58% 37% 33% 31%
Type lllb (n = 134) | 89% 78% 69% 66%

Source: Lusakowska et al 197
Type IV SMA

Limited data were identified in the literature for the natural history of type IV SMA. A
2008 Dutch study of late onset SMA included 12 patients with type llIb (n = 7,
inferred from participants aged under 18 years at onset) or type IV (n = 5, inferred
from participants aged over 18 years at onset) with a foll ow-up ranging from 19 to
36 months.1%) At follow-up, no significant change in muscle strength, functional
impairment, or respiratory function was noted across the study cohort. To note, at
recruitment the median disease duration was eight years (range 0 to 25).

The development of scoliosis

A 2019 Dutch study using registry data included 283 patients with SMA types | to IV
ranging in age from 0 to 82.2 years. (19 Collectively across the study population, 170
patients (60.1%) had scoliosis, and 95 (33.6%) underwent scoliosis surgery. The
lifetime probability of requiring scoliosis surgery was calculated by the study authors
and differed significantly across SMA types:

A type Ic (a subset of type 1) (n = 29, onset age 3 -6 months): 77% (95% CI 26.2
to 92.9)

A type Il (n = 120, onset age 6 -18 months): 84% (95% CI 72.0 to 90.6)
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A type Illa (n = 53, onset age 18 mon ths i three years): 40% (95% CI 20.7 to
54.4)

A type Illb (n = 44, onset age older than three years): 2%, (95% CI 0.0 to 6.6)
A type IV (n = 6, onset in adulthood): O cases .

Specifically in type Ill SMA, the need for scoliosis surgery was associated with age at
loss of ambulation.

The development of scoliosis has significant consequences for the functional ability
of those with SMA and for their treatment options, particularly in the context of the
intrathecally delivered drug nusinersen. Progressive curvature of the spine can result
in a required cessation of this treatment. The 2018 diagnostic guidelines for SMA
note the development of scoliosis in type | and type Il non -ambulatory patients with
SMA to be as high as 60-90% with initial presentation in early ¢ hildhood.®

3.5.2 Quality of life
Children with SMA

A 2020 cross-sectional study of 86 children with SMA across the UK, France, and
Germany sought to estimate health related quality of life (HR -QoL).19 The
population included type | (26.7%), type Il (52.3%), and type Il (20.9%) SMA
patients with a mean age of less than 10 years across type and location. HR-QoL
was measured using a proxy version of the EuroQol 5-dimensions with 3-levels (EQ
5D-3L) with standardised reference values of 0 for death and 1 for perfect health,
although negative values are also possible. Additionally, a visual analogue scale
(VAS) was used where participants were asked to rate their overall health on the day
of data collection from 0 to 100. The date of data collection (2015) predates the use
of disease-modifying treatments in this population and hence the results refl ect
children treated with supportive therapy only. Results indicated that children from
the French and UK cohorts had a lower HRQoL, with a utility score of 0.12 and 0.17
respectively, compared to that of the German cohort with 0.53. The authors note
that the differences in results between the locations is not explained by age or
disease progression. On the VAS measure, mean scores were higher across the
three locations with 75.44 (SD = 19.36), 59.15 (SD = 29.84), 69.76 (SD = 13.42).

A 2017 Spanish study used similar measures to estimate QoL in 81 patients with
type | (10%), type Il (74%), and type Il (16%) SMA who had a mean age of 7.2
years (SD = 5.5) and again were assessed prior to availability of disease-modifying
treatments. ) The mean HR-QoL time-trade off social tariff score was 0.16 (SD =
0.44), with the VAS measure being 54.09 (SD = 26.30).
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It should be highlighted that the instruments used in these studies have not been
validated in child responders.

Caregivers

Both studies described above further estimated QoL in the caregivers of children
with SMA, with a five level EQ-5D used in place of the three level measure.(10.111) |n
the first study across the UK, France, and Germany, mean caregiver QoL scores for
56 caregivers were 0.85 (SD = 0.16), 0.40 (SD = 0.47), and 0.80 (SD = 0.30),
respectively, with VAS measures being80.36 (SD = 17.01), 62.12 (SD = 33.41), and
71.92 (SD = 14.20).19 |n Spain the mean QoL score was 0.48 (SD = 0.45) with a
VAS score of 69.1 (SD = 22.0).(11D

Each study further estimated the mean estimated daily caregiving time in hours with
12.50 (SD = 5.96) in the UK, 9.31 (SD = 8.44) in France, 10.65 (SD = 5.45) in
Germany, and 8.22 in Spain.11% 111 The Zarit interview was administered as a
measure of burden experienced by carers with the measure ranging from 0 to 88,
scores under 21 representing little or no burden and scores above 61representing
severe burden. Mean scores were 26.63 (13.39) in the UK, 40.37 (SD = 16.10) in
France, 21.33 (SD = 18.33) in Germany, and 34.53 (SD = 13.41) in Spain.(110. 111)

3.5.3 Healthcare utilisation in the absence of disease -modifying
treatments

The literature identified for healthcare utilisation primarily reflects estimates in the
period before disease-modifying treatments were available (that is, they do not
reflect the current standard of care for patients with SMA). (110.112) Collectively, in this
context, the annual direct medical costs and resource use were reported to be
highest for those with type | SMA, with an incremental reduction across type Il and
type Il SMA. Limited data were available for those with type IV SMA, (112, 113)
However, given the limited life expectancy of type | SMA patients in the absence of
disease-modifying treatments, patients with types Il and Il SMA would incur higher
costs over a lifetime compared with patients with type | SMA. (112

Estimated resource use varies consicrably between countries, likely attributable to
differences in practice and healthcare system structuring.*'? Available evidence
suggests that direct care costs are considerably lower in Europe than in the US.(114)
However, estimates of resource use and associated costs in the European context
are limited. In Spain, results of a retrospective multicentre analysis (n = 705) set
during the period 1997 to 2015 indicate that approximately 58.2% of healthc are
utilisation at a hospital level was attributable to scheduled appointments, with the
remainder consisting of emergency admissions (41.7%).11% The average duration of
hospitalisation was 10.5 days, with 11.4% of patients readmitted within 30 d ays of
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discharge (1?® Healthcare utilisation was not available by SMA type due to limitations
of the database.

Only one study was identified that described the relationship between healthcare
utilisation and SMA type. A USbased retrospective cohort study used age at
diagnosis to categorise patients into infantile (n = 23), childhood (n = 22) , or late
onset (n = 296) cohorts.(11®) Pulmonary servicesand nutritional support were most
frequently used by patients in the infantile cohort .(116) All cohorts required
orthopaedic care. As expected, requirements for inpatient hospitalisation decreased
with increasing age at disease onset, with 91.3% of patients in the infantile onset
cohort experiencing at least one inpatient hospitalisation during follow -up, compared
with 50% and 37.2% of the childhood onset and late onset cohorts, respectively. (116)

354 Effectiveness of disease modifying treatment

An overview of disease-modifying treatments for SMA and the studies supporting
EMA licensing are presented in chapter 5 (overview of treatments).

3.5.5 Healthcare utilisation in the context of disease -modifying
treatments

A 2021 systematic review identified two studies reporting on the effect of disease -
modifying treatments on direct medical costs and resource utilisation in patients with
SMA; both studies centred on nusinersen. (112

A retrospective review of 11 children with type | SMA who were treated with
nusinersen in the UK reported that patients had a median of 11 (range 1 to 25)
hospital admissions over the two-year study period.*1") This equated to a median of
84 (range 7 to 235) hospital days per child, or approximately 20% (range 2% to
72%) of their life. 117 Children had the greatest requirement for admission in the
first six months following initiation of nusinersen, largely driven by the tendency for
children to have a longer first admission (median 20 day s per child (range 1 to
235)). 17 The most common reason for admission was lower respiratory tract
infection.17) A total of 762 high dependency unit days and 248 paediatric intensive
care unit days were required by the 11 children over the two -year study period. 117
Importantly, children in this coho rt were a median of 8.1 months (range 0O to 85.7)
old at the time of the first dose of nusinersen, all children required long -term
ventilator support, and of these, six children were ventilated prior to treatment
initiation. Therefore, the reported healthca re utilisation in this cohort may not reflect
resource requirements for patients with type | SMA for whom treatment is available
at the time of diagnosis.

A second retrospective study based in the US grouped patients with SMA into four
cohorts based on SMA type and treatment approach: type | SMA (n = 349), type |
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SMA treated with nusinersen (n = 45), other SMA (types II, Il and IV combined, n =
5,728), and other SMA treated with nusinersen (n = 404). 118) Over a period of eight
to 10 months, irrespective of treatment, patients with type | SMA had a similar
number of admissions (type | SMA: 1.9 admissions per patient per year; type | SMA
treated with nusinersen: 1.7 admissions per person per year).118) However, patients
with type | SMA who initiated treatment with nusinersen had a lower average
number of inpatient days per person per year relative to the overall population with
type | SMA, suggestive of less severe disease (4.6 days versus 14.1 days,
respectively).18) In both groups, respiratory failure was the most frequent cause of
medical visits, consistent with available evidence from the UK.(117: 118) patients with
type | SMA treated with nusinersen attended outpatient settings more frequently
relative to patients with type | SMA managed with supportive care (24.8 days versus
10.5 days per person peryear).® | n t he 6 ot hother SNAAMrdaded \mith d
nusi ner s e théaveragd rmmikersof admissions per person per year was 0.4
and 0.5 respectively, accounting for 1.9 and 2.5 hospital days over the study period
(9 to 14 months). 118

No studies were identified that investigated the impact of early treatment initiation,
either as a result of screening or family history, on resource u tilisation.

3.6 Discussion

The purpose of this chapter was to outline the epidemiology associated with SMA,
including the aetiology, incidence, clinical presentation, and burden of the disease,
drawing on international and national data. SMA is a neuromuscula genetic
condition caused by a lack of SMN protein? 35 Deficiency of SMN results in
progressive axonal loss. Axors are crucial for muscle function with their loss leading
to muscle wasting and weakness Symptomatic patients with SMA are classified in
terms of five subtypes, with a reducing level of severity and increasing age of onset
moving from type 0 through to ty pe IV.? 3.5

Estimates of the incidence of SMA were noted to vary internationally. While this is
not unexpected in the context of a rare disease it should be noted that many of the
studies predated the more advanced genetic testing methodologies presently
available, were limited in terms of the completeness of data (for example , not
including all potential laboratories testing in a country), or included estimates from
populations known to be at a higher risk of SMA. (1. 87) Relevant data for estimating
the incidence of cases in Ireland were available for a five year period between 2018
and 2022; analysis of these data resulted in an incidence estimate for SMA diagnosis
of 1in 12,211. While care of children with SMA in Ireland is centralised, care of adult
patients is not. This means that some adult cases may not be included in these
figures and the incidence could be underestimated. It should also be highlighted that
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complete estimates of type IV SMA from the Irish perspective could not be obtained,
with a similar limitation noted in the international literature. As outlined previously,
this cohort are considered to represent the smallest proportion of all SMA cases but
in the absence of reliable estimates of their incidence, coupled with the milder
disease course seen in this subtype, their relative contribution to incidence cannot be
reliably estimated. % An important consideration is the impact of screening on the
incidence of observed cases. For example,depending on the screening definition
applied, a significant rise in incidence after the implementation of a screening
programme may signal the detection of cases who were previously asymptomatic or
so mildly impacted that they did not present clinically. As is detailed in chapter 4
(clinical effectiveness), screening programmes for SMA are in their relative infancy
and hence reliable estimates of this impact are challenging to ascertain.

