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An application for the funding of nusinersen for treatment of spinal muscular atrophy (SMA) type I,
II and IIIa was received from Biogen in August 2018. A further application was received from
Biogen in August 2019 for the additional indication of pre symptomatic treatment of individuals
carrying genetic mutations responsible for SMA. This report considers the use of nusinersen for
both symptomatic and pre-symptomatic treatment of SMA.
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SMA describes a group of autosomal recessive neuromuscular disorders caused by homozygous
mutations or deletions in the survival motor neuron 1 (SMN 1) gene on chromosome 5q This gene
is essential to the normal production of survival motor neuron (SMN) protein, which is vital for
maintaining the health and normal function of motor neurons Absence of this protein is
incompatible with life Fortunately, humans have a second gene (SMN 2) that can also produce
some SMN protein, albeit not as effectively as SMN 1

ial

Affected patients develop bulbar and proximal motor weakness, with onset and severity related to
the residual SMN protein produced via the SMN 2 gene. Invariably, disease progression results in
loss of control of essential skeletal muscle activity, such as speaking, walking, breathing and
swallowing. Health related quality of life is consequently severely reduced for both patients and
caregivers. Respiratory failure especially results in significant morbidity and premature mortality.

fic

Utilisation of health care services is high for SMA patients. Current management comprises
supportive care only, including physiotherapy and nutritional support to assist with mobility and
feeding difficulties Breathing support is also frequently required following the onset of respiratory
decline, administered in the form of non invasive nasal cannula or via face mask Invasive
permanent assisted ventilation is discouraged in New Zealand
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Nusinersen (Spinzara®) is an antisense oligonucleotide protein that helps the ‘back up’ SMN 2
gene to become nearly as efficient as the defective SMN 1 gene at producing adequate quantities
of SMN protein. This medicine requires injection into the fluid surrounding the spinal cord every
four months for the rest of the patient’s life. Interim data indicates significant gains in both overall
survival and motor milestone development for patients already living with SMA, effectively shifting
the severity profile experienced by each SMA patient towards a milder disease phenotype. Interim
data also suggests for patients treated prior to the onset of symptoms an almost complete absence
of the development of SMA-related neurological deficit. However, the outcome data available at
present is immature, leading to significant uncertainty around the magnitude of long-term benefit.
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Review of Cost Utility Analyses
The applications to PHARMAC for the listing of nusinersen included three separate CUAs, one for
each of infantile onset (SMA type I), childhood onset (SMA II and IIIa) and pre symptomatic
individuals with SMA. With the most recent pricing received to date ($
per 12mg/5ml vial),
these models report a QALYs per $1 million invested of between
(base case)
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PHARMAC staff have reviewed the Supplier provided CUAs and note several areas of uncertainty.
These include the claimed effectiveness of treatment (known as the ‘conversion rate’), incremental
quality of life gained from treatment, choice of appropriate horizon and estimated management
costs associated with each SMA subtype. PHARMAC staff also noted that the supplier omitted
consideration of the impact that uncertainty in the diagnostic test for pre-symptomatic SMA would
have on the model PHARMAC have consequently reverse engineered and rebuilt each of the
three models in line with the principles outlined in the Prescription for Pharmacoeconomic Analysis
v2.2.

