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This slide set is the pre-meeting briefing for this appraisal. It has been
prepared by the technical team with input from the committee lead team
and the committee chair. It is sent to the appraisal committee before the
committee meeting as part of the committee papers. It summarises:

— the key evidence and views submitted by the company, the consultees
and their nominated clinical experts and patient experts and

— the Evidence Review Group (ERG) report

It highlights key issues for discussion at the first appraisal committee
meeting and should be read with the full supporting documents for this
appraisal

The lead team may use, or amend, some of these slides for their
presentation at the Committee meeting
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Key abbreviations

AAV adeno-associated virus LRAT lecithin retinol acyltransferase

AE adverse event miTT modified intention to treat

BCVA best-corrected visual acuity MLMT multi-luminance mobility test

BSC best supportive care NHx natural history

Cl confidence interval MLMT multi-luminance mobility test

CMO cystoid macular oedema NR not reported

CS company submission OCT optical coherence tomography

EMA European Medicines Agency PAS patient access scheme

EOSRD early-onset severe retinal dystrophy PLR pupillary light reflex test

ERG Evidence Review Group QALY quality-adjusted life year

FST full-field light sensitivity RCT randomised controlled trial

HR hazard ratio RP retinitis pigmentosa

HRQoL health-related quality of life RPEG65 retinal pigment epithelium-specific 65 kDa protein
HS health state SAE serious adverse event

HST highly specialised technology SECORD | severe early childhood onset retinal dystrophy
ICER incremental cost-effectiveness ratio TP transition probability

IRBP interphotoreceptor retinoid-binding protein | VA visual acuity

IRD inherited retinal disease VF visual function

ITT intention to treat VFQ Visual Function Questionnaire

LCA leber’s congenital amaurosis Vi visual impairment




Key issues for consideration

- Clinical effectiveness

« Study 301/302 recruited patients diagnosed with LCA and those with sufficient viable
retinal cells:
— How would sufficient viable retinal cells be defined in clinical practice?
— What population would be considered for treatment with VN?
— Is the evidence generalisable to clinical practice in the UK?

« What is the committee’s view on:
— The imbalances in baseline characteristics and measures between VN and BSC arms in
study 301/302 and the impact of that on treatment effect?
— The clinically meaningful changes defined by the company for VA, VF, FST and MLMT?
— The effect of VN in the short, and long term (biological plausibility)?

 Does the committee consider the clinical trials capture:
— Outcomes/benefits that are important to patients?
— Different aspects of the disease?



Disease background

Inherited retinal dystrophies (IRD): a group of rare genetic eye diseases, which can be
caused by germline mutations in more than 260 genes, including the RPEG5 gene

— Mutations in the RPEG5 gene result in an insufficient supply of rhodopsin (a
photosensitive protein that converts light into an electrical signal) and leads to cell
apoptosis

— Rhodopsin is found in rod cells which are responsible for vision at low light levels

RPEG65-mediated IRD: including 2 main disorders, Retinitis pigmentosa (RP), and Leber’s
congenital amaurosis (LCA)

— LCA and RP are typically differentiated
by clinical presentation and family history

— LCAis less common, presenting
earlier and having a more aggressive
prognosis

— According to a natural history study
(Chung et al. 2018) conducted among N = ,
people with RPE65-mediated IRD of 24 T — and Rods
different diagnoses (Nhx65, n=70), 47%
were diagnosed with LCA and 8% with RP
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Disease background: RPE65-mediated IRD

RPEG5-mediated IRD presents at a range of ages between infancy and adolescence:

Diagnosis: involves an assessment of medical history, clinical symptoms, and analysis of family
history prior to genetic screening

— LCA: typically diagnosed shortly after birth

— RP: late childhood or early adulthood

Early symptoms: nyctalopia (night blindness), oculo-digital sign (eye poking) and nystagmus
(involuntary eye movement)

Progressive deterioration: in visual field (range of sight), light sensitivity, and visual acuity
(clarity of vision)

Blindness: RPE65-mediated IRD can lead to complete blindness. The company note that a
study of people with RP found patients lose around 50% of their remaining vison every 5 years.
No evidence specific to RPE65-mediated IRD

Complications: of IRD mainly include cataracts and cystoid macular oedema

Incidence/Prevalence

Incidence: newly diagnosed cases estimated to be around 0.6—1.6 per 100,000 people per year
Prevalence: of LCA and RP is estimated at around 12.3-28.8 per 100,000 people