While not the focus of this HTA, the predominantly autosomal recessive nature of
the condition means that the influence of carriers is an important consideration in
the incidence of SMA. In Ireland, carrier testing is used in the event of a positive
family history; that is, when a child is diagnosed, their parents, and in turn other
adult relatives, are afforded the option of carrier testing . In addition, where a person
is confirmed as a carrier (or as having a significant residual risk of being a carrier,
after testing), their partner may be tested for carrier status to enable estimation of
their risk of having an affected child .(?®) This practice varies internationally with US
recommendations advocating for carrier screening for those with and without a
family history of SMA. A number of studies have used carrier frequency to estimate
the incidence of SMA(119.120) As highlighted, this method may be considered as an
alternative process to newborn bloodspot screening. However, it is not absolute and
most commonly provides an estimated risk of carrier status in the general population
(rather than definitive status) , given the carrier genotypes that may evade such
testing and the presence of de novo pathogenic variants independent of parent
genotypes.?) Where carrier genotypes that would evade population-based carrier
screening are present in parents, the majority of affected children of such parents
would be identified via the alternative approach of a newborn screening programme
designed to detect homozygous absence of SMNIin newborns. Given the relatively
high carrier frequency for SMA (1:52), studies have estimated expected incidence of
the condition based on carrier frequency within individual countries. 21 However,
these studies have been associated with an overestimation of the projected
incidence relative to the observed incidence.?* &) For example, a US study projected
an incidence of 16.7 per 100,000 live births from carrier frequency estimates with
the observed incidence estimated as approximately 10 per 100,000 live births.(120.
122) A study of observed incidence in Poland estimated the incidence of SMA to be
10.7 per 100,000 live births which may be contrasted with a projected incidence
from carrier frequency of 20.4 per 100,000 live births. (119 Hypothesised reasons for
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these overestimations include:(?% 87) the availability of carrier testing and subsequent
family planning, the availability of prenatal testing for higher risk pregnancies, in-
utero or early neonatal mortality due to disease severity (partic ularly the lethality of
an absence of SMNIin tandem with an absence of SMNZ the latter of which is
estimated to be carried in 10 to 15% of the general population), the assumption of
100% penetrance, the potential for asymptomatic cases, and varying rates of
consanguinity.

In terms of the relative proportion of SMA subtypes, prevalence-based studies are
unable to appropriately estimate these values given the high mortality associated
with type | before the availability of disease -modifying treatments. Restricting to
incidence-based studies, as would be reflective of those identified through a
newborn bloodspot screening programme, type | constitutes the largest proportion
at approximately 50-60% with type Il and Il making up the vast remainder of
cases, ard type 0 and IV considered to represent a small minority (though again,
given their nature, precise estimates are difficult to ascertain). As noted, type |
further represents the most severe form for whom disease -modifying treatments are
currently available with a reducing severity moving up the SMA subtypes. This
reduction is noted in terms of physical impact, QoL, and caregiver burden. As is
outlined further in chapter 5 (overview of treatments), the relatively recent
emergence of diseasemodifying treatm ents for this condition means that there are
limited data on the longer-term impact of pre-symptomatic or early treatment on
overall outcomes and associated burden. However, given the progressive and
irreversible axonal loss associated with the condition, there is clear clinical
plausibility to the potential benefits of earlier intervention. (123)

The introduction of newborn bloodspot screening for SMA would effectively remove
clinical subtyping given the reliance of this process on the emergence of symptoms
and age at onset. In this context, prognosis, and subsequent treatment decision -
making, is reliant on the SMNZ2copy number of a case as a biomarker.2:17.18) Ag
highlighted, while a correlation exists between this biomarker and disease severity it
is not absolute.?? For example, type | SMA is most frequently associated with two
SMNZcopies, however, cases with four or more copies have been documented.
Similarly, type IV SMA is typically associated with four or more copies, but cases with
lower counts have been identified. On both ends of the spectrum this has
implications for the treatment provided.

Additionally, there have been documented instances of discrepances in SMNZcopy
number between initial and re -determined testing; factors affecting accuracy of
SMNZcopy number quantification included sample contamination, obtaining
sufficient quality and quantity of DNA, availability and use of appropriate controls,
and definition of cut -off values.¥ Should a copy number threshold be used to
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determine treatment course there may be patients with severe forms of SMA who do
not receive treatment in the pre -symptomatic period and hence do not benefit from
screening. Conversely, there may be patients with less severe forms of SMA who
receive a treatment or, in a small number of cases, a diagnosis, that would not be
provided in the absence of screening. The potential resource and ethical implications
of such decision-making are explored in chapters 7 and 8 of this HTA.
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4 Clinical effectiveness of screening

Key points

A The purpose of this chapter is to describe the clinical effectiveness of
population-based newborn bloodspot screening programmes for spinal
muscular atrophy (SMA. To facilitate this, a systematic review of the
approaches used internationally, and the outcomes of these programmes, was
undertaken.

A Thirty-two publications, describing 20 unique studies, were included and
categorised as:

o Non-comparative studies (n = 17) : these were descriptive studies,
providing details of the approach used in programmes and of outcomes
such as test performance, SMA case characteristics, incidence, and
potential harms; studies did not compare to unscreened cohorts.

o Comparative studies (n = 3) : these studies presented clinical outcomes
(for example, morbidity) of screened and unscreened cohorts.

A Of the 17 studies providing detail on approaches used, the primary target of
screening in all studies was homozygous deletions in survival motor neuron 1
(SMNJ) using polymerase chain reaction (PCR-based methods as the initial
test. However, there was variation in the use of second tier tests, test targets,
confirmatory testing methods, and laboratory techniques.

o Eight studies included a second tier test to confirm SAMNIdeletions and
or quantify survival motor neuron 2 (SMNZ) gene copy number. The
latter was highlighted as enabling early treatment planning in a number
of studies, but in two studies represented a cut-off for screen positives.
In both such studies, the use of SMNZcut-offs for test positivity (< 4 or
< 5 copies) was related to the uncertainty associated with the
prognostic value of higher copy numbers.

A Considering test performance, the following measures were calculated across
16 included studies:

o Referrals for confirmatory testing as a percentage of the total population
screened ranged from < 0.01% to 0.14% with the midpoint being
0.01% (that s, 1 in 10,000) .

o Positive predictive value: ranged from 16.67% to 100% with the
midpoint being 100% and with 13 studies having a value at or above
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90%. As a percentage of the total population screened, this reflected a
false positivity rate of less than 0.01% (< 1 in 10,000) in all but one
study (0.12%). Based on pooled data across the 16 studies which
reported false positivity rates, the ratio of SMA cases to false positive
caseswas 6:1.

A In the case of two studies with relatively higher instances of
false positives, a conservative laboratory cut-off and the
collection of samples from acutely unwell infants were cited as
possible causes.

o A limited number of undetected SMA cases(false negatives) were
reported across the included studies with none considered to be directly
reflective of the test used, but instead being related to variants which
are not the target of screening (that is, they are not homozygous
deletions) and human or system errors in reporting.

A Collectively, of approximately 3.2 million infants screened, 240 cases of SMA
were identified th rough screening.

o The majority of these cases had two (n = 118, 49%) or three (n =71,
30%) copies of SMNZ2

0 Symptom status was reported for 212 cases with 68 (32%) noted to be
symptomatic at some point within the screening pathway up to and
including treatment initiation. The majority of these cases had two
copies of SMN2(n = 51, 75%).

A The reported incidence rate of SMA associated with homozygous deletions
ranged from 1 in 6,059 to 1 in 19,000 (midpoint 1 in 13,500) across the
studies. Considering the total number of SMA cases detected and the total
number of infants screened in these studies, a collective incidence of 1 in
14,574 is estimated. The impact of screening on incidence cannot be
accurately assessed given the short time periods for which screening has been
implemented.

A Limited data were identified from three studies on the impact of newborn
bloodspot screening on morbidity, with all three presenting a potential positive
impact. One study explicitly compared outcomes in a screened cohort with an
unscreened cohort, with evidence to suggest significantly improved functional
outcomes with screening. However, this study included very few cases with
four or more SMNZcopies.
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A While providing promising results of the effect of newborn bloodspot screening
on clinical outcomes, these studies included small sample sizes, were restricted
to a maximum of two years of follow -up data, and will be inherently linked to
the long term effectiveness data of disease-modifying treatments, which is also
limited at present. However, these studies represent the best available
evidence for the effectiveness of screening on clinical outcomes currently in the
context of a rare disease.

A With respect to consideration of the potential harms of screening :

(0]

(0]

Factors noted in studies included not detecting SMA cases caused by
compound heterozygous variants in SMNI(while not the target of this
form of screening it has implications for the informed consent process
and vigilance of symptoms), the clinical uncertainty surrounding
outcomes in those with higher SMNZ2copy numbers, and the potential
for psychological impact on the screened individual and their family.

While not noted with in the studies identified, any requirement for a
separate blood draw to perform confirmatory testing may represent a
potential harm as families may be contacted for what is subsequently
confirmed as a false positive result. Decisions on sample requirements
(blood spot or a separate venous blood draw) would be taken at the
laboratory verification stage prior to implementation .
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4.1 Introduction

Screening is used to identify individuals from an apparently healthy, asymptomatic,
population who are at higher risk of a particular condition. @24 The overall aim of
screening is the provision of an early treatment or i ntervention to enable better
outcomes than if the individual presented symptomatically or later in the disease
course.?) Rather than comprising an isolated test, screening typically involves a
detailed pathway, which includes: (124

the identification of a population eligible for screening
invitation for screening and information provision
testing

communication and referral of screen positive results
diagnosis

treatment and follow -up.