Re

NICE considered an alternative cost effectiveness model for SMA I, II and IIIa as part of the UK’s
evaluation of nusinersen in August 2018 Cost effectiveness was reported on the basis of list price
only, at less than <2 QALYs per $1m NZD Assuming a crude 100% correlation between
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pharmaceutical cost and cost effectiveness, it can be extrapolated that the NICE base case using
the net pricing offered to PHARMAC would be approximately
, similar to the
higher end of the cost effectiveness range estimated by PHARMAC. While specific information on
the methods used by NICE have not been made publicly available, the deliberations of the NICE
appraisal committee have been published in a recent technology appraisal guidance [TA588],
providing insight into NICEs concerns around cost effectiveness modelling of nusinersen.
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A supplier sponsored CUA specific to the treatment of infantile onset and childhood onset SMA in
Sweden has also been recently published [1], although the analysis was conducted from a societal
perspective, limiting the generalisability of this model to New Zealand. At current exchange rate,
the estimated cost effectiveness was 1 (infantile onset) to 2 (childhood onset) QALYs per $1m
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Summary of PHARMAC Cost Utility Analysis
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Three separate cost utility analyses (CUA) were undertaken by PHARMAC staff to estimate the
cost effectiveness of nusinersen for spinal muscular atrophy All models use natural history data
derived from an Australian cohort of SMA type I, II and III patients born after 1995, following the
introduction of genetic testing for SMA in Australia [2]. The pre-symptomatic economic model used
interim data derived from the NURTURE trial which suggested that patients with three or less
copies of the SMN 2 gene achieve near normal motor milestone development (i.e. near cure) [3].
The infantile onset economic model was informed by data reported in the ENDEAR trial, which
indicated significant overall survival and motor milestone development gains for SMA type I
patients treated with nusinersen compared to sham control [4]. The childhood onset economic
model was informed by data reported in the CHERISH trial, which indicated significant motor
milestone development gains for SMA type II and IIIa patients treated with nusinersen compared
to sham control [5]
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All three models indicated nusinersen would provide substantive incremental benefits over current
treatment, even when the most conservative scenarios were considered However, the very high
cost of treatment resulted in the cost effectiveness for all models to be considerably lower than
what PHARMAC would historically consider to be good value. The incremental QALYs gained per
$1 million invested of nusinersen compared to supportive care for treating infantile and childhood
onset SMA is estimated to be in the range of
. This range increases to
QALYs per $1
million invested if access is widened to (or restricted to) include pre-symptomatic treatment of
individuals with less than or equal to 3 copies of the SMN-2 gene.
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Summary of Budget Impact Analysis

Symptomatic treatment of infantile (SMA type I) and childhood onset (SMA type II and IIIa) SMA
Patient numbers are estimated to be 50 in year 1, increasing marginally to 52 in year 5
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The net cost to the community pharmaceutical schedule is estimated to be
in year 1
with a 5 year net present value (NPV) of
The net cost to DHBs is expected to be
in year 1 with a 5-year NPV of
The difference in cost to DHBs compared
with the pharmaceutical schedule is driven by the incremental cost associated with the increased
demand on DHB intrathecal injections services
Pre-symptomatic treatment of individuals with SMA

Re

Incidence is estimated to be 4 new patients each year. All patients started on pre-symptomatic
therapy are anticipated to remain throughout the model duration. Consequently, patients on
treatment are estimated to equal 4 in year 1, increasing to 20 by year five.
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The net cost to the community pharmaceutical schedule is estimated to be
in year 1
with a 5-year NPV of
The net cost to DHBs is expected to be
in year 1
with a 5 year NPV of
. The difference in cost to DHBs compared to the pharmaceutical
schedule is driven by the incremental cost associated with providing newborn screening tests for
SMN 1 gene mutations, as well as SMN 2 copy number testing for those newborns identified from
screening, and cost associated with the increased demand on DHB intrathecal injection services.

rm

PHARMAC staff acknowledge that at time of writing this report considerable uncertainty remained
regarding the estimated cost of newborn screening for SMA in New Zealand and that estimation
of this cost would require additional consultation with other health sector agencies prior to service
rollout
Combined treatment of symptomatic and pre-symptomatic treatment of SMA.
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Patient numbers were estimated to be 50 in year 1, rising to 58 in year 5 This is greater than
symptomatic treatment of SMA alone, as patients treated pre-symptomatically are anticipated to
live longer on treatment.
in year 1
in year 1
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The net cost to the community pharmaceutical schedule is estimated to be
with a 5-year NPV of
. The net cost to DHBs is expected to be
with a 5-year NPV of
.
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1.

Nusinersen for the treatment of spinal muscular atrophy type 1 be deferred until longer
term follow up analyses are published from the SHINE and/or NURTURE trials
Nusinersen for the treatment of spinal muscular atrophy type II and IIIa be deferred until
longer-term follow-up analyses are published from the SHINE and/or NURTURE trials
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The original application for the funding of nusinersen for the treatment of paediatric patients (18
years or under) with SMA Types I, II and IIIa with symptom onset before 3 years of age was
received in August 2018 This application was considered by the Rare Disorders Subcommittee
(RDSC) in November 2018 At this meeting, the Rare Disorders Subcommittee recommended that:
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Nusinersen be funded with a high priority, within the context of the rare disorders
therapeutic area, for the treatment of pre-symptomatic individuals with spinal muscular
atrophy and two or three SMN2 copies, subject to Special Authority criteria.
Nusinersen be funded with a medium priority, within the context of the rare disorders
therapeutic area, for the treatment of symptomatic patients with type I, II, and IIIa spinal
muscular atrophy, subject to the Special Authority criteria