— In England, It is estimated that there are 57-564 people with RPE65-mediated IRD; about 86

will be eligible for treatment with voretigene neparvovec (VN)
6



Current treatment options

No standard clinical pathway or licensed treatment available

 Management focuses on monitoring, psychological support, mobility training
and visual rehabilitation including visual aids such as glasses, magnifiers and
telescopes

« Children with visual impairment are eligible for learning support, whilst adults
receive supportive care from clinicians, employers and social services

« Genetic counselling is provided via medical genetic services to affected families
Related NICE guidance:

 |Insertion of a subretinal prosthesis system for retinitis pigmentosa (2015) NICE
interventional procedures guidance 537

— to be used only in the context of research

 Insertion of an epiretinal prosthesis for retinitis pigmentosa (2015) NICE
interventional procedures guidance 519

— to be used only in the context of research

NICE 7



Patient support group comments (l): survey of
people (n=916) affected by inherited sight loss

Overall quality of life (QoL)

* More than 50% of respondents said that their sight loss had a severe or very severe impact on
their overall QoL, 36% said that there was a moderate impact on their QOL

Mental health

«  92% of respondents said their sight loss had an impact on their mental health:
— 75% had experienced anxiety; 62% stress; 41% depression; 33% loneliness

* Progressive nature of the condition leads to a continual series of losses, requiring patients and
carers to constantly adapt to increasing disability

“There’s no cure for what | have. I'm just trying to adjust. I'm 21. Can’t drive. Can’t see in low light
or night, faces turn to shadows... This sucks, | don’t want to go blind. It's very scary.”
Social integrations

« Social life: the majority of respondents said that their condition affected their day-to-day
routines, relationships and family life:
— Mobility: 97% said that their sight loss affected their mobility; 95% their condition impacted
on their leisure time and hobbies

« Education and employment: more than 50% said their condition impacted on their education,
and more than 75% felt that their career / job was affected

“Access to work: unfortunately the service does not work very well. This service has caused me
too much stress and anxiety therefore | am no longer using it, even though | do need it”



Patient support group comments (ll):

Unmet need

« There is currently no treatment that slows or stops the progression of sight loss

« Over 50% of survey respondents had not accessed genetic testing

“I have had very little support from the NHS in my area, therefore | have had to turn to private
healthcare.”

“I have seen a different doctor every single time I've had an appointment with ophthalmology.
Feels like there is no continuity of care.”

“I would like support and feel very lost, like I'm falling through the cracks.”

Impact on parents and carers: (as noted by another patient support group)

« ‘Condition has an effect on parents who had no idea that there was a history of this condition
within their family’

« ‘Patient has to rely heavily on her husband with tasks such as cooking, or even knowing when
lights are on or off in their home’

Benefits of new treatment:

» |tis noted that the ability to navigate in the dark will be of huge benefit to patients living with
RPEG65-mediated IRD

» Having “functional” sight could improve patients quality of life

NICE



Patient expert comments ()

IRD can cause severe visual impairment or blindness at an early age - difficult ensuring the
correct support is in place for children
“Much of my eleven years in mainstream education was marked by frequent battles with the
Local Education Authority (LEA) and schools, to ensure that my needs were recognised,
relevant support provided”
Patients can be highly constrained by their condition, impacting on many aspects of their daily
lives including attending school, work and social situations
“Almost every aspect of my life that | can think of is impacted by my sight, from the place |
choose to live so as to be close to public transport, to the people | socialise with, the places |
go, and the confidence with which | live my life”
“The uncertainty about my future sight, and its impact on my ability to live and work as | want
to weighs heavily on my mind”
“Life as a disabled student could at times be difficult — my mobility, particularly after dark,
was poor and | relied heavily on my peers. Perceived deterioration in my sight at this time
also made it impossible to keep up with the reading for my course”
As noted, IRD has a substantial effect on patients, parents and carers - patients can require
extensive support and parents worry and feel guilt about passing the gene to family
“My mother has admitted that, had she not already been pregnant with my sister she would not
have sought to have another child, in case they too were disabled”

“A combination of the pressure of continually adapting to meet expectations, and of poor

support, has previously contributed to periods of depression”
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Patient expert comments (ll)

High unmet need

“there is still no treatment available on the NHS, and neither | nor others in the same position
can realistically expect a sustained pause in or reversal of our visual degeneration”

New treatments should address night blindness, VA, VF and stabilizing or reversing the
visual deterioration of school age or younger children

“Night blindness is far more than a simple inability to see clearly between dusk and dawn.. It
affects patients at any point of transition between levels of light, such as on entering a dimly lit
meeting room, or walking from a brightly lit station platform into an interior corridor. | find myself
disorientated, confused, sometimes scared.