D D D D

The aim of this chapter is to describe the clinical effectiveness of newborn bloodspot

screening for spinal muscular atrophy (SMA. This aim is facilitated through a

systematic review of the international literature of approaches to, and outcomes of,

newborn bloodspot screeningfor SMA. The term o6clinical effect
National Screening Advisory Committee (NSAQ criteria (see Appendix Chapter 1,

Table Al.1) relating to:

-

A The screening method: the method should be simple, safe, precise, reliable,
and validated. The distribution of screening values should be assessed and
suitable cut-off levels or measurements defined and agreed. The process
should be acceptable to the target population.

pe

A The screening programme: there should be evidence that the screening
programme is effective in reducing mortality or morbidity. Where screening is
aimed solely at providing information to enable informed choice, there must
be evidence from high quality trials that the test accurately measures risk.

NSAC criteria relating to treatment are discussed in detail in chapter 5 (overview of
treatments) ; however, policies on decision-making for the treatment of patients
identified through screening are summarised where described by the included
studies.

4.2 Methodology for review of clinical effectivene Ss

A protocol detailing the methods undertaken in this review has been published
previously (available here) and also registered on PROSPEROGRD42023418944)
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The reporting of this systematic review adheres to the Preferred Reporting Items for
Systematic Reviews and MetaAnalyses (PRISMA) criterial12)

4.2.1 Review question

As outlined in Table 4.1, the review question was formulated according to the
Population, Intervention, Comparator, Outcome (PICO) framework. The review seeks
to answer the following question:

A What are the approaches used internationally for population-based newborn
bloodspot screening programmes for SMA and what are the outcomes of
these programmes?

The approaches to newborn bloodspot screening of interest include descriptions of
screening algorithms, test methodologies, and treatment pathways. The outcomes of
interest include measures of test performance, pathway timings, incidence, clinical
outcomes (mortality and morbidity), potential harms, and acceptability.

Table 4.1 Review question for assessing clinical effectiveness of newborn
bloodspot screening for SMA

Population Newborns

Intervention Population-based newborn bloodspot screening for SMA

Comparator A No population-based newborn bloodspot screening for
SMA (SMA cases identified clinically)
A No comparator (outcomes of screening cohort only
described).

Outcomes Non-comparative studies:
A test performance
case characteristics (for example, SMNZcopy number,
symptom status)
pathway timings (for example, time to diagnosis)
harms.
Comparative studies:
A clinical outcomes (for example, mortality and morbidity)
A pathway timings (for example, time to diagnosis)
A harms.

> >

>

Study design Include:
A Casecontrol, cohort studies, and cross-sectional studies.
Exclude:

A Non-human studies; studies of analytical performance;
studies without SMA cases detected; papers not available
in English; letters, editorials, commentaries, preprints, and
conference abstracts.

Key: SMAT spinal muscular atrophy; SMNZ2- survival motor neuron 2 gene.
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Cohort, case-control, and cross-sectional studies of population-based newborn
bloodspot screening for SMA were considered eligible for inclusion.Both comparative
studies (which compare clinical outcomes based on the intervention of screening)
and non-comparative studies (which report outcomes for population -based newborn
bloodspot screening and contribute descriptive information on outcomes such as test
performance) of population-based newborn bloodspot screening for SMA were
considered eligible.

4.2.3 Population of interest

The population of interest were newborns partaking in newborn bloodspot screening
for SMA (with or without other newborn bloodspot tests).

4.2.4 Intervention of interest

The intervention of interest was newborn bloodspot screening for SMA. The
approaches to newborn bloodspot screening that were of interest included
descriptions of screening algorithms, test methodologies, and treatment pathways.

4.2.5 Comparator of interest

For comparative studies, the comparator of interest was no population-based
newborn bloodspot screening for SMA.

4.2.6 Outcomes of interest

The outcomes of interest to this systematic review were documented measures of
clinical effectiveness. The outcomes of interest varied according to the study design:

Non-comparative studjes:

test performance (for e xample, positive predictive value)

case characteristics (for example, survival motor neuron 2 (SMN.2 gene copy
number, symptom status)

pathway timings (for example, time to diagnosis)

incidence

harms

acceptability.

> >

> > > >

Comparative studies.

A clinical outcomes (for example, mortality and morbidity)
A pathway timings (for example, time to diagnosis)
A harms
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A acceptability.

Clinical outcomes were not included for non-comparative studies as, in the absence
of a relevant comparator, it would not be possible to distinguish the effect of the
screening programme from the effect of treatment and care of the patient with SMA.

4.2.7 Exclusion criteria

The following exclusion criteria were applied:

A studies of analytical performance in which both clinical samples and controls

(that is, known SMA cases) were assessed in combination, or where the

studydés aim was to validate the testing n
studies without SMA cases detected

non-human studies

studies that were not available in the English language

editorials, commentary, review articles, pre-prints, letters, and conference
abstracts.

D D D

4.2.8 Search strategy

A collective search strategy was developed for the present systematic review and the
systematic review of cost effectiveness outlined in chapter 6. Electronic searches
were conducted between 24 January 2023 and 1 February 2023 in Medline (EBSCO),
Embase (Elsevier), the Cochrane Library (Wiley), ClinicalTrials.gov, and the World
Health Organization International Clinical Trials Registry Platform, supplemented by
a grey literature search. Search alerts were set up and periodically checked over the
course of the review period for newly published literature. Backward and forward
citation searching of returned citations of relevance was also undertaken. The full
search strategy is presented in the supporting protocol (available here).

4.2.9 Study selection and data extraction

Study selection

Following the removal of initial duplicates in EndNote, returned citations from the
collective search were added to Covidence for reference management. Title and
abstract screening was performed by two reviewers independently, applying the
predefined eligibility criteria, with discrepancies resolved by discussion. Full texts of
relevant studies were retrieved and independently assessed by two reviewers for
inclusion, with disagreements resolved by discussion and the involvement of a third
reviewer where required. Reasons for exdusion following full -text review were
summarised and documented.
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Data Extraction

A standardised data extraction template was developed using Microsoft Excel
software and piloted prior to the undertaking of the review. Data extraction was
performed by one reviewer, and cross-checked by a second reviewer with
discrepancies resolved by consensus and the involvement of a third reviewer where
required. In the case of missing data relating to study populations and outcomes,
the study authors were contacted

4.2.10 Data synthesis

A narrative synthesis was undertaken structured by the outcomes of interest to this
review and sectioned by study type (that is, non -comparative and comparative
studies), where applicable.

4.2.11  Quality appraisal

No validated quality appraisal tool was identified that was considered appropriate to
the types of studies included in this systematic review. As such, de novo checklists
were developed for the two study types, comparative and non-comparative. The
checklists were piloted and subsequently completed independently by two reviewers,
with discrepancies resolved by consensus and the involvement of a third reviewer
where required.

4.3 Results

4.3.1 Search results

As highlighted previously, a collective search strategy was developed for the present
systematic review and the systematic review of cost effectiveness outlined in chapter
6. The number of research articles screened, assessed for eligibility, and included in
each review are presented in the PRISMA flow diagram of search results in Appendix
Chapter 4, Figure A4.1. The collective search returned 893 citations. Following
duplicate removal, the titles and abstracts of 637 citations were screened with 88 full
texts assessed for eligibility. Based on the defined exclusion criteria, 51 citations
were excluded. Thirty-seven articles were deemed eligible with 32 being of relevance
to the present review and five included in the systematic review of cost effectiveness
described in chapter 6.

Following an overview of the included study characteristics, the results of this
systematic review are structured as follows:

Approaches to newborn bloodspot screening programmes for SMA

-

A screening algorithms
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A treatment pathways.

Outcomes of newborn bloodspot screening programmes for SMA

>\

test performance
A characteristics of SMA cases detected through newbornbloodspot screening
A pathway timings
A incidence
A clinical outcomes
A potential harms of screening
A acceptability.
4.3.2 Study characteristics

Of the 32 articles included in the present review, (7 475269, 81,126-152) 29 pyplications
were considered to present non-comparative cohort studies of newborn bloodspot
screening for SMA (that is, no comparator was presented). These publications were
typically descriptive in nature, providing details of the approach used in programmes
and of outcomes such as test performance.(?: 47. 52, 69, 81,126 -129, 131, 132, 134-136, 138-152)
The remaining three were comparative studies, that is, the y presented clinical
outcomes (for example, morbidity) of screened and unscreened cohorts. (130, 133, 137)

4.3.2.1 Non comparative studies

Of the 29 included non-comparative publications,(?- 47. 52, 69, 81,126 -129, 131, 132, 134-136, 138-
152) 17 were considered to present unique cohort data. (2. 69, 81,126,127, 134, 135, 139, 141 -
145,147,148, 151, 152) The remaining 12 publications were found to represent duplications
of populations included by primary studies within the review and hence were not

included as individual studies, but assessed for any additional information of
relevance On|y_(7, 47,128,129, 131, 132, 136, 138, 140, 146, 149, 150)

The characterigtics of the included studies are presented in Table 4.2. Of the 17
unique cohorts presented, nine were outlined as being from pilot programmes, (52 69
81,126,141, 142,144,147, 151) foyr were implemented population -level screening
programmes,(127. 135,143, 14%) three included data from pilot programmes that
transitioned into population -level programmes, (134139, 152) and one was unclear as to
the nature of the programme. (148)

Collectively, across all included studies, data were presented for 3,178,517 infants
screened for SMA. The median duration of the screening programmes was 24
months ranging from three months 44 to 60 months, (152 with the ear liest reported

year being 2014 and the majority of studies beginning after 2017. Seven cohorts
Page 111 of 391



Addition of SMA to NNBSP- November 2023
Health Information and Quality Authority

were from the US (California, Georgia, Massachusetts, New York, North Carolina,
and Wisconsin) (127, 134, 135, 141-143, 145) o were from Japan (Hyogo and Kumamoto
prefectures),47:148) with one each from Australia (New South Wales and Australian
Capital Territory),®) Belgium (southern region),®? Canada (Ontario),13% China (six
maternity hospitals), 144 Germany (Bavaria and North Rhine Westphalia),(*>V Italy
(Lazio and Tuscany) 2% Latvia, and Taiwan (one screening centre).(52)

Three studies reported the timing of sample collection to be 48 to 72 hours after
birth, 69.81.126) two at 96 to 144 hours, 47-148) and one each at 12 to 48 hours, 145 24
to 48 hours, 139 and 48 to 120 hours.®? Nine studies did not report the timing of
dried bloodspot (DBS collection.(127. 134,135, 141-144,151) Eor context, DBS as part of the
Irish programme are collected 72 to 120 hours after birth.

