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Executive summary

The technology

Ataluren (Translarna™) is the first and only targeted treatment for patients with Duchenne muscular
dystrophy resulting from a nonsense mutation in the dystrophin gene (nmDMD). Ataluren is indicated
in ambulatory nmDMD patients aged 2 years and older." The presence of a nonsense mutation in
the dystrophin gene should be determined by genetic testing.

A nonsense mutation in the DNA results in a premature stop codon within an mRNA that prevents
generation of a full-length protein. Ataluren enables ribosomal readthrough of mMRNA containing a
premature stop codon, resulting in production of full-length dystrophin proteins."

Ataluren is given orally three times per day with a recommended total daily dose of 40 mg/kg body
weight. Ataluren is available as granules for oral suspension, provided in 125 mg, 250 mg or 1000 mg
sachets.

Ataluren is a long-term chronic therapy available to patients in England and Wales under the
conditions of the Managed Access Agreement (MAA), until patients lose ambulation, and no later
than 6 months after becoming fully non-ambulant.? Based on input from clinical experts in England,
treatment with ataluren should continue beyond loss of ambulation. This is supported by 13 patients
in England who have remained on ataluren after loss of ambulation as part of a compassionate care
programme.®

Nature of the condition

Duchenne muscular dystrophy (DMD) is a severe, progressive, and rare X-linked inherited muscle
wasting disease. It is characterised by a relentless decline in physical functioning from early
childhood and eventual pulmonary and cardiac failure, leading to death in early adulthood.* DMD
predominantly, though not exclusively, affects males. Most genetic subtypes of DMD present with a
similar course and timescale of disease progression, with nonsense mutations following a typical
progression among DMDs.

In children with DMD, absence of functional dystrophin protein leads to long-term irreparable
damage of all their muscles, with limited potential to regain function.>® DMD follows a well-defined
pattern from early childhood. As DMD is a genetic disease, dystrophin production is first affected in
utero, with muscle degeneration occurring anytime thereafter and symptoms usually become
apparent between 1 and 3 years of age.”°

The most devastating and obvious effect of DMD is on the skeletal musculature, causing progressive
muscle weakness, and loss of strength and function. This results in high morbidity, early mortality
and reduced quality of life."" After the age of 7 years, patients experience a significant decline in
their walking ability, and activities such as rising from the floor and ascending stairs become more
difficult.’>'3 As their ambulatory ability continues to deteriorate, DMD patients lose the ability to walk
independently and become wheelchair dependent at a median age of 12 to 13 years (early non-
ambulatory stage).'*'®

Following loss of ambulation (LoA) and therefore permanent wheelchair reliance, deterioration in the
upper extremity, respiratory and cardiac muscles become more apparent. Loss of upper body
strength may make activities of daily living (such as bathing, dressing, sitting unsupported and
eating) difficult or impossible to perform independently.°
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By around 16 years of age, key pulmonary parameters (including forced vital capacity [FVC]) fall
below 50% of predicted values,'®'” at which point, patients start to develop signs of moderate
pulmonary dysfunction, are likely to require nocturnally-assisted ventilation and are at a higher risk
of suffering pulmonary complications. Dependence on permanent ventilation, which may require
tracheostomy, usually occurs before 23 years of age.'®'° Ultimately, absolute FVC declines below 1
litre, a threshold that is strongly predictive of mortality.22’

DMD has a devastating impact on children’s lives, as well as on their parents and families. From a
young age, children with DMD have a reduced capacity to engage in physical activity, meaning they
cannot keep up with their peers, have problems walking, running and climbing stairs, with frequent
falls. In addition, children with DMD experience fatigue and cognitive-behavioural difficulties that
further impact on social activities and their emotional wellbeing.?? Quality of life deteriorates as the
disease progresses and physical capacity decreases. The most prominent loss of health-related
quality of life (HRQL) occurs following LoA.Z However, in non-ambulatory adolescents and young
adults, there is gradual loss of upper limb, trunk and neck functions, so that grooming, toileting,
bathing, dressing, sitting unsupported, and eating become impaired or impossible to perform by
oneself.'® The progressive decline in pulmonary function leading to breathing difficulties and
ultimately the need for ventilation, further impacts on their quality of life.'%2*

The burden of care for parents of children with DMD is substantial; as DMD is a long-term
degenerative disease, it entails heavy involvement of families in patients’ care and caregiving can
become very demanding.?>? Most DMD patients will remain entirely dependent on others for their
continued care in early adulthood. The last few years of their lives are spent non-ambulatory,
requiring ventilation support and fully dependent on caregivers. Providing informal care to a patient
with DMD has been found to be associated with impaired health and HRQL, poor sleep quality,
reduced family function, increased risk of depression, anxiety, elevated levels of stress, sexual
dysfunction, and considerable impact on work life and productivity.?’ The mean number of hours of
informal care per week has been estimated at 63 hours in the UK.?” Given that parents provide care
throughout their child’s lifetime, the burden is substantial.

The key measures of disease progression focus on level of mobility for ambulant patients and extent
of pulmonary dysfunction for patients who are non-ambulatory. Project Health Research
Collaboration United in Leading Evidence Synthesis (HERCULES) was a pioneering project in
which, patients, clinicians, pharmaceutical companies, and regulatory representatives collaborated
to develop tools and evidence to support health technology assessments and reimbursement
decisions for treatments of DMD. 28 The availability of data, collected during real-world use of
ataluren, and consensus formed as part of project HERCULES, were used to inform the clinical
effectiveness outcomes which feed into the economic analysis. The primary measures of disease
progression are the age to reach the following disease milestones: loss of ambulation, the
requirement for night-time ventilation (assumed to equate to a predicted FVC<50%), the requirement
for full-time ventilation (assumed to equate to a predicted FVC<30%), and overall survival.

Management of DMD, including nmDMD

DMD is best managed in a multidisciplinary care setting.?® Current standard of care in the UK
includes physiotherapy, orthopaedic intervention, and off-label use of corticosteroids, in addition to
ataluren in those with nmDMD. Although corticosteroids can stabilise muscle strength in DMD
patients for a period of time, their use is associated with safety issues, especially in the long-term. 3°
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Since corticosteroids do not address the underlying cause of the disease, the clinical benefits must
be balanced with associated side effect profile that presents significant challenges.?®

Despite advances in the management of DMD in the past years, patients’ clinical outcomes remain
poor during their short lifetime. In the last 15 years, survival rates in patients with DMD have
improved due to a more comprehensive therapeutic approach that includes pulmonary and cardiac
management. However, most patients with DMD still die from heart or lung failure in adolescence or
early adulthood, and patients rarely survive beyond their third decade.* The mean age for respiratory
deaths increased from 17.7 years to 27.9 years in patients who could benefit from mechanical
ventilation.*

In children with DMD, loss of muscle mass is most likely irreversible and in the absence of disease-
modifying treatment, patients are left with an extremely severe disease. DMD specific treatments
that address the underlying lack of dystrophin protein are needed to stabilise or slow disease
progression as early as possible. Ataluren is the first and only drug to stimulate the production of
complete dystrophin protein and contribute to a delay in disease progression, to be conditionally
approved by the EMA or MHRA for the treatment of nmDMD, in ambulatory patients aged 2 years
and older."*!

Regulatory approval for the use of ataluren in patients aged 2 years and older is an extension to the
license since the original submission to NICE (HST3) recommended use in patients aged 5 years
and older as per the licence. This licence extension has been granted as the regulators have
recognised the potential benefit of beginning treatment earlier in a child’s development, impeding
the rate of irreversible functional decline during the patient’s early life.’

Impact of the new technology

In addition to the two placebo-controlled randomised double-blinded studies, (Study 007)%* and
(Study 020),%® which formed the main evidence base for the original NICE assessment, a number of
long-term follow-up studies and real-world evidence investigating the treatment effect of ataluren are
available following the original submission, the most prominent of which being the STRIDE registry.

The key clinical evidence supporting the efficacy and safety of ataluren presented in this submission
is a global registry following nmDMD patients receiving ataluren plus BSC in clinical practice for at
least 5 years (STRIDE) (January 2021 data cut). STRIDE represents the largest nmDMD data cohort
for real-world outcomes analysis and enables the evaluation of ambulatory and non-ambulatory
milestones in 269 nmDMD patients (evaluable population) aged 2 years and older.3* As all patients
in STRIDE receive ataluren, comparative data with BSC alone was obtained from a DMD natural
history registry. As such, data from STRIDE has been propensity score matched to the Cooperative
International Neuromuscular Research Group (CINRG) Duchenne Natural History Study (DNHS) to
provide key long-term comparative efficacy data for the cost-effectiveness model. In STRIDE, ||}
patients were treated in the UK, the majority of which are likely to have received ataluren as part of
the MAA.

As the STRIDE registry is the largest cohort of treated ataluren patients, has over 5 years of follow-
up, includes the majority of the MAA patients, and records the relevant outcome measures required
to evaluate disease progression, the STRIDE/CINRG propensity score matched comparison is the
most comprehensive data available to inform the clinical parameters within the economic analysis.

The STRIDE/CINRG analysis showed that ataluren plus BSC delayed LoA for over 5 years, which
allowed patients to live their lives more fully as children. Ataluren treatment in STRIDE was
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associated with a delay in LoA by 5.4 years compared with CINRG DNHS matched controls
(17.9 years of age vs 12.5 years of age, respectively). Ataluren statistically reduced the risk for LoA
by 63% relative to BSC alone in CINRG DNHS (p<0.0001, hazard ratio [HR] 0.374).35 Ataluren-
treated patients also retained their ability to stand from supine for longer, with a . lower risk of
reaching a time to rise from supine in more than 10 seconds compared to matched patients in CINRG
DNHS ()%

Across early pulmonary function milestones, patients in STRIDE were older than propensity-
matched subjects from the CINRG DNHS database at the time each milestone was reached.*” The
median age at % predicted FVC <60% was 17.6 years for STRIDE subjects and 15.8 years in the
CINRG propensity score matched population (p=0.0051; HR 0.544). Similar results were observed
for the milestones of % predicted FVC JJ]. A delay in reduction in pulmonary function was also
observed in a propensity score matched Study 019 and CINRG comparison, with a 3-year median
delay in decline of predicted FVC to <60% in non-ambulatory patients when compared to a
propensity score matched population from CINRG (18.1 years and 15.1 years respectively,
p=0.0004).% There is also evidence from the Study 019/CINRG analysis that, once a patient loses
ambulation, the time before a significant reduction in pulmonary function is also extended when
receiving ataluren. Ataluren patients had a median duration of 4.9 years from LoA to pFVC<60%
compared with a median duration of 3.6 years for match supportive care patients (p=0.219).

Other clinical evidence to support the safety and effectiveness of ataluren includes the two placebo-
controlled randomised double-blinded studies; (Study 007)% and (Study 020)** which formed the
main evidence base for the original NICE assessment. In these studies, ataluren reduced the decline
in 6-minute walk distance (6MWD) over 48 weeks compared with BSC alone, and consistently
demonstrated benefit across multiple measures of muscle strength and function.3%3% A clinically
meaningful benefit in the decline in 6GMWD was observed in Study 007 with a mean difference of
31.3m less average decline for ataluren patients compared to controls.®?4° Following completion of
Study 007, patients with a baseline 6MWD of 2300 to <400 metres were identified as the optimal
group as these patients have a considerable loss of walking ability, but still have enough mobility to
be able to show a drug effect on 6BMWD over 48 weeks.®® The treatment effect was evident in the
pre-specified subgroup of patients with a baseline 6MWD of 2300 metres to <400 metres in Study
020, with a statistically significant least-squares (LS) mean difference of 42.9 metres between the
two groups (p=0.007).33

A pre-specified meta-analysis of Study 020 and Study 007 (patients who met Study-020 criteria) was
conducted to increase the sample size to 171 patients in both the ataluren and placebo treatment
arms, resulting in statistically significant treatment effects of a mean difference in the change in
6MWD of 17.2m compared to placebo.*' Further meta-analyses that provide additional data also
demonstrated improved 6MWD and timed function test (TFT) results that were statistically significant
in all patient subgroups.

Following the original submission (HST3), Study 030 (Phase 2) evaluated the safety,
pharmacokinetics and efficacy of ataluren in patients with nmDMD aged 2 to less than 5 years.*?
Based on the positive results of this study that included improvements in physical functioning with
ataluren, comparable drug exposure with older patients and an acceptable safety and tolerability
profile, expansion of the label to include ambulatory children aged 2 to 5 years with nmDMD was
approved by the European Commission (EC) on 23 July 2018."
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A further open-label extension study (Study 019) conducted after HST3, provides additional
evidence for the efficacy of ataluren, including its beneficial effects on loss of ambulation and on
pulmonary function in non-ambulatory patients.*> A propensity score matching exercise using
ataluren patients from study 019 and the CINRG natural history registry provides a comparative
efficacy analysis between ataluren patients and natural history patients which demonstrates a delay
in loss of ambulation of 2.2 years (p=0.0006).

As a condition of the NICE recommendation in 2016, to receive ataluren, eligible patients must sign
up to the MAA.2 In July 2021, a contract variation was agreed, which extended the period of the MAA
to allow for additional data collection.* The MAA primary efficacy measure is the change in the North
Star Ambulatory Assessment (NSAA), over the course of a 3 to 4-year period. In order to assess
response to treatment, patients receiving ataluren in the MAA have been compared to a matched
control group receiving BSC alone, identified from DMD patients without the nonsense mutation
included in the North Star registry. The data indicate that treatment with ataluren . disease
progression compared to BSC alone, with . ataluren-treated patients losing functions on the NSAA
over 36 months. In an analysis of patients who completed 36 months of treatment, the change from
baseline over 3 years in linear NSAA (scale from 0 to 100) was a mean (SD) Il points for ataluren
and a mean (SD) Il points for BSC alone. The NorthStar registry cohorts were matched using
propensity scores, however, a key prognostic variable “age at first symptom” was not recorded within
the registry and therefore not included as a matching covariate. The resulting matched cohort of 59
patients for each treatment arm were not well balanced on key covariates and suffered from missing
data at later timepoints. In addition, more than J|% of BSC patients were aged <7 years (compared
to o in ataluren-treated patients), and in these patients’ disease history data suggests ambulatory
function improves in DMD children until approximately 7 years old. For this reason, many BSC
patients NSAA increased during the first stages of follow-up, and then declined at a slower rate than
their matched ataluren counterparts. This introduces potential bias into the analysis and limits the
ability to form meaningful conclusions from this study.

Ataluren is well tolerated in nmDMD patients as young as 2 years old. In clinical trials and long-term
studies, the observed safety and tolerability profile of ataluren is comparable to that of BSC. In the
two placebo-controlled studies the most common reported adverse reactions were vomiting,
diarrhoea, nausea, headache, upper abdominal pain, and flatulence, all occurring in 25% of all
ataluren-treated patients.' Safety data from 28 weeks of therapy showed a similar safety profile of
ataluren in patients 2-5 years as compared with patients aged 5 years and older." In the long-term
observational study of ataluren in nmDMD (STRIDE), interim safety results continue to be consistent
with the known safety profile of ataluren.

In a degenerative disease with progressive and irreversible loss of functions, that eventually leads
to death, stopping or slowing the progression of the disease is considered meaningful to patients,
as this would preserve their abilities and delay subsequent loss of functions. This is illustrated in
quotes from caregivers of patients receiving ataluren:?

“Yesterday again, for example, he got out of his all-terrain hopper and he walked for | would say a
good 20 minutes or more yesterday. Without Translarna, | don’t think he would be able to do that”

“It’s just good to see that [he] can be stable. Obviously, we know that things will change at some
point but it's a much slower decline so it gives you just more time to play with really and it’s just
positive all round.”
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The additional analyses of the STRIDE and Study 019 data compared to CINRG following the
original submission demonstrate that the dystrophin-restoring mechanism of action of ataluren can
be beneficial to patients with nmDMD for all types of skeletal muscles throughout different stages of
the disease, regardless of ambulatory status. Ataluren can provide further benefit to that already
conferred by corticosteroids (given as part of BSC) and preserve vital functions for longer such as
the patients’ ability to breathe independently.

Both the clinical evidence and expert clinical opinion support the ability for ataluren to preserve
muscle function beyond loss of ambulation. The previous NICE guidance for ataluren stipulates
patient should discontinue treatment within 6 months of LoA. Under the current guidance, patients
are being deprived of potential treatment benefit and therefore PTC propose that treatment with
ataluren should continue beyond loss of ambulation.

The treatment benefit demonstrated with real-world use of ataluren reduces the cumulative impact
of DMD on the quality of life of families and caregivers. Availability of ataluren enables carers of
children with nmDMD to continue to work for longer before having to reduce their working hours or
give up work entirely to look after their child. Changes to caregiver impacts following ataluren
treatment, including less anxiety and stress, and the positive impact on work, have been described.*

“I go to work now, and | don’t worry about what's happening at nursery, is he going to fall over? Am
I going to get a phone call from the ambulance saying he’s in hospital? ... I'm not worrying, I'm able
to focus more on my day to day. So | don’t feel like I'm worrying about him, because | know how well
he’s doing.”

“'m able to have more of a social life, | can do more things. He can be left alone for you know hours
and hours, | can go out for instance from say 9am until 5pm and [son] will cope perfectly fine at home
without me or anyone here, so that’s a big change. So, yeah, | can do a lot more, going to work full-
time and just doing more or less normal day to day stuff that most other people would do now.”

Value for money

A cost-utility analysis of ataluren within its licensed indication, patients aged =2 years old with
Duchenne muscular dystrophy resulting from nonsense mutation (nmDMD), was conducted from the
perspective of the NHS and PSS. The analysis used a partition survival model, consisting of five
health states to reflect the progressive and heterogeneous nature of nmDMD, which was based on
the HERCULES natural history model. Patients entered the model in the ambulatory health state
and progress to non-ambulation (i.e., fully wheelchair bound). Following loss of ambulation, health
states were defined by pulmonary status according to predicted FVC greater than 50%, less than
50%, or less than 30%. An absorbing death health state was included in the model, which patients
could move to from any health state.

The analysis estimated the lifetime costs, quality-adjusted life years (QALYs) and life years (LY)
associated with ataluren plus BSC, and BSC alone. The analysis was conducted over a lifetime
horizon of 70 years, with three-month cycle lengths. Costs and health effects were discounted at
3.5%. As proposed in the original submission, a patient access scheme (PAS) with a simple discount
is incorporated in the cost-utility analysis with results at both list and PAS discounted prices.

STRIDE registry data was used to inform the economic model. STRIDE patients were propensity
score matched to patients in CINRG DNHS and used to inform the clinical inputs of intervention and
comparator arms of the model, respectively. Due to the lack of clinical efficacy data for patients aged
2 to 5 years old, the model assumes that patients receiving ataluren at an early age (2 to 5 years)
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will benefit from a delay in loss of ambulation, predicted FVC, and death. These early treatment
delays have been validated by clinicians as part of an unpublished Delphi panel study. The model
also assumes that once patients reach the final non-ambulatory health state (predicted FVC <30%),
they die within three years, which was informed by published literature and validated by
clinicians.20-21

Health effects include patient and caregiver utilities, and bereavement due to loss of a child. Patient
utilities were treatment specific, based on outcomes from a Delphi panel study conducted by
Landfeldt et al. Caregiver utilities were assumed equal for intervention and comparator, and patients
were assumed to have two caregivers based on validation by UK clinicians. The model applied 9%
of the loss of life due to nmDMD to account for bereavement, where greater QALY loss was observed
for BSC alone due to delayed death with ataluren.

Over a 70-year time horizon, at a 3.5% discount rate, patients receiving ataluren and their caregivers
accrued an additional ] discounted QALYs compared to standard of care (SoC), at an additional
cost of . (list) or . (PAS) per patient. This corresponds to an incremental cost-effectiveness ratio
(ICER) of £336,555 based on list price and Il on PAS. Applying weights based on the incremental
number of undiscounted QALYs in the HST decision modifier, rescales the ICERs so that they can
be compared with the £100,000 per QALY threshold. Applying the weight associated with 23
undiscounted incremental QALYs gives ICERs of £145514 and ] based on list and PAS
discounted prices, respectively.

Deterministic, probabilistic and scenario analyses were performed showing that patient and
caregiver utilities, number of caregivers, treatment compliance, and patient weight are key drivers of
the cost-effectiveness results. The majority of these analyses produced ICERs based on the PAS
discounted price that are below or close to the £100,000 per QALY threshold, indicating that ataluren
is cost-effective.

The budget impact model assumes . prevalent nmDMD patients aged =2 years, based on the
number of patients in the MAA, and 6 incident patients per year. Assuming an annual mortality rate
and rate of patients reaching predicted FVC <50% of [l and B, respectively, each year on average
. patients are eligible to receive ataluren.

Applying a market uptake of 100% and a treatment compliance rate of 95% in Year 1 to 5, the
estimated budget impact with ataluren ranges from . in year 1to . year 5, at the list price and .
in year 1 to [ in year 5 with the PAS discount applied.

Impact of the technology beyond direct health benefits

A substantial proportion of the benefits of ataluren treatment are incurred outside of the NHS and
personal social services. Due to its early onset and rapid progression, DMD results in severe
disability and consequent lack of independent living by the early twenties with death usually occurring
before the age of 30. # As a result, adults with DMD rarely succeed in participating in a working life.
A considerable amount of time, which increases with progression of their son’s disease, is spent by
family members in providing care. The burden on caregivers results in substantial losses in
productivity, with many DMD caregivers terminating their employment or reducing their working
hours to find the time needed to care for their sons.

A treatment that changes the course of nmDMD by slowing disease progression enables children
with nmDMD to participate in education for longer, remain more self-sufficient and have an increased
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chance of employment in adulthood. This would also mean that caring for their children would be
less intensive for parents/ caregivers and may allow them to stay in paid work for longer.

Ataluren treatment delays loss of ambulation and delaying progression to the non-ambulatory stage
of disease would delay the occurrence of the associated costs, of which a large proportion are made
up of costs to households incurred outside of the NHS and personal social services.?*?’

Conclusion

Ataluren is an innovative, first-in-class drug and is the first specifically approved therapy for nmDMD
that addresses the underlying cause of the disease. Since ataluren received conditional regulatory
approval by the EMA in 2014, no other treatments for DMD have been approved in Europe,
highlighting the current and future need for ataluren as an effective treatment option.

The significant volume of data accumulated during the period since the original submission, including
data from STRIDE, provide compelling evidence that long-term treatment with ataluren in nmDMD
slows disease progression and, consequently, improves quality of life, reducing the burden on
caregivers, and is ultimately expected to prolong survival.
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A Decision problem

Section A describes the decision problem, the technology, ongoing studies, regulatory
information, and equality issues. A (draft) summary of product characteristics (SPC), a
(draft) assessment report produced by the regulatory authorities (for example, the

European Public Assessment Report [EPAR] should be provided.

1 Statement of the decision problem

The decision problem is specified in the final scope issued by NICE. The decision problem
states the key parameters that should be addressed by the information in the evidence
submission. All statements should be evidence-based and directly relevant to the decision

problem.
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Table A-1: Statement of the decision problem

Final scope issued by NICE

Variation from scope in the
submission

Rationale for variation from
scope

The outcome measures to be
considered include:

walking ability (ambulation)
muscle function

muscle strength

ability to undertake activities
of daily living

cardiac function

lung function

time to wheelchair

number of falls

mortality

adverse effects of treatment
health-related quality of life
(for patients and carers).

not presented.

Population People aged 2 years and older None Note: Whilst this aligns with the
with Duchenne muscular indication wording for ataluren,
dystrophy resulting from a we would highlight that continued
nonsense mutation in the treatment with ataluren beyond
dystrophin gene who are able to loss of ambulation is expected to
walk provide continued benefit by

preserving remaining muscle
function and vital functions such
as pulmonary and cardiac
function.

Intervention Ataluren None Not applicable

Comparator(s) Established clinical management | None Not applicable
without ataluren

Outcomes Data on cardiac outcomes are

Whilst cardiac assessments are
included in the patient registry
(STRIDE) these data are
immature and effect on cardiac
function is unable to be
presented in the submission.

Subgroups to be considered

None

None.

Note: Subgroup analysis relating
to outcomes in patients based on
baseline 6-minute walk distance
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(6MWD) will be included in the
clinical evidence, however these
do not reflect specific populations
to be treated in practice and are
not presented in the economic
modelling.

Nature of the condition

disease morbidity and
patient clinical disability with
current standard of care
impact of the disease on
carer’s quality of life

extent and nature of current
treatment options

None

Not applicable

Cost to the NHS and PSS, and
Value for Money

cost-effectiveness using
incremental cost per quality-
adjusted life year

patient access schemes and
other commercial
agreements

the nature and extent of the
resources needed to enable
the new technology to be
used

None

Not applicable

Impact of the technology
beyond direct health benefits,
and on the delivery of the
specialised service

whether there are significant
benefits other than health
whether a substantial
proportion of the costs
(savings) or benefits are
incurred outside of the NHS
and personal and social
services

the potential for long-term
benefits to the NHS of
research and innovation

None

Not applicable
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o the impact of the technology
on the overall delivery of the
specialised service

o staffing and infrastructure
requirements, including
training and planning for
expertise

Special considerations,
including issues related to
equality

None

None

Not applicable
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2 Description of technology under assessment

2.1 Give the brand name, approved name and when appropriate, therapeutic class.

Brand name: Translarna™
Approved name: Ataluren

Therapeutic class: MO9AX03

2.2 What is the principal mechanism of action of the technology?

A nonsense mutation in DNA results in a premature stop codon within an mRNA. This premature
stop codon in the mMRNA causes disease by terminating translation before a full-length protein is
generated. Ataluren enables ribosomal readthrough of mMRNA containing such a premature stop
codon, resulting in production of a full-length protein.’

2.3 Please complete the table below.

Table A-2. Dosing Information of technology being evaluated

Pharmaceutical formulation Granules for oral suspension (125 mg, 250 mg, 1000 mg
sachets)

Method of administration Oral

Doses The recommended dose is 10 mg/kg body weight in the

morning, 10 mg/kg body weight at midday, and 20 mg/kg
body weight in the evening (for a total daily dose of 40
mg/kg body weight). Table A-3 below provides
information on which sachet strength(s) to use in the
preparation of the recommended dose by body weight
range."

Dosing frequency Three times a day (morning, midday, and evening).
Recommended dosing intervals are 6 hours between
morning and midday doses, 6 hours between midday
and evening doses, and 12 hours between the evening
dose and the first dose on the next day.

Average length of a course of Ataluren is a long-term chronic therapy. Under the
treatment conditions of the Managed Access Agreement, treatment
may be continued until patients lose ambulation, as
follows: If a patient has lost all ambulation (i.e., can no
longer stand even with support) and has become entirely
dependent on wheelchair use for all indoor and outdoor
mobility (other than for reasons of an accident and/or an
intercurrent iliness), the patient’s physician needs to
discuss stopping ataluren treatment. In such cases,
patients should stop treatment no later than 6 months
after becoming fully non-ambulant.?

Based on input received by PTC from clinical experts in
England and the average time on treatment observed in
the clinical evidence base, treatment with ataluren should
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continue beyond loss of ambulation, until ventilation
support is required (i.e. patients achieve predicted FVC
<50%)

Anticipated average interval
between courses of treatments

Not applicable.

Anticipated nhumber of repeat
courses of treatments

Not applicable.

Dose adjustments

Dose should be adjusted according to body weight as
shown in Table A-3. No other dose adjustments are
required.

Table A-3: Translarna dosing

Number of sachets
Weight Morning Midday Evening
R&.ge 125 mg | 250 mg 1::;" 125 mg | 250 mg l:l)lﬂgu 125 mg | 250 mg ll{])lﬂg“
sachets | sachets sachets | sachets sachets | sachets
sachets sachets sachets
12 14 1 0 0 1 0 0 0 1 0
15 16 1 0 0 1 0 0 1 1 0
17 20 0 1 0 0 1 0 0 1 0
21 23 0 1 0 0 1 0 1 1 0
24 26 0 1 0 0 1 0 0 2 0
27 31 0 1 0 0 1 0 1 2 0
32 35 1 1 0 1 1 0 1 2 0
36 39 1 1 0 1 1 0 0 3 0
40 | 44 1 1 0 1 1 0 1 3 0
45 46 0 2 0 0 2 0 1 3 0
47 55 0 2 0 0 2 0 0 0 1
56 62 0 2 0 0 2 0 0 1 1
63 69 0 3 0 0 3 0 0 1 1
70 78 0 3 0 0 3 0 0 2 1
79 86 0 3 0 0 3 0 0 3 1
87 93 0 0 1 0 0 1 0 3 1
94 | 105 0 0 1 0 0 1 0 0 2
106 | 111 0 0 1 0 0 1 0 1 2
112 | 118 0 1 1 0 1 1 0 1 2
119 | 125 0 1 1 0 1 1 0 2 2

Source: Translarna SPC'
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3 Regulatory information

3.1 Does the technology have a UK marketing authorisation for the indication
detailed in the submission? If so, give the date on which authorisation was
received. If not, state the currently regulatory status, with relevant dates (for
example, date of application and/or expected approval dates).

Yes. Ataluren received a conditional marketing authorisation from the EC on 31 July 2014 for the

treatment of DMD resulting from a nonsense mutation in the dystrophin gene, in ambulatory patients
aged 5 years and older.

In July 2018, an expansion of the label to include ambulatory patients as young as 2 years of age
was granted by the EC.6

In July 2020, the conditional registration was renewed by the EC. At this time, Section 4.1 of the
SPC was updated to remove the sentence “efficacy has not been demonstrated in non-ambulatory
patients” based on SPC guideline and the ‘Guide for Assessors of Centralised Applications’ on the
wording of the therapeutic indication’."4’

In January 2021 ataluren was authorised by the Medicines and Healthcare products Regulatory
Agency (MHRA) for use in the UK based on automatic recognition of the EC approval.

3.2 If the technology has not been launched, please supply the anticipated date
of availability in the UK.

Not applicable.

3.3 Does the technology have regulatory approval outside the UK? If so, please

provide details.

Ataluren is indicated for the treatment of Duchenne muscular dystrophy resulting from a nonsense
mutation in the dystrophin gene, in ambulatory patients aged 2 years and older in the European
Member States and Iceland, Liechtenstein, Norway, Great Britain, Northern Ireland, Kazakhstan,
Israel, Republic of Korea, Brazil, Russia and Belarus, and aged 5 years and older in Chile and
Ukraine (under special state registration). In Brazil, the indication is restricted to paediatric male
patients. The presence of a nonsense mutation in the dystrophin gene should be determined by
genetic testing.

3.4 |If the technology has been launched in the UK provide information on the use

in England.

Since July 2016 ataluren has been available in England under a managed access agreement (see
section 6.2).
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4 Ongoing studies

41

Provide details of all completed and ongoing studies on the technology from

which additional evidence relevant to the decision problem is likely to be

available in the next 12 months.

This should include unpublished and ongoing studies, and studies awaiting publication.

Also include post-marketing surveillance and register data.

There are three ongoing studies investigating ataluren for the treatment of nmDMD (Table A-4). Data
from Study 016 . Data from the randomised phase of Study 041 . with top line results expected
to be announced publicly in Q2 2022. The STRIDE Registry is ongoing, and data are analysed on a
biannual basis, with the next data cut planned in January 2023.

Table A-4. List of ongoing studies

Study ID(s)

Description

Study 016
PTC124-GD-016-DMD

NCT01247207
Study Title: An Open-Label, Safety Study for
Previously Treated Ataluren (PTC124) Patients With

Nonsense Mutation Dystrophinopathy

Start: 11/2010
End: ongoing, estimated 12/2023

Study type: Phase 3 open-label safety study for
patients with a history of exposure to ataluren in a
prior PTC study or treatment plan in nmDMD and
effected siblings of those participants

Total sample size: 120 (as of 31 July 2020)
Population: nmDMD

Intervention(s): 40mg/kg/day; TID
Comparator(s): None

Outcomes: Safety (adverse events, laboratory
abnormalities, abnormal physical findings)

Study 041
PTC124-GD-041-DMD

NCT03179631

Title: A Phase 3, Randomised, Double-blind,
Placebo-controlled Efficacy and Safety Study of
Ataluren in Patients with Nonsense Mutation
Duchenne Muscular Dystrophy and Open-Label
Extension

Start: 07/2017
End: 09/2022 (double-blind phase)

Study type: Phase 3 long-term disease
progression study, randomised, double-blind,
placebo 72-week study with 72-week open-label
extension

Total sample size: 250 Approximately 340 (i}
have been randomised)

Population: Male, 5 years and older, nmDMD,
ambulatory, 6BMWD =150 metres
Intervention(s): Ataluren 40 mg/kg/day; TID
Comparator(s): Placebo

Outcomes: Primary: change 6MWD; Secondary:
change from baseline in 6MWD, TFTs, NSAA, time
to LoA, time to loss stair-climbing, time to loss
stair-descending, risk of loss of NSAA, TEAEs.

Study 0250 (STRIDE Registry)
PTC124-GD-0250-DMD

NCT02369731

Title: Long-Term Observational Study of Translarna
Safety and Effectiveness in Usual Care

Start: 04/2015
End: 05/2025

Mercuri et al. 20207; Mercuri et al. 202134; Tulinius
et al. 202137

Study type: Ongoing observational registry
Study Design: Multicentre, observational,
cohort

Total sample size: 360

(288 enrolled at data cut-off 31 January 2021)
Population: nmDMD

Intervention(s): Usual care, commercial
ataluren or early access program

40 mg/kg/day; TID

Comparator(s): None

Outcomes: Safety; Efficacy evaluations conducted
as per usual care: 6MWD, TFTs, LoA, NSAA,
pulmonary and cardiac assessments

6MWD, 6-minute walk distance; BMWT, 6-minute walk test; ECL, electrochemiluminescence; ADL, activities of daily
living; CK, creatinine kinase; LoA, loss of ambulation; nmDMD, nonsense mutation Duchenne muscular dystrophy;
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NSAA, North Star Ambulatory Assessment; PedsQL, Paediatric Quality of Life Inventory; PK, pharmacokinetic;
Paediatric Outcomes Data Collection Instruction (PODCI), Paediatric Outcomes Data Collection Instrument; PUL,
Performance of Upper Limb; QoL, quality of life; TEAE, treatment-emergent adverse event; TID, three times daily; TFT,
timed function test

4.2 If the technology is, or is planned to be, subject to any other form of
assessment in the UK, please give details of the assessment, organisation and

expected timescale.

In early 2021 ataluren underwent initial assessment by the Scottish Medicines Consortium
(SMC) for prescribing within the ultra-orphan pathway. In February 2022 the SMC
recommended that ataluren can be prescribed within this pathway while further evidence is

collected and reassessed 3 years after this decision. 48

5 Equality

NICE is committed to promoting equality of opportunity and eliminating unlawful
discrimination on the grounds of age, disability, gender reassignment, race, religion or
belief, sex, and sexual orientation, and to comply fully with legal obligations on equality

and human rights.

Equality issues require special attention because of NICE’s duties to have due regard to
the need to eliminate unlawful discrimination, promote equality and foster good relations

between people with a characteristic protected by the equalities legislation and others.

Any issues relating to equality that are relevant to the technology under evaluation should

be described.

Further details on equality may be found on the NICE website

(http://www.nice.org.uk/aboutnice/howwework/niceequalityscheme.jsp).

5.1 Please let us know if you think that this evaluation:

¢ could exclude from full consideration any people protected by the equality
legislation who fall within the patient population for which [the treatment(s)]

is/are/will be licensed;

¢ could lead to recommendations that have a different impact on people protected
by the equality legislation than on the wider population, e.g., by making it more

difficult in practice for a specific group to access the technology;
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e could lead to recommendations that have any adverse impact on people with a

particular disability or disabilities

Not applicable.

5.2 How will the submission address these issues and any equality issues raised

in the scope?

Not applicable.
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B Nature of the condition

6 Disease morbidity

6.1 Provide a brief overview of the disease or condition for which the technology
is being considered in the scope issued by NICE. Include details of the
underlying course of the disease, the disease morbidity and mortality, and the

specific patients’ need the technology addresses.

6.1.1 DMD overview

DMD is a severe, progressive, and rare inherited muscle wasting disease. It is characterised by a
relentless decline in physical functioning from early childhood and eventual pulmonary and cardiac
failure, leading to death in early adulthood (usually before the age of 30).# DMD is an X-linked
recessive disorder and therefore predominantly, though not exclusively, affects males.

DMD is caused by a mutation in the dystrophin gene that results in the absence of functional
dystrophin protein. The role of the dystrophin protein is to act as a shock absorber, bearing the
mechanical stresses that occur during muscle contraction, stabilising muscle cell membranes, and
protecting muscles from injury.*® The lack of functional dystrophin leads to long-term irreparable
damage of all muscles, including the diaphragm and cardiac muscle, with limited potential to regain
function.5®

In DMD, dystrophin gene alterations can be caused by a nonsense mutation (nmDMD), resulting in
a premature stop codon in the mRNA sequence that codes for the dystrophin protein.%®5" This
premature stop codon halts the ribosome and stops translation, resulting in a truncated protein that
is too short and often too unstable to function properly leading to loss of protein function and
consequent disease.*

Most subtypes of DMD present with a similar course and timescale of disease progression. While
there is some evidence that certain mutation types may have a milder phenotype, patients with
nonsense mutations have a disease progression trajectory similar to other DMD subtypes,'™ with
potentially no correlation between dystrophin genotype and DMD disease progression.>?

Given the similar disease course across different types of DMD, data from patients with DMD type
other than the nmDMD subtype, in terms of disease progression and prognostics, are considered to
be generalisable. More specifically, this submission presents evidence collected on a range of DMD
patients, including other cohorts of genetic mutations, and these data are considered to be
generalisable or representative of the type of DMD for which ataluren is indicated as comparable
evidence.*

6.1.2 Disease progression and symptoms

DMD is a severe, progressive muscle wasting disease that follows a well-defined pattern from early
childhood. As DMD is a genetic disease, dystrophin production is first affected in utero, with muscle
degeneration occurring anytime thereafter and symptoms usually become apparent between 1 and
3 years of age.”"®
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Age of first symptoms is predictive of the age at LoA, with earlier onset predicting earlier age at
LoA.>* Progressive muscle weakness is initially seen in the lower extremity muscles with loss of
strength and function. Young children usually have subtle symptoms of delayed walking or delayed
speech compared to their peers.

As the disease progresses, earlier signs and symptoms that were mild or subtle worsen and
inevitably become more severe, and functional tasks become increasingly difficult. At around 5 years
of age, impairment of physical ability becomes increasingly evident (some children may never
develop the ability to jump or run properly) and almost all patients must adopt compensatory
manoeuvres, such as Gowers’ sign and toe walking.®® Due to natural healthy development, motor
skills, including walking ability, improve up to around 7 years of age; however, this improvement
occurs at a slower rate than in healthy children and functional performance is already impaired at
this age_1o,13,56-58

After 7 years of age significant decline in walking ability occurs, and activities such as rising from the
floor and ascending stairs become more difficult.>'* Accidental falls can result in fractures, thereby
further incapacitating DMD patients, with fractures to the femurs (40%), lower legs (35%), feet and
toes (44%) resulting in an accelerated decline towards permanent LoA.'%%°

As ambulatory ability continues to deteriorate, DMD patients lose the ability to walk independently
and become wheelchair dependent at a median age of 12 to 13 years.'*'®

LoA is a critical functional milestone in the lives of patients and their families and is associated with
substantial decline in quality of life (see Section 7.1). Up to two-thirds of a DMD patient’s life occurs
after they can no longer walk, and the underlying pathology remains unchanged after this milestone.
In addition, LoA does not entail complete loss of meaningful lower-limb function. The ability to stand
briefly, to transfer from the wheelchair, and to turn over in bed require functional lower-limb
musculature after ambulation has been lost. The age at LoA predicts subsequent disease milestones
such as the development of scoliosis (see below) and moderate and severe pulmonary
insufficiency.®®

Due to permanent use of a wheelchair and continuing deterioration of upper limb functions, activities
(e.g., personal grooming, toileting, bathing, dressing, sitting unsupported, and eating) become
difficult or impossible to perform independently.’® Eventually, even the ability to operate an electric
wheelchair and take part in recreational activities requiring dexterity, such as playing videogames or
using mobile phones, is lost. Additionally, further skeletal muscle deterioration may then lead to
complications including contractures and skeletal deformities such as scoliosis due to weakening of
the back muscles.®®® Scoliosis is a musculoskeletal deformity that can restrict lung function and
predisposes to respiratory system complications e.g., chest infections, pneumonia with
consequential hospitalisation. The need for orthopaedic intervention to correct scoliosis carries its
own risk of complications and may not be successful/appropriate without concurrent ability for the
patient to rehabilitate their spinal muscles to support the spine post-operatively.

Pulmonary function, as measured by percent predicted FVC, is affected from a young age; however,
the decline becomes more apparent following LoA. Natural history data show that percent predicted
FVC values are modestly impacted at 7 to 9 years of age remaining above 80%.'® However, by 10
to 11 years of age, both parameters fall below the 80% predicted threshold, which is generally
defined as the lower limit of normal and defines restrictive pulmonary disease or low lung volume.
Below this threshold, pulmonary function decline is established.'”84¢5 Crossing the 80% of predicted
FVC threshold and subsequent decline generally coincides with the time DMD patients become non-
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ambulant during their early teenage years."” From around 10 years of age, there is a steady decline
in pulmonary function as measured by percent predicted FVC and this is paralleled by percent
predicted PEF."” This decline is reported to continue at a rate of 4% to 9% per year in various studies
that included DMD patients being treated with corticosteroids (GCs).'6.60.66-71

By 16 years of age, key pulmonary parameters (including FVC, PEF, FEV1, MIP, and MEP) are
<50% of predicted values of healthy children.'®'” An FVC less than 50% predicted is considered to
be a clinically relevant threshold as patients start to develop signs of moderate pulmonary
dysfunction, requiring nocturnally-assisted ventilation and more frequent monitoring as patients are
at a higher risk of suffering pulmonary complications (see section 6.1.3.2).”2 Nocturnally-assisted
ventilation and other types of non-invasive ventilatory support can cause their own complications in
the long-term, e.g., carbon dioxide retention and risk of type Il respiratory failure which can cause
recurrent and serious complications including hospital admissions and the need for further invasive
respiratory support in a higher dependency setting.

Patients with DMD require assisted ventilation at a median age of 18 to 20 years due to pulmonary
decline.”>"* Dependence on permanent ventilation, which may require tracheostomy, usually occurs
before 23 years of age.”®' Ultimately, absolute FVC declines below 1 litre, a threshold that is
strongly predictive of mortality within 3 years and a 4-fold increased risk of death.20%!

Although DMD progresses along a continuum, the deterioration in muscle strength and function
results in loss of function milestones, such as LoA, that can be used to describe various stages of
the condition. As part of Project HERCULES (Duchenne UK 20207°), a multinational collaboration
set up by Duchenne UK, to develop tools and evidence to support health technology assessments
and reimbursement decisions for new treatments for DMD, the University of Leicester is leading a
project to build a natural history model (NHM) for DMD. One of its aims is to define health states that
represent a change in either HRQL and/or resource use/cost, and to which clinical trial outcomes
can be applied. The health states in the HERCULES NHM closely reflect those shown in Figure B.1.

Figure B.1. Milestone and Stages of DMD

Pre-symptomatic H Early ambulatory H Late ambulatory H Early non-ambulatory H Late non-ambulatory

May show Gowers’ sign Increasingly May be able to self propel Upper limb function loss
developmental delay == Waddling gait laboured gait Able to maintain posture FVC <50%
but no gait Toe Walking Losing ability to May develop scoliosis Night-time and eventually
disturbance Able to climb stairs climb stairs and rise full-time ventilation
and rise from the from floor required
floor Eventual bed confinement
L @ L L
Symptom onset LoA Assisted ventilation Death
3 years 12-13 years 18-20 years 27-30 years

%p, percent predicted; CINRG, Cooperative International Neuromuscular Research Group; DMD, Duchenne muscular dystrophy; FVC,
forced vital capacity; LoA, loss of ambulation

Note: Milestones are reported as medians. Median age at death is reported for patients receiving assisted ventilation.
Sources.4,9,10,14,15,18,19,72-74,76,77
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6.1.3 Assessment of disease progression in clinical trials

6.1.3.1 Ambulatory outcome measures

The 6-Minute Walk Test (6MWT)

The 6MWT that measures the distance a patient is able to walk for a total of six minutes on a hard,
flat surface, is a validated and global functional measure supported by both the European Medicines
Agency (EMA) and Food and Drug Administration (FDA).”®" The 6MWT outcome measure also
shows a strong positive correlation with other functional endpoints®® and predicts the age at loss of
future clinically meaningful milestones.'® Natural history data indicate an optimal window for
detecting a treatment effect is in patients with a 6MWD between 300 and 400 metres (see section
6.1.3.3).

Timed Function Tests (TFTs)

In addition to the ability to walk, other skills are important for patients and their caregivers as
milestones in the progression of the disease, such as being able to get up from a lying position, climb
stairs, and eat unassisted.®’ TFTs measure the time needed to carry out certain functional activities
as quickly as possible such as the time it takes to get up or down four steps as quickly as possible;
to get up from a lying position; or to walk 10 metres. These tests are easy to apply, can be
reproduced, are representative for the performance of general daily activities and have a predictive
value for the disease progression.

A treatment effect of greater than 1.0 to 1.5 seconds on a TFT translates to differences in physical
and social activity in patients with DMD.8'#2 The minimal clinically important difference (MCID) has
been estimated to be 1.4 to 2.3 seconds for the run/walk 10-metre test, 2.1 to 2.2 seconds for the
climb 4 stairs test, and 3.6 to 3.7 seconds for the supine to stand test.®® There is a strong linear
relationship between the BMWT and the 10-metre run/walk test: a 6-second performance on the time
to run/walk 10 metres corresponds to 358 metres on the 6MWT. In addition, a time of greater than
10 to 12 seconds on the time to run/walk 10 metres is associated with a high risk of Load over 12
months.%®8 TFTs measure a burst of activity whereas 6BMWT measures endurance. Patients not
able to perform a 6MWT, may still be able to perform a TFT prior to completely losing ambulation.
Hence, TFTs may also be more reliable in patients with 6MWD <300 metres."

North Star Ambulatory Assessment (NSAA)

NSAA is a validated tool that assesses motor function in ambulatory children with DMD. The test is
recommended as an endpoint in the EMA guidelines for conducting clinical trials on drugs for the
treatment of DMD.? The scale was developed and piloted in the UK by the North Star Clinical
Network for Paediatric Neuromuscular Disease and is comprised of 17 tasks with the possible values
for each item being 0, 1, or 2 (O=unable to perform task, 1=performs with difficulty and 2=able to
perform).8°:86

The NSAA assesses motor abilities that are necessary to remain functionally ambulant and that are
important for daily life, especially for children of school age (e.g., ability to rise from the floor, ability
to get from lying to sitting, and sitting to standing), and which are known to progressively deteriorate
in untreated patients.®” NSAA scores directly correlate with upper limb muscle function, lung function
and risk of developing cardiomyopathy, meaning that a benefit in the NSAA score in an ambulatory
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patient could positively impact the patient’'s disease progression during the non-ambulatory
stage.8”8

There are two ways to evaluate NSAA results. The first method involves the summing of scores from
all 17 measurements to obtain a total score of 0 to 34. A one-point difference in the NSAA total score
is clinically meaningful, as a decrease of this magnitude relates directly to either loss of a motor
ability (transition from a score of 1 to 0) or need for compensation to perform it independently
(transition from a score of 2 to 1). The challenge of the total score is that it is difficult to interpret the
meaning of the result, since a one-point change does not mean the same across the breadth of the
scale. For this reason, raw 0.lolscores can be transformed to a linearised score.®®* The second
approach is to determine the number of functions that were preserved by calculating the odds ratio
of patients that lost the ability to perform individual functions (i.e., change from a score of two or one
to a score of zero) over the course of the study. It has recently been proposed that this approach is
more meaningful in that it allows a comparison of the degree of preservation of function in treated
versus placebo.®

While the NSAA score is an effective measure of mobility functionality used within an randomised
controlled trials (RCT) setting, the potential influence of confounding variables, such as age, makes
the interpretation of comparative NSAA scores problematic for real-world evidence when matching
has failed to account for imbalances across these variables.'®5

Loss of ambulation

Preserving walking ability for longer, thus delaying permanent wheelchair use, is a key goal in DMD
as it allows patients to live their lives more fully as children and potentially reach adulthood with a
greater degree of independence. Ambulation represents an indicator of disease progression,
therefore delaying LoA means that upper limb function and pulmonary function are preserved for
longer.®°

In clinical practice defining a patient as “ambulatory” or “non-ambulatory” is a matter of the individual
treating physician’s clinical judgement. However, loss of ambulation is generally defined as requiring
full-time wheelchair use and the inability to walk 10 metres without assistance or orthoses.

Definitions of ambulatory and non-ambulatory used in ataluren clinical trials are as follows:

o An open-label extension study (Study 019) evaluating the long-term safety of ataluren
enrolled both ambulatory and non-ambulatory patients who had previously participated in
phase 2 ataluren studies. “Non-ambulatory” was defined as being “unable to run/walk
10 metres in <30 seconds”.®®

e The STRIDE Registry, an ongoing observational study evaluating the long-term safety and
effectiveness of ataluren in real-world routine clinical practice, enrols patients receiving usual
care treatment with ataluren outside of ataluren clinical trials. For the analysis of registry data,
“non-ambulatory” has been defined as “full-time wheelchair requirement”.%'

Similarly, in the CINRG study loss of ambulation is defined as continuous wheelchair use, verified
by inability to walk 10 metres unassisted.4.92.93
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6.1.3.2 Pulmonary Function

Delaying the loss of pulmonary function can prolong the time DMD patients are independent as well
as extend their lives.?":"2

FVC is the best global assessment of pulmonary muscles because it requires a full inspiration
(function of inspiratory muscles) and full expiration (function of expiratory muscles).®* Serial
measurements of FVC provide a simple, reliable and clinically useful measure of assessing disease
progression in DMD and are used especially during the non-ambulatory stage where pulmonary
function declines more rapidly.?’

Patients with DMD then require increasing levels of pulmonary intervention starting at night-time,
and ultimately need continuous assisted ventilation. Disease milestones indicative of increasing
deterioration in pulmonary function and disease progression are percentage predicted FVC of <60%,
<50% and <30%, and absolute FVC of <1 litre.20160.729 Predicted FVC of <60% is indicative of the
first need for intervention using lung volume recruitment, when patients require mechanical
ventilation (through a manual ventilation bag or an insufflation—exsufflation device) to preserve lung
function.” Predicted FVC of <50% is indicative of the need for assisted coughing techniques and
nocturnal-assisted ventilation; non-invasive ventilation is strongly recommended.”> Once patients
with DMD have declined to a predicted FVC of <30% they are considered to have severe pulmonary
insufficiency, for which non-invasive ventilation is necessary.?% Absolute FVC decline to <1 litre is
a threshold that is strongly predictive of mortality within 3 years and is associated with a four-fold
increased risk of death.20%!

Given the clear association between pulmonary function and disease progression, including
mortality, FVC is an important assessment, especially for patients in the non-ambulatory stage of
the disease.

6.1.3.3 Challenges in DMD clinical trial design

The assessment of treatment effects in DMD clinical trials is intrinsically associated with significant
challenges due to the rarity of the disorder, the heterogeneity of the patient population and the
variable nature of the decline in endpoints such as 6MWD, TFTs and FVC over a relatively short
follow period, i.e. 48 weeks.®>% Ambulatory functional decline in DMD occurs progressively over a
decade,®*®” meaning a treatment effect may not be captured over a trial period. Thus, long-term
outcome data in the real-world setting are required to truly understand the clinical benefits of a
therapy, such as loss of ambulation and decline in pulmonary function. However, given that the
course of DMD is irreversible, randomising patients to placebo for years, while they deteriorate and
permanently lose meaningful function, is not ethically tenable.?+*® These challenges are highlighted
by the fact that it has taken more than a decade to demonstrate the long-term benefit of
corticosteroids in the symptomatic treatment of DMD.%’

Assessment of outcomes in clinical trials can be challenging due to the rarity of the disorder, the
heterogeneity of the patient population and the duration and variable nature of disease progression.*

Natural history data indicate that the optimal window for detecting a treatment effect, in clinical trials,
is in patients with a 6MWD between 300 and 400 metres, where patients have a demonstrable
decline in ambulation but still have sufficient lower-limb muscle mass to detect a drug effect over a
48-week study period (Figure B.2). Patients with baseline 6MWD >400 metres are relatively stable
and the 6MWT is not sensitive enough to be able to detect a statistically significant treatment effect
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over a 48-week time period in these patients.3?3% Conversely, patients with a 6MWD <300 metres
have severe muscle loss and are at high risk for precipitous declines in ambulation.%®

Figure B.2. Progressive Loss of Function Highlights the Complexities Associated with Conducting
Clinical Studies in DMD

450m —

400m

Ambulatory Function

Optimal window for (6MWT)

1 year clinical trials
300m

6MWD

Timed Function Tests
(10m walk, stair climb, stair

descend)
150m
\ ) 1 J L J
T Y T
Loss of rise Loss of Loss of
from floor stair climb  ambulation

6MWD, 6-minute walk distance; 6MWT, 6-minute walk test

Note: lllustration was created by PTC based on McDonald et al. 2013, McDonald et al. 2017, Pane et al. 2014 and
Mazzone et al. 201033:58,99,100

Experience to date has shown that studies of at least 1-year duration may be necessary to capture
the treatment effect of an investigational therapy on measures of ability, for example 6MWD.
However, maintaining randomisation groups in placebo-controlled studies for much longer than 12
or 18 months, during which they deteriorate and permanently lose meaningful function, is not
ethically tenable and would be rightly resisted by patients, parents, investigators, and review boards.
Due to the gradual nature of the decline in pulmonary function over time, FVC requires long-term
follow-up to adequately assess a treatment effect, precluding its assessment in a randomised
placebo-controlled study in ambulatory DMD patients.

Data collection in a post-approval setting (e.g., registry) and evaluation of the safety and efficacy by
comparing the collected data with external historic control groups is often required to determine long-
term outcomes of treatment.®4% As discussed in section 9.4.1.1, an accepted and frequently
employed statistical tool for comparing two cohorts is propensity score matching. Propensity score
matching requires a sufficiently large pool of DMD patients and availability of established markers of
disease severity. Age at first symptom, age at first corticosteroid use, duration of corticosteroid use
and, duration of deflazacort use represent key factors that are known to alter the course of the
disease (more details are presented in 9.4.1.1). Exclusion of any of these covariates means that
patients may not be matched on severity and thus progression of disease.
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6.2 Please provide the number of patients in England who will be covered by this
particular therapeutic indication in the marketing authorisation each year and

provide the source of data.

Currently in England there are . patients being treated with ataluren under the MAA, rising from .
in the first year following introduction. In 2017, || patients started ataluren treatment, and thereafter
. patients started ataluren treatment each year. In total . patients have discontinued ataluren
treatment under the MAA. .

Based on the budget impact analysis (see section 13.1), an estimated Il patients will be treated
with ataluren on average, over the five years (Table B-1). These figures are based on Il prevalent
patients in Year 1 (number of patients in MAA, as at December 2021), and an estimated 6 incident
patients per year. The estimated number of incidence patients aligns to the number of incident
patients observed in the MAA since 2019.

These estimated number of patients are also based on an annual mortality rate and rate of treatment
stopping (i.e., patients reaching predicted FVC <50%) of [} and [}, as indicated by median age at
survival and median age at predicted FVC <50% in the cost-effectiveness model.

Table B-1. Number of patients receiving ataluren each year

Year | Year | Year | Year | Year

1 2 3 4 5 Average
Prevalence B B B B B
Incidence 6 6 6 6 6

Deaths B B B B B

Treatment stopping rule (predicted FVC<50%) | Il | I [ N | T | B

Patients eligible for treatment B B B B B

6.3 Please provide information about the life expectancy of people with the

AEE-N

disease in England and provide the source of data.

Despite advances in the management of DMD in the past years, patients’ clinical outcomes remain
poor during their short lifetime. In the last 15 years, survival rates in patients with DMD have
improved due to a more comprehensive therapeutic approach that includes pulmonary and cardiac
management. Despite this, most patients with DMD die from heart or lung failure in adolescence or
early adulthood, and patients rarely survive beyond their third decade.*

In a UK study that included 100 patients with DMD, median age of death was 30 years old for those
who had had spinal surgery and received ventilator support, compared to 17.1 years for those who
did not have spinal surgery or receive ventilatory support.”®

Three European long-term retrospective cohort studies have traced patients over a minimum of
30 years. All three studies (one each from ltaly, France, and Germany) reported median survival
between 24 and 26 years.” In an Italian case review of 835 DMD patients, the overall mean age for
cardiac deaths was 19.6 years. The overall mean age for pulmonary deaths was 17.7 years in
patients without ventilator support, which increased to 27.9 years in patients benefitting from
mechanical ventilation.* Similarly, in a study of 119 DMD patients in France, the mean age of death
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was 21.8 years for patients without ventilatory support and 28.3 years for ventilated patients.” In a
study of 67 DMD patients born in Germany between 1970 and 1980, median survival was 24.0 years
(95 % CI 21.3-26.7 years). Again, ventilation significantly prolonged survival: median survival of non-
ventilated patients was 19.0 years (95% CI 17.7-20.3 years) compared to 27.0 years for those who
were ventilated (95% Cl 20.2-33.8 years).”’

Age at loss of ambulation is associated with time to pulmonary failure and age at death in patients
with DMD.5%77191 Hence any delay in LoA would be expected to translate into a delay in reduced
pulmonary function.
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7 Impact of the disease on quality of life

7.1 Describe the impact of the condition on the quality of life of patients, their
families and carers. This should include any information on the impact of the
condition on physical health, emotional wellbeing and everyday life (including

ability to work, schooling, relationships and social functioning).

7.1.1 Patient quality of life

From a young age, children with DMD have a reduced capacity to engage in physical activity.
Children with DMD cannot keep up with their peers, have problems walking, hopping, running, and
climbing stairs, and fall frequently. Children with DMD rarely have the chance to fully engage in
physical activities normal for their age: running around and playing games with friends, playing
football, or riding a bike. As disease progresses, they experience increased difficulty in walking, and
are eventually only able to walk indoors with occasional wheelchair use, after which time they
progress quickly to permanent wheelchair use, and completely lose the ability to walk.%9:102.103

Children with DMD consistently report significantly lower HRQL than their healthy peers,6103.104 gg
do adults with DMD.?® Quality of life deteriorates as the disease progresses and physical capacity
decreases. Patient (or parent)-reported measures of HRQL, such as the Paediatric Quality of Life
Inventory™ (PedsQL™) and PODCI, correlate with clinician-measured outcomes of ambulatory
function (the BMWT and 10-metre run/walk velocity, (see section 7.1.3),'® demonstrating that HRQL
declines with walking ability. The HRQL of adults with DMD was assessed in a cross-sectional study
of eight European countries (Bulgaria, France, Germany, Hungary, Italy, Spain, Sweden, and the
UK).26 The average EQ-5D index score for adults with DMD was 0.24, much lower HRQL than that
of the general population (0.77 to 0.99 for those under 45 years of age).'®

Chronic pain is a common and frequent problem in individuals with DMD and is associated with their
physical limitations and aspects of the disease such as vertebral fractures and scoliosis.'® In a study
that included 43 boys with DMD, pain was reported to occur at least once a week, with a mild-
moderate range of intensity. Pain occurred most commonly in the lower back, spine, legs, and pelvic
region, and was typically described as aching pain.'"” In a study of adults with DMD (n=79), 73.4%
experienced pain, most commonly in the legs; 65% had had pain for longer than 3 months; and 25%
used pain medication, mostly nonsteroidal anti-inflammatory drugs.'%®

Qualitative research conducted in the UK with caregivers of individuals with nmDMD treated with
ataluren has been carried out to understand the symptoms of nmDMD and its impact on HRQL.??
Ten interviews were conducted with the parents of individuals aged 4 to 19 years. The study
highlights the key symptoms of muscle weakness, pain, fatigue and cognitive-behavioural
symptoms, and the impact on daily activities (e.g., limitations with self-care), social activities
(e.g., difficulty keeping up with others) and emotional wellbeing (e.g., frustration). These concepts
and relationships were illustrated in a conceptual model Figure B.3. Increasing severity of DMD was
related to decreasing physical function and independency, such as the ability to walk, run/jump, climb
stairs and get up off the floor, and increasing fatigue. This impacted the individuals’ ability to take
part in daily and social activities, and their emotional wellbeing. This declining physical function was
reflected in an increased level of care and emotional burden reported by caregivers.'®
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Figure B.3. Conceptual Model of the Impact of nmDMD

Muscle weakness Muscle breakdown M t of DMD (positive and negative moderating factors)
Support from  Support from  Adapti Avoided/ Home/ Medicati

777777777777777777777 [/\ 7;‘: 7{.”}7 7;”””””7”””77””‘ people: devices: behaviour: Adjusted/ 9daptations Steroids
ediating ractors:

Physical support  Wheelchair/  Toe walking

alternative Ataluren
! Health state: early ambulatory, late ambulatory, intermediate Learning support  pushchair activities
i Core i 25 faEa 5

Lower:mb 7 i Hpperlimb Cognitive functioning Behavioural
*Difficulty walking, SLeng *Difficulty lifting S issues

running, jumping and ¢ «poor balance 4—pl and carrying > “——"  -Difficulty focusing/ Autistic/ADHD

h?p!oung : *Difficulty *Difficulty writing Daytime et ! ue:':z{“ i
«Difficulty walking getting up off and drawing sleepiness o i P ; :

upstairs and downstairs the floor *Difficulty with fine dz?m‘;""c‘“w"/ anguage *Aggressive behaviour
«Difficulty riding a motor skills A

bike /scooter l

Falls
Pain Daily activities Social impact Emotional Impacts
L—————>  +School/nursery
q «Diffi i i *Upset/sadness

S Gl cxpsnence E;::Z::“Y o 'F:Jstrétion/unger
*Upper body e 5

ain Hmiarionsyin *Missing out on social activities *Low confidence/self-esteem

pail self-care

*Difficulty making friends *Anxiety

Source: lllustration was created based on Williams et al. 202122

Losing the ability to walk and becoming permanently dependent on the use of a wheelchair is a key
milestone in the lives of children, with the most prominent loss of HRQL following loss of
ambulation.?® Losing the ability to walk has an obvious impact on mobility. The inability to carry out
daily tasks such as washing, dressing and being able to easily get to a toilet may lead to social
isolation.'®?* In a large study by Landfeldt et al.?* the health utilities index (HUI)-derived utility
decreased through the four stages (early ambulatory, late ambulatory, early non-ambulatory, and
late non-ambulatory) (Figure B.4). In non-ambulatory adolescents and young adults, there is gradual
loss of upper limb, trunk and neck functions, so that grooming, toileting, bathing, dressing, sitting
unsupported, and eating become impaired or impossible to perform by oneself — severely affecting
the quality of life of patients, their caregivers and families.