A change in the level of night blindness experienced could help patients to navigate more
safely, confidently and independently at night, but also to approach all mobility tasks with
confidence about the consistency of their visual reaction and indirectly assist the mental
wellbeing of some patients”

“Despite this it is my reducing visual acuity and field of vision which has arguably had the
greatest impact on my effectiveness at work and my perspective on the future”

“Growing up with a visual impairment, places a heavy burden on children, potentially
preventing them from fulfilling their potential in the classroom or of participating in sport or
social activities alongside their peers. Relieving them of the stress of the constant
adaptation which is, in my experience, the hallmark of living with a degenerative eye condition,
would allow them to focus their energy on becoming independent, informed adults equipped to

achieve their ambitions”
1



Testimonies from patients/experts/carers
involved in company’s clinical trial

Benefits after treatment

Colour and clearer vision

Patient : “I no longer lived in fear...l was once again able to see such things as the faces of
family and friends... and the beautiful colors of a sunset over Lake Erie.”

Patient: “Within days of the first surgery, | could see vibrant colors again... | can walk
confidently in dimly lit settings”

Independence

Patient: “I may not have gained normal vision, but | gained all of my independence. This was
significant in the way that I live and plan my life. | no longer had the fear of what the next year
would take away from me... | finally can live my life the way | want to.”

Parent: “Since the treatment, her social world has expanded”
Benefit of small changes in vision

Parent: “being able to detect small differences has made a huge difference in her life. Let me
be plain here. This has been a tremendous, life-altering success”

Clinical expert: “For those who live with this condition, an improvement by even one light level
would still make a difference in their quality of life. This treatment has changed my daughter's
life. Before couldn't distinguish where stairs stopped or ended or the curb on a sidewalk, but not

anymore. She can now function independently” .



Comments from clinical experts and the Royal
College of Ophthalmologists (RCOphth)

Condition
All clinicians agreed:
o RPEG65-mediated IRD is a rare, progressive, disease which leads to severe vision loss
o The condition often has a profound effect on patients, families and friends
o There is a huge unmet need for people living with RPEG5
New technology
All clinicians agreed:
o VN is the 15t treatment option - aim of stabilising vision and preventing further visual loss
o VN offers hope for people living with IRD
o Limited impact of the surgery as treatment is one time, relatively quick and will only be given
to a small number of patients (about 30-50 in the UK)
o Surgeons already adept at the required surgery
Outcomes

o RCOphth:
 The most important outcome is gain of navigation, significant effect on the independence of
patients
* Preventing deterioration will also be key to affected patients

o Clinical expert: the aim of treatment was to improve vision, both in terms of visual acuity
(VA) and low light sensitivity
Subgroups of RPE65-mediated IRD
 RCOphth: there is a dominant allele giving rise to a different phenotype (Hull et al. 2016), but
these patients would not be covered by the MA



NHS England comments

Pathway of care

Currently there are no specific genetic treatments available in England

Management for affected patients is supportive and involves ensuring good liaison between
clinical and educational care

Low visual aids are provided for adults and supportive care is provided between clinical
care, employers and social services

Low visual aids are provided for adults

Genetic counselling is provided via medical genetic services to affected families.

Commissioning

NICE

NHS England directly commissions specialised ophthalmology services for ocular genetic
disorders

Patient selection based on a molecular diagnosis

The treatment can be implemented using the current clinical services

14



Voretigene neparvovec [VN]
(Novartis, LUXTURNA)

Marketing
authorisation

Mechanism of
action

Administration
and dosage

List price

Granted on 22nd November 2018 for “the treatment of adult
and paediatric patients with vision loss due to inherited retinal
dystrophy caused by confirmed biallelic RPE65 mutations and
who have sufficient viable retinal cells”

VN is an AAV vector-based gene therapy which introduces a
healthy copy of the defective RPEGS gene into retinal cells

« One-time treatment (1.5 x 10" vector genomes each eye)

« Subretinal injection in each eye performed on separate
days, no fewer than 6 days apart

* An immunomodulatory regimen initiated prior to
administration

£613,410 per patient for both eyes
Simple discount PAS approved

Abbreviations: AAV, Adeno-associated virus; PAS, patient access scheme, VN, voretigene neparvovec