4.3.2.2 Comparative studies

The characteristics of the three comparative studies are presented in Table 4.3.

The study from Australia was a prospective non-randomised cohort study with
historical comparison.!53) This study aimed to investigate the effectiveness of
newborn bloodspot screening coupled with disease-modifying treatments as an
intervention for SMA. The screened cohort included 15 cases of SMA aged up to 16
years with a homozygous survival motor neuron 1 (SMNI) deletion born in the first
two years (1 August 2018 to 1 August 2020) of a pilot screening programme (this
screened cohort represented a subset of the population described in a previously
published non-comparative study).®? The comparator cohort was a historical group
of 18 patients with SMA diagnosed following clinical referral with signs and
symptoms of SMAthat presented consecutively in the two years prior to the pilot
screening programme (1 August 2016 to 31 July 2018). Outcomes were assessed at
two years post diagnosis for those who survived (n = 14/15 (93%) in the screening
group and n = 16/18 (89%) in the comparator group).

The study undertaken across Belgium, France, and Germany was a crosssectional
study of combined data from two prospective cohort studies. 154 The study aimed to
assess and compare quality of life and costs of untreated patients with SMA and
treated patients with SMA identified by symptoms or other means (family history and
newborn bloodspot screening), to evaluate potentials benefits. There were 14 in the
group not identified by symptoms (10 from newborn bloodspot screening and four
from family history), 42 in the treated symptoma tic group, and 93 in the untreated
symptomatic group, with up to two years of follow-up data available. Results were
not presented separately by identification method within this group . However, for
the purposes of this review, identification by family history was considered a proxy
for identification by newborn bloodspot screening.
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The study from Hong Kong, South Korea and Taiwan, was a retrospective cohort
study.®39 The study aimed to provide real-world data on patients with type | SMA
treated with nusinersen for at least one year. While not explicitly comparing
outcomes of screened versus unscreenedcohorts, the study included regression
analyses of outcomes with newborn bloodspot screening included as a variable of
interest. There were nine patients with SMA identified by newborn bloodspot
screening, and 31 not identified by screening.
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Country Programme Population Study duration Total screened
(Region) type
Abiusi Italy Pilot Newborns born in 54 of 5 September 2019to 4 | 90,885
2022(12) (Lazio and the 55 regional birth September 2021
Tuscany) centres
24 months
DBS collected 48 to 72
hours after birth
Baker United States Population Newborns born in 15 October 2019 to 14 | 60,984
2022127 (Wisconsin) level Wisconsin state October 2020
12 months
Boemer Belgium Pilot 2018: All maternity March 2018 to February | 136,339
202162 (Southern hospitals located in Liege, | 2021
region) and the majority
Additional in Luxembourg and 36 months
reporting: Namur included.
Boemer Early 2019: Extended to
2019428) and include all newborns in
Boemer Southern Belgium.
2019p129
DBS collected 48 to 120
hours after birth.
D'Silva Australia Pilot Newborns born in New August 2018 to January | 252,081
202260 (New South South Wales and the 2021
Wales and the Australian Capital
Additional Australian Territory 29 months
reporting: Capital
Kariyawasam | Territory) DBS collected 48 to 72
2020136 hours after birth
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Country Programme Population Study duration Total screened
(Region) type
Elkins United States Initially pilot Newborns born in Georgia | February 2019 to 301,418
2022134 (Georgia) based and state February 2020: Pilot
transitioned into February 2020 to
standard February 2021:
screening at the Population-level
population level
24 months
Gailite Latvia Pilot All maternity wards and February 2021 to 10,411
20229 hospitals in Latvia November 2021
DBS collected 48 to 72 9 months
hours after birth
Hale United States Population- Newborns born in 27 January 2018 to 31 | 179,467
2021139 (Massachusetts) | level Massachusetts state January 2021
36 months
Kernohan Canada Pilot basis in Newborns in Ontario. Precise dates not 139,800
2022139 (Ontario) January 2020, provided.
implemented on | DBS 24 to 48 hours after
Additional a permanent birth 12 months
reporting: basis in July
McMillan 2020
202141
Kraszewski | United States Pilot* Weekday recruitment with | January 2016 to 3,826
et al (New York) defined inclusion criteria | January 2017
201814Y at three hospitals in New
York State 12 months
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Country Programme Population Study duration Total screened
(Region) type
Kucera United States Pilot Newborns enrolled in October 2018 to 12,065
2021042 (North Carolina) study prenatally or December 2020
postnatally: representing
approximately 5% of all 26 months
newborns in the state and
some surrounding states.
Lee 2022143) | United States Population-level | Newborns born in New October 2018, to 650,000
(New York) York State September 2021
Additional
reporting: 36 months
Kay 2020138
Lin 2019%44 | China Pilot Newborns born in six March 2018 to June 29,364
specific hospitals 2018
Three months
Matteson United States Population-level | Newborns born in 24 June 2020 to 23 628,791
20221149 (California) California state December 2021
DBS 12 to 48 hours after | 18 months
birth
Noguchi Japan Pilot 22% of all prefecture February 2021 to 8,336
2022147 (Hyogo births August 2022
Prefecture)
DBS collected 96 to 144 18 months
hours after birth
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Total screened

Sawada Japan Unclear 96% of all births in February 2021 to 13,587
2022148) (Kumamoto prefecture January 2022

Prefecture)

DBS collected 96 to 144 12 months
hours after birth

Vill 2021350 | Germany Pilot from Screening laboratory January 2018 to 297,163

(Bavaria and January 2018 to | covers approximately January 2020
Additional North Rhine- May 2019 which | 78% of newborns in
reporting: Westphalia) continued Bavaria and 37% in North | 24 months
Vill 2019,150) thereafter on Rhine-Westphalia. Six
Czibere the authors' initial non-participating
2020,132) own initiative hospitals that reduced to
Muller-Felber one over the course of
2020,49) study period.
Schwartz
2022,149)
Kolbel
2022140
Weng Taiwan Pilot followed by | National Taiwan November 2014 to Pilot: 120,267
2021152 (one screening | population-level | University Hospital September 2016: Pilot

centre) implementation | Newborn Screening September 2016 to Total: 364,000
Additional Centre which routinely December 2019:
reporting: screens 35%-37% of the | Population-level
Chien newborns born in Taiwan
201743Y 60 months

Key: DBSI dried bloodspot.
* Pilot programme prior to implementation at population -level described by Lee et al.143)
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Study design Outcomes Population
Kariyawasam | Australia | Prospective Functional Two-years Screened group (n = 15):
2023153 (New non- ability: post A Homozygous SMNIdeletion
South randomised A Walking diagnosis for | A Born in first two years of the pilot screening programme
Wales cohort study ability survivors (August 1, 2018 to August 1, 2020) 1
and with historical | A HINE-II A Excluded patients with SMA participating in ongoing,
Capital comparison A WeeFIM unpublished clinical trials
Territory) A WHO
motor Comparator group (n =18):
milestones A Patients with SMA diagnosed folowing clinical referral with
signs and symptoms of SMA
Nutrition and A Consecutively presenting in the two years prior to
non-invasive screening (August 1, 2016 to July 31, 2018)
ventilation
support
Dangoulouff | Belgium, | Crosssectional | Quality of life | Up to 2 years | A Not identified by symptoms: n = 14 (10 from newborn
2022154 Germany, | study of bloodspot screening and 4 from family history)
and combined data A Treated symptomatic patients: n = 42
France from two A Untreated symptomatic patients: n = 93
prospective
cohort studies
Chan Hong Retrospective | Associations | One-year Patients with SMA from 8 institutes with SMA type 1 and who
2021139 Kong, cohort study (including post start of | had been receiving nusinersen for at least one year
Taiwan, screening) nusinersen A Identified by newborn bloodspot screening: n = 9
and with HINE-II treatment A Not identified by newborn bloodspot screening: n = 31
South and CHOR
Korea INTEND
scores
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Key: CHORINTEND - Children's Hospital of Philadelphia Infant Test of Neuromuscular Disorders; HINE- Hammersmith Infant Neurological Examination; SMA
T spinal muscular atrophy; SMNIi survival motor neuron 1 gene; WeeFIM T Functional Independence Measurefor Children; WHO i World Health
Organisation.
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4.3.3 Approach: Screening algorithms

Details of screening algorithms were provided by non-comparative studies only; the
methodologies and algorithms used by these are outlined in Appendix Chapter 4,
Table A4.1. The target of screening in all included studies was homozygous deletions
in SMN1 with the majority citing deletions in exon 7 specifically. One pilot study

from New York further sought to identify carriers of the SMNIexon 7 deletion; this
approach was discontinued when screening was implemented at the population level
as reported in a subsequent study. @41, 143)

Nine studies used single tier testing,© 126,134, 141,142, 144,147, 148, 151) geyen used two
tier testing, (62 81,127,139, 143,145, 152) and one study included three tiers. 13 Fifteen
studies used quantitative PCR (QPCR) as the first tier with three citing the use of
commercial kits,®1-147.148) five studies citing the use of a US CDGdeveloped

assay (69,134,135, 142, 145) gnd the remaining studies reporting the use of locally
developed assays or being unclear as to the assay nature. (52: 126, 127, 141, 143, 151, 152)
The cycle threshold cut-off (that is, a threshold defined by the laboratory during
verification to indicate screen positives) was reported in seven studies and ranged
from 26 to 36 cycles (126,134, 141-143,145, 151) The two remaining studies used
MassARRAY as the first tier (that is, a specific technology coupling endpoint PCR
with mass spectrometry to enable multiplexing of many newb orn bloodspot
screening conditions).3% 144 Four studies further highlighted that the assay in use

was multiplexed for other newborn bloodspot screening conditions, most commonly
SCID (81127, 134, 139)

Of eight studies including a second tier, five used digital droplet PCR (ddPCR)(&%. 127,
143,145,152) gne used qPCR{3% and two used multiplex ligation -dependent probe
amplification (MLPA) 2 139) Five of these studies used the second tier to confirm
SMNI1deletions and quantify SMN2copy number, (52 135,139,145, 152) gnd three cited
quantification of SMNZ2copy number only.®%127.143) Of these studies, two further
included cut-offs for screen positives based on SMN2copy numbers alongside
homozygous SMNIdeletion. A Canadian study used a threshold of less than five
SMNZ2copies.*3?) An Australian study of a pilot programme initially a used a cut-off
of less than four copies,®) but subsequently amended the program by removing the
cut-off and subsequently captured all cases with homozygous SMNIdeletions
regardless of copy number. It is unclear at what time point the change occurred. (59

Referral and confirmatory testing for screen positives was reported in all studies;
MLPA was specified as the technique usedin eight studies, (52 69, 81, 142,144,148, 151, 152)
PCR in two studies{126:145) ddPCR in two studies(*?”-147) and the technique being
unclear in the remaining five studies. (134 135, 139, 141, 143)
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4.3.4 Approach: Treatment pathways

The treatment pathways used for SMA cases detected through newborn bloodspot
screening in the included studies are outlined in Appendix Chapter 4, Table A4.2. As
shown, the pathways presented varied across studies and were largely contingent on
the drugs available through clinical trials or licensed for use (subject to
reimbursement criteria) in the local context. Of five studies reporting a basis for
decisiorrmaking on treatments, three cited the use of recommendations from the
American SMA Newborn Bloodspot Screening Multidisciplinary Working Group
outlined in section 2.3.3,(52:135.151) and two cited the use of local multidisciplinary
consensus groups® 139 The inclusion of genetic counselling and family decision-
making was cited in the eight of the included studies. (81, 126, 127, 134, 139, 141, 142, 145)

The treatment status of SMA cases across the included studies is reported in
Appendix Chapter 4, Table A4.3.