Due to assisted ventilation, adults with DMD typically live into their late twenties. By that time, they
have hardly any muscle function left, except for the facial muscles, which are relatively spared until

a late stage of the disease. Muscles needed for chewing and swallowing are also affected, leading
to problems with nutrition.
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Figure B.4. Patient-Assessed Quality of Life Score (utility) by Ambulatory Status
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Note: Health Utilities Index—derived utility: 0 indicating death, 1 perfect health
Source: lllustration was created based on Landfeldt et al. 20142

Moreover, children with DMD suffer from a progressive decline in pulmonary function leading to
breathing difficulties and ultimately the need for ventilation, further impacting on their quality of
life.'>24 The last few years of their lives are spent non-ambulatory, requiring ventilation support and
fully dependent on caregivers.™

Children with DMD frequently report emotional problems. In one study, anger was the most
frequently reported emotional problem reported by boys with DMD (19%) and their parents (15%).
Teenage boys also reported frequently worrying about what is going to happen to them, as well as
worrying about their family and about being treated differently from their peers.'® While boys
reported frequent problems with paying attention (13%), the most common school problem was
missing school to go to the doctor or hospital (20%)."%

In addition to the motor function disabilities and the incident rate of neuropsychiatric disorders,
including attention-deficit hyperactivity disorder, autism, and obsessive—compulsive disorder is
higher in DMD patients than in the general population.’® A study with non-ambulatory adult DMD
patients has shown that about 20% of adult DMD patients experience depression and about 25%
experience anxiety as comorbidities significantly decrease HRQL and that DMD patients recorded a
lower mean health utility score than patients with Down syndrome, deafness, and autism.%8.1"1

7.1.2 Caregiver burden

The burden of care for parents of children with DMD is substantial; as DMD is a long-term
degenerative disease it entails heavy involvement of families in patients’ care and caregiving can
become very demanding.?>?® In addition to having to provide physical help with dressing, feeding
and lifting, some families struggle with the behavioural issues often seen in DMD patients. It is not
unusual for parents of DMD children and adolescents to have to wake up six to ten times per night
to adjust their sons’ position in bed and help with ventilation and/or coughing.’® Concerning the
provision of informal care, the mean number of hours of informal care per week is estimated at
between 44 and 63 hours in the UK.?” In a qualitative UK survey, direct impacts on caregivers were
physical (e.g., lifting their child), emotional (e.g., anxiety/worry/stress) and time-related (e.g.,
administrative tasks). These were associated with an impact on work (e.g., time off work due to back
pain), relationships (e.g., with partner) and social life (Figure B.5).%°
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Figure B.5. Conceptual Model of the Impact of n mDMD
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Providing informal care to a patient with DMD has been found to be associated with impaired health
and HRQL, poor sleep quality, reduced family function, increased risk of depression, anxiety,
elevated levels of stress, sexual dysfunction, and considerable impact on work life and productivity.?’

In the qualitative UK survey, most caregivers described a substantial emotional impact of caring for
an individual with nmDMD. This included grief and sadness at the individual's condition, feeling
hopeless, worry, anxiety, stress and loneliness. Some described how some of these emotional
impacts had been particularly profound when the individual’s abilities declined.'®®

“It impacted us all as a family because we were very involved with it all. When [he] goes through a
hard time emotionally, then that just has a knock-on effect for me and | think we both found 2018 to
2019-ish quite a hard year emotionally with some of his decline in his abilities.”

An increase in caregiver burden and decrease in caregivers’ quality of life (QoL) are positively
correlated with increasing DMD patient age,''? and parents experience the greatest emotional impact
of their child's DMD around the time of loss of ambulation.'® Anxiety and depression are common
in caregivers and are associated with the perceived health and mental state of the patient.”™* The
subjective burden reported by parents has also been shown to be associated with support received,
tracheotomy, active coping by the patient and anxiety in patients and parents.?

In the UK, 98% (N=188) of caregivers are a parent and 49% (N=93) of caregivers reduced their
working hours or stopped working completely because of their child’s or relative’s DMD.?* Similarly,
another study estimated that in the UK over 50% of caregivers (‘the majority of mothers’) stopped
working completely to care for a patient with DMD.?” In a German study, more than half of parents
themselves developed medical problems due to the burden of their son’s disease, leading to further
consumption of medical treatment due to parents’ physical or mental problems. Overall, physical
and mental problems of parents and caregivers increased with the severity of their son’s
impairment.?

Specifically, concerning estimates of the overall caregiver burden, the mean Zarit Burden Interview
(ZBl) score (ranging from 0 [low burden] to 88 [high burden]) has been estimated at 28 in a sample
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comprising caregivers from Europe; and 29 in a sample from Germany, ltaly, the UK, and the
USA.26:27.112.115 Concerning overall HRQL in caregivers to patients with DMD, the mean EQ-5D-3L
utility has been estimated at 0.71 in a sample comprising caregivers from Europe and 0.81 in a
sample from Germany, ltaly, the UK, and the USA 2527115

7.1.3 Measuring HRQL in clinical studies

Patient HRQL
Paediatric Quality of Life Inventory™ (PedsQL ™)

The PedsQL scale is a widely used generic quality of life instrument in healthy children and those
with acute and chronic health conditions covering an age range of 2 to 18 years. The PedsQL
questionnaire consists of 23 questions, covering four domains of quality of life: physical, emotional,
social and school functioning. The questionnaire is available in child-report (5 to 7, 8 to 12, and 13
to 18 years) and parent proxy-report (2to 4, 5to 7, 8 to 12, and 13 to 18) formats.'04111.116

The PedsQL components are only weakly correlated with clinical outcome measures that have been
validated in DMD, such as the 6BMWT and the 10-metre run/walk.'®""” For these reasons, the PedsQL
is less likely to be used by the DMD community in clinical trials.

Paediatric Outcomes Data Collection Instruction (PODCI)

The PODCI is a quality of life instrument, that has several domains measuring functional ability. Each
domain is scored from 0 to 100, with 100 representing the highest level of functioning and as little
pain as possible. The PODCI domain scores 'transfers/basic mobility' and 'sport/physical functioning’
are significantly related to progression of the disease in patients with DMD. The domain
'transfers/basic mobility' assesses the difficulties encountered by the patient in performing routine
motor activities in daily life. The domain 'sport/physical functioning' assesses the difficulties
encountered in participating in more active recreational activities.'®

PODCI scores correlate strongly with the 6MWT and the 10-metre run/walk test, and changes in
PODCI scores after one year are more strongly correlated with changes in the 6MWT after one year
than PedsQL scores.'® For these reasons, the DMD community has now accepted the PODCI for
use in current clinical trials and the PedsQL is no longer being used.

CHU9D

The CHU9D is a paediatric generic preference-based measure of HRQL suitable for 7- to 17-year-
olds. It consists of a short questionnaire and a set of preference weights using general population
values. The questionnaire has 9 questions with 5 response levels per question and is self-completed
by the child (or proxy completed for younger children).'®
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7.2 Describe the impact that the technology will have on patients, their families
and carers. This should include both short-term and long-term effects and any
wider societal benefits (including productivity and contribution to society).
Please also include any available information on a potential disproportionate
impact on the quality or quantity of life of particular group(s) of patients, and

their families or carers.

Treatment with ataluren allows boys to maintain their ability to walk and carry out everyday tasks
such as climbing and descending stairs, thereby improving their independence and their ability to
participate in normal activities, attend mainstream school, keep up with their peers, play with friends
and keep active. Delaying ambulatory decline provides the direct clinical benefit of affording boys
with nmDMD a longer period of self-sufficiency. By slowing ambulatory decline and delaying the
point at which more rapid decline occurs, ataluren also delays complete loss of ambulation and
wheelchair reliance. As well as allowing greater mobility and independence, this is of further
significance since the age at loss of ambulation predicts the age at which subsequent loss of upper
limb function occurs.' Ataluren also delays pulmonary function decline, and therefore delays the
need for ventilation assistance which can have a significant impact on quality of life.

In a degenerative disease with progressive loss of functions, eventually leading to death, stopping
or slowing the progression of the disease is considered meaningful to patients as this would preserve
their abilities and delay the next loss of function. Treating children early when they have the greatest
amount of muscle to preserve is likely to delay muscle wasting and preserve function for longer. The
following quote illustrates the urgency felt by parents for an effective treatment:'?°

“Having Duchenne muscular dystrophy, it’s all about the time. Once they are in a chair then
everything goes downhill quickly for them far as their health...I just started researching and wanted
to be in [the trial]...”

In a study assessing expectations and experiences of investigators and parents involved in the
ataluren Phase 2b trial (Study 007), all parents reported some degree of direct benefit for their boys
(who were in the ataluren treatment arm), ranging from obvious improvements to subtle changes.
These benefits included improved strength, endurance, and cognitive performance. A few parents
described being unsure about whether there was benefit until they noted declines following the
sudden end of access to the drug:'?°

“It felt like we had seen such tremendous improvement, we had no doubt in our mind that—that he
was benefitting from it.”

“I felt like he was working with me and he was stronger. He also felt that way... And | said, well let’s
be cautious with this subjective type of measure.... about two weeks after he was off the medication
he felt he got back to the stage before [the trial started]. So that gives a lot of confidence that the
medication does have benefit.”

The impact of ataluren has more recently been assessed in the UK survey by Williams et al.?? In
addition to improvements in mobility, caregivers reported that their son’s energy levels and
concentration had improved since they started taking ataluren. Improvements in social interactions
and emotional wellbeing were also reported by some caregivers (results are discussed further in
section 9.6.1.8). Therefore, ataluren is expected to have a wider impact than just slowing disease
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progression and delaying physical deterioration and may help boys to enjoy their childhood with
friends and achieve more at school. By delaying the milestones of disease progression that limit
boys’ independence they may also go onto have more productive and fulfilling working lives.

Furthermore, use of ataluren is expected to enable carers of boys with nmDMD to continue to work
for longer before having to reduce their working hours or give up work entirely to look after their child.
Changes to caregiver impacts following ataluren treatment have been described in the survey by
Williams et al.* Positive changes included less anxiety and stress. One caregiver said that they were
now able to go to work without worrying about their son and were better able to focus on their own
tasks:

“l go to work now, and | don’t worry about what's happening at nursery, is he going to fall over? Am
I going to get a phone call from the ambulance saying he’s in hospital? I'll go to work and it will be,
“Oh how’s [son] today at nursery? Has he done this, has he done that?” I'm not worrying, I’'m able to
focus more on my day to day. So | don’t feel like I'm worrying about him, because | know how well
he’s doing”

Similarly, another participant reported that they were able to have more of a social life now because
their son could now be left alone for several hours.

“'m able to have more of a social life, | can do more things. He can be left alone for you know hours
and hours, | can go out for instance from say 9am until 5pm and [son] will cope perfectly fine at home
without me or anyone here, so that’s a big change. So, yeah, | can do a lot more, going to work full-
time and just doing more or less normal day to day stuff that most other people would do now.”

Two caregivers described an overall positive impact of ataluren on their quality of life because they
could see their son improve.

“I think the worry is going to be there no matter what, it’s always going to be there because it’'s a
progressive disease. But even though it’'s a progressive disease, with [ataluren] it’s like having a new
lease of life, it’s like he’s been given an extra chance, he’s been given a few more years of walking,
maybe longer. I'm aware of children on [ataluren] who are 11 or 12 and still walking and showing no
signs of getting ready for a wheelchair yet. So | believe with his determination, and the way he carries
on, that he’ll be one of these children that are still walking about. That’s what gets me through each
day now, just watching him become this stronger, more determined than he was before, young boy”

8 Extent and nature of current treatment options

8.1 Give details of any relevant NICE, NHS England or other national guidance or
expert guidelines for the condition for which the technology is being used.
Specify whether the guidance identifies any subgroups and make any
recommendations for their treatment.

In 2016 NICE published guidance recommending the use of ataluren for treating nmDMD (see

section 8.2). No other treatments have since been approved by NICE for the treatment of DMD.

In 2018, the DMD Care Considerations Working Group published updated care considerations on
the diagnosis and management of DMD. These care considerations, published in three parts,
provide comprehensive guidelines on the following topics:
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e Part 1: diagnosis, neuromuscular management (including physiotherapy and corticosteroids
and a description of emerging treatments including ataluren), rehabilitation management,
endocrine management, and gastrointestinal management (including nutrition and
dysphagia)?®

e Part 2: respiratory, cardiac, bone health, and orthopaedic management’?

e Part 3: of primary care, emergency management, psychosocial care, and transitions of care
across the lifespan'?'

8.2 Describe the clinical pathway of care that includes the proposed use of the

technology.

Achieving a timely and accurate diagnosis of DMD is a crucial aspect of care. After the suggestive
signs and symptoms of DMD are noticed, the patient is referred to a neuromuscular specialist, and
the diagnosis is confirmed through testing for serum creatinine kinase (CK) and DNA mutation
analysis.?®

Neuromuscular specialists coordinate their care within a multidisciplinary care setting. Advances in
this type of multidisciplinary care have been shown to improve the natural history and survival of
DMD. The goal of any therapy is to slow or stabilise DMD progression and prolong patients’ ability
to manage activities of daily living.?

Figure B.6 provides a summary of aspects of multidisciplinary care for patients with DMD. Other
aspects of care described in the DMD care considerations published in 2018%° include rehabilitation
management, endocrine, gastrointestinal and nutritional management, and management of bone
health.

Figure B.6: Interdisciplinary Management of DMD

| At diagnosis || Early ambulatory || Late ambulatory || Early non-ambulatory || Late non-ambulatory |

Neuromuscular
Management

Assess respiratory function every 6 months
Respiratory . —
Management Assisted cough / nocturnal ventilation
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Assess range of motion every 6 months

P - osi
Management Monitor for scoliosis annually Monitor for scoliosis every 6 months
Refer for surgery to improve gait if required Intervention for foot position for wheelchair/ posterior spinal fusion

Psychosocial
Management

DMD, Duchenne muscular dystrophy

Source: Adapted from Birnkrant et al. 2018%°

As noted in the 2018 DMD Care Considerations, corticosteroids are a standard of care for all patients
with DMD."? Corticosteroids temporarily slow the decline in muscle strength and function, and their
use in patients with DMD as part of improved standards of care has changed the rate of progression
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of disease manifestations.%®222> The benefits of steroids include LoA at a later age, preserved
upper limb function and pulmonary function, and avoidance of scoliosis surgery.?

Ataluren is indicated for the treatment of DMD resulting from a nonsense mutation in the dystrophin
gene, in ambulatory patients aged 2 years and older. Following the NICE recommendation in July
2016, ataluren has been available in England under the MAA for the treatment of nmDMD in people
aged 5 years and older who can walk.? In line with the licence extension in July 2018, the scope of
the MAA was expanded to include patients aged between 2 to 5 years with nmDMD (with effect from
April 2019).1%6

Ataluren is added to existing standard treatment, including use of corticosteroids.

The following start and stop criteria, as part of the MAA, are applied for patients receiving ataluren
treatment: 2127

Start Criteria

e Patients must have a confirmed diagnosis of nonsense mutation DMD (nmDMD), which is
the identified presence of an in-frame nonsense mutation in the dystrophin gene as
determined by genetic testing (full sequencing).

o Patients must be aged 2 years and older and able to crawl, stand with support or walk.

o Patients should only start once a full set of standard baseline criteria has been obtained and
once they have signed the Managed Access Patient Agreement.

Stop Criteria

e The patient is non-compliant with assessments for continued therapy (non-compliance is
defined as fewer than two attendances for assessment in any 14-month period).

e |[f a patient has lost all ambulation (i.e., can no longer stand even with support) and has
become entirely dependent on wheelchair use for all indoor and outdoor mobility (other than
for reasons of an accident and/or an intercurrent iliness), the patient’s physician needs to
discuss stopping ataluren treatment.

e In such cases as defined above, patients should stop treatment no later than 6 months after
becoming fully non-ambulant.

o Patients who are taken off treatment will continue to be monitored and supported with normal
best standard of care. These patients will continue to be assessed to allow gathering of
important information regarding natural history of non-ambulatory patients.

8.3 Describe any issues relating to current clinical practice, including any
uncertainty about best practice.

In DMD loss of muscle mass is most likely irreversible, and therefore disease-modifying treatments

are needed to stabilise or slow disease progression as early as possible. Prior to ataluren, there

were no approved drug therapies, and otherwise very limited supportive care options for patients
with nmDMD.

It is well established that corticosteroids can stabilise muscle strength in DMD patients for a period
of time. However, they do not address the underlying cause of the disease. Despite treatment with
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steroids children with DMD still lose muscle function, resulting in loss of walking ability and
permanent wheelchair dependency at 12 to 13 years of age.''®

It is not established which corticosteroid is most effective and at what dose they are most effective.?*
In addition, the benefits of corticosteroids must be balanced against a side effect profile that presents
significant challenges, including excessive weight gain, increased risk of bone fracture, behavioural
abnormalities, hypertension, Cushingoid appearance, and excessive hair growth. Due to the side
effect profile, not all children are able to tolerate steroids.®”

Even with multidisciplinary care and with ventilation and cardiac support, patients with DMD have an
expected survival of less than 30 years of age.6"” The last few years of their lives are spent non-
ambulatory, requiring ventilation support and fully dependent on caregivers.°

Hence, alternative treatment options are needed for DMD that go beyond supportive and symptom
management and address the underlying lack of dystrophin protein.

Ataluren targets the underlying cause of nmDMD and is the first and only drug to demonstrate
efficacy and be approved by the EMA or MHRA for the treatment of nmDMD, in ambulatory patients
aged 2 years and older.

8.4 Describe the new pathway of care incorporating the new technology that would

exist following national commissioning by NHS England.

Not applicable.

8.5 Discuss whether and how you consider the technology to be innovative in its
potential to make a significant and substantial impact on health-related
benefits, and whether and how the technology is a ‘step-change’ in the

management of the condition.

Ataluren is an innovative, first-in-class drug and is the first specific approved therapy for DMD that
addresses the underlying cause of the disease. Prior to regulatory approval of ataluren for the
treatment of nmDMD, the only management options for this devastating disease were supportive in
nature and did not address the underlying cause of the condition i.e., the loss of functional
dystrophin. Without functional dystrophin, muscles progressively weaken and deteriorate, leading to
complete loss of ambulation, cardiac and pulmonary insufficiency, and death.

Since ataluren received regulatory conditional approval by the EMA in 2014, no other treatments for
DMD have been approved in the European Union or UK, highlighting the challenges of developing
an effective treatment and conducting clinical trials in this condition.

There have been a limited number of large, clinical trials or prospective studies in DMD, and, through
the ataluren study programme, PTC Therapeutics are pioneering clinical trial research in this disease
area. Despite the challenges of generating clinical evidence in areas of (ultra)-rare slowly
progressing diseases, PTC has accumulated data on over 995 patients with nmDMD by conducting
the largest clinical program in nmDMD to date®>3%*%2 and developing the largest international nmDMD
observational cohort for clinical effectiveness and safety (STRIDE Registry)”'?2. The ataluren clinical
studies have contributed a great deal of insight relating to the natural history of disease and use of
clinically meaningful endpoints that will help to inform the design of future trials.
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In the Phase 2 and 3 clinical studies (007 and 020), ataluren reduced the decline in 6MWD over
48 weeks compared with placebo and consistently demonstrated benefit across multiple measures
of muscle strength and function.®?3 During the initial regulatory assessment in 2014, the EMA
considered ataluren to offer therapeutic innovation and relevant benefits for a rare disease with high
unmet medical need and this resulted in the early approval of ataluren for the treatment of nmDMD
ambulatory patients aged 5 years and older. Based on data from an additional study, in July 2018,
an extension was granted to include ambulatory nmDMD patients aged 2 to less than 5 years old.*®

The STRIDE Registry is the first drug registry for patients with DMD and is the largest real-world
study of patients with nmDMD to date (within the evaluable population of STRIDE, n=269, 58 patients
were from the UK). STRIDE provides data on patterns of ataluren use and long-term patient
outcomes in real-world routine clinical practice. Ataluren treatment in STRIDE was associated with
a delay in LoA by 5.4 years compared with propensity score-matched natural history controls,
reducing the risk for LoA by 63% relative to BSC alone (p<0.0001).3® Treatment with ataluren also
delayed pulmonary function decline compared to BSC alone.*’

In clinical trials of patients with nmDMD, the observed safety profile of ataluren was overall
comparable to that of placebo. Adverse reactions were generally mild or moderate and only one of
232 patients in the two randomised studies discontinued ataluren treatment due to an adverse
reaction.’

As such ataluren represented a step-change in management of nmDMD and has provided an
effective treatment option for children in England with this life-threatening condition.

8.6 Describe any changes to the way current services are organised or delivered
as a result of introducing the technology.

Not applicable as ataluren is already available. The introduction of ataluren did not result in any
changes to the way services are delivered.

8.7 Describe any additional tests or investigations needed for selecting or
monitoring patients, or particular administration requirements, associated with

using this technology that are over and above usual clinical practice.

Ataluren is already available. Since all children presenting with suspected DMD in England undergo
testing for dystrophin gene mutations, no additional tests are required to identify patients eligible for
ataluren.

As part of the MAA, patients are currently required to attend their clinics at least 2 times within a 14-
month period for monitoring and dose adjustment.?

During ataluren treatment total cholesterol, LDL, HDL, and triglycerides should be monitored on an
annual basis, blood pressure should be checked every 6 months and serum creatinine, BUN, and
cystatin C should be monitored every 6 to 12 months." In current practice, blood pressure monitoring
and blood tests are carried out on an annual basis during routine visits, regardless of ataluren
treatment. As such monitoring of ataluren does not increase the burden of care.
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8.8 Describe any additional facilities, technologies or infrastructure that need to be
used alongside the technology under evaluation for the claimed benefits to be

realised.
Not applicable as ataluren is already available.

Ataluren is an oral therapy and administration does not require any particular supervision. In addition,
ataluren has no special storage requirements such as refrigerated storage.

8.9 Describe any tests, investigations, interventions, facilities or technologies that

would no longer be needed with using this technology.

While data are not available, it is possible that the availability of ataluren has reduced the need
for orthopaedic interventions during childhood and adolescence and may delay the requirement

for later cardiac and pulmonary interventions such as assisted ventilation.
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C Impact of the new technology

9 Published and unpublished clinical evidence

9.1 Identification of studies
Published studies

9.1.1 Describe the strategies used to retrieve relevant clinical data from the
published literature. Exact details of the search strategy used should be
provided in the appendix.

A systematic literature review (SLR) was conducted to identify studies reporting clinical evidence for

the efficacy, safety and effectiveness of ataluren with BSC in nmDMD (See appendices, section
17.1). The SLR included RCTs, non-randomised controlled studies and uncontrolled studies.

The original review searches were conducted on the 10 June 2019 in MEDLINE and Embase, and
on 11 June 2019 in The Cochrane Library. For the update review, searches were conducted on the
10 September 2021, thus providing up-to-date evidence for the present submission.

Unpublished studies

9.1.2 Describe the strategies used to retrieve relevant clinical data from

unpublished sources.

The U.S. National Institutes of Health clinical trials registry and results database (ClinicalTrials.gov)
was searched to identify study results that may not have been published.

PTC has provided all relevant unpublished data that supports the indication related to this
submission.
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9.2 Study selection
Published studies

9.2.1 Complete Table C1 to describe the inclusion and exclusion criteria used to
select studies from the published literature. Suggested headings are listed in

the table below. Other headings should be used if necessary.

Table C-1. Selection criteria used for published studies

Inclusion Exclusion
Population People with nonsense mutation People without nonsense
DMD mutation DMD
Intervention Ataluren (PTC-124) Not ataluren
Comparators No restriction; any comparator
Outcomes o All efficacy or effectiveness Any outcomes other than
outcomes e.g., mortality, efficacy, effectiveness or

ambulation, loss of ambulation, | safety
time to wheelchair, number of
falls, lung function, cardiac
function, muscle function,
muscle strength, mobility,
quality of life, ability to
undertake activities of daily
living

e All safety outcomes e.g., any
grade of adverse events,
discontinuation rate due to
adverse events

Study design ¢ Only original papers of in- e Comment
human studies e Letter to editors
o Editorial
e Notes
e Reviews
e Animal studies
Geographical location No restriction; any geographical location
Language No restriction; any language
Publication date No restriction; any study date

9.2.2 Report the numbers of published studies included and excluded at each
stage in an appropriate format.

It is recommended that the number of published studies included and excluded at each
stage is reported using the PRISMA statement flow diagram (available from www.prisma-

statement.org/statement.htm)

Specification for company submission of evidence 51 of 279


http://www.prisma-statement.org/statement.htm
http://www.prisma-statement.org/statement.htm

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagrams
illustrated in Figure C.1 and Figure C.2, for the original and update reviews respectively, presents

how clinical references were reviewed and extracted.

In the original review, of the 293 titles and abstracts screened 206 did not meet the criteria. Hence,
full texts of the remaining 87 references were retrieved and reviewed based on the eligibility criteria.
Including publications identified in the grey literature search, 59 references were about studies that
met the eligibility criteria and were considered for extraction. The 59 references related to 10

individual studies.

In the update review, of the 82 titles and abstracts screened 51 did not meet the criteria. Hence, full
texts of the remaining 31 references were retrieved and reviewed based on the eligibility criteria.
Including publications identified in the grey literature search, 30 references were about studies that
met the eligibility criteria and were considered for extraction. The 30 references related to 5 individual

studies (3 of which had already been identified in the original review, giving 12 studies in total).

Figure C.1. PRISMA - original review
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Figure C.2. PRISMA - update review
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Full-text articles included:
Publications n=30
Studies n=5

Unpublished studies

9.2.3 Complete Table C2 to describe the inclusion and exclusion criteria used to
select studies from the unpublished literature. Suggested headings are listed

in the table below. Other headings should be used if necessary.

Inclusion and exclusion criteria were as per Table C-1.

9.2.4 Report the numbers of unpublished studies included and excluded at each

stage in an appropriate format.

See Figure C.1 and Figure C.2.

9.3 Complete list of relevant studies

9.3.1 Provide details of all published and unpublished studies identified using the

selection criteria described in tables C1 and C2.

The literature review identified a total of 12 studies. Seven of these relate to the ataluren clinical
studies shown in Table C-2 and Table C-3. Five additional studies were identified (Table C-4). Three
were case studies and one was a cohort study (N=55) that included 9 patients that had been treated
with ataluren. The remaining study was a qualitative study by Williams et al.?? that reported on the
symptoms and impacts of nmDMD in ambulatory individuals prior to the initiation of ataluren
(previously discussed in section 7.1). This study also explored their experience with ataluren.

Since completion of the SLR, one further study by Michael et al."?® has been published on long-term
experience of ataluren treatment in Sweden.

The final evidence relevant to this submission is the data collection and analysis carried out for the
MAA.
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Table C-2. List of relevant published studies

NCT00592553

Population: males, age 5 to 20 years, nmDMD,
ambulatory

Study ID(s) /name Description Results
Start/end date Presented
Key publication(s)
Study 004 Study type: Phase 2a proof-of-concept, Original
multicentre, open-label, sequential dose- submission
PTC124-GD-004-DMD ranging HST3
Total sample size: 38
NCT00264888 Population: males, age 5 to 17 years, nmDMD
Intervention(s): Ataluren 40 mg/kg/day (mid
Title: A Phase 2 Study of PTC124 | dose); TID (28 days)
as an Oral Treatment for Comparator(s): Ataluren 16 mg/kg/day (low
Nonsense Mutation-Mediated dose) and 80 mg/kg/day (high dose); TID (28
Duchenne Muscular Dystrophy days)
Outcomes: Primary: change in dystrophin
Start: 12/2005 expression on muscle biopsy by
End: 05/2007 immunofluorescence
Secondary: changes in serum CK level, muscle
Finkel et al. 201352 strength and function by myometry, safety and
PK, Immunofluorescence evidence and western
blot evidence of changes in muscle biopsy
specimen, TFTs and study drug compliance
Study 007 Study type: Phase 2b efficacy and safety, Original
international, multicentre, randomised, double- submission
PTC124-GD-007-DMD blind, placebo-controlled, dose-ranging HST3 and
Randomised N: 174 Company

resubmission
Section 9.6.1.2

Title: A Phase 2B Efficacy and Intervention(s): Ataluren 40 mg/kg/day or (Efficacy)
Safety Study of PTC124 in ataluren 80 mg/kg/day; TID
Subjects with Nonsense Mutation- | Comparator(s): placebo; TID
Mediated Duchenne and Becker Outcomes: Primary: change in 6MWD baseline
Muscular Dystrophy Week 48; Secondary: TFTs, at-home activity,
myometry, accidental falls, PedsQL, treatment
Start: 02/2008 satisfaction, serum CK, digital span task, heart
End: 12/2009 rate monitoring, muscle dystrophin expression
patient daily diaries,
Bushby et al. 201432
Study 020 (ACT-DMD) Study type: Phase 3 efficacy and safety study, | Original
international, multicentre, randomised, double- submission
PTC124-GD-020-DMD blind, placebo-controlled HST3 and
Randomised N: 230 Company

NCT01826487 Population: males, age 7 to 14 years, nmDMD, | resubmission
ambulatory, on corticosteroids, baseline 6MWD | Section 9.6.1.3

Title: A Phase 3 Efficacy and >150 metres but <80% predicted (Efficacy)

Safety Study of Ataluren in Intervention(s): Ataluren 40 mg/kg/day; TID

Patients with Nonsense Mutation Comparator(s): Placebo; TID

Dystrophinopathy Outcomes: Primary: change 6MWT Week 48;
Secondary: time to 10% worsening 6MWD and

Start: 03/2013 TFTs

End: 08/2015 Exploratory endpoints: NSAA, PODCI, ADL.

McDonald et al. 201733
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Study ID(s) /name Description Results
Start/end date Presented
Key publication(s)

Study 019 Study type: Long-term open-label safety and Company

PTC124-GD-019-DMD

NCT01557400

efficacy for patients who participated in one or
more prior PTC-sponsored studies of ataluren
in nmDMD

Total sample size: 94

Population: nmDMD

resubmission
Section 9.6.1.4
(Efficacy)

Section 9.7.2.3

Title: An Open-Label Study for Intervention(s): Ataluren 40 mg/kg/day; TID (Safety)
Previously Treated Ataluren Comparator(s): None

(PTC124) Patients with Nonsense | 019 Outcomes: long-term safety at 48 and 240

Mutation Dystrophinopathy weeks

McDonald et al. 2021130

Study 030 Study type: Phase 2, safety and Company

PTC124-GD-030-DMD

NCT02819557

pharmacokinetic study, multiple-dose, open-
label, evaluation of safety, pharmacokinetics,
and pharmacodynamics

Total sample size: 14

Population: males >2 to <5 years, nmDMD

resubmission
Section 9.6.1.5
(Efficacy)

Section 9.7.2.4

Title: A Phase 2 Study of the Intervention(s): Ataluren 40 mg/kg/day; TID (Safety)
Safety, Pharmacokinetics, and (4 weeks PK portion and 48 weeks extension)
Pharmacodynamics of Ataluren Comparator(s): None

(PTC124) in Patients Aged =2 to Outcomes: Primary: safety; Secondary: PK at

<5 Years Old with Nonsense 4 weeks, TFTs, NSAA and growth parameters

Mutation Dystrophinopathy

Start: 06/2016

End: 02/2018

Tian et al. 2018131

Study 0250 (STRIDE Registry) Study type: Ongoing observational registry Company

PTC124-GD-0250-DMD
NCT02369731

Title: Long-Term Observational
Study of Translarna Safety and
Effectiveness in Usual Care

Start: 04/2015
End: 05/2025

Mercuri et al. 20207
Mercuri et al. 202134
Tulinius et al. 202137

Study Design: Multicentre, observational,
cohort

Total sample size: 360

(288 enrolled at data cut-off 31 January 2020)
Population: nmDMD

Intervention(s): Usual care, commercial
ataluren or early access program

40 mg/kg/day; TID

Comparator(s): None

Outcomes: Safety; Efficacy evaluations
conducted as per usual care: 6MWD, TFTs,
LoA, NSAA, pulmonary and cardiac
assessments

resubmission
Section 9.6.1.6
(Efficacy)

Section 9.7.2.5
(Safety)

6MWD, 6-minute walk distance; 6MWT, 6-minute walk test; ADL, activities of daily living; CK, creatinine kinase; LoA, loss
of ambulation; nmDMD, nonsense mutation Duchenne muscular dystrophy; NSAA, North Star Ambulatory Assessment;
PedsQL, Paediatric Quality of Life Inventory; PK, pharmacokinetic; PODCI, Paediatric Outcomes Data Collection
Instrument
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Table C-3. List of relevant unpublished studies

Study ID(s) Description Presented
Study 020e Total sample size: 2182 Company
Population: nmDMD resubmission
PTC124-GD-020e-DMD Intervention(s): Ataluren 40 mg/kg/day; TID for | Section 9.6.1.3
up to 144 weeks (Efficacy —
NCT02090959 Comparator(s): None limited results)

Outcomes: Primary: safety (adverse events,
Title: A Phase 3 Extension Study | laboratory abnormalities); Secondary: 6MWD, Section 9.7.2.2
of Ataluren (PTC124) in Patients NSAA, TFTs, PUL, PODCI, ADL, QoL, age at (Safety)

with Nonsense Mutation LoA, pulmonary function, blood levels
Dystrophinopathy

Study type: Phase 3 efficacy and
safety study extension,
international multicentre, open-
label extension of the 48-week
double-blind Study 020

Start: 03/2014
End: 06/2018

NHSE Managed Access Total sample size: 59 (matched analysis) Company

Agreement (MAA) Population: nmDMD, ambulatory aged 2 years | resubmission
and above Section 9.6.1.7

Title: Managed Access Intervention(s): Ataluren 40 mg/kg/day (Efficacy)

Agreement: Ataluren for treating Comparator(s): None

nonsense mutation Duchenne Outcomes: NSAA, patient quality of life

muscular dystrophy (nmDMD) (CHU9D), caregiver quality of life (EQ-5D)

Study type: Observational real-

world study

Start: 08/2016
Finish: 01/2023

Table C-4. List of additional published studies (case studies, cohort and qualitative
studies)

Study Study citation

Ebrahimi, Ebrahimi-Fakhari D, et al. Off-Label Use of Ataluren in Four Non-ambulatory Patients

2018132 With Nonsense Mutation Duchenne Muscular Dystrophy: Effects on Cardiac and
Pulmonary Function and Muscle Strength. Frontiers in Paediatrics. 2018;6:316

Ruggiero, Ruggiero L, et al. One year follow-up of three Italian patients with Duchenne muscular

201833 dystrophy treated with ataluren: is earlier better? Therapeutic Advances in Neurological
Disorders. 2018:11

Bazancir, Bazancir Z, et al. Ataluren and physiotherapy in a boy with nonsense mutation

201834 Duchenne muscular dystrophy: 2 years’ follow-up case report. Acta Myologica.
2018;37(2):180

Blaschek Blaschek A, et al. Is Exercise-Induced Fatigue a Problem in Children with Duchenne

2020135 Muscular Dystrophy? Neuropediatrics. 2020;51(5):342-348.

Williams Williams K, et al. Symptoms and impacts of ambulatory nonsense mutation Duchenne

202122 muscular dystrophy: a qualitative study and the development of a patient-centred
conceptual model. Journal of Patient-reported Outcomes. 2021;5(1):75.

Michael Michael, S et al. Long-term treatment with ataluren-the Swedish experience. BMC

2021129 Musculoskelet Disord. 2021 Sep 30;22(1):837
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9.3.1.1 Ataluren clinical study overview

In addition to data gathered during the MAA, the key clinical evidence supporting this submission is
a global registry following patients receiving ataluren plus BSC in clinical practice for at least 5 years
(STRIDE) (January 2021 data cut). The study initially enrolled patients aged 5 years or older,
expanding to 2 years and older with the Translarna (ataluren) licence extension in Europe granted
in 2018. STRIDE represents the largest nmDMD data cohort for real-world outcomes analysis and
enables the evaluation of ambulatory and non-ambulatory milestones in 269 nmDMD patients
(evaluable population) aged 2 years and older.>* As such, data from STRIDE in comparison to a
natural history study, the CINRG DNHS provide key long-term efficacy data for the cost-
effectiveness model.

The submission also presents data from the clinical trial programme in patients with nmDMD aged
5 years and above:

o PTC124-GD-007-DMD (Study 007), a Phase 2b, placebo-controlled study, the results of
which were used to support the conditional approval of ataluren by the EMA in 2014
(N=174)%

e PTC124-GD-020-DMD (Study 020), a Phase 3, placebo-controlled study (N=230),®% and its
extension (Study 020e)
e A published meta-analysis of studies 007 and 020 (N=342)*'

o PTC124-GD-019-DMD (Study 019), a long-term open-label safety and efficacy for patients
with nmDMD who participated in one or more prior PTC-sponsored studies of ataluren
(N=94)130

In addition, PTC124-GD-030-DMD (Study 030), a Phase 2, open-label safety and pharmacokinetic
study in younger patients aged >2 to <5 years, which supported the indication extension in this
population (N=14), is presented."

9.3.1.2 Clinical trials

The safety and efficacy of ataluren with BSC has been demonstrated in two placebo-controlled
randomised double-blinded studies; PTC124-GD-007-DMD (Study 007; phase 2b)*?, and PTC124-
GD-020-DMD (study 020; phase 3),*® which formed the main evidence base for the original NICE
assessment in 2015/2016 (HST3). These pivotal studies were presented during the previous NICE
assessment and are presented again in this submission in addition to data from the Study 020
extension (Study 020e).

Supportive data from a Phase 2a proof-of-concept study (PTC124-GD-004-DMD/ Study 004) were
also presented in the previous NICE submission but are not reported again in this submission, as its
focus is now on subsequent clinical evidence. Two Phase 2 trials, PTC124-GD-046-DMD
(NCT03796637) and PTC124-GD-045-DMD (NCT03648827), were small single-arm studies
evaluating the ability of ataluren to increase dystrophin protein levels in patients with nmDMD. These
studies were not included as they do not provide outcome data relevant to this submission.

In Study 007 and Study 020 a substantial proportion of patients were not in the ambulatory transition
phase. Consequently, a pre-specified meta-analysis of 020 and 007 (patients who met study 020
criteria) was conducted to increase the sample size, resulting in statistically significant treatment
effects in the BMWT.* Further meta-analyses that provide additional data with a more conservative
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approach, including a larger and more heterogeneous population, also demonstrated improved
6MWT and TFT results that were statistically significant in all patient subgroups.*'

The 240-week open-label extension Study 019 (Phase 3) was primarily conducted to assess long-
term safety and tolerability of ataluren in nmDMD patients who had previously received ataluren
during their participation in one or more prior PTC-sponsored studies. Study 019 provides additional
evidence for the efficacy of ataluren, including its beneficial effects on pulmonary function in non-
ambulatory patients.*®

In light of the importance of early intervention in patients with DMD, before muscle degeneration and
fibrosis occur, Study 030 (Phase 2) evaluated the safety, pharmacokinetics and efficacy of ataluren
in patients with nmDMD aged 2 to less than 5 years #°. Based on the positive results of this study
that included improvements in physical functioning with ataluren, comparable drug exposure with
older patients and an acceptable safety and tolerability profile, expansion of the label to include
ambulatory children aged 2 to 5 years with nmDMD was recommended by the Committee for
Medicinal Products for Human Use (CHMP) of the EMA on 31 May 2018 and endorsed by the
European Commission on 23 July 2018.

9.3.1.3 Translarna patient registry (PTC124-GD-0250-DMD/ STRIDE)

Patients with nmDMD receiving ataluren have been enrolled into STRIDE, an ongoing, prospective,
observational safety and effectiveness study. The study initially enrolled patients aged 5 years or
older, expanding to 2 years and older with the licence extension in Europe in 2018. STRIDE is
designed to collect information on the long-term safety and effectiveness of ataluren in the real-world
setting as part of routine clinical practice. It represents the largest study of patients with nmDMD to
date, enabling the evaluation of 360 patients for a period of over five times the length of previous
DMD clinical trials. Patients are followed for at least 5 years from the date of enrolment or until
withdrawal from the study or death, whichever comes first, thereby addressing the most significant
challenges encountered when conducting clinical trials in nmDMD. As mentioned in Section 9.3.1.2,
these challenges include small sample population, measurement of disease progression over the
long-term, heterogeneity of the patient population and the variable nature of the decline in endpoints
such as 6MWD and TFTs over the relatively short period of a clinical trial.

To eliminate bias and enable a more robust comparison between STRIDE and a natural history
cohort (CINRG), propensity score matching was used to identify comparable subsets of patients
according to established predictors of disease progression (see section 9.4.1.1).

STRIDE provides compelling evidence of the true benefit that ataluren offers to nmDMD patients
including delayed LoA and slower pulmonary function decline, compared to propensity-matched
controls receiving BSC alone.”3+%" Preliminary results from STRIDE in comparison to BSC alone
from CINRG were published by Mercuri et al. in 2020.7 Data cut-off date for inclusion in the published
analyses was on 09 July 2018. As STRIDE is ongoing, and data are currently available up to January
2021, analysis of the most recent data set has been presented, in alignment with the data used in
the health economic model.

9.3.1.4 Managed access agreement (MAA)

As a condition of the NICE recommendation in 2016, to receive ataluren, eligible patients must sign
up to the MAA.2 Under this agreement, data is collected from all patients when they start ataluren
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treatment and at all subsequent clinic visits and entered into the North Star database. In 2019, the
scope of the MAA was expanded to include nmDMD patients aged between 2 and 5 years, in line
with the extension of the licensed indication.'?”

In July 2021, a contract variation was agreed, which extended the period of the MAA up to either
publication of the updated NICE HST guidance or 20 January 2023, whichever occurs earliest.*

Patients receiving ataluren in the MAA have been compared to a matched control group receiving
BSC alone in order to try and assess response to treatment over the period of the MAA. The matched
control group were identified from patients included in the North Star registry.

9.3.1.5 State the rationale behind excluding any of the published studies listed in
Tables C3 and C4.

The three case studies and one cohort study shown in Table C-4 (Ebrahimi, 201832 Ruggiero, 2018133
Bazancir, 201834 Blaschek 2020'%5) are not included in the submission as they do not provide
meaningful data that add to the evidence base for ataluren.

9.4 Summary of methodology of relevant studies

9.4.1 Describe the study design and methodology for each of the published and
unpublished studies using Tables C5 and C6 as appropriate. A separate table

should be completed for each study.

9.4.1.1 Comparison of data to natural history control using propensity score

matching

An accepted and frequently employed statistical tool for comparing two cohorts is propensity score
matching which attempts to estimate treatment effect by accounting for the independent variables
that predict the receipt of treatment. The NICE Decision Support Unit (DSU) Technical Support
Document (TSD) 17 supports the use of propensity score matching to replicate randomisation to
identify comparable cohorts when comparing real-world evidence. '*® This analysis compensates for
the lack of important design features in the historical control group. This statistical analysis allows
the matching of the historical control group with the treatment group across important baseline and
prognostic variables and thereby addresses the absence of randomisation.

The long-term benefit of ataluren beyond the duration afforded by the randomised placebo-controlled
studies and the preservation of pulmonary function, were analysed in propensity score matched
comparisons of ataluren-treated patients in Study 019 and STRIDE with the CINRG cohort.

The CINRG DNHS (referred to as CINRG) is the largest prospective multicentre natural history study
to date in DMD, and enrolled 440 ambulatory and non-ambulatory DMD patients aged 2 to 28 years
at over 20 clinical sites across Europe, the Americas, Asia and Australia (Table C-5).” Enrolment
began in 2006 with patients followed for 10 years. Data collected includes demographics,
genotyping, vital signs, healthcare resource use, strength, and function, as well as quality of life
assessments. Patients were included in CINRG based on clearly defined inclusion/exclusion criteria
and were subject to a follow-up protocol.%7-125.137
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Table C-5 CINRG DNHS overview
Study name CINRG DNHS

Objectives To collect the most comprehensive and largest, prospective, longitudinal natural history
data to date on a cohort of DMD patients

Location Patients were enrolled at 20 centres in nine countries.

Design Natural history study

Sample size N=440

Inclusion e Participants aged 2—4 years with a diagnosis of DMD confirmed by dystrophin
criteria immunofluorescence or immunoblot, or both; an out-of-frame deletion; or

complete dystrophin gene sequencing in the proband or sibling.

e Participants aged 5-29 years with DMD meeting the criteria in (1) or documented
clinical symptoms referable to DMD and direct support of the diagnosis by either
a positive DNA analysis, a muscle biopsy showing abnormal dystrophin, or a
combination of an increased creatine kinase (more than five times the upper limit
of normal) in addition to an X-linked pedigree.

Exclusion e Naive to glucocorticoid treatment and ambulated without assistance past their
criteria 13th birthday; or use of glucocorticoid therapy and ambulated without assistance
past their 16th birthday.

e Patients younger than 16 years were enrolled irrespective of future ambulatory
status.

Recruitment Between May 17, 2006, and July 13, 2009, 340 participants aged 2-28 years with
documented DMD were recruited into the CINRG DNHS parent study. An additional 100
participants aged between 4 years and 8 years were recruited from Sept 26, 2012, to Feb
29, 2016.

Procedures Participants had assessments at baseline and months 3, 6, 9, and 12 (ambulatory), or
months 6 and 12 (non-ambulatory).

Long-term follow-up visits were at months 18, 24, and annually thereafter. For non-
ambulatory patients, age at loss of ambulation was defined precisely by the physician by
history and chart review at the time of entry into the study.

Historical and current use of glucocorticoid therapy was documented, including
medication used, age at onset of use, total duration of use, dose, and dose modification
history

At each visit, TFTs including time to stand from supine, time to climb four stairs, time to
run or walk 10 m, Brooke upper extremity functional rating scale, pulmonary function tests
(including spirometry and maximal static airway pressures), and the PODCI HRQL
assessment were obtained.

Functional milestones were selected to represent sequentially lost abilities associated
with disease progression based on prognostic value as described in the literature or
milestones affecting published care considerations in DMD.

CINRG collects data from a non-controlled clinical setting comparable to a real-world setting and
includes a sufficiently large pool of DMD patients to allow for a propensity score matching approach
with ataluren studies that did not have a control arm (e.g., Study 019 and STRIDE).'?>137:138 CINRG
serves as a useful comparator to STRIDE and Study 019 because it includes patients receiving BSC
who are experiencing the natural course of DMD disease progression. Although the study periods
for STRIDE and CINRG do not completely overlap, the populations of both studies represent
heterogeneous populations from multiple countries who are representative of the general DMD
population. Like CINRG, STRIDE includes patients with a wider range of ages and ambulatory ability
than those in clinical trials, meaning that the data are representative of a broader range of real-world
patient experiences in comparison with a short-duration randomised placebo-controlled clinical trial
with narrowly defined inclusion criteria. In addition, like CINRG, STRIDE and Study 019 also

Specification for company submission of evidence 60 of 279



contribute important data on long-term outcomes such as pulmonary function that are difficult to
assess in short-term studies.

A recent study has evaluated the suitability of real-world data (RWD) and natural history data (NHD)
for use as external controls in drug evaluations for ambulatory DMD."*® The analysis included five
RWD/NHD sources (n=430 patients) and placebo arm data from six clinical trials in DMD (n=383).
Changes in 6MWD were consistent between trial placebo arms and RWD/NHD cohorts subjected to
equivalent inclusion/exclusion criteria. There was no evidence that changes in 6MWD were
systematically milder in placebo arms compared to RWD/NHD. 6MWD outcomes were also
consistent among the different RWD/NHD sources analysed. Based on these findings, the authors
conclude that external controls can be suitable for drug evaluations in DMD."*®

The natural history of DMD has changed over the last five decades, with the introduction of spinal
surgery and ventilation between 1970 and 1990, and improvements in cardiac management and use
of corticosteroids in the 1990’s and early 2000’s.'4%'4" Patients are living longer, and important
milestones such as loss of ambulation and self-feeding are occurring later in life. However, there
have been no substantial changes in disease management and commercial availability of treatments
that impact disease progression since 2006, other than the conditional approval of Translarna by the
European Commission in 2014,29.142.143

However, in recognition of the effect of corticosteroid use on DMD milestones and the differences in
usage patterns between the ataluren studies and the CINRG study, the propensity score matching
model used in the comparison of the two studies included corticosteroid type and duration along with
age at first corticosteroid use as covariates. Inclusion of these covariates, along with age at first
DMD symptom (or age at diagnosis), effectively controls for any differences between STRIDE/Study
019 and CINRG in the standard of care variables that have been identified as prognostic for clinical
outcomes in DMD.7-16.144

The following established predictors of disease progression were used in the propensity score
matching between STRIDE and CINRG: duration of deflazacort use, duration of other steroid use,
age at first symptom and age at initial steroid use.’

Age at first symptoms is prognostic for severity of disease: the earlier the age of symptom onset, the
more severe and rapid the course of disease progression. A 1-year increase in the age at onset of
first symptoms was associated with a 10% reduction in annual risk of LoA for a cohort of patients
with either DMD or Becker muscular dystrophy.>* Analysis of study 019 used the same covariates,
however, because age at onset of first symptoms was not recorded in study 019, it was unavailable
for use as a covariate. In this analysis, as an alternative assessment, age at diagnosis was used
since those data were collected in Study 019. While these two outcomes are not the same, and age
at first symptom is a more appropriate predictor of future disease progression, selection of age at
diagnosis is a conservative proxy. This allows the matching of slightly older subjects from Study 019
using age of diagnosis data to patients in CINRG that have the earlier age at first symptom profile.
The risk assumed in this approach accepts the probability of study 019 patients declining in functional
capabilities sooner than those in the CINRG natural history cohort.

Age at first corticosteroid use, duration of corticosteroid use and duration of deflazacort use
represent key factors that are known to alter the course of the disease.®”'?* Median age at loss of
ambulation was approximately 3 years later in CINRG DNHS patients who were treated with
corticosteroids for at least 1 year while they were ambulatory, compared with CINRG DNHS patients
who were never treated or treated with corticosteroids for less than 1 year (13.0 vs 10.0 years; n=252
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vs 88; patients enrolled between 2006 and 2009).%2 A more recent analysis of CINRG DNHS patients
enrolled between 2006 and 2009 or between 2012 and 2016,%” also showed that the median age at
loss of ambulation was later in patients who were treated with corticosteroids for at least 1 year than
in those who were never treated or treated with corticosteroids for less than 1 month (13.4 vs 10.0
years; n=329 vs 73). Median age at loss of ambulation was also approximately 3 years later in
CINRG DNHS patients who received daily deflazacort than in those who received daily
prednisone.%%%

A recent review of the literature confirms that age at diagnosis, age at onset of symptoms and
glucocorticoid exposure are core prognostic indicators for loss of ambulation.'** Other indicators
included DMD genetic modifiers, DMD mutation type, height, and weight, cardiac medication and
orthoses. The STRIDE and CINRG DNHS populations were not matched according to genetic
modifiers, mutation type or location. However, most genetic subtypes of DMD present with a similar
course and timescale of disease progression. While there is some evidence that certain mutation
types may have a milder phenotype, patients with nonsense mutations have a disease progression
trajectory similar to other DMD subtypes.’ The inclusion of patients in CINRG with any DMD
genotype rather than only patients with nmDMD should not be considered a source of bias because
patients were matched based on several factors that are predictors of disease progression.

Whilst cardiac medication, orthoses, spinal surgery and ventilation support affect the prognosis of
patients with DMD, the use of these interventions is now part of standard of care as outlined in
international guidelines,?® and centres included in both the STRIDE/019 and CINRG databases are
expected to provide similar levels of care in this respect.

Propensity score matching can only adjust for measured covariates, and thus it cannot be
guaranteed that all confounding factors have been removed.'*® However, every effort has been
made to ensure key prognostic factors were included in the propensity score matching of the
STRIDE/019 and CINRG DNHS datasets, providing populations that were comparable in terms of
expected long-term outcomes.

The following outcomes have been assessed in patients receiving ataluren in STRIDE/019
compared to the propensity score matched CINRG population receiving BSC alone:"-34%"

e ambulatory outcomes (including the age at loss of ambulation (defined as “full-time
wheelchair requirement”) age at time to climb four stairs 210 seconds and age at time to
stand from supine 210)

¢ pulmonary function outcomes (age at predicted FVC <60%; age at predicted FVC <50%;
age at predicted FVC <30% and age at FVC <1 litre).

The North Star Clinical Network and database includes information on regular assessments of
patients with DMD from 24 paediatric specialist neuromuscular centres regularly followed in the UK.
Propensity score matching has also been used to match patients in the MAA with a cohort of patients
in the North Star database receiving BSC alone. This is described in section 9.4.1.7. Whilst the North
Star database includes a UK patient cohort, it is not as complete as the CINRG database as it does
not collect information on patients age at first symptoms which is one of the early predictors for
disease severity and used within STRIDE. Also, limitations in patient follow-up resulted in
significantly reduced patient numbers informing later data points, contributing to the inability to draw
meaningful conclusions from the analysis.
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9.4.1.2 Study 007 — Phase 2b efficacy and safety

Study 007 was a randomised, double-blind, placebo-controlled international Phase 2b study in 174
ambulatory patients with nmDMD, aged 5 to 20 years of age. Patients were stratified prospectively
by baseline 6MWD (>350 metres or <350 metres) and randomised to three times a day regimen of
ataluren 40 mg/kg/day, 80 mg/kg/day or placebo for 48 weeks. Patients were randomised in a 1:1:1
ratio to either a higher dose of ataluren, a lower dose of ataluren, or placebo, on top of BSC. Patients
received ataluren or placebo 3 times per day (at breakfast, lunch, and dinner) for 48 weeks.

Since the licensed dose of ataluren is 40 mg/kg/day, the submission focuses on results for this study
arm.

Figure C.3. Overview of study design

Separate
Phase 2b Double-Blind, Open-Label
Placebo-Controlled Study Extension Study
Ataluren — 20, 20, 40 mg/kg Ataluren - 20, 20, 40 mg/kg
N =60
Ataluren - 10, 10, 20 mg/kg
_— . . e e S s s —
N =57
Placebo
AN EEEEEE NN NN EEEEEEEEEEEEEEEN
N =57
¢ ———————— 48weeks ——— ¢
R/S = Adaptive randomization with stratification for: Analyses:
+ Age (<9 vs 29 years) + Interim safety
« Chronic steroid use (yes vs no)? 245 subjects with 212 weeks of treatment
+ Baseline 6MWD (=350 meters vs <350 meters) + Interim safety:
>90" subjects with >24 weeks of treatment

+ Final efficacy and safety:
~165 subjects with 248 weeks of treatment

R/S, randomisation and stratification
Source: PTC Clinical Study Report, Study 007

Table C-6. Summary of methodology for randomised controlled trial — Study 007

Study name Study 007 — Phase 2b efficacy and safety

Objectives To determine the efficacy and safety of ataluren in the treatment of patients with nonsense
mutation DMD

Location Patients were enrolled at 37 sites in 11 countries, including US, Australia, Belgium,
Canada, France, Germany, Israel, Italy, Spain, Sweden, UK

Design Multicentre, randomised, double-blind, placebo-controlled, dose-ranging, phase 2b study
efficacy and safety study

Duration of 48 weeks

study

Sample size N=174

Inclusion e Ability to give written, informed consent (by parents/guardian, if

criteria applicable)/consent (if <18 years old).

e Male gender.

e Age 25 years.
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e Onset of symptoms by age 9.

e Phenotypic evidence of DMD due to a nonsense mutation, based on the
occurrence of characteristic clinical symptoms or features (e.g., proximal muscle
weakness, waddling gait, and Gower's sign) at an age of nine years, increased
serum CK concentration, and ongoing walking difficulties.

e Evidence of the presence of a nonsense point mutation in the dystrophin gene,
as determined by a gene sequence analysis by a certified laboratory.

o Ability to walk 275 metres unassisted during the 6-MWT at screening.
e Evidence that an exit renal 'ultrasound' determination has been performed.

e Laboratory tests within normal values (adrenal, renal, and serum electrolyte
parameters)

e Willingness and ability to comply with planned visits, the drug administration
schedule, study procedures, laboratory tests, and study restrictions.

Exclusion e Treatment with systemic aminoglycoside antibiotics within three months prior to
criteria commencement of treatment.

e Start of systemic corticosteroid therapy within six months prior to commencement
of treatment or a change in treatment with systemic corticosteroids (e.g., start,
change in the nature of the drug, dose adjustment not related to body weight
change, change in dosage schedule, interruption, discontinuation or restart)
within three months prior to commencement of treatment.

e Any change (start, change in the nature of the product, dose adjustment,
schedule change, interruption, cessation or restart) in the prevention/treatment of
congestive heart failure within three months prior to commencement of treatment.

e Treatment with warfarin within one month before commencement of treatment.

e Earlier treatment with ataluren.

e Known hypersensitivity to one of the components or excipients of the study
medication.

e Exposure to another experimental medicine within two months before the start of
treatment.

e History of a major surgical operation within 30 days prior to the start of treatment.

e Ongoing immunosuppressive therapy (other than corticosteroids).

e Ongoing participation in another therapeutic clinical trial.

e Expected major surgical intervention (e.g., scoliosis surgery) during the 12-month
treatment period.

¢ Need for daytime ventilation assistance.

e Clinical symptoms and features of congestive heart failure (American College of
Cardiology/American Heart Association stage C or D) or evidence on the
echocardiogram of clinically relevant myopathy.

e Past or current medical condition (e.g., ancillary disease, psychiatric condition,
behavioural disorder, alcoholism, drug abuse), medical history, physical findings,
electrocardiogram findings, or laboratory abnormalities that, in the evaluator's
judgement, could adversely affect the patient's safety, make it unlikely that the
duration of treatment or follow-up testing would be completed, or interfere with
the assessment of the results of the study.

Method of Patients were randomised in a 1:1:1 ratio to either a higher dose of ataluren, a lower dose

randomisation

of ataluren, or placebo.