the

•

ial

A resubmission for funding of nusinersen was received by PHARMAC in August 2019, which
included clarification of proposed eligibility criteria, longer-term data from the CHERISH-SHINE
and ENDEAR-SHINE trials, and a revised price offer. In addition, the supplier additionally
requested PHARMAC to consider funding of nusinersen for the treatment of pre-symptomatic
individuals with SMA. The resubmission was considered by the RDSC in September 2019. At this
meeting, the RDSC recommended that:

In February 2020, PTAC considered the minutes of the previous RDSC meetings as well as
additional analysis undertaken by PHARMAC staff subsequent to the September 2019 RDSC
meeting. At this meeting, PTAC recommended that:

Re
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•

Nusinersen be funded with a high priority for the treatment of pre symptomatic individuals
with spinal muscular atrophy and two or three SMN2 copies, subject to Special Authority
criteria.
Nusinersen be funded with a high priority for the treatment of symptomatic patients with
type I, II and IIIa spinal muscular atrophy, subject to Special Authority criteria
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is a common cause of morbidity and premature mortality for patients diagnosed with the severest
SMA subtypes [10], as highlighted in Table 2 above

rm
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Fortunately, humans have a second SMN protein encoding gene called SMN2, located on the
same chromosome as SMN-1 (5q) though closer to the centromere [11]. However, SMN2 is unable
to produce the same quantity or quality of SMN protein as SMN1 can provide, with most SMN
protein formed via SMN2 being truncated during translation and consequently rapidly degraded
[12]. Severity of SMA phenotype is dependent on the residual quantity of normal derived SMN
protein produced via this ‘back up’ pathway, where clinical onset of symptoms occurs earlier in
more severe cases.
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Humans can have more than one copy of the SMN2 gene Generally, the more gene copies of
SMN2 an individual possesses, the less severe the SMA phenotype, suggesting a greater quantity
of residual SMN2 derived protein is produced in patients with multiple copies of SMN2 gene In
one large study correlating known clinical cases of SMA with multiplex PCR determined SMN2
copy number, SMA type I patients were predominantly found to possess only two copies of SMN2,
whereas SMA type II and IIIa patients predominantly had three copies [13]. While not perfect, the
correlation between SMN2 copy number and SMA phenotype provides the only current means of
predicting which SMA subtype a patient will develop during their lifetime. This is relevant in the
context of pre-symptomatic treatment and genetic counselling of SMA. The decision to treat
requires consideration of the threshold number of SMN2 gene copies to base this clinical decision
upon, should newborn screening for this condition in New Zealand be considered as part of funding
access to nusinersen in this country [14]

Of

Diagnosis.
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Currently, SMA affected patients in New Zealand present to health practitioners with characteristic
signs and symptoms of lower motor neuron disease. As highlighted earlier in this report, severity
of SMA is inversely correlated to age of onset, informing classification of SMA subtype.
Confirmation of diagnosis requires genetic testing for homozygous deletion or mutation of the
SMN1 gene. From communication with a paediatric neurologist at Auckland DHB (Auckland, New
Zealand), PHARMAC staff understand that approximately 80% of SMA cases are currently able to
be diagnosed by local testing of exon 7 deletion of chromosome 5q In cases of negative test
results but high clinical suspicion, the more accurate SMN1 gene sequencing test can be
requested from the Victorian Clinical Genetic Service in Australia (A171815)
Screening for SMA in New Zealand.