NICE
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Decision problem

Population

Intervention

Comparator

Outcomes

NICE scope

People with
inherited retinal
dystrophies caused
by RPEG5 gene
mutations

Company deviations

Narrower than scope: Adult
and paediatric patients with
vision loss due to inherited
retinal dystrophy caused by
confirmed biallelic RPE6G5
mutations and who have
sufficient viable retinal cells

ERG

Population change
matches MA

Population included in the
evidence base reflects the
population most likely to be
treated with VN

Voretigene neparvovec with BSC

BSC

Current treatment: visual
rehabilitation, but BSC not
clearly defined

* Visual acuity
(VA)
* Visual field (VF)

 Contrast
sensitivity

* Photosensitivity

« Cataract
surgery

« AEs

« HRQoL

As in NICE scope
e MLMT considered
relevant

No data on some
outcomes of clinical
relevance reported,

including

« HRQoL

* need for cataract
surgery

Abbreviations: AEs, adverse events; BSC, best supportive care; HRQoL, health related quality of life; IRD,
| inherited retinal dystrophies; MLMT, Multi-luminance mobility test; VN, voretigene neparvovec

16



Clinical effectiveness evidence

NICE
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Completed and ongoing clinical trials
Clinical effectiveness - Source

Evidence Population Used in clinical Used in cost
effectiveness effectiveness

Study 101/102 Patients with molecular diagnosis of | Yes No

Single arm, dose- LCA due to RPE65 mutations (aged

escalating study 8+) [n=12]

Study 301/302 Patients with molecular diagnosis of | Yes Yes

phase 3, open-label LCA due to RPE65 mutations

RCT and cross over Sufficient viable retinal cells [n=31]

extension study (age range: 4-44, <18 n=20 [65%])

RPE65 NHx Patients with IRD and confirmed No Yes

Multicentre, biallelic mutations in RPEG65 gene

retrospective chart
review, natural history
study (NHx65)

[n=70]
(Longitudinal ocular history and VF
testing data extracted)

Abbreviations: IRD, inherited retinal dystrophies, LCA, Leber’s congenital amaurosis; NHx, natural history; RCT,

randomized control trial; VF, visual field

NICE
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Company’s main evidence of clinical effectiveness

Study 101/102

Study 101: 2 year, phase 1 open-label,
single arm, dose-escalating, multicentre
Study 102: follow-on, open-label safety
study to evaluate re-administration of
VN to other eye

Design

Study 301/302

Study 301: 1 year, phase 3, open-label
randomised controlled trial

Study 302: Crossover phase, after 1 year
control patients eligible to receive VN with
follow-up extension study

Primary endpoint: 1 year
15 years follow up (currently 7.5 years)

Duration of
study

Primary endpoint: 1 year
Annual visits for 15yrs (currently 3/4 yrs)

Patients with molecular diagnosis of

deTollIETIl] Ml | CA due to RPEGS mutations (aged 8+)

Patients with molecular diagnosis of LCA
due to RPEG65 mutations (aged 3+)
Sufficient viable retinal cells

n=12 (original intervention)
n=11 (re-administration to other eye)

Sample
size (n)

VN: n=21 (original intervention)
Control: n=10 — delayed intervention:
n=9

Primary end point: AEs
Secondary end points: VA, VF,

Key pupillary light response, mobility testing

outcomes

Primary trial end point (1 year):
MLMT change score to baseline
Secondary end points (1 year): FST
testing (av. both eyes), MLMT score
change (first eye), BCVA (av. both eyes)

Abbreviations: AEs, adverse events; BCVA, best corrected visual acuity; FST, full-field light sensitivity; MLMT, multi-

luminance mobility test; VA, visual acuity; VF, visual field; yrs, years

19




Study 301/302 trial - summary

Enrollment
(n=31)
: Intervention group (n=21)
VN injection . VNinjection _ End point at
first eye second eye 1 year
Baseline testing I
Control group (n=10)
. Cross over to
> Best supportive care > VN

Key inclusion criteria:
« Adults and children (3+ years old)

« LCA, molecular diagnosis of biallelic RPE65 mutations
« BCVA worse than 20/60 and/or VF less than 20° (both eyes)

« Sufficient viable retinal cells (OCT showing >100 um thickness, = 3

disc areas without atrophy of pigmentary degeneration within the
posterior pole; or remaining visual field within 30° of fixation)

NICE

Optional for all
patients - 90%
received VN

20



Baseline characteristics Study 301 (ITT)