An Interactive Voice Response/Interactive Web Response (IVR/IWR) system was used
to randomise patients. Patients were stratified prospectively by age (<9 or 29 years), use
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of glucocorticoids (yes or no), and baseline 6-Minute Walk Distance (6MWD) (=350 or
<350 metres) and were randomised 1:1:1 to the three treatment groups.

Method of Double-blinded (efficacy and safety data by patients, caregivers, clinic staff, and other
blinding study personnel.)
Intervention e Ataluren 40 mg/kg/day; three times a day

e Ataluren 80 mg/kg/day; three times a day

e Placebo; three times a day
Baseline There was no significant difference among the 3 arms in any patient characteristic.
differences
Duration of One patient discontinued at Week 6 due to non-compliance. The remaining 173 patients
follow-up, lost completed 48 weeks.
to follow-up
information

Statistical tests

The sample size was based on the hypothesis that the mean change in 6MWD from
baseline to week 48 would be 30 metres (with a standard deviation (SD) of 50 metres)
better for ataluren versus placebo. Mixed model repeated-measures (MMRM) were used
for the analysis of changes from baseline to week 48. The MMRM model was improved
post-hoc by the addition of a baseline visit interaction term. The baseline 6MWD results
for one placebo and one 80 mg/kg/day patient was replaced by the screening values
because they were much lower than the screening and week 6 values due to lower-limb
injury. More specifically, the two patients had suffered lower-limb injuries within 1 or 2
days prior to baseline and had impaired walking ability. These baseline 6MWTs should
have been classified as invalid by the clinical evaluator. The analysis was then repeated
in the corrected intent-to-treat (cITT) population. Time to persistent 10% 6MWD
worsening relative to baseline was an outcome that was defined a priori, i.e., theoretically,
prior to empirical observation. In addition, patients were stratified prospectively by age,
corticosteroid use and baseline 6MWD (>350 or <350 metres).

Primary
outcomes
(including
scoring
methods and
timings of
assessments)

The primary outcome measure was the change in 6MWD from baseline to week 48.

Secondary
outcomes

Secondary endpoints included: i) activity in the community setting, ii) proximal muscle
function, iii) muscle strength, iv) muscle v) fragility, vi) biceps muscle dystrophin
expression, vii) QoL, viii) cognitive ability, ix) cardiac function, x) frequency of accidental
falls during ambulation, xi) treatment satisfaction, xii) safety, xiii) compliance with
treatment, and xiv) ataluren pharmacokinetics.

Other outcome measures included: i) dystrophin expression, ii) cardiac function, iii)
accidental falling during ambulation, iv) parent/caregiver-reported treatment satisfaction.

9.4.1.3 Study 020 — Phase 3 study

Based on results from Study 007 and a greater understanding of the distinct phases of the disease,
criteria were developed for Study 020 to enrol a more enriched patient population. In this Phase 3
multicentre, randomised, double-blind, placebo-controlled study conducted in 54 sites and 18
countries, 230 males were treated for 48 weeks. Patients were randomised in a 1:1 ratio to ataluren
10-, 10-, 20-mg/kg dose level or placebo on top of BSC.
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Figure C.4. Overview of study design

Phase 3 Double-Blind,
Placebo-Controlled Study
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Open-Label
Extension Study
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N=110
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R/S = Fixed block randomization with stratification for:

+ Age (<9 vs =9 years)

+ Duration of prior corticosteroid use (212 months vs <12-6 months)

* Mean of the 2 valid 6MWTs performed at Baseline (Day 1 and Day 2): 2350
meters versus <350 meters

R/S, randomisation and stratification
Source: PTC Clinical Study Report, Study 02046

Table C-7. Summary of methodology for randomised controlled trial - Study 020

Study name Study 020 — Phase 3 efficacy and safety

Objectives To determine the efficacy and safety of ataluren in the treatment of patients with
nonsense mutation DMD

Location Patients were enrolled at 54 sites in 18 countries, including US, Australia, Belgium, Brazil,
Canada, Chile, Czechia, France, Germany, Israel, Italy, Republic of Korea, Poland, Spain,
Sweden, Switzerland, Turkey, UK

Design Multicentre, randomised, double-blind, placebo-controlled, phase 3 study

Duration of 48 weeks

study

Sample size N=230

Inclusion e Ability to give written, informed consent (by parents/guardian if

criteria applicable)/consent (if <18 years old)

Male gender
Age 27 to <16 years

Phenotypic evidence of DMD due to a nonsense mutation, based on the
occurrence of characteristic clinical symptoms or features (e.g., proximal muscle
weakness, waddling gait, and Gower's sign) at an age of nine years, increased
serum CK concentration, and ongoing walking difficulties

Evidence of the presence of a nonsense point mutation in the dystrophin gene,
as determined by a gene sequence analysis by a certified laboratory, confirmed
by a blood sample

Use of systemic corticosteroids (prednisone, prednisolone, or deflazacort) for at
least six months prior to the start of the study without any significant change in
dosage or dosage regimen (not related to change in body weight) for three
months immediately prior to the start of the study and with reasonable
consideration that dosages and dosage regimen would not change materially
during the study

Ability to walk =150 metres unassisted during 6-MWT screening. The 6-MWT had
to be <80% of the value predicted for age and weight
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e The results of the two 6-MWT baseline measurements had to be determined as
valid and the results of the 6-MWT baseline on day 2 had to be within 20% of the
6-MWT baseline on day 1

e The baseline of the 6-MWT (averages of values on day 1 and 2) should not have
changed by more than 20% compared to the 6-MWT at screening

e Laboratory measurements within normal values (adrenal, renal, and serum
electrolyte parameters)

e In sexually active patients, willingness to refrain from sexual activity or to use
contraception during the use of the study medication and the six-week follow-up
periods

¢ Willingness and ability to comply with planned visits, drug delivery schedule,
study procedures, laboratory testing, and study restrictions

Exclusion e Treatment with systemic aminoglycoside antibiotics within three months of
criteria starting treatment

e Start systemic corticosteroid therapy within six months prior to commencement
of treatment

¢ Moaodification in systemic corticosteroid therapy (e.g., change in the nature of the
drug, dose adjustment not related to body weight, schedule change, interruption,
discontinuation or restart) within three months prior to commencement of
treatment

e Any change (start, change in the nature of the drug, dose adjustment, schedule
change, interruption, cessation or restart) in the prophylaxis/treatment of
congestive heart failure within three months of commencement of treatment

e Continued use of coumarin-based anticoagulants (e.g., warfarin), phenytoin,
tolbutamide or placlitaxel

e Previous treatment with ataluren

e Known hypersensitivity to one of the components or excipients of the study
medication

e Exposure to another experimental drug within three months of starting treatment

e History of a major surgical operation within six weeks prior to the start of treatment

e Ongoing immunosuppressive therapy (other than corticosteroids)

e Ongoing participation in another therapeutic clinical trial

e Expected major surgical intervention (e.g., scoliosis surgery) during the 12-month
treatment period

e Need for daytime ventilation assistance

e Clinical symptoms and characteristics of congestive heart failure (American
College of Cardiology/American Heart Association Stage C or D)

e Past or current medical condition (e.g., ancillary disease, psychiatric condition,
behavioural disorder, alcoholism, drug abuse), medical history, physical findings,
electrocardiogram findings, or laboratory abnormalities that, in the evaluator's
judgement, could adversely affect the patient's safety, make it unlikely that the
duration of the treatment or follow-up study would be completed, or evaluate the
results of the treatment or follow-up study

Method of | Patients were randomised in a 1:1 ratio to ataluren or placebo via permuted block

randomisation

randomisation (block size of four) using an interactive voice response or web response
system. Randomisation was stratified by age (<9 years vs 29 years), duration of previous
corticosteroid use (6 months to <12 months vs 212 months), and baseline 6MWD (<350
m vs 2350 m).
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Method of | Patients, parents and caregivers, investigational site personnel, PTC Therapeutics
blinding employees, and all other study personnel were masked to group allocation until after

database lock.
Intervention e Ataluren 10-, 10-, 20-mg/kg dose level; three times a day

e Placebo; three times a day

Baseline Baseline demographic and clinical characteristics, including type of concomitant
differences corticosteroid use, were similar between groups.
Duration of The study included a 2-week screening period, a 48-week blinded study drug treatment
follow-up, lost period, and a 6-week post-treatment follow-up period (only for patients not continuing
to follow-up treatment in the separate extension study.
information

One patient was lost to follow-up (placebo arm).

Statistical tests | The ITT population consisted of all randomised patients. The study was designed with a
sample size adequate to detect at least a 30-metre change from baseline to week 48
between ataluren and placebo-treated patients with at least 85% power (alpha = 0.05).
An analysis of covariance (ANCOVA) model was used for primary analysis with age,
duration of corticosteroid at baseline and baseline 6MWD category as stratification factors
and baseline 6MWD as a covariate. If patients were unable to perform 6MWT due to
disease progression a value of zero was used. Within-group multiple imputations on the
actual scale were applied to handle missing values via the Markov chain Monte Carol
method. Secondary endpoints were similarly analysed. If time for TFT exceeded 30
seconds or if patient could not do the test due to disease progression, a value of 30
seconds was used.

Primary The primary outcome measure was the change in 6MWD from baseline to week 48.
outcomes
(including
scoring
methods and
timings of
assessments)

Secondary
outcomes

The secondary outcome measures included i) physical function (TFTs, NSAA), ii) patient
and/or parent-reported ADL and disease symptoms, iii) HRQL (PODCI), iv) safety, v)
ataluren blood levels, and vi) compliance

9.4.1.4 Study 019

Study 019 was an open-label, international multicentre study with a primary objective to assess long-
term safety of patients who had prior exposure to ataluren in a PTC-sponsored clinical trial outside
the US. Not all patients immediately entered Study 019 from a prior ataluren study, and therefore
there was a treatment gap between the prior studies and Study 019 (Figure C.5). The secondary
objective included the exploration of efficacy of ataluren plus BSC,'* based on the results of the
6MWT, pulmonary function tests, TFTs, and the NSAA. Patients were considered eligible if they
received ataluren in a previous PTC-sponsored study, including Phase 2a Study 004 and Phase 2b
Study 007 and their respective extension periods Study 004e and Study 007e. The long-term
benefits of ataluren plus BSC beyond the duration afforded by the randomised placebo-controlled
studies on the preservation of ambulation and pulmonary function were analysed in a propensity
score matched comparison with CINRG.

Notably, this long-term extension study included 240 weeks (i.e., approximately 4.5 years), or in
Canada up to 336 weeks, of follow-up, providing an opportunity for exploration of the long-term
benefit of ataluren plus BSC beyond the duration afforded by the randomised placebo-controlled
studies. CINRG, as described in Section 9.4.1.1, includes longitudinal DMD data from 440
ambulatory and non-ambulatory patients aged 2 to 28 years over a 10-year period (recruited
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between 2006 and 2016). It therefore provides a powerful dataset for comparison of subjects
receiving BSC alone, with those receiving treatment with ataluren plus BSC.

Figure C.5. History of Ataluren Treatment for Patients Enrolled in Study 019

Study 007 Study 007e Gap Study 019 (outside US)
Phase 2b Double-Blind  Open-label No treatment Open-label
Placebo-Controlled Extension Extension (ongoing)
Ataluren 20, 20, 40 mg/kg
N=60 I i
Ataluren 10, 10, 20 mg/kg Ataluren 20, 20, 4n_m§/kg | Ataluren 10, 10, 20 mg/kg .
NeS7 . - Tt -1
Placebo
N=57
48 weeks 1248 weeks 114-266 weeks | 48 weeks | 192 weeks
(current
reporting
N=174 N=1732 period) N= 94b

R/S, randomisation/stratification; US, United States

2 Ninety-six patients were enrolled in Study 007e at sites outside the United States; 90/96 patients were included in Study 019

b Most patients who enrolled in Study 019 had participated in the ataluren phase 2b study (Study 007) and/or the subsequent open-label
extension study (Study 007e); patients who had participated in the ataluren phase 2a study (Study 004), or who had no previous exposure
to ataluren but had a special exemption, could also have enrolled. One patient did not have previous exposure to ataluren and entered
Study 019 through a special exemption.

Note: In Canada Study 019 duration was 336 weeks

Source: lllustration was created by PTC based on Study 019, Study 007, Study 007e design*®

Table C-8. Study 019 Methodology
Study name Study 019 - Long-Term Open-label Safety and Efficacy

Location Australia, Belgium, Canada, France, Germany, Israel, Italy, Spain, Sweden, and the UK.
Design Multicentre, long-term open-label safety and efficacy for patients who participated in one
or more prior PTC-sponsored studies of ataluren in nmDMD
Duration of Approximately 336 weeks
study
Sample size N=94
Inclusion e Ability to give written, informed consent (by parents/guardian if
criteria applicable)/consent (if <18 years old)
Male gender
Patients with a nmDMD who in one or more clinical studies had previously used
ataluren

e Laboratory tests within normal values (hepatic, adrenal, renal, and serum
electrolyte parameters)

e In sexually active patients, willingness to refrain from sexual activity or to use
contraception during the use of the study medication and the 6-week follow-up
periods

e Willingness and ability to comply with planned visits, drug administration plan,
study procedures, laboratory testing, and study restrictions
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example,
through pro-
active follow-up
or passively).
Duration of
follow-up,
participants lost
to follow-up

Study name Study 019 - Long-Term Open-label Safety and Efficacy
Exclusion e Use of any other experimental drug within 1 month of commencement of the
criteria study medication
e Participation in another clinical trial with ataluren
¢ Known hypersensitivity to any of the components or excipients of the study
medication
e Continued use of coumarin-based anticoagulants (eg, warfarin), phenytoin,
tolbutamide, paclitaxel, or systemic aminoglycoside antibiotics
e Medical/surgical condition, electrocardiogram findings, or laboratory
abnormalities that, in the evaluator's judgement, could adversely affect patient
safety or make it unlikely that the duration of treatment or follow-up studies
would be completed
Intervention Ataluren 10-, 10-, and 20-mg/kg dose level; 3 times a day
How were Patients were required to complete a visit at the clinical research facility every 48 weeks.
participants Each patient was to return to the clinical research facility at Week 240 (or Week 336 in
followed-up (for | Canada) for the end of treatment (EOT) visit. However, study duration could be altered,

in which case, the timing of the EOT visit was adjusted appropriately. If the patient
terminated the study early because ataluren was commercially available in that country,
then the patient only needed to return for the EOT visit.

All patients who discontinued ataluren were to return for a Post-Treatment Visit at the
investigator site 6 weeks (+7 days) after the last dose of ataluren for final study-related
evaluations.

Analysis

The as-treated population in Study 019 consisted of all patients who received at least
1 dose of ataluren.'®0 Patients were classed as ambulatory if they had a 10-metre
run/walk time that was <30 seconds at screening.
The long-term benefit of ataluren beyond the duration afforded by the randomised
placebo-controlled studies and the preservation of pulmonary function were analysed in
a propensity score matched comparison with the CINRG DNHS.
Propensity score matching (1:1) was performed to identify CINRG DNHS patients who
were similar to Study 019 patients in the following 4 covariates, which are established
predictors of disease progression:
e Age at onset of first symptoms (using age at diagnosis as a proxy*)
e Age at initiation of corticosteroid use
e Duration of deflazacort use
e Duration of use of other corticosteroids
*In Study 019, the age at first symptom was not collected, which makes it unavailable for
use as a covariate for propensity score matching against patients with DMD from the
CINRG DHNS. As an alternative for this assessment, PTC decided to use age at
diagnosis since those data were collected in Study 019. Accepting that these 2
outcomes are not the same, and that age at first symptom is a more appropriate
predictor of future disease progression, PTC are confident that selection of age at
diagnosis is a conservative proxy. To be eligible for the propensity score matched
analysis of age at LoA, patients must have had available data for age at LoA and the
4 aforementioned covariates used for matching.
To be eligible for the propensity score matched analysis of age at decline in pulmonary
function, patients:
¢ Must have been non-ambulatory and had available data for age at LoA, the
3 pulmonary endpoints described below, and the 4 aforementioned covariates
used for matching
e Must not have experienced a decline below one of the FVC endpoints listed
below before Study 019 entry.
Kaplan-Meier analyses were used to estimate the distribution of age at meeting the
following endpoints (‘events’): LoA; predicted FVC <60%; predicted FVC <50%; and
FVC <1 litre.
The distribution of age at these endpoints was compared between matched patients
from Study 019 and the CINRG DNHS, using a log-rank test stratified by the duration of
deflazacort and other corticosteroid use 1 month or treatment naive, =1 month to
<12 months, and =212 months).

Outcomes

e Study assessments was performed at clinic visits during screening, on the first
day of ataluren dosing, and then every 48 weeks during the ataluren treatment
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Study name

Study 019 - Long-Term Open-label Safety and Efficacy

period, except for weight, which was measured every 24 weeks at a primary
care physician.

e The primary outcome measures were the long-term safety and tolerability of
ataluren at 240 weeks (approx. 4.5 years).

e For ambulatory patients, the endpoints were change from baseline in 6MWD,
TFTs, and NSAA.

e LoA was defined as a patient having two consecutive vistis in which they took
longer than 30s to walk 10m or if a clinician defined a patient as non-ambulant.

e For non-ambulatory patients (including those who were ambulatory at study
entry) the endpoints were change from baseline in pulmonary function (FVC,
FEV1), Peak Expiratory Flow, Peak Cough Flow, and Egen Klassification scale.
The Egen Klassification scale measures ADL in patients after LoA.

6MWD, 6-minute walk distance; ADL, activities of daily living; CINRG DNHS, Cooperative International Neuromuscular
Research Group Duchenne Natural History Study; DMD, Duchenne muscular dystrophy; EOT, end-of-treatment; FEV1,

forced expiratory volu

me in 1 second; FVC, forced vital capacity; LoA, loss of ambulation; nmDMD, nonsense mutation

Duchenne muscular dystrophy; NSAA, North Star Ambulatory Assessment; TFT, timed function test; UK, United

Kingdom

9.4.1.5 Study 030 - Phase 2 study in children with nmDMD aged 22 to <5 years

Study 030 was a
pharmacokinetics

Phase 2, open-label, multiple-dose study designed to evaluate the safety and
of ataluren in boys aged 22 to <5 years with nmDMD (Figure C.6 and Table C-9).

The study also explored the efficacy of ataluren in this age group. Patients received ataluren at a

dose of 10 mg/kg

in the morning, 10 mg/kg at midday, and 20 mg/kg in the evening for 52 weeks.

The study was comprised of a 4-week screening, a 4-week treatment phase, a 48-week extension

(treatment period
treatment period,

. 52 weeks), and a 4-week follow-up (study duration: 60 weeks). During the
patients went to the clinical centre on Day 0 and Day 28 for the pharmacokinetic

studies and in Weeks 16, 28, 40, and 52 for the safety and efficacy assessments.

The efficacy results of Study 030 were compared with data on the natural history of the disease in
31 untreated DMD patients aged =22 and <5 years, identified in the natural history database of the

CINRG.

Figure C.6. Overview of Study 030 Design

4 Wks: 4 Wks:
Screening PK

48 Wks: 4 Wks:
Extension Follow Up

m Tm

Ata

luren (~ 10-, 10-, and 20 mg/kg), morning, midday, evening

[ |
1
Treatment Period: 52 Weeks

PK, pharmacokinetics

60 Weeks Total Study Duration

Source: Tian et al. 201831

Table C-9. Stud

y 030 Methodology

Study name Study 030 - Phase 2 (age >2 to <5 years)

Location The study enrolled patients across 6 sites in the US

Design Multiple-dose, open-label, evaluation of safety, pharmacokinetics, and pharmacodynamics, Phase
2 study

Duration of study | 52 weeks

Sample size N=14

Inclusion criteria

e Males 22 to <5 years of age
o Body weight 212 kg
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Study name

Study 030 - Phase 2 (age >2 to <5 years)

e Diagnosis of DMD
e Nonsense mutation in at least 1 allele of the dystrophin gene

Exclusion criteria

e Participation in any other drug or device clinical investigation
e Ongoing use of prohibited concomitant medications

followed-up (for
example, through
pro-active follow-
up or passively).
Duration of
follow-up,
participants lost
to follow-up

Intervention Ataluren 10-, 10-, and 20-mg/kg dose level; 3 times a day

Baseline Not applicable

differences

How were During the treatment period, each subject was to return to the clinical research facility
participants during Week 0 (Visit 2) and Week 4 (Visit 3) for PK testing, and Week 16 (Visit 4), Week 28 (Visit

5), Week 40 (Visit 6), and Week 52 (Visit 7/Early Termination [ET])

All patients were included in the safety and PK populations and completed the PK phase of the
study.

Analysis

It is challenging to evaluate efficacy in this young patient population due to the rarity of diagnosed
patients with nmDMD in children <5 years of age. In addition, due to growth and maturation,
patients in this age group tend to show stabilisation or improvement in measures routinely used to
assess muscle function. The rate of maturation in younger patients is also both unpredictable and
can vary significantly from patient to patient.

In DMD patients between 2 and 5 years of age, the progressive loss of muscle function
characteristic of the disease is compensated for by normal growth and development. Therefore, in
this age group the loss of motor skills is not yet evident; indeed, there is a progressive acquisition
of motor skills rather than deterioration of skills. Therefore, the efficacy of ataluren was evaluated
on the basis of improvement in muscle function assessment tests found at Week 28 and Week 52
compared to baseline.

Primary outcome

The primary outcome measure was to evaluate the safety of ataluren in patients aged =2 and <5
years with nmDMD (number of abnormal laboratory values and/or AEs).

Secondary
outcomes

Secondary outcome measure included i) PK parameters, ii) area under the curve and C min, iii)
descriptive assessments of efficacy (TFTs and NSAA), iv) effects on growth parameters.

AE, adverse event; CINRG, Cooperative International Neuromuscular Research Group; DMD, Duchenne muscular dystrophy; nmDMD,
NSAA. North Star Ambulatory Assessment; nonsense mutation Duchenne muscular dystrophy; TFT, timed function test; US, United
States

9.4.1.6 STRIDE methodology

STRIDE is an ongoing, multicentre, 25-year real-world study. STRIDE is a non-imposed post-
approval safety study designed to collect information on the safety and effectiveness of ataluren in
the real-world setting as part of routine clinical practice. The study was initially designed to enrol
approximately 200 patients but was amended to enrol up to 360 patients to reflect continuing
enrolment and inclusion of patients aged 2 to less than 5 years. Except for those enrolled after May
2020, patients will be followed for 25 years from date of enrolment, and data are collected in
conjunction with routine care visits (estimated to occur at 3- to 6-month intervals). For patients who
started ataluren prior to enrolment into the registry, data were obtained retrospectively from medical
records for the time period between ataluren initiation and enrolment.

The target registry population includes patients for whom the decision to prescribe ataluren (outside
of a clinical trial) has already been made. Patients within each prescriber’s practice who are or will
be receiving treatment with ataluren, and who meet the eligibility criteria and provide informed
consent (either by the patient or through authorisation by a legal guardian), are invited to enrol in the
registry and be followed according to the protocol. The inclusion criteria are broad, and the exclusion
criteria limited, so as to include a representative population of patients treated with ataluren in routine
clinical practice.
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Comparison with natural history control data

CINRG DNHS, the largest prospective multicentre natural history study to date in DMD, enrolled 440
ambulatory and non-ambulatory DMD patients aged 2 to 28 years.’

CINRG DNHS data to 19 March 2018 were used as a historical control to provide context for the
effect of ataluren in STRIDE (see section 9.4.1.1). In CINRG and STRIDE, the endpoints were
similarly defined, including LoA (full-time wheelchair use).

To eliminate bias and enable a more robust comparison between STRIDE and CINRG, propensity
score matching was used to identify a subset of subjects in the CINRG database who were
comparable to subjects in the registry according to established predictors of disease progression.
The propensity score was created using a logistic regression model with the following covariates:
age at first clinical symptoms, age at first corticosteroid use, duration of deflazacort use (<1 month,
21 to <12 months, 212 months); and duration of other corticosteroid use (<1 month, 21 to <12
months, 212 months). Once the propensity score was calculated, a local optimal (greedy) algorithm
based on the nearest neighbour approaches without replacement was used to find the matching
controls.” Under the local optimal algorithms approach, both the registry and CINRG subjects were
first randomly sorted. The first registry subject was selected to find the closest matching CINRG
subject based on the absolute value of the difference between their propensity scores (predicted
probability). The CINRG subject with the closest propensity score was selected as the matching
control and was no longer available for further matching. This procedure was repeated for all registry
subjects for a 1-to-1 match.

Registry data were compared with CINRG data for the overall population and propensity- score-
matched population using KM estimates and Cox regression for a number of time-to-event variables.
For each time-to-event variable, the median was produced for STRIDE and CINRG separately, along
with the 95% CI constructed based on log-log transformation. Distribution of the variables were
compared between STRIDE and CINRG using log-rank test stratified by the duration of deflazacort
use and the duration of other corticosteroid use calculated up to the time at LoA or the latest time
the subject was known to be ambulatory. Gaps between steroid use were excluded and overlap of
different steroid use was not double counted. The HR and the corresponding 95% CI (STRIDE
versus CINRG) was estimated using a stratified Cox proportional hazard model with study and age
at the first symptom as covariates.’

Table C-10. STRIDE Methodology

Study name Study 025 (STRIDE) - Long-Term Observational Study of
Translarna Safety and Effectiveness in Usual Care

Location As of 31 January 2021, patients have been enrolled from 13
countries (Austria, Czech Republic, France, Germany, Greece,
Hungary, Israel, Italy, Latvia, Portugal, Romania, Sweden, UK)

Design

Multicentre, 5-year real-world study

Duration of study 10 years (5 years target follow-up duration)

Patient population nmDMD

Sample size Up to 360

Specification for company submission of evidence 73 of 279



Inclusion criteria

Receiving or will be receiving usual care treatment with
commercial supply of ataluren (or receiving care within a
named patient early access program)

Willing to provide written informed consent to allow the study

data collection procedures (either by the patient or through
authorisation by a legal guardian)

Exclusion criteria

Patients who are receiving ataluren or placebo in a blinded,
randomised clinical trial, or ataluren in any other ataluren
clinical trial or cohort early access program that prevents
participation in this study

Intervention(s) (n =) and
comparator(s) (n =)

Translarna, N=286 (as-treated population, 31 January 2021
datacut)

There is no comparator however outcomes in patients treated
in STRIDE have been compared with those in a matched
natural history cohort from the CINRG database (n=398; see
section 9.4.1.1)

Baseline differences

Propensity matching of CINRG data yielded a population with
no significant differences from the STRIDE population with
respect to age at first symptoms, age at first corticosteroid use,
duration of deflazacort use, and duration of other corticosteroid
use, which provided a relevant basis for comparison.

How were participants
followed-up (for example,
through pro-active follow-up
or passively). Duration of
follow-up, participants lost to
follow-up

Data are collected in conjunction with routine care visits
(estimated to occur at 3- to 6-month intervals).

As of the latest cut-off, subjects in the Evaluable Population
have been followed for a median of [ days (range: [Jl}). Most
subjects have been on study for at least [Jj days).

B subjects discontinued Registry participation as of the cut-off
date, most frequently (JJ] were lost to follow-up; | withdrew
consent and ] for reasons categorised as ‘Ii})

Analysis

The following analysis populations are defined for the fifth
interim report (31 January 2021):

e Screened Population: all subjects who sign informed
consent

e As-Treated/Safety Population: all screened subjects
who receive Translarna

e Evaluable Population: male patients who provided
informed consent and did not fail screening, and the
safety population is defined as all patients who received
at least one dose of ataluren.

o Effectiveness Population: all subjects in the Evaluable
Population excluding those:

o with newborn screening or prenatal diagnosis as
first symptom

o with missing age at first symptoms

o with steroid use but missing steroid initiation date
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o with missing age at LoA

e Ambulatory Population: subset of the Evaluable or
Effectiveness Population excluding:

o Subjects who are full-time wheelchair bound or
bedridden prior to the date of first recorded
commercial or EAP Translarna use

o Subjects who are in the transition phase defined
as greater than or equal to 30 seconds for their
first 10-metre run/walk test on or after the date of
first recorded commercial or EAP Translarna
use.

¢ Non-Ambulatory Population: subset of Evaluable or
Effectiveness Population who are full-time wheelchair
bound or bedridden on or before first recorded
commercial or EAP Translarna use or anytime during
the study.

Patients who became non-ambulatory during the registry were
included in both the ambulatory and non-ambulatory
populations.

STRIDE only (not presented in this submission): To analyse
change in clinical outcome measure in the context of this non-
interventional study with heterogeneity in assessment
timepoints, change from first assessment to last assessment
was summarised for all patients with at least 2 assessments at
least 48 weeks apart. First assessment was defined as the first
data captured in the registry (inclusion, follow-up or
retrospective visits) and last assessment was the latest data
captured in the registry before the cut-off date.

STRIDE vs. CINRG: STRIDE data were compared with CINRG
data for the overall population and for the propensity score
matched population using KM estimates and Cox regression for
the time-to-event variables of LoA, TFTs, and pulmonary
function.

For each time-to-event variable, the median (95% CI) survival
time (age at which the survival probability drops to 50% or
below) for subjects in STRIDE and CINRG was constructed
based on log-log transformation. The distribution of the
variables was compared between STRIDE and CINRG using
log-rank test stratified by the covariates of duration of
deflazacort use (<1 month, 21 month and <12 months, 212
months) and the duration of other steroid use (<1 month, =1
month and <12 months, 212 months). The HR and
corresponding 95% CI (STRIDE versus CINRG) was estimated
using a stratified Cox proportional hazard model with study, age
at first symptom, and age at initial steroid usage as covariates.

Specification for company submission of evidence 75 0f 279



Outcomes (including scoring The registry collects information on the safety, effectiveness,
methods and timings of and compliance of ataluren in routine clinical practice. Safety
assessments) data collected during the registry are spontaneously reported
during a clinic visit or derived from hospital records, clinical
records, and evaluation checkilists.

Evaluations that are conducted as per usual care are
documented. There are no protocol-mandated procedures or
diagnostic tests. However, in response to Regulatory Authority
feedback and with the goal of collecting a more robust set of
efficacy data for this registry, PTC undertook a multi-faceted
approach to increasing consistency and completeness of
efficacy data collection. As a result of these initiatives, more
complete reporting for efficacy measures was obtained
beginning in the subsequent cycle of follow-up visits.

In countries where initiation took place in 2017 or 2018, PTC, in
agreement with the Steering Committee, requires that sites
commit to reporting a minimum set of efficacy assessments for
each patient in the registry (including 10-metre walk test, time
to rise from floor, FVC), at the time of inclusion and at all follow-
up visits.

In addition, LoA (defined as “full-time wheelchair use”) is always
assessed and captured.

STRIDE data are being compared with CINRG data for the
time-to-event variables of LoA, TFTs, and pulmonary function.
Source: STRIDE 5" Interim Clinical Study Report 202148

9.4.1.7 Managed Access Agreement (MAA) methodology

The MAA collected data on patients in order to compare the ataluren-treated nmDMD patients with
DMD patients receiving BSC alone in the North Star registry. The control cohort does not include
any nmDMD patients.

The MAA provided data measuring change in the NSAA, over the course of a 3—4-year period. The
quality of life of the patients and caregivers was also assessed. The North Star database, used for
this analysis, is owned and maintained by the North Star Clinical Network in the UK. The data
analysis was performed and validated as a joint effort between North Star Clinical Network and PTC
Therapeutics.™?

Comparison with matched control data (primary analysis)

A propensity score-matching approach was used to minimise the biases of between group
comparisons between the ataluren-treated and BSC-only-treated patients.

The propensity scores originally included the following variables: age at baseline, baseline steroid
use duration (<1 year, or >1 year), steroid regimen (Daily, Intermittent, Other, & No Steroids), steroid
type (Deflazacort, Prednisolone, No Steroids), and baseline NSAA total score.

Following a matching report produced by the North Star registry and interim data on those who had
lost ambulation, the propensity score variables were refined and updated to try and account for
recent research and publications to minimise the bias:#°

e age at baseline,
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e age at initial use of steroid,

o deflazacort use duration (<1 month, 1-12 months, =12 months) before baseline*

e duration of other steroid use (1 month, 1-12 months, 212 months) before baseline*,
o steroid use regimen (daily/intermittent and other),

e baseline NSAA total score,

e Dbaseline time to rise from floor.

*Subjects who did not use any steroids would be in the category of other steroids (<1 month) and
initial age of steroid use will be imputed to 30.

Once the propensity score was calculated, a local optimal (greedy) algorithm without replacement
using both the nearest neighbour and calliper approaches was used to find the matching controls.

Under the local optimal algorithms approach, both the treated and the BSC patients are first
randomly sorted. The first treated patient is selected to find the closest control matching BSC patient
based on the absolute value of the difference between their propensity scores (logit of the scores).
The matching controls were selected utilising both the nearest neighbour matching and a calliper
matching approach. It should be noted, that earlier onset age at first signs and symptoms is
associated with earlier onset age at loss of ambulation and hence could be used as a measure of
disease severity, however these data were not available from the database as a key propensity
score matching covariate.'*® Consequently, alternative covariates were used in the matching: age at
initial steroid use, baseline NSAA total score and baseline time to rise from floor.

Retrospective analysis

A retrospective comparative analysis of the annualised decline in linearised NSAA for ataluren-
treated nmDMD patients relative to BSC-alone-treated DMD patients was undertaken to evaluate
whether a correction factor for the prospective analysis was required. The methodology of this
analysis is shown in Table C-11. In the retrospective slope analysis that included patients with NSAA
records at least two months prior to baseline (median duration to baseline was 638 days and 700
days for ataluren and BSC patients, respectively), there was no significant difference in the rate of
decline prior to baseline between the two groups. As there is no meaningful difference in the
trajectory of nmDMD patients as compared to the DMD population overall, assuming that both
groups are receiving BSC, a correction factor was therefore not needed in the prospective
analysis.#

Table C-11. MAA Methodology

Name Managed Access Agreement - Ataluren for treating nonsense mutation Duchenne
muscular dystrophy (hmDMD)

Location England

Design Data collection

Duration of Approximately 6 years (March 2016 to January 2022). The median duration of the

data collection | observation follow-up period was 38 months.

Sample size N=59 (matched)

Patient Patients with nmDMD aged 2 years and older, who are ambulatory must sign up to the
eligibility MAA and be made aware of the start / stop criteria.*

Start criteria:
e Patients must have a confirmed diagnosis of Duchenne muscular dystrophy
resulting from an in-frame nonsense mutation in the dystrophin gene. The
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Name

Managed Access Agreement - Ataluren for treating nonsense mutation Duchenne
muscular dystrophy (hmDMD)

presence of a nonsense mutation in the dystrophin gene should be determined
by genetic testing.

e Patients must be aged 2 years and older and able crawl, stand with support or
walk.

e Patients should only start once a full set of standard baseline specialist
neuromuscular clinical and physiotherapy assessments (including an initial
blood test) have been obtained.

e Patients / parents will be expected to attend their clinic 2 times a year for
assessment within a 14-month period.

Stop criteria:
Patients will become ineligible for further treatment where:

e The patient is non-compliant with assessments for continued therapy where
non- compliance is defined as fulfilling fewer than 2 attendances for assessment
within any 14-month period.

e If a patient has lost all ambulation (i.e., can no longer stand even with support)
and has become entirely dependent on wheelchair use for all indoor and
outdoor mobility (other than for reasons of an accident and/or an intercurrent
illness), the patient's physician needs to discuss stopping ataluren treatment.

e In such cases as defined above, patients should stop treatment no later than 6
months after becoming fully non-ambulant.

e Patients who are taken off treatment will continue to be monitored and
supported with normal best standard of care. These patients will continue to be
assessed to allow gathering of important information regarding natural history of
non-ambulatory patients.

Intervention

Ataluren (MAA patients)
BSC (matched North Star cohort)

Outcomes

e NSAA (primary analysis): The NSAA consists of 17 activities, each scored as 0,
1, or 2. The sum of these 17 scores will be used to form a total score. The total
score and each of the 17 categories will be summarised. An analysis will be
conducted to compare the change in total NSAA scores between the ataluren
cohort (ataluren-treated patients) and the matched control cohorts (BSC
patients).

e HRQL (secondary analysis)

o Patient HRQL: Patients in the ataluren cohort will be invited to complete
the CHU9D as outlined in the MAA. The questionnaire will be
completed twice per year in a timeframe consistent with clinic visits. In
addition, control patients will be asked if they are willing to complete the
questionnaire.

o Caregiver quality of life: At least one caregiver (e.g., parent) of the
children in the ataluren cohort will be invited to complete the EQ-5D.
Patients will have a confirmed diagnosis of nmDMD and their clinical
status will be described — age, level of ambulatory ability, status of non-
ambulation (to be fully determined but to include aspects of upper body
mobility, level of ventilation support etc). The questionnaire will be
completed twice per 14 months in a timeframe consistent with clinic
visits and should ideally be completed by the same caregiver(s) each
time. In addition, caregivers of the control cohort will be asked if they
are willing to complete the EQ-5D.

How were
participants
followed-up (for
example,
through pro-
active follow-up
or passively).

Patients were required to attend clinic twice within any 14-month period for assessment
to remain on treatment within the MAA

Analysis/
Statistical tests

The goal is to describe the data collected. No hypothesis testing will be performed on
any of the endpoints assessed. Statistical modelling will be employed to obtain the best
point estimators (and confidence intervals) to describe the data. All statistical modelling
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Name

Managed Access Agreement - Ataluren for treating nonsense mutation Duchenne
muscular dystrophy (hmDMD)

will be performed based on observed data with no data imputation for the missing data
and dropouts.

Primary analysis

The primary analysis will compare the decline in the NSAA score over time in the
ataluren-treated group compared to the control cohort. The change in NSAA total score
and change in NSAA linear score will be analysed separately using a mixed model for
repeated measurement model (MMRM) with factors of treatment (ataluren and BSC),
age, time point (6, 12, 18, 24, 30, 36, & 42 months), baseline total score, treatment-by-
time point interaction as covariates. Treatment effects, treatment differences, and the
corresponding 95% confidence intervals will be estimated for each time point. The
sample size would vary by time point and is likely small for later time points. If MMRM
modelling is not appropriate (e.g., failed to converge), alternative methods including
analysis of covariance with baseline as a covariate by time point may be used.

Secondary, descriptive, subgroup analyses will be performed separately to the primary
analyses.

Retrospective analysis

A retrospective comparison of the linearised NSAA trajectory for the propensity score
matched cohorts will be made. The annual slope of decline of the linearised NSAA
before baseline will be calculated over a minimum of 2 years and will be compared to
assess if the trajectory is similar between the two cohorts and will be compared to the
published data (in particular Ricotti et al). Any correction factor needed for the
prospective analysis will be discussed and decided by all parties involved, namely NICE,
North Star Group and PTC.

HRQL
HRQL data will be summarised using descriptive statistics or tabulation counts as
appropriate by time points.

Source: North Star Clinical Network, MAA Statistical Analysis Plan, v4.2, 202114°
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9.4.2 Provide details on data from any single study that have been drawn from
more than one source (for example a poster and unpublished report) and/or
when trials are linked this should be made clear (for example, an open-label

extension to randomised controlled trial).

Table C-12. Ataluren clinical study sources

Study Primary publication Additional data sources
Study 007 Bushby et al. 201432 Study 007 Clinical Study Report!5°
NCT00592553 Data has also been published in an EMA review by

Haas et al*? and at multiple conferences at shown in
Appendix 17.1.

Study 020 (ACT-DMD) | McDonald et al. Study 020 Clinical Study Report!46
NCT01826487 2017% Data has also been published at multiple conferences
at shown in Appendix 17.1.

Study 019 McDonald et al. Study 019 Clinical Study Report*3

NCT01557400 202110

Study 030 Tian et al. 2018131 Study 030 Clinical Study Report!!

NCT02819557

STRIDE Registry Analysis of the STRIDE 5™ Interim Clinical Study Report 202136

(Study 0250) STRIDE Registry with | Egrlier data has also been presented by Mercuri et al.

NCT02369731 data cut 31 January 20207 (peer-reviewed publication data cut July 2018)
2021 used to inform and at multiple conferences as shown in Appendix
the submission has 171.

been presented in
three conference
abstracts/posters:

Mercuri et al. 202134
Tulinius et al. 202137
Muntoni et al. 2021128
Muntoni et al. 2021152

9.4.3 Highlight any differences between patient populations and methodology in all

included studies.

The two RCTs, Study 007 and Study 020 were of similar design. One key difference between the
trials was the inclusion criterion regarding patients’ baseline 6MWD. Study 007 specified boys were
aged 25 years, with a screening 6MWD 275 metres. Study 020 inclusion criteria were stricter,
specifying boys aged 27 years and <16 years, with a 6MWD of both 2150 metres and <80% of that
predicted for their age and height. Study 020 also specified that patients should be receiving
concomitant stable corticosteroid therapy. This was not specified in the Study 007; nonetheless, 71%
of patients recruited were receiving corticosteroids. Patients in both trials received ataluren 40
mg/kg/day or placebo for 48 weeks. Patients in Study 007 who received ataluren 80 mg/kg/day were
not included in these meta-analyses.
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Study 019 included patients previously treated with ataluren in Study 007 and Study 004. Not all
patients immediately entered Study 019 from a prior ataluren study; the mean (SD) treatment gap
between the prior studies and Study 019 for the 93 patients who had participated in previous trials
was 2.9 (0.5) years. Mean age of enrolled patients at baseline in Study 019 was 12.8 years,
representing an older patient population with more advanced disease.

Study 030 investigated ataluren in a younger population with nmDMD, aged 22 to <5 years.

STRIDE and the MAA are real-world studies that include patients with a wider range of ages and
ambulatory ability than those in clinical trials, meaning that the data are representative of a broader
range of patient experiences in clinical practice. STRIDE includes a large cohort of patients that
could be propensity score matched using key prognostic covariates, including age at first symptoms.
The MAA cohort is considerably smaller (N=59 in the matched analysis), and whilst propensity score
matching to a natural history cohort of patients in the UK was possible, factors such as the available
patient pool and lack of age at first symptoms as a covariate may have created an imbalance in
disease severity in the matched populations.

9.4.4 Provide details of any subgroup analyses that were undertaken in the studies
included in section 9.4.1. Specify the rationale and state whether these

analyses were pre-planned or post-hoc.
Study 007

Age, corticosteroid use, and baseline 6MWD were pre-specified as stratification factors since these
variables were likely to have prognostic significance. The three stratification factors (age [<9 years
vs. 29 years], corticosteroid use [yes vs. no], and baseline 6MWD [2350 metres vs. <350 metres])
were included to balance allocation of patients into treatment groups by these potentially important
baseline parameters. Subgroup analyses were carried out within the 6 subgroups defined by the 3
stratification factors.*

A post-hoc subgroup analysis was conducted after discussion with the CHMP to compare the mean
change in the 6MWD from baseline to week 48 measured in placebo-treated patients versus those
receiving ataluren who were classified as being in the decline phase. The decline phase subgroup
was defined as those aged 7 years to 16 years with a baseline %-predicted 6MWD <80%, and to
minimise heterogeneity with a baseline of 6MWD 2150 metres and on a stable dose of
corticosteroids.

Study 020

As in Study 007, randomisation was stratified by age (<9 years vs 29 years), duration of previous
corticosteroid use (6 months to <12 months vs =212 months), and baseline 6MWD (<350 metres vs
>350 metres). A subgroup with baseline 6MWD of 2300 metres to <400 metres was pre-specified in
the statistical analysis plan. Further post-hoc analysis was carried out in patients with baseline
6MWD <300m and 2400m.*

Study 019

In Study 019 at study entry, 50 patients were ambulatory and 44 patients were non-ambulatory.
Pulmonary function was only evaluated in non-ambulatory patients.°
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STRIDE

Two exclusive analytical age subsets of each analysis population are defined for summary and
analysis to inform the efficacy and safety of ataluren in younger subjects and facilitate comparisons
between STRIDE data and previous ataluren clinical studies:'4®

+ Patients 22 and <5 years of age at treatment initiation
+ Patients =5 years of age at treatment initiation

030

No subgroup analyses were completed.

9.4.5 If applicable, provide details of the numbers of patients who were eligible to
enter the study(s), randomised, and allocated to each treatment in an
appropriate format.

9.4.5.1 Patient disposition in Study 007

Figure C.7 Patient Disposition, Study 007

Assessed for eligibility

N =185
Excluded — screen failure (N = 11)
¢ No documentation of a nonsense point mutation in the
dystrophin gene (n = 3)
e Laboratory values not within specified ranges (n = 3)
e Prior or ongoing medical condition (n = 3)
p* Lack of willingness to comply with protocol (n = 2)
e <5yearsofage(n=1)
¢ No phenotypic evidence of DBMD (n = 1)
e Lack of ability to walk >75 meters unassisted (n = 1)
v
Note: 1 or more reasons applied to each patient
Randomized
(N = 174)
A A
Placebo Low-dose ataluren High-dose ataluren
(N = 57) (N = 57) (N = 60)
Discontinued Discontinued Discontinued
P prematurely P prematurely P prematurely
(N=0) (N=0) (N=1)
A A A
Completed study Completed study Completed study
(N = 57) (N = 57) (N = 59)

Source: Bushy, 20143
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9.4.5.2 Patient disposition in Study 020

Figure C.8 Patient Disposition, Study 020

291 patients screened for eligibility

p| 61ineligible

A 4

230 randomly assigned

v v

115 assigned to receive placebo 115 assigned to receive ataluren
115 in the as-treated population 115 in the as-treated population
114 in the intention-to-treat population® 114 in the intention-to-treat population®
4 discontinued 5 discontinued
1 adverse eventt 1adverse eventt
—p|  1lostto follow-up —| 3 at participant’s request
1 at participant’s request 1 non-compliant
1 non-compliant
A 4 h 4

111 completed the study 110 completed the study

*Two patients from the as-treated population (n=1 per group) were prematurely discontinued when dystrophin gene
sequencing did not confirm the presence of a nonsense mutation in the dystrophin gene; these patients therefore did not
have at least one valid post-baseline 6-minute walk distance value—a requirement for the intention-to-treat population.
TAdverse events leading to discontinuation were constipation, possibly related to the study drug (n=1 in the ataluren
group) and disease progression (n=1 in the placebo group

Source: McDonald 201733

9.4.5.3 Patient disposition in Study 019

A total of 94 boys were included in Study 019, including one patient who did not have previous
exposure to ataluren and was enrolled through an institutional review board- and US FDA-approved
special exemption. Fifty patients were ambulatory, and 44 patients were non-ambulatory at study
entry. Not all patients immediately entered Study 019 from a prior ataluren study; the mean (SD)
treatment gap between the prior studies and Study 019 for the 93 patients who had participated in
previous trials was 2.9 (0.5) years (range 144—266 weeks)."°

9.4.5.4 Patient disposition in Study 030

14 patients were screened and enrolled, and all were included in the safety and PK populations, and
completed the PK phase of the study.'’
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9.4.5.5 Patient disposition in the STRIDE

As of 31 January 2021, 288 patients with nmDMD (Figure C.9) from 13 countries with 64 active study
sites were enrolled in STRIDE; of these, 286 received at least one dose of ataluren and did not fail
screening (as-treated population) and 17 were excluded from the evaluable population (n=269) due
to the following reasons: four were female, 10 had a frameshift mutation and three had missing or
outstanding mutation data.®* Of the 269 male patients, 241 with confirmed nmDMD were included in
the effectiveness population. The following 28 patients were excluded from the effectiveness
population for the stated reasons: 23 patients had missing data for age of LoA or age at first
symptoms and five patients had an age at first symptoms equal to 0 years.

Of the 241 patients in the evaluable population, 217 were ambulatory at study entry, 20 were non-
ambulatory at the start of study treatment start and four were in the transition phase between being
ambulatory and non-ambulatory (they completed the first 10-metre walk/run test in 230 seconds).*

The mean (95% ClI) total exposure to ataluren of the STRIDE effectiveness population was 1197.23
(1126.44, 1268.02) days up to LoA. The propensity-matched STRIDE population had a total
exposure to ataluren equivalent to 884.2 patient-years, and 85.5% of patients (206/241) had been
receiving ataluren for more than 672 days.**

The registry thus provides the opportunity to follow patients with this progressive disease over longer
periods of time than afforded by clinical studies designed to show the benefit of treatment in delaying
disease progression and loss of muscle function.

Figure C.9: Patient Disposition at Data Cut-Off, as of 31 January 2021

Patients who signed the informed consent form (n = 288)

Patients excluded from the as-treated population (n = 2)
« Failed screening® (n= 1)
» Not treated (n = 1)

Patients included in the as-treated population (n = 286)
Patients excluded from the evaluable population (n = 17)

« Female patient (n = 4)

« Frameshift mutation® (n = 10)
+ Missing mutation data (n = 1)
= Other® (n=2)

Patients excluded from the effectiveness population
(n=28)

« Missing data® (n = 23)
* NBS/PND as first symptom (n = 5)

DMD, Duchenne muscular dystrophy; NBS, newborn screening; PND, prenatal diagnosis; STRIDE, Strategic Targeting
of Registries and International Database of Excellence

Notes’ 2Screening failure due to a frame shift mutation; PAtaluren is not indicated in these patients; ataluren is indicated
for the treatment of ambulatory patients with DMD resulting from a nonsense mutation in the dystrophin gene. Patients
who do not have a nonsense mutation should not receive ataluren; Critical queries, such as those regarding mutation
data, are still outstanding; YData were missing for age at loss of ambulation or age at first symptoms; °Patients were in
the transition phase if they completed the first 10-metre walk/run test in 230 seconds; Non-ambulatory patients were
defined as such if using a wheelchair full-time or bedridden; patients who were non-ambulatory “prior to study start” were
all ambulatory at ataluren initiation in previous clinical trials.

Source: Mercuri et al. 202134
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9.4.6 If applicable provide details of and the rationale for, patients that were lost to

follow-up or withdrew from the studies.

Please see Table C-6 to Table C-11 and section 9.4.5.
9.5 Critical appraisal of relevant studies

9.5.1 Complete a separate quality assessment table for each study. A suggested

format for the quality assessment results is shown in Tables C7 and C8.
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Table C-13. Critical appraisal of randomised control trials

Study name PTC124-GD-007-DMD (Study 007) PTC124-GD-020-DMD (Study 020)
Study question Response | How is the question addressed in the study? Response | How is the question addressed in
(yes/no/not (yes/nol the study?
clear/N/A) not
clear/N/A)
Was randomisation Yes An adaptive randomisation using accepted Yes (48- Eligible patients were stratified based
carried out minimisation techniques was utilised to ensure week study | on age, duration of corticosteroid use,
appropriately? treatment arms were balanced regarding three period) and baseline 6MWD using the
predefined stratification factors, and patient permuted block randomisation
numbers in each arm. Randomisation was stratified technique in a 1:1 ratio to receive
in a 1:1:1 ratio according to age, baseline 6-minute either ataluren or placebo. After
walk distance (6MWD) and use of corticosteroids. 48 weeks of blinded treatment, all
compliant patients were eligible to
receive open-label ataluren during a 6-
week post-treatment follow-up period.
Was the concealment | Yes An interactive voice response/interactive web Yes An interactive voice
of treatment response system was used by site representatives response/interactive web response
allocation adequate? to allocate patients. system was used by site
representatives to allocate patients.
Were the groups Yes Randomisation was stratified according to age, Yes Randomisation was stratified
similar at the outset baseline 6MWD and use of corticosteroids and according to age, duration of
of the study in terms therefore treatment arms were well balanced with corticosteroid use, and baseline
of prognostic factors, respect to these prognostic factors. Treatment 6MWD and therefore treatment arms
for example, severity arms were also similar in terms of other functional were well balanced with respect to
of disease? characteristics at baseline. these prognostic factors. Treatment
arms were also similar in terms of
other functional characteristics at
baseline.
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Were the care Yes Patients, parents/caregivers, investigational site Yes Patients, parents/caregivers,
providers, personnel, sponsor and all other study personnel investigational site personnel, sponsor
participants and remained blinded to the identity of the treatment and all other study personnel remained
outcome assessors assignments until every patient had completed blinded to the identity of the treatment
blind to treatment study treatment and the database had been locked. assignments until every patient had
allocation? If any of The identity of the study treatments was concealed completed study treatment and the
these people were not using a placebo that was identical to the active database had been locked. The
blinded, what might drug in appearance, taste, odour, packaging, identity of the study treatments was
be the likely impact labelling and schedule of administration. Unblinding concealed using a placebo that was
on the risk of bias (for was only to occur in the case of patient identical to the active drug in
each outcome)? emergencies, if requested by the data monitoring appearance, taste, odour, packaging,
committee (DMC) at the time of the interim labelling and schedule of
analyses, and at the conclusion of the study. administration. Unblinding was only to
During the study, the treatment assignments were occur in the case of patient
to be available only to an independent emergencies, if requested by the DMC
biostatistician and to the DMC. at the time of the interim analyses, and
at the conclusion of the study. During
the study, the treatment assignments
were to be available only to an
independent biostatistician and to the
DMC.
Were there any No Only one patient in the ataluren discontinued due No The dropout rate was low (4%) in both
unexpected to protocol non-compliance at approximately arms, as only four patients in the
imbalances in Week 6. placebo arm and five patients in the
dropouts between ataluren arm discontinued prematurely.
groups? If so, were
they explained or
adjusted for?
Is there any evidence | No The study protocol is available, and all outcomes No The study protocol is available, and all

to suggest that the
authors measured

have been reported.

outcomes have been reported.
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more outcomes than
they reported?

Did the analysis Yes
include an intention-
to-treat analysis? If
so, was this
appropriate and were
appropriate methods
used to account for
missing data?

The pre-specified intent-to-treat (ITT) population
included all randomised subjects with a valid
6MWD observation available at baseline and =1
post-baseline visit. The baseline values for two
patients (one placebo-dosed and one treated with
ataluren 80 mg/kg/day) were replaced by their
screening values, because their baseline 6MWDs
were radically lower than their screening and Week
6 values due to lower-limb injuries before the
baseline test. This is referred to as the corrected
ITT (cITT) population.

As predefined in the statistical analysis plan, the
primary analysis was repeated using a multiple
imputation method for missing 6MWDs to check
the effect of missing values on the robustness of
the primary analysis. A second pre-specified
sensitivity analysis to assess robustness of the
primary efficacy results to missing data relied on
the last observation carried forward (LOCF)
concept, by applying an analysis of covariance
(ANCOVA) model to the last available post-
baseline 6MWD observation.

Yes

The ITT population included all
patients who were randomised, with
study drug assignment designated
according to initial randomisation,
regardless of whether patients
received any study drug or received a
different study drug from that to which
they were randomised. In addition,
patients in this population must have
had a valid 6MWD baseline value and
at least one valid, post-baseline 6MWD
value. Siblings were considered as
independent subjects. This population
was used to analyse all efficacy
parameters.

As predefined in the study statistical
analysis protocol, within-group multiple
imputations on the actual scale were
applied to handle missing values via
the Markov chain Monte Carlo method;
100 imputations were done, which was
deemed adequate in view of the
anticipated amount of missing data.

Source: Study 007 CSR; Study 020 CSR

Table C-14. Critical appraisal of non-randomised studies — Study 019

Response | Comments

Section 1: Population

described?

1.1 Is the source population or source area well

++ Outpatients

Patients from 21 sites in defined countries.
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Response

Comments

Demographics adequately described (See CSR Table 14.1.3.1.1)

1.2 Is the eligible population or area representative

Patients had to have a history of exposure to ataluren in a prior PTC-sponsored study in

of the source population or area? + nmDBMD, for which the eligibility is not clearly reported. Recruitment not further reported.
Study includes UK (along with Australia, Belgium, Canada, France, Germany, Israel, Italy,
Spain, Sweden)
1.3 Do the selected participants or areas represent Clear inclusion and exclusion criteria were pre-specified (see 9.3.1. and 9.3.2 of clinical
++ study report (CSR)).

the eligible population or area?

Section 2: Method of allocation to intervention (or comparison)

2.1 Allocation to intervention (or comparison).

How was selection bias minimised? NA
2.2 Were interventions (and comparisons) well A clear description of the intervention is provided. Study was an open-label extension study,
described and appropriate? ++ s0 no comparator included.
2.3 Was the allocation concealed? NA
2.4 Were participants or investigators blind to
exposure and comparison? NA Since this was an open-label study, randomisation and blinding were not utilised.
2.5 Was the exposure to the intervention and Exposure to intervention was adequate - 10 mg/kg,
comparison adequate? ++ 10 mg/kg, 20 mg/kg ataluren regimen
2.6 Was contamination acceptably low? NA
2.7 Were other interventions similar in both
| groups? NA
2.8 Were all participants accounted for at study 94 enrolled, 37 (39.4%) patients completed the study and 57 (60.6%) patients discontinued
conclusion? - (the primary reason for discontinuation was the commercial availability of drug.)
2.9 Did the setting reflect usual UK practice? ++ Outpatient
2.10 Did the intervention or control comparison Ataluren outpatient - For administration, the powder in the sachet was mixed with water,
reflect usual UK practice? ++ milk, fruit juice (except apple juice), fruit punch, or in semi-solid food.

Section 3: Outcomes
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Response

Comments

Efficacy endpoint measurements included NSAA, 6MWT, TFT, spirometry and ADL as

3.1 Were outcome measures reliable? ++ measured by the EK scale.
Some outcomes were not reported for all patients, e.g., only 38/50 (76%) ambulatory
3.2 Were all outcome measurements complete? + patients had baseline measurements for time to rise from supine
3.3 Were all important outcomes assessed? ++ All efficacy and safety endpoints reported on ()
The efficacy outcomes reflect a measure of the treatment effect, and adverse events were
3.4 Were outcomes relevant? ++ reported.
3.5 Were there similar follow-up times in exposure
and comparison groups? NA
240 weeks, not too long — participants discontinued due to the commercial availability of
3.6 Was follow-up time meaningful? ++ drug.
Section 4: Analyses
4.1 Were exposure and comparison groups similar
at baseline? If not, were these adjusted? NA
4.2 Was ITT analysis conducted? NA
4.3 Was the study sufficiently powered to detect
an intervention effect (if one exists)? NR
4.4 Were the estimates of effect size given or
calculable? ++ The effect sizes are presented
4.5 Were the analytical methods appropriate? + 95% confidence intervals and mixed model for repeated-measures
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Response | Comments

4.6 Was the precision of intervention effects given
or calculable? Were they meaningful?

++ Confidence intervals were provided. The effects were clinically meaningful.

Section 5: Summary

5.1 Are the study results internally valid (i.e.,
unbiased)?

The study is a single-arm study therefore it is impossible to determine the effect in the
+ absence of the intervention.

5.2 Are the findings generalisable to the source
population (i.e., externally valid)?

The participants, interventions and outcomes are reflective of that expected in clinical
++ practice.

++ The study satisfies the criterion, + The study partially satisfies the criterion

Table C-15. Critical appraisal of non-randomised studies — Study 030

‘ Response

Comments

Section 1: Population

1.1 Is the source population or
source area well described? ++

The study was conducted at several clinical research sites in the USA.

Outpatient (assumed from "Study subjects were to report to the clinic on the morning of each on-site visit
and were to remain in the clinic until released by the Investigator after all the study-related procedures had
been completed and the subject and/or parent(s)/caregiver had been instructed regarding drug storage,
reconstitution, and administration.")

Demographics adequately described (See CSR 11.2 Demographic and Other Baseline Characteristics)

1.2 Is the eligible population or
area representative of the source
population or area? ++

Subjects were recruited from dystrophinopathy

populations who received care or were referred for evaluation at the investigational site, with clear, pre-
specified eligibility criteria. The Pl or sub-investigator discussed the possibility of participation directly with
parent(s)/legal guardian in the clinic.

1.3 Do the selected participants or
areas represent the eligible
population or area? ++

" The study was conducted at several clinical research sites in the USA."
Clear inclusion and exclusion criteria were pre-specified (see 9.3.1. and 9.3.2 of CSR).