Re
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Both Auckland DHB and the Rare Disorders Subcommittee advise that the introduction of a
nationwide newborn screening test for SMA would be readily achievable for New Zealand
laboratories to implement should PHARMAC fund nusinersen for pre symptomatic treatment of
SMA PHARMAC understand screening in New Zealand would likely involve a two step process,
involving diagnosis of SMA using dried whole blood obtained from a heel prick at the time of
newborn metabolic screening If positive, a follow up test would be conducted to determine SMN2
copy number status However, the exact nature and implementation of a SMA screening
programme in New Zealand would be dependent on collaboration with the National Screening Unit
(Ministry of Health, New Zealand Government). Further consideration of the implications of
screening would be required to support any funding decision.
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Current Treatment in New Zealand

Intervention
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There are no current disease modifying treatments for SMA in New Zealand Supportive care is
routinely provided and can include regular physiotherapy and nutritional support Respiratory
support is provided where required, although usually is limited to non invasive ventilation via nasal
prongs or Hudson mask. Invasive methods of ventilation including the use of tracheostomy are
discouraged in New Zealand.
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Nusinersen is an antisense oligonucleotide therapy that modifies SMN2 gene splicing, greatly
enhancing the translation of full length SMN protein. Treated patients experience a shift in severity
profile of their SMA disease towards a milder phenotype, rather than a cure per se

ial

Each dose is administered via an injection in the fluid surrounding the spinal cord (intrathecal
administration) All patients irrespective of age are recommended to receive 12mg in 5ml per dose
Four loading doses are required in the first year, on day 0, 14, 28 and 63. Maintenance doses are
then administered every four months thereafter.
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Currently it is assumed that patients are required to continue with maintenance therapy indefinitely
for the remainder of their lives, however this is not certain from the available short term evidence.
As highlighted in the earlier natural history section, it is conceivable that patients could trial
discontinuation of therapy following transition into the expected chronic phase of the disease,
where loss of neuromuscular motor units has abated following the subacute phase of the disease
For purposes of this economic evaluation, it has been assumed that patients will remain on
treatment lifelong.
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of nusinersen in terms of how this medicine would be logically funded, in terms of discrete patient
groups These groups include symptomatic SMA (SMA I IIIa), pre-symptomatic SMA (genetically
diagnosed and pre symptomatic SMA where individuals possess equal to or less than 3 SMN2
copies) and combined symptomatic and pre-symptomatic groups combined

ati

Symptomatic SMA (SMA I IIIa)

Inf
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The original application submitted in August 2018 included cost utility analyses for both
infantile onset and childhood onset SMA (SMA types I-IIIa). Both models have been
constructed as partition survival analyses, where patients move between two mutually
exclusive health states depending on whether they convert on or off treatment to having a very
mild form of the disease. Following inclusion of the latest price update received by PHARMAC
in February 2020, both models estimate that funding of nusinersen for this indication would
return
per $1 million invested as the base case. No cost effectiveness range was
provided for either model

Of
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PHARMAC staff have reviewed the CUA and noted several parameters that appeared to be
inconsistent with the standards outlined in the Prescription for Pharmacoeconomic Analysis
(PFPA; version 2 2), including estimation of management costs, background mortality rates,
and quantification of health related quality of life associated with different health states.
PHARMAC staff also noted that the base case in effect represented a situation whereby
nusinersen provided a near cure of SMA related morbidity and premature mortality for
treatment patients, with all treated patients converting after 12 months of treatment to a health
state similar to living with SMA type IIIb (mild phenotype with normal life-expectancy)

the

PHARMAC staff have rebuilt the supplier models for symptomatic SMA in line with the
standards outlined in the PFPA. Both models were reverse engineered to allow a detailed
examination of their construction Redundancy, where identified in the models, was removed
Recalculation of parameters was undertaken where required. Results have been aggregated
across the two rebuilt models using proportional population distribution weights to inform a
singular economic evaluation for symptomatic SMA.
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Pre symptomatic SMA

The resubmission from the supplier in August 2019 included a cost utility analysis for pre
symptomatic SMA This model has been constructed as a decision tree analysis, whereby the
patient either lives in full health on treatment or lives a life according to the natural history of
the disease as described by Farrar et al, 2013 [2] Following inclusion of the latest price update
received by PHARMAC in February 2020, this model estimates that funding of nusinersen for
this indication would return
per $1m invested as the base case Again, no cost
effectiveness range was provided for this model.
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PHARMAC staff reviewed the CUA, again noting the same inconsistencies in this model with
the PFPA as included in the symptomatic CUA models. PHARMAC staff also noted that the
model did not appear to allow for consideration of the uncertainty in the sensitivity of the SMN2
copy number test and the impact that this would have on the model outcomes.