4.3.5 Outcome: Test performance

Background to measures of test performance

As outlined previously, screening is distinct from diagnosis, and positive screening

tests typically require onward referral for confirmatory testing and subsequent

diagnosis. Within the context of a screening programme, the concept of further

testing following a positive screening test, in order to establish a diagnosis, is

referred to as o6confirmatory testingé. Confi
presence of a condi ti on,resultdéengdeturned fprthen a o6 f al
screening test. Measures of newborn bloodspot screening test performance at the

population level are somewhat restricted given that only those with a positive

screening test result proceed to confirmatory testing. In this way, cases with a

negative screening test result may still present later symptomatically and not be

captured within the study period (false negative tests). This is particularly relevant in

SMA, whereby children with type Il and type IV may present clinically anytime from

18 months of age into adulthood. In this context, the following measures of test

performance calculated from the included studies are presented:

A Referral rate: the percentage of all newborns screened that are referred and
complete confirmatory testing:

0 Referral rate = [number of newborns referred and completing
confirmatory testing/total population screened]*100

-

A Positive predictive value (PPV) the likelihood that when a test result is
positive the person truly has the condition. Presented as a percentage:
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o PPV =[(newborns correctly identified as SMA) / (humber with
completed confirmatory testing)]*100

-

A False positivity: the number of newborns referred for confirmatory testing
who were not found to have SMA. Presented as two percentages:

o False positivity (of referred population) = [(number of newborns with
abnormal screens who subsequently have normal confirmatory
testing)/(number with completed confirmatory testing)]*100

o False positivity (of total population screened) = [(number of newborns
with abnormal screens who subsequently have normal confirmatory
testing)/( total population screened)]*100

A Documented undetected cases: Any cases of SMA that were documented by
study authors as undetected during newborn bloodspot screening who were
subsequently identified by symptomatic presentation.

These measures of test performance, alongside the high-level elements of the
screening algorithm, for each study are presented in Table 4.4 and elaborated
below.

Referrals

As a percentage of the total population screened, the rate of referral for completed
confirmatory testing ranged from 0.004% in the Ontario region of Canada 39 to
0.14% in a pilot study from the Hyogo Prefecture in Japan, 4" with the midpoint
across all studies being 0.01% (1 in 10,000 screened). To note, studies typically did
not report the number initially referred for confirmatory testing and whether this
differed from the number completing confirmatory testing.

Positive predictive value

The PPVacross the 16 included studies in which it could be calculated ranged from
16.67% from the pilot study in the Hyogo Prefecture in Japan (147 to 100% in 10
studies.(52 69,127,139, 141, 143, 145, 148, 151, 152) The midpoint calculated PPV across alll
included studies was 100% with the PPV in13 studies being at, or above, 90%.

False positives

As a percentage of the total population screened, the false positivity rate (for 16
included studies in which it could be calculated) was less than 0.01% (< 1 in 10,000
screened) in all but one study from the Japanese Hyogo Prefecture (0.12%). 47 The
ratio of SMA cases to false positivecaseswas 6:1. As a percentage of those referred
for confirmatory testing, the false positivity rate ranged from 0% in 10 studies ,®2 6%
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127,139, 141, 143, 145, 148, 151, 152) tg 83.33% in the pilot study from the Hyogo Prefecture
in Japan.*") Contextual details underlying these results are discussed below.

Of studies reporting false positive results, the Japanese pilot from the Hyogo
Prefecture reported the highest proportion of those referred for confirmatory testing
(83.33%). 1*7) The authors noted that all false positive cases were from hospitals
that provided medical care for acutely unwell newborns where intravenous infusion
and the heparinisation of blood products would be commonplace. Blood in these
caseswas typically drawn from catheters which are intermittently flushed with
heparinised saline. The rate of false positives was noted to decrease after
obstetricians and neonatologists were requested not to use heparinised blood for
newborn bloodspot screening samples. A second outlier in results was from a
screening programme in Georgia State in the US with 24 out of 39 referrals noted to
be false positives.(!3*) The authors highlighted that a proportion were in the initial
pilot phase after which the cycle threshold (Ct) cut-off was modified to reduce false
positives. The authors also noted that a proportion of false positive results were
samples from acutely unwell children in neonatal intensive care unit settings, with
the suggestion that the false positive results for these cases may have correlated
with a low white blood cell count.

Single instances of false positives were reported in four other studies. (81 126,135, 142)

Following genetic analysis, one instance was found to be related to a variant of

unknown significance in SMN1®D one was a mosaic SMNIhomozygous loss (that is,

when an individual 6s cel | s®haedaiginasdmplé pl e gen
was suggested to contain a PCRinhibitor, 3% and one was noted to be an infant

who was subsequently diagnosed with Shwachman-Diamond Syndrome, a rare

genetic disorder that affects bone marrow and the generation of white blood cells,

for whom Ct values of the initial screen were considered to be borderl ine.(142

Documented undetected cases

Eight studies explicitly reported that no undetected cases of SMA resulting from
homozygous deletions in SMNIhad been noted during the study period. (2. 69,126, 135,
139,145,148, 151) Four cases of SMA were documented as being undetected during study
periods due to factors unrelated to screening test performance; these included one
parental refusal of screening,12®) one screen positive that was not reported due to
human error,*3% one case that did not have SMA testing completed as part of
newborn bloodspot screening due to a systems error,) and one for whom a DBS
sample was not received by the screening laboratory.®Y While not the target of
screening, two studies reported cases of SMA resulting from compound
heterozygous variants (that is, deletion on one allele and point mutations on the
other) that were clinically identified over the study period. 2 152)
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Again, it should be noted that the documented undetected cases may underestimate
the true number given that newborns screened are not systematically followed up,
the limited study durations, and the fact that cases of SMA may present clinically
into adulthood.
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Table 4.4 Measures of test performance calculated from included studies

First tier Second Total Total SMA False False False positives
tier screened completed cases positives positives (% (% of
refer rals (% of referred) screened)
of screened)

Abiusi gPCR NA 90,885 16 15 1 6.25% < 0.01% 94%
2022(26) (0.02%)
Baker gPCR ddPCR | 60,984 6 6 0 0% 0% 100%
2022027 (0.01%)
Boemer gPCR MLPA 136,339 9 9 0 0% 0% 100%
202162128, (0.01%)
129)
D&ilva gPCR ddPCR | 252,081 22 21 1 4.55% < 0.01% 95.45%
2022(81. 136) (03 (0.01%)

SMN2

copies)
Elkins gPCR NA 301,418 39 15 24 61.54% < 0.01% 38.46%
2022034 (0.01%)
Galilite gPCR NA 10,411 2 2 0 0% 0% 100%
202269 (0.02%)
Hale gPCR gPCR 179,467 10 9 1 10% < 0.01% 90%
2021139 (0.01%)
Kernohan MassARRAY| MLPA 139,800 5 5 0 0% 0% 100%
202147139 (04 (< 0.01%)

SMNZ2

copies)
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First tier Total Total False False False positives PPV
screened completed positives positives (% (% of
refer rals (% of referred) screened)
of screened)
Kraszewski | gPCR NA 3,826 1* 1 0* 0%* 0%* 100%
et al (0.03%)
2018141
Kucera gPCR NA 12,065 2 1 1 50% < 0.01% 50%
2021042 (0.02%)
Lee gPCR ddPCR | 650,000 34 34 0 0% 0% 100%
2022138, 143) (0.01%)
Lin 2019444 I MassARRAY| NA 29,364 NR 3 NR NR NR NR
Matteson gqPCR ddPCR | 628,791 34 34 0 0% 0% 100%
2022149 (0.01%)
Noguchi gPCR NA 8,336 12 2 10 83.33% 0.12% 16.67%
2022147 (0.14%)
Sawada gPCR NA 13,587 1 1 0 0% 0% 100%
2022048 (0.01%)
Vill 202132 1 gPCR NA 297,163 43 43 0 0% 0% 100%
140, 146, 149-151) (001%)
Weng gPCR ddPCR | 364,000 |NR 20 0** 0% 0% 100%

202 1(131, 152)

Key: ddPCRI digital droplet polymerase chain reaction; MLPAT multiplex ligation-dependent probe amplification; NA T non-applicable; NRT not reported;
PPVi positive predictive value; gPCRI quantitative polymerase chain reaction; SMAT spinal muscular atrophy; SMAZ21 survival motor neuron 2 gene.

* Excludescarriers detected as a separate target of screening pilot (n = 59) .

** First tier QPCR detected 8 false positives in pilot study.
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4.3.6 Outcome: Characteristics of SMA cases detected through
newborn bloodspot screening

Collectively, across the 17 included non-comparative studies, 240 cases of SMA were
reported (including 19 additional cases reported from unpublished data provided by
the Ontario study authors from an additional 254,499 newborns screened since the
publication of the ori ginal study(13° 156)). The characteristics of identified cases are
presented below; these include SMNZcopy number, symptom status, family history,
and results of cascade testing (that is, the testing of family members for a genetic
condition following identification of an index case).

SMNZ copy n umber

The SMNZcopy number for cases identified through newborn bloodspot screening
across the included studies is presented in Table 4.5.

Of the 240 collective cases of SMA identified by the included screening programmes,
the proportions of SMNZ2copy number were calculated as (to note, a number of
studies grouped copy numbers above four so these are reported as per groupings
used):

A One copy of SMNZ2 2.1% cases (n = 5)

A Two copies of SMNZ2 49.2% cases (n = 118)

A Three copies of SMN2 29.6% cases (n=71)

A Four or more copies of SMN2  19.2% cases (n = 46)
o Four copies: 12.9% cases (n = 31)

o Four or more copies: 5.0% cases (n = 12)
o Five or more copies: 1.3% cases (n = 3) .