Section 2: Method of allocation to intervention (or

comparison)

2.1 Allocation to intervention (or
comparison). How was selection
bias minimised? NA

2.2 Were interventions (and
comparisons) well described and
appropriate? ++

A clear description of the intervention is provided. Study was open-label, so no comparator included.
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Response

Comments

2.3 Was the allocation concealed?

NA

2.4 Were participants or
investigators blind to exposure

and comparison? NA Since this was an open-label study, randomisation and blinding were not utilised.
2.5 Was the exposure to the
intervention and comparison Exposure to intervention was adequate - All subjects received approximately 10-, 10-, 20-mg/kg ataluren
adequate? ++ TID for 4 weeks during the PK portion and for 48 weeks during the extension period.
2.6 Was contamination acceptably
low? NA
2.7 Were other interventions
similar in both groups? NA
2.8 Were all participants accounted A total of 14 subjects were screened, and all were subsequently enrolled in the study (Section 14.1 Table
for at study conclusion? ++ 14.1.1). There were no screen failures.
Outpatient (assumed from "Study subjects were to report to the clinic on the morning of each on-site visit
and were to remain in the clinic until released by the Investigator after all the study-related procedures had
2.9 Did the setting reflect usual UK been completed and the subject and/or parent(s)/caregiver had been instructed regarding drug storage,
practice? ++ reconstitution, and administration.")
2.10 Did the intervention or control
comparison reflect usual UK
practice? ++ As above, assumed outpatients, visiting clinics for study assessments
Section 3: Outcomes
PK parameters, TFTs, NSAA, weight, height, BMI, Ataluren palatability characteristics as determined by a
3.1 Were outcome measures parent/caregiver questionnaire.
reliable? ++ AEs, dose-limiting toxicities, laboratory tests.
3.2 Were all outcome All subjects were included in the safety population, PK population, and evaluable population. All 14 subjects
measurements complete? ++ completed the study, including the PK and extension phases
3.3 Were all important outcomes
assessed? ++ All efficacy and safety endpoints reported on, other than weight, height and BMI
3.4 Were outcomes relevant? ++ The efficacy outcomes reflect a measure of the treatment effect, and adverse events were reported.
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Response

Comments

3.5 Were there similar follow-up
times in exposure and comparison
| groups?

NA

3.6 Was follow-up time
meaningful?

++

Yes - 4-week screening period, a 52-week treatment period (the first 4 weeks of which included PK
parameters), and a 4-week follow-up period for subjects who completed the treatment period (60 weeks total
duration).

Section 4: Analyses

4.1 Were exposure and comparison
groups similar at baseline? If not,
were these adjusted?

NA

4.2 Was ITT analysis conducted?

NA

4.3 Was the study sufficiently
powered to detect an intervention
effect (if one exists)?

NR

4.4 Were the estimates of effect
size given or calculable?

++

The effect sizes are presented

4.5 Were the analytical methods
appropriate?

Just descriptive statistics: n, mean, SD, median, range, and 95% confidence intervals.

4.6 Was the precision of
intervention effects given or
calculable? Were they meaningful?

++

Confidence intervals were provided. The effects were clinically meaningful.

Section 5: Summary

5.1 Are the study results internally
valid (i.e., unbiased)?

The study is a single-arm study therefore it is impossible to determine the effect in the absence of the
intervention.

5.2 Are the findings generalisable
to the source population (i.e.,
externally valid)?

++

The participants, interventions and outcomes are reflective of that expected in clinical practice.

Specification for company submission of evidence 93 of 279




++ The study satisfies the criterion, + The study partially satisfies the criterion

Table C-16 Critical appraisal of observational studies - STRIDE

Study name: STRIDE

acceptable way?

Study question Response How is the question addressed in the study?
yes/no/not clear/N/A)
Was the cohort recruited in an Yes Patients are eligible to participate in STRIDE if they have a confirmed genetic

diagnosis of nmDMD and if they are, or will be, receiving usual care treatment with
a commercial supply of ataluren (or receiving care within an early access program),
and are willing to provide written informed consent for data collection procedures
by themselves or a parent/legal guardian. Patients who are receiving ataluren or
placebo in an ongoing, blinded, randomised clinical trial or ataluren in any other
ongoing clinical trial or early access program that prevents participation in the
current registry are not eligible to enrol in STRIDE, although those receiving
ataluren can become eligible once they have completed the required follow-up, and
fulfilled the conditions of the trial or early access program.

Comparative data for STRIDE have been sourced from CINRG, which was
designed using the World Health Organisation International Classification of
Functioning, Disability and Health. The CINRG DNHS included patients with DMD
at 20 centres around the world, collecting the most comprehensive and largest,
prospective, longitudinal natural history data to date on a cohort of DMD patients.

Was the exposure accurately Yes
measured to minimise bias?

Enrolled patients in STRIDE were/are or would/will be receiving ataluren at study
start and treatment discontinuations had been/are captured across the study
period.

Was the outcome accurately Yes
measured to minimise bias?

The study endpoints included well established ambulatory and non-ambulatory
outcome measures used across DMDs. All outcomes were assessed following
standardised procedures.

In the absence of a placebo control, the efficacy results for nmDMD patients in
STRIDE were compared to propensity-matched historical controls from CINRG
data. This comparison is based on a rigorous propensity score matching method
that aligns with the Pharmacovigilance Risk Assessment Committee rapporteur
request in the Assessment Report dated 28 February 2019 (procedure
EMEA/H/C/002720/MEA 002.4) for analysis with individually matched patients from
the CINRG database.
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Have the authors identified all Yes Genotype, corticoid use, ambulatory status at baseline are important prognostic
important confounding factors? and potential treatment effect modifiers and were handled appropriately in the
study protocol.
Have the authors taken account of Yes As per protocol, the efficacy of ataluren was assessed in study populations that
the confounding factors in the design accounted for important baseline and prognostic factors. The safety profile of
and/or analysis? ataluren was presented by corticoid use.
Was the follow-up of patients No STRIDE is ongoing and expected to be completed in 2025, when patients would
complete? have been followed for at least 5 years.
The CINRG natural history study is completed, and its values are sourced as
comparative data to that obtained in STRIDE with ataluren.
How precise (for example, in terms of | N/A Latest cut-off-date results from STRIDE were consistent within outcome measures

confidence interval and p values) are
the results?

and differences versus data from CINRG reached statistical significance, potentially
reflecting the robustness of employing the propensity matching method.

Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence

12 questions to help you make sense of a cohort study
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9.6 Results of the relevant studies

9.6.1 Complete a results table for each study with all relevant outcome measures

pertinent to the decision problem. A suggested format is given in table C9.

9.6.1.1 Summary of comparative efficacy data

A summary of available comparative data from studies 007, 020, 019 and STRIDE are shown in
Table C-17 to Table C-19. Detailed results of each study are shown in sections 9.6.1.2, 9.6.1.3,
9.6.1.4, 9.6.1.6. Results from the single-arm study in patients aged 2 to 5 years (Study 030) are
shown in section 9.6.1.5.

Table C-17. Meta-analysis (post-hoc) of Study 007 and Study 020 placebo-controlled RCTs —
ambulatory outcomes

Study ‘ LS Mean Difference (95% ClI) ‘ p value
Change in 6MWD

ITT 17.2 (0.2, 34.1) 0.0473
6MWD =300 to <400 43.9 (18.2, 69.6) 0.0008
Change in 10-m run/walk

ITT 1.1(-2.2,0.1) 0.0677
6MWD =300 to <400 -2.1(-3.7,-0.4) 0.0149
4-stair climb

ITT -1.7 (-2.9,-0.4) 0.0078
6MWD =300 to <400 -3.4 (-5.3,-1.5) 0.0004
4-stair descend

ITT -1.9 (-3.2,-0.6) 0.0055
6MWD =300 to <400 -4.3 (-6.2, -2.3) <0.0001

LS mean differences between ataluren and placebo groups were assessed by meta-analysis of the ITT and meta-
analysis of patients with a baseline 6MWD =300-<400 m

6MWD: 6-minute walk distance; ITT: intent-to-treat; LS: Least-squares.

Source: Campbell et al. 2020*

Specification for company submission of evidence 96 of 279



Table C-18. Study 019 versus CINRG Propensity-Matched Population — ambulatory and

pulmonary function outcomes

Assessment 019 CINRG
(ataluren + BSC) (BSC alone)
N=60 N=60
Loss of ambulation
Median age at event, years 15.5 | 13.3
p value 0.0006
Predicted FVC <60%
Median age at event, years 18.1 | 15.1
p value 0.0004
Predicted FVC below 50%
Median age at event, years 19.1 | 17.8
p value 0.0548
FVC <1 litre
Median age at event, years NC | 21.9
p value NR

Source: McDonald et al. 2021130

Table C-19. STRIDE versus CINRG Propensity-Matched Population — ambulatory and

pulmonary function outcomes

Assessment

STRIDE CINRG
(ataluren + BSC) (BSC alone)
N=241 N=241

Loss of ambulation

Median age at event, years (95% CI)

17.9 (14.4, NA) | 12.5 (11.6, 13.5)

p value?

<0.0001

Hazard ratio (95% CI)°

0.374 (0.273, 0.512)

Loss of time to Climb 4 Stairs 210 Seconds

Median age at event, years (95% CI)

p value

Hazard ratio (95% CI)

Loss of Stand from Supine 210 Seconds

Median age at event, years (95% ClI)

p value?

Hazard ratio (95% CI)°

Predicted FVC <60%

Median age at event, years (95% CI)

17.6 (16.2,NA) | 15.8(15.1, 16.5)

p value?

0.0051

Hazard ratio (95% CI)°

0.544 (0.343, 0.863)

Predicted FVC below 50%

Median age at event, years (95% CI)

p value?

Hazard ratio (95% CI)P

Predicted FVC <30%

Median age at event, years (95% CI)

NA (NA, NA) | 25.4 (20.6, 29.4)

p value?

0.0085
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Assessment STRIDE CINRG
(ataluren + BSC) (BSC alone)
N=241 N=241
Hazard ratio (95% CI)P 0.107 (0.014, 0.813)
FVC <1 litre
Median age at event, years (95% CI) B | B
p value? .
Hazard ratio (95% CI)P [

ap value is from a log-rank test stratified by deflazacort and other corticosteroid usage durations.

PHR is from stratified (by durations of deflazacort and other corticosteroid use) Cox regression with study, age at first
symptoms and age at first corticosteroid use as covariates. The HR is STRIDE versus CINRG.

Source: PTC Therapeutics Study 0250 CSR 2021'%3; Tulinius et al. 202137; Mercuri et al. 202134

9.6.1.2 Study 007

Results for study 007 were provided during the 2015 assessment and are presented again below.

Baseline characteristics

Key patient demographics are shown in Table C-20 and there were no significant differences
between the 3 arms. The use of corticosteroids was balanced across groups; no patient discontinued
use of corticosteroids and dose changes were minimal.'>*

Table C-20: Patient baseline characteristics in Study 007

Ataluren Ataluren
Placebo 40 mg/kg/day 80 mg/kg/day

N=57 N=57 N=60
Age, years
Mean (SD) 8.3 (2.33) 8.8 (2.91) 8.4 (2.53)
Median 8.0 8.0 8.0
Range 5-15 5-20 5-16
Body weight, kg
Mean (SD) 28.6 (9.1) 31.2(12.1) 31.9(12.8)
Median 256 27.0 27.6
Range 16-55 16-76 17-84
Corticosteroid use, n (%)
Yes 40 (70.2) 41 (71.9) 43 (71.7)
Baseline 6MWD, n (%)
>350 m 34 (60) 32 (56) 33 (55)
<350 m 23 (40) 25 (44) 27 (45)

6MWD, 6-minute walk distance; kg, kilogram; mg, milligram; SD, Standard deviation
Source: Bushby et al. 20143

Primary outcome measure results (6MWD)

A clinically meaningful and statistically significant treatment benefit was observed with ataluren. At
48 weeks in the ITT population, the decrease in 6MWD was 42.6 and 12.9 metres for placebo and
ataluren, respectively (29.7 metres difference, nominal p=0.149, MMRM on ranks).3? Furthermore,
in the ITT population, the time to persistent 10% worsening in 6MWD analysis showed that 26% of
patients in the ataluren arm had progressed at week 48 compared to 44% in the placebo group (HR
0.52, p=0.039).%2 These results show that fewer patients receiving ataluren worsened in the 6MWD
over 48 weeks.
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In the cITT population, patients receiving ataluren 40 mg/kg/day had a 12.9 metre mean decline in
6MWD and patients receiving placebo had a 44.1 metre mean decline in 6MWD (Figure C.10). The
mean change in observed 6MWD from baseline to Week 48 was 31.3 metres less in the ataluren
arm than in the placebo arm (p=0.056). Separation of ataluren from placebo was seen at all post-
baseline visits.

Figure C.10: Mean change in 6MWD over 48 weeks in Study 007 in the cITT population
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Source: lllustration was created by PTC based on Busby 2014 %2

As discussed in section 6.1.3.3, the natural history of changes in ambulation as measured by the
6MWT indicate varied rates of loss of walking ability: whilst patients with a walking distance of greater
than 400 metres at baseline generally do not demonstrate substantial changes in their 6MWDs in 48
weeks, those with a 6MWD less than 400 metres tend to have larger declines. In study 007, since a
baseline value of 350 metres was a pre-specified stratification factor, an analysis was carried out on
this group. Figure C.11 shows that by week 48 in the placebo arm, patients with a baseline 6MWD
2350 m are stable, losing only 5 metres on average, whereas the patients with mean baseline <350
metres showed a large decline of 107 metres. In the pre-specified group with baseline 6MWD <350
metres (Figure C.12), the mean 6MWD declined by 68.2 metres less in ataluren patients compared
to placebo-dosed patients from baseline to week 48 (nominal p=0.0053).
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Figure C.11: Mean change in 6MWD from baseline to week 48 in Study 007 patients with baseline
6MWD <350 metres versus >350 metres subgroups (placebo arm)
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Figure C.12: Mean change in 6MWD over 48 weeks in Study 007 patients with baseline 6MWD <350 metres
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Secondary outcome measures

Timed functions tests

The TFTs were a secondary endpoint in Study 007 and consistently demonstrated a trend in favour
of ataluren. As shown in Table C-21, the time taken to carry out TFTs increased to a lesser extent
for ataluren compared to placebo in time to climb 4 stairs (difference of 2.4 s), time to descend 4
stairs (difference of 1.6 s) and time to run/walk 10 metres (difference of 1.4 s). Importantly, the
observed differences are clinically relevant and meaningful to patients (see section 4.1.3). Compared
with the TFT results in the clITT, in the pre-specified baseline 6MWD <350 metres subgroup, the
results favouring ataluren were even greater (data not shown).
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Table C-21. Study 007, changes in TFTs, cITT analysis set

Comparison of change
Placebo Ataluren baseline to week 48
) ) i ataluren and placebo,
Endpoint Baseline Week 48 Baseline Week 48 mean 95%
Climb 4 stairs, s 6.0 10.8 6.9 9.3
A=A A2 4 -2.4 (-4.8,0.0)
Descend 4 stairs, s 55 | 9.6 6.1 | 8.5
A=40 A2 4 -1.6 (-4.2,1.0)
Run/walk 10 m, s 6.8 | 9.8 7.4 | 9.1
A=30 A=17 -1.4 (-3.7,0.9)

clTT, corrected intention-to-treat; mm metre; s, second; TFT, timed function tests
Source: Bushby et al. 2014%

Accidental falls

Accidental falls were monitored using patient/caregiver diaries. The relative ratios of the estimated
fall rates at week 48 were 0.38 (95% CI, 0.16 to 0.94) for ataluren versus placebo. Positive trends
for ataluren versus placebo were also seen across the other secondary outcomes of physical
functioning, including activity and wheelchair use in the community and evaluation of muscle
strength.

Patient-reported outcome measures

Positive trends were seen in patient-reported HRQL (assessed by the PedsQL) which comprises
physical functioning and psychosocial functioning (i.e., emotional functioning, social functioning, and
school functioning) scales.

From baseline to week 48, patients in the ataluren group had a higher mean change in the PedsQL
physical and school functioning score than placebo-dosed patients (Table C-22).

Table C-22. Patient-reported HRQL (assessed by the PedsQL) in Study 007 (ITT population)

Placebo Ataluren Difference. mean
Baseline, A at week 48, Baseline, A at week 48, (95% él)
mean mean mean mean
Physical 61.9 -1.0 59.3 2.4 3.4(-5.51012.2)
Emotional 70.1 4.3 73.7 -1.8 -6.1 (-14.3 to 2.1)
Social 63.4 7.8 65.1 3.9 -3.9 (-11.7 t0 4.0)
School 64.7 4.1 64.6 6.1 2.1(-6.0t0 10.1)

Cl, confidence interval; HRQL, health-related quality of life; ITT, intention-to-treat; PedsQL, Paediatric Quality of Life
Inventory

Source: PTC Study 007 CSR'%
Interpretation of results

In Study 007, ataluren slowed the rate of decline of walking ability and achieved the pre-specified
endpoint (and MCID) of 30 metres in 6MWD at 48 weeks in ambulatory boys with nmDMD. 68 |n alll
pre-specified subgroups based on age, baseline 6MWD and glucocorticoid use, ataluren patients
performed better than placebo. Results were most pronounced in the patients with advanced disease
(i.e., BMWD <350 metres) who have measurable declines in ambulation.

9.6.1.3 Study 020

Results for study 020 were provided during the 2015 assessment and are presented again below.
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Baseline characteristics

In Study 020, 230 patients were randomly assigned to receive ataluren (N=115) or placebo (N=115);
228 patients comprised the ITT population.

Figure C.13. Patient disposition
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ITT, intention-to-treat
Source: PTC Clinical Study Report, Study 020 "4

Baseline demographics and characteristics were similar between groups (see Table C-23). The
patient population of Study 020 had baseline 6MWDs ranging from 143 to 526 metres, indicating
that the overall study population was heterogeneous and included patients in the stable, transition,
and accelerated decline phases of the ambulatory stage. Stable patients were not expected to
decline during a 48-week study so the goal was to reduce the number of stable patients within the
cohorts at baseline. Unfortunately, the 80% of predicted 6MWD inclusion criteria was set too high to
adequately exclude these patients. Consequently, many stable patients were included. Figure C.14
shows the range of baseline 6MWD in both Study 007 and Study 020 and the number of patients
falling in the transition phase of the disease.

Table C-23. Patient baseline characteristics in Study 020

Ataluren Placebo
N=115 N=115
Age (years) 9.0 (7-10) 9.0 (8-10)
Weight (kg) 29.3 (23-37) 27.0 (24-34)
6MWD (m) 375.2 (314-421) 370.5 (314-422)
6MWD Category
<300 m 25 (22%) 22 (19%)
>300 m to <400 m 47 (41%) 52 (45%)
>400 m 43 (37%) 41 (36%)
Corticosteroid use
Deflazacort 50 (44%) 54 (47%)
Prednisone 38 (33%) 37 (32%)
Prednisolone 29 (25%) 28 (24%)
6MWT, 6-minute walk test, m, metre
Source: McDonald et al. 2017 3
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Figure C.14. Range of baseline 6MWD in Study 020 and Study 007
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6MWD, 6-minute walk distance; ITT, intention-to-treat; m, metre
Note: Pre-specified analysis subgroup in Study 020
Source: lllustration was created by PTC based on Study 020 and Study 007 46154

Primary outcome results (6MWD)

The observed difference between the ataluren and placebo in mean change in observed 6MWD
from baseline to week 48 was 15.4 metres in favour of ataluren versus placebo in the ITT population.
The least-squares mean change in 6MWD from baseline to 48 weeks was -47.7 metres (standard
error [SE] 9.3) for ataluren and -60.7 metres (9.3) for placebo (difference 13.0 metres [SE 10.4], 95%
Cl, -7.4 to 33.4; p=0.213). As shown in Figure C.15, separation between ataluren and placebo was
maintained from week 16 through the end of the study and the effect was more evident in the pre-
specified subgroup of patients with BMWD 2300 metres to <400 metres with an observed difference
of 47.2 metres in favour of ataluren versus placebo. The least-squares mean change in this subgroup
was -27.0 metres (SE 12.6) for ataluren and -69.9 metres (12.1) for placebo at week 48 (difference
42.9 metres [SE 15.9], 95% CI, 11.8 to 74.0; p=0.007).

Figure C.15. Least-squares mean change 6MWD baseline to week 48 (ITT and 6MWD 2300 to
<400 populations)
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Pre-specified 6MWD 2300 m to <400 m subgroup
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Source: McDonald et al. 2017 33

Secondary outcomes

Timed function tests

Patients in the ataluren group had less of a decline in physical function than did those in the placebo
group, as measured by the timed function tests after 48 weeks of treatment; however, only the four-
stair descend was statistically significant in the ITT population. This treatment effect was more
evident in the subgroup of patients with a baseline 6MWD =300 metres to <400 metres.

The results were similar to those in Study 007 and reached the threshold for a clinically meaningful
difference (change ~1 to 1.5 seconds, see section 4.1.3). Although stair-climbing and stair-
descending were secondary endpoints in Studies 007 and 020, the parallel results in the ITT
populations of both these trials support the efficacy of ataluren, especially considering the known
limitations of the 6MWT in boys with DMD (see section 6.1.3.1).

Table C-24. Key Secondary Endpoints Consistent with Primary Endpoint in ITT Population

LS diff SE),
Group Endpoint meanseéoil;;asnce (SE) p value
10-m run/walk -1.1(0.7) 0.117
ITT 4-stair climb ~1.4 (0.8) 0.058
4-stair descend -2.0(0.8) 0.012
10-m run/walk -1.8 (1.0) 0.066
2000 m 10.<400m 14 stair climb 3.5 (1.2) 0.003
group 4-stair descend ~4.4 (1.2) <0.001

ITT, intention-to-treat; LS, least-squares; m, metre; SE, standard error
Source: McDonald et al. 201733

NSAA

The results for the total NSAA score also support the efficacy of ataluren. There was a least-squares
mean treatment different of 0.8 points (SE 0.5, 95% Cl, -0.2 to 1.8; p=0.128; ordinal scale) in the
pre-specified total NSAA score *. This effect was more noticeable in patients with baseline 6MWD
2300 metres to <400 metres, based on both observed total score (least-squares mean difference
1.7 points [SE 0.8], 95% CI, 0.1 to 3.3; p=0.37) and linear-transformed score (4.2 points [2.1], CI, -
0.2 to 8.4; p=0.041).3
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A 1.0-point difference relates directly to the change from performing an item normally to performing
it with compensation, or from performing an item with compensation to inability to perform the
function. The results were more striking when comparing the individual functions of the NSAA score
that were preserved in ataluren versus placebo-treated patients (Figure C.16). In nearly all
measures, muscle function was retained in more patients in the ataluren group compared with the
placebo group. The level of preservation was quantified by calculating the proportion of patients who
lost the ability to perform individual functions in each treatment arm to obtain the relative risk (RR)
of losing a motor function. The relative risk for ataluren versus placebo was 0.69 (p=0.010, post-hoc
permutation test) across the 17 functional outcome measures.® This means that among patients
who could carry out an activity at baseline either normally or with compensation, ataluren-treated
patients had a 31% reduction in risk of losing a motor ability. The importance of this result is that it
demonstrates that ataluren substantially preserves functions meaningful to patients with nmDMD.

Figure C.16. Proportion of patients who lost ability to perform NSAA item in Study 020 (ITT)

- _
5= Hop right leg - ,
£ o -
é 5 Hop left leg L ,
5 ¥ Stand on heels : y
g <= : 7] |
= :8 Rise from ﬂoor_ ,
Run - ]
Jump | : ]
Lift head f—

Descend box step left )

Descend box step right | ) ]

Climb box step left . )

Climb box step right_ . ]

Stand on right leg I
v Stand on left leg —

Get to sitting 3:,

Rise from chair - ,

Least difficult or
lost function late

Walk_ ] [T Ataluren
Stand ——l : 3 Placebo
T T T |

0 10 20 30 40

ITT, intention-to-treat; NSAA, North Star Ambulatory Assessment
Source: McDonald et al. 2017

Loss of ambulation

LoA was carried out as a post-hoc analysis in Study 020. In the ITT population, 9 (8%) in the ataluren
group lost ambulation compared with 14 (12%) in the placebo group. For patients in the baseline
6MWD =300 to <400 metres, none of the 47 patients in the ataluren group lost ambulation after 48
weeks versus four (8%) of 52 patients in the placebo group.3?

Patients who completed Study 020 were eligible to participate in an ongoing open-label phase 3
extension (Study 020e). On the reference date of 1 February 2016, data were available in the 020e
study for a treatment period of at least 48 weeks for a total of 107 patients (53 and 54 randomised

Specification for company submission of evidence 105 of 279



to ataluren and placebo respectively in the 020 study). Among patients who were randomised to
ataluren and had MWD 2300 to <400 metres at baseline in Study 020, [} lost ambulation through
up to 96 weeks of treatment. In comparison, . patients who were randomised to placebo and had
6MWD =300 to <400 metres at baseline in Study 020 have lost ambulation through up to 96 weeks
of treatment, including ] patients during Study 020 (on placebo). | placebo patients during Study
020e (on delayed ataluren) lost ambulation, and Il had baseline 6BMWD <300 metres in Study|020e
(PTC Data on file. 020e data cut'®).

Patient-Reported Outcome Measures

In Study 020, two PODCI domains (transfers/mobility and sports/physical functioning) were
evaluated. These two domains are significantly associated with disease progression in patients with
DMD; and consequently, were used in Study 020. The transfers/basic mobility domain assesses
difficulty experienced in performing routine motor activities in daily life. The sports/physical
functioning domain assesses difficulty encountered in participating in more active recreational
activities. Each domain is scored from 0 to 100, with 100 representing the highest level of functioning
and least pain. Changes in parent/caregiver-reported HRQL, as assessed by the PODCI
transfers/basic mobility and sports/physical functioning domain scores, favoured ataluren over
placebo in the ITT population and in patients with baseline 6MWD =300 to <400 metres (Figure
C.17).

Figure C.17. PODCI transfer/basic mobility and sports/physical functioning domain scores
Favors ataluren

N
Transfers/Basic Mobility
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Domain Score, mean (95% CI)

6MWD, 6-minute walk distance, Cl, confidence interval, ITT, intent-to-treat, PODCI, Paediatric Outcomes Data Collection
Instrument

Source: PTC Clinical Study Report Study 00746

Interpretation of results

Although the difference in 6MWD between ataluren and placebo-treated patients in the ITT was not
significant, the treatment effect was evident in the pre-specified subgroup of patients with a baseline
6MWD of 2300 metres to <400 metres. The lack of statistical significance in the ITT group was due
to the restricted sensitivity of the 6MWT (over 48 weeks) in patients with higher baseline function
(i.e., 2400 metres) and the increased interpatient variability in the patients with baseline <300 metres.
Patients with 6MWD > 400 metres accounted for 37% of patients. Nevertheless, fewer patients lost
ambulation in the ataluren group than the placebo group in both the ITT and in patients with baseline
6MWD of 2300 metres to <400 metres. In addition, the TFTs showed a 1.1 to 2.0 seconds benefit in
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the ITT population and an even more pronounced benefit in the baseline 6MWD of 2300 metres to
<400 metres subgroup. A 1.0- to 1.5-second treatment effect on a TFT translates to differences in
physical and social activities for patients with DMD (see section 4.1.3). A clinical benefit was also
seen in the NSAA.

9.6.1.4 Study 019

Baseline Characteristics

A total of 94 boys were included in Study 019, 90 had participated in both the ataluren phase 2b
study (Study 007) and the extension study (Study 007e), three had participated in the ataluren
phase 2a study (Study 004) and one patient who did not have previous exposure to ataluren and
was enrolled through an institutional review board- and US FDA-approved special exemption. ' Fifty
patients were ambulatory, and 44 patients were non-ambulatory at study entry. Not all patients
immediately entered Study 019 from a prior ataluren study; the mean (SD) treatment gap between
the prior studies and Study 019 for the 93 patients who had participated in previous trials was
2.9 (0.5) years (range 144—-266 weeks). Mean age of enrolled patients at baseline in Study 019 was
12.8 years, representing an older patient population with more advanced disease (Table C-25).
Corticosteroids were used by 84 patients (89.4%) at baseline. Of the 50 ambulatory patients in
Study 019, 47 patients (94%) were using corticosteroids.

Table C-25. Baseline demographics and characteristics for all patients with nmDMD
receiving ataluren 40 mg/kg/day plus BSC in Study 019 (as-treated population)

Parameter Ambulatory Non-ambulatory Overall
n=50 n=44 N=94
Age, years 12.1 (2.1) 13.7 (2.5) 12.8 (2.4)
Age groups, n (%)
6 to <11 years 18 (36.0) 6 (13.6) 24 (25.5)
12 to €17 years 31 (62.0) 34 (77.3) 65 (69.1)
=18 years 1(2.0) 4 (9.1) 5(5.3)
Race, n (%)
Caucasian 46 (92.0) 41 (93.2) 87 (92.6)
Asian 3(6.0) 1(2.3) 4 (4.3)
Other 0 2 (4.5) 2(2.1)
Weight, kg 39.5 (9.5) 53.1 (15.0) 45.8 (14.0)
Height, cm? 131.6 (11.1) 135.0 (7.0) 132.1 (10.7)
BMI, kg/m? 22.8 (4.6) 26.7 (4.8) 23.3 (4.8)
Corticosteroid use, n (%)° 47 (94.0) 37 (84.1) 84 (89.4)
Prednisone/prednisolone 14 (28.0) 21 (47.7) 35 (37.2)
Deflazacort 35 (70.0) 16 (36.4) 51 (54.3)
Time to walk/run 10 m, seconds 8.4 (4.7) 37.0 (N/A)© 8.9 (6.1)
FVC, Lde N/A 1.9 (0.5) N/A
% predicted FVCde N/A 72.7 (20.6) N/A

BMI, body mass index; BSC, best supportive care; FVC, forced vital capacity; N/A, not applicable; SD, standard

deviation

Baseline values were the last non-missing numeric value on or before the first dose of study medication.
Data are mean (SD) unless indicated otherwise.
@ Height values for some non-ambulatory patients were not collected.
b Patients could be treated with more than one corticosteroid.

¢ Data for one of the 44 patients were available for the time to walk/run 10 m assessment before the first dose of study
treatment was administered. Despite this one patient being defined as non-ambulatory at Study 019 entry as per the
definition of taking >30 seconds to run/walk 10 m, he completed baseline assessments intended for ambulatory patients
(including time to walk/run 10 m, seconds).

d Baseline pulmonary function assessments were only performed for non-ambulatory patients.

¢ One of the 44 non-ambulatory patients had missing baseline FVC and percentage predicted FVC values.

Source: McDonald et al. 202130
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Demographics and Characteristics of Propensity Score Matched Patients from
Study 019 and CINRG DNHS

Of the 440 patients in CINRG DNHS, 22 had participated in previous clinical trials of ataluren or had
received eteplirsen, drisapersen, or tadalafil and were thus excluded before propensity score
matching (Table C-26).

Of the 94 patients from Study 019, 60 were eligible for propensity score matching with patients from
CINRG DNHS (N=418) for the analysis of age at LoA, according to the criteria (age at onset of first
symptoms, age at initiation of corticosteroid use, duration of deflazacort use, duration of use of other
corticosteroids), yielding similar populations (N=60) with respect to established predictors of disease
progression.’® Of the 94 patients from Study 019, 45 non-ambulatory patients were eligible for
propensity score matching (i.e. they had available data for age at LoA and the four covariates used
for propensity score matching) with patients from CINRG DNHS for the analysis of age at decline in
pulmonary function, according to the above criteria, yielding similar populations (N=45) with respect
to established predictors of disease progression.'°

Regarding the criteria used in the propensity score matching analysis, it should be noted that in
Study 019, the age at first symptom was not collected, which makes it unavailable for use as a
covariate for propensity score matching against patients with DMD from CINRG DNHS. As an
alternative for this assessment, PTC decided to use age at diagnosis since those data were collected
in Study 019. Accepting that these 2 outcomes are not the same, and that age at first symptom is a
more appropriate predictor of future disease progression, PTC is confident that selection of age at
diagnosis is a conservative proxy.

Table C-26. Baseline demographics and characteristics for all patients in Study 019 and
CINRG DNHS, before and after propensity score matching

Assessment Study 019 CINRG DNHS P value
N=94 N=418
All patients with nmDMD receiving ataluren 40 mg/kg/day plus BSC in Study 019 (as-treated
population) and patients with DMD receiving BSC alone in CINRG DNHS, before propensity
score matching
Age at first symptoms, yearst
N NA 405
Mean (SD) 3.2(1.7)
Age at diagnosis, years
93 417 0.0634+
Mean (SD) 3.6 (1.9) 4.4(2.1)
Age at corticosteroid initiation, years$
N 94 417
Mean (SD) 13.0 (9.5) 11.5(9.7)
Deflazacort duration, n (%)"
<1 month 48 (51.1) 249 (59.6) 0.0800
21 to <12 months 2(2.1) 21 (5.0) '
212 months 44 (46.8) 148 (35.4)
Other corticosteroid duration, n (%)7
<1 month 66 (70.2) 216 (51.7) 0.0046
21 to <12 months 4 (4.3) 35 (8.4) '
212 months 24 (25.5) 167 (40.0)
Baseline 6MWD, m
N 90 134 0.5808
Mean (SD) 358.3 (99.1) 350.1 (123.6)
Time to climb four stairs at first
0.9118
assessment, seconds#
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Assessment Study 019 CINRG DNHS P value
N=94 N=418
N 92 250
Mean (SD) 6.6 (6.9) 6.5 (5.4)
Time to walk/run 10m at first
assessment, seconds?
N 92 261 0.8131
Mean (SD) 7.4 (4.6) 7.5(3.9)
Time to stand from supine at first
assessment, seconds?
N 92 230 0.0019
Mean (SD) 10.5 (10.3) 6.9 (4.8
Patients with nmDMD in Study 019 who received ataluren (40 mg/kg/day) plus BSC in at least
Study 019 (N=60) and for propensity score matched patients with DMD receiving BSC alone in
CINRG DNHS (N=60), for the evaluation of LoA
Age at first symptoms, yearst
Mean (_SD) NA 3.9(1.7) 03859t
Age at diagnosis, years
Mean (SD) 3.6 (2.0) 4.9(2.3)
Age at corticosteroid initiation, years$ 06182
Mean (SD) 10.9 (8.1) 10.1 (8.1) '
Deflazacort duration, n (%)f
<1 month 24 (40.0) 27 (45.0)
>1 to <12 months 1(1.7) 2(3.3) 0.6865
212 months 35 (58.3) 31 (51.7)
Other corticosteroid duration, n (%)
<1 month 37 (61.7) 37 (61.7) 06816
=1 to <12 months 4 (6.7) 2(3.3) '
=212 months 19 (31.7) 21 (35.0)
Time to climb four stairs at first
assessment, seconds?
n 60 31 0.2247
Mean (SD) 5.3 (5.9) 6.9 (6.5)
Time to walk/run 10m at first
assessment, seconds?
n 60 33 0.0851
Mean (SD) 6.6 (4.2) 8.2 (4.5)
Time to stand from supine at first
assessn;ent, seconds? 50 26 0.7296
Mean (SD) 7.8 (8.5) 7.2 (5.9)

6MWD: 6-minute walking distance; BSC, best supportive care; LoA, loss of ambulation; NA, not available; SD, standard

deviation

Notes: P values were calculated based on a two-sample t-test for continuous variables or a x? test for categorical

variables. Data are mean (SD) unless indicated otherwise.
T The patients’ age at first symptoms was not captured in patients in Study 019.

* P value is for the comparison between the age at diagnosis for Study 019 patients and age at first symptoms for CINRG
DNHS patients.

§ Age at initiation of corticosteroid use for steroid-naive patients (patients who had never used steroids or used steroids
after loss of ambulation) in Study 019 was set to 30 years.

1 Corticosteroid duration is calculated from starting use of corticosteroid to LoA/censored date.

# Time to climb four stairs, walk/run 10 m, and stand from supine at first assessment were determined using baseline
values from the prior ataluren studies that the patients were enrolled in, i.e., Study 007/007e or Study 004/004e.

Source: McDonald et al. 202130

Efficacy in Ambulatory Patients (Study 019 Compared to CINRG DNHS)

Comparisons between patients treated with ataluren plus BSC (Study 019) versus BSC alone
(CINRG DNHS) were made using a subject-level (propensity score) matching method (see table
Table C-8).
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In the propensity score matched populations the median age at LoA was 15.5 years for the 60
subjects treated with 40 mg/kg ataluren plus BSC in Study 019 and 13.3 years in the matched
CINRG DNHS cohort, representing a statistically significant difference in favour of ataluren plus BSC
(p=0.0006) (Figure C.18).

Figure C.18. Age at LoA for Patients with nmDMD Receiving Ataluren 40 mg/kg/day plus
BSC in Study 019, and Patients with DMD Receiving BSC Alone in CINRG DNHS (Propensity
Score Matched Between the Studies)
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Source: McDonald et al. 202130

Forced Vital Capacity

In Study 019, FVC was assessed only for non-ambulatory patients, thus only non-ambulatory
subjects are included in these analyses. Please see Section 6.1.3.2 for the clinical meaningfulness
of each pulmonary endpoint discussed in the next paragraphs.

Ataluren plus BSC was associated with a delay in the age at predicted FVC <60% by 3 years in non-
ambulatory patients, compared with BSC alone. The median ages at predicted FVC <60% were 18.1
years and 15.1 years for patients from Study 019 and CINRG DNHS (each N=45), respectively
(p=0.0004) (Figure C.19a). Overall, 23 non-ambulatory patients (51.1%) from Study 019 and 32 non-
ambulatory patients (71.1%) from the CINRG DNHS experienced a decline to predicted FVC <60%.

The median ages at predicted FVC <50% were 19.1 years and 17.8 years, respectively (p=0.0548)
(Figure C.19b). Overall, 14 non-ambulatory patients (31.1%) from Study 019 and 24 non-ambulatory
patients (53.3%) from CINRG DNHS experienced a decline to predicted FVC <50%.

Overall, one non-ambulatory patient (2.2%) from Study 019 and nine non-ambulatory patients
(20.0%) from CINRG DNHS experienced a decline to an FVC of 1 litre. The median age at FVC of
<1 litre was 21.9 years for non-ambulatory patients from CINRG DNHS (Figure C.19d). Owing to a
low number of events, the median age for this advanced stage disease endpoint could not be
calculated for the Study 019 non-ambulatory population.

A scatter plot of percentage predicted FVC over time since losing ambulation indicated a more
gradual decline in pulmonary function in patients treated with ataluren 40 mg/kg/day plus BSC
compared with patients receiving BSC alone in CINRG DNHS (Figure C.19¢e). This result
demonstrates that the observed delay in decline to predicted FVC of <60% with ataluren treatment
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is not simply reflective of the 2.2-year delay in LoA. Patients who received ataluren 40 mg/kg/day
plus BSC in Study 019 took longer to reach predicted FVC <60% following LoA relative to patients
receiving BSC alone in CINRG DNHS (median duration of 4.9 years [n=45] and 3.6 years [n=35],

respectively; p=0.2190).

Figure C.19. Age at a) Predicted FVC <60%, b) Predicted FVC <50%, c) Predicted FVC <30%,
d) FVC <1 litre and e) the % predicted FVC since loss of ambulation in Study 019 and CINRG

DNHS (Propensity Score-Matched)
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CINRG DNHS, Cooperative International Neuromuscular Research Group Duchenne Natural History Study; FVC, forced
vital capacity; NC, non-calculable

Note: The median ages at decline in pulmonary function for patients in Study 019 and CINRG DNHS are depicted by the
dashed lines.

Source: McDonald et al. 2021130

Interpretation of Results

Treatment with ataluren plus BSC significantly delayed LoA by 2.2 years compared with BSC alone.
In the propensity score matched populations, the median age at LoA was 15.5 years in Study 019
and 13.3 years in the matched CINRG DNHS cohort, representing a statistically significant, clinically
meaningful difference in favour of ataluren plus BSC versus BSC alone. The observed delay in LoA
by over 2 years represents not only a highly meaningful prolongation of personal autonomy in daily
life, but also a delay in the onset of subsequent disease milestones.

Treatment with ataluren plus BSC significantly delayed loss of pulmonary function, which is clinically
relevant given that pulmonary failure is one of the most common causes of death in DMD. The
comparative data from Study 019 and the matched CINRG DNHS cohort demonstrates that the
dystrophin-restoring mechanism of action of ataluren can be beneficial to patients with nmDMD
throughout different stages of disease, regardless of ambulatory status. Ataluren can provide further
benefit to that already conferred by corticosteroids and preserve vital functions such as the patients’
ability to breathe independently.

9.6.1.5 Study 030

Baseline Characteristics

The demographic and baseline characteristics of the patients recruited into Study 030 are shown in
Table C-27. A total of 14 patients were screened, treated with ataluren and completed the study.'"
Despite the mean height and mean weight being slightly higher in patients in Study 030 than in
patients of the CINRG DNHS external control group, the BMI of the 2 groups was similar.

Table C-27. Demographics and Baseline Characteristics Study 030

Patient Characteristic Study 030 - 40 mg/kg Ataluren
Statistic (N=14)
Age (years)
N 14
Mean (SD) 3.4 (0.76)
Median 4.0
Min, Max 2,4
Sex n (%)
Male 14 (100.0)
Ethnicity, n (%)
Caucasian 11 (78.6)
African-American 0 (0.0)
Asian 3(21.4)
Hispanic? 3(21.4)
Other 0 (0.0)
Missing 0 (0.0)
Weight (kg)
N 14
Mean (SD) 16.99 (3.26)
Median 16.40
Min, Max 13.2,25.2
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Patient Characteristic Study 030 - 40 mg/kg Ataluren
Statistic (N=14)
Height (cm)
N 14
Mean (SD) 99.43 (5.28)
Median 98.55
Min, Max 88.8, 108.0
BMI (kg/m?2)
N 14
Mean (SD) 17.09 (2.22)
Median 16.64
Min, Max 14.78, 22.94
Baseline steroid use
None 8 (57.1)
Prednisone 2 (14.3)
Deflazacort? 3(21.4)
Prednisolone sodium phosphate 1(7.1)

BMI, body mass index; CSR, clinical study report; Max, maximum; Min, minimum; NSAA, North Star Ambulatory
Assessment; SD, standard deviation; TFT, timed function test

@ In Study 030, patients could be identified as Hispanic or non-Hispanic in addition to Caucasian, African-American,
Asian, or Other. All 3 patients who were identified as Hispanic were also identified as Caucasian. ® One patient in Study
030 who was receiving deflazacort at baseline was excluded from the efficacy analyses because the investigator
deemed that the baseline TFT and NSAA assessments were invalid.

Source: Tian et al. 2018,"3! Study 030 Clinical Study Report, 201815

Primary Outcome (Safety)

The primary outcome of this study was safety and is reported in Section 9.7.2.4. The adverse event
(AE) profile seen in this younger population of patients with nmDMD was similar to that observed in
older patients and consistent with the known safety profile of ataluren.™"

Timed Function Tests (Secondary Outcome)

The time required to descend 4 stairs, to climb 4 stairs, to stand upright from a supine position, and
to run or walk 10 metres are TFTs that predict loss of function in DMD, including the loss of ability to
walk.%® In particular, the time taken to stand from the supine position, in addition to being known to
an early predictor of disease progression in DMD patients over 7 years old,'® is clinically relevant in
younger children because the loss of the ability to stand up from the supine position is the first crucial
event in the evolution of the disease.

The results of all TFTs in patients treated with ataluren showed improvements from baseline at
Week 28 and Week 52 (Figure C.20). The improvements at Week 52 in the mean times taken to
descend 4 steps, to climb 4 steps and to get up from the supine position, which, although not
statistically significant, indicate clinically meaningful improvements, with mean decreases of more
than 2 seconds that are of a magnitude similar to the estimated MCID (see section 6.1.3.1).
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Figure C.20. TFTs at Baseline, Week 28 and Week 52 in Study 030
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TFT, timed function test

2 Baseline TFT measure for Week 28 timepoint was 7.1.

b After the original analysis, TFT results were re-examined with data from 1 subject removed as a result of the data being
of questionable reliability due to poor listening.

Source: Tian et al. 201831

North Star Ambulatory Assessment (Secondary Outcome)

The 16-item NSAA, 8-item NSAA, and 3-item NSAA were used for the evaluation of motor function
in patients in Study 030. Clinicians experienced in the disease agree that the modified 8-item NSAA
is the most relevant test for assessing motor function because, in the general population, it can be
reliably performed by children 4 years of age, which was the mean age of the patients in Study 030.

The scores of all 3 versions of NSAA showed improvements from baseline at Week 28 and Week
52 in patients treated with ataluren (Figure C.21).

Specifically, with regard to the 16-item NSAA and the 8-item NSAA, the improvements at Week 28
and Week 52 were clinically significant, with mean increases in the score of >2 points. As discussed
in Section 6.1.3.1, a 1-point difference in NSAA total score is clinically meaningful, as a decrease of
this magnitude relates directly to either loss of a motor ability or need for compensation to perform it
independently.
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Figure C.21. NSAA Results (mean, SD) at Baseline, Week 28, and Week 52 for Study 030
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a After the original analysis, NSAA were re-examined with data from 1 subject removed as a result of the data being of
questionable reliability due to poor listening.

b Mean baseline at Week 28 was 16.2.

Source: Tian et al. 2018"3"

9.6.1.6 STRIDE

Results from STRIDE in comparison to CINRG DNHS were published by Mercuri and colleagues in
2020.7 Data cut-off date for inclusion in the published analyses was on 09 July 2018.

The STRIDE study is ongoing, and data are currently available up to 31 January 2021. To provide
the most complete and up-to-date data for this submission analysis of this dataset has been
presented.

Baseline Characteristics

The median age of patients in the evaluable population at consent date in STRIDE was 9.6 years
(range: 2.1 to 22.8 years) (Table C-28)."” More than 88% of patients in the global evaluable
population were receiving corticosteroids at any time during STRIDE. Demographic and patient
characteristics in the efficacy and ambulatory populations are generally consistent with the evaluable
population. In contrast, as would be expected, the non-ambulatory population was older at the time
of treatment initiation in STRIDE (median age ] years) than the ambulatory population (median
age [ years).®

Table C-28. Patient Demographics and Disease Characteristics

Evaluable
(N=269)
Age at consent date (years)
Mean (SD) 9.9 (3.8)
Median (Min, Max) 9.6 (2.1, 22.8)
Age at cut-off date (years)
Mean (SD) 13.1 (4.2)
Median (Min, Max) 13.1 (3.1, 26.7)
Race, n (%)
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Evaluable

Median (Min, Max)

(N=269)
White 194 (72.1)
Arab/Middle Eastern 7 (2.6)
Arab/Middle Eastern, Asian 1(0.4)
Asian 6 (2.2)
Black 3(1.1)
Mixed race, black/white 1(0.4)
North African 1(0.4)
Latin 1(0.4)
Unknown 3(1.1)
Not reported 52 (19.3)
Weight (kg)
n 222
Mean (SD) 30.2 (13.8)
Median (Min, Max) 25.6 (11.8, 87.0)
Height (cm)
n 192
Mean (SD) 121.8 (16.8)
Median (Min, Max) 120.0 (84.0, 178.0)
BMI (kg/m?)
n 191
Mean (SD) 19.0 (4.4)

17.6 (13.0, 40.5)

Corticosteroid use, n (%)
n (%)

237 (88.1)

BMI, body mass index; Max, maximum; Min, minimum; SD, standard deviation
Source: Muntoni et al. 2021128

Efficacy in STRIDE Compared with DMD Natural History Data

Data from 398 patients in CINRG DNHS were utilised for comparisons with those from patients in
STRIDE; ] patients in CINRG DNHS were excluded because they had participated in clinical trials
of ataluren or had received eteplirsen, drisapersen, or tadalafil. A further . patients were excluded
because they had missing data for age at LoA and age at first symptoms.'®”

Propensity matching of CINRG DNHS data yielded a population with no significant differences from
the STRIDE population with respect to age at first symptoms, age at first corticosteroid use, duration
of deflazacort use, and duration of other corticosteroid use, which provided a relevant basis for
comparison.

As of the data cut-off of 31 January 2021, 241 patients in the STRIDE effectiveness population have
been matched using propensity scoring to CINRG DNHS patients, yielding a comparable population
(N=241) with respect to the 4 covariates (age at onset of first symptoms, age at initiation of
corticosteroid use, duration of deflazacort use, and duration of other corticosteroid use; Table C-29).

Table C-29. Demographics and characteristics of patients in STRIDE and CINRG DNHS
before and after propensity score matching

Unmatched Population Propensity score Matched
Population
STRIDE CINRG DNHS STRIDE CINRG DNHS
(N=241) (N=398) (N=241) (N=241)
| Age at first symptoms, years
Mean (SD) 2.74 (1.66) 3.23 (1.68) 2.74 (1.66) 2.78 (1.50)
Median 2.50 3.00 2.50 3.00
Min, Max 0.10, 8.00 0.08, 8.00 0.10, 8.00 0.08, 8.00
p value 0.0004 0.8187
Age at first corticosteroid use (excluding corticosteroid-naive patients),? years
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Unmatched Population Propensity score Matched
Population

STRIDE CINRG DNHS STRIDE CINRG DNHS

(N=241) (N=398) (N=241) (N=241)
n 212 315 212 212
Mean (SD) 6.61 (2.16) 6.74 (2.05) 6.61 (2.16) 6.41 (2.01)
Median 6.18 6.57 6.18 6.22
Min, Max 2.93, 15.31 1.99, 14.25 2.93, 15.31 1.99, 13.89
p value 0.4832 0.3111
Deflazacort duration,® n (%)
<1 month 124 (51.5) 234 (58.8) 124 (51.5) 120 (49.8)
=1 to <12 months 12 (5.0) 20 (5.0) 12 (5.0) 12 (5.0)
=212 months 105 (43.6) 144 (36.2) 105 (43.6) 109 (45.2)
p value 0.1697 0.9322
Other steroid duration,” n (%)
<1 month 128 (53.1) 204 (51.3) 128 (53.1) 123 (51.0)
=1 to <12 months 13 (5.4) 35 (8.8) 13 (5.4) 14 (5.8)
212 months 100 (41.5) 159 (39.9) 100 (41.5) 104 (43.2)
p value 0.2869 0.8980

CINRG DNHS, Cooperative International Neuromuscular Research Group; Max, maximum; Min, minimum; NA, not
applicable; SD, standard deviation; STRIDE, Strategic Targeting of Registries and International Database of Excellence
a Treatment naive patients were excluded to calculate the true age at first corticosteroid use.  Corticosteroid duration is
calculated from the date at which corticosteroid use was started and the loss of ambulation/censor date.

Source: Mercuri et al. 202134

Of these 241 patients included in STRIDE, although a large proportion of patients did not reach a
pFVC<50% and below compared with those patients within CINRG, limiting the ability to estimate
the accurate rates of decline in pulmonary function. The number of patients who had data available
for each motor function or pulmonary outcome, as well as the number of patients who experienced

the event are presented below.3®

Loss of Ambulation - STRIDE versus CIN

RG

A total of 24.9% of the STRIDE population and 52.7% of the propensity score matched CINRG
population lost ambulation (Table C-30 and Figure C.22). The median age at LoA was 17.9 years in
the STRIDE population and 12.5 years in the CINRG population, which represents a statistically
significant difference in favour of ataluren plus BSC (p<0.0001; HR: 0.374).

Table C-30. Age (years) at LoA in STRIDE versus CINRG Propensity-Matched Population

Assessment STRIDE CINRG
(ataluren + BSC) (BSC alone)
N=241 N=241
Number of patients assessed, n 241 241
Number of patients with events, n (%) 60 (24.9) 127 (52.7)
Number of patients censored, n (%) 181 (75.1) 114 (47.3)
Median age at loss of ambulation,® years (95% ClI) 17.9 (14.4, NA) 12.5 (11.6, 13.5)
Minimum, maximum age of assessed patients® 2.1*, 214 3.5, 21.7*

p value®

<0.0001

Hazard ratio (95% CI)¢

0.374 (0.273, 0.512)

BSC, best supportive care; Cl, confidence interval; CINRG, Cooperative International Neuromuscular Research Group;
DNHS, Duchenne Natural History Study; HR, hazard ratio; NA, not available; STRIDE, Strategic Targeting of Registries

and International Datasets of Excellence

a Loss of ambulation was defined as full-time wheelchair use.
b Event or censor +Minimum/maximum age of patient who has not yet reached the event; censored at the age of last

assessment date.

¢p value is from a log-rank test stratified by deflazacort and other corticosteroid usage durations.
9HR is from stratified (by durations of deflazacort and other corticosteroid use) Cox regression with study, age at first
symptoms and age at first corticosteroid use as covariates. The HR is STRIDE Registry versus CINRG DNHS.

Source: Mercuri et al. 202134
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Figure C.22. Kaplan-Meier Analysis of Age at Loss of Ambulation? (STRIDE vs CINRG With

Propensity Score Matched)
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CINRG, Cooperative International Neuromuscular Research Group; STRIDE, Strategic Targeting of Registries and
International Datasets of Excellence

@ Loss of ambulation was defined as full-time wheelchair use.

b Number of patients at risk of losing ambulation.

Source: Mercuri et al. 202134

Stand from Supine - STRIDE versus CINRG DNHS

STRIDE patients were significantly older than CINRG DNHS propensity score—matched patients
(Table C-31 and Figure C.23) when they transitioned to 210 seconds to stand from supine (median
I years vs [l years; p=llk HR ). Please see Section 6.1.3.1 for the clinical meaningfulness of
each endpoint discussed below.
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Table C-31. Age at Time to Stand from Supine 210 Seconds for Patients in Propensity Score
Matched STRIDE and CINRG DNHS Populations

Assessment STRIDE CINRG DNHS
(ataluren + BSC) (BSC alone)
N=241 N=241

Number of patients assessed, n
Number of patients with events, n (%)
Number of patients censored, n (%)
Median age at event, years (95% CI)
Minimum, maximum age of assessed patients, 4.5?,20.12 2.6,18.7
years
p valueP
Hazard ratio (95% CI)°
BSC, best supportive care; Cl, confidence interval; CINRG DNHS, Cooperative International Neuromuscular Research
Group Duchenne Natural History Study; STRIDE, Strategic Targeting of Registries and International Datasets of
Excellence
a Minimum/maximum age of patient who has not yet reached the event; censored at the age of last assessment date
across treatment.
b Log-rank test stratified by deflazacort and other steroid usage durations.
¢ Stratified (by durations of deflazacort and other steroid use) Cox regression with covariate age at the first
symptoms. Hazard ratio is STRIDE over CINRG DNHS.
Source: STRIDE Clinical study report 202136

Figure C.23. Age at Time to Stand from Supine 210 seconds (STRIDE vs CINRG DNHS With
Propensity Score Matched)

CONFIDENTIAL. NOT FOR DISTRIBUTION

025, STRIDE; CINRG DNHS/CNG, Cooperative International Neuromuscular Research Group; STRIDE, Strategic
Targeting of Registries and International Datasets of Excellence
Source: STRIDE Clinical study report 202136

Climb Stairs- STRIDE versus CINRG DNHS

Similarly, Kaplan-Meier analysis showed that STRIDE patients were ] than CINRG DNHS
propensity score matched patients when they transitioned to 210 seconds to climb 4 stairs, although
statistical significance was ] (median [l vs Il years for CINRG DNHS; p=ll}; HR ) (Table C-32,
Figure C.24).
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Table C-32. Age at Time to Climb 4 Stairs 210 Seconds — STRIDE and CINRG DNHS
Propensity-Matched Population

Assessment STRIDE CINRG DNHS
(ataluren + BSC) (BSC alone)
N=241 N=241

Number of patients assessed, n

Number of patients with events, n (%)
Number of patients censored, n (%)

Median age at event, years (95% ClI)
Minimum, maximum age of assessed patients

p value

Hazard ratio (95% CI)

CONFIDENTIAL. NOT FOR DISTRIBUTION

BSC, best supportive care; Cl, confidence interval; CINRG, Cooperative International Neuromuscular Research Group;
STRIDE, Strategic Targeting of Registries and International Datasets of Excellence

a Minimum/maximum age of patient who has not yet reached the event; censored at the age of last assessment date
across treatment.

Source: STRIDE Clinical study report 202136

Figure C.24. Age at Time to Climb 4 Stairs 210 seconds (STRIDE vs CINRG DNHS With
Propensity Score Matched)

CONFIDENTIAL. NOT FOR DISTRIBUTION

025, STRIDE; CINRG, Cooperative International Neuromuscular Research Group; STRIDE, Strategic Targeting of
Registries and International Datasets of Excellence
Source: STRIDE Clinical study report 202136

Pulmonary Function - STRIDE versus CINRG DNHS

Across all pulmonary function milestones, subjects in STRIDE were older than propensity-matched

subjects from the CINRG DNHS database at the time each milestone was reached (Figure C.25,

Figure C.26, Figure C.27 and Figure C.28). In the matched populations, a total of 17.2% of STRIDE
subjects and 37.5% of the subjects in the CINRG DNHS database had % predicted FVC <60%

(Table C-33). The median age at % predicted FVC <60% was 17.6 years for STRIDE subjects and
15.8 years in the CINRG DNHS propensity score matched population (p=0.0051; HR 0.544) ¥,
Similar results were observed for the milestones of predicted % and <30% 367

[l STRIDE patients assessed had an FVC <1 litre compared with %) patients of the CINRG
DNHS propensity score matched population. The median age at time of FVC <1 litre was Hin
STRIDE patients and was |||} years in the CINRG DNHS propensity score matched population
(p=) (Table C-33)%
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Table C-33. Age (years) at Pulmonary Function Event in STRIDE versus CINRG DNHS

Propensity-Matched Population

Assessment STRIDE CINRG DNHS
(ataluren + BSC) (BSC alone)
N=241 N=241
Predicted FVC <60%
Number of patients assessed, n 169 152
Number of patients with events, n (%) 29 (17.2) 57 (37.5)
Number of patients censored, n (%) 140 (82.8) 95 (62.5)

25% quartile of age at event, years (95% CI)

15.8 (14.1, 17.1)

14.2 (13.2, 14.7)

Median age at event, years (95% ClI)

17.6 (16.2, NA)

15.8 (15.1, 16.5)

Minimum, maximum age at event

5.0%,20.82

6.02, 32.32

p valueP

0.0051

Hazard ratio (95% Cl)¢

0.544 (0.343, 0.863)

Predicted FVC <50%

Number of patients assessed, n

Number of patients with events, n (%)

Number of patients censored, n (%)

25% quartile of age at event, years (95% CI)

Median age at event, years (95% CI)

Minimum, maximum age at event

p value®

Hazard ratio (95% CI)¢

Predicted FVC <30%

Number of patients assessed, n 192 190
Number of patients with events, n (%) 1(0.5) 25(13.2)
Number of patients censored, n (%) 191 (99.5) 165 (86.8)
25% quartile of age at event, years (95% CI) NA (17.5, NA) 20.2 (17.2, 22.5)
Median age at event, years (95% CI) NA (NA, NA) 25.4 (20.6, 29.4)
Minimum, maximum age at event 5.02, 25.52 6.02, 32.32
p value® 0.0085
Hazard ratio (95% Cl)° 0.107 (0.014, 0.813)

FVC <1IL

Number of patients assessed, n

Number of patients with events, n (%)

Number of patients censored, n (%)

25% quartile of age at event, years (95% CI)

Median age at event, years (95% CI)

Minimum, maximum age at event

p valueP

Hazard ratio (95% CI)°

BSC, best supportive care; Cl, confidence interval; CINRG, Cooperative International Neuromuscular Research Group;
DMD, Duchenne muscular dystrophy; FVC, forced vital capacity; NA, not available; NR, not reported; STRIDE, Strategic

Targeting of Registries and International Datasets of Excellence
a Minimum/maximum age of patient who has not yet reached the event; censored at the age of last assessment.
b Log-rank test stratified by deflazacort and other steroid usage durations
¢ Stratified (by durations of deflazacort and other steroid use) Cox regression with covariate age at the first

symptoms. Hazard ratio is STRIDE over CINRG DNHS

Source: Tulinius et al. 2021; STRIDE Clinical study report 20213637
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Figure C.25. Age at % Predicted FVC <60% (STRIDE vs CINRG DNHS With Propensity Score
Matched)
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Note: Propensity score model covariates include age at first symptom, duration of deflazacort, and duration of steroid
other than deflazacort. Censor dates for Study 0250 (STRIDE) censored subjects were derived from last assessment
date across treatment, physical exam, vital sign, BMWD, time function tests, North Star Ambulatory Assessments, %
predicted FVC, and upper limb function tests. Steroid duration is calculated from starting use of steroid to loss of
ambulation/censor date.
Numbers at bottom of graph are numbers of patients at risk.
Source: Tulinius et al. 2021; STRIDE Clinical study report 20213637

Figure C.26. Age at % Predicted FVC <50% (STRIDE vs CINRG DNHS With Propensity Score
Matched)

025, STRIDE; 6MWD, 6-minute walk distance; CINRG DNHS/CNG, Cooperative International Neuromuscular Research
Group; FVC, forced vital capacity

Note: Propensity score model covariates include age at first symptom, duration of deflazacort, and duration of steroid
other than deflazacort. Censor dates for Study 0250 (STRIDE) censored subjects were derived from last assessment
date across treatment, physical exam, vital sign, BMWD, time function tests, North Star

Ambulatory Assessments, % predicted FVC, and upper limb function tests. Steroid duration is calculated from starting
use of steroid to loss of ambulation/censor date.