Re

PHARMAC staff rebuilt the supplier model for pre symptomatic SMA in line with the standards
outlined in the PFPA As for the symptomatic models, the supplier model was reverse
19
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4.
PHARMAC Cost-Utility Analysis for Symptomatic SMA (SMA IIIIa)

4.1
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Cost utility analyses (CUA) were undertaken to estimate the cost effectiveness of nusinersen for
patients with infantile and childhood onset SMA (type I, II and IIIa).

Scope of Analysis

Target Population
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The analysis was undertaken from the perspective of the funder, with regards to PHARMAC’s
Factors for Consideration.

Comparator

Of

412
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The target population for this analysis was defined in line with the special authority criteria as
outlined in the PTAC minutes from the February 2019 meeting These criteria included all of the
following:
1. Genetic documentation of 5q SMA homozygous gene deletion, homozygous mutation, or
compound heterozygous mutation; and
2. Patient must have experienced the defined signs and symptoms of SMA type I, II or IIIa
prior to 3 years of age; and
3. Patient must be 18 years of age or under.

4.2

Model Structure

the

The comparator used in the analysis was supportive care only Clinical advice received from the
RDSC and PTAC advised that supportive care in New Zealand for SMA patients did not include
invasive ventilation, as is occasionally undertaken in select jurisdictions outside of Australasia.

4.2.1
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Separate partition survival analyses were constructed for infantile onset and childhood onset SMA
to model the different treatment strategies.
Time Horizon
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The time-horizon of the CUA was 10 years This contrasted with the Supplier models which set the
time horizon at 80 years. However, PHARMAC staff noted that considerable uncertainty remained
regarding the long term durability of the clinical effect demonstrated in the interim data from the
pivotal trials in this target population, likely overestimating the incremental benefit derived from
treatment with nusinersen. It was however considered plausible that the clinical effect could
reasonably be extrapolated to 10 years, approximately 2-3 times the median follow-up duration
reported in the open label extensions of the ENDEAR and CHERISH trials.

Re

Cycle length in both models was four months, reflecting the length of time between each
maintenance dose. Two exceptions to this cycle length were modelled, the first exception being
the accommodation of an initial two month cycle at the start of each model to allow the costs
associated with loading doses to be assigned within a more representative time period as would
be expected to occur in real life The second exception included the accommodation of an
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additional follow up visit for infantile onset SMA patients at 12 months in the model, in effect mid
cycle
All costs and benefits were discounted at 3 5%
Model Structure

ati

4.2.2
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The infantile onset SMA model included the following three mutually exclusive health states:
SMA type I phenotype (initial health state)
SMA type III phenotype
Dead

Inf
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The childhood onset SMA model included the following three mutually exclusive health states:
- SMA type II/IIIa phenotype (initial health state)
- SMA type IIIb phenotype
- Dead
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A health state transition diagram (STD) representing the infantile onset model is shown below. The
childhood onset model has a near identical model structure, albeit with labels matching the
described health states as outlined in the paragraph above.

Figure 2 Health state transition diagram for infantile onset SMA
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All patients in the infantile onset model start the model in an initial high health need state,
representing SMA type I disease Patients in this health state have a high rate of progression to
death, represented as a survival function at point ‘A’ in Figure 2 above. Following 12 months post
the start of the model, patients in either arm have a one time chance of ‘converting’ to a lower
health need state, equivalent to SMA type III disease1. This one time conversion event is
represented at point ‘B’. Patients with SMA type III disease have a lower rate of progression to

Re

1

In the childhood onset SMA (type II/IIIa) model, this conversion event occurs at 15 months
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death than patients with SMA type I, represented as survival function at point ‘C’ No patients are
able to ‘de-convert’ from SMA type III to SMA type I in this model.

Transformation and Extrapolation of Clinical Evidence

ati

Infantile onset model (SMA type I).

Re

lea
se

du
nd
er

the

Of

fic

ial

Inf
o

rm

Table 8 below outlines the key clinical parameters used to inform the infantile onset model
Explanation of how each of these parameters were transformed and extrapolated from the clinical
evidence is provided under section 4.3.1.
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The childhood onset model uses data derived from the CHERISH trial which indicated that
treatment with nusinersen shifted the severity profile of affected childhood onset SMA patients to
a milder form of the disease Consequently, all patients who respond to treatment are converted
to a milder form of SMA at 15 months, categorised in this model as SMA type IIIb

rm

ati

This conversion event provides a proxy to represent the effect of nusinersen therapy as
demonstrated in the CHERISH trial for patients to achieve and maintain motor function during their
lifetime, incongruent with the natural history of the underlying SMA subtype they were born with.