Two screening programmes included a cut-off of SMN2copy number (less than four
and five copies respectively) in their definition for screen positives; this may affect
the representativeness of the sample (that is, not all screening tests with SMN1
deletions are included).®1 139 Excluding these studies, 195 cases of SMA were
reported with the following proportions of SMNZcopy number:

A One copy of SMNZ2 2.6% cases (n =5)

A Two copies of SMN2 47.2% cases (n = 92)

A Three copies of SUN2 28.2% cases (n = 55)

A Four or more copies of SMN2  22.1% cases (n = 43)
o Four copies: 14.4% cases (n = 28)

o Four or more copies: 6.2% cases (n = 12)
o Five or more copies: 1.5% (n =3) .
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Table 4.5 SMNZ copy numbers of SMA cases

Number of Cases by SMNZ copy number

SMA cases | 1 copy 2 copies | 3 copies 4 copies \ 5+ copies
Abiusi 2022126 15 1 9 3 1 1
Baker 202227 6 - 2 2 2 -
Boemer 202162 9 - 4 3 2 -
128, 129)
D&ilva 202281 21 - 12 8 1x* NA
136)
Elkins 2022134 len 2 5 7 2* NR
Gailite 202269 2 1 - 1 - -
Hale 202113%) 9 - 7 - 2 -
Kernohan 24 - 14 8 2 NA
2021(139, 156)
Kucera 2021442 1 - 1 - - -
Lee 2022138, 143) 34 1 18 11 4* NR
Lin 2019044 3 - 2 - 1 -
Matteson 34 - 16 12 6* NR
20221149
Noguchi 2022147 2 - 2 - - -
Sawada 2022149) 1 - - 1 - -
Vill 2021332, 140, 43 - 17 10 14 2
146, 148, 150, 151)
Weng 2021%3% 20¥ - 9 5 6 -
152)

Key: NAT non-applicable (studies include SMNZcut off for screen positives); NR i not reported; SMA
I spinal muscular atrophy.

*Studyr eported Afour. or more copi eso

** 4 copies SMNZ2originally quantified as 3 copies in screening test but identified as 4 copies in
confirmation testing.

" Includes additional case not reported in screening due to human error.

¥ Excludes results of one compound heterozygous variant not detected through screening.

Symptom status

As outlined in Table 4.6, fifteen studies reported the symptom status of SMA cases
detected through newborn bloodspot screening.(52 69 81, 126,134,135, 139, 141-143, 145, 147,
148,151, 152) The included studies varied in terms of the time point at which symptom
status was reported, with four reported at the first clinical visit, (126. 134, 135,142) three
at diagnosis,(®9 147.148) three at the first four weeks of life, 81 151.152) three at
treatment initiation, (52 143.145) and two reporting status at both diagnosis and
treatment initiation. (139 141 Across all time points reported, of 212 SMA cases, 68
(32%) were reported to be symptomatic (19 at first clinical visit, two at diagnosis,
22 in the first four weeks of life, and 25 at treatment initiation) with the majority of
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these cases having two SMNZcopies (n = 51, 75.0%). The remaining reported
symptomatic cases had one SMNZcopy (n = 4, 5.9%), three SMNZcopies (n = 4,
5.9%), four SMNZcopies (n = 2, 2.9%), and one case was cited as being type 0

without a copy number provided. Six symptomatic cases (8.8%) did not have a copy
number reported.
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Table 4.6 Symptom status of identified SMA cases

Study Number of  Number SMN2 copy number of
SMA cases & symptomatic symptomatic cases
Time point: First clinical visit
Abiusi 2022126 15 6 1 One SMNZcopy (n =1)
1 Two SMNZcopies (n =5)
Elkins 2022134 15 6 1 One SMNZcopy (n = 2)
T Two SMNZcopies (n= 3)
i Three SMNZcopies (n=1)
Hale 202139 9 6 1 Two SMNZcopies (n = 5)
1 Four SMNZcopies (n = 1)
Kucera 202142 1 1 € Two copies SMN2(n = 1)
Total 40 19 1 One SMNZcopy (n = 3)
1 Two SMNZcopies (n= 14)
1 Three SMNZcopies (n=1)
1 Four SMNZ2copies (n=1)
Time point: Diagnosis
Gailite 202269 2 1 1 Reported astype 0 (n =1)
Noguchi 2022147 2 1 1 Two SMNZcopies (n = 1)
Sawada 2022(148) 1 0 1 NA
Kernohan 202139 5 0 1 NA
Kraszewski et al 20184 1 0 1 NA
Total 11 2 T TypeO(n=1)
1 Two SMNZcopies (n =1)
Time point: First four weeks of life
D&ilva 202281 136) 21 6 T NR
Vill 2021132 140, 146, 149-151) 43 8 1 Two SMNZcopies (n = 8)
Weng 2021131, 152) 20 8* 1 Two SMNZcopies (n=8)
Total 84 22 1 Two SMNZcopies (n = 16)
1 NR(n=6)
Time point: Treatment initiation
Boemer 202152 128,129 9 4 1 Two SMNZcopies (n = 4)
Lee 2022138 143) 34 9 1 One SMNZcopy (n = 1)
1 Two SMNZcopies (n = 8)
Matteson 2022149 34 12 1 Two SMNZcopies (n = 8)
1 Three SMNZ2copies (n = 3)
1 Four SMNZcopies (n = 1)
Kernohan 2021¢7. 139 5 0 NA
Kraszewski et al 2018V 1 0 NA
Total 83 25 1 One SMNZcopy (n =1)
1 Two SMNZcopies (n = 20)
1 Three SMNZ2copies (n = 3)
1 Four SMNZcopies (n = 1)

Key: NAT non-applicable; NRT not reported; SMNZi survival motor neuron 2 gene.
* Fve of these newborns were noted to have symptoms at birth .
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Family history

Five studies provided details of the family history of identified cases with all but one
of these studies being US-based (135 142, 143, 145,151) The Massachusetts study reported
that of nine cases detected through newborn blood spot screening, one case had
already been identified through prior prenatal testing, three cases had known parent
carriers, and one case had one known parent carrier while the second parent had
not been tested.®3% The North Carolina study reported that the single SMA case
identified through newborn bloodspot screening had known parent carriers and had
undergone prenatal testing which had highlighted a decreased risk for SMA (142 The
Californian study reported that 13 of 34 cases had a positive family history defined
as a sibling previously diagnosed or known parent carriers.(!4% The New York study
reported that three out of 34 cases identified through screening had a prenatally
known risk from a parental carrier status or family history of affected siblings. 143
Lastly, a German study reported that three out 43 cases had a positive family
history, but did not specify if this was due to carrier status or siblings affected, and
an additional 10 cases were considered to be at increased risk due to
consanguinity.(59

Cascade testing

Two studies reported the identification of siblings with SMA through cascade testing
of family members of detected cases in newborn bloodspot screening
programmes.®2 151) The Belgian study reported that two asymptomatic siblings of
one infant with four copies of SMN2were identified as having a homozygous
deletion in SMN1and four copies of SMN252 One became symptomatic at seven
years, the other remained asymptomatic at publication of the study at the age of

five years six months. The second study, completed in Germany, reported two cases
of SMA, both with four SMNZcopies, who had siblings subsequently diagnosed®
The respective five and six year old brothers of the infants both had unclear motor
symptoms (from approximately three years of age). The former had been diagnosed
as having congenital ataxia and the | atter
deletion in the SMNIgene was identified in both and a clinical diagnosis of SMA type
[l was made.

4.3.7 Outcome: Pathway timings

Pathway timings reported by studies included laboratory turnaround times, age at
diagnosis, age at first clinical visit, and age at treatment. Laboratory turnaround
times are outlined in Appendix Chapter 4, Table A4.4 with the remaining measures
outlined by study type below.
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4.3.7.1 Non -comparative studies

Age at diagnosis or first clinical visit

As outlined in Table 4.7, seven studies reported age at diagnosis for SMA cases
identified through screening, (81 126. 145,147, 148, 151, 156) gn( five studies reported age at
first clinical visit. (62 134,135,141, 143) Fxcluding those studies with two or less cases of
SMA, the median age at diagnosis ranged from six day<!?%) to 19 days,®%®) and the
median age at first clinical visit ranged from seven days*®® to 33 days. 134

Table 4.7 Median age at diagnosis or first clinical visit

Study Median age

Diagnosis

Abiusi 2022126) 6 days (range 5 to 9)

D'Silva 202281 136) 15 days (range 10 to 23)

Kernohan 2021*(39. 156) 19 days (range 11 to 28)

Noguchi 2022147 Patient 1 diagnosed: 24 days
Patient 2 diagnosed: 21 days

Matteson 2022145 12 days (range 0 to 54)

Sawada 2022149 Single patient diagnosed at 19 days

Vill 2021132, 140, 146, 149-151) 14 days (range 9 to 23)

First clinical visit

Boemer 202162 128,129) 21 days (range 10 to 37)

Elkins 2022134 33 days (range 15 to 46 days)

Hale 2021135 7 days (range 0 to 16)

Kraszewski et al 20184V Single patient: 7 days

Lee 2022138, 143) 9 days (range 1 to 58)

* Includes unpublished data provided by study authors.
Age at treatment

As outlined in Table 4.8, 14 studies reported age at treatment, (52, 81,126,127, 134, 135, 139,
141-143, 145,147,148, 151) Excluding those with two or less cases of SMA, the median age
at treatment reported across the included studies ranged from 16.5 days (1?6 to 106
days.®4) To note, these values, and the associated ranges within each individual
study, were likely impacted by the treatment pathways in the local context (for
example, pre-symptomatic treatment versus treatment at onset of symptoms).
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Table 4.8 Median age at treatment initiation

Study Median age at treatment initiation

Abiusi 2022126)

16.5 days (range 7 to 21)

Baker 2022(127)

18.5 days (range 11 to 57)

Boemer 2021(52. 128, 129)

38 days (range 29 to 54)

D'Silva 202281 136)

25 days (range 15 to 39)

Elkins 2022134

106 days (range 28 to 189)

Hale 2021139

18 days (range 8to 171)

Kernohan 2027 *(139. 156)

21.9 days of age (range 18 to 39)

Kraszewski et al 2018

Single patient: 15 days

Kucera 2021142

Single patient: 30 days

Lee 20221%. 149

34.5 days (range 11 to 197)

Matteson 2022145

33 days (range 17 to 79)

Noguchi 2022147

Patient 1: 25 days
Patient 2: 22 days

Sawada 2022148

Single patient: 42 days

Vill 2021(132, 140, 146, 149-151)

21 days (range 14 to 300)

* | ncludes unpublished data provided by study authors.