Numbers at bottom of graph are numbers of patients at risk.

Source: STRIDE Clinical study report 202136
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Figure C.27. Age at % Predicted FVC <30% (STRIDE vs CINRG DNHS With Propensity Score
Matched)
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FVC, forced vital capacity
Note: Propensity score model covariates include age at first symptom, duration of deflazacort, and duration of steroid
other than deflazacort. Censor dates for Study 0250 (STRIDE) censored subjects were derived from last assessment
date across treatment, physical exam, vital sign, BMWD, time function tests, North Star
Ambulatory Assessments, % predicted FVC, and upper limb function tests. Steroid duration is calculated from starting
use of steroid to loss of ambulation/censor date.
Source: Tulinius et al. 2021; STRIDE Clinical study report 20213637

Figure C.28. Age at FVC <1 litre (STRIDE vs CINRG DNHS with Propensity Score Matched)

025, STRIDE; 6MWD, 6-minute walk distance; CINRG/CNG, Cooperative International Neuromuscular Research Group;
FVC, forced vital capacity

Note: Propensity score model covariates include age at first symptom, duration of deflazacort, and duration of steroid
other than deflazacort. Censor dates for Study 0250 (STRIDE) censored subjects were derived from last assessment
date across treatment, physical exam, vital sign, MWD, time function tests, North Star

Ambulatory Assessments, % predicted FVC, and upper limb function tests. Steroid duration is calculated from starting
use of steroid to loss of ambulation/censor date.

Numbers at bottom of graph are numbers of patients at risk.

Source: STRIDE Clinical study report 202136

Summary

STRIDE represents the largest cohort of nmDMD patients ever studied. Data presented here are
from the cut-off date 31 January 2021 and the study is still ongoing. An increasingly robust dataset
with a longer treatment duration than previously evaluated (median of B days for the evaluable
population) and a rigorously matched comparison to natural history data continues to support the
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association of ataluren treatment with the slowing of disease progression in a heterogeneous
population of nmDMD subjects across multiple clinically meaningful endpoints.

Kaplan-Meier analysis indicates that ataluren treatment in STRIDE was associated with a delay in
the LoA by 5.4 years compared with CINRG DNHS matched control (17.9 years of age vs 12.5 years
of age, respectively). Ataluren statistically reduced the risk for LoA by 63% relative to BSC alone in
CINRG DNHS (p<0.0001; HR 0.374).

Across all pulmonary function milestones, patients in STRIDE were older than propensity-matched
subjects from the CINRG DNHS database at the time each milestone was reached. The median age
at % predicted FVC <60% was 17.6 years for STRIDE subjects and 15.8 years in the CINRG DNHS
propensity score matched population (p=0.0051; HR 0.544). Similar results were observed for the
milestones of % predicted FVC <50%, although the vast majority of patients were censored before
reaching this milestone. The median age at the time of FVC<30% and FVC <1 litre were not reached
in STRIDE patients due to too few events, although was 24.9 years in the CINRG DNHS propensity
score matched population.

These data show that treatment with ataluren in addition to BSC in routine clinical practice may delay
disease progression in patients with nmDMD. Nevertheless, future comparative data cuts from
STRIDE and CINRG DNHS will provide further real-world insights into the long-term effectiveness
of ataluren in the treatment of patients with nmDMD.

9.6.1.7 Managed Access Agreement

Baseline characteristics

Based on the newly defined and agreed protocol, there were 145 potential controls and 60 ataluren-
treated patients with complete baseline data for all seven matching factors (Table C-34). Of the 60
ataluren-treated patients, a match was found for 59 patients (98%), and therefore 59 patients in each
arm were included in the updated analysis. There were a few ataluren-treated patients included in
the re-match who were not included in the original match, and missing data have been filled in since
the original match (Table C-35). As a result, the updated analysis included more patients in the
matched cohort.

Table C-34. Baseline characteristics before matching (MAA and control cohort)

Summaries mean (standard deviation) Potential Ataluren Standardised
and frequency (%) Controls (N=60) differences
(N=145)

Age at baseline (years)
On steroids*
Age at starting steroids (years)
Duration of deflazacort prior to baseline*
<1 month
1-12 months
212 months
Duration of other steroids prior to baseline*
<1 month
1-12 months
=12 months
Steroid regime
Daily
Other
None
NSAA Total score

diL;

al
i
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Summaries mean (standard deviation) Potential Ataluren Standardised

and frequency (%) Controls (N=60) differences
(N=145)

Can rise from floor (NSAA rise>0) I

Baseline time to rise from supine, seconds .

*For boys not on steroids, age at starting steroids set to 30 years.

#_ower 2 categories combined for matching, so we consider <12 months and 212 months. This was done because of
small frequencies in some cells and also the 3-level categorisation was felt to be too refined, based on the typical 6
monthly visiting schedule. This was agreed between North Star and PTC.

**Using method of Yange and Dalton, based on dichotomous classification combining lower 2 categories

For information, in the original matching there were 160 potential controls and 70 in the ataluren cohort. Fewer boys are
available for matching now the number of matching factors has increased. There are missing rise from supine data and
steroid information prior to baseline visit.

Table C-35. Baseline characteristics after matching (MAA and control cohort)

Matching factor Controls (BSC) Ataluren Standardised
(N=59) (N=59) differences

Age at baseline (years)
Mean (SD)
Median
On steroids*
Age at starting steroids (years)
Mean (SD)
Median
Duration of deflazacort prior to baseline*
<1 month or 1-12 months
=12 months
Duration of other steroids prior to baseline*
<1 month or 1-12 months
212 months
Steroid regime
Daily
Other
None

NSAA Total score
Mean (SD)
Median
Can rise from floor (NSAA rise>0)
Baseline time to rise from supine, seconds
Mean (SD)
Median

*For boys not on steroids, age at starting steroids set to 30 years.

#_ower 2 categories combined for matching, so we consider <12 months and 212 months. This was done because of
small frequencies in some cells and also the 3-level categorisation was felt to be too refined, based on the typical 6
monthly visiting schedule. This was agreed between North Star and PTC.

Source: PTC MAA Data Tables'58

. ! W W--
. Hi...-

The propensity score matching was performed using the seven covariates listed above as agreed
between, NICE, North Star and PTC. However, likely due to the relatively small sample size, the
BSC group was a mean ] years younger and took | second less to rise from floor on average.
NSAA is a composite endpoint, with 17 functions assessed and scored individually. It has been used
successfully in randomised clinical trials, yielding comparable groups at baseline. However,
identifying a comparable matched control group from real-world studies seems to be more
challenging. For several items on the NSAA a higher percentage of patients on ataluren had already
lost function at baseline, including for example the ability to run, suggesting patients on ataluren
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were ] (Figure C.29). Together, these data suggest that patients in the ataluren group were [J] at
baseline.

A further examination of the age group indicated that [J|%) of the boys in the BSC group were 7
years or younger compared to . Since boys with DMD are known to gain motor function up to the
age of 7 years, and concordantly NSAA increases,'® the effect of ataluren in this group is not as
observable compared to those in the declining phase (see section 6.1.3.1). This is also reflected in
the retrospective analysis of the NSAA prior to baseline, which shows considerable heterogeneity,
with increasing NSAA scores observed in younger patients and declining NSAA after the age of 7
years (Figure C.30).

Figure C.29. Number of patients who lost functions at baseline (a score of 0)

Figure C.30. Retrospective Analysis — NSAA vs age at visit by subject

Source: PTC NICE MAA Results Summary February 2022159
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Efficacy analysis

Data from a total of . clinical visits (. from patients in the control group and . from ataluren-
treated patients) were analysed, with a median follow-up period of [l months.

The significant number of subjects who did not have valid NSAA scores after 1 year, 2 years and
3 years (Figure C.31), and the resultant lack of longitudinal data make it difficult to draw conclusions
between the two groups, especially for 42 months and after. Only data from the first 3 years were
included for the change in NSAA score and change in NSAA linear score mixed model analysis.

Figure C.31. Number of patients with NSAA score over time

BSC, best supportive care; NSAA, North Star Ambulatory Assessment.
Source: PTC NICE MAA Results Summary February 20221%°

Patients on ataluren had numerically ] NSAA score from Months 24-36 (Figure C.32) and among
the subjects who had functions at baseline (a score of 1 or 2), ] patients lost functions over 36
months: ] patients on BSC lost ability to climb box step (Left: ] & Right: %) and Descend Box
Step (Left: |2 & Right: [|2) at Month 36 (Figure C.33). These data suggest that ataluren tended
to slow down disease progression compared to BSC alone.

Specification for company submission of evidence 127 of 279



Figure C.32. Change in NSAA over 36 months
NSAA

NSAA linear

Source: PTC NICE MAA Results Summary February 202215°
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Figure C.33. Number of patients who lost function over 36 months

Source: PTC NICE MAA Results Summary February 202215°

Amongst patients who completed 36 months of treatment and who had NSAA data for all timepoints,
treatment with ataluren demonstrated a slowing of disease progression. This benefit was
demonstrated both by the results in change in NSAA and NSAA linear curves throughout the
36 months (Figure C.34). In this analysis, the change from baseline over 3 years in linear NSAA was
a mean (SD) Wlooints for ataluren and a mean (SD) .) points for BSC.
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Figure C.34. Change in NSAA in 36-months completers
NSAA

NSAA linear

Source: PTC NICE MAA Results Summary February 2022159

Analysis of individual items on the NSAA, including time to rise from the floor was also carried out.
Time to rise from the floor is a key parameter used to predict disease progression and LoA. At
baseline, the data for time to rise from the floor were not normally distributed, and to meet a modelling
assumption it was therefore transformed using the reciprocal. In this case higher values mean less
time to complete the task. As shown in Figure C.35, ataluren . the disease progression compared
to BSC
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Figure C.35. Reciprocal of Time to Rise from Floor
Observed Means + SE

Model adjusted Means + SE

Source: PTC NICE MAA Results Summary February 2022159

HRQL data

A summary of responses to the CHU9D is shown in Table C-36. Following conversations with
experts from ScCHARR, PTC have yet been unable to convert the CHU9D results into health state
utility values associated with DMD. It is understood that it is theoretically possible to map the CHU9D
results into utility values should further supportive evidence be required when considering the patient
health state utility values, although at this stage it is not possible to establish if there are any
underlying limitations with the analysis.

A summary of caregiver responses to the EQ-5D-5L is shown in Table C-37. For those with multiple
records, the last one was chosen. The mean EQ-5D visual analogue scale (VAS) score (n=53) was
). The mean EQ-5D-5L utility (n=50) was [}
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Table C-36. Summary of responses to the CHU9D

CHU9D dimensions and levels

ataluren
(n=54)

1. worried (%)

| don’t feel worried today

| feel a little bit worried today

| feel a bit worried today

| feel quite worried today

| feel very worried today

2. sad (%)

| don’t feel sad today

| feel a little bit sad today

| feel a bit sad today

| feel quite sad today

| feel very sad today

3. pain (%)

| don’t have any pain today

| have a little bit of pain today

| have a bit of pain today

| have quite a lot of pain today

| have a lot of pain today

4. tired (%)

| don'’t feel tired today

| feel a little bit tired today

| feel a bit tired today

| feel quite tired today

| feel very tired today

5. annoyed (%)

| don'’t feel annoyed today

| feel a little bit annoyed today

| feel a bit annoyed today

| feel quite annoyed today

| feel very annoyed today

6. school work/homework (such as reading, writing, doing lessons)

(%)

| have no problems with my schoolwork/homework today

| have a few problems with my schoolwork/homework today

| have some problems with my schoolwork/homework today

| have many problems with my schoolwork/homework today

| can’t do my schoolwork/homework today

7. sleep (%)

Last night | had no problems sleeping
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Last night | had a few problems sleeping

Last night | had some problems sleeping

Last night | had many problems sleeping

Last night | couldn’t sleep at all

dressed) (%)

8. daily routine (things like eating, having a bath/shower, getting

| have no problems with my daily routine today

| have a few problems with my daily routine today

| have some problems with my daily routine today

I have many problems with my daily routine today

| can’t do my daily routine today

doing sports, joining in things) (%)

9. able to join in activities (things like playing out with your friends,

| can join in with any activities today

| can join in with most activities today

| can join in with some activities today

| can join in with a few activities today

I can join in with no activities today

Source: PTC MAA Data Tables'%8

Table C-37. Summary of responses to the EQ-5D-5L

EQ-5D-5L Dimensions and Levels

Ataluren
(N=53)

1. MOBILITY (%)

NO PROBLEMS

SLIGHT PROBLEMS
MODERATE PROBLEMS
SEVERE PROBLEMS
UNABLE TO WALK ABOUT

2. SELF-CARE (%)

NO PROBLEMS

SLIGHT PROBLEMS
MODERATE PROBLEMS
SEVERE PROBLEMS
UNABLE TO WALK ABOUT

3. USUAL ACTIVITIES (%)

NO PROBLEMS

SLIGHT PROBLEMS
MODERATE PROBLEMS
SEVERE PROBLEMS
UNABLE TO WALK ABOUT

4. PAIN/DISCOMFORT (%)

NO PROBLEMS

SLIGHT PROBLEMS
MODERATE PROBLEMS
SEVERE PROBLEMS
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UNABLE TO WALK ABOUT
5. ANXIETY / DEPRESSION

NO PROBLEMS I

SLIGHT PROBLEMS
MODERATE PROBLEMS
SEVERE PROBLEMS
UNABLE TO WALK ABOUT

Source: PTC MAA Data Tables'%®

Summary

Overall, the NSAA scores show that patients who received ataluren maintained higher
NSAA scores from months 24 onwards and fewer ataluren patients lost function across the
individual mobility measures. Despite this, the results of the MAA analysis struggled to
demonstrate meaningful treatment effect due to a number of underlying limitations of the

analysis.

The baseline age for the matched cohorts were not well balanced. The median age for
ataluren patients was [J] years compared to ] years for the control cohort. Natural history
data suggests that mobility functionality improves in children with DMD until approximately
7 years of age, before the patients enter the “transition” phase of ambulation. The median
age of the control cohort indicates the majority of patients were younger than 7 years old
at baseline and are therefore likely to experience increased or stable mobility functionality
for the first period of follow-up. An older median age in the ataluren cohort suggests
patients are starting later in the disease progression and are therefore more likely to

experience a greater rate of decline throughout the follow-up duration.

Additionally, age of first symptom, a key prognostic indicator, was not available as a
matching covariate as it was not recorded as part of the NorthStar registry data collection.
The absence of this parameter makes it difficult to establish whether the predicted rate of
disease progression at baseline was comparable between the individuals within each

cohort.

Finally, the analysis suffered from a rapid decline in available patient numbers in later
follow-up timepoints, due to the nature of real-world data collection, and the fact that
patients began treatment on different start dates. It is therefore difficult to draw meaningful
conclusions from the later timepoints given the low patient numbers, but also it is not
known whether those patients with longer follow-up data available differ significantly on
any of the key prognostic indictors included as matching covariates than the full ITT

population.
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Overall, it is difficult to form any meaningful conclusions based on the results of the
NorthStar data, and more emphasis should be given to the results of the STRIDE analysis,

in which the majority of the MAA patients are included.

9.6.1.8 Additional studies

Qualitative caregiver survey

As previously discussed in section 7.1, a recent qualitative study has reported on the symptoms and
impacts of nmDMD in ambulatory individuals prior to the initiation of ataluren. This study also
explored their experience with ataluren.

Qualitative interviews were conducted with caregivers of individuals with nmDMD treated with
ataluren in the UK. An interview guide, developed with input from clinical experts and patient
advocacy groups, explored key concepts (symptoms and impacts) associated with ambulatory
individuals with nmDMD before and after treatment with ataluren. Ten interviews were conducted
with parents of individuals with nmDMD aged 4-19 years.?

Several caregivers reported that they had noticed positive changes in their son’s symptoms or level
of function since they had started taking ataluren. This included improved muscle strength,
improvements in the length of time they could walk, reduced fatigue/increased energy levels and
improvements in concentration. Improvements in impacts were also reported, with some caregivers
reporting that their social interactions improved and others noticing an improvement in their son’s
emotional wellbeing. Other caregivers said that they had not noticed any changes since their son
had started taking ataluren, however this was most often perceived as stability of symptoms and a
positive sign. Some caregivers reported that their son’s symptoms and physical function had
declined since starting ataluren, but this was generally attributed to the natural course of nmDMD.
One caregiver said that even though their son’'s nmDMD had progressed, they still thought that
ataluren had delayed the progression. Overall, most caregivers said they would recommend
ataluren.?

Long-term treatment with ataluren in Sweden

Methodology

Long-tern treatment outcomes with ataluren have been investigated in a retrospective longitudinal
case-series study of all male DMD patients who have been treated with ataluren and followed at the
Queen Silvia Children’s Hospital in Gothenburg, Sweden, since 2008."?°

All patients had a genetically verified nonsense mutation leading to a premature stop codon. Most
patients initially received ataluren as part of their enrolment in prospective, controlled clinical trials.
As part of these trials, patients’ treatment periods with ataluren varied, and five patients had ‘off
treatment’ periods between trials. Since 2017, all patients have been enrolled in the STRIDE
Registry.

Upon initiation of ataluren treatment, all patients were followed in a prospective, systematic manner,
either as part of their enrolment in a clinical trial or as part of regular follow-ups to assure continued
medical surveillance and disease monitoring. The follow-ups included physical examination and
physiotherapeutic evaluation every 24 weeks. Since 2013, lung function tests were added to the
follow-ups, twice per year. For this study, data were also retrospectively collected from the patients’
medical records using a case report form (CRF) which is available upon request. Data included age
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at symptom onset, age of corticosteroid start and dosage, muscle biopsy and genetic results,
comorbidities, other medications, hospitalisations and number of infections per year. For the
pulmonary and motor function tests, the time period 15t January 2013 to 15t November 2020 was
used, to have a more homogenous set of data.

Baseline characteristics

A total of 11 male DMD patients were included. All were on daily corticosteroid treatment with a
stable, weight appropriate dosage, starting at a median age of 4 years. All patients had different age
and disease duration when initiated on ataluren. They were clinically followed to a median age of
16.2 years (12.2 - 26.45 years). The patients started ataluren treatment at a median age of 8.4 years
(5.2 - 14.4 years) and the median exposure to ataluren was 2312 days (1472 — 3413 days).
Treatment with ataluren was discontinued in four patients, at a median age of 17.6 years (14.2 -25.5
years), all were non ambulant at the time of termination. One patient could not perform reliably on
the pulmonary and motor function tests throughout the study due to neuropsychiatric disorder and
was thus excluded from the analyses.

Ambulatory outcomes

Four of 10 patients were ambulatory at last follow-up. Loss of ambulation occurred at a median age
of 13.2 years (8.5 - 18.1 years). Three patients who lost ambulation prior to 13.2 years of age had
received ataluren for a median period of 5 years (4 -8.25 years). Six patients who continued to be
ambulatory after 13.2 years of age had received ataluren for a median period of 6.5 years (5.25 -
9.35 years) until loss of ambulation or last follow-up if ambulatory. One ambulatory patient was 12.2
years old at last follow-up and was therefore not included in the estimations above. Two patients lost
ambulation while they were off treatment between trials for 2.5 years. One patient started on ataluren
off-label at 8 years of age and lost ambulation only after 6 months. This was the most severely
affected patient in the cohort as shown in all motor and respiratory measurements.

Pulmonary function outcomes

All patients except one maintained a pulmonary decline above the expected over time. Two of 10
patients declined in predicted FVC % lower than 50% at the age of 17 and 17.5 years respectively.

All ambulatory patients increased in their predicted FVC with 2.8 to 8.2% annually. Following loss of
ambulation, 5 of 6 patients declined in predicted FVC, with annual rate of decline varying from 1.8
to 21.1%.

Study conclusions

This is the first study that presents long-term cumulative treatment outcomes over a median period
of 6.3 years on ataluren treatment. The authors conclude that the results indicate a delay in loss of
ambulation similar to that seen in STRIDE, as well as a slower decline in FVC and in upper limb
motor function. The treatment was considered safe and well tolerated, while there were no

treatment-related issues of non-compliance.

Specification for company submission of evidence 136 of 279



9.6.2 Justify the inclusion of outcomes in table C9 from any analyses other than

intention-to-treat.

Not applicable.
9.7 Adverse events

9.7.1 Using the previous instructions in sections 9.1 to 9.6, provide details of the
identification of studies on adverse events, study selection, study

methodologies, critical appraisal, and results.

Studies reporting adverse events were identified and described in sections 9.1 to 9.5. Safety

results of the studies identified are presented below.

9.7.2 Provide details of all important adverse events reported for each study. A

suggested format is shown in Table C10.

9.7.21 Overview of Placebo-Controlled Clinical Trial Adverse Reactions

The safety profile of ataluren is based on pooled data from two randomised, double-blinded, 48-week
placebo-controlled studies conducted in a total of 232 male patients with nmDMD aged 5 to 20 years
treated at the recommended dose of 40 mg/kg/day (N=172) or at a dose of 80 mg/kg/day (N=60),
compared to placebo (N=172)." The 80 mg/kg/day dose of ataluren is not an approved dose.

The spectrum and severity of AEs were consistent across the two trials (Table C-38 and Table
C-39).4' In brief, the majority of patients experienced AEs that were mild to moderate in severity
(phase 2b trial: ataluren, 82.5%; placebo, 82.5%); Study 020: ataluren, 83.5%; placebo, 79.1%). AEs
were considered possibly or probably related to the study drug in a similar proportion of patients
across both trials (phase 2b: ataluren, 45.6%; placebo, 52.6%; Study 020: ataluren, 33.9%; placebo,
20.9%). No individuals discontinued owing to AEs in Study 007; two patients discontinued owing to
AEs in Study 020 (ataluren, n=1 [constipation]; placebo, n=1 [disease progression]). No deaths were
reported in either trial.

The most common adverse reactions in the 2 placebo-controlled studies were vomiting, diarrhoea,
nausea, headache, upper abdominal pain, and flatulence, all occurring in 25% of all ataluren-treated
patients (Table C-40 and Table C-41). In both studies, 1/232 (0.43%) patients treated with ataluren
discontinued due to an adverse reaction of constipation and 1/172 (0.58%) placebo patients
discontinued treatment due to an adverse reaction of disease progression (LoA)."

The adverse reactions reported in patients with nmDMD treated with the recommended daily dose
of 40 mg/kg/day ataluren in the 2 placebo-controlled studies are presented in Table C-38. Adverse
reactions reported in >1 patient in the 40 mg/kg/day group at a frequency greater than that of the
placebo group are presented by MedDRA System Organ Class, Preferred Term, and frequency.
Frequency groupings are defined to the following convention: very common (21/10) and common
(21/100 to <1/10)."

Adverse reactions were generally mild or moderate in severity, and no treatment-related serious
adverse events were reported among ataluren-treated patients in these two studies.
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Table C-38. Adverse Reactions Reported in >1 Ataluren-Treated Patient With nmDMD at a
Frequency Greater Than Placebo In the 2 Placebo-Controlled Studies (Pooled Analysis)

System Organ Class

Very Common

Common

Frequency Not Known

Metabolism and

Decreased appetite,

Change in lipid profile
(increased triglycerides and

nutrition disorders hypertriglyceridemia cholesterol)
N_ervous system Headache

disorders

Vascular disorders Hypertension

Respiratory, thoracic,
and mediastinal
disorders

Cough, epistaxis

Gastrointestinal
disorders

Vomiting

Nausea, upper abdominal
pain, flatulence, abdominal
discomfort, constipation

Skin and subcutaneous
tissue disorders

Rash erythematous

Musculoskeletal and
connective tissue
disorders

Pain in extremity,
musculoskeletal chest
pain

Renal and urinary
disorders

Haematuria, enuresis

Change in renal function tests
(increased creatinine, blood
urea nitrogen, cystatin C)

General disorders and
administration site
conditions

Pyrexia, weight decreased

Source: Translarna SPC!
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Table C-39. Overview of TEAEs in Study 007 and Study 020 (Both As-Treated Population)

Study 007 Study 020
Ataluren Ataluren Ataluren
Parameter, n (%) P(ﬁ:::;) 40 mg/kg/day 80 Tﬁil;gl)day :::;?5(; mgllfglday
(N=57) (N=115)
zj\t/i:g: g&g‘n? 56 (98.2) 55 (96.5) 57 (95.0) 101(88) | 103 (90)
Adverse events by severity
Grade 1 (mild) 21 (36.8) 16 (28.1) 20 (33.3) 54 (47) 61 (53)
gi‘jﬁ; ) 26 (45.6) 31 (54.4) 27 (45.0) 37 (32) 35 (30)
Grade 3 (severe) 9 (15.8) 8 (14.0) 10 (16.7) 9 (8) 7 (6)
inroatening) 0 0 0 0 0
Adverse events by relatedness
Unrelated 14 (24.6) 8 (14.0) 11 (18.3) 47 (41) 44 (38)
Unlikely 16 (28.1) 17 (29.8) 13 (21.7) 30 (26) 20 (17)
Possible 20 (35.1) 25 (43.9) 29 (48.3) 18 (16) 27 (23)
Probable 6 (10.5) 5(8.8) 4 (6.7) 6 (5) 12 (10)
Discontinuations
due to adverse 0 0 0 NR NR
events
S\fé‘n"t‘f adverse 3(5.3) 2 (3.5) 2 (3.3) 4 (3.4) 4 (3.4)
Deaths 0 0 0 0
Source: Bushby 201432; McDonald 201733
Table C-40. TEAEs With a Patient Frequency of 25%, Study 007
Treatment Arm
MedDRA System Organ Class/ Preferred Placebo Ataluren Ataluren
Term? 40 mg/kg/day 80 mg/kg/day
N=57, n (%) N=57, n (%) N=60, n (%)
Gastrointestinal disorders 37 (64.9) 42 (73.7) 44 (73.3)
Vomiting 22 (38.6) 32 (56.1) 27 (45.0)
Diarrhoea 14 (24.6) 11 (19.3) 17 (28.3)
Abdominal pain upper 9 (15.8) 9 (15.8) 13 (21.7)
Nausea 7 (12.3) 8 (14.0) 10 (16.7)
Abdominal pain 4 (7.0) 7 (12.3) 10 (16.7)
Flatulence 4 (7.0) 5(8.8) 7(11.7)
Stomach discomfort 0 4 (7.0) 5(8.3)
General disorders 21 (36.8) 23 (40.4) 20 (33.3)
Pyrexia 12 (21.1) 14 (24.6) 7 (11.7)
Disease progression 6 (10.5) 4 (7.0) 5(8.3)
Asthenia 2 (3.5) 3(5.3) 4 (6.7)
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Treatment Arm

MedDRA System Organ Class/ Preferred Placebo Ataluren Ataluren
Term? 40 mg/kg/day 80 mg/kg/day
N=57, n (%) N=57, n (%) N=60, n (%)
Infections and infestations 43 (75.4) 38 (66.7) 39 (65.0)
Nasopharyngitis 13 (22.8) 13 (22.8) 10 (16.7)
Upper respiratory tract infection 10 (17.5) 9 (15.8) 11 (18.3)
Influenza 8 (14.0) 6 (10.5) 7 (11.7)
Gastroenteritis 4 (7.0) 9 (15.8) 3(5.0)
Rhinitis 2 (3.5) 6 (10.5) 3(5.0)
Ear infection 3 (5.3) 3(5.3) 4 (6.7)
Gastroenteritis viral 3(5.3) 4 (7.0) 3(5.0)
L’g”mrg;iggti;‘;’;ing and procedural 26 (45.6) 28 (49.1) 31 (51.7)
Fall 7 (12.3) 11 (19.3) 6 (10.0)
Procedural pain 7 (12.3) 6 (10.5) 8(13.3)
Contusion 3(5.3) 6 (10.5) 4 (6.7)
Joint sprain 1(1.8) 4 (7.0) 4 (6.7)
Investigations 4 (7.0) 10 (17.5) 6 (10.0)
Weight decreased 1(1.8) 5 (8.8) 3 (5.0)
Metabolism and nutrition disorders 3(5.3) 7 (12.3) 6 (10.0)
Decreased appetite 2 (3.5) 5 (8.8) 5(8.3)
‘I;Iligzcr:;laor:keletal and connective tissue 19 (33.3) 25 (43.9) 28 (46.7)
Pain in extremity 6 (10.5) 7 (12.3) 8(13.3)
Back pain 5(8.8) 9(15.8) 6 (10.0)
Arthralgia 2 (3.5) 2 (3.5) 6 (10.0)
Muscle spasms 5 (8.8) 3 (5.3) 1(1.7)
Muscular weakness 1(1.8) 3 (5.3) 5(8.3)
Nervous system disorders 17 (29.8) 25 (43.9) 18 (30.0)
Headache 14 (24.6) 22 (38.6) 15 (25.0)
Dizziness 4 (7.0) 3(5.3) 3(5.0)
‘I:iess:::g:::ry, thoracic and mediastinal 18 (31.6) 20 (35.1) 22 (36.7)
Cough 11 (19.3) 9(15.8) 13 (21.7)
Nasal congestion 4 (7.0) 5(8.8) 6 (10.0)
Oropharyngeal pain 4 (7.0) 6 (10.5) 4 (6.7)
Rhinorrhoea 6 (10.5) 4 (7.0) 0
Skin and subcutaneous tissue disorders 18 (31.6) 19 (33.3) 14 (23.3)
Rash 5(8.8) 4 (7.0) 8 (13.3)
Scar 3(5.3) 4 (7.0) 5(8.3)

MedDRA= medical Dictionary for Regulatory Activities

@ Adverse events with a frequency of 25% across all three treatment arms are displayed alphabetically by MedDRA
System Organ Class and from highest to lowest incidence across all three treatment arms within each System Organ
Class. Patients who have the same adverse event more than once are counted only once for that adverse event
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Adverse events with a frequency of <56% across all 3 treatment arms are not shown.
Source: Ataluren Study 007 CSR; Bushby 2014 32

Table C-41. TEAEs With a Patient Frequency of 25%, Study 020

Placebo Ataluren
MedDRA System Organ Class/ Preferred Term 40 mg/kg/day
N=115, n (%) N=115, n (%)

Gastrointestinal disorders 48 (42) 52 (45)
Vomiting 21 (18) 26 (23)
Diarrhoea 10 (9) 20 (17)
Abdominal pain upper 13 (11) 9 (8)
Nausea 7 (6) 7 (6)
Abdominal pain 7 (6) 7 (6)
Constipation 10 (9) 3 (3)
General disorders 32 (28) 29 (25)
Pyrexia 12 (10) 16 (14)
Disease progression 14 (12) 9 (8)
Infections and infestations 50 (43) 63 (55)
Nasopharyngitis 22 (19) 24 (21)
Upper respiratory tract infection 6 (5) 11 (10)
Rhinitis 4 (3) 8(7)
Injury, poisoning and procedural complications 34 (30) 35 (30)
Fall 20 (17) 21 (18)
Musculoskeletal and connective tissue disorders 32 (28) 32 (28)
Pain in arm, leg or both 14 (12) 10 (9)
Back pain 8 (7) 11 (10)
Nervous system disorders 23 (20) 28 (24)
Headache 21 (18) 21 (18)
Respiratory, thoracic and mediastinal disorders 30 (26) 34 (30)
Cough 13 (11) 19 (17)
Oropharyngeal pain 6 (5) 7 (6)

Source: McDonald 201733
9.7.2.2 Study 020e

The primary objective of the extension phase was to obtain long-term ataluren safety data to
augment the ataluren safety. A total of 68 patients completed 144 weeks of treatment in Study 020e.

The most frequently reported TEAEs (= 15%) included nasopharyngitis (26.1%), disease
progression (25.7%), fall (22%), headache (19.3%), and vomiting (17.0 %). Based on exposure-
adjusted event rates, headache (23.2%), nasopharyngitis (19.8%), fall (15.2%) and vomiting
(14.2%), were the most frequently reported TEAEs.'®°
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There were no TEAESs leading to fatal outcomes; one TEAE (anxiety) of mild intensity led to study
discontinuation. Forty-four serious TEAEs were reported in 24 patients (11%), none of which were
considered related to study drug. Sixteen (7.3%) patients had serious TEAEs that were also severe
(Grade 3) in intensity and 2 patients had life-threatening events, including hypoxia, femur fracture,
hypotension, bradycardia, acute respiratory distress syndrome, and pneumonia aspiration, all of
which resolved. Thirty-five patients had 51 adrenal, hepatic or renal TEAEs that were mild to
moderate in intensity except for 1 event each of nephrolithiasis and haematuria, that were severe
(Grade 3) in intensity. A total of 68 TEAEs in 44 (20.2%) patients were reported as being related to
study medication. Haematuria (n=11) was the only related preferred term occurring in 25% of
patients.'®°

Small mean increases in LDL, total cholesterol, and triglycerides levels were observed; but were not
considered clinically relevant.'°

9.7.2.3 Safety in Long-Term Open-Label Study 019

The safety profile of ataluren observed up to 336 weeks in Study 019 was consistent with other
ataluren studies, and no new ataluren risks were identified. Overall, 91 of 94 patients (96.8%)
experienced a total of 1282 TEAEs (Table C-42). The maijority of TEAEs were mild or moderate in
severity (54/94 [57.4%]) and TEAEs that were considered drug related were observed in 26 of 94
patients (27.7%). There were no life-threatening TEAEs. Thirty-one patients (33.0%) experienced
serious adverse events (SAEs): the SAEs in all but one of these patients were considered by the
investigator unrelated to ataluren. Two patients experienced two SAEs each that led to death; none
of these events were considered by the investigator related to the study drug.'®

Table C-42. Treatment-emergent adverse events experienced by patients in the as-treated
population of Study 019 (N=94)

TEAEs Corticosteroid use Overall

Yes No (N=94)
(n=84) (n=10)

Number of TEAEs? 1199 83 1282

Patients with at least one of the following

TEAE 82 (97.6) 9 (90.0) 91 (96.8)

TEAE related to 23 (27.4) 3(30.0) 26 (27.7)

ataluren

TEAE leading to 2(2.4) 1(10.0) 3(3.2)

discontinuation of

ataluren

SAE 29 (34.5) 2 (20.0) 31 (33.0)

TEAE with maximum severity+$

Mild 21 (25.0) 2 (20.0) 23 (24.5)

Moderate 26 (31.0) 5 (50.0) 31 (33.0)

Severe 34 (40.5) 1(10.0) 35 (37.2)

Life-threatening 0(0) 0 (0) 0 (0)

Fatal 1(1.2) 1(10.0) 2(2.1)

Patients with at least one of the following*1#

Infections and 63 (75.0) 5 (50.0) 68 (72.3)

infestations*

Gastrointestinal 48 (57.1) 6 (60.0) 54 (57.4)

disorderst

Injury, poisoning and 48 (57.1) 3 (30.0) 51 (54.3)

procedural

complicationst
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TEAEs Corticosteroid use Overall

Yes No (N=94)
(n=84) (n=10)

General disorders and 46 (54.8) 4 (40.0) 50 (53.2)

administration site

conditions*

Musculoskeletal and 41 (48.8) 7 (70.0) 48 (51.1)

connective tissues

disorders*

Respiratory, thoracic 31 (36.9) 5(50.0) 36 (38.3)

and mediastinal

disorders*

Nervous system 32 (38.1) 1(10.0) 33 (35.1)

disorders*

Investigations?* 17 (20.2) 4 (40.0) 21 (22.3)

Cardiac disorderst 16 (19.0) 2 (20.0) 18 (19.1)

Skin and 17 (20.2) 1(10.0) 18 (19.1)

subcutaneous tissue

disorders*

Metabolism and 9(10.7) 2 (20.0) 11 (11.7)

nutrition disorders#

Psychiatric disorders* 10 (11.9) 0 (0) 10 (10.6)

Renal and urinary 7(8.3) 0 (0) 7(7.4)

disorders*

Surgical and medical 6(7.1) 1(10.0) 7(7.4)

procedurest

Eye disorderst 6 (7.1) 0 (0) 6 (6.4)

Ear and labyrinth 5 (6.0) 0 (0) 5 (5.3)

disorders*

Vascular disorderst 3 (3.6) 0 (0) 3(3.2)

Endocrine disorderst 2(24) 0(0) 221

Neoplasms benign, 1(1.2) 0 (0) 1(1.1)

malignant and

unspecified (including

cysts and polyps)t

Reproductive system 1(1.2) 0 (0) 1(1.1)

and breast disorderst

TTEAE is defined as any AE that occurred or worsened in the period extending from the day of a patient’s first dose of
ataluren to 6 weeks after the last dose of ataluren in this study.

*TEAE categories.

SFor patients with two or more AEs, the event with the maximum severity was reported. The order of severity is: ‘Mild’,

‘Moderate’, ‘Severe’, ‘Life-threatening’ and ‘Fatal’.

TAEs were coded using the Medical Dictionary for Regulatory Activities (version 20.1)

#A patient who reported two or more AEs with the same preferred term was counted only once for that term. A patient

who reported two or more AEs with different preferred terms within the same organ class was counted only once in the
system organ class

AE: adverse events; SAE: serious adverse event; TEAE: treatment-emergent adverse event.

Source: McDonald 2021130

9.7.2.4 Safety in Patients 22 to <5 Years of Age

Study 030 was a Phase 2, open-label, multiple-dose study designed to evaluate the PK and safety
in boys aged 22 to <5 years with nmDMD.*? TEAEs classified as possibly related to ataluren were
rash, flatulence, nausea and vomiting and all were classified as mild (except for 1 occurrence of
vomiting that was moderate) in severity. No patient experienced a TEAE considered to be severe
(or greater) in intensity, a SAE, or prematurely discontinued ataluren due to a TEAE. A higher
frequency of malaise (7.1%), pyrexia (42.9%), ear infection (28.6%), and rash (21.4%) were reported
in patients aged 2 to 5 years compared with patients 5 years of age and older. Safety data from 28

Specification for company submission of evidence 143 of 279



weeks of therapy showed a similar safety profile of ataluren in patients 2 to 5 years as compared
with patients aged 5 years and older."

9.7.2.5 STRIDE

In this long-term observational study of ataluren in nmDMD, interim safety results continue to be
consistent with the known safety profile of ataluren. With longer term routine clinical use, there was
no cumulative toxicity or late occurring unexpected events with ataluren, and the AE profile tended
to reflect the progression of the underlying DMD disease process.

Results from STRIDE with a data cut-off on 09 July 2018 were published by Mercuri and colleagues
in 2020.” Data presented in this section relate to the most recent cut-off on 31 January 2021.3¢

Summary of Adverse Events

Safety outcomes were consistent with the known safety profile of ataluren (Table C-43).

Seven patients (2.4%) experienced a TEAE deemed related to ataluren, and 13 patients (4.5%)
experienced a TEAE that led to discontinuation of ataluren.'?® Twenty-three patients (8.0%) had a
total of 34 SAEs, which were considered not related to the study medication (n=31); of unknown
relationship to study medication (n=2); or the relationship to the study medication was not reported
(n=1). The majority of TEAEs were mild to moderate in severity, and no life-threatening TEAEs were
reported.'?®

Safety information is presented for the 266 subjects in the =25 years subgroup and for 20 subjects in
the =2 to <5 years subgroup (Table C-43).%
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Table C-43: Overview of Treatment-Emergent Adverse Events (As-Treated Population; 31
January 2021 Cut-Off)

As-Treated Population As-Treated Population As-treated (All)
25 Years Subgroup 22 to <5 Years Subgroup
Corticosteroid Corticosteroid Corticosteroid
Use Use Use
Yes No All Yes No All Yes No All
n=240 n=26 | n=266 n=10 n=10 n=20 | n=250 | n=36 | n=286
Number of || || || B B B 278 41 319
TEAEs
Patients with 1 or more (n, %):
TEAE i || || B B B 100 14 114
(40.0) | (38.9) | (39.9)
TEAE related to || || || B B B s 1 7 (2.4)
ataluren (2.8)
TEAE leadingto | Jlf H B B B B 11 2 13
discontinuation of (4.4) (5.6) (4.5)
ataluren
SAE || || || || || || 19 4 23
76) | 11.1) | (8.0
TEAE with a maximum severity:?
Not reported || || || || || 10 0 10
(4.0) (0.0) (3.5)
Unknown || | ] | ] H H B s 2 [8(28)
(5.6)
Mild [ | [ | [ | [ | [ | [ | 39 4 43
(15.6) | (11.1) | (15.0)
Moderate [ | [ | [ | [ | [ | [ | 34 5 39
(13.6) | (13.9) | (13.6)
Severe . . . . . . 11 3 14
(4.4) (8.3) (4.9)
Life-threatening [ | [ | [ | [ | [ | Bl 000 0 |0(.0)
(0.0)

SAE, serious adverse event; TEAE, treatment-emergent adverse event.

Note: TEAE is defined as any adverse event with an end date on or after the first ataluren use date. Events with missing
severity are considered Not reported.

@ For subjects with 2 or more adverse events, the event with the maximum severity was reported in this summary. The
order of the severity is 'Not Reported', 'Unknown’, 'Mild', 'Moderate', 'Severe', and 'Life-threatening

Source: PTC STRIDE CSR 2021; Muntoni 202136128

Display of Adverse Events
The TEAEs in the subjects =5 years of age most often were due to [} (Table C-44). The most

common individual TEAEs (occurring in 23% of all subjects) were [Jj (] subjects).

The TEAEs reported in the 22 to <5 years subgroup included upper respiratory infection Jfland
gastroenteritis, respiratory tract infection, subdural hematoma, and idiopathic intracranial
hypertensionfil]; Table C-45).

Table C-44. Treatment-Emergent Adverse Events 21% of All Subjects (As-Treated
Population 25 Years Subgroup); 31 January 2021 Cut-Off)

Corticosteroid Use
System Organ Class Yes No All
Preferred Term? n=240 n=26 (n=266)
Injury, poisoning and procedural complications . .
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Corticosteroid Use
System Organ Class Yes No All
Preferred Term? n=240 n=26 (n=266)
Fall

Off-label

Femur fracture

Ligament sprain

Contusion

Humerus fracture

Laceration

General disorders and administration site conditions
Gait inability

Pyrexia

Infections and infestations

Nasopharyngitis

Upper respiratory tract infection

Gastroenteritis

Bronchitis

Musculoskeletal and connective tissue disorders
Back pain

Myalgia

Arthralgia

Gastrointestinal disorders

Abdominal pain

Vomiting

Constipation

Diarrhoea

Abdominal pain upper

Nervous system disorders

Headache

Respiratory, thoracic and mediastinal disorders
Cough

Renal and urinary disorders

Myoglobinuria

Eye disorders

Cataracts
Vascular disorders
Hypertension B
MedDRA, Medical Dictionary for Regulatory Activities; TEAE, treatment-emergent adverse event
TEAE is defined as any adverse event with an end date on or after the first ataluren use date. A subject who reported 2
or more occurrences with the same preferred term was counted only once for that term.
@ Adverse Events were coded using MedDRA, Version 20.1.
Source: PTC STRIDE CSR 202136

Table C-45. Treatment-Emergent Adverse Events in 1 or More Patients (As-Treated
Population 22 to <5 Years; 31 January 2021 Cut-Off, As-Treated

Corticosteroid Use
System Organ Class Yes No All
Preferred Term? n=10 n=10 (n=10)
Patients with at least 1 of the following (n, %)
Injury, poisoning and procedural complications
Subdural hematoma
Infections and infestations
Upper respiratory tract infection
Gastroenteritis
Respiratory tract infection
Nervous system disorders
Idiopathic intracranial hypertension

MedDRA, Medical Dictionary for Regulatory Activities, TEAE, treatment-emergent adverse event
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a Adverse Events were coded using MedDRA, Version 20.1.

Note: TEAE is defined as any adverse event with an end date on or after the first ataluren use date. A subject who
reported 2 or more occurrences with the same preferred term was counted only once for that term.

Source: PTC STRIDE CSR 20213

Serious Adverse Events
.deaths have been reported as of the data cut-off of 31 January 2021.

A total of . subjects in the =5 years subgroup experienced SAEs during participation (.with
corticosteroid use and [Jwith no corticosteroid use) (Table C-43). [} SAEs in all subjects were
considered unrelated to ataluren treatment, and . led to discontinuation of treatment. The most
common events involved .

. subjects in the 22 to <5 years subgroup, both with corticosteroid use, experienced .SAES during
Registry participation. All . SAEs were considered unrelated to ataluren treatment, and none led
to discontinuation of treatment.3®

Drug Related Adverse Events

. subjects in the =5 years subgroup (. with corticosteroid use and . with no corticosteroid use)
had at least 1 TEAE considered by the investigator to be related to ataluren (Table C-43). The TEAEs
considered related to ataluren included: . in 1 subject each. . treatment-related events were mild
or moderate in severity.

Il of the TEAEs in the 22 to <5 years subgroup were considered related to treatment.®

Adverse Events by Severity

Where TEAE severity was known, most subjects in the =5 years subgroup had events of mild (.
subjects) or moderate (] subjects) severity. TEAEs inJll] patients | were considered severe (|}
used corticosteroids and [} did not). TEAEs considered severe included .

[l scvere TEAE was reported in the 22 to <5 years subgroup (J.*¢

Laboratory Results

Laboratory assessments were performed and collected as determined by routine clinical practice.
Clinically significant laboratory abnormalities were infrequent, and no clinically meaningful trends
were observed in laboratory assessments.

9.7.3 Provide a brief overview of the safety of the technology in relation to the

scope.

In clinical trials and long-term studies, the observed safety and tolerability profile of ataluren is
comparable to that of BSC alone. The most common reported adverse reactions were vomiting,
diarrhoea, nausea, headache, upper abdominal pain, and flatulence, all occurring in 25% of all
ataluren-treated patients. These adverse reactions generally did not require medical intervention and
few patients discontinued ataluren treatment due to any adverse reaction.

In the long-term observational study of ataluren in nmDMD (STRIDE), interim safety results continue
to be consistent with the known safety profile of ataluren. With longer term routine clinical use, there
was no cumulative toxicity or late occurring unexpected events with ataluren, and the AE profile
tended to reflect the progression of the underlying DMD disease process.
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9.8 Evidence synthesis and meta-analysis

9.8.1 Describe the technique used for evidence synthesis and/or meta-analysis.
Include a rationale for the studies selected, details of the methodology used

and the results of the analysis.

9.8.1.1 Meta-analyses of studies 007 and 020

The Study 020 statistical analysis plan included a meta-analysis with data from the ITT population
of Study 020 and a subgroup of patients from the intention-to-treat population of the Phase 2b trial
(who met the ACT-DMD entry criteria). This analysis was provided during the original assessment
and was published by McDonald et al. in 2017.23 In brief, this analysis showed that when 6 MWD
data were combined, a 21.1-m (SE 9.0, 95% CI 3.4-38.8) treatment benefit was observed for
ataluren-treated versus placebo-treated patients over 48 weeks. Similarly, when data for TFTs were
combined, patients in the ataluren group had less of a decline than did those in the placebo group
(=1.4 to 2.0 across the three tests, SE 0.6-0.7; 95% Cl -3.4 to -0.2).

A meta-analysis on the entire ITT populations has also been conducted to provide additional data
with a more conservative approach, including a larger and more heterogeneous population than the
meta-analysis specified in the Study 020 statistical analysis plan. This analysis provided consistent
results and is described in detail in this section.

9.8.1.2 Post-hoc meta-analysis of studies 007 and 020

Methodology

Data from the two completed RCTs (Studies 007 and 020) of ataluren in nmDMD were combined to
examine the ITT populations and 2 patient subgroups (baseline 6MWD =300 to <400 metres or <400
metres).*’ Meta-analyses examined 6MWD change from baseline to Week 48.

The meta-analyses of Studies 007 and 020 were performed in compliance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses 2009 guidelines, where applicable.*'
Because these meta-analyses included only two randomised, placebo-controlled studies, and no
significant treatment—study interaction or treatment heterogeneity across the two studies was
observed, the standard fixed-effects model approach was utilised.

Outcomes for the 6BMWT and TFTs are reported as the LS mean difference +95% Cls. Time to
persistent 10% 6MWD worsening is reported as the HR with 95% ClI, indicating the risk of persistent
worsening.

The meta-analyses were conducted in three populations: i) the entire ITT populations of the 2 trials;
ii) patients from the ITT populations with a pre-specified baseline 6MWD of =300 to <400 metres;
and iii) the ITT population with a baseline 6MWD of <400 metres.

Quality assessment of the two studies is provided in Table C-13.

Inclusion/Exclusion Criteria Differences

The two trials, Study 007 and Study 020 were of similar design. One key difference between the
trials was the inclusion criterion regarding patients’ baseline 6MWD. Study 007 specified boys were
aged =5 years, with a screening 6MWD 275 metres. Study 020’s inclusion criteria were stricter,
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specifying boys aged =7 years and <16 years, with a 6MWD of both 2150 metres and <80% of that
predicted for their age and height. Study 020 also specified that patients should be receiving
concomitant stable corticosteroid therapy. This was not specified in the Study 007; nonetheless, 71%
of patients recruited were receiving corticosteroids.

Patients in both trials received ataluren 40 mg/kg/day or placebo for 48 weeks. Patients in Study 007
who received ataluren 80 mg/kg/day were not included in these meta-analyses.

Outcome measures

The meta-analyses evaluated the change in 6MWT and TFTs from baseline beyond 48 weeks
between ataluren and placebo-treated patients.

Baseline Characteristics

These meta-analyses included data from all patients who received ataluren 40 mg/kg/day or placebo
in Study 007 (ataluren, n=57; placebo, n=57) and Study 020 (ataluren, n=114; placebo, n=114).’

o The meta-analysis of the 2300 to <400 metres 6MWD patient subgroup was based on
44 patients in Study 007 (ataluren, N=22; placebo, N=22) and 99 patients in Study 020
(ataluren, N=47; placebo, N=52) who had a baseline 6MWD =300 to <400 metres.

o The meta-analysis of the <400 metres 6MWD subgroup included 72 patients from Study 007
(ataluren, N=37; placebo, N=35) and 144 patients in Study 020 (ataluren, N=71; placebo,
N=73).

Baseline demographics and characteristics of boys included in both trials were similar, except for
the baseline 6MWD inclusion criterion previously described, and were balanced between the
ataluren and placebo-treated groups. The mean (standard deviation [SD]) age of patients in both
trials was comparable (ataluren vs placebo: Study 007, 8.8 [2.9] vs 8.3 [2.3] years; Study 020, 8.9
[1.8] vs 9.0 [1.7] years). The majority of patients in both trials were Caucasian (ataluren vs placebo:
Study 007, 93.0% [53/57] vs 94.7% [54/57]; Study 020, 77.4% [89/115] vs 74.8% [86/115]). At
baseline, mean (SD) 6MWD was slightly lower for patients in the Study 007 (ataluren, 350.0 [97.6]
m; placebo, 359.6 [87.7] m) than in Study 020 (ataluren, 364.0 [73.3] m; placebo, 362.7 [81.4] m).

The efficacy results are presented for each subgroup below; between trial differences were not
statistically significant for any endpoint in each subgroup justifying combining the data in these
analyses.

9.8.1.3 Results

As shown in Figure C.36 and Table C-46, the combined results from the two ITT populations
demonstrated a significant favourable change in 6MWD from baseline to Week 48 with ataluren than
with placebo (LS mean difference [95% CI], +17.2 [0.2 to 34.1] metres; p=0.0473). Combined results
also revealed statistically significant benefits in patients receiving ataluren versus placebo (LS mean
[95% CI]) in time to climb 4 stairs (-1.7 [-2.9 to —0.4] s; p=0.0078) and descend 4 stairs (-1.9 [-3.2
to —-0.6] s; p=0.0055).

Patients who received ataluren also had a statistically significantly reduced risk of persistent 10%
worsening of BMWD versus placebo (HR [95% CI], 0.68 [0.48 to 0.94]; p=0.0215).4!
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Figure C.36. Meta-Analysis of Study 020 and Study 007 (ITT Population)

Favors Placebo

Favors Ataluren

—-
A GMWD Change at Week 48, LS Mean 95% CI (m) LS Mean
Endpoint 80 60 40 -20 0 20 40 60 80 (95% CI) p-value
GMWT —— e 0.047
(0.2, 34.1) :
1.1
10-Meter walk/run —— (-0.1, 2.2) 0.068
- 1.7
4-5tair climb —— (0.4, 2.9) 0.003
. 1.9
4-5tair descend —— (0.6. 3.2) 0.006
5 0 L]

Atalurem 10,10,20 maolkg (N=171)

Placebo {N=171) A TFT Change at Week 48, LS Mean 95% CI (s)

6MWT, 6-minute walk test, LS, least-squares; TFT, timed function test
Source: lllustration was created by PTC based on Campbell et al. 2020*'

In the 2300 to <400 metres 6MWD patient subgroup, the meta-analysis demonstrated a statistically
significant difference in change in 6MWD between ataluren-treated and placebo-treated patients,
favouring ataluren (+43.9 [18.2 to 69.6] metres; p=0.0008). Statistically significant benefits in patients
receiving ataluren versus placebo in this subgroup were also seen in time to run/walk 10 metres
(-2.1 [-3.7 to —0.4] seconds; p=0.0149), climb 4 stairs (-3.4 [-5.3 to —1.5] seconds; p=0.0004), and
descend 4 stairs (-4.3 [-6.2 to —2.3] seconds; p<0.0001). There was no significant difference in risk
of persistent 10% 6MWD worsening in ataluren versus placebo-treated patients (0.66 [0.39 to 1.11];
p=0.1162).41

In the <400 metres 6MWD patient subgroup, the difference in change in 6MWD between ataluren
and placebo-treated patients was also statistically significant, favouring ataluren (+27.7 [6.4 to 49.0]
metres; p=0.0109. Statistically significant benefits in patients receiving ataluren versus placebo were
also seen in time to run/walk 10 metres (-1.7 [-3.2 to —0.3] seconds; p=0.0197), climb 4 stairs (-2.6
[-4.3 to —1.0] seconds; p=0.0013), and descend 4 stairs (-2.8 [-4.3 to —1.1] seconds; p=0.0015).
Furthermore, patients who received ataluren experienced a statistically significant reduced risk of
persistent 10% 6MWD worsening relative to those who received placebo (0.62 [0.45 to 0.85];
p=0.0028).41

Improved TFT results were statistically significant in all patient subgroups; in the full ITT population
ataluren had a benefit of 1.1 to 1.9 seconds versus placebo across the three tests and a greater
benefit was observed in the 6MWD =300 to <400 metres (2.1 to 4.3 seconds) and <400 metres (1.7
to 2.8 seconds) subgroups.

Summary

Meta-analyses of Study 007 and Study 020 confirmed that ataluren slows disease progression
versus BSC alone in patients with nmDMD over 48 weeks and that the observed statistical trends in
studies 007 and 020 can be attributed to their small sample sizes when analysed separately.
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Table C-46. Meta-analysis (post-hoc) of Study 007 and Study 020 placebo-controlled RCTs

Analysis Study LS Mean Difference p value
Subgroup (95% CI)
Change in 6MWD
007 All patients (plzjcebo n=57, 26.4 (4.2, 57.1) 0.0905
ataluren, n=57)
T 020 13.0 (-7.4 to 33.4) 0.213
Meta-analysis 17.2 (0.2, 34.1) 0.0473
007 45.9 (0.1, 91.8) 0.0496
6MWD =300 to <400 020 42.9 (11.8 to 74.0) 0.007
Meta-analysis 43.9 (18.2, 69.6) 0.0008
007 34.0 (-3.3,71.3) 0.0735
6MWD <400 020 246 (-1.6,50.7) 0.0650
Meta-analysis 27.7 (6.4, 49.0) 0.0109
Change in 10-m
run/walk
007 -1.1(-3.4,1.2) 0.3509
ITT 020 -1.1(-2.4,0.3) 0.117
Meta-analysis 1.1(-2.2,0.1) 0.0677
6MWD =300 to <400 007 -2.7 (-5.9, 0.5) 0.1000
020 -1.8(-3.8, 0.1) 0.066
Meta-analysis -2.1(-3.7,-0.4) 0.0149
6MWD <400 007 -1.9 (-4.7,0.9) 0.1823
020 -1.7 (-3.4, 0.0) 0.0050
Meta-analysis -1.7 (-3.2, -0.3) 0.0197
4-stair climb
ITT 007 -2.4 (-4.8, 0.0) 0.0488
020 -1.4(-2.9,0.1) 0.058
Meta-analysis -1.7 (-2.9, -0.4) 0.0078
6MWD 2300 to <400 007 -3.3(-6.8, 0.3) 0.0715
020 -3.5(-5.7,-1.2) 0.003
Meta-analysis -3.4 (-5.3, -1.5) 0.0004
6MWD <400 007 -3.7 (-6.5, -0.8) 0.0116
020 -2.1(-4.1,-0.2) 0.0340
Meta-analysis -2.6 (-4.3, -1.0) 0.0013
4-stair descend
ITT 007 -1.6 (-4.2,1.0) 0.2268
020 -2.0 (-3.5, -0.4) 0.0120
Meta-analysis -1.9 (-3.2, -0.6) 0.0055
6MWD =300 to <400 007 -4.0 (-7.8, -0.1) 0.0419
020 -4.4 (6.6, -2.1) <0.001
Meta-analysis -4.3 (-6.2, -2.3) <0.0001
6MWD <400 007 -2.6 (-5.7, 0.5) 0.1018
020 -2.9 (-5.0, -0.8) 0.0070
Meta-analysis -2.8 (-4.3,-1.1) 0.0015
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LS mean differences between ataluren and placebo groups were assessed by meta-analysis of the ITT. meta-analysis of
patients with a baseline 6MWD =300—<400 m and meta-analysis of patients with a baseline 6MWD <400 m

6MWD: 6-minute walk distance; ITT: intent-to-treat; LS: Least-squares.

Source: Campbell et al. 2020*

9.8.2 If evidence synthesis is not considered appropriate, give a rationale and
provide a qualitative review. The review should summarise the overall results

of the individual studies with reference to their critical appraisal.

Not applicable.
9.9 Interpretation of clinical evidence

9.9.1 Provide a statement of principal findings from the clinical evidence
highlighting the clinical benefit and any risks relating to adverse events from
the technology. Please also include the Number Needed to Treat (NNT) and

Number Needed to Harm (NNH) and how these results were calculated.

Treatment with ataluren plus BSC significantly delays loss of ambulation compared to BSC
alone

In Phase 2 and 3 clinical studies (007 and 020), ataluren reduced the decline in 6MWD over
48 weeks compared with BSC alone, and consistently demonstrated benefit across multiple
measures of muscle strength and function.3?33

Although the primary endpoint was not met in Study 007 or Study 020, a clinically meaningful benefit
in the decline in BMWD was observed Study 007.324° Following completion of Study 007, patients
with a baseline 6MWD of 2300 to <400 metres were identified as the optimal group as these patients
have a considerable loss of walking ability, but still have enough muscle mass in their lower limbs to
be able to show a drug effect on MWD over 48 weeks.*® The treatment effect was evident in the
pre-specified subgroup of patients with a baseline 6MWD of 2300 metres to <400 metres in Study
020, with a statistically significant LS mean difference of 42.9 metres between the two groups
(p=0.007).%3

In addition, a pre-specified meta-analysis of the studies was conducted to increase the sample size
resulting in statistically significant treatment effects on the 6MWT .3® Further analysis that combined
results from the two ITT populations demonstrated a difference in change in 6MWD from baseline
to Week 48 between ataluren- and placebo-treated patients, which was statistically significant in
favour of ataluren (LS mean difference [95% CI], +17.2 [0.2 to 34.1] metres; p=0.0473) that was
more pronounced in the 2300—<400 metre group (43.9 (18.2 to 69.6) metres; p=0.0008).#' The meta-
analyses also demonstrated improved TFT results that were statistically significant in all patient
subgroups; in the ITT population, ataluren had a benefit of 1.1 to 1.9 seconds versus placebo across
the three tests. Moreover, an even greater benefit was observed in the 2300-<400 metre (2.1-
4.3 seconds) and <400 metre (1.7 to 2.8 seconds) subgroups across all three TFTs.*!