Inf
o

No difference in OS survival has been reported in the CHERISH trial, as no patients have died in
either arm to date Therefore, unlike the infantile model, no survival gain has been modelled for
patients on treatment prior to the conversion event at 15 months Instead, the entire cohort
experiences a probability of survival during the first 15 months of the model informed by natural
history data for SMA II patients, represented in the model as a Weibull distribution.

ial

Following the conversion event at 15 months, the same natural history data for SMA type II patients
has been used to inform OS for untreated and non responding patients. Background mortality data
derived from New Zealand Period Life Tables (Statistics New Zealand) inform OS for patients
responding to treatment after 15 months

431
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It is important to note that the modelled cohort is inclusive of patients with SMA type IIIa at baseline,
representative of the patients enrolled in the CHERISH trial. Rationale for this combined modelling
approach is provided by both clinical advice received at the February 2020 PTAC meeting and the
previously discussed difficulty differentiating SMA II from IIIa at onset due to the spectrum nature
of the disease. Further rationale is also provided by information contained in the New Zealand
Neuromuscular Disease Patient Registry, which indicates that 66% of SMA IIIa patients require
use of a wheelchair despite a median age of only 11 (refer ‘NZ Registry’ tab, A1359808) This
suggests that the majority of SMA type IIIa patients in New Zealand regress to a phenotype more
consistent with SMA type II patients during their childhood or early adolescence

Clinical Parameter Estimates

•
•
•
•
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Both the infantile and childhood models required data from the clinical trials to be transformed to
clinical parameter estimates as shown in Table 8 and Table 9 above. Specifically, transformation
was required for each of the following:
Overall survival to 12 months (Infantile onset; both treated and untreated)
Overall survival beyond 12 months (Infantile onset; both treated and untreated)
Overall survival (Childhood onset; untreated)
Overall survival (Childhood onset; treated)

lea
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PHARMAC staff have reviewed the mathematical methods employed by the Supplier to transform
the clinical data to these parameters as used in the models, and found the methods and derived
values to be acceptable for modelling purposes. A detailed explanation, with consideration of
alternative modelling strategies not ultimately utilised, can be obtained directly from the 2018
Supplier submission (A1175176) A brief description of how each of these estimates were derived
is also provided below

Re

Overall survival to 12 months (Infantile onset; both treated and untreated)

27
TAR 398 – Nusinersen for Spinal Muscular Atrophy.

Ac
t

Re

lea
se

du
nd
er

the

Of

fic

ial

Inf
o

rm

ati

on

Until the one-time conversion event occurs at month 15 of the model, patients in both arms of the
model have the same probability of death informed by the derived Weibull curve outlined for
untreated SMA type II patients above After the conversion event, the treated patients are
effectively partitioned into responders and non responders Those who respond are considered to
experience a shift in disease severity equivalent to patients living with SMA type IIIb, and
consequently transition to a probability of survival informed by background mortality rates for age
matched New Zealanders. New Zealand Period Life Tables for 2012 14 have been used to inform
the background mortality rates used in the model (Statistics New Zealand, New Zealand
Government). Treated patients who do not respond continue to experience the same OS as the
untreated SMA type II patients described above
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Summary of Overall Cost-Effectiveness
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As outlined above, the base-case QALY per $1m estimate is
Taking into account the results
of the sensitivity analysis, the highly likely range is estimated to be
This range captures the
uncertainty of the durability of the clinical effect of nusinersen and is informed by adjustment of the
model horizon The possible QALY per $1m range is
and takes into account the uncertainty
around the applied conversion rates, and how well these inputs translate as proxy variables for
lifelong treatment benefit
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the second year of listing onwards, as only newly incident cases will be requiring loading dosing
each year thereafter The five-year NPV for this injection service is estimated to be

Patient Costs
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PHARMAC has been unable to quantify any additional costs that would be incurred by a patient or
their caregivers should they elect to commence nusinersen therapy. It is possible that travel and
accommodation costs for hospital visits might be incurred by families of children requiring
treatment, should provision of an intrathecal injection service be limited to only one of the major
centres in each island (i e Starship Hospital in Auckland and Christchurch Hospital)
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6. PHARMAC Cost-Utility Analysis for pre-symptomatic patients
genetically diagnosed with SMA.

