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Introduction

« SMAis a debilitating condition that often results in death or the need for permanent
ventilation before 2 years of age if untreated’

* SMA is associated with substantial costs,’ including:

— Direct costs: inpatient, outpatient, and emergency care; medications; medical
devices and mobility aids; respiratory and ventilatory assistance; and
transportation*°

— Indirect costs: loss of productivity, time spent caregiving, anxiety and stress
related to caregiving, and changes in employment status for the caregiver*®

* Three approved DMTs are currently available: nusinersen, an intrathecally
administered ASO,; risdiplam, an oral small-molecule drug; and onasemnogene
abeparvovec, a one-time gene replacement therapy’

* DMTs have demonstrated safety and efficacy in clinical trials for patients with
SMA, %% and can reduce both direct and indirect expenses related to SMA?’

* NBS enables early treatment for SMA, which leads to improved outcomes,""3 but
several barriers exist to universal implementation of NBS

— NBS programs have been launched in several countries worldwide, but
implementation is inconsistent'®®

— Financial, technical, organizational, and ethical constraints have been cited as
reasons to forego or delay widespread implementation of NBS for SMA'®

Objective

* We evaluated cost effectiveness of NBS followed by treatment compared with a
treatment pathway without NBS for SMA to determine if NBS for SMA offers value
for money in the health care system in England

Methods

* A cost-utility analysis using a combination of decision tree and six-state Markov
model structures was conducted to estimate the lifetime health effects and costs
of NBS for SMA (patients identified with SMA who were either symptomatic or
presymptomatic at time of screening) compared with non-NBS (patients with SMA
who were symptomatic at diagnosis) from the perspective of the National Health
Service (NHS) in England

* The decision tree captured NBS outcomes and costs, and the Markov modeling
projected long-term health outcomes and costs following diagnosis (Figure 1)

* Patients in the model entered a specific Markov model health state (within a broad
range of normal development [A], walking [B], sitting [C], not sitting [D], permanent
assisted ventilation [E]) after the decision tree depending on SMA type or SMN2
copy number

* In the base-case analysis, the model applied a lifetime time horizon from the
perspective of NHS England and a discount rate of 3.5% for costs and outcomes®

Figure 1. Model structure
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Note: D+, patients with SMA; D-, patients without SMA; T+, positive test; T-, negative test; S+, symptoms present; S-, no symptoms.
BRND, broad range of normal development; PAV, permanent assisted ventilation; SMA, spinal muscular atrophy; SMN1, survival motor neuron 1 gene; SMIN2, survival motor neuron 2 gene.

* The following data and assumptions regarding survival, milestone achievements,
and regressions were applied in the model.

— Clinical data for presymptomatically and symptomatically treated patients were
obtained from available relevant clinical trials for each treatment:

= Onasemnogene abeparvovec: SPR1NT,?' START,”2 STR1VE-US,%
STR1VE-EU#

= Nusinersen: NURTURE,* SHINE,* CS2/CS124
= Risdiplam: RAINBOWFISH,# FIREFISH#

— Because SMA may be severe early in life or treatments may not be always
instantly available after diagnosis, it is assumed that 40% of patients with two
copies of SMNZ identified via NBS become symptomatic before treatment
initiation (LS interview, Nov/Dec 2021). Clinical outcomes for these patients are
assumed to be poorer than for those patients with two copies of SMN2 who
are treated presymptomatically

— For treated patients, the motor milestones achieved at the end of follow-up In
the clinical trials were sustained for the patient’s lifetime, and regression from
a higher functioning health state to a worse functioning health state was not
possible’’—>3

— Untreated patients receiving best supportive care could lose their motor
milestones of walking (i.e., transitioning from walking to sitting) and sitting (i.e.,
transitioning from sitting to non-sitting) based on observations from the natural
history cohort*

— Because of a lack of long-term survival data, retrospective chart reviews,*
natural history studies,*'*? and national life expectancy statistics® were used
as proxies for survival

* Model inputs for patient distribution and treatment patterns were based on existing
literature, local data, and expert opinion

— The model included a total cohort of 585,195 newborns, based on the number
of live births in England in 2020

— The SMA incidence was assumed to be 1 in 10,000°%°

— SMA was caused by either homozygous gene deletion (96%) or point mutation
(4%)%

— Of cases detected presymptomatically, 45% of patients had two SMNZ2 copies,
33% had three copies, and 22% had four copies*!'#2

— Of cases detected after symptom onset, 58% of patients had SMA type 1, 29%
had type 2, and 13% had type 3*

— Based on expert opinion, the percentage of patients with SMA (detected before

or after symptom onset) receiving each treatment (onasemnogene abeparvovec,

nusinersen, risdiplam) by SMA type and copy number is presented in Table 1
Table 1. Model inputs: percentage of patients receiving treatment for SMA

Best
supportive care

Onasemnogene

Nusinersen Risdiplam

abeparvovec

Patients detected presymptomatically, %

Two SMN2 copies 93 § 0 ’

Three SMNZ2 copies 93 § 0 ’

Four SMNZ2 copies 0 § 50 44
Patients detected symptomatically, %

SMA type 1 56 2 22 20

SMA type 2 0 10 90 0

SMA type 3 0 10 90 0
Patients identified via NBS but treated symptomatically, %

Two SMN2 copies 93 § 0 1

NBS, newborn screening; SMA, spinal muscular atrophy; SMN2, survival motor neuron 2 gene.