Ataluren treatment in STRIDE was associated with a delay in LoA by 5.4 years compared with
CINRG DNHS matched controls (17.9 years of age vs 12.5 years of age, respectively). Ataluren
statistically reduced the risk for LoA by 63% relative to BSC alone in CINRG DNHS (p<0.0001,
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HR 0.374).% Ataluren-treated patients also retained their ability to stand from supine for longer, with
a . lower risk of reaching a time to rise from supine in more than 10 seconds compared to matched
patients in CINRG DNHS (Jij).*

In Study 019, treatment with ataluren plus BSC significantly delayed LoA by 2.2 years compared
with the CINRG DNHS matched control. In the propensity score matched populations, the median
age at LoA was 15.5 years in Study 019 and 13.3 years in the matched CINRG DNHS cohort,
representing a statistically significant, clinically meaningful difference in favour of ataluren versus
BSC alone.

The observed delay in LoA represents not only a highly meaningful prolongation of personal
autonomy in daily life, but also a delay in the onset of subsequent disease milestones (see section
9.9.3).

Treatment with ataluren plus BSC significantly delays loss of pulmonary function compared
to BSC alone

Across all pulmonary function milestones, patients in STRIDE were older than propensity-matched
subjects from the CINRG DNHS database at the time each milestone was reached. The median age
at % predicted FVC <60% was 17.6 years for STRIDE subjects and 15.8 years in the CINRG DNHS
propensity score matched population (p=0.0051; HR 0.544). Similar results were observed for the
milestones of % predicted FVC ] and <30%. The median age at the time of FVC <1 litre was not
reached in STRIDE patients due to too few events and was 24.9 years in the CINRG DNHS
propensity score matched population.

In Study 019 there was a 3-year delay in decline of predicted forced vital capacity to <60% in non-
ambulatory patients (p=0.0004).'%

Ataluren is well tolerated in nmDMD patients as young as 2 years old

In clinical trials and long-term studies, the observed safety and tolerability profile of ataluren is
comparable to that of BSC. In the two placebo-controlled studies the most common reported adverse
reactions were vomiting, diarrhoea, nausea, headache, upper abdominal pain, and flatulence, all
occurring in 25% of all ataluren-treated patients.” These adverse reactions generally did not require
medical intervention and few patients discontinued ataluren treatment due to any adverse reaction.
Adverse reactions were generally mild or moderate in severity, and no treatment-related serious
adverse events were reported among ataluren-treated patients in these two studies.! The safety
profile of ataluren observed up to 336 weeks in Study 019 was consistent with other ataluren
studies. ' Safety data from 28 weeks of therapy showed a similar safety profile of ataluren in patients
2-5 years as compared with patients aged 5 years and older."

In the long-term observational study of ataluren in nmDMD (STRIDE), interim safety results continue
to be consistent with the known safety profile of ataluren. With longer term routine clinical use, there
was no cumulative toxicity or late occurring unexpected events with ataluren, and the AE profile
tended to reflect the progression of the underlying DMD disease process.
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9.9.2 Provide a summary of the strengths and limitations of the clinical evidence

base of the technology.

There have been a limited number of large, randomised studies in DMD and, through the ataluren
trial programme, PTC Therapeutics are pioneering clinical trial research in this disease area. The
ataluren clinical studies have contributed a great deal of insight relating to the natural history of
disease and use of clinically meaningful endpoints that will help to inform the design of future trials.
STRIDE is the first drug registry for patients with DMD and is the largest real-world study of patients
with nmDMD to date. STRIDE provides data on patterns of ataluren use and long-term patient
outcomes in real-world routine clinical practice.

Study 007 and Study 020 were placebo-controlled studies, reflecting the lack of available efficacious
treatments other than ataluren for boys with nmDMD. The choice of placebo for the reference arm
was justified, as ataluren represents a first-in-class approach to DMD treatment where no approved
standard therapy exists. Prior to regulatory approval of ataluren for the treatment of nmDMD, the
only management options for this devastating disease were supportive in nature and did not address
the underlying cause of the condition, i.e., the loss of dystrophin. Without dystrophin, muscles
progressively weaken and deteriorate, leading to complete loss of ambulation, cardiac and
pulmonary insufficiency, and death. Ataluren is the first disease-modifying treatment option for
nmDMD that can be used early in life.

During Study 007 all patients continued to receive the BSC they were on when they entered the
study including, in many cases, corticosteroid treatment. Similarly, all patients in Study 020 were
receiving BSC, including corticosteroids. The studies therefore provide a comparison of efficacy and
safety of ataluren compared to established clinical management without ataluren.

The challenges associated with the use of the 6MWT in patients with DMDs can undermine the
statistical power of properly designed trials. Performance tends to improve with time in very young
patients whereas performance tends to worsen with time in older patients, and there can be a floor
effect of losing ambulation in older patients with more advanced disease.®® It is now known that
patients with a baseline 6MWD =400 metre remain relatively stable in physical functioning over 48
weeks, whereas patients with a 6MWD <300 metre are at highest risk of rapid decline in and loss of
ambulation over the same period of time. The variability in the 6MWD over 48 weeks in this disease
was unknown at the time Study 007 was designed. Considerable heterogeneity in the rate of disease
progression contributed to the higher-than-anticipated standard deviation and meant that the study
was underpowered.®? The entry criteria used in Study 020 were selected to enrich for patients likely
to be in ambulatory decline; however, these criteria allowed for inclusion of a subset of study patients
with a broad baseline 6MWD (142.5-526.0 metres) and ultimately failed to enrich for patients in
ambulatory decline.

Due to those challenges, the treatment effect of ataluren was demonstrated in suitable subgroup
populations of studies 007 and 020. Although neither trial met its primary endpoint, both reported a
numerical benefit for ataluren-treated patients compared to those treated with placebo, as measured
by the 6MWT,; in the Phase 3 trial Study 020, this difference was statistically significant in the pre-
specified subgroup with baseline 6MWD =300 to <400 metres (patients in the ‘ambulatory transition’
phase) but not in the overall ITT population.®® More stringent entry criteria with regard to baseline
6MWD subgroups would likely have increased the overall effect observed, as noted for patients with
a baseline 6MWD of 300 metres or more to less than 400 metres. The EMA and US FDA guidelines
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recommend stratifying patients by functional status.’®'6" Additionally, because of the slowly
progressive nature of the disorder, a longer treatment duration is recommended in current DMD
regulatory guidelines,”® '8! which were not available when this study was designed.33

Rare disease clinical trials such as these are limited by the inclusion of relatively low numbers of
participants, which can be overcome using meta-analysis. The efficacy of ataluren in nmDMD based
on all the available evidence was therefore assessed by conducting meta-analyses using the ITT
populations of patients from both trials (receiving ataluren 40 mg/kg/day or placebo), and then using
subgroups categorised by pre-specified baseline 6MWD values. These meta-analyses support
previous evidence for ataluren in slowing of disease progression compared to placebo in nmDMD
patients over 48 weeks. Treatment benefit was most evident in patients with a baseline 6MWD =300
to <400 metres (the ambulatory transition phase).*'

STRIDE enrolled patients who were, or who would be, receiving usual care treatment and a
commercial supply of ataluren; as a registry there was no treatment control arm. CINRG DNHS
serves as a useful comparator to STRIDE because it includes patients receiving BSC who are
experiencing the usual course of DMD disease progression. Propensity score matching is a method
used to estimate the effect of receiving treatment when random assignment of patients to treatments
is not possible. As described in section 9.4.1.1, to eliminate bias and to enable a robust comparison
between STRIDE and CINRG DNHS, propensity score matching was performed to identify a subset
of patients in CINRG DNHS who were comparable to patients in STRIDE according to established
predictors of disease progression.’

STRIDE represents the largest cohort of nmDMD patients ever studied. Data presented here are
from the cut-off date 31 January 2021 and the study is still ongoing. An increasingly robust dataset
with a longer treatment duration than previously evaluated (median of B days for the Evaluable
Population) and a rigorously matched comparison to natural history data continues to support the
association of ataluren treatment with the slowing of disease progression in a heterogeneous
population of nmDMD subjects across multiple clinically meaningful endpoints.

STRIDE includes patients with a wider range of ages and ambulatory ability than those in clinical
trials, meaning that the data is representative of a broader range of real-world patient experiences
in comparison with a short-duration randomised placebo-controlled clinical trial with narrowly defined
inclusion criteria. STRIDE also contributes important data on long-term outcomes such as pulmonary
function.

PTC Therapeutics has contributed to the project HERCULES (HEalth Research Collaboration United
in Leading Evidence Synthesis), a collaboration between Duchenne UK, and pharmaceutical
companies developing medicines to treat DMD, to increase the chances of patients with DMD of
accessing innovative treatments. The project was started in recognition of the challenges of trial
design and data collection in this very rare condition, and development of the evidence required for
HTA submissions. The project is bringing together possibly the largest collection of clinical data on
DMD to develop increased understanding of the disease area with the following focus areas:

e A natural history model

¢ The development of a DMD specific utility metric

¢ An observational study to determine the burden of iliness

e A health economic model

Specification for company submission of evidence 155 of 279



The MAA collected data from ataluren-treated nmDMD patients in order to compare with DMD
patients receiving BSC alone in the North Star registry. Whilst a propensity score-matching approach
was used to minimise the biases of between group comparisons between the ataluren-treated and
BSC-only-treated patients data for the key prognostic covariate, age at first symptoms, were not
available for matching.'*® Together with the relatively small and heterogenous population in the
analysis, this may have limited the comparability of the two cohorts at baseline. Aspects of the data
suggest that patients in the ataluren group had more [l disease at baseline. Despite this, the data
suggest that ataluren tended to Bldiscase progression compared to BSC alone.

The NSAA was chosen as the clinical outcome measure in the 2016 MAA, as, unlike the 6MWT, can
be administered in routine clinical practice in the UK. The following expectation was outlined: “Using
similar extrapolations to those seen in study 020, as well as the natural history data as published by
Ricotti et al. 2015, and considering the composition of the cohort to be similar to study 020, the
cohort of patients receiving ataluren is expected to have a decline over the initial 2 years of the MAA
by B /inearised points on the NSAA scale, a numeric difference of around ||} points from the
matched control cohort which is expected to have declined by B points over the same period”. In
the MAA at 24 months the mean change from baseline was . for the ataluren-treated patients
compared to ] for the control cohort, therefore the declines were not as substantial as those
expected which may have impacted the ability to determine a treatment effect. This may have been
impacted by the inclusion of significant proportion of boys under the age of 7 years, who are known
to gain motor function.’® As discussed in 9.6.1.7, the retrospective analysis of the NSAA prior to
baseline reflects this considerable heterogeneity, with increasing NSAA scores observed in younger
patients and declining NSAA after the age of 7 years (Figure C.30). As the NSAA results were based
on length of follow-up from baseline, rather than the age of the patients, the difference in baseline
age between the cohorts is introducing potential bias into the analysis.

9.9.3 Provide a brief statement of the relevance of evidence base to the scope. This
should focus on the claimed patient- and specialised service-benefits

described in the scope.

Motor function and loss of ambulation

Comparison of the efficacy results of STRIDE with patients from the natural history study CINRG
DNHS, who received BSC only, further supports and extends the findings from the prior clinical
studies that found ataluren treatment can stabilise or slow disease progression in nmDMD.3233
Patients with nmDMD face a relentless and devastating disease. Stabilisation or slowing of disease
progression is considered an important benefit of therapy by the DMD patient community. '

In STRIDE, patients treated with ataluren lost ambulation at a later age than those receiving BSC
alone.®>'* |n clinical trials, ataluren consistently demonstrated clinically meaningful benefits across
multiple measures of muscle strength and function.32%

The delay in loss of motor functions associated with ataluren is not only clinically important but is
highly meaningful to patients and their families, as the loss of a function milestone is irreversible.
Preservation of motor function impacts a patient’'s autonomy as it postpones the loss of basic daily
functions such as climbing and descending stairs and walking short distances independently.
Prolonging ambulation is particularly important; the ability to walk allows a patient to be independent
to go to the bathroom, to feed themself, to go upstairs without assistance, or simply to be able to
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transfer from a wheelchair to a bed. Moreover, the time of loss of one function predicts the onset of
subsequent disease milestones indicative of disease progression.338°

¢ Maintenance of ambulatory capacity is associated with delayed onset and reduced severity
of scoliosis.??6263 Although early scoliosis may be noted in the late ambulatory stage of DMD,
it almost invariably progresses during puberty. Children that lose ambulation at a later age
are at lower risk of developing scoliosis altogether and are at lower risk of developing
progressive scoliosis that requires major surgery.576

e LoA is associated with deterioration of the lungs and heart.# The age at LoA has been shown
to be predictive of onset of moderate and severe pulmonary insufficiency. In groups of
children that lost ambulation at a mean age of 7.1, 9.3 and 12.0 years, the age of severe
pulmonary insufficiency occurred at a mean age of 14.7, 18.1 and 22.1 years, respectively
(p<0.001, between group comparison). FVC parameters were also significantly correlated
with the age at LoA and were statistically different between the groups.5°

e Several studies have shown a correlation between age at LoA and mortality risk.6%77:101

In a degenerative disease with progressive loss of functions, that eventually leads to death, stopping
or slowing the progression of the disease is considered meaningful to patients as this would preserve
their abilities and delay the next loss of function. This is illustrated in quotes from a UK qualitative
interview study,?? aimed at understanding the impact of ataluren treatment on people with nmDMD
and their caregivers:

“Yesterday again, for example, he got out of his all-terrain hopper and he walked for | would say a
good 20 minutes or more yesterday. Without Translarna, | don’t think he would be able to do that”

“It’s just good to see that [he] can be stable. Obviously, we know that things will change at some
point but it’'s a much slower decline so it gives you just more time to play with really and it’s just
positive all round”

“It’s getting it across that, just because he’s not able to run a marathon now, doesn’t mean it’s not
working. Maintaining the function is just as important”

Pulmonary function

Ataluren therapy is associated with a significant delay in pulmonary function decline. The
preservation of pulmonary function is critical since pulmonary failure is the most common cause of
death in patients with DMD.'®? Disease milestones indicative of increasing deterioration in pulmonary
function and disease progression are percentage predicted FVC of <60%, <50% and <30%, and
absolute FVC of <1 litre.202160.7294 predicted FVC of <60% is indicative of the first need for
intervention using lung volume recruitment, when patients require mechanical ventilation to preserve
lung function.” Predicted FVC of <50% is indicative of the need for assisted coughing techniques
and nocturnal-assisted ventilation; non-invasive ventilation is strongly recommended.”? Once
patients with DMD have declined to a predicted FVC of <30% they are considered to have severe
pulmonary insufficiency, for which non-invasive ventilation is necessary.%%% Absolute FVC decline
to <1 litre is a threshold that is strongly predictive of mortality within 3 years and is associated with
a four-fold increased risk of death.?0%!

Across all pulmonary function milestones, patients in STRIDE were older than propensity-matched
subjects from the CINRG DNHS database at the time each milestone was reached.®” Similar results
were observed in Study 019.
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The comparative data from STRIDE and Study 019 compared to CINRG DNHS demonstrates that
the dystrophin-restoring mechanism of action of ataluren can be beneficial to patients with nmDMD
throughout different stages of disease, regardless of ambulatory status. Ataluren can provide further
benefit to that already conferred by corticosteroids (given as part of BSC) and preserve vital functions
for longer such as the patients’ ability to breathe independently.

Impact of early treatment

By promoting formation of full-length functional dystrophin protein, ataluren addresses the underlying
cause of nmDMD. Initiation of dystrophin restoration therapy at a younger age, prior to substantial
muscle loss, may maximise benefit, helping to slow or stabilise disease progression in patients with
nmDMD.33163.164 Early intervention in the disease process of nmDMD, prior to muscle loss and
fibrosis, is of critical importance. Given the obstacles to directly assessing efficacy in the younger
population, plasma levels comparable to those seen in older children are the primary means to
demonstrate comparable efficacy. In Study 030 all patients in the =22 to <5 year age group had
ataluren exposure within the target range for Cae based on previous pharmacokinetic-
pharmacodynamic analyses.

Notably, while TFTs and the NSAA were assessed, the study was not designed to evaluate efficacy,
considering the intrinsic issues of directly demonstrating efficacy in this population. In addition to the
challenges presented by the rarity of diagnosed patients with nmDMD in this age group, children
under the age of 5, as a result of growth and maturation, tend to show stabilisation or improvement
in the measures routinely used to assess muscle function. As a result, directly assessing efficacy in
this population in a clinical trial setting would require a significantly larger and longer study.

However, data from Study 030 for these functional endpoints do provide additional and supportive
evidence of clinical benefit in younger patients. Ataluren-treated patients in Study 030 evidenced
improvement across multiple endpoints, including time to run or walk 10 metres, to climb four
standard stairs, and to rise from supine, the developmentally appropriate 8- and 3-item scales for
the NSAA, the full 17-item NSAA total score, and the NSAA linear score.

Given the established impact of preserving the earliest loss of functions on the entire DMD disease
process, it is expected that these younger patients will continue to show the benefit of slowed disease
progression as they enter the decline phase of the disease.

9.9.4 Identify any factors that may influence the external validity of study results to
patients in routine clinical practice.
The ataluren study populations are comparable to the patients that will be treated in clinical practice

in England. The MAA includes all patients treated with ataluren in clinical practice in England
following the NICE assessment in 2016.

The STRIDE Registry includes patients who have been treated in the UK (nll}) including those
receiving treatment under the MAA. However, it should be noted that in STRIDE, in countries other
than the UK, patients may have continued to receive ataluren following LoA.
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9.9.5 Based on external validity factors identified in 9.9.4 describe any criteria that
would be used in clinical practice to select patients for whom the technology

would be suitable.

Ataluren should be used within its licensed indication. No additional criteria are expected to be

used to select patients suitable for treatment.
10 Measurement and valuation of health effects
Patient experience

10.1.1 Please outline the aspects of the condition that most affect patients’ quality of

life.

Patients with DMD experience diminishing physical ability and later reduced respiratory capacity as
part of their disease, due to the absence of functional dystrophin protein. While their disease is
characterised by additional aspects such as cognitive and behavioural problems, the aspects of

the condition that most affect patient’s quality of life are:

A lowered capacity to engage in physical activity from an early age

When children diagnosed with DMD are young (~3-12 years) they cannot keep up with their peers,
have problems walking, hopping, running, climbing stairs and fall frequently. Frequent falls can result
in fractures that cause further incapacitation and may even lead to permanent wheelchair
dependence.®*192 Up to 60% of boys with DMD will have low-trauma extremity fractures even without
steroid treatment and the risk doubles when receiving steroid treatment.'®® Boys with DMD rarely
have the chance to fully engage in physical activities normal for their age: running around and playing
games with friends, playing football or riding a bike.

Quality of life deteriorates as the disease progresses as observed by a decrease in parent-reported
HRQL in boys in the early ambulatory stage and late ambulatory stage.?*''* In the qualitative
interview study by Williams et al. an analysis of the impact of nmDMD at different stages of
ambulation showed that, as individuals with nmDMD lose ambulation, their decline in physical
function can lead to impairments in other areas of life including daily activities, social activities and
emotional wellbeing, which can impact their HRQL and that of their caregivers.'®® Participants
completed a background questionnaire with questions which enabled categorisation into one of three
ambulatory health states (early ambulatory: can rise from supine, stand and walk 10 metres; late
ambulatory: can stand and walk 10 metres; intermediate: can stand). Worsening health state severity
was related to a decrease in physical function, including the ability to walk, run/jump, climb stairs
and get up off the floor, as well as fine motor skills. This impacted the affected individuals ability to
take part in daily and social activities, which had a subsequent impact on their emotional wellbeing.'%®
In addition, the declining physical function was reflected in an increased level of care and emotional
burden reported by caregivers.'6¢

Loss of ambulation

Losing the ability to walk and permanent dependence on use of a wheelchair is a key milestone in
the lives of boys and is associated with a large detrimental reduction in quality of life.24 114
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Losing the ability to walk has an obvious impact on mobility and the ability to carry out daily tasks
such as washing, dressing and simply being able to easily get to a toilet. In addition, it limits
opportunity for normal social interaction with potential increases in feelings of isolation. The loss of
walking ability can also lead to children being unable to continue at mainstream schooling and/or at
their local school as many are not wheelchair accessible. The ability to stand and therefore transfer
(e.g., from wheelchair to chair or bed) is lost very soon after walking is lost, further impacting their
independence.

Once a child is fully wheelchair bound, home modifications are required. These are both expensive
and not always readily available, further limiting the child’s environment and ability to carry out daily
tasks, and severely impacting on the quality of life of the family. Likewise, transport needs are
dramatically affected. If a child can no longer walk, they are dependent on others in order to have
access to their school, friends, and extended family members.

Loss of upper body function

In non-ambulatory boys and young men, there is gradual loss of upper limb, trunk and neck functions,
so that grooming, toileting, bathing, dressing, sitting unsupported and eating become impaired or
impossible to perform by oneself — severely affecting the quality of life of patients, their caregivers
and families.024114

Loss of respiratory function

Children with DMD suffer from a progressive decline in pulmonary function leading to breathing
difficulties and ultimately the need for ventilation, further impacting on their quality of life."®'"* As
respiratory function initially declines ventilation support is provided during the night, usually with a
mouthpiece. Dependence on permanent ventilation (day and night-time), which may require
tracheostomy, usually occurs before 23 years of age.'®'?

10.1.2 Please describe how a patient’s health-related quality of life (HRQL) is likely
to change over the course of the condition.

As described above, the HRQL of patients with DMD decreases dramatically over the course of

disease progression. In the study by Landfeldt et al.?*"* the HUI-derived utility decreased through

the four stages (early ambulatory, late ambulatory, early non-ambulatory, and late non-ambulatory).

The mean patient utility dropped from 0.75 in early ambulatory patients (approximate age 5—7 years)
to 0.15 in late non-ambulatory patients (approximately 16 years of age or older) (p<0.001)."™

Similarly, HRQL declines as pulmonary function declines and patients require ventilation.'4167

HRQL data derived from clinical trials

10.1.3 If HRQL data were collected in the clinical trials identified in section 9 (Impact
of the new technology), please comment on whether the HRQL data are

consistent with the reference case. The following are suggested elements for

consideration, but the list is not exhaustive.

e Method of elicitation.

e Method of valuation.
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e Point when measurements were made.
o Consistency with reference case.
o Appropriateness for cost-effectiveness analysis.

¢ Results with confidence intervals

The instruments used in clinical studies to measure patient HRQL were the PedsQL (Study 007),
PODCI (Study 020) and CHU9D (MAA). These are described in section 7.1.3.

o In Study 007, the PedsQL was completed at each visit: screening, baseline and every 6
weeks until Week 48.7%° Positive trends were seen in the PedsQL which comprises physical
functioning and psychosocial functioning (i.e., emotional functioning, social functioning, and
school functioning) scales. From baseline to week 48, patients in the ataluren group had a
higher mean change in the PedsQL physical and school functioning score than placebo-
dosed patients (Table C-22, section 9.6.1.2).

¢ In Study 020, the PODCI was completed at each visit: screening, baseline and every 8 weeks
until Week 48. Changes in the PODCI transfers/basic mobility and sports/physical functioning
domain scores favoured ataluren over placebo in the ITT population and in patients with
baseline 6MWD 2300 to <400 metres (Figure C.17, section 9.6.1.3).

Data from the clinical trials was not used in the economic model. PedsQL has been validated for use
in DMD."* However, the PedsQL components are only weakly correlated with clinical outcome
measures that have been validated in DMD, such as the 6MWT and the 10-metre run/walk.'6168 |t is
possible to map the PedsQL to the EQ-5D,'"® however due to the limited sensitivity and the
limitations of capturing changes in QoL for a progressive, lifelong condition within the short time
period of the trial (48 weeks), as well as lack of data in the non-ambulatory disease states, this was
not carried out. PODCI scores correlate strongly with the 6MWT and the 10-metre run/walk test, and
changes in PODCI scores after one year are more strongly correlated with changes in the 6MWT
after one year than PedsQL scores.'® However, in addition to a lack of data in the non-ambulatory
disease states, no mapping techniques are available to generate a utility value from the PODCI.

CHU9D utility data was collected for children receiving ataluren in the MAA, which provides a generic
preference-based measure of HRQL, suitable for children and adolescents aged seven to 17 years
old. Patient HRQL data collected as part of the MAA was not available, and therefore has not been
used to inform the economic model.

Mapping
10.1.4 If mapping was used to transform any of the utilities or quality of life data in
clinical trials, please provide the following information.

e Which tool was mapped from and onto what other tool? For example, SF-36 to EQ-
5D.
e Details of the methodology used.

e Details of validation of the mapping technique.

Not applicable.
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HRAQL studies

10.1.5 Please provide a systematic search of HRQL data. Consider published and

unpublished studies, including any original research commissioned for this

technology. Provide the rationale for terms used in the search strategy and

any inclusion and exclusion criteria used. The search strategy used should

be provided in appendix 17.1.

An SLR was conducted to identify studies reporting HRQL in DMD that could be used to inform

health state utility values.

The eligibility criteria specified in Table C-47 was used to inform the inclusion of studies at first and
second pass stages of the review. The review included studies of patients with DMD of any type
receiving no disease-modifying treatment (i.e., BSC alone with/without corticosteroid use) or
ataluren. The review was broad to identify any studies that could inform utility estimates in the cost-

effectiveness modelling.

The search strategy is shown in Appendix 5 (section 17.5).

Table C-47 Eligibility criteria for the original and update QoL reviews

Inclusion

Exclusion

Population

e People with DMD of unspecified

form

e People with nmDMD

e People without DMD
including, but not limited to,
variations such as Becker
muscular dystrophy

e Studies that report only on
people with mutations other
than nmDMD

Intervention/comparators

e No treatment

e Corticosteroid (e.g., prednisone,
prednisolone, deflazacort)

e Translarna (ataluren)

Any disease-modifying drugs
other than Translarna or
corticosteroid (e.g., exon-
skipping therapies (such as
eteplirsen and drisapersen),
gene therapies)

Outcomes

e Disease-specific measures of
quality of life

O
O
o

(e]

PedsQL neuromuscular
PODCI/POSNA
Muscular Dystrophy Child
Health Index of Life with
Disabilities (MDCHILD)
SOLE

e Generic measures of quality of life

O
O
O

@)

EQ-5D

HUI (1/2/3)

Short form (e.g., SF-36 or SF-
10)

PedsQL

CHU-9D

World Health Organisation
Quality of Life-BREF
(WHOQOL-BREF)

All other outcomes

Study design

No restriction; any study type reporting the outcomes of interest
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Geographical location No restriction; any geographical location

Language No restriction; any language

Publication date No restriction; any study date

10.1.6 Provide details of the studies in which HRQL is measured. Include the

following, but note that the list is not exhaustive.

e Population in which health effects were measured.
e Information on recruitment.

e Interventions and comparators.

e Sample size.

e Response rates.

e Description of health states.

e Adverse events.

o Appropriateness of health states given condition and treatment pathway.
e Method of elicitation.

e Method of valuation.

¢ Mapping.

e Uncertainty around values.

e Consistency with reference case.

e Results with confidence intervals.

In the original review (searches conducted on 8 June 2019) 54 references related to 36 individual
studies were included. These studies are listed in Table 21 of Appendix 5 (section 17.5).

For the updated review (searches conducted on 10 September 2021) an additional 31
references related to 28 individual studies were included. These studies are listed in Table 22 of
Appendix 5 (section 17.5).

Data from all identified studies were extracted and presented in Tables 25 to 30 of Appendix 5
(section 17.5).

The reasons for selection of studies for the economic model is provided in section 11.2.1.

The study by Landfeldt et al. is the key study informing utility values in the economic model (Table
C-49). The first publication of this study was in 2014, and utility values were used in the original
submission to NICE in 2015. Since then, there have been several further publications related to this
study:

e Landfeldt et al. (2016a'"%); Health-related quality of life in patients with Duchenne muscular
dystrophy: a multinational cross-sectional study

e Landfeldt et al. (2016b'"'%); Quantifying the burden of caregiving in Duchenne muscular
dystrophy
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e Landfeldt et al. (2017'%7); Economic Evaluation in Duchenne Muscular Dystrophy: Model
Frameworks for Cost-Effectiveness Analysis

e Landfeldt et al. (2020'%°); Improvements in health status and utility associated with ataluren
for the treatment of nonsense mutation Duchenne muscular dystrophy

The Landfeldt study measured HRQL in DMD patients enrolled in registries in the UK, Germany,
Italy and the United States. Patient quality of life was measured online using the HUI whilst caregiver
quality of life was measured using the EQ-5D-3L. A total of 2,346 were invited to participate in the
study and 770 patient-caregiver responses were received (response rate = 42%). Of these, 191
patients were from the UK and 98% of the caregivers were parents to the patient.

In a separate study by Landfeldt et al. (2020"%°), improvements in health status and utility associated
with ataluren for the treatment of nmDMD were investigated through a Delphi panel.

For a detailed summary of Landfeldt et al. 2017 and 2020, see section 12.3.2. Landfeldt et al. 2017
was identified in the economic section of the SLR as opposed to the HRQL section. The HRQL SLR
identified Landfeldt 2016a and 2016b, which have been used to inform the utilities reported in
Landfeldt et al. 2017.

Landfeldt et al. 2020

Landfeldt et al. 2020 conducted a Delphi panel of clinicians in Sweden with experience of treating
patients with ataluren. A mix of clinicians was chosen including two paediatric neurologists, one adult
neurologist, one specialist nurse, and two specialist physiotherapists. Combined, the clinicians had
140 patient-years experience in treating ataluren-receiving DMD patients. Consensus was reached
on the HUI-3 and the VAS in ambulatory (assuming 13 years) and non-ambulatory (assuming 17
years) nmDMD patients treated with ataluren in combination with best standard of care and best
standard of care alone. Patients were described as neither suffering from scoliosis or utilising
ventilation support. The study assumed ambulatory ataluren and BSC alone patients had a 6MWT
result of 410 and 316 metres, respectively. Three Delphi rounds were necessary before a consensus
had been reached, defined as an 80% level agreement for the HUI3. These values were converted
to utilities using the HUI Mark 1l algorithm with t-tests used to compare HUI-derived estimates. The
results are presented in Table C-48. The results highlight that there is a significant difference in utility
values between BSC alone and ataluren in addition to BSC in favour of ataluren.

Table C-48. Delphi panel-derived utility values

Ataluren in BSC alone Difference P value
addition to BSC
Ambulatory stage 0.9315 0.6174 0.3140 <0.001
Non-ambulatory 0.3179 0.1643 0.1536 0.021

stage (“b” and “c
on question 10:
“ability to use
hands and fingers”)

Non-ambulatory 0.2672 0.0913 0.1759 0.009
stage (¢’ and “d”
on question 10:
“ability to use
hands and fingers”)
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Source: Landfeldt et al. 2020'¢°

Table C-49. Studies reporting utility data used in the economic model

Landfeldt 2014, 2016a, 2016b (&
2017)

Landfeldt 2020

Population in which
health effects were
measured.

770 DMD patients (and one of their
caregivers)

Median patient age was 12 years
(interquartile range 9-17).

Patients with nmDMD

Values provided through a Delphi panel
of six experts, consisting of two
paediatric neurologists, one adult
neurologist, one specialist nurse, and
two specialist physiotherapists.

Information on
recruitment.

Patients were from Germany, Italy,
the UK, and the USA identified
through national DMD registries that
form part of the global TREAT-NMD
Neuromuscular Network.

Clinical experts for the Delphi panel
were identified and recruited from the
only two neuromuscular centres in
Sweden with experience in using
ataluren for the treatment of nmDMD

Interventions and None Ataluren (plus BSC)
comparators. BSC alone

Sample size. n=770 n=6

Response rates. Overall study response rate was 42% | NR

Method of
elicitation/valuation

Patient HRQL was self-reported and
proxy-assessed by primary
caregivers, using PedsQL and HUI,
respectively. Caregiver HRQL was
assessed using EQ-5D, VAS and SF-
12

Consensus among the participating
experts using the Delphi technique was
sought for the health status of patients
with nmDMD as measured using the
HUI Mark [11'2 and a VAS.]

Description of health
states

Model | consisted of 25 health states
based on the Duchenne muscular
dystrophy Functional Ability Self-
Assessment Tool (DMDSAT), a
patient-reported outcome instrument
comprising eight questions in four
domains (arm function, mobility,
transfers and ventilation status)
measuring functional ability in patients
with DMD on an interval scale ranging
from 0 to 23, where higher scores
represent higher functional.

Model Il was based on stages of
disease as specified in the
international DMD clinical care
guidelines, defined first in terms of
ambulatory status and second in
terms of age. It included five states:
(1) early ambulatory (approximately
age 5-7 years); (2) late ambulatory
(approximately age 8—11 years); (3)
early non-ambulatory (approximately
age 12—-15 years); (4) early non-
ambulatory (approximately age 16
years or older); and (5) an absorbing
state for dead.

Model Il was based on patients’
ventilation status, which marks key
clinical disease milestones and
staging for interventions, and
comprised four states: (1) no
ventilation support; (2) night-time
ventilation support; (3) day- and night-
time ventilation support; and (4) an
absorbing state for dead

Consensus was sought for two specific
cohorts, or disease stages, of nmDMD:
i) ambulatory patients; and ii) non-
ambulatory patients.

In non-ambulatory, patients were
specified to not have scoliosis or
require ventilatory support for survival.
Panellists were instructed to assess
health status for the ambulatory stage
assuming a mean patient age of 13
years, which corresponds to the
median age for patients receiving best
supportive care in this stage. For the
non-ambulatory disease stage, the
corresponding median patient age
considered was 17 years.

Based on the observed and
extrapolated efficacy data of ataluren,
patients' functional ability, as measured
using the 6-minute walk test, was
specified at 410 metres for those
treated with ataluren and 316 metres
for patients receiving BSC alone in the
ambulatory disease stage.
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Results with
confidence intervals.
Uncertainty around
values.

See section 10.1.9.

See section 12.3.2.
Ataluren in addition to best supportive
care
e Ambulatory stage: 0.9315
e Non-ambulatory stage: 0.3179
¢ Non-ambulatory stage: 0.2672
Best supportive
care alone
e Ambulatory stage: 0.6174
e Non-ambulatory stage: 0.1643
e Non-ambulatory stage: 0.0913

Consistency with
reference case.

High — utility data in relevant
population and health states.

Low — utility data reported in relevant
health states. Small number of
participants all based in Sweden

MAA

Delphi report

Population in which
health effects were
measured.

A cohort of ambulatory nmDMD
patients aged 2 years and above
treated with ataluren and a cohort of
DMD patients receiving BSC.

Mean (SD), range Baseline age,
years

BsC (n=59): I
Ataluren (n=59): ||}

Patients with nmDMD

Delphi panel of . clinical experts, with a
mean (range) in years of experience of
treating patients with DMD of ) and a
mean (range) number of patients they
have treated with ataluren of [Jl]). Taken
together, the panellists’ combined
experience of ataluren for the treatment of
nmDMD encompassed more than [}
patient-years.

Information on
recruitment.

The MAA collected data on patients
to compare the ataluren-treated
nmDMD patients with DMD patients
receiving BSC alone in the
NorthStar registry, owned and
maintained by the NorthStar Clinical
Network in the UK. The control
cohort does not include any
nmDMD patients.

Ataluren cohort

All patients starting treatment with
ataluren before December 315t 2017
with a baseline visit at one of the
NorthStar Clinical Network sites
before starting treatment were
included in the ataluren cohort.

Control cohort

Eligible control patients were
selected using information from
their first clinic visit after the date of
the start of the MAA (1st August
2016).

Candidate clinical experts for the Delphi
panel were identified and recruited by PTC
Therapeutics.

To be considered eligible for this study, all
experts had to meet the following inclusion
criteria:

e Act as the coordinating/specialist
physician to patients with DMD;
and

e Have experience of ataluren for
the treatment of nmDMD.

Interventions and
comparators.

Ataluren (MAA patients)
BSC (matched NorthStar cohort)

Ataluren (plus BSC)
BSC alone

Sample size.

Total planned sample size: 59
(matched analysis)

n=i
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Response rates.

NR

. additional eligible experts were asked
to take part in the study, but chose to not
participate or were not available

Method of
elicitation/valuation

NSAA data was collected from all
patients when they start ataluren
treatment and at all subsequent
clinic visits and entered into the
NorthStar database. The NSAA
consists of 17 activities, each
scored as 0, 1, or 2. The sum of
these 17 scores is used to form a
total score.

Patients in the ataluren cohort and
control patients were invited to
complete the CHU9D twice per year
in a timeframe consistent with clinic
visits.

At least one caregiver (e.g. parent)
of the children in the ataluren cohort
and control cohort were invited to
complete the EQ-5D on behalf of
the patient as a proxy utility
estimate.

Consensus among the participating
experts using the Delphi technique was
sought for the health status and HRQL of
patients treated with ataluren on top of
BSC versus BSC alone using the HUI and
a VAS.

Consensus for ordinal/nominal question
was pre-specified to have been achieved
when at least 80% of participating experts
(rounded to the nearest integer) agreed of
the appropriate response level/category

Description of health
states

Patients 2 years and older and able
crawl, stand with support or walk.

Excluding mobility (only asked for
ambulatory patients), emotion, pain and
dexterity questions were asked in the
context of the following health states:

e Ambulatory patients 10 years of
age;

e Non-ambulatory patients not yet
requiring ventilation support;

¢ Non-ambulatory patients at the
time when initiating night-time
ventilation support; and

e Non-ambulatory patients at the
time when initiating full-time
ventilation support.

Results with
confidence intervals.

Uncertainty around
values.

Mean (SD), (95% Cl) EQ-5D-5L
Utility Index Summary

Treated Population, Ataluren Cohort
patient proxy [}

Consensus HUI utilities estimates:
Ataluren + BSC

e Ambulatory state: .

¢ Non-ambulatory state, no

ventilation: i

¢ Non-ambulatory state, night-time
ventilation: i

e Non-ambulatory state, full-time
ventilation[Jj

e Ambulatory state: .
¢ Non-ambulatory state, no

ventilation: ||

e Non-ambulatory state, night-time
ventilation: |||

e Non-ambulatory state, full-time
ventilation: i

Consensus VAS scores

Ambulatory state:
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Ataluren on top of BSC: .

BSC alone: [}

Non-ambulatory state, no ventilation
Ataluren on top of BSC: ||}

BSC alone: [}

Non-ambulatory state, night-time
ventilation

Ataluren on top of BSC: |}

BSC alone: [}

Non-ambulatory state, full-time ventilation
Ataluren on top of BSC: ||}
BSC alone: [}

Estimates of average mortality across
stages of the disease (Proportion (%) of
all patients reaching this disease stage
that die in this stage)

Ambulatory: |||
Non-ambulatory, no ventilation support: |||

Non-ambulatory, night-time ventilation

support.
Non-ambulatory, full-time ventilation
support: .
Consistency with Medium — Whilst patients from the Medium — utility data reported in relevant
reference case. MAA were matched to the health states. Small number of
NorthStar patients using a robust participants unclear where based.

methodology, the relatively small
and heterogenous MAA cohort,
absence of key prognostic baseline
data from the NorthStar patients,
and missing data at later timepoints
limit the ability to make conclusions
from the analysis.

Sources: PTC MAA Data Tables'®8; North Star Clinical Network, MAA Statistical Analysis Plan, v4.2, 2021'4°; Draft
manuscript (Delphi panel)'”®

10.1.7 Please highlight any key differences between the values derived from the

literature search and those reported in or mapped from the clinical trials.

The clinical trials reported PedsQL HRQL data, however these data were not mapped and used to
generate utilities due to the limitations previously mentioned (see section 10.1.3). Therefore, no
comparison could be made to the literature derived from the SLR.

Specification for company submission of evidence 168 of 279



Adverse events

10.1.8 Please describe how adverse events have an impact on HRQL.

In clinical trials and long-term studies (e.g., MAA, STRIDE), the observed safety and tolerability
profile of ataluren is comparable to that of placebo (see section 9.6.1.6 and section 9.6.1.7). The
most common reported adverse reactions were vomiting, diarrhoea, nausea, headache, upper
abdominal pain, and flatulence, all occurring in 25% of all ataluren-treated patients.' These adverse
reactions generally did not require medical intervention and few patients discontinued ataluren
treatment due to any adverse reaction.

No specific HRQL data is available for adverse events, from clinical trials, long-term studies (e.g.,
MAA, STRIDE) or Landfeldt et al. studies. Given the comparability of the safety profiles of the
intervention and placebo, it is anticipated that adverse events have a negligible impact on HRQL
and therefore disutilities resulting from adverse events were not modelled.

Quality of life data used in cost-effectiveness analysis

10.1.9 Please summarise the values you have chosen for your cost-effectiveness
analysis in the following table. Justify the choice of utility values, giving

consideration to the reference case.

Table C-50. Summary of quality of life values for cost-effectiveness analysis

State Utility values (confidence interval) Justification
Patient Caregiver
Ataluren + BSC | BSC

Ambulatory 0.9315 (0.745 0.6174 (0.494, 0.839 (0.671, See justification
1.000) ] 0.741) 1.000) below

Non-ambulatory, 0.3179 (0_254 0.1643 (0.131, 0.837 (0.670,

predicted FVC 0.381) ' 10.197) 1.000)

>50% '

Non-ambulatory, 0.3179 (0.254 0.1643 (0.197, 0.775 (0.620,

predicted FVC 0.381) ’ 0.131) 0.930)

<50% '

Non-ambulatory, 0.3179 (0.381 0.1643 (0.197, 0.774 (0.619,

predicted FVC 0.254) ’ 0.131) 0.929)

<30% '

References: Landfeldt et al. 2020 (patient utilities); Landfeldt et al. 2017 (caregiver utilities)

Patient utility values were informed by published literature (Landfeldt et al. 2020).'°® These patient
utilities are based on consensus from six Swedish clinicians, who concluded that patients receiving
ataluren in combination with BSC experienced greater QoL versus patients receiving BSC alone, for
patients in the same health state. These findings are consistent with the unpublished Delphi panel
study with [J] clinicians from the UK and Europe ], and represents the most recent patient utility
data.

Specification for company submission of evidence 169 of 279



For further information on the publications, see section 10.1.6, which provides a summary of the
publication and utility values used to inform the cost-effectiveness analysis.

It should be noted that the two independent Delphi panels support the assumption that ataluren
patients will on average have a better QoL within the same health state. This provides further
validation that ataluren patients within the economic analysis are expected to experience better QoL
than the BSC comparative patients, within the same health state. Both sources were considered as
the base-case utility values to inform the analysis. The utility value from the global Delphi panel for
ambulatory ataluren patients was equal to . this value appears to be to unrealistically high for a
severe debilitating condition DMD. For this reason, the Swedish Delphi panel was deemed a more
appropriate source for the utilities in the base-case analysis.

As an attempt to mitigate the issues of unrealistically high utility values elicited as part of the global
Delphi panel, a scenario is presented where the treatment benefit in QoL associated with ataluren
is applied to the utility values presented in Landfeldt 2017. This is referred to as the Delphi
panel/Landfeldt 2017 hybrid approach.

10.1.10 If clinical experts assessed the applicability of values available or

estimated any values, please provide the following details':
o the criteria for selecting the experts
e the number of experts approached
¢ the number of experts who participated

e declaration of potential conflict(s) of interest from each expert or medical speciality whose

opinion was sought

¢ the background information provided and its consistency with the totality of the evidence

provided in the submission
o the method used to collect the opinions

¢ the medium used to collect opinions (for example, was information gathered by direct

interview, telephone interview or self-administered questionnaire?)
o the questions asked

¢ whether iteration was used in the collation of opinions and if so, how it was used (for

example, the Delphi technique).

Clinical experts for the Delphi panel conducted in Sweden (Landfeldt et al. 2020) were identified and
recruited from the only two neuromuscular centres in Sweden with experience in using ataluren for
the treatment of nmDMD (Table C-49). Landfeldt et al. 2020 conducted a Delphi panel of clinicians
in Sweden with experience of treating patients with ataluren. A mix of clinicians was chosen including

! Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.
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two paediatric neurologists, one adult neurologist, one specialist nurse, and two specialist
physiotherapists. Combined, the clinicians had 140 patient-years experience in treating ataluren-
receiving DMD patients. Consensus was reached on the HUI-3 and the VAS in ambulatory
(assuming 13 years) and non-ambulatory (assuming 17 years) nmDMD patients treated with
ataluren in combination with best standard of care and best standard of care alone. Patients were
described as neither suffering from scoliosis or utilising ventilation support. The study assumed
ambulatory ataluren and BSC alone patients had a 6MWT result of 410 and 316 metres, respectively.
Three Delphi rounds were necessary before a consensus had been reached, defined as an 80%
level agreement for the HUI3. These values were converted to utilities using the HUI Mark IlI
algorithm with t-tests used to compare HUI-derived estimates.

An international Delphi panel study was used to evaluate the face validity of the ataluren cost-
effectiveness model (CEM) to strengthen the reliability and acceptability of estimated cost-
effectiveness results and investigate clinical expert consensus of the health status and HRQL of
patients with nmDMD treated with ataluren.’®

The study population comprised of | clinical experts from the UK and Europe (. To be considered
eligible for this study, all experts had to meet the following inclusion criteria:

o Act as the coordinating/specialist physician to patients with DMD; and
e Have experience of ataluren for the treatment of nmDMD.

Candidate clinical experts for the Delphi panel were identified and recruited by PTC Therapeutics. A
total of . clinical experts participated in the study. The panellists’ combined experience of ataluren
for the treatment of nmDMD encompassed more than . patients.

The study employed a series of questionnaires, administered iteratively, to collect data from a panel
of selected experts. In each iteration, participants were provided feedback, which allowed and
encouraged the panellists to re-assess their initial judgements about the information provided in
previous iterations.

The panel was engaged to assess the health status and HRQL of patients treated with ataluren on
top of BSC versus BSC alone using the HUI and a VAS. In this study, only questions of relevance
to DMD, as elicited in a previous Delphi panel'®, were included in the Delphi panel questionnaire.
These include:

e Emotion (which one of the following best describes how the patient has been feeling?);

e Pain (which one of the following best describes the pain and discomfort the patient has
experience?);

e Mobility (which one of the following best describes the ability of the patient to walk?); and

o Dexterity (which one of the following best describes the ability of the patient to use their hands
and fingers?).

As a complement to the classification of health states through the HUI, a single-item VAS scale was
employed as a measure of proxy-assessed global patient HRQL. The VAS was shown as a
continuous scale ranging from 0 to 100, where a higher value represents higher HRQL. The scale
was 10 centimetres in length.

Excluding mobility (only asked for ambulatory patients), emotion, pain and dexterity questions were
asked in the context of the following health states:
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o Ambulatory patients 10 years of age;

o Non-ambulatory patients not yet requiring ventilation support;

o Non-ambulatory patients at the time when initiating night-time ventilation support; and
¢ Non-ambulatory patients at the time when initiating full-time ventilation support.

In the international Delphi panel study, consensus for ordinal/nominal question was pre-specified to
have been achieved when at least 80% of participating experts (rounded to the nearest integer)
agreed of the appropriate response level/category. For continuous outcomes, consensus was pre-
specified to have been achieved when all ratings fell within a range of £20% (e.g., £20 points on a
scale from 0 to 100), or when at least 80% of participating experts (rounded to the nearest integer)
agreed to an exact value.

10.1.11 Please define what a patient experiences in the health states in terms of

HRAQL. Is it constant or does it cover potential variances?

The cost-utility model has been structured to reflect the natural history of patients with DMD and is
structured into six health states to reflect key milestones in the disease (see section 12.1.3). Due to
the nature of DMD, as the disease progresses, an affected child’s functional ability diminishes,
causing extensive morbidity, disability and a greater need for care (see section 10.1.1 for further
details). Patients would therefore experience greatest HRQL in the earliest stage of the disease (i.e.
ambulatory health state), when they are most functional with the ability to engage in physical and
social activities with peers, as well as carry out daily tasks. As their disease progresses to more
advanced stages of the disease (e.g., non-ambulatory health states), DMD patients would
experience diminishing HRQL alongside their reduced functional, pulmonary and cognitive abilities.
Patients HRQL will be greatly impaired in the final stages of disease before death, in which they are
non-ambulatory and require day- and night-time ventilation support (i.e., predicted FVC <30% health
state) as well as assistance from professional and informal caregivers. HRQL would likely vary in
specific health states, however the functionality of the economic analysis does not allow for this to
be easily explored, although has been partially accounted for through the application of treatment
specific utility values.

The consensus formed by clinicians as part of two independent Delphi panels suggest that patients
receiving ataluren will on average spend a longer time experiencing a better QoL within the same
health states than control patients, due to the wide range of possible levels of disease severity a
health state such as the “ambulatory” health state represents. It was also concluded that due to
reaching more severe disease milestones later in life, patients have benefited from improved
opportunities for personal development due to better functionality in their teenage years. This again
results in improved QoL for treated patients within the same non-ambulatory health states. As a
result, the panel agreed that utility values would be on average higher for ataluren patients compared
to untreated controls within the same health state (see section 10.1.10).
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10.1.12 Were any health effects identified in the literature or clinical trials excluded

from the analysis? If so, why were they excluded?

The original SLR identified a total of 54 references, relating to 36 individual studies. The updated
SLR identified a total of 31 references, relating to 27 individual studies (section 10.1.5). For all
studies identified in the original and updated SLR, see Appendix 5 (section 17.5).

Of the 54 publications reported in the original SLR, a total of six publications reported utility values
based on three studies (Cavazza et al. 2016,%° Translational Research in Europe-Assessment and
Treatment of Neuromuscular Diseases [TREAT-NMD],"'4''5 Social Economic Burden and Health-
Related Quality of Life in Patients with Rare Diseases in Europe [BURQOL-RD]'""'72), Cavazza et
al.?® reported one utility value for UK DMD patients with a mean age of 21.1 years, this utility value
was equal to -0.08. Given that the utility value was reported for adult DMD patients, with no indication
of their pulmonary status, it could not be attributed to a specific health state, likewise, there was no
utility data reported for other stages in the disease. Pentek et al. (2014, 2016)'"'72 reported utility
values for children and adults with DMD, where 38% of children and 50% of adults were using
wheelchairs, and 2% of children and 0% of adults were on non-invasive mechanical ventilation. The
utilities reported in this study did not differentiate by disease stage and was not able to provide
sufficient data for health states in the model.

A number of other identified studies also reported HRQL scores, however values were not reported
for specific stages of the disease and therefore did not provide the level of granularity required to
provide utilities specific to the model health states. Two publications based on one study (CARE-
NMD) were identified in the original SLR, in which HRQL data was reported by relevant health states,
informed by PedsQL."*'7* This study (CARE-NMD) was conducted in the UK with a total of 321
participants, for early and late ambulatory health states, and early and late non-ambulatory health
states.

Another 11 publications were also identified in the SLR, however they were not extracted as they
reported associations of QoL with other factors, but contained no actual QoL values, and therefore
did not contribute to the analysis.

Of the 31 publications identified in the update SLR, a total of seven reported utility values based on
five studies.’”518

Gallop et al.'”® reported mean time tradeoff (TTO) utility values for 100 UK patients and caregivers,
according to hand-to-mouth function (HTMF) and pulmonary function, where pulmonary function was
defined as FVC. Rowen et el. (2021'®°) was also identified in the updated SLR, in which 1,043
participants from the UK general population completed an online discrete choice experiment survey.
Rowen et al. reported preferences for health states described by the classification system, which
were informed by nine discrete choice experiment surveys, from 1,043 participants from the UK
general population. Szabo et al. (2021'8") and Audhya et al. (2021'7°) reported HUI2 and HUI3 utility
values for 61 and 60 boys with DMD, however once again, did not differentiate by stage in disease,
but rather explored the correlation between patient outcomes and disease characteristics (i.e.,
ambulation, emotional status).

Crossnohere et al. 2021a and 2021b reported utility by early ambulatory, late ambulatory, early non-
ambulatory and late non-ambulatory health states, based on online survey responses from 367
participants (2020'76), and 263 participants (2021'78) globally (Austria, Belgium, Canada, France,
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Italy, Netherlands, UK and the US). Crossnohere et al. 2019 also reported utility values for patients
(N=22), however did not specify health states of participating patients.

A number of studies identified in the updated SLR report HRQL such as PedsQL and SF-36, for
social participation and functional abilities, 829 however the utility values were reported for health
states that were not appropriate for the analysis in section 12.

A remaining 12 publications were identified in the updated SLR, however were not extracted as they
reported associations of QoL with other factors but contained no actual QoL values.

The original and updated SLRs identified the Landfeldt study reported in several publications
(201424, 2016a'"°, 2016b'"'4), which inform the patient utility values reported in Landfeldt et al.
20177, The Landfeldt study is based on a multinational cross-sectional study of 770 patient-
caregiver pairs, capturing the HRQL burden of DMD study, which are mapped to health states that
are most closely aligned to health states used in the model, and therefore was considered the most
appropriate. Overall, the Landfeldt publications were considered more appropriate for the analysis,
due to the greater patient population size and the alignment to the health states in the model. In
addition to this, using Landfeldt et al. 2017'¢" utility values have allowed us to use a consistent source
for patient utilities, caregiver utilities and the economic data informing disease management costs in
the model.

The updated SLR also identified Landfeldt et al. 2020'%°, which reports utility values for each of the
health states, informed by a Delphi panel study of six Swedish clinical experts. Utility values from
this study have been used to inform scenario analyses only.

10.1.13 If appropriate, what was the baseline quality of life assumed in the analysis
if different from health states? Were quality of life events taken from this

baseline?

Not applicable.

10.1.14 Please clarify whether HRQL is assumed to be constant over time. If not,
provide details of how HRQL changes with time.

Patients with nmDMD are expected to experience diminishing HRQL as the disease progresses.

Patients’ functional ability diminishes rapidly, and affected children become non-ambulatory usually

in their early teens. In later, non-ambulatory stages of the disease upper limb function deteriorates

progressively, and patients eventually need assistance to carry out the most basic activities of daily

living.

10.1.15 Have the values been amended? If so, please describe how and why they
have been altered and the methodology.

Utility values informing the base-case economic analysis were taken directly from published
literature and have not been altered.
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Treatment continuation rules

10.1.16 Please note that the following question refers to clinical continuation rules
and not patient access schemes. Has a treatment continuation rule been
assumed? If the rule is not stated in the (draft) SPC/IFU, this should be
presented as a separate scenario by considering it as an additional treatment
strategy alongside the base-case interventions and comparators.

Consideration should be given to the following;

e The costs and health consequences of factors as a result of implementing the
continuation rule (for example, any additional monitoring required).

e The robustness and plausibility of the endpoint on which the rule is based.

o Whether the ‘response’ criteria defined in the rule can be reasonably achieved.

e The appropriateness and robustness of the time at which response is measured.

o Whether the rule can be incorporated into routine clinical practice.

o Whether the rule is likely to predict those patients for whom the technology
constitutes particular value for money

e Issues with respect to withdrawal of treatment from non-responders and other equity

considerations.

Ataluren is a long-term chronic therapy. Currently, under the conditions of the Managed Access
Agreement, treatment may be continued until patients lose ambulation, as follows: If a patient has
lost all ambulation (i.e., can no longer stand even with support) and has become entirely dependent
on wheelchair use for all indoor and outdoor mobility (other than for reasons of an accident and/or
an intercurrent iliness), the patient’s physician needs to discuss stopping ataluren treatment. In such
cases, patients should stop treatment no later than 6 months after becoming fully non-ambulant.?

Based on input received by PTC from clinical experts in England, treatment with ataluren should
continue beyond loss of ambulation, until full-time ventilation is required (i.e., patients require
ventilation >16 hours per day), which is around the time predicted FVC falls below 30%.3

In the economic model base-case, ataluren treatment is continued until patients are non-ambulatory
with a predicted FVC <50%. The selection of this stopping criteria takes into consideration the input
from clinicians suggesting that genuine treatment benefit can be received until full-time ventilation is
required, however a very limited number of patients reached this stage of disease progression whilst
receiving ataluren. For this reason, the clinical evidence base more closely aligns with a treatment
stopping criteria of predicted FVC<50%, i.e., most patients remained on treatment after LoA,
however almost all patients have not received ataluren post predicted FVC<50%. It is therefore
difficult to establish whether further treatment benefit is to be expected in patients who continue
ataluren beyond achieving a predicted FVC<50%. The model currently adopts a conservative
approach in which a proportion of the established delay in disease progression is assumed to
translate into a delay in reaching future disease milestones.

PTC also recognise that continuing to reimburse a specialised treatment in patients who are non-
ambulatory and require night-time ventilation, who have a very poor level of QoL, with little to no
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chance of recovery, is an inefficient use of NHS resources. For these reasons it is proposed that the
most appropriate stopping criteria in clinical practice is when patients require night-time ventilation
support, i.e., when their respiratory function reaches a pFVC<50%.
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D Value for money and cost to the NHS and personal social

services

Section D requires sponsors to present economic evidence for their technology. All

statements should be evidence-based and directly relevant to the decision problem.

11 Existing economic studies

11.1 Ildentification of studies

11.1.1 Describe the strategies used to retrieve relevant health economics studies
from the published literature and to identify all unpublished data. The search
strategy used should be provided as in section 17.3.

The objective of the health economic SLR was to identify economic evaluation studies in DMD and

to identify the costs associated with DMD.

Searches were conducted in several databases to identify literature published from database
inception to present.

The original review searches were conducted on the 10th June 2019 in MEDLINE and Embase, and
11th June 2019 in The Cochrane Library and EconLit.

For the update review, searches were conducted on the 10th September 2021. The update searches
were conducted without date limits to identify literature published from database inception to present,
then deduplicated against the original review's EndNote library in order to remove the publications
already assessed in the original review along with the usual removal of duplicate publications picked
up through searching multiple databases.

For further details and information relating to the search strategies and databases used to inform the
SLR obtaining economic studies, refer to the Appendices in section 17.

11.1.2 Describe the inclusion and exclusion criteria used to select studies from the
published and unpublished literature. Suggested headings are listed in table

D1 below. Other headings should be used if necessary.

Table D-1. Selection criteria used for health economic studies

Inclusion Criteria

Population e People with DMD of unspecified form
People with nmDMD
Interventions No restriction; any intervention
Outcomes ¢ Quality-adjusted life years
e Life years
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Lifetime costs
Cost-effectiveness results
Cost-utility results

Budget impact results

Healthcare resource utilisation: medical costs (such as
hospitalisation, A&E visits, wheelchair use, ventilation assistance,
hours of care)

Cost of illness
¢ Non-medical costs

Indirect costs

Study design No restriction; any study type reporting the outcomes of interest

Language No restriction; any languages
restrictions

Search dates No restriction; any study date

Exclusion Criteria

e People without DMD including, but not limited to, variations such as

Population Becker muscular dystrophy

Studies that report only on people with mutations other than nmDMD
Interventions No restriction; any intervention
Outcomes All other outcomes
Study design No restriction; any study type reporting the outcomes of interest
Language No restriction; any languages

restrictions

Search dates No restriction; any study date

11.1.3 Report the numbers of published studies included and excluded at each

stage in an appropriate format.

The PRISMA diagrams illustrated in Figure D.1 and Figure D.2, for the original and update reviews
respectively, presents how clinical references were reviewed and extracted.

In the original review, of the 593 titles and abstracts screened 486 did not meet the criteria. Hence,
full texts of the remaining 107 references were retrieved and reviewed based on the eligibility criteria.
Including publications identified in the grey literature search, 66 references were about studies that
met the eligibility criteria and were considered for extraction. The 66 references related to 59
individual studies.

In the update review, of the 150 titles and abstracts screened 114 did not meet the criteria. Hence,
full texts of the remaining 36 references were retrieved and reviewed based on the eligibility criteria.
Including publications identified in the grey literature search, 21 references were about studies that
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met the eligibility criteria and were considered for extraction. The 21 references related to 19
individual studies.