4.3.7.2 Comparative studies

Pathway timings were presented for one of the three comparative studies as
outlined in Table 4.9. As shown, this study from Australia, 13" which represents a
subset of a population from a non-comparative study described above &) provided
statistical comparisons of ages between groups. The results indicate a significant
difference in age between the screening and comparator group (p < 0.01) for
symptom onset, diagnosis, and treatment initiation, with all occurring at a younger

age in the screening group.

Table 4.9 Pathway timings for comparative studies

Median age
(weeks) -

Time point

Median age (weeks)
- unscreened
screened

Statisti cal
difference
reported by
authors

Kariyawasam | Symptom onset | 2.9 21.4 p = 0.0086
2023153 (IQR1.9103.7) (IQR 7.9 10 48.2)
Diagnosis 2.1 47.8 p = 0.0003
(IQR1.9t02.7) (IQR 13.0t0 99.9)
Treatment 3.9 49.9 p =0.0015
initiation (IQrR2.71t05.1) (IQR 123.9 to 145.6)

Key: IQR T interquartile range.

4.3.8 Outcome: Incidence

Thirteen of the included studies with at least 12 months of screening data provided
estimates of SMA incidence on the basis of newborn bloodspot screening. The
estimated incidence, and any comparison with previously reported incidence,
presented by the study authors are outlined in Table 4.10. As shown, the incidence
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varied widely across studies ranging from 1 in 6,059 in a pilot study in Italy to 1 in
19,000 in a population-level study in New York State.143) The midpoint of all
incidences reported was approximately 1 in 13,500. Considering the total number of
SMA cases detected (n = 232) and the total number of infants screened (n =
3,381,079) in these studies, a collective incidence of 1 in 14,574 is estimated. As
highlighted in the table, a number of authors provided comparisons to previously
reported incidence rates; however, these are considered to be of limited value given
that most related to general, as opposed to location-specific, incidence rates, and
given the limited duration of screening and the regional implementation reported in
a number of the included studies.
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Table 4.10 Incidence of SMA reported across included studies

Country

(Region)

Estimated
incidence as

Previous estimate of
incidence

reported by study

152)

Abiusi Italy 1in 6,059 Other SMA programmes (range 1
202226 | (Lazio and in 5,206 to 1 in 28,137) and notes
Tuscany) to be one of the highest reported
thus far
Baker us 1in 10,164 1in 11,000 from a US based
202220 | (Wisconsin) estimation from carrier frequency
Boemer Belgium 1in 13,634 NRA
202162 (Southern region) | (95% CI: 1in 8,417
128, 129) to 1in 35,858)
D'Silva Australia 1in 11,458 NR
202261 (New South
136) Wales and the
Australian Capital
Territory)
Elkins us 1in 18,840 1in 6,000 to 11,000 (reference
2022139 | (Georgia) not provided)
Hale us 1in 18,957 1in 12,000 from a 2017 literature
2021139 | (Massachusetts) | (95% CI: 1in review of SMA incidence
12,061to 1in
57,519)
Kernohan | Canada 1in 16,429 NR
202113% | (Ontario)
156)
Kucera us 1in 12,065 NR
2021442 | (North Carolina)
Lee us 1in 19,000* 1in 6,000 to 11,000 from a 1991
20221138 | (New York)* global survey of neuromuscular
143) disorders
Matteson | US (California) 1in 18,494 1in 10,000 (reference not
20221149 (95% Cl: 1in reported)
13,841to 1lin
27,858)
Sawada | Japan 1in 13,587 1in 19,600 (95% CI: 1in 14,100
2022048 | (Kumamoto to 1 in 31,300) from a 2022
Prefecture) Japanese estimate
Vill Germany 1in 6,910 1in 7,352 from estimate for 2014
2021432 | (Bavaria and in Germany**
140,146, 149- | North Rhine-
151) Westphalia)
Weng Taiwan 1in 17,000 NR
2021131 | (One centre) (95% CI: 1in 11,

350 to 1 in 26,530)
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Key: ClI i confidence interval; NAT non-applicable; NRT not reported; SMAT spinal muscular
atrophy.

" Assessed probability ofcases of being detected over three years using Poisson distribution -
estimated at 8.99 cases over three years with 9 cases observed.

* Incidence rate reported for initial 12 month pilot in same location with weekday recruitment at
three hospitals by Krasewski et al. reported as 1 in 3,826 with one case detected.

** Previous incidence reported from 2014 in Germany and was the highest incidence reported over
23 years with the range being 1 in 7,352 to 1 in 37,037 with the incidence over time being
approximately 1 in 13,000 (Konig et al).

4.3.9 Outcome: Clinical outcomes

Clinical outcomes were extracted from comparative studies only. Three studies in
this systematic review were considered to be comparative in nature where the
outcomes of screened and unscreened irfants were presented. 130133, 137) Ag
previously highlighted, only the study (from Australia) aimed to investigate the
effectiveness of newborn bloodspot screening for SMA®37) |t is important to note
that this study initially included a screen positivity threshold but later was amended
such that all patients with homozygous deletion were identified.(%% Only one case
with four copies was included in the screening cohort of this study. 53 Of the
remaining two studies, one provided quality of life results for those not identified by
symptoms (family history or newborn bloodspot screening) and those identified by
symptoms but did not formally compare the results, 33 and the second study
performed regression analyses of clinical outcomes wih newborn bloodspot
screening included as a variable of interest.(139 The outcomes of interest are
outlined in Table 4.11.

Mort ality

Only the non-randomised study from Australia presented any detail on mortality. 137
Three infants died over the course of the study period with one being from the
screened group and two from the unscreened group; all three infants had two SMNZ2
copies and had entered palliative care pathways without disease-modifying
treatment.

Morbidity
Functional ability

The non-randomised study from Australia presented multiple measures of functional
ability between the screened and unscreened groups.3") At two years follow -up,
significantly more children in the screened group were able to walk independently or
with assistance compared with the unscreened group (11 versus 1, p < 0.001).
Similarly, HINE-1l scores (a composite measure of clinical milestones) were
significantly higher, indicating better functional ability, in the screened group
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compared to the unscreened group (p = 0.0013). Additionally, the authors noted a
significant difference in HINE-II scores depending on the symptom status of the
screened group at treatment initiation with those who were asymptomatic having
higher scores than those who were symptomatic (p = 0.02) at two years follow -up.
While Functional Independence Measure for Children(WeeFIM) scores (a measure
of functional independence) were higher (suggesting greater functional
independence) for the screened group, the results were not statistically different
from the unscreened group. However, the study authors highlight ed that the
screened group were significantly younger than the unscreened group.

Ventilation and nutritional support

The authors of the Australian study noted that one child in the screening group
required nutritional support and one required ventilator support compared with six
children each in the unscreened group.(*3) The authors highlighted that the need for
nutritional and ventilator support remained stable over the study period in the
screened group, while the number of children requiring support increased in the
unscreened group.

Quality of life

The study from Belgium, Germany and France presented results of quality of life
assessmentsusing validated generic quality of life assessment tools.(133 As shown in
Table 4.11 the sample size was very small for those not identified by symptoms ( that
is, those identified by newborn bloodspot screening and family history) and varied in
the number of outcome measures completed. The authors did not provide formal
comparisons, but noted that quality of life measures tended to be higher in those

not identified by symptoms (all of whom were treated) compared with treated and
untreated patients identified on the basis of symptomatic presentation. The
exception was a subscale measure of family impact which was similar across all
groups.
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Table 4.11 Comparisons of clinical outcomes across groups

Outcome Measure Screening group Unscreened group Statistical difference
reported by au thors

Kariyawasam | Survival at two | Number alive 14 (93%)* 16 (89%)* NR
2023137 years post

diagnosis

Morbidity at Walking 11 (79%) 1 (6%) p < 0.0001

two years post | independently or with

diagnosis assistance

HINE-II score 23.0 (SD 4.2) 15.1 (SD 6.7) p =0.0013

Group difference after
adjusting for baseline: 12.3
(95% CI: 9.5t0 16.2)

WeeFIM score 70.1 (SD 23.1) 60.6 (SD 31.8) p = 0.38**
Non-invasive 1(7%)" 6 (38%)" Odds ratio for requirement
ventilation of ventilation or nutritional
Nutritional support 1 (7%)" 6 (38%)" support: 7.1 (95% CI: 0.7 to
70.2)
Dangouloff Quality of life™ | PedsQL Not identified by Treated symptomatic NR
2022133) symptoms:¥ patients:
A Family impact: 62 | A Family impact: 57 (n =

(n = 13) 32)
GCS: 51 (n = 36)
NMM: 62 (n = 36)

-

A GCS:93(n=4)

A NMM: 86 (n=4)

> >

Untreated symptomatic
patients:
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A Family impact: 51 (n =
4)

A GCS:54 (n=91)

A NMM: 66 (n = 90)

HUI Not identified by Treated symptomatic

symptoms:¥ patients:

A HUI2: 1 (n=3) A HUI2: 0.52 (n = 35)

Untreated symptomatic

patients:

A HUI2: 0.54 (n = 91)

A HUI3: 0.28 (n = 91)

Key: CI'T confidence interval; GCSi Generic Core Scale; HINE- Hammersmith Infant Neurological Examination; HUI i Health Utility Index; NMM1

neuromuscular model; NRT not reported; PedsQL - Pediatric Quality of Life Inventory; SD - standard deviation; WeeFIM T Functional Independence Measure

for Children.

* The three children who died (one in screening group and two in unscreened group) all had two SMNZ2copies and entered palliative care pathway.

** Not adjusted by age with the screening group mean age being significantly younger than the comparator group.

" Screening group stable from baseline, increased in comparator group.

¥ Includes those identified by screening and family history .

~ Results of the EQ-5D were also provided by study authors, but have not been included in the current review as only one patient not identified by symptoms
was presented.
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Associations with clinical outcomes

As outlined in Table 4.12, two studi es presented additional analyses of associations
with clinical outcomes.130.137)

The study from Australia presented results for correlation between age at diagnosis
and motor function, and age at treatment and motor function. 153 Motor function, as
assessed byHammersmith Infant Neurological Examination-Il ( HINE-1l) scores and
World Health Organization (WHO) motor milestones, were not significantly
correlated with age at diagnosis in either the screening or comparator group.
However, in the screening group only, both scores were significantly associated with
age at treatment (p = 0.009 an d p = 0.02; respectively). Interpretation of these
results is limited by the small number of cases (nh = 33) and for the screened cohort,
the limited variability in the age at diagnosis (all diagnosed by 22 days) and time to
treatment (all treated by 39 day s).