VN (n=21) BSC (n=10) Total (n=31)
A Mean (SD) 14.7 (11.8) 15.9 (9.5) 15.1 (10.9)
ge

Range (min, max) 4-44 4 - 31 4-44
Sex Male, n (%) 9 (43%) 4 (40%) 13 (42%)

White 14 (67%) 7 (70%) 21 (68%)
Race, n (%) Asian 3 (14%) 2 (20%) 5 (16%)

Black/African

American 2 (10%) 0 (0%) 2 (6%)

United States 17 (81%) 6 (60%) 23 (74%)
Country, n (%)

Other* 4 (19%) 4 (40%) 8 (26%)

VA (Mean [SD]) ] ] n/a
Baseline visual

VF (Mean [SD]) ] ] n/a
outcomes

MLMT (Mean [SD]) ] ] n/a

FST (Mean [SD]) ] ] n/a
Abbreviations: BSC, best supportive care; FST, full-field light sensitivity; MLMT, multi-luminance mobility test; SD,
standard deviation; VA, visual acuity; VF, visual field; VN, voretigene neparvovec
Interpretation of baseline measures: VA, smaller values indicate better acuity; VF, higher values represent larger fields
of vision; MLMT, lower light levels are associated with higher scores; FST, smaller values indicate better sensitivity




Baseline characteristics Study 101/102

Study 101 Study 102

Low Dose Middle Dose Total Total
[ ] (N=12) (N=11)
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Baseline characteristics for RPE65 NHXx
(natural history study)

Parameter/Category/Statistic RPEG65 NHx (n=70)
Early onset severe retinal dystrophies 4 (5.3)
Clinical diagnosis, n%  |LCA 42 (55.3)
‘n=76 Retinitis Pigmentosa 6 (7.9)
Other 32 (42.1)
Mean (SD) 15 (11.8)
Age
Range (min, max) 1-43
Sex, n (%) Male 28 (40%)
White 47 (67%)
Race, n (%) Asian 2 (3%)
Black/African American 14 (20%)
Not Hispanic or Latino 58 (83%)
Ethnicity, n (%)
Hispanic or Latino 9 (13%)

NICE 23



ERG’s comments on clinical evidence

Small evidence base, trials only recruited patients with LCA who may have a worse prognosis

Population Unclear if evidence is generalisable to UK clinical practice
Quality of  101/102 dose escalating study, under-powered to evaluate clinical efficacy outcomes
Evidence « RCT 301/302: subject to high risk of bias due to small population size
» Limited baseline characteristics reported —clinical diagnosis of patients not included
_ » Differences in baseline characteristics (including age) — impact on treatment outcomes is yet
Basseliney not understood; not considered to demonstrate a clear bias
fchsa;?s:@"ﬂ « Baseline differences in MLMT, VA and VF between arms; more patients in the VN arm (19%)
301/302 able to pass MLMT at 4 lux than the BSC arm (10%), but improved VA and VF in control arm
« Company unable to adjust for baseline visual performance due to sample size — uncertainty in
the true treatment effect
Primary endpoint:
« MLMT change scores are capped at the lowest light setting, may underestimate mean change
« Uncertainty in the threshold for a clinically meaningful change (1 lux)
« Change in light level may be less sensitive than the change in the time to complete the test for
assessing functional vision
Secondary endpoints:
Outcomes VA, VF and contrast sensitivity are relevant outcomes but have limitations and considered

unreliable due to inter-test variability.
* Do not capture characteristic features of the condition (night blindness)
» Adapted VFQ removed items related to HRQoL, not an appropriate measure of HRQoL. No
HRQoL or PRO data available for carers
Variations in timepoints reported for outcomes: no clear reason for longer follow-up data for
VA, MLMT, and VF (301/302) and FST (101/102)

Abbreviations: HRQoL, health related quality of life; LCA, Leber’s congenital amaurosis; MLMT, multi-luminance mobility test; PRO, ; RCT,
randomized controlled trial; VA, visual acuity; VF, visual field; VQF, Visual Function Questionnaire




Measurement of study outcomes (1)

Multi-luminance mobility test (primary endpoint)

Procedure

e MLMT measures functional vision at
specified light levels:

Examples

Moonless summer night
Outdoor parking lot at night

Bus stop at night

Inside of illuminated office stairwell
Interior of shopping centre at night
Interior of a lift, or office hallway
Office environment or food court