Figure D.1. PRISMA - original review

Records identified through
database search:
n=701
Embase: Medline ALL (including Cochrane Library Database of Abstract EconLit:
MEDLINE Daily, MEDLINE || CDSR/CENTRAL: Reviews of Effects, NHS
Epub ahead of print, Economic Evaluation
MEDLINE (R) In-Process): Database, HTA Database:
n=453 n=201 n=12 n=30 n=5

n=108

Duplicates removed:

abstract scre
duplicates re

Records for title and

n=583

ening after
moved

Articles excluded at title and abstract screening,
with reasons: n=486

Study type: n=250

Population: n=17

Qutcomes: n=171

Duplicate: n=48

assessed for
n=1

Full-text articles

5 Study type: n=6
eligibility: Population: n=0
o7 QOutcomes: n=42

J

Articles excluded at full text screening, with
reasons: n=56

Unable to find: n=7
Duplicate: n=1

Publications identified
through grey literature:

Congress abstracts: n=0
Bibliography search: n=9
HTA websites: n=6

Clinical trials search: n=0

v

Economic evaluation full-
text articles included:
Publications n=6
Studies n=4

Costs and resource use
full-text articles included:
Publications n=60
Studies n=55

Figure D.2. PRISMA - updated review

Records identified through
database search:
n=863
Embase: Medline ALL (including Cochrane Library Database of Abstract EconlLit:
MEDLINE Daily, MEDLINE CDSR/CENTRAL: Reviews of Effects, NHS
ePub ahead of print, Economic Evaluation
MEDLINE (R} In-Process): Database, HTA Database:
n=579 n=237 n=10 n=30 n=7

I ]

n=713

Duplicates removed:

\

Records for title and

abstract screening after

duplicates removed
n=150

with reasons: n=114
Study type: n=53
Population: n=10
Outcomes: n=46
Duplicate: n=5

Articles excluded at title and abstract screening,

Full-text articles
assessed for eligibility:
n=36

Articles excluded at full text screening, with
reasons: n=29

Study type: n=7

Population: n=3

Outcomes: n=19

Publications identified
through grey literature:

Congress abstracts: n=14
Bibliography search: n=0
HTA websites: n=0
Clinical trials search: n=0

V

Economic evaluation full-
text articles included:
Publications n=3

Costs and resource use
full-text articles included:
Publications n=18

Studies n=3 Studies n=16

11.2 Description of identified studies
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11.2.1 Provide a brief review of each study, stating the methods, results and

relevance to the scope. A suggested format is provided in Table D2.

The original review identified a total of six health economic publications encompassing four studies.
Carlton et al. (2018a,'®® 2018b'%*) assessed the economic impact of deflazacort for the treatment of
DMD, specifically in the US, and therefore was not considered relevant to the submission due to its
geographical focus. Likewise, Fabriani et al. (2014'%°) assessed the cost of illness in DMD in ltaly,
and was also not relevant for the submission. Two publications on the cost-effectiveness of
ventricular assist device destination therapy for advanced heart failure in DMD were also
identified, %9 however were excluded from the submission due to their focus on heart failure
therapy in DMD, as opposed to DMD itself.

Three health economic publications were identified in the updated SLR, none of which were
considered relevant to informing the economic model structure or inputs. Agboola et al. (2020'%8)
assessed the effectiveness and value of Deflazacort and Exon-skipping therapies for DMD in the
US, likewise Quach et al. (2019'%°) assessed the cost-effectiveness of deflazacort in the US. Nelson
et al. (20202°°) was an abstract reporting lifetime cost model (state transition cohort model), however
did not provide data to inform the submission.

Costs reported by Landfeldt et al. (2017'%") have been used to inform the costs of disease
management in DMD in the model. This paper was identified in the original SLR. The study assessed
the economic burden of DMD, based on survey responses from 770 patient-caregiver pairs. The
study reports the direct and indirect costs associated with the disease, for further details on the study
objective and outcomes (costs) see section 12.3.2.
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Table D-2. Summary list of all evaluations involving costs

c USA The study Hypothetical The estimated NR Due to lower costs
arlton et al. . : : : ) :
2018219 design was an commercial incremental per- associated with delays in
economic model | health plan with | member-per-month scoliosis surgery, loss of
Carlton et al. to estimate the 1,000,000 pharmacy cost due to ambulation and onset of
2018b™* budget impact of | members, 16 deflazacort was cardiomyopathy, and less
deflazacort for patients aged 5- | $0.008/$0.012/$0.0116 need for nocturnal
the treatment of | 24 years were for years 1/2/3. ventilation, the total
patients with estimated to annual cost per patient
DMD in a have DMD treated with deflazacort
hypothetical US was approximately
health plan $17,000 less than
patients who were not
treated
Based on a deflazacort
market uptake of
10%/15%/20% in years
1/2/3, deflazacort budget
impact was a savings of
$28,299/$42,262/$56,226
in years 1/2/3, with 3-yr
cumulative total budget
impact of $126,786;
corresponding total per-
member-per-month
budget impact was -
$0.002, -$0.004, -$0.005
foryears 1, 2, and 3
Study name Location of Summary of Patient Costs Patient Results (annual cost
(year) study model and population outcomes savings, annual
comparators savings per patient,
incremental cost per
QALY)
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;g?;zgsm etal. | Italy 'clj'he. study NHS and family NR NR Indirect costs per
esign was a : year
probabilistic perspective has
prevalence- been analysed €474,634,836 (95%Cl:
based cost of dividing the €300,028,168 -
illness model to | patients into €698,965,090)
estimate the three age
average annual | groups (<8, 8— Direct health care
direct and 16 and >16). costs are €7,475,596
indirect costs (95%CI:
associated with €5,124,369,29* -
DMD in ltaly Further patient €10,263,785)
considering both | population
National Health | details were not non-medical costs
System and reported.
societal €12,944,879 (95% CI:
perspective €7,925,699 -
€19,175,331)
Patients over 16 years
All the costs spend more than those
were determined between 0 and 7 years
through a survey old, and even more
that families than those between 8
completed online and 15
Private expenditure
Human capital Direct costs:
approach was €2,910,506 (95%Cl:
used tq €345,231.83 -
determine loss €718,786%)
of productivity
due to
absenteeism, Non-medical costs:
while the bottom €185,333,744 (95%CI:
up approach €114,177,282 -
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was used to €273,446,219) for the
calculate direct non-medical costs
costs. A
0 s * Appears to be an
prObi.b'!!{St'C error but as reported in
Sensitivity the publication
analysis was
performed
Landfeldt et al. | UK The study All cohorts were . Utilities, mean | Incremental cost-
20177 design was a followed from NOTE: model cost (SE) presented | effectiveness ratio

cost-
effectiveness
model based on
the DMD
Functional Ability
Self-Assessment
Tool (DMDSAT),
a new rating
scale created
specifically to
measure
disease
progression in
clinical practice
and trials and

the age of 5
years until death
(or an age of
100 years)

inputs are also
presented in the

publication (Table 1).

Model 1 (DMDSAT)

Intervention
(hypothetical)

Intervention cost:
£1,547,110

Direct medical costs:

£190,840

Direct non-medical

for patient and
caregiver
respectively:

Model 1
(DMDSAT)

Initial: 0.879
(0.037); 0.862
(0.016)

Per lost score
(multiplier):

0.905 (1.003)
0.995 (1.001)

(ICER)
Model 1 (DMDSAT)

Healthcare
perspective:
£1,442,710

Societal perspective:
£1,266,510

Model 2 (ambulatory
status)

del DMD i
it costs: £184,330
economic Model 2 Healh
evaluations, and Patient indirect (ambulatory ca cz:.re _
compare it with costs: £69 000 status) perspecuve:
two alternative : ’ u £1,939,590
model Caregiver indirect Earl _ .
structures. The costs: £125,850 arly _ Societal perspective:
model were ambulatory: £1,760,650
Total Healthcare 0.699 (0.036)
used to evaluate ;
the cost- perspective cost: 0.858 (0.017)
effectiveness of £1,737,690
a Late
ambulatory:
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hypothetical
intervention for
DMD versus
standard of care

in a UK setting.

See Table C-49
for information
on the cost-
effectiveness
frameworks (see
section 10.1.6).

Total societal
perspective cost:
£2,117,140

Comparator (BSC)

Intervention cost: £0

Direct medical costs:

£217,510

Direct non-medical
costs: £201,290

Patient indirect
costs: £69,000

Caregiver indirect
costs: £136,440

Total Healthcare
perspective cost:
£217,510

Total societal
perspective cost:
£624,240

Model 2 (ambulatory
status)

Intervention
(hypothetical)

Intervention cost:
£1,547,110

Direct medical costs:

£221,250

0.607 (0.029)
0.839 (0.017)

Early non-
ambulatory:
0.224 (0.014)
0.784 (0.021)

Late non-
ambulatory:
0.146 (0.010)
0.810 (0.018)

Model 3
(ventilation
status)

None: 0.518
(0.027) 0.837
(0.014)

Night-time:
0.129 (0.017)
0.775 (0.030)

Day- and night-
time: 0.051
(0.010) 0.774
(0.033)

Quality-
adjusted life
years (QALY)

Model 3 (ventilation
status)

Healthcare
perspective:
£3,574,770

Societal perspective:
£3,121,890
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Direct non-medical
costs: £194,520

Patient indirect
costs: £69,000

Caregiver indirect
costs: £139,490

Total Healthcare
perspective cost:
£1,768,370

Total societal
perspective cost:
£2,171,380

Comparator (BSC)

Intervention cost: £0

Direct medical costs:

£244,120

Direct non-medical
costs: £204,830

Patient indirect
costs: £69,000

Caregiver indirect
costs: £145,560

Total Healthcare
perspective cost:
£244,120

Total societal
perspective cost:
£663,500

Model 1
(DMDSAT)

Intervention

Patient QALYs:
8.13 Caregiver
QALYs: 12.93

Comparator
(BSC) Patient
QALYs: 7.07
Caregiver
QALYs: 12.80

Model 2
(ambulatory
status)

Intervention

Patient QALYSs:
7.96

Comparator
(BSC)

Patient QALYs:
7.17
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Model 3 (ventilation
status)

Intervention
(hypothetical)

Intervention cost:
£1,547,110

Direct medical costs:
£262,050

Direct non-medical
costs: £204,580

Patient indirect
costs: £69,000

Caregiver indirect
costs: £150,150

Total Healthcare
perspective cost:
£1,809,160

Total societal
perspective cost:
£2,232,890

Comparator (BSC)
Intervention cost: £0

Direct medical costs:
£284,640

Direct non-medical
costs: £207,080

Model 3
(ventilation
status)

Intervention

Patient QALYSs:
6.39

Comparator
(BSC) Patient
QALYs: 5.96
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Patient indirect
costs: £69,000

Caregiver indirect
costs: £153,130

Total Healthcare
perspective cost:
£284,640

Total societal

perspective cost:
£713,840

Magnetta et al.
20187

Magnetta et al.
201619

USA

Markov-state
transition model
to compare
survival, costs,
and QoL
between medical
management
and continuous-
flow destination
ventricular assist
device (DT-VAD)
therapy in a
hypothetical
cohort of
patients with
DMD and
advanced heart
failure

Hypothetical
cohort of
patients with
DMD and
advanced heart
failure.

Total costs for the
DT-VAD and medical
management
strategies were
$435,602 and
$125,696

Cost inputs:

VAD implantation
cost $250,000

VAD replacement
cost $133,993

VAD replacement
rate 0.5%/month

VAD re-
hospitalisation cost
$3231

VAD re-
hospitalisation rate
22%/month

DT-VAD - 1.99
QALYs

Medical
management -
0.26 QALYs

Survival gains
on average 3.13
and 0.6 life
years, for DT-
VAD and
medical
management,
respectively.

The ICER for DT-VAD
compared with medical

management was
$179,086/ QALY.

Only when the cost of
VAD implantation was
<$113,142 did DT-VAD
fall below the
$100,000/QALY
willingness-to-pay
threshold. For all other
sensitivity analyses,
DT-VAD was estimated
to cost more than
$100,000/QALY
gained, including wide
variations in overall
survival estimates of up
to +/- 50% and best-
case and worst-case
survival
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DMD costs (VAD)
$2891/month

DMD costs (medical
management)
$9297/month

End-of-life cost
$60,040

All costs were
adjusted to 2016 US
Dollars using the
Consumer Price
Index

Agboola 2020 | International The model The model used | Discounted Discounted Deflazacort versus
(ID4) evaluated the a hypothetical Health sector Health sector Prednisone
lifetime cost- cohort of perspective perspective Health sector
effectiveness of | patients with Total Cost $ QALYs perspective
treatments using | DMD who Prednisone?®: Prednisone?: Cost per QALY
a de novo 5- began treatment | 464,000 6.88 Gained, $: 344,000
state partitioned | at the age of 5 Deflazacort?: Deflazacort?: Cost per LY Gained $:
survival model years. Patients 1,010,000 8.40 361,000
informed by key | were partitioned LYs
clinical trials, into relevant Modified societal Prednisone?: Modified societal
cohort studies, health states perspective 15.05 perspective
and previous based on a Total Cost $ Deflazacort?: Cost per QALY
relevant previous Prednisone?®: 16.64 Gained, $: 371,000
economic comprehensive | 1,240,000 Cost per LY Gained $:
modelling in analysis of Deflazacort®: Modified 390,000
DMD. in_te.rnatiqnal 1,830,000 societal _ Eteplirsen and
clinical trial data perspective .
The 5 health involving steroid QALYs Golodirsen Versus
states in the treatment for Prednisone?: Supportive Care.
model were DMD. 6.88 There was insufficient
early Deflazacort?: evidence to guide
:mgﬁ:::gz’ late E;‘SO assumptions about the
’ magnitude of beneficial
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early non-
ambulatory, late
non-ambulatory,
and death. The
model was
developed with 2
base cases
under ICER'’s
ultra-rare
disease value
framework, a
health care
sector
perspective and
a societal
perspective.

Prednisone?:
15.05
Deflazacort?®:
16.64

treatment effects.
However, given that
the price for eteplirsen
is available, we were
able to perform
threshold analyses to
determine how
effective the treatment
would need to be in
order to achieve
different levels of cost-
effectiveness.

Even under the
extreme threshold
assumption that
eteplirsen restores all
patients with DMD to
perfect health for an
additional 40 years of
life, at the current
annual cost of
$1,002,000, the cost
per QALY was
calculated to be
$1,110,000 and cost
per life year gained
was $1,450,000, far
exceeding commonly
accepted thresholds for
cost-effectiveness.

If one assumes that
golodirsen will have the
same costs as
eteplirsen, then the
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threshold analyses
would be the same for
golodirsen as for

eteplirsen.
Nelson 2020 Not clearly A lifetime cost NR NR In the base- NR
(ID95) reported. model was case, loss of
Author constructed ambulation
affiliations are based on a state occurs at age
the UK and transition cohort 13 years
USA. model (adapted (median).

from Landfeldt et
al.) containing
four disease
stages of DMD:
early
ambulatory, late
ambulatory,
early non-
ambulatory, and
late non-
ambulatory.
DMD treated
with
corticosteroids
and symptom
management
acts as the
base-case in the
model, and the
impact of a
hypothetical
treatment given
in the early
ambulatory
stage, which
reduces the risk
of progression to

Reducing the
risk of disease
progression
from early to
later disease
stages by 80-
100% increases
this to age 42-
80 years.
Compared to
the base-case,
this results in a
gain of 19-37
work years.
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later disease

stages, is
shown.

Quach 2019 USA A Partitioned The analysis NR NR Even with very

(ID108) Survival Model took a United favourable
(PartSA) was States health assumptions regarding
developed sector treatment effects for
based on a perspective and deflazacort, the ICERs
previous a modified were $790,000/QALY
research effort societal gained and
that measured perspective over $829,000/QALY gained

time to loss of
ambulation and
death fromDMD
patients

on
corticosteroids
using Kaplan-
Meier curves,
and on previous
survey-based
evidence
regarding
supportive care
costs and health
utility for
ambulatory and
non-ambulatory
DMD patients.
As a
conservative
assumption, a
highly favourable
but still
evidence-based
treatment effect
that shifted both

a lifetime time
horizon and
used

a 3% discount
rate.

for the health sector
perspective and
modified societal
perspective,
respectively. Treatment
effect, deflazacort drug
cost, and ambulatory
health utility were the
most sensitive in the
DSA. In the PSA,
deflazacort had a 0%
probability of being
cost-effective at a
willingness-to-pay
threshold of
$150,000/QALY gained
and a 2.79% probability
at $500,000/QALY
gained.
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the ambulation
survival curve
and mortality
curve by two
years was used
to estimate
changes in
quality-adjusted
life years
(QALYs)

and direct
medical costs for
deflazacort. The
analysis took a
United States
health sector
perspective and
a modified
societal
perspective over
a lifetime time
horizon and
used

a 3% discount
rate.
Deterministic
sensitivity
analysis (DSA)
and probabilistic
sensitivity
analyses (PSA)
were also
performed.

Specification for company submission of evidence 192 of 279



11.2.2 Provide a complete quality assessment for each health economic study identified. A suggested format is shown in table

D3.

Table D-3. Quality assessment of health economic studies

Study name Landfeldt 2017

Study design

Three Markov cohort state transition models to evaluate the cost-effectiveness of
a hypothetical intervention for DMD versus standard of care in a UK setting.
Model | was based on the DMDSAT, model Il on stages of disease as defined in
the DMD clinical care guidelines and model lll on patients’ ventilation status

alternative interventions compared?

Study question Response Comments
(yes/no/not
clear/N/A)
1. Was the research question stated? Yes To synthesize the authors' previously published health
economic evidence and develop a model framework for the
assessment of the cost-effectiveness of treatments for DMD
based on the DMDSAT, a new rating scale created specifically
to measure disease progression in clinical practice and trials
and model DMD in economic evaluations. For comparison,
they also developed two models based on conventional staging
of the disease.
2. Was the economic importance of the research Yes Cost-effectiveness of treatments
question stated?
3. Was/were the viewpoint(s) of the analysis clearly Yes Results for the healthcare and societal perspective scenario for
stated and justified? each model
4. Was a rationale reported for the choice of the Yes Hypothetical treatment versus standard of care — the study

developed a framework for cost-effectiveness analysis as
opposed to conducting an analysis of specific treatments
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5. Were the alternatives being compared clearly No A lifelong hypothetical intervention that reduced the probability

described? of disease progression across all model states by a
conservative (but realistic) 25%, in agreement with (but in
addition to) the efficacy of glucocorticoid treatment observed in
clinical practice

6. Was the form of economic evaluation stated? Yes Cost-effectiveness Markov cohort state transition models

7. Was the choice of form of economic evaluation Yes Cost-effectiveness model for the assessment of the cost-

justified in relation to the questions addressed? effectiveness of treatments for DMD

8. Was/were the source(s) of effectiveness estimates | Yes "The efficacy of glucocorticoid treatment observed in clinical

used stated? practice [15]."
15. Wang RT, Silverstein Fadlon CA, Uim JW, Jankovic I,
Eskin A, Lu A, et al. Online self-report data for Duchenne
muscular dystrophy confirms natural history and can be used
to assess for therapeutic benefits. PLoS Curr. 2014.

9. Were details of the design and results of the Partial Some results given as follows, and design can be found in the

effectiveness study given (if based on a single
study)?

linked paper (retrospective review of registry data -
DuchenneConnect), but not clearly described in the report.

"To showcase the models, we specified a base-case scenario
of a lifelong hypothetical intervention that reduced the
probability of disease progression across all model states by a
conservative (but realistic) 25%, in agreement with (but in
addition to) the efficacy of glucocorticoid treatment observed in
clinical practice [15]. For reference, at this efficacy level
patients would on average become non-ambulatory at an age
of 17 years instead of 14 years (i.e. a mean delay of 3 years).
Two alternative treatment durations were explored in sensitivity
analysis”
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10. Were details of the methods of synthesis or N/A Model input data were collated through a targeted literature

meta-analysis of estimates given (if based on an review in PubMed and Web of Science (details are provided in

overview of a number of effectiveness studies)? the Electronic Supplementary Material Appendix) and from the
DMD experts, but efficacy data was based on the one study.

11. Were the primary outcome measure(s) for the Yes Model outcomes comprised total lifetime costs, number of life

economic evaluation clearly stated? years, and number of quality-adjusted life years (QALYSs).
Lifetime cost and QALY estimates were used to calculate the
incremental cost (DC) per incremental QALY (DE), known as
the incremental cost-effectiveness ratio (ICER) (DC/DE).

12. Were the methods used to value health states Yes HUI Mark 3, standard gamble method and a visual analogue

and other benefits stated? scale [19].
Caregivers, EQ-5D [20] UK value set, time-tradeoff method.
[21]

13. Were the details of the subjects from whom Yes HUI Mark 3, standard gamble method and a visual analogue

valuations were obtained given? scale from 256 randomly selected members of the general
population in Hamilton, Ontario, Canada [19].
Caregivers, EQ-5D [20] derived using the UK value set, which
is based on preference data collected through the time-tradeoff
method from 2997 randomly selected members of the non-
institutionalised adult general population in England, Scotland,
and Wales [21]

14. Were productivity changes (if included) reported | Yes See table 1 and 2 of publication

separately?

15. Was the relevance of productivity changes to the | Yes Given the low life expectancy in DMD and the fact that our

study question discussed?

estimates of informal care costs, caregiver indirect costs and
caregiver loss in HRQL only concern the primary caregiver
(e.g., one parent), we assumed that all patients had at least
one caregiver for the duration of the simulation (while alive). In
fact, as reported in our previous work, informal care and
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indirect costs together account for approximately 47% of total
costs of iliness in the UK [10]. In the context of HTA, this
finding emphasises the importance of considering all costs, not
only those attributed to formal care, in evaluations of
treatments for chronic childhood diseases such as DMD to
allow for a meaningful appraisal of treatment benefits.

16. Were quantities of resources reported separately | No

from their unit cost?

17. Were the methods for the estimation of quantities | Yes Direct medical and non-medical costs of DMD were calculated

and unit costs described? using data on resource use and national reference prices [1-3].
Costs for medical aids and devices were obtained through
input from experts within the Translational Research in Europe
— Assessment and Treatment of Neuromuscular Diseases
(TREAT-NMD) network.

18. Were currency and price data recorded? Yes

19. Were details of price adjustments for inflation or | Yes Source cost estimates were converted from US dollars to Great

currency conversion given? British pounds using an exchange rate of 0.634 and inflated
from 2012 to 2015 values using consumer price data from the
Organisation for Economic Co-operation and Development
(OECD).

20. Were details of any model used given? Yes Cost-effectiveness Markov cohort state transition models

21. Was there a justification for the choice of model | Yes See Section 2.1. For example:

used and the key parameters on which it was based?

The DMDSAT exhibits excellent psychometric properties and
has been shown to have good clinical validity. It is currently the
only tool that measures functional ability across the entire
trajectory of disease.

The framework of model Il was based on stages of disease as
specified in the international DMD clinical care guidelines.
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Model lll was based on patients’ ventilation status, which
marks key clinical disease milestones and staging for
interventions.

varied stated?

22. Was the time horizon of cost and benefits stated? | Yes Lifetime - All cohorts were followed from the age of 5 years
until death (or an age of 100 years).

23. Was the discount rate stated? Yes Costs and QALYs were discounted at
3.5%. Sensitivity analysis discount rate 0% and 5%.

24. Was the choice of rate justified? Yes Base-case used 3.5%, additional discount rates were run in
scenario analyses

25. Was an explanation given if cost or benefits were | N/A

not discounted?

26. Were the details of statistical test(s) and N/A

confidence intervals given for stochastic data?

27. Was the approach to sensitivity analysis Yes Deterministic one-way scenario analysis

described?

28. Was the choice of variables for sensitivity Yes Investigating the impact (from a healthcare perspective) of

analysis justified? assuming different discount rates, starting treatment at 10
years of age, different treatment durations and efficacy on
mortality. In addition, to help understand to which variables the
ICER was most sensitive, and thereby identity which input data
are most important for the different model frameworks, we ran
deterministic sensitivity analysis in which key model
parameters were altered (one-way) by £50%.

29. Were the ranges over which the parameters were | Yes Deterministic sensitivity analyses were run with key model

parametrics, which were altered (one-way) by +50%.
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30. Were relevant alternatives compared? (That is, Yes

were appropriate comparisons made when

conducting the incremental analysis?)

31. Was an incremental analysis reported? Yes

32. Were major outcomes presented in a Yes DC difference in total costs, DE difference in total QALY gains,

disaggregated as well as aggregated form? and ICERs reported.

33. Was the answer to the study question given? Yes The introduction of the hypothetical treatment, which was
assumed to delay disease progression by 25%, resulted in a
patient QALY gain of 1.05 due to maintained HRQL, a
reduction in direct medical costs of 26,670 and an ICER of
£1,442,710 (£1,520,450/1.05) assuming an annual drug cost of
£100,000 (equal to £1,547,110 during the lifetime of the
patient)

34. Did conclusions follow from the data reported? Yes Discussion — page 257 in the publication

35. Were conclusions accompanied by the Yes Limitations described, for example, where some input data

appropriate caveats? were not available so was based on clinical experience and
was identified by a targeted literature review, as opposed to a
full systemic review.

36. Were generalisability issues addressed? Partial The study discussed the strengths and limitations of the cost-
effectiveness frameworks. No specific discussion was made on
generalisability, however the study focused on the disease
area and was informed by survey data from 770 patient-
caregiver pairs across a number of countries.

Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers of economic submissions to the BMJ. The BMJ Economic
Evaluation Working Party. British Medical Journal 313 (7052): 275-83. Cited in Centre for Reviews and Dissemination (2008) Systematic reviews. CRD’s
guidance for undertaking reviews in health care. York: Centre for Reviews and Dissemination
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12 Economic analysis

Section 12 requires the sponsor to provide information on the de novo cost-effectiveness

analysis.
The de novo cost-effectiveness analysis developed should be relevant to the scope.

All costs resulting from or associated with the use of the technology should be estimated

using processes relevant to the NHS and personal social services.

12.1 Description of the de novo cost-effectiveness analysis

The original HST submission for ataluren in nmDMD included a cost-utility analysis based on a multi-
state Markov model. Since then, a new model has been developed in the form of a partition survival
model, in order to provide a stronger cost-utility analysis. The model structure was updated so as to
align to the HERCULES natural history model (Figure D.4) and therefore the advances in knowledge
of DMD and patient outcomes. HERCULES provides a robust natural history model based on patient
progression observed in placebo clinical trial arms by multiple pharmaceutical companies, which
highlights key milestones in DMD, including loss of ambulation and diminishing FVC capacity, to
represent the progressive and chronic nature of DMD. Updating the structure of the model also
allowed the use of long-term real-world data from the STRIDE Registry, including the survival curves
for time to loss of ambulation and time to predicted FVC <50%, which was not available in the original
submission. By using data on LoA, the model does not rely on 6MWD data and avoids the challenges
associated with its use in relatively short clinical trials (see section 6.1.3.3). The new model is
outlined and discussed in the remainder of section 12.

Patients

12.1.1 What patient group(s) is (are) included in the cost-effectiveness analysis?

The cost-utility analysis of ataluren is conducted within its licensed indication of DMD resulting from
a nonsense mutation in the dystrophin gene, in ambulatory patients aged two years and older.’
Ambulation is defined as patients who were not full-time wheelchair bound or bedridden prior to first
recorded dose of ataluren.

STRIDE was used to inform the economic model. The STRIDE dataset is the largest international
nmDMD observational cohort which includes 269 patients (evaluable population, as at 315 January
2021), who have been propensity score matched to patients in the Cooperative International
Neuromuscular Research Group (CINRG) DNHS (section 9.4.1.6). These patients have been
matched using four covariates: age at onset of first symptoms, age at initiation of corticosteroid use,
duration of deflazacort use, and duration of other corticosteroid use. As of the data cut-off of 31
January 2021, 241 patients in the STRIDE effectiveness population have been matched using
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propensity scoring to CINRG DNHS patients. The following number of patients had data available
and were assessed for each modelled outcome from the 31 January 2021 data cut:

o Age at loss of ambulation, n=241
e Age at predicted FVC < 50%, n=182
e AgeatFVC <1 litre, n=173

Ataluren and best supportive care

12.1.2 Provide a justification if the comparator used in the cost-effectiveness

analysis is different from the scope.

The comparator used in the CEM is aligned with the final NICE scope — established clinical
management without ataluren, i.e., BSC.

There are currently no other licensed therapies available for the treatment of nmDMD. Ataluren has
been studied in people receiving BSC and is expected to be initiated in ambulatory nmDMD patients
in combination with BSC including use of corticosteroids. The comparator arm of the model is based
on a natural history cohort receiving BSC, reflecting UK clinical practice.

Model structure

12.1.3 Provide a diagram of the model structure you have chosen.

Figure D.3. Model Schematic

Ambulatory Non-Ambulatory

Ambulatory Predicted FVC >50% mmg Predicted FVC <50% Predicted FVC <30%

12.1.4 Justify the chosen structure in line with the clinical pathway of care.

HERCULES Natural History Model

The model structure was informed by the work of the HERCULES collaborative workstreams.” A
key workstream of this project was the development of a natural history model by The University of
Leicester. This involved a patient-centric analysis of placebo arm clinical trial data provided by
multiple pharmaceutical companies to understand the progression of DMD. The natural history
model characterises DMD by three encompassing descriptions: ambulatory, transfers and non-
ambulatory (Figure D.4).
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The ambulatory state is split into early and late, respectively. The transition between early and late
ambulatory is defined by the loss of the ability to stand from supine, synonymous with the ability to
walk 10 metres. The transfer state is derived from patient and caregiver input and reflects the ability
of DMD patients to bear weight; although they have lost the ability to ambulate. This health state has
significance to the patient as it means that they can support themselves whilst standing, allowing
them to transfer from chair to bed, toilet, car etc thus helping to maintain their independence. In the
non-ambulatory states, progression is defined by pulmonary and HTMF (defined by the Brooke score
used to describe arm and hand function) where patients see a progressive decline in both respective
functions. Pulmonary function declines from the initial predicted FVC >50% (i.e., no ventilator) to the
need for full ventilation (day and night) support when predicted FVC is <30%.

Figure D.4. HERCULES Natural History Model

r i
| No HTMF |
i No |
! Ventilator |
! FVC>=50% !
{ Early Late HTMF No No HTMF Full Vent i
| Ambulatory Ambulatory Transfers Ventilator Night Vent FVC<30% |
| FVC>=50% FVC<50% |
! HTMF .
! Night Vent |
i FVC<50% |
| Ambulatory Transfers Non-Ambulatory !
L

The HERCULES natural history model and its derivation is, as yet, unpublished and unvalidated.
However, the updated natural history reflects the current knowledge on DMD and has been
developed in conjunction with clinical experts, patient organisations, health technology assessment
bodies, pharmaceutical companies, academia and external research organisations. The submitted
economic model is based on an adjusted version of the HERCULES natural history model to
represent the available ataluren data. Specifically, the model does not include hand-to-mouth
function (HTMF), as given by the Brooke score, as these data have not been collected for ataluren.
Additionally, the model includes a combination of the two ambulatory states and uses loss of
ambulation data to inform the transition between ambulatory and non-ambulatory states with the
exclusion of the transfer state as there are no ataluren data to inform this.

Cost-utility Model Structure

The model is developed as a partitioned survival model to reflect the heterogenous and progressive
nature of DMD. The model, presented in Figure D.3 and summarised in Table D-1, consists of five
health states: ambulatory, predicted FVC >50%, predicted FVC <50%, predicted FVC <30% and
dead. These health states are derived from the HERCULES natural history model. Patients progress
into the non-ambulatory states when they have lost ambulation, defined by when they reach a state
of being fully wheelchair bound. Patients continue to progress to a predicted FVC <50% and the final
two health states which includes predicted FVC <30% and dead. The model includes an absorbing
state: dead. Patients can enter the absorbing state (dead) as a result of background mortality from
any health state. Predicted FVC <1L is a prognostic indicator of death, with published evidence
stating that all patients die within three years of entering the final non-ambulatory health state.?°
Clinicians as part of a Delphi panel concluded that a predicted FVC<30% has very similar mortality
prognostics as an FVC<1L, therefore the economic analysis assumes patients will survive for 3 years
after entering the pFVC<30% health state.
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Patients enter the model in the ambulatory state and progress through the health states as presented
in Figure D.3. Patients are modelled from the age of two years onwards, as per the licensed
indication, and survival curves are used to determine patient movements in a progressive manner,
following a partitioned survival modelling framework. Survival curves from STRIDE (ataluren),
propensity score matched to CINRG DNHS (BSC) for age at loss of ambulation, age at predicted
FVC <50% and age at predicted FVC <30%, were used to represent the rate of disease progression
in patients receiving ataluren. Further detail of the survival analysis conducted is outlined in section
12.2.1 and section 12.2.2. Overall survival was derived from Office for National Statistics (ONS)
published mortality data by age and sex.?"’

12.1.5 Provide a list of all assumptions in the model and a justification for each

assumption.

The model assumptions with justifications are outlined in Table D.4.
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Table D.4. Model Assumptions

Assumption

Justification

Early treatment (i.e. at 2 versus 5 years of age) results in a further delay
in reaching DMD milestones. This includes loss of ambulation, predicted
FVC<50% and precited FVC <30%.

All patients are assumed to start treatment at 2 years old.

This assumption was validated as part of the global Delphi panel (see
section 12.3.2).

The values provided are:

Delay in loss of ambulation: [J|j
Delay in predicted FVC<50%: ||}
Delay in predicted FVC<30%: ||}

Starting treatment at two years of age aligns with the licensed indication.

All patients are assumed to weight equal to that of the average UK based
STRIDE patient for the whole time horizon.

UK patients within the STRIDE regqistry are at various different ages and
stages of disease progression, and therefore represent a realistic cohort
of eligible patients’ weights within the UK.

4-year delay in predicted FVC <30% with ataluren.

Due to the immature time to predicted FVC <30% data from STRIDE, this
data could not be extrapolated and therefore could not be used to inform
the economic model. The model assumes that patients receiving ataluren
will experience a 4-year delay to predicted FVC <30% compared to
patients receiving BSC. This assumption is based on the median delay
observed in LoA for ataluren patients compared with BSC patients as part
of the STRIDE/CINRG analysis, where ataluren patients experienced
greater than 5 year median delay in LoA. Clinicians agreed that a delay
in LoA would likely result in a delay in reaching future disease milestones,
however the relationship may not be linear, hence the value of 4 years
was assumed.
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Upon losing ambulation, patients enter the predicted FVC>50% health
state.

Pulmonary function forms the basis of the non-ambulatory health states.
The predicted FVC>50% health state denotes all patients that have yet to
experience a decline in FVC.

This assumption has been validated as part of the global Delphi panel.

Patients with predicted FVC<50% are assumed to require night-time
ventilation support, and those with predicted FVC<30% are assumed to
require full-time ventilation support.

This is validated by clinicians as part of project HERCULES"®

Predicted FVC<30% mortality. Patients entering the final health state
(predicted FVC <30%) die within three years.

There is published evidence that FVC<1 litre is a prognostic indicator of
mortality.?® Clinicians confirmed that FVC <1 litre is comparable to
predicted FVC <30%. Upon reaching this health state, all patients
progress to ‘dead’ within three years.

This assumption has been validated as part of the global Delphi panel
(see section 12.3.2).

Appropriate survival curves were selected based on both goodness of fit
statistics and the plausibility of the long-term extrapolation.

Standard process for selecting survival curves.

The base-case analysis applies a re-based approach where the
parametric survival models are fit to the observed survival data, ignoring
the first few years in which very few events are observed.

Improves the fit of the survival curves by focusing the analysis during the
period where most events are observed.

Ambulatory and non-ambulatory patients are assumed to have two
caregivers.

This was validated by a global Delphi panel (see section 12.3.2) and
confirmed by UK clinicians.

Bereavement assumes
population.

life expectancy for a non-SMR adjusted

Implementation of standardised mortality ration (SMR) adjusted
bereavement would be difficult to implement in the model structure.
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Treatment compliance rates of 95.0% and 85.0% are assumed for
ambulatory and non-ambulatory patients receiving ataluren.

This was validated by a global Delphi panel (see section 12.3.2).
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12.1.6 Define what the model’s health states are intended to capture.

The cost-utility model has been structured to reflect the natural history of patients with DMD and the
progressive nature of the disease. The model captures this with two key clinical measures, loss of
physical function due to muscle deterioration (i.e., ability to walk and loss of ambulation) and
subsequent weakening in pulmonary function (predicted FVC).

12.1.7 Describe any key features of the model not previously reported. A suggested

format is presented below in Table D4.

Table D.5. Key features of model not previously reported

Factor Chosen Justification Reference
values

Time Lifetime (70 DMD is a rare and Assumption

horizon of years) progressive condition

model which affects patients

throughout their lives.

Discount of | 3.5% NICE reference case. NICE, Reference Case. 2013.

3.5% for discount rate Accessed on: 24 November 2021.

costs for costs Available at:
https://www.nice.org.uk/process/pmg
9/chapter/foreword

Perspective | NHS and NICE reference case. NICE, Reference Case. 2013.

(NHS/PSS) PSS Accessed on: 24 November 2021.
Available at:
https://www.nice.org.uk/process/pmg
9/chapter/foreword

Cycle length | 3 months The model adopts a Assumption

three-month cycle length
to capture patient
movements, resource
use, costs and utilities,
as DMD can progress
quickly.

DMD: Duchenne muscular dystrophy; NHS, National Health Service; PSS, Personal Social Services
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12.2 Clinical parameters and variables

12.2.1 Describe how the data from the clinical evidence were used in the cost-

effectiveness analysis.

STRIDE and CINRG survival curves

Time-to-event data from the propensity-matched STRIDE and CINRG data was used to estimate
parametric survival curves representing the rate of disease progression by transition through the
health states. KM data was mature enough for survival curves to be estimated for the rate of LoA for
both the STRIDE and CINRG cohorts. Despite an immature data set for STRIDE patients, survival
curves for age to reach pFVC<50% were estimated directly using the KM for both STRIDE and
CINRG cohorts.

Insufficient patients within the STRIDE cohort have declined to pFVC<30% to estimate the rate of
transition to the final pFVC health state. The time to reach pFVC<30% for BSC patients in the CINRG
cohort is used to inform the rate of transition to the final pFVC health state for both treatment arms,
with an assumption that ataluren patients reach this stage of disease progression four years later
than BSC patients. This calculation is based on the assumption that a delay in achieving earlier
stages of disease progression contributes to a delay in achieving future disease milestones. This
assumption is supported by clinicians and a value of four years was decided upon.

Ataluren discontinuation

The model applies a treatment discontinuation rate of .% per three-month cycle. Discontinuation
of ataluren is informed by global STRIDE data. | patients out of the total of [ discontinued ataluren
treatment over a period of . years, equivalent to a .% discontinuation rate per modelled three-
monthly cycle.%

Patients who discontinued treatment within STRIDE were continued to be followed within the
analysis, as per the analysis protocol. Therefore, the effectiveness data from STRIDE is
representative of patients discounting at 0.94% per three-month-cycle, so discontinuation is applied
only to the cost calculations to appropriately reflect the change in treatment costs

Patient weight

Ataluren dosing is based on the weight of the patient. In the base-case analysis, the mean weight
for the UK STRIDE patients is used to inform all patient weight throughout the time horizon. A
scenario is presented where the weight of the patients is informed by healthy children growth charts,
rescaled by the mean reduction in DMD patient weight compared to healthy controls of [J|%.

The estimated weight reduction compared to healthy patients was calculated as the mean difference
in UK STRIDE patient weights compared to median healthy weight for a child of the same age. 22

12.2.2 Are costs and clinical outcomes extrapolated beyond the study follow-up
period(s)? If so, what are the assumptions that underpin this extrapolation
and how are they justified?

Since the available data does not cover a lifetime horizon, extrapolation was required before use in

the health economic model. Specifically, parametric models were fitted to Kaplan-Meier data, as
recommended when censoring is present. This allows the total area under the curve to be estimated
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and utilised in the partitioned survival approach implemented here. The parametric models fitted
included: Exponential, Weibull, Gompertz, log-logistic, log normal, generalised gamma and gamma.

Parametric models were fitted to the individual Kaplan-Meier curves for loss of ambulation, predicted
FVC <50% and predicted FVC <30%. Independent, re-based STRIDE and CINRG DNHS survival
curves were utilised in the base-case.

Curve re-basing was performed in an attempt to improve the curve fits. Re-basing operates by fitting
the parametric survival curves to truncated period of available follow-up, which aims to ignore the
period at the beginning of follow-up where very few events are expected to take place. This allows
for a more precise fit during the time period in which most of the events are observed. Five and 3.5
years were chosen as starting points for STRIDE (ataluren) and CINRG (BSC) curves respectively,
as these were points prior to observation of events, and considered to be a reasonable assumption
as to the ‘earliest time at which an event could occur’. Independent non re-based survival curves are
used in scenario analyses.

Selection of parametric models was based on the following criteria:

o Assessment of statistical goodness of fit through Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC);

e Visual inspection of curve fit to trial period and expected extrapolated period;

Please refer to Appendix 6 for additional information.

12.2.3 Were intermediate outcome measures linked to final outcomes (for example,
was a change in a surrogate outcome linked to a final clinical outcome)? If so,
how was this relationship estimated, what sources of evidence were used and
what other evidence is there to support it?

There is published evidence that FVC <1L (that closely approximates predicted FVC<30%) is a

prognostic indicator of mortality.?° The model assumes that upon reaching this health state, patients
progress to ‘dead’ within three years.

12.2.4 Were adverse events included in the cost- effectiveness analysis? If
appropriate, provide a rationale for the calculation of the risk of each adverse
event.

Adverse events were not included in the cost-effectiveness analysis, see section 10.1.8 for further
details of adverse events in DMD.

12.2.5 Provide details of the process used when the sponsor’s clinical advisors
assessed the applicability of available or estimated clinical model parameter
and inputs used in the analysis.

A Delphi panel study (as described in section 10.1.10) was used to evaluate the face validity of the

ataluren CEM. The study population comprised of . clinical experts. To be considered eligible for
this study, all experts had to meet the following inclusion criteria:
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Act as the coordinating/specialist physician to patients with DMD; and

Have experience of ataluren for the treatment of nmDMD.

Candidate clinical experts for the Delphi panel were identified and recruited by PTC Therapeutics. A
total of. clinical experts participated in the study. The panellists’ combined experience of ataluren
for the treatment of N mDMD encompassed more than. patients.

Consensus among participating experts was sought for key clinical parameters and assumptions
underlying the ataluren CEM. The following assumptions were validated by participating clinicians:

Patients are assumed to have a predicted FVC 250% at the time of loss of ambulation;

Patients with predicted FVC <50% are assumed to require night-time ventilation support, and
those with predicted FVC <30% (or FVC <1L) are assumed to require full-time ventilation
support;

Patients who start treatment with ataluren at two years of age are assumed to become non-
ambulatory B (on average) compared with those who start treatment at five years of age;

Life expectancy when patients reach FVC <1 litre (predicted FVC <30%) is assumed to be
B on average

For full details and questions asked during the Delphi panel, see section 10.1.10.

Further validation with UK clinicians was conducted to validate key model assumptions. PTC
Therapeutics held telephone discussions with . and . in which the following assumptions and
model inputs were validated:®

Extending the treatment stopping rule with ataluren beyond LoA

Delay in time to predicted FVC <30% based on delay in reaching earlier milestones
Improved quality of life in patients receiving ataluren plus BSC, versus BSC alone
Average number of caregivers per patient

Compliance for ambulatory and non-ambulator patients receiving ataluren

Weight variation in nmDMD patients

The clinical plausibility of the selected survival curves

12.2.6 Summarise all the variables included in the cost-effectiveness analysis.

Provide cross-references to other parts of the submission. A suggested

format is provided in below.
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Table D.6. Summary of clinical variables applied in the cost-effectiveness model

healthy children

Parameter Value Source

Baseline Age 2 years Translarna SmPC, 2020
Mean weight of ambulatory B« STRIDE 025 Study

UK STRIDE patients

Mean weight of non- B« STRIDE 025 Study
ambulatory UK STRIDE

patients

Weight variation compared to [ VA STRIDE 025 Study (patients

have lower than average
weight versus age matched
healthy children; average -
4.70% difference)

Ambulatory Transitions, Data
Source

BSC: CINRG DNHS 2021
(effectiveness population,
independent curves, re-based
analyses)

Ataluren: STRIDE 2021
(effectiveness population,

independent curves, re-based
analyses)

STRIDE 025 Study; CINRG
DNHS
Base-case used KM curves in

combination with parametric
models

Ambulatory Transitions,
Parametric Curve

Log logistic

Best-fitting parametric curve
(section 12.2.1)

Early Treatment (2—5-year-
olds) Delay to Loss of
Ambulation (Ambulatory
Transitions)

Assumption; if broad
indication is selected (=2
years), it is assumed that the
LoA curve will shift by this
additional number of years
compared to BSC

Non-ambulatory transitions —
predicted FVC <50%, Data
Source

BSC: CINRG DNHS 2021
(effectiveness population,
independent curves, re-based
analyses)

Ataluren: STRIDE 2021
(effectiveness population,
independent curves, re-based
analyses)

STRIDE 025 Study; CINRG
DNHS
Base-case used KM curves in

combination with parametric
models

Non-ambulatory Transitions —
predicted FVC <50%,
Parametric Curve

Log logistic

Best-fitting parametric curve
(section 12.2.1)

Early Treatment Delay (Non-
Ambulatory; predicted
FVC<50%)

Validated assumption; if broad
indication is selected (=2
years), it is assumed that the
FVC<50% curve will shift by
this additional number of
years compared to BSC

Non-Ambulatory Transitions —
predicted FVC <30%, Data
Source

CINRG DNHS 2021
(effectiveness population,
independent curve, re-based
analyses)

CINRG DNHS

Base-case used KM curves in
combination with parametric
models
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Parameter Value Source

Non-ambulatory Transitions — | Log normal Best-fitting parametric curve
predicted FVC <30%, (section 12.2.1)

Parametric Curve

Delay in time to predicted FVC | 4 years Validated by UK based clinical

<30% for ataluren

validation

Early Treatment (2-5 years
olds) Delay (Non-Ambulatory;
predicted FVC <30%)

Validated assumption;
(treatment in 22 years), it is
assumed that the predicted
FVC<30% curve will shift by
this additional number of
years compared to BSC

Treatment Stopping Rule

Predicted FVC <50%

Most closely aligns with
available clinical data for
STRIDE

Ataluren compliance, [ VA Validated as part of global

Ambulatory Delphi panel and by UK
clinicians

Ataluren compliance, Non- [ VA Validated as part of global

ambulatory Delphi panel and by UK
clinicians

Number of caregivers per 2 Qualitative study conducted in

patient UK; validated as part of global
Delphi panel

DMD Mortality, Time to death | 3 years Published literature?°-?!

following transition to
predicted FVC <30%

Cl: confidence interval; DMD: Duchenne Muscular Dystrophy; FVC: forced vital capacity; kg: kilogram LoA:
loss of ambulation
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12.3 Resource identification, measurement, and valuation

12.3.1 Describe how the clinical management of the condition is currently costed in

the NHS in terms of reference costs and the payment by results (PbR) tariff.

There is no specific Healthcare Resource Group (HRG) for the clinical management of DMD. The
economic model allocates disease management costs associated with DMD, based on health states
in the model. Disease management costs by health state are outlined in Table D-6 (section 12.3.2).

Resource identification, measurement, and valuation studies

12.3.2 Provide a systematic search of relevant resource data for the NHS in England.
Include a search strategy and inclusion criteria and consider published and

unpublished studies.

Details of the SLR, including search terms and results, are provided in Appendix (see section 17).

Two HRQL and economic studies containing resource cost were identified in the SLRs. These
studies and their methods are briefly described below.

Landfeldt et al. 20142

Landfeldt et al. 2014 estimated the economic burden of DMD including 191 patient-caregiver pairs
from the United Kingdom, from a total of 770 patient-caregiver pairs, using an online questionnaire
delivered as part of the Translational Research in Europe-Assessment and Treatment of
Neuromuscular Diseases (TREAT-NMD) registries. The following eligibility criteria applied: male,
DMD diagnosis, and age five years or older. Eligible patients and one of their caregivers completed
the online questionnaire based on recall. Reference prices were applied for the direct costs of iliness.
The human capital approach was used to calculate productivity losses. Informal care also used the
human capital approach and applied to the caregivers’ leisure time as determined by the Work
Productivity and Activity Impairment (WPAI) Questionnaire and compared to Organisation for
Economic Co-operation and Development for a standard adult in the general population. Each hour
of leisure time was conservatively valued at 35% of the country-specific national mean gross wage.
Indirect costs, non-medical community services and informal care were the three largest contributors
to economic burden (Figure D.5).
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Figure D.5 Components of annual cost of DMD
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O Hospital admissions

O Visits to physicians and other health care practitioners

O Tests and assessments

O Medications

Landfeldt et al. 20171¢”

Landfeldt et al. 2017 estimated total cost and HRQL for different disease stages. Three alternative
state transition models were developed. Model | is based on the DMDSAT, Model Il is based on the
ambulatory state and comprises of the following health states: early ambulatory, late ambulatory,
early non-ambulatory and late non-ambulatory. Finally, Model Il consists of no ventilation support,
night-time ventilation support and night- and daytime ventilation support. Table D-4 presents these

values.

O Nonmedical community services
O Aids, devices, and investments
O Informal care

O Indirect costs

Table D-4. Annual Mean Cost and Utility Values per Patient

GBP 2015 Direct Costs (£) Indirect (productivity) Costs (£)

Mean Costs Medical Non-medical Patient Caregiver

Early Ambulatory 10,670 9,740 0 7,180

Late Ambulatory 11,190 11,420 0 8,340

Early non- 16,490 17,860 0 12,810

ambulatory

Late non- 27,590 16,810 14,230 11,240

ambulatory

None 11,520 12,660 14,230 9,160

Night-time 31,710 14,610 14,230 10,490

Day- and night-time | 36,390 15,500 14,230 12,860
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Note: Costs were inflated to 2021 prices using ONS CPIH Detailed indices annual averages: 2008 to 2021.
Source: Landfeldt et al. 2017167

12.3.3 Provide details of the process used when clinical advisors assessed the

applicability of the resources used in the model?2.

Not applicable. Resources used in the model have not been validated by clinical assessors.

Technology and comparators’ costs

12.3.4 Provide the list price for the technology.

Ataluren sachet size Price Source
125 mg £84.40 BNF 203
250 mg £168.80 BNF 203
1,000 mg £675.20 BNF 203

BNF: British National Formulary

12.3.5 If the list price is not used in the de novo cost- effectiveness model, provide
the alternative price and a justification.
The cost-effectiveness model uses the list price. A PAS in the form of a simple discount of [} has

also been applied to the model. Results are provided for the list price and PAS price, where
applicable.

12.3.6 Summarise the annual costs associated with the technology and the
comparator technology (if applicable) applied in the cost-effectiveness model.
A suggested format is provided in Tables D6 and D7. Table D7 should only be
completed when the most relevant UK comparator for the cost analysis refers
to another technology. Please consider all significant costs associated with
treatment that may be of interest to commissioners.

As the model compares treatment with ataluren in combination with BSC, versus BSC alone. The

cost of BSC was not included in the analysis, as the cost of BSC is the same whether is it treated in
combination with ataluren, or alone.

Table D-5. Costs per treatment/patient associated with the technology in the cost-
effectiveness model (List price and PAS price)

Items Value (per 3- | Source

month cycle)

2 Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.
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Price of the technology per ambulatory patient,
based on average weight 35.5kg (assuming 95%

compliance)

£80,536

BNF, 2021; Translarna
SPC

Price of the technology per non-ambulatory
patient, based on average weight 39.5kg (assuming

85% compliance)

£78,609

BNF, 2021; Translarna
SPC

Price of the technology per ambulatory patient,
based on average weight 35.5kg (assuming 95%

compliance), PAS discount applied

BNF, 2021; Translarna
SPC, PAS discount
applied

Price of the technology per non-ambulatory
patient, based on average weight 39.5kg (assuming

85% compliance), PAS discount applied

BNF, 2021; Translarna
SPC, PAS discount
applied

Administration cost £0 Translarna SPC

Training cost £0 Translarna SPC

Other costs (monitoring, tests etc) £0 Translarna SPC

Total cost per ambulatory patient £80,536 BNF, 2021; Translarna
SPC

Total cost per non-ambulatory patient £78,609 BNF, 2021; Translarna

SPC

Total cost per ambulatory patient

BNF, 2021; Translarna
SPC, PAS discount
applied

Total cost per non-ambulatory patient

BNF, 2021; Translarna
SPC, PAS discount
applied
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Health state costs

12.3.7 If the cost- effectiveness model presents health states, the costs related to
each health state should be presented in table D8. The health states should
refer to the states in Section 12.1.6. Provide a rationale for the choice of

values used in the cost- effectiveness model.

Direct and indirect costs reported by Landfeldt et al. 2017 have been used to inform the disease
management costs of DMD, by health state in the model. Direct costs represent medical and non-
medical costs. Direct medical costs include hospital admissions, emergency care, respite care, visits
to physicians and other healthcare practitioners (i.e. nurses, general practitioners, specialist
physicians, psychologists, therapists, physiotherapists, occupational therapists, care
coordinators/care advisors, dentists, dietitians/ nutritionists and speech/language/swallowing
therapists), tests and assessments, medications, medical aids, devices and investments, and
community services (e.g., home help and personal assistants). Direct non-medical costs include
non-medical aids, devices and investments, and costs associated with informal care. Indirect costs
represent patient (218 years) and caregiver productivity costs (valued according to the human capital
approach at the cost of employment). See Table D-4 (see section 12.3.2) for costs reported by
Landfeldt 2017, used to inform health state costs in Table D-6.

In the base-case analysis, due to adopting an NHS and PSS perspective (as per the reference case)
indirect costs are not included in the calculations. A scenario analysis is presented where a wider
societal perspective is adopted, and indirect costs are included in the analysis.

Table D-6. List of health states and associated costs in the cost-effectiveness model
(List price)

Health states Items Value (per 3-month Reference
cycle)
Ambulatory Technology cost £80,536 Based on average

weight 35.5 kg and
95% compliance rate;
BNF, 2021;
Translarna SPC.

Non-Ambulatory £78,609 Based on average
weight 39.5 kg and
85% compliance rate;
BNF, 2021;
Translarna SPC.

Ambulatory Technology cost B Based on average

: weight 35.5 kg and
(PAS discount 95% compliance rate;
applied) BNF, 2021;
Translarna SPC.
(PAS discount
applied)
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Non-Ambulatory . Based on average
, weight 39.5 kg and
;PAﬁegl)scount 85% compliance rate;
pp BNF, 2021;
Translarna SPC.
(PAS discount
applied)
Ambulatory Direct healthcare £6,450 Landfeldt et al. 2017
costs
Indirect healthcare £2,379 Landfeldt et al. 2017
costs
Non-Ambulatory, Direct healthcare £6,897 Landfeldt et al. 2017
predicted FVC >50% | costs
Indirect healthcare £6,672 Landfeldt et al. 2017
costs
Non-Ambulatory, Direct healthcare £13,213 Landfeldt et al. 2017
predicted FVC <50% | costs
Indirect healthcare £7,051 Landfeldt et al. 2017
costs
Non-Ambulatory, Direct healthcare £14,802 Landfeldt et al. 2017
predicted FVC <30% | costs
Indirect healthcare £7,727 Landfeldt et al. 2017
costs

Direct and indirect healthcare costs derived from Landfeldt et al. 2017 are inflated from 2015 to 2021
prices, using ONS CPIH Detailed indices annual averages: 2008 to 2021 (2015=100).

Adverse event costs

12.3.8 Complete Table D9 with details of the costs associated with each adverse

event included in the cost- effectiveness model. Include all adverse events

and complication costs, both during and after longer term use of the

technology.

The cost-effectiveness analysis does not include costs associated with adverse events.

Miscellaneous costs

12.3.9 Describe any additional costs and cost savings that have not been covered
anywhere else (for example, PSS costs, and patient and carer costs). If none,

please state.

There are no additional costs and cost savings included in the model.
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12.3.10 Are there any other opportunities for resource savings or redirection of

resources that it has not been possible to quantify?

Experts cited that the costs during the ambulation disease state would progress over time. They
stated that ataluren is likely to reduce the costs in the early stages of a patient being non-ambulant
as they are likely to still be able to use a self-propelled wheelchair, which costs considerably less
than an electric wheelchair. Due to the limited data available on specific costs, this factor has not
been taken into account in the cost-consequence model. Therefore, it is likely that treatment costs
are slightly underestimated by simplifying the health states to ambulatory and non-ambulatory.

By delaying the time to loss of ambulation, ataluren is increasing the probability of patients reaching
a working age and obtaining a job. Not only would enabling employment increase the mental
wellbeing of DMD patients, but they would also be contributing to society through taxation. It has not
been possible to quantify this benefit due to limited data.

An additional factor that will have costs and consequences that has not been included in the model
is the impact of ataluren on the reduction of falls. Boys with DMD have been found to have decreased
bone density and an increased risk of fractures.*® Falls are common in DMD patients and can lead
to a wide range of consequences and subsequent costs for the patient and carer. Loss of function
often follows a fracture (32 out of 71 cases).%® Lower extremity post-fracture recovery often includes
prolonged periods of non/partial weight bearing with increased amounts of time spent sitting in
wheelchairs, increasing the risk of contractures and disuse weakness. The impact that ataluren has
shown in the reduction in number of falls is expected to reduce the number of falls and the
subsequent morbidity, and therefore reduce the burden on carers and healthcare system.

12.4 Approach to sensitivity analysis

Section 12.4 requires the sponsor to carry out sensitivity analyses to explore uncertainty
around the structural assumptions and parameters used in the analysis. All inputs used in
the analysis will be estimated with a degree of imprecision. For technologies whose final
price/acquisition cost has not been confirmed, sensitivity analysis should be conducted

over a plausible range of prices.

Analysis of a representative range of plausible scenarios should be presented and each

alternative analysis should present separate results.

12.4.1 Has the uncertainty around structural assumptions been investigated? State
the types of sensitivity analysis that have been carried out in the cost-
effectiveness analysis.

The model structure has been developed based on the HERCULES natural history model (Figure

D.4), see section 12.1 for further details. The model structure, inputs and assumptions have been

validated by UK clinicians. To investigate uncertainties, one-way sensitivity analyses and

probabilistic sensitivity analyses have been run. To further investigate potential uncertainties,
scenario analyses have been presented.
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12.4.2 Was a deterministic and/or probabilistic sensitivity analysis undertaken? If
not, why not? How were variables varied and what was the rationale for this?

If relevant, the distributions and their sources should be clearly stated.

Deterministic and probabilistic sensitivity analyses are included as part of the economic evaluation.
For the deterministic sensitivity analysis, each variable was varied individually using a +20%
variation.

For the probabilistic sensitivity analyses, each model parameter was given a probability distribution
with the standard error of the distribution set according to any distributional information provided.
For utilities, a shifted negative gamma distribution was used (bounded negative infinity to one), for
costs and resource use estimates, a gamma distribution was fitted (bounded zero to infinity) and
beta for all proportions (bounded zero to one). This was performed simultaneously for each
parameter with the incremental results recorded for 1,000 iterations and presented on a Cost-
Effectiveness Plane (CEP) and in a Cost-Effectiveness Acceptability Curve (CEAC) using different
values of willingness-to-pay (WTP).
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12.4.3 Complete Table D10.1, D10.2 and/or D10.3 as appropriate to summarise the variables used in the sensitivity analysis.

Variables included in the deterministic one-way sensitivity analyses (OWSA) have been varied by +20.0%.