The study from the Asia-Pacific region presented results of a linear regression
model.(*39) Variables included identification of cases of SMA by newborn bloodspot
screening, disease duration, SMN2copy number, and baseline functional outcome
measure scores. In a univariate regression model for changes in motor milestone
scores from pre-treatment to 10 months post-treatment, HINE-1I scores were
positively associated (indicating better outcomes) with identification based on
newborn bloodspot screening (p = 0.001). Changes in HINE-II scores were also
positively associated with baseline HINEII scores (p = 0.033) and negatively
correlated with disease duration (p = 0.027). In the multivariate regression model,
only identification by newborn bloodspot screening was found to be significantly
associated with positive increases in HINE-1l scores (p=0.009).
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Table 4.12 Additional analyses presented by studies

Number
included in

EREWSS

Analysis

Results

Kariyawasam
20231437

Screened Correlation between | Screening cohort:
n=13 motor function and | A HINE-Il scores: r=0.08, p =
Unscreened: age at diagnosis 079 _
n=14 A WHO motor milestone: r =
0.25,p=0.63
Comparator:
A HINE-Il scores: r= -0.37,p =
0.18
A WHO motor milestone: r = -
0.22; p=0.41
Screened: Correlation between | Screening:
n=12 motor function and | A HINE-Il scores: r=0.74, p =
Unscreened: age at treatment _ 0.009 _
n=14 A WHO motor milestone: r =
0.67, p=0.02
Comparator:
A HINE-Il scores: r= -0.41,p =
0.13
A WHO motor milestone: r = -
0.17,p=0.54
Symptomatic: | Difference in HINE- | Symptomatic (mean =17.0, SD =
n=>5 Il scores by 3.7) versus asymptomatic (mean =

Asymptomatic:

symptom status in

21.7, SD = 1.9) at treatment

n=7 screening group initiation (p = 0.02)

Chan Screened Changes in pre- Univariate regression:

2021130 n=9 treatment scoresto | A HINE-II: positively correlated
Unscreened 10 months post- A with screening .(p = 0.001)
n=31 treatment scores CHORINTEND: no significant

correlation with screening

Multivariate regression:*

A HINE-II: positively correlated
with newborn bloodspot
screening; p = 0.009

A CHORINTEND: no significant
correlation with screening

Key: CHORINTEND - Children's Hospital of Philadelphia Infant Test of Neuromuscular Disorders;
HINE - Hammersmith Infant Neurological Examination; WHO i World Health Organisation
* Adjusted for disease duration, SMN2copy number, and baseline scores with no other variable being

significant.
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4.3.10 Outcome: Potential harms of screening

A number of factors outlined within the included studies were noted by the HIQA
evaluation team as suggestive of potential harms of newborn bloodspot screening
for SMA.

Compound heterozygous  variants

While not the target of screening within the included studies, ten studies emphasised
that cases of SMA associated withcompound heterozygous variants of SAMNZIwould
not be detected through screening (that is, deletion on one allele with point

mutations of the other). (52, 81,134,143-145, 147, 148, 151) Tyyo such cases were documented
as being clinically identified over the study period in two studies. ¢2:152 One study
highlighted the need for clarity regarding this test limitation during the informed
consent process for newborn bloodspot screening (144

Cases with higher SMNZ copy numbers

Two of the 20 studies, included cut-offs for screen positives based on SMN.2copy
number, using a cut-off of three, 1) and four copies,39 respectively. The first study,
from Australia (New South Wales), cited the rationale for this cut -off as their
perception of the clinical uncertainty (in terms of the potential for a long latent
phase and cases presenting clinically in late childhood or as adults), alongside the
fact that the policy was to not reimburse disease -modifying treatment for pre-
symptomatic cases in Australiaat the time of the study .Y However, as noted
above, at a later date they amended the program to remove this cut off. 5% Inthe
second study, from Ontario, the authors considered that the natural history of
infants with five or more SMNZcopies is not wholly predictable, and adult onset or
potentially remaining completely asymptomatic throughout life are possible
outcomes.”- 139 The authors concluded that reporting this condition when there is a
chance that disease manifestation may not occur was unethical and may not be in
pati ent s 0 ibtheQanadiansettingegiven the potential psychosocial
impact, exclusion from insurability, and other potential ramifications associated with
this disclosure.

A third study, from Germany, also highlighted that newborn bloodspot screening

may detect cases that would not otherwise present until adulthood. The authors

outlined thatemployinga fAwatchful waitingo strategy for
copies of SMNZis typically based on the rationale that it avoids unnecessary,

potentially harmful treatment for a number of children who might remain

asymptomatic if untreated. (50 The authors of this study argued that if this is the

case, the incidence rates following newborn bloodspot screening should be much

higher than the incidence known in the general population. The authors further

highlighted the balance in the burden of early treatment in a potentially late -onset
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disease versus the risk of delayed diagnosisand treatment with irreversible motor
damage in others. Three close relatives with the same genotype of patients with
SMA with four SMNZcopies detected through newborn bloodspot screening had
developed SMA type Il in early childhood which the authors argue d further
emphasised this uncertainty in relation to potential clinical outcome.

Parent and family impact

An Australian study highlighted the need for dedicated psychosocial input for families
at a time of significant stress. ) Additionally, as the treatment pathway and
counselling are reliant on SMNZ2copy number in mostly pre-symptomatic infants this
introduces uncertainties in conversations with parents about clinical severity and
long-term outcomes.

Two studies noted parental hesitation in relation to treatment options with initial

refusal of treatment in two cases identified as the children were asymptomatic with

parental preference expressed to wait until symptoms presented. 42 147) In both

cases, the parents were counselled and subsequently accepted treatment

recommendations. In one case in Germany, the family of a child with four SMNZ2

copies dropped out of follow up after their 13-month check-up, when the child had

learned to walk independently (having not received disease-modifying

treatment). ¥ The reasonfort hi s was the parentds extreme
that preceded the medical appointments.

4.3.11 Outcome: Acceptability of screening

Four studies were opt-out programmes, 2. 81, 127. 145) with one highlighting that the
addition of SMA had not impacted the high uptake rate of the newborn bloodspot
screening programme generally.8) One US study that required specific consent for
SMA screening separate to newbornbloodspot screening generally noted lower rates
of uptake compared with previous state -wide implementations (85% versus

98%). (135)

Uptake rates were reported by four further pilot studies. An uptake rate of 87% was
reported by authors in German regions.*>1) A 91% uptake was reported during the
pilot study period in Italian regions with uptake following subsequent regional
implementation increasing to 98-99%, which the authors highlight as likely due to
two reasons: informed consent form was simplified, and participating in a pilot study
may have negatively influenced the parental choice.(26) A pilot study in New York
noted 93% uptake ,with the most comm on reasons for declining to participate being
general distrust of the healthcare system and prior poor experience with
healthcare.*D) A Jgpanese pilot in the Hyogo Prefecture was associated with a 22%
uptake rate and the authors hypothesised that willingness to participate may have
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been 1 mpact e thck bfyawapnaesseithe sediousness of the condition and
the availability of pre -symptomatic treatment options. 47)

4.3.12 Quality appraisal of studies identified

As noted in the methodology section above, no formal quality appraisal tool was
identified that wa s considered appropriate to the types of studies included in this
systematic review. As such, de novo checklists were developed for each study type.

Non-comparative studies

The de-novo checklist for the 17 non-comparative studies included in this review
considered the following areas:

A representativeness of the population
A description of screening algorithm
A description of treatment algorithm

A completeness of findings

Ve

A potential for bias.

Ten studies were considered to include a representative population. (2 81,126, 127,134,
135,139,143, 145, 148) Of the remaining studies, limitations were noted including low
uptake rates of screening, restrictive participant exclusion criteria, and lack of clarity
as to the population offered screening. (69 141-143, 147, 151, 152) Gijx studies were
considered to provide an adequate description of the screening algorithm. (2. 69. 81,
126,139, 145 The remaining 11 studies were unclear in relation to one or more aspects
of their screening algorithm .(127. 134,135, 141-144, 147, 148, 151, 152) Concerningthe treatment
algorithm, seven of the included studies outlined both the treatments available as
well as detailing the treatment criteria ,(69 81, 135,139,144, 151, 152) \yhijle the remaining
studies failed to clearly outline decision-making criteria relating to treatment. 2126,
127,134, 141-143, 145, 147, 148) Regarding completeness of reporting, 11 studies were
considered to provide complete data, (52 81,126, 134, 135, 139, 141, 145, 148, 151, 152) yyjith
reporting limitations noted in the remaining six studies as to data relating to
pathway timings, (69 127, 142-144,147) G\MA case characteristics, and the potential for
missing data. Five studies did not raise concern of the potential for industry bias ;
these were primarily carried out by national and or p ublic health organisations. 9 134
135,145, 148) The remaining studies (n = 12) demonstrated potential bias through
factors such as industry funding, industry employment, advisory and consultancy
positions.(52 81, 126,127, 139, 141 -144, 147, 151, 152) | jnks to SMA advocacy groups through
research funding were noted in two studies. (127 142)
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Figure 4.1 Q uality checklist for non  -comparative studies

Comparative studies

The de-novo checklist for the three comparative studies included in this review
considered the following areas:

representativeness of the screened population
representativeness of the comparator population
description of screening algorithm

description of treatment algorithm

completeness of findings

statistical comparisons

I > > I D D D

potential for bias.

It should be noted that while the aim of this review was to assess the effectiveness
of screening, this was not necessarily the aim of the included studies (that is, they
contained data of relevance to the review question, but may not have set out to
consider effectiveness of screening explicitly). Therefore, the results of the quality
assessment below reflect the ability of the study to answer the review question
rather than the explicit quality of the study itself. One study was considered to
include a representative population.3”) The remaining two studies, were considered
to have limitations including unclear uptake rates of screening, restrictive participant
exclusion criteria, and or lack of clarity in relation to the population offered
screening (139 133) Two studies clearly described and reported a representative
comparator population.33.137) Only one study was considered to have clearly
described a screening algorithm, albeit this was reported in a separate
publication.3") Concerning the treatment algorithm, again just one of the included
studies clearly outlined the algorithm used.®3") Regarding completeness of reporting,
two studies were considered to provide complete data. 33 13) |n the remaining
study, limitations were noted in terms of data missing cases, baseline and outcome
data.(®39 One study outlined that the analysis was powered to detect differences
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