* The model included the following direct costs in the base-case analysis:

— The cost of each heel-prick screening test (HPST) was assumed to be £4.54
(a Dutch value [which is in line with other sources in Europe] converted to GBP
because of a lack of UK-specific data),** and the cost of each genetic test, which
was used for confirmation after a positive HPST result, was assumed to be
£1,200 (based on prices from Oxford Genetic Laboratories assuming both gene
sequencing and multiplex ligation-dependent probe amplification were needed)*

— Treatment and administration costs are based on UK list prices and the latest
NHS reference costs (2019/2020)%

= SMA care—related costs were based on an unpublished UK HCRU study and
NICE’s final draft guidance for SMA*’

« All cost were presented in 2021/2022 GBP values®

* To estimate the QALY's of patients identified with SMA, the following utility values
were used:

— State E: 0.00 (expert opinion)
— State D: 0.19%
— State C: 0.60°°

Results

* NBS for SMA resulted in testing 585,195 newborns and identifying approximately
59 with SMA (96% of all SMA patients in England) (Table 2)

Table 2. NBS Outcomes

Outcome NBS Non-NBS

Number of tests performed 585,254 58.5
HPST (first tier) 585,195 0
Confirmatory genetic test (second tier) 58.5 58.5
Number of cases identified and treated 98.5 98.5
Presymptomatic 46.2 0.0
Symptomatic 2.2 58.9

HPST, heel prick screening test; NBS, newborn screening.

» Base-case results indicated that NBS was dominant (less costly and more
effective) compared with non-NBS

* NBS a cost saving of £67,238,145 and an estimated gain of 567 QALY's over
the lifetime of a newborn cohort identified (approximately 59 patients) per year
(Table 3)

Table 3. Deterministic analysis results, base case (discounted)

Strategy Total costs Total LYs Total QALYs Incrceorgtesntal Incr?_rYnse ntal I"C&Tﬂtal (€ pL?%IXLY)
NBS £154 927491 1,381 1177 —£67,238,145 459 567 Dominant
Non-NBS £222.165636 922 610

ICER, incremental cost-effectiveness ratio; LY, life-year; NBS, newborn screening; QALY, quality-adjusted life-year.

» Deterministic (Figure 2) and probabilistic sensitivity analyses (Table 4 and Figure 3)
and scenario analyses (Table 5) demonstrated the robustness of the base-case
results

— All iterations of sensitivity and scenario analyses demonstrated that NBS is
dominant (less costly and more effective) compared with non-NBS scenarios

— In the probabilistic sensitivity analysis, NBS was associated with incremental
costs of approximately —£65,366,421 and a gain of 556 QALY's (incremental
costs and QALYs were mean values)

— Scenario analyses demonstrated incremental costs of up to approximately
—£111 million and gains of more than 1,987 QALYs

— Figure 2. Tornado diagram for the deterministic sensitivity analysis

ICER (£ per QALY)

—£180,000 —£160,000 —£120,000

—£140,000

—£100,000 —£80,000 —£60,000

M Lower bound

-106,073.37 M Upper bound

General population utilities-intercept -158,132.58

-134,477.67 -103,985.99

Utility C state

Resource use—percentage ventilated

patients—TU & high dependent-C state ~126,265.58

-110,781.61

Resource use-C state—hospitalizations -124,060.11 -113,501.01

-122,440.46 -115,012.38

Resource use—costs per location—ITU

Inputs

Resource use—percentage ventilated

~121,206.77
patients—-home—C state

-115,989.16

-121,291.91 -116,084.13

Resource use—-C state—social services

-121,249.03 -116,124.15

Resource use—cost per location-home

Resource use—costs per location—

high dependent -120,406.20

-116,910.63

-119,672.80 @ -117,542.26

General population utilities—age 2

ICER, incremental cost-effectiveness ratio; ITU, intensive treatment unit.

Table 4. Mean probabilistic sensitivity analysis results (discounted)

Incremental ICER
QALYs (£ per QALY)

Dominant Dominant

Incremental Incremental
costs (S

—£65,366,421 556

Total costs  Total QALYs

Strategy

NBS £156,598,982 1,160
Non-NBS £221,965,402 604

ICER, incremental cost-effectiveness ratio; LY, life-year; NBS, newborn screening; QALY, quality-adjusted life-year.

Figure 3. Probabilistic sensitivity analysis results: incremental cost-

effectiveness plane with willingness-to-pay thresholds
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QALY, quality-adjusted life-year, WTP, willingness-to-pay.

Table 5. Scenario analysis results

Incremental Incremental Incremental ICER
costs (£) LYs QALYs (£ per QALY)

Total costs (£) Total LYs Q1X|t_aYIs

Strategy

Discount rate of 1.5%

NBS £199,020,099 2,329 1987 -£110,852,776 987 1,071 Dominant
Non-NBS £309,872,875 1,343 916

Time horizon of 10 years
NBS £110,806,003 456 349 —£2,229,395 55 115 Dominant
Non-NBS £113,035,398 400 234

Time horizon of 50 years
NBS £147,/183189 1221 1,049 -£64,861,802 345 473 Dominant
Non-NBS £212,644,991 376 575

C state survival based on Wijngaarde 2020

NBS £157,357,380 1,399 1,188 —£113,636,088 248 441 Dominant
Non-NBS £270,993,468 1,151 748

Societal perspective
NBS £161,343,572 1,381 1177 —£84,146,774 459 567 Dominant
Non-NBS £245490,346 922 610

ICER, incremental cost-effectiveness ratio; LY, life-year; NBS, newborn screening; QALY, quality-adjusted life-year.

Conclusions

* NBS for SMA in England is less costly, with a lifetime savings of £67,238,145,
and more effective than a scenario without NBS

* Implementation of NBS followed by presymptomatic treatment results in
improved health outcomes for patients with SMA in England

* Therefore, NBS is a cost-effective use of resources from the perspective of
the NHS
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