Table D-7. Variables used in one-way scenario-based deterministic sensitivity analysis

Upper bound Lower bound
Parameter Description Base-Case PP “ W Bounds source
value value
Settings
The compliance rate applied to
Ambulatory compliance P , PP +20.0%
ambulatory patients
The compliance rate applied to non-
Non-ambulatory compliance P p,p +20.0%
ambulatory patients
Atal treat t I
Discontinuation rate a uren. rea men _per cycie +20.0%
discontinuation
% difference in weight for ambulato
Weight variation ambulatory ° g , & +20.0%
compared to general population
% difference in weight for non-
Weight variation non-ambulatory ambulatory compared to general B [ | B +20.0%
population
The number of caregivers required b
Number of caregivers to be applied ! givers required by 2.000 2.400 1.600 +20.0%
DMD patients
Adjustment applied to QALY loss due
Bereavement QALY adjustment i pplied to Q ! 0.090 0.108 0.072 +20.0%
to bereavement based on HST7
Excess mortality applied to all states
Mortality adjustment ¥ app 1.000 1.200 0.800 1£20.0%
except the last health state
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Parameter

Description

Base-Case

Upper bound
value

Lower bound
value

Bounds source

Mean weight for ambulatory patients

M bulat ight STRIDE +20.09
ean ambulatory weig from STRIDE [ | [ [ Yo
) Mean weight for non-ambulatory
M -ambulat ht STRIDE +20.09
ean non-amblilatory weig patients from STRIDE . . . %
Delay in loss of ambulation due to
Ambulat ly treat t del +20.09
ibuiatory early freatment celay early treatment with ataluren . . . 20.0%
, Longer time spent in FVC<50% due
Predicted FVC <50% early treatment dela +20.09
! ° y y to early treatment with ataluren u u u o
Last transition (Predicted FVC<30%) early Longer time spent in last health state N N N 190.0%
treatment delay due to early treatment with ataluren TeER
The number of years spent in the last
Time to death following last transition ) years spentin t 3.000 3.600 2.400 £20.0%
health state before mortality
Utilities
Late ambulatory utilities for patients
Ataluren ambulatory patient utilities wratory utiit patt 0.932 1.000 0.745 +20.0%
receiving ataluren
Predicted FVC>50% utilities fi
Ataluren predicted FVC>50% patient utilities redicte 0770 UTHITES Tor 0.318 0.381 0.254 +20.0%
patients receiving ataluren
Predicted FVC<50% utilities fi
Ataluren predicted FVC<50% patient utilities redicte o770 UHITES Tor 0.318 0.381 0.254 +20.0%
patients receiving ataluren
Predicted FVC<30% utilities fi
Ataluren predicted FVC<30% patient utilities redicie o770 UHITHes Tor 0.318 0.381 0.254 +20.0%
patients receiving ataluren
Lat bulat tilities f tient
BSC ambulatory patient utilities ate ambuiatory UHIes for patients 0.617 0.741 0.494 +20.0%
receiving BSC
Predicted FVC>50% utilities for
BSC predicted FVC>50% patient utilities i€ oo Ut 0.164 0.197 0.131 +20.0%
patients receiving BSC
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Upper bound

Lower bound

Parameter Description Base-Case Bounds source
value value
Predicted FVC<50% utilities fi
BSC predicted FVC<50% patient utilities redicte © 70 UTIHEs Tor 0.164 0.197 0.131 +20.0%
patients receiving BSC
Predicted FVC<30% utilities fi
BSC predicted FVC<30% patient utilities redicte © 70 UTIHEs Tor 0.164 0.197 0.131 +20.0%
patients receiving BSC
Lat bulat tilities f i
Ataluren ambulatory caregiver utilities ale ambuiafory utiiiies for caregivers 0.839 1.000 0.671 +20.0%
of patients receiving ataluren
Predicted FVC>50% utilities for
Atal dicted FVC>50% i
uti?itiuer:n predicte o caregiver caregivers of patients receiving 0.837 1.000 0.670 +20.0%
ataluren
Predicted FVC<50% utilities for
Atal dicted FVC<50% i
uti?it?er:n predicte o caregiver caregivers of patients receiving 0.775 0.930 0.620 +20.0%
ataluren
Predicted FVC<30% utilities for
Atal dicted FVC<30% i
utiit?é:n predicte o caregiver caregivers of patients receiving 0.774 0.929 0.619 +20.0%
ataluren
Lat bulat tilities f i
BSC ambulatory caregiver utilities ale ambliatory tiiles for caregivers 0.839 1.000 0.671 +20.0%
of patients receiving BSC
Predicted FVC>50% utilities fi
BSC predicted FVC>50% caregiver utilities redicted TV LIINes for 0.837 1.000 0.670 +20.0%
caregivers of patients receiving BSC
Predicted FVC<50% utilities fi
BSC predicted FVC<50% caregiver utilities redicted FVL=oUY0 LIINES Tor 0.775 0.930 0.620 +20.0%
caregivers of patients receiving BSC
Predicted FVC<30% utilities for
BSC predicted FVC<30% caregiver utilities ' o UHH 0.774 0.929 0.619 +20.0%

caregivers of patients receiving BSC

Management costs
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Upper bound Lower bound
Parameter Description Base-Case PP “ W . Bounds source
value value
Lat bulatory direct health
Ambulatory direct healthcare costs ate ambdia oz)st'srec eafiheare £6,449.50 £7,739.40 £5,159.60 +20.0%
Predicted FVC>50%% direct
Predicted FVC>50% direct healthcare costs redicte o7 dIree £6,897.35 £8,276.81 £5,517.88 +20.0%
healthcare costs

Predicted FVC<50% direct health t Predicted FVC<50%% direct

redicie o direct heafihcare costs redicte o7 diree £13,212.78 £15,855.34 £10,570.22 +£20.0%

healthcare costs
Predicted FVC<30% direct healthcare costs Predicted FVC<30% direct healthcare £14,801.62 £17.761.95 £11,841.30 120.0%
costs
Table D-8. Variable values used in probabilistic sensitivity analysis
Parameter Base-Case SE Alpha Beta Distribution
Settings
Ambulatory compliance [ | [ | B [ | Beta
Non-ambulatory compliance [ | [ | B [ | Beta
Discontinuation rate [ | [ | B [ | Beta
Weight variation- ambulatory [ | [ | B [ | Normal
Weight variation- non-ambulatory [ | [ | B [ | Normal
Number of caregivers to be applied 2.000 0.400 25.000 0.080 Gamma
Bereavement QALY adjustment 0.090 0.018 22.660 229.118 Beta
Mortality adjustment 1.000 0.200 25.000 0.040 Gamma
Mean ambulatory weight STRIDE [ | [ | B [ | Lognormal
Mean non-ambulatory weight STRIDE [ | [ | B [ | Lognormal
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Parameter Base-Case SE Alpha Beta Distribution
Ambulatory early treatment delay . . . . Gamma
Predicted FVC <50% early treatment delay [ | [ | B [ | Gamma
Last transition (predicted FVC<30%) early [ | [ | B [ | Gamma
treatment delay
Time to death following last transition 3.000 0.600 25.000 0.120 Gamma
Utilities
0.186 0.135 0.507 Shifted Negati
Ataluren ambulatory patient utilities 0.932 fried Negative
Gamma
0.064 115.095 0.006 Shifted Negati
Ataluren predicted FVC>50% patient utilities 0.318 fried Negative
Gamma
0.064 115.095 0.006 Shifted Negati
Ataluren predicted FVC<50% patient utilities 0.318 fried Negative
Gamma
0.064 115.095 0.006 Shifted Negative
Ataluren predicted FVC<30% patient utilities 0.318 ! gatv
Gamma
0.123 9.601 0.040 Shifted Negative
BSC ambulatory patient utilities 0.617 I gatv
Gamma
0.033 646.794 0.001 Shifted Negati
BSC predicted FVC>50% patient utilities 0.164 red Negative
Gamma
0.033 646.794 0.001 Shifted Negati
BSC predicted FVC<50% patient utilities 0.164 red Negative
Gamma
0.033 646.794 0.001 Shifted Negati
BSC predicted FVC<30% patient utilities 0.164 fried Negative
Gamma
Ataluren ambulatory caregiver utilities 0.839 0.168 0.921 0.175 Shifted Negative

Gamma
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Parameter Base-Case SE Alpha Beta Distribution
Ataluren predicted FVC>50% caregiver utilities 0.837 0.167 0.948 0.172 Shifted Negative
' Gamma
Ataluren predicted FVC<50% caregiver utilities 0.775 0.155 2.107 0.107 Shifted Negative
' Gamma
Ataluren predicted FVC<30% caregiver utilities 0.774 0.155 2131 0.106 Shifted Negative
' Gamma
BSC ambulatory caregiver utilities 0.839 0.168 0.921 0.175 Shifted Negative
' Gamma
BSC predicted FVC>50% caregiver utilities 0.837 0.167 0.948 0.172 Shifted Negative
' Gamma
BSC predicted FVC<50% caregiver utilities 0.775 0.155 2107 0.107 Shifted Negative
' Gamma
BSC predicted FVC<30% caregiver utilities 0.774 0.155 2.131 0.106 Shifted Negative
' Gamma
Management costs
Ambulatory direct healthcare costs £6,449.50 £1,289.90 25 257.9801 Gamma
Predicted FVC>50% direct healthcare costs £6,897.35 £1,379.47 25 275.8938 Gamma
Predicted FVC<50% direct healthcare costs £13,212.78 £2,642.56 25 528.5112 Gamma
Predicted FVC<30% direct healthcare costs £14,801.62 £2,960.32 25 592.0649 Gamma
Specification for company submission of evidence 225 of 279




12.4.4 If any parameters or variables listed above were omitted from the sensitivity

analysis, provide the rationale.

No parameters or variables were omitted.

12.5 Results of economic analysis

Section 12.5 requires the sponsor to report the economic analysis results. These should

include the following:
. costs, quality-adjusted life years (QALYs) and incremental cost per QALY
. the link between clinical- and cost-effectiveness results

. disaggregated results such as life years gained (LYG), costs associated with
treatment, costs associated with adverse events, and costs associated with follow-

up/subsequent treatment

. results of the sensitivity analysis.

Base-case analysis

12.5.1 When presenting the results of the base-case incremental cost-effectiveness
analysis in the table below, list the interventions and comparator(s) from least
to most expensive. Present incremental cost-effectiveness ratios (ICERs)
compared with baseline (usually standard care) and then incremental analysis
ranking technologies in terms of dominance and extended dominance. If the
company has formally agreed a patient access scheme with the Department
of Health, present the results of the base-case incremental cost-effectiveness
analysis with the patient access scheme. A suggested format is available in
table D1.

In the model base-case, discounted model results are presented in Table D-9 for list price and Table
D-10 for PAS price. Using a lifetime time horizon, the incremental total LYs gain of ataluren versus
BSC was ] years. The discounted incremental costs of ] and incremental QALYs of [} resulted
in an ICER of £336,555 versus BSC. When the PAS discount is applied the incremental cost is ||}
which results in an ICER of [J}. The 2022 NICE manual specifies a decision modifier to the £100,000
per QALY threshold for technologies appraised via the HST process whereby higher weights are
applied depending on the number of (undiscounted) QALYs gained. As the base-case analysis
indicates that over 23 undiscounted QALYs are gained, a weight of 2.3 may be applied to the ICER
so that the results can be interpreted with reference to the £100,000 per QALY threshold. Applying
the decision modifier 24 results in [ incremental QALYs, a list price ICER of £145,514, and a PAS
discounted ICER of £.. Therefore, at a £100,000 per QALY threshold, ataluren is a cost-effective
use of NHS resources based on the PAS discounted price.
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The economic results presented for the remainder of this section consider the impact of the decision
modifier so that they can be interpreted using the £100,000 per QALY threshold rather than multiple
thresholds depending on the incremental number of QALYSs.

Table D-9. Base-case results (List price)

Technologies | Total | Total | Total Incremental | Incremental | Incremental | ICER (£)
costs | LYG | QALYs | costs LYG QALYs
(£)
BSC HE BB | : : :
Ataluren + | H B | B B £336,555
BSC
Ataluren + B B B B B B £145,514
BSC
*Total incremental QALYS are weighted using the HST decision modifier 204
ICER: Incremental cost-effectiveness ratio; LYG: life years gained; QALYs: quality-adjusted life years

Table D-10. Base-case results (PAS price)

Technologies | Total Total | Total Incremental | Incremental | Incremental | ICER
costs LYG | QALYs | costs LYG QALYs (£)
(£)

BSC ] H B - ] -
Ataluren + [ ] H B [ ] [ ] B

BSC

Ataluren + . . . . . .

BSC

Total incremental QALYS are weighted by the HST decision modifier 2%
ICER: Incremental cost-effectiveness ratio; LYG: life years gained; QALYs: quality-adjusted life years
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12.5.2 For the outcomes highlighted in the decision problem, please
provide the corresponding outcomes from the model and
compare them with clinically important outcomes such as those
reported in clinical trials. Discuss reasons for any differences
between modelled and observed results (for example, adjustment
for cross-over). Please use the following table format for each

comparator with relevant outcomes included.

The following clinical outcomes were modelled:
e Time to LoA
e Time to predicted FVC <50%
¢ Time to predicted FVC <30% (BSC only)

Clinical outcomes from the model are the extrapolated STRIDE survival curves,
propensity score matched to the CINRG registry data.

These outcomes could not be compared to clinical trial outcomes, as long-term data
was not available.

Table D-11. Summary of model results

Outcome (median survival) Economic model

Ataluren plus BSC | BSC
Median time to LoA B B
Median time to predicted FVC B B
<50%
Median time to predicted FVC B B
<30%

12.5.3 Please provide (if appropriate) the proportion of the cohort in the
health state over time (Markov trace) for each state, supplying one

for each comparator.

The proportion of patients in the ambulatory, non-ambulatory predicted FVC >50%,
predicted FVC <50% and predicted FVC <30% health states are shown in Table
D-5for ataluren plus BSC, and in Table D-6 for BSC alone.
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Figure D.5. Proportion of patients in each state - ataluren and BSC

Figure D.6. Proportion of patients in each state — BSC

12.5.4 Please provide details of how the model assumes QALYs accrued

over time. For example, Markov traces can be used to
demonstrate QALYs accrued in each health state over time.
QALYs accrued over time for the first 10 years are presented in Table D-12 for both
ataluren plus BSC and BSC alone.
Table D-12. Accrued QALYs (first 10 years)

Year Ataluren and BSC* BSC*
1 | |
2 | |
3 H |
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4 N N
5 | B
6 | B
7 | B
8 | B
9 | B
10 | B

*Please note that the QALYs generated each year are greater than one due to the addition of caregiver
QALYs

12.5.5 Please indicate the life years (LY) and QALYs accrued for each
clinical outcome listed for each comparator. For outcomes that
are a combination of other states, please present disaggregated

results. For example:

It was not possible to estimate the LYG and QALYs for each clinical outcome, Table
D-13 shows these outcomes for each health state in the model.

12.5.6 Please provide details of the disaggregated incremental QALYs by

health state. Suggested formats are presented below.

Discounted QALYs by health state, for ataluren and BSC versus BSC alone are
presented in Table D-13.

Specification for company submission of evidence 230 of 279



Table D-13. Summary of discounted QALY gain by health state

Health state Ataluren and | BSC, QALYs | Increment
BSC, QALYs
Patient
Ambulatory B | H
Non- Predicted B B B
ambulatory FVC >50%
Predicted | | |
FVC <50%
Predicted | | |
FVC <30%
Total B B B
Caregiver
Ambulatory B | H
Non- Predicted B B B
ambulatory FVC >50%
Predicted ] ] ]
FVC <50%
Predicted [ ] | |
FVC <30%
Bereavement B B B
Total B B B
Patient and Caregiver
Total B B B
Incremental QALYs weighted | [} B B
using the HST decision
modifier

BSC: best supportive care; HST: Highly specialised technology; QALYs: quality-adjusted life years

12.5.7 Please provide undiscounted incremental QALYs for the

intervention compared with each comparator.

Undiscounted QALYs by health state, for ataluren and BSC versus BSC alone are
presented in Table D-14.
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Table D-14. Summary of undiscounted QALY gain by health state

Health state Ataluren and | BSC, QALYs | Increment
BSC, QALYs
Patient
Ambulatory 16.41 7.14
Non- 1.42 0.92 0.50
ambulatory | 5 og 0.84 1.44
0.95 0.49 0.46
Total 21.06 9.39 11.67
Caregiver
Ambulatory 29.55 19.40 10.16
Non- 7.49 9.38 -1.89 -1.89
ambulatory | 14 14 7.93 3.21
4.63 4.64 -0.01 -0.01
Total 52.81 41.35 11.46
Patient and Caregiver
Total 73.87 50.74 23.13
BSC: best supportive care; QALYs: quality-adjusted life years
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12.5.8 Provide details of the costs for the technology and its comparator by category of cost. A suggested format is presented

in Table D15.

Table D-15. Summary of costs by category of cost per patient (List price)

Costs Ataluren and BSC BSC Increment (versus BSC) Absolute increment
Direct healthcare costs . . . .

Treatment costs . . . .

Total . . . .

BSC: best supportive care

Table D-16. Summary of costs by category of cost per patient (PAS price)

Costs Ataluren + BSC BSC Increment (versus BSC) Absolute increment
Direct healthcare costs | |} ] || | |

Treatment costs B B B B

Total B B B B

BSC: best supportive care

12.5.9 If appropriate, provide details of the costs for the technology and its comparator by health state. A suggested format is

presented in Table D13.

Direct healthcare costs, by health state are presented in Table D-17. However, discounted treatment costs by health state were not reported in the
model, as such these outcomes cannot be presented.
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Table D-17. Summary of costs by health state per patient

Health state Ataluren and BSC BSC Increment (versus Absolute increment
BSC)

Direct healthcare costs

Ambulatory

Non-ambulatory Predicted FVC >50%
Predicted FVC <50%
Predicted FVC <30%

BSC: best supportive care

12.5.10 If appropriate, provide details of the costs for the technology and its comparator by adverse event. A suggested format
is provided in Table D14.

Not applicable. Cost of adverse events was not included in the analyses.
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Sensitivity analysis results

12.5.11 Present results of deterministic one-way sensitivity analysis of the variables described in table D10.1.

Results of the deterministic one-way sensitivity analysis (OWSA) are presented in Error! Reference source not found. for list price and Table D-19

for the PAS price.

Table D-18. Results of deterministic OWSA (List price)

Parameter Upper bound value | Lower bound value ICER at upper ICER at lower “CII)?J):::TrI:Ir:
bound value bound value Difference
Settings
Ambulatory compliance . . £151,926.54 £121,144.70 £24,368.96
Non-ambulatory compliance . . £149,233.91 £141,297.37 £4,216.29
Discontinuation rate . . £137,444.86 £153,715.25 £8,201.59
Weight variation ambulatory . . £145,513.66 £145,513.66 £0.00
Weight variation non-ambulatory . . £145,513.66 £145,513.66 £0.00
Number of caregivers to be applied 2.400 1.600 £123,055.83 £174,782.83 £29,269.17
Bereavement QALY adjustment 0.108 0.072 £144,960.90 £146,070.65 £556.99
Mortality adjustment 1.200 0.800 £145,513.66 £145,513.66 £0.00
Mean ambulatory weight STRIDE B | £167,667.25 £123,360.06 £22,153.60
Mean non-ambulatory weight STRIDE . . £152,540.80 £140,243.30 £7,027.14
Ambulatory early treatment delay . . £141,588.35 £147,553.30 £3,925.31
Predicted FVC <50% early treatment delay B B £145,421.29 £145,529.73 £92.37
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Maxi
ICER at upper ICER at lower aximum
Parameter Upper bound value | Lower bound value Outcome
bound value bound value .
Difference
Last transition (predicted FVC<30%) early . . £132,185.03 £155,692.02 £13,328.63
treatment delay
Time to death following last transition 3.600 2.400 £145,353.63 £145,746.75 £233.09
Utilities
Ataluren ambulatory patient utilities 1.000 0.745 £128,686.03 £212,807.64 £67,293.98
Ataluren predicted FVC>50% patient utilities 0.381 0.254 £141,932.70 £149,231.89 £3,718.23
Ataluren predicted FVC<50% patient utilities 0.381 0.254 £140,296.47 £151,027.91 £5,514.25
Ataluren predicted FVC<30% patient utilities 0.381 0.254 £143,500.54 £147,569.89 £2,056.23
BSC ambulatory patient utilities 0.741 0.494 £171,889.66 £124,849.22 £26,376.00
BSC predicted FVC>50% patient utilities 0.197 0.131 £148,091.77 £143,002.46 £2,578.11
BSC predicted FVC<50% patient utilities 0.197 0.131 £147,678.84 £143,395.75 £2,165.18
BSC predicted FVC<30% patient utilities 0.197 0.131 £146,693.64 £144,347.87 £1,179.98
Ataluren ambulatory caregiver utilities 1.000 0.671 £86,487.51 £308,307.97 £162,794.31
Atal [ FVC>509 i 128,467 .4 1 10. 21,297 1
t.a. yren predicted FVC>50% caregiver 1.000 0.670 £128,467.43 £166,810.85 £21,297.19
utilities
Atal [ FVC<509 i 122,517. 17 4.61 150.
t.a. yren predicted FVC<50% caregiver 0.930 0.620 £122,517.65 £175,664.6 £30,150.95
utilities
Atal [ FVC<309 i 1 2 1 22 10,442.
t.a. yren predicted FVC<30% caregiver 0.929 0.619 £136,095.28 £155,956 £10, 56
utilities
BSC ambulatory caregiver utilities 1.000 0.671 £232,765.66 £98,451.98 £87,252.00
BSC predicted FVC>50% caregiver utilities 1.000 0.670 £174,477.04 £122,691.00 £28,963.38
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ICER at upper

ICER at lower

Maximum

Parameter Upper bound value | Lower bound value bound value bound value 9utcome
Difference
BSC predicted FVC<50% caregiver utilities 0.930 0.620 £168,031.30 £127,236.89 £22,517.64
BSC predicted FVC<30% caregiver utilities 0.929 0.619 £157,227.57 £135,062.88 £11,713.91
Management costs
Ambulatory direct healthcare costs £7,739.40 £5,159.60 £146,177.51 £144,849.81 £663.85
Predicted FVC>50% direct healthcare costs £8,276.81 £5,517.88 £145,302.67 £145,724.65 £210.99
Predicted FVC<50% direct healthcare costs £15,855.34 £10,570.22 £145,706.11 £145,321.20 £192.46
Predicted FVC<30% direct healthcare costs £17,761.95 £11,841.30 £145,385.84 £145,641.48 £127.82
Table D-19. Results of deterministic OWSA (PAS Price)
ICER at upper ICER at lower Maximum
Parameter Upper bound value | Lower bound value bound value bound value O_utcome
Difference
Settings
Ambulatory compliance . . . . .
Non-ambulatory compliance . . . . .
Discontinuation rate . . . . .
Weight variation ambulatory . . . . .
Weight variation non-ambulatory . . . . .
Number of caregivers to be applied 2.400 1.600 . . .
Bereavement QALY adjustment 0.108 0.072 B B B
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ICER at upper

ICER at lower

Maximum

Parameter Upper bound value | Lower bound value bound value bound value 9utcome
Difference

Mortality adjustment 1.200 0.800 . . .
Mean ambulatory weight STRIDE . . . . .
Mean non-ambulatory weight STRIDE . . . . .
Ambulatory early treatment delay . . . . .
Predicted FVC <50% early treatment delay . . . . .
Last transition (predicted FVC<30%) early . . . . .
treatment delay

Time to death following last transition 3.600 2.400 B B B

Utilities

Ataluren ambulatory patient utilities 1.000 0.745 . . .
Ataluren predicted FVC>50% patient utilities 0.381 0.254 . . .
Ataluren predicted FVC<50% patient utilities 0.381 0.254 . . .
Ataluren predicted FVC<30% patient utilities 0.381 0.254 . . .
BSC ambulatory patient utilities 0.741 0.494 B B B
BSC predicted FVC>50% patient utilities 0.197 0.131 . . .
BSC predicted FVC<50% patient utilities 0.197 0.131 B B B
BSC predicted FVC<30% patient utilities 0.197 0.131 B B B
Ataluren ambulatory caregiver utilities 1.000 0.671 . . .
Ataluren predicted FVC>50% caregiver 1.000 0.670 . . .

utilities
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Maximum

ICER at ICER at |
Parameter Upper bound value | Lower bound value at upper at lower Outcome
bound value bound value .
Difference
. <500 .
At.eTIl.Jren predicted FVC<50% caregiver 0.930 0.620 . . .
utilities
. <300 .
At.eTIl.Jren predicted FVC<30% caregiver 0.929 0619 . . .
utilities
BSC ambulatory caregiver utilities 1.000 0.671 . . .
BSC predicted FVC>50% caregiver utilities 1.000 0.670 . . .
BSC predicted FVC<50% caregiver utilities 0.930 0.620 B B B
BSC predicted FVC<30% caregiver utilities 0.929 0.619 B B B
Management costs
Ambulatory direct healthcare costs £7,739.40 £5,159.60 . . .
Predicted FVC>50% direct healthcare costs £8,276.81 £5,517.88 . . .
Predicted FVC<50% direct healthcare costs £15,855.34 £10,570.22 . . .
Predicted FVC<30% direct healthcare costs £17,761.95 £11,841.30 . . .

The OWSA tornado diagrams are presented in Figure D.7and Figure D.8 for list price and PAS price, respectively.
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Figure D.7. OWSA tornado diagram (List price)

OWSA Tornado Diagram (ICER)

N Low M High

Cost per QALY gained

utilities_patient_late_ataluren: 0.93 (1, 0.75)
utilities_caregiver_FVC<50_ataluren: 0.78 (0.93, 0.62)
number of caregivers to be applied: 2 (2.4, 1.6)
utilities_caregiver_FVC>50_BSC: 0.84 (1, 0.67)
utilities_patient_late_BSC: 0.62 (0.74, 0.49)
Ambulatory compliance: 0.95 (1, 0.76)
utilities_caregiver_FVC<50_BSC: 0.78 (0.93, 0.62)
mean ambulatory weight STRIDE: 35.45 (42.54, 28.36)

utilities_caregiver_FVC>50_ataluren: 0.84 (1, 0.67)

0 50,000 100,000
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Figure D.8. OWSA tornado diagram (PAS price)

Specification for company submission of evidence 241 of 279



12.5.12 Present results of deterministic multi-way scenario sensitivity analysis described in table D10.2.

Results of the scenario analyses are presented in Table D-20 for the list price and Table D-21 for the PAS price.

Table D-20. Deterministic multi-way scenario analysis results (List Price)

Scenario Ataluren and BSC, | Ataluren and BSC,
total costs (£) total QALYs Incremental costs (£) | Incremental QALYs | ICER (£)

Base-case | || || H £145,514
Societal perspective B ] | N £145,897
Use RCHCP weight B [ ] ] | £160,007
data source (healthy
child median weight
by age)
Discount rate (1.5% [ ] | ] B £99,955
for health effects)
Delphi panel utilities B B | B £170,362
(International)'™
Delphi H || || | £191,489
panel/Landfeldt 2017
hybrid
Exclude B B || | £148,342
bereavement due to
loss of a child
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Treatment stopping
rule 6 months post
LoA

£135,546

Treatment stopping
rule predicted FVC <
30%

£154,659

Effectiveness
population, not re-
based

£146,553

Kaplan-Meier piece-
wise analysis

£178,035

Table D-21. Deterministic multi-way scenario analysis results (PAS price)

Scenario

Ataluren + BSC, total
costs (£)

Ataluren + BSC, total
QALYs

Incremental costs (£)

Incremental QALYs

ICER (£)

Base-case

Societal perspective

Use RCHCP weight
data source

Discount rate (1.5%
for health effects)

Delphi panel
utilities'®
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Delphi
panel/Landfeldt 2017
hybrid

Exclude
bereavement due to
loss of a child

Treatment stopping
rule 6 months post
LoA

Treatment stopping
rule predicted FVC <
30%

Effectiveness
population, not re-
based

Kaplan-Meier piece-
wise analysis
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12.5.13 Present results of the probabilistic sensitivity analysis described in table
D10.3.

PSA - List Price

PSA simulations were plotted on the cost-effectiveness plane (Figure D.9) and a CEAC was
generated (Figure D.10). The average incremental costs over the simulated results were B and
average incremental QALYs were ], giving the probabilistic ICER of £142,883. The proportion of
simulations considered cost-effective at a threshold of £100,000 per QALY was [JJ%.

Figure D.9. Cost-effectiveness plane (List price)

*Note: the yellow dotted line represents the WTP threshold of £100,000 per QALY gained

Figure D.10. CEAC (List price)

PSA - PAS Price

With the simple PAS discount of . the average incremental costs over the simulated results were
. and average incremental QALYs were . giving the probabilistic ICER of . The cost-
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effectiveness plane and CEAC are presented in Figure D.11Error! Reference source not found.
and Figure D.12, respectively. The proportion of simulations considered cost-effective at a threshold
of £100,000 was [l%.

Figure D.11. Cost-effectiveness plane (PAS price)

*Note: the yellow dotted line represents the WTP threshold of £100,000 per QALY gained

Figure D.12. CEAC (PAS price)

12.5.14 What were the main findings of each of the sensitivity analyses?

The PSA indicates that at PAS price, ataluren is cost-effective in the majority of iterations at a
willingness-to-pay threshold of £100,000. The sensitivity analyses also indicate that the model is
robust to variations in model inputs.

12.5.15 What are the key drivers of the cost results?

As shown in Table D-19 and Figure D.8, patient and caregiver utilities, treatment compliance, and
patient weights are key drivers of the cost results.
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Miscellaneous results

12.5.16 Describe any additional results that have not been specifically requested in

this template. If none, please state.

None.

12.6 Subgroup analysis

For many technologies, the capacity to benefit from treatment will differ for patients with
differing characteristics. Sponsors are required to complete section 12.6 in accordance
with the subgroups identified in the scope and for any additional subgroups considered

relevant.

Types of subgroups that are not considered relevant are those based solely on the

following factors.
+ Individual utilities for health states and patient preference.

« Subgroups based solely on differential treatment costs for individuals according to their

social characteristics.

» Subgroups specified in relation to the costs of providing treatment in different
geographical locations within the UK (for example, if the costs of facilities available for

providing the technology vary according to location).

12.6.1 Specify whether analysis of subgroups was undertaken and how these
subgroups were identified. Cross-reference the response to the decision

problem in table A1.

No subgroup analyses were conducted as part of the analyses. This is due to the lack of identified
subgroups and the small patients’ numbers available in the data.

12.6.2 Define the characteristics of patients in the subgroup(s)

Not applicable.

12.6.3 Describe how the subgroups were included in the cost-effectiveness analysis

Not applicable.
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12.6.4 What were the results of the subgroup analysis/analyses, if conducted? The
results should be presented in a table similar to that in section 12.5.6 (base-
case analysis). Please also present the undiscounted incremental QALYs

consistent with section 12.5.7

Not applicable.

12.6.5 Were any subgroups not included in the submission? If so, which ones, and

why were they not considered?

Not applicable.

12.7 Validation

12.7.1 Describe the methods used to validate and cross-validate (for example with
external evidence sources) and quality-assure the model. Provide references
to the results produced and cross-reference to evidence identified in the

clinical and resources sections.

The economic model, key inputs and assumptions have been validated by UK clinicians (see section
12.2.5). In addition to this, key model assumptions (detailed in section 12.1.5) have been validated
as part of a Delphi panel study with [J|.

12.8 Interpretation of economic evidence

12.8.1 Are the results from this cost-effectiveness analysis consistent with the
published economic literature? If not, why do the results from this evaluation
differ, and why should the results in the submission be given more credence

than those in the published literature?

Landfeldt et al. 2017'%” conducted a cost-effectiveness analysis of a hypothetical intervention versus
SoC. The study developed three model structures, each of which were run over a lifetime horizon to
report the total costs and QALYs of the hypothetical intervention versus SoC (see section 12.3.2 for
further details). The study and the economic model in this evidence submission are informed by the
same direct costs (costs informing our model have been inflated to 2021 prices), as well as the same
caregiver utilities. However, patient utility values used in this evidence submission are informed by
Landfeldt et al. 2020"%° as opposed to Landfeldt et al. 2017. The ICERs reported by the literature are
larger than those reported in section 12.5. Firstly, the published literature is informed by different
clinical data, Landfeldt et al. applied efficacy data that “reduced the probability of disease progression
across all model states by a conservative (but realistic) 25%, in agreement with (but in addition to)
the efficacy of glucocorticoid treatment observed in clinical practice”.
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The cost-effectiveness model structure has been developed based on the HERCULES natural
history model, which captures the key milestones of nmDMD (LoA, reduction in pulmonary capacity).
The model is informed by STRIDE registry data, which has been propensity score matched to data
from the CINRG registry, therefore providing robust comparative data. The model is reflective of
treatment with ataluren, for the indicated population and therefore reports the expected costs and
outcomes of treatment with ataluren for patients in England. Therefore, the cost-effectiveness
analyses in the published literature are not comparable to this analysis.

12.8.2 Is the cost-effectiveness analysis relevant to all groups of patients and
specialised services in England that could potentially use the technology as

identified in the scope?

Yes. The cost-effectiveness analysis is relevant for all eligible nmDMD patients.

12.8.3 What are the main strengths and weaknesses of the analysis? How might

these affect the interpretation of the results?

The cost-effectiveness analysis is informed by the best available data on the clinical progression of
nmDMD patients receiving treatment with ataluren. The STRIDE dataset is the largest international
nmDMD observational cohort which includes 269 patients (evaluable population, as of 315 January
2021). STRIDE data has been propensity score matched with patients in the CINRG registry,
providing comparative data. In addition to this, the model structure has been informed by the
HERCULES model, a robust natural history model based on patient progression and key milestones
in DMD, which has been validated by clinicians.

Despite best efforts to obtain clinical data for all relevant inputs in the model, due to the ultra-orphan
nature of nmDMD, not all inputs could be obtained from clinical trials or real-world evidence.
Therefore, a number of key model inputs and assumptions have been informed/validated by
clinicians.

12.8.4 What further analyses could be undertaken to enhance the

robustness/completeness of the results?

PTC Therapeutics are currently conducting a phase lll, randomised clinical trial to characterise the
long-term effects of ataluren in patients with nmDMD. This trial is split into a 72-week study and 72-
week open-label phase. The study phase is a randomised, double-blind, placebo-controlled phase,
in which patients receive either ataluren or placebo. Study 041 is expected to finish in July 2023,
following completion of the HST submission. Preliminary results of the 72-week study phase are
expected to be available in April/May 2022, which will report rate of change in 6-minute walk distance
over 72 weeks (primary outcome) as well as other secondary outcome measures (change from
baseline in 6-minute walk distance, time to loss of ambulation, time to loss of stair-climbing and stair-
descending and more; over 72 weeks).

STRIDE registry is ongoing, which collects data on patients receiving ataluren. Patient data is
collected for time to LoA and time to predicted FVC <50%, which we have used to inform the cost-
effectiveness analysis.
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13 Cost to the NHS and Personal Social Services

The purpose of Section 13 is to allow the evaluation of the affordability of the technology.

13.1 How many patients are eligible for treatment in England? Present results for
the full marketing authorisation and for any subgroups considered. Also,

present results for the subsequent 5 years.

Currently in England there are B patients being treated with ataluren under the MAA (as at
December 2021). For the budget impact analyses, we have used this value to inform the number of
prevalent patients in the model, as it is representative of the number of eligible patients receiving
ataluren in England.

A 2013 study estimated DMD incidence to be 19 per 100,000 males.?% Based on the number of live
births in England (613,936), 51% of which are males, there are an estimated 58 incident DMD
patients per year.?°® Data from the TREAT-NMD DMD Global database, which contains over 7,000
mutations, has found that 10% of patients have nmDMD.?°” Therefore, there are 6 incident nmDMD
patients per year.

Table D-22. Calculation of incidence estimates

Patient population Incidence

DMD 1 out of 5,135 male births (Moat, 2013)
nmDMD 10% of DMD (Bladen, 2015)

Patients per year 6 new per annum

In the budget calculation data from the cost-effectiveness model for the mortality rate and the rate
of patients reaching predicted FVC <50% (per year) have also been applied, - Ell | respectively.
This has been derived from the cost-effectiveness model based on a median survival of ] and a
median age at predicted FVC <30% of [}

This results in an eligible patient population, i.e., in line with the marketing authorisation for ataluren,
of ] patients in Year 1 increasing to ] patients in Year 5.

Table D-23. Eligible patients for ataluren over the next five years in England

Year 1 Year2 | Year3 | Year4 | Year5 | Average

Prevalence | | | B B B

Incidence 6 6 6 6 6 6
Deaths . . . . . .
Treatment . . . . . .
stopping rule
(predicted FVC
<50%)

Patients eligible . . .

for treatment

Specification for company submission of evidence 250 of 279




13.2 Describe the expected uptake of the technology and the changes in its demand

over the next five years.

The expected market uptake with ataluren is 100%. It is expected that the demand for ataluren will
remain constant, therefore the budget impact analysis assumes a 100% market uptake for all years.

The model also applied a compliance rate of 95%, based on a Delphi panel study of .

13.3 In addition to technology costs, please describe other significant costs
associated with treatment that may be of interest to NHS England (for example,

additional procedures etc).

Not applicable.

13.4 Describe any estimates of resource savings associated with the use of the

technology.

No resource savings are associated with the use of ataluren.

13.5 Are there any other opportunities for resource savings or redirection of

resources that it has not been possible to quantify?

None.

13.6 Describe any costs or savings associated with the technology that are incurred
outside of the NHS and PSS.

None.

13.7 What is the estimated budget impact for the NHS and PSS over the first year of

uptake of the technology, and over the next 5 years?

The budget impact analysis over the next 5 years is shown in Table D-24.

Table D-24. Budget impact for ataluren (List price)

Year 1 Year 2 Year 3 Year 4 Year 5

Total Cost B B B B B

(per year)

Table D-25. Budget impact for ataluren (PAS price)

Year 1 Year 2 Year 3 Year 4 Year 5

Total Cost . . . . .

(per year)
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13.8 Describe the main limitations within the budget impact analysis (for example

quality of data inputs and sources and analysis etc).

The incidence figure in the budget impact calculations is based on a Welsh newborn bloodspot
screening programmes for DMD which is one of the longest running in the world (Moat, 20132%). In
this programme, newborn bloodspots were collected routinely as part of the Wales newborn
screening programme. Specific consent was obtained for this test separately from the other tests.
During the 21-year period, 369,780 bloodspot cards were received from male infants, of these
343,170 (92.8%) were screened using a bloodspot CK assay following parental consent. DMD was
confirmed in 56 cases by genotyping/muscle biopsy studies. The incidence of DMD in Wales of
1:5136 during this period is lower than that of 1:4046 before commencement of screening in Wales.
It was concluded that screening had reduced the diagnostic delay enabling reproductive choice for
parents of affected boys and earlier administration of current therapies. It would mean that one would
expect the incidence of DMD to continue to decline over time and thus the figure of 1:5136 is likely
to be an overestimate of the incidence.

An annual background mortality rate of . has been applied and a rate for reaching predicted FVC
<50% [ based on data from the cost-effectiveness model. There may be a survival benefit with
ataluren, however this has not been assumed for the 5-year budget impact calculation.

Compliance is assumed to be 95%, as with the cost-effectiveness analysis. This is based on a recent
Delphi panel study of [J] clinical experts from the ], see section 10.1.10 for further details.
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E Impact of the technology beyond direct health benefits

The purpose of Section 14 is to establish the impact of the technology beyond direct
health benefits, that is, on costs and benefits outside of the NHS and PSS, and on the
potential for research. Sponsors should refer to section 5.5.11 — 5.5.13 of the Guide to

Methods for Technology Appraisal 2013 for more information.

It is also aimed at describing factors that are relevant to the provision of the (highly)
specialised service by NHS England. Such factors might include issues relating to
specialised service organisation and provision, resource allocation and equity, societal or

ethical issues, plus any impact on patients or carers.

14 Impact of the technology beyond direct health benefits

14.1 Describe whether a substantial proportion of the costs (savings) or benefits
are incurred outside of the NHS and personal social services, or are associated

with significant benefits other than health.

A substantial proportion of the benefits of ataluren treatment are incurred outside of the NHS and
personal social services. Due to its early onset and rapid progression, DMD results in severe
disability and consequent lack of independent living by the early twenties with death usually occurring
before the age of 30. As a result, adults with DMD rarely succeed in participating in a working life or
contributing to society. Only a very small proportion of patients are reported to be in employment
and the burden on caregivers results in substantial losses in productivity.

Landfeldt et al. (2014%*) estimated the total economic burden of DMD to society and caregiver
households across a number of countries. Patients with DMD from Germany, Italy, United Kingdom,
and United States were included in the study (770 patient-caregiver pairs) (described in detail in
sections 10.1.6 and 12.3.2). Demographics of caregivers showed that in the UK 98% of caregivers
were parents, 79% of whom were female. Informal care (caregivers’ nonprofessional paid care and
the proportion of caregivers’ leisure time devoted to provide informal care) was extensive in all
countries. In the UK, 55% of caregivers were employed whereas 49% had reduced working hours
or had stopped working completely because of their relative’s DMD. For employed caregivers, the
mean overall work impairment (loss in work time and productivity while working) was estimated at
29% (95% CIl 24-35%) for the UK sample. Labour-force participation among patients was very low
(4%). A further study has reported on the demographics and care of adults with DMD in the UK
compared to other European countries.?% In this study 42 patients aged over 18 responded to the
survey (18.6% of the total UK respondents). All were non-ambulatory and none were in employment,
with 25.6% still in education (secondary school, special needs school, vocational training, or
university). Most of the UK adults were living at home (92.9 %), which was higher than elsewhere in
Western Europe.?%®
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Costs associated with DMD-related health care resource use, informal care, and production losses
(indirect costs) are presented in Table E-1. The largest cost component was indirect costs in
Germany, Italy, and the US, and non-medical community services in the UK.?* The total annual cost
of iliness of DMD in the UK was estimated as 72,870 US dollars (GBP £53,325) per patient. Of this
at least 46% related to the cost of informal care and loss of productivity and therefore not incurred
by the NHS/ Personal Social Services. It is also expected that a large proportion of non-medical
community care, as well as adaptations to the home is paid for privately by families.

In a cross-sectional study of patients with DMD from Bulgaria, France, Germany, Hungary, ltaly,
Spain, Sweden, and the UK, based on questionnaires completed by patients or their caregivers
(N=422), the average annual total cost per person in 2012 was €34,658 in the UK.?® Direct non-
healthcare costs were the main component of total costs (89% in the UK), and informal care was the
main driver of non-healthcare costs. Main informal carer and other informal carer cost was mean
€17,123 and €11,893, respectively, per annum in the UK. The mean per patient annual household
economic burden of DMD, calculated for households in which the patients with DMD currently lived,
is presented in Table E-2.

The cost of illness (including both direct medical cost, cost of informal care and indirect costs)
increases as patients enter the non-ambulatory stages of disease. In the UK the cost of iliness almost
doubled between the early and late stages of being non-ambulatory (from approximately 66,000 to
129,000 US dollars/per patient/annum).?* Patients in the late ambulatory, early non-ambulatory, and
late non-ambulatory classes had 38% (relative risk [RR]: 1.38, 95% CI: 1.20-1.59), 181% (RR: 2.81,
95% CI: 2.41-3.27), and 191% (RR: 2.91, 95% ClI: 2.54-3.34) higher annual household economic
burden compared with their early ambulatory counterparts. Similar results were seen in a separate
study of patients in Germany where both direct medical and non-medical cost of illness increased
with disease severity.?

Estimates of the total economic burden of DMD, including a monetary value of the loss in patient
and caregiver quality of life (intangible costs) were also calculated by Landfeldt et al. Using the DMD
prevalence estimates, the national burden of DMD in the UK was estimated at $200,478,000 per
annum (GBP £146,705,080).24

A treatment that changes the course of nmDMD by slowing disease progression enables children
and adults with nmDMD to maintain their independence for longer. This in turn would mean that that
caring for their children would be less intensive for parents/ caregivers and may allow them to stay
in paid work for longer. It may also mean that children with nmDMD can participate in education for
longer, remain more self-sufficient and have an increased chance of employment in adulthood.

Ataluren treatment delays loss of ambulation and delaying progression to the non-ambulatory stage
of disease would delay the occurrence of the associated higher costs, of which a large proportion
are made up of costs to households incurred outside of the NHS and personal social services.

The estimation of the impact of ataluren treatment on from a societal perspective is shown in section
Error! Reference source not found., as part of scenario analyses.
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Table E-1 Components of annual cost of Duchenne muscular dystrophy (UK)

Percentage Per patient cost (US Per patient cost
Component of cost of dollars, 2012) (GEP 2014)°
iliness
Hospital visits? 3% 2,300 (1,500-3,720) 1,683
Visits to physicians and 8,230 (6,360-13,150)
other health care 11%
practitioners 6,023
Tests and assessments 2% 1,580 (1,450-1,750) 1,156
Medications 1% 930 (820-1,070) 681
Non-medical community 279 19,250 (13,240-28,670)
services® ° 14,087
Aids, devices and 10% 7,520 (5,690-9,790)
investments® ° 5,503
Informal care 20% 14,340 (13,030-15,990) 10,494
Indirect costs (production 269% 18,700 (16,280-21,150)
losses) 0 13,684
Total annual cost of illness - 72,870 (64,350—84,150) 53,325
Intangible costs? - 46,080 (42,360-50,050) 33,720
. 118,950 (108,280—
Total burden of illness - 132,710) 87,045

Data presented as mean (95% confidence interval), rounded to nearest 10.
2 Including emergency and respite care.
b Home help, personal assistants, nannies, and transportation services.
¢ Include investments to and reconstructions of the home (e.g., adaptations for wheelchair accessibility).

d cost (costs due to pain, anxiety, social handicap, etc.) was estimated by assigning a monetary value to the loss in
quality of life for patients and caregivers in relation to the age- and sex-specific mean quality of life in the general

population.

¢ Converted to GBP using PPPs and inflated to 2014 using the consumer price index (multiplied by 0.731776454 to get

2014 GBP costs)
Source: Landfeldt, 201424
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Table E-2 Per patient annual household burden of DMD in the UK

Cost (in 2012 US dollars) | ©©F patient cost (GBP

2014)

No. (%) living with caregiver 188 (98) 138

Total out-of-pocket payments 3,490 (2,220-5,570) 2,554

Insurance premiums 10 (0-30) 7

Copgyments for medical 60 (30-140) 44

services

Copayments for medications 100 (60-140) 73

Copgyments for community 140 (60-290) 102

services

_Out-of—pocket payments for 3,180 (2,020-5,710) 2.327

investments?

Income loss 750 (440-1,200) 549

Loss of leisure time 13,590 (12,410-14,980) 9,945

Intangible costs 45,770 (42,070—49,670) 33,493

Total per patient annual

household burden 63,600 (58,790-68,370) 46,541

DMD, Duchenne muscular dystrophy.
Data presented as mean (95% confidence interval), rounded to nearest 10, if not otherwise stated.

a Include non-reimbursed payments for medical and non-medical aids and devices, as well as investments to and
reconstructions of the home (e.g., adaptations for wheelchair accessibility).

b Converted to GBP using PPPs and inflated to 2014 using the consumer price index (multiplied by 0.731776454 to get
2014 GBP costs)

Source: Landfeldt et al. 20142

14.2 List the costs (or cost savings) to government bodies other than the NHS.

It is anticipated that treatment with ataluren could result in cost savings to the following

government departments or budgets:

Education budget — a child with DMD will receive a statement of special educational needs, which
will usually involve the cost of classroom assistance and adaptations to the fabric of the school (for
example, to widen spaces to accommodate a wheelchair). These costs may be reduced, or

postponed, if the patient derives clinical benefit from treatment with ataluren.

Local Government budget — cost savings may accrue (in terms of reduced Disabled Facilities
Grant payments, for example) if fewer adaptations need to be made to a patient’s home, or if the

adaptations needed are less costly.

Welfare budget — the more independent and capable the patient is, the less dependent they — or

their caregivers — are on respite care, or on disability and other welfare payments.
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14.3 List the costs borne by patients that are not reimbursed by the NHS.
Costs borne by patients/ caregivers include:

e Out-of-pocket expenses, e.g., travel expenses

¢ Non-reimbursed payments for medical and non-medical aids and devices, as
well as investments to and reconstructions of the home (e.g., adaptations for
wheelchair accessibility)

e Patient loss of quality of life, leisure time, a normal education and ability to
contribute to society

e Caregiver loss of quality of life, leisure time, earnings

¢ Non-reimbursed payments for home help, personal assistants, nannies, and

transportation services

Please also refer to Table E-2.

In the study by Landfeldt et al. (2014?*) patients in the late ambulatory, early non-ambulatory, and
late non-ambulatory classes had 38% (relative risk [RR]: 1.38, 95% CI: 1.20-1.59), 181% (RR: 2.81,
95% CI: 2.41-3.27), and 191% (RR: 2.91, 95% ClI: 2.54-3.34) higher annual household economic
burden compared with their early ambulatory counterparts. Depending on the patients’ current health
and mental status, between 17% and 62% reported that they did not have enough money to take
care of the patient.?”

14.4 Provide estimates of time spent by family members of providing care. Describe

and justify the valuation methods used.

A considerable amount of time is spent by family members in providing care. Landfeldt et al (2016'"°),
in their study of 770 patient-caregiver pairs, reported hours of leisure time devoted to informal care:
35% spent >50 hours a week, 26% spent 25-50 hours per week, and the remaining 38% spent <25
hours per week.

The mean number of hours of informal care per week has been estimated at 63 hours in the UK.?”
Given that parents provide care throughout their child’s lifetime, the burden is substantial.

The majority of caregivers are parents (98%).'"® In addition to helping their children with daily
activities such as getting around, dressing and washing, time is spent each day at home on stretching
exercises and physiotherapy. Caregivers in the UK report that caring for the individual with nmDMD
took up a substantial amount of time, not only because they needed to look after the individual, but
also because they needed to attend a large number of medical appointments. This time impact had
a subsequent impact on their social activities and relationships.'® This becomes even more acute
when patients transition to adult services when care is generally more fragmented necessitating
multiple visits.

Many DMD caregivers terminate their employment or reduce their working hours to find the time
needed to care for their sons, and those who do continue to work have markedly impaired
productivity with high levels of absenteeism.''® UK caregivers also reported that they had needed to
take time off work due to back pain or anxiety and stress.'® Given that the physical and emotional
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impacts of caring for an individual may worsen as the individual’s physical abilities decline, there is
the potential for this impact on the caregiver’s work also to worsen.

Indeed, the time spent providing informal care increases with disease progression. In the German
study by Schreiber-Katz et al, DMD non-working relatives’ total care efforts was estimated at a mean
of 9.4 (SD 10.9) hours per day, with a notable increase in more severe clinical stages.?® In this study
the cost of informal care was around €8,000 per year in the non-ambulatory stages, which rose to
€19,532 in the early non-ambulatory stage, €31,490 in the late non-ambulatory stage and €44,443
when adults were confined to bed.? This indicates that parents spend at least double the time caring
for their children following loss of walking ability and that this again increases substantially in the late
non-ambulatory stage as the boys lose upper body function. Since the German health care system
provides long-term nursing care insurance, the time spent on care by parents in the UK may be even
higher.

14.5 Describe the impact of the technology on strengthening the evidence base on
the clinical effectiveness of the treatment or disease area. If any research
initiatives relating to the treatment or disease area are planned or ongoing,

please provide details.

Ataluren is an innovative, first-in-class drug and is the first specific approved therapy for nmDMD
that addresses the underlying cause of the disease. Since ataluren received conditional regulatory
approval by the EMA in 2014, no other treatments for DMD have been approved in Europe,
highlighting the challenges of developing an effective treatment and conducting clinical trials in this
condition.

There have been a limited number of large, randomised studies in DMD, and, through the ataluren
trial programme, PTC Therapeutics are pioneering clinical trial research in this disease area. Despite
the challenges of generating clinical evidence in areas of (ultra)-rare slowly progressing diseases,
PTC has accumulated data on over 995 patients with nmDMD by conducting the largest clinical
program in nmDMD to date®?33°2 and developing the largest international nmDMD observational
cohort for clinical effectiveness and safety (STRIDE Registry).”2

The ataluren clinical studies have contributed a great deal of insight relating to the natural history of
disease and use of clinically meaningful endpoints that will help to inform the design of future trials.
Study 007 was the first study for registration in DMD and through its entire pre-clinical and clinical
development programme PTC Therapeutics has been a pioneer in this field. At the time of the initial
study design there were no established primary or secondary endpoints from a regulatory
perspective, and there was limited DMD natural history data available. Completion of this trial has
provided a better understanding of the natural history of DMD using the 6MWD and has established
the 6MWD as a validated primary endpoint in DMD clinical trials; in addition, the data from this trial
has helped to identify the best secondary endpoints in DMD trials and has provided the clinical trial
groundwork for future therapies for this devastating and life-limiting condition. STRIDE provides data
on patterns of ataluren use and long-term patient outcomes in real-world routine clinical practice.

Under the MAA, in total 100 patients with nmDMD have been treated with ataluren, with data being
collected on ambulatory outcome and HRQL. It is expected that most of these patients are also
enrolled in STRIDE.
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14.6 Describe the anticipated impact of the technology on innovation in the UK.

As the first investigational new drug to address the underlying cause of dystrophinopathy in nmDMD,
ataluren represents an important advance in personalised, genetic-based treatment of nonsense
mutation disease.

The number of large, randomised studies in DMD has been limited and through the ataluren trial
programme and STRIDE Registry PTC Therapeutics has, and continues to, pioneer clinical trial
research in this area. The ataluren clinical studies have contributed a great deal of insight relating to
the natural history of disease and use of clinically meaningful endpoints that will help to inform the
design of future trials of treatments for this devastating and life-limiting condition. This has led to
other companies (including British based ones) investing in developing treatments for DMD.
Together this leads to further advances in the treatment of DMD and ensures expertise and clinical
experience in the UK are retained.

14.7 Describe any plans for the creation of a patient registry (if one does not
currently exist) or the collection of clinical effectiveness data to evaluate the

benefits of the technology over the next 5 years.

Not applicable — the STRIDE Registry is established and ongoing.

14.8 Describe any plans on how the clinical effectiveness of the technology will be

reviewed.

Ataluren has a conditional marketing authorisation from the EMA. Additional data will be generated
post-authorisation in the confirmatory phase 3 study PTC124-GD-041-DMD (Study 041) which is
expected to report initial results during Q3 2022 (see section 4).

14.9 What level of expertise in the relevant disease area is required to ensure safe

and effective use of the technology?

The marketing authorisation for ataluren states that treatment should only be initiated by specialist
physicians with experience in the management of Duchenne/Becker muscular dystrophy.

14.10 Would any additional infrastructure be required to ensure the safe and

effective use of the technology and equitable access for all eligible patients?

Not applicable, as ataluren is already used in clinical practice.
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F Managed Access Arrangements

15 Managed Access Arrangement

Section not applicable.
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17 Appendices

All appendices are provided as separate documents.
18 Related procedures for evidence submission

18.1 Cost- effectiveness models

An electronic executable version of the cost-effectiveness model should be submitted to
NICE with the full submission.

NICE accepts executable models using standard software — that is, Excel, TreeAge Pro, R
or WinBUGs. If you plan to submit a model in a non-standard package, NICE should be
informed in advance. NICE, in association with the Evidence Review Group, will
investigate whether the requested software is acceptable, and establish if you need to
provide NICE and the Evidence Review Group with temporary licences for the non-
standard software for the duration of the assessment. NICE reserves the right to reject
cost models in non-standard software. A fully executable electronic copy of the model
must be submitted to NICE with full access to the programming code. Care should be
taken to ensure that the submitted versions of the model programme and the written

content of the evidence submission match.

NICE may distribute the executable version of the cost model to a consultee if they request
it. If a request is received, NICE will release the model as long as it does not contain
information that was designated confidential by the model owner, or the confidential
material can be redacted by the model owner without producing severe limitations on the
functionality of the model. The consultee will be advised that the model is protected by
intellectual property rights, and can be used only for the purposes of commenting on the
model’s reliability and informing comments on the medical technology consultation

document.

Sponsors must ensure that all relevant material pertinent to the decision problem has been
disclosed to NICE at the time of submission. NICE may request additional information not
submitted in the original submission of evidence. Any other information will be accepted at
NICE’s discretion.

When making a full submission, sponsors should check that:

¢ an electronic copy of the submission has been given to NICE with all
confidential information highlighted and underlined
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e copy of the instructions for use, regulatory documentation and quality

systems certificate have been submitted
e an executable electronic copy of the cost model has been submitted

o the checklist of confidential information provided by NICE has been

completed and submitted.

e a PDF version of all studies (or other appropriate format for unpublished
data, for example, a structured abstract) included in the submission have

been submitted

18.2 Disclosure of information

To ensure that the assessment process is as transparent as possible, NICE considers it
highly desirable that evidence pivotal to the Highly Specialised Technology Evaluation
Committee’s decisions should be publicly available at the point of issuing the consultation

document and final guidance.

Under exceptional circumstances, unpublished evidence is accepted under agreement of
confidentiality. Such evidence includes ‘commercial in confidence’ information and data

that are awaiting publication (‘academic in confidence’).

When data are ‘commercial in confidence’ or ‘academic in confidence’, it is the sponsor’s
responsibility to highlight such data clearly, and to provide reasons why they are
confidential and the timescale within which they will remain confidential. The checklist of
confidential information should be completed: if it is not provided, NICE will assume that
there is no confidential information in the submission. It is the responsibility of the
manufacturer or sponsor to ensure that the confidential information checklist is kept up-to-

date.

It is the responsibility of the sponsor to ensure that any confidential information in their
evidence submission is clearly underlined and highlighted correctly. NICE is assured that
information marked ‘academic in confidence’ can be presented and discussed during the
public part of the Highly Specialised Technology Evaluation Committee meeting. NICE is
confident that such public presentation does not affect the subsequent publication of the
information, which is the prerequisite allowing for the marking of information as ‘academic

in confidence’.
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Please therefore underline all confidential information, and highlight information that is
submitted under ‘commercial in confidence’ in blue and information submitted under

‘academic in confidence’ in yellow.

NICE will ask sponsors to reconsider restrictions on the release of data if there appears to
be no obvious reason for the restrictions, or if such restrictions would make it difficult or
impossible for NICE to show the evidential basis for its guidance. Information that has

been put into the public domain, anywhere in the world, cannot be marked as confidential.

Confidential information submitted will be made available for review by the Evidence
Review Group and the Highly Specialised Technology Evaluation Committee. NICE will at
all times seek to protect the confidentiality of the information submitted, but nothing will
restrict the disclosure of information by NICE that is required by law (including in particular,

but without limitation, the Freedom of Information Act 2000).

The Freedom of Information Act 2000, which came into force on 1 January 2005, enables
any person to obtain information from public authorities such as NICE. The Act obliges
NICE to respond to requests about the recorded information it holds, and it gives people a
right of access to that information. This obligation extends to submissions made to NICE.
Information that is designated as ‘commercial in confidence’ may be exempt under the Act.
On receipt of a request for information, the NICE secretariat will make every effort to
contact the designated company representative to confirm the status of any information

previously deemed ‘commercial in confidence’ before making any decision on disclosure.

18.3 Equality

NICE is committed to promoting equality and eliminating unlawful discrimination, including
paying particular attention to groups protected by equalities legislation. The scoping
process is designed to identify groups who are relevant to the evaluation of the
technology, and to reflect the diversity of the population. NICE consults on whether there
are any issues relevant to equalities within the scope of the evaluation, or if there is
information that could be included in the evidence presented to the Highly Specialised
Technology Evaluation Committee to enable them to take account of equalities issues

when developing guidance.

Evidence submitters are asked to consider whether the chosen decision problem could be
impacted by NICE’s responsibility in this respect, including when considering subgroups

and access to recommendations that use a clinical or biological criterion.
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For further information, please see the NICE website

(www.nice.org.uk/aboutnice/howwework/NICEEqualityScheme.jsp).
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Notes for company

Highlighting in the template

Square brackets and grey highlighting are used in this template to indicate text that
should be replaced with your own text or deleted. These are set up as form fields,
so to replace the prompt text in [grey highlighting] with your own text, click
anywhere within the highlighted text and type. Your text will overwrite the

highlighted section.

To delete grey highlighted text, click anywhere within the text and press
DELETE.

Section A: Clarification on effectiveness data

Searches

A1. Company’s submission (CS) Appendix 3 and Appendix 5. Please confirm the
source of the filters used to identify evidence relevant to the reviews of economic
analyses and health-related quality of life (HRQoL) studies, providing a citation to

any published validation studies (where available).

Company response:

SLR searches were conducted for Medline and Embase using the Ovid interface and

syntax.

When setting up the search strategies for the SLR, established study filters presented
by SIGN (https://www.sign.ac.uk/what-we-do/methodology/search-filters/) were used
to identify QoL, cost-effectiveness and resource use data in the DMD population where

possible/available.

Search terms for the economic reviews were adapted from the published SIGN
economic filter (https://www.sign.ac.uk/what-we-do/methodology/search-filters/). For

the Medline economic search, adaptations included exploding the economics/ subject
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heading, removing limits from the term “cost”, adding the term “resource” and not

including “fiscal” or “funding” or “financial” or “finance” or “price$” or “pricing”.

Search terms for HRQoL were developed by the SLR project team (in the absence of
a standard filter), using key subject headings for quality of life (such as “exp quality of
life/”) and both broad (such as “quality of life.mp.”) and specific (such as “eq5d”) free

text terms.
Clinical effectiveness evidence

A2. CS Section 9.5, page 85 and Appendix 17.1, Section 17.1.4; and Section 11.2.2,
page 195 and Appendix 17.3, Section 17.3.4. Please confirm if data extraction and
quality assessment was undertaken independently by a minimum of two reviewers
for