« Patients get a score for the minimum light
level they can pass

« Patients are tested at 2 or more lighting
conditions for each eye and then with both
eyes open

« Lower light levels are associated with
higher scores

NICE

Start

Clinical significance

The test relates to visual field (area that can
be seen when the eye is directed forward,
including peripheral vision) and light sensitivity

« The company notes that ‘MLMT bypasses

surrogate markers of vision and directly
demonstrates clinical benefit’

25
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Measurement of study outcomes (2)

Full-field light sensitivity threshold (FST) testing (secondary endpoint)
* Measures light sensitivity of the entire visual field to assess the effect of treatment on

nyctolpia (night blindness)

« Test calculates the minimum luminance at which the patient reliably perceives light

* More negative Log10(cd.s/m2) values indicate better sensitivity
« Clinically meaningful change: 10 dB or 1 log

Visual acuity (secondary endpoint)

* Measures sharpness or clarity of vision

» Assessed using the ETDRS test or the HOTV test
(young children) measured in LogMAR units

« If a patients requires letters that are twice as large or twice
as close as standard, the visual acuity is said to be 2

» Clinically meaningful change: change of LogMAR =0.3
Visual field (exploratory endpoint)

NCKZO.
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« Measures the area that can be seen when the eye is directed forward, including peripheral

vision and how sensitive your vision is within this area

» Patients indicate when they detect light moving from the periphery to the centre
« Goldmann kinetic perimetry testing considered most relevant for RPE65-mediated IRD

« Higher values represent larger fields of vision
« Clinically meaningful change: 20% change from baseline score



Clinical effectiveness — results

NICE
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Clinical effectiveness: MLMT

Study 301 and 101, year 1, ITT population; change score of 21
considered clinically meaningful)

BSC [n=10]

ATCETE chapge Difference (95% CI)

from baseline

MLMT score)

0.2 1.6 (0.72 - 2.41; p=0.0013)
0.2 1.7 (0.89 - 2.52; p=0.0005)
0.1 2.0 (1.14 - 2.85; p=0.0001)

Abbreviations: BSC, best supportive care; Cl, confidence interval; MLMT, multi-luminance mobility test; VN, voretigene

VN [n=21]
(mean change
ST from baseline
MLMT score)
Both eyes 1.8
1year 1st(worst)eye 1.9
2"d eye 2.1
neparvovec
Study 301

At 1 year, none of the patients in the BSC arm (0/10) were able to pass the MLMT test at 1 lux

compared to 63.2% in the VN arm

Study 101/102

73% patients were evaluated using a mobility test (became MLMT)
Mean change in MLMT score at 1 year was 2.6 (SD 0.56) and 2.4 (SD 0.46) - 100% (8/8)
patients demonstrated a clinically significant improvement of 21 light level

Maintained at follow-up at 4 years

28



Clinical effectiveness: MLMT scores over time
Study 302 (baseline to year 4, mITT, meaningful change 21 light level)

Year 3 MLMT Results (mITT)

ﬁ -
(1 luxy

5 -
(4 lux)y

4 -
(10 |ux)

Bllateral lux score

3 -
(50 lug)

7

B VN @ Delayed VN

Delayed VN treatment

(125lux) BL  Dso
D% D180

T 1 T T T
Y1 XDEC XY172

XDk oed Y3

Study 301——» Study 302 S

Year of follow up
Mean change

Original VN (n=20) Delayed VN (n=9)

from baseline 3

(SD) 4

Statistically significant
rapid improvement in
MLMT following VN
treatment in both original
and delayed arms
(p=0.0013)

Clinically meaningful
improvement (change =1
light level)

By year 3 60% original VN
(12/20) able to pass
MLMT at the lowest light
level and 89% (8/9)
delayed VN

N
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Clinical effectiveness: Visual acuity (VA)
Study 301 (1 year results, mITT, meaningful change LogMAR 20.3)

Mean change in VA (Holladay scale)
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Holladay scale
Small improvement in VA in the VN arm
compared to BSC at 1 year of 0.16

LogMAR (95%CI -0.41, 0.08; p=0.17) in the

ITT population
Not statistically significant
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1vyear

Results comparable to mITT population
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Mean change in VA (Lange scale)
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Da}-! 30 Da)-! g0 Day 180 1 yqlaar

Study visit

Lange scale

Post-hoc analysis which reduced variability as
a result of smaller off-chart changes

Mean difference of -0.15 was reported (95%ClI
-0.29, 0.00; p=0.047) in ITT population

Did not meet the company’