rm
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A supplier CUA was amended by PHARMAC staff to estimate the cost-effectiveness of nusinersen
for patients who have been genetically diagnosed with SMA, prior to the onset of symptoms. This
scenario would require the Newborn Screening Programme to include testing for SMN1 mutations
alongside metabolic screening, as well as a follow up test for SMN2 copy numbers in newborns
who test positive to SMN1 mutations.
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o

PHARMAC staff have also expanded the pre-symptomatic model to inform a scenario where
access to nusinersen was made available for both patients diagnosed via genetic screening prior
to the onset of symptoms, as well as patients with SMA types I, II and IIIa with symptom onset
before 3 years of age This scenario would provide access to the widest number of patients with
SMA in New Zealand and mitigate missed SMA diagnoses resulting from inaccurate genetic
testing, if access to nusinersen was limited to pre-symptomatic patients only.

Scope of Analysis

fic

6.1

ial

Consequently, this section informs the economic analyses relating to two separate items on the
Options for Investment list

611

Of

The analysis was undertaken from the perspective of the funder, with regards to PHARMAC’s
Factors for Consideration

Target Population

the

The target population for this analysis was defined to reflect the recommended special authority
criteria proposed by the RDSC in September 2019. Namely, eligibility for pre-symptomatic
treatment would be limited to patients meeting the following criteria:

612
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1. Genetic documentation of 5q SMA homozygous gene deletion, homozygous mutation, or
compound heterozygous mutation, identified via newborn screening
2 Patient must have only two or three copies of SMN2

Comparator

The comparator used in the analysis was current standard of care, as described in section 4 1 2
above.

6.2

Model Structure

lea
se

A decision tree analysis model was constructed to model the different treatment strategies.

6.2.1

Time Horizon

Re

The time horizon of the CUA was 80 years, reflecting the assumption that patients treated with
nursinersen prior to the onset of symptoms were expected to experience a life-course in line with
that for patients with SMA type IIIb/IV PHARMACs horizon is different to the horizon chosen by
50
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the Supplier (92 years) PHARMAC staff have elected to use contingent life expectancy of a
newborn child in New Zealand, based on New Zealand period life tables published from Statistics
New Zealand5 The Supplier refers to New Zealand cohort life tables similarly published by
Statistics New Zealand in their selection of the longer horizon value6

Model Structure

rm
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All costs and benefits were discounted at 3.5%.

The decision tree model reflects three scenarios.

ial
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The first scenario represents all patients meeting the eligibility criteria, receiving lifelong nusinersen
therapy The relative benefit from treatment however is weighted according to the validity of SMN2
test parameters, namely, how well the SMN2 copy number test can predict patients who would
otherwise have ended up developing symptoms prior to the age of 3 years. Both the false positive
and false negative rates are therefore important considerations. Patients with a false positive test
result will be treated with unnecessary lifelong intrathecal therapy and derive no benefit. Patients
with a false negative test result will develop symptomatic SMA. If access is limited to presymptomatic patients only, then false negative patients will experience a reduced life course in line
with the status quo.
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The second scenario represents access to nusinersen therapy being extended to false negative
patients who develop SMA symptoms prior to the age of three years, in line with the eligibility
criteria as outlined in section 4 1 1 above Patients accessing treatment via this pathway enable
the model to estimate the cost effectiveness of a combined symptomatic and pre-symptomatic
listing.
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the

The final scenario represents the comparator arm of the model, where otherwise eligible patients
do not have access to nusinersen therapy, and experience a life course in line with infantile and
childhood onset SMA as described in section 4 above. The lifetime costs and QALYs have been
weighted according to the distribution of SMA subtypes, as discussed further in section 6 3 1
below

lea
se

A state transition diagram representing the pre-symptomatic model is presented below.

5

Re

New Zealand Period Life Tables informing the horizon of the PHARMAC amended CUA can be
reviewed directly from the follow link: Statistics New Zealand, May 2015
6 See section 3.2 of the Supplier economic evaluation, p10 (A1356854). The cohort life tables referred
to by the Supplier have can be reviewed from the following link: Statistics New Zealand, March 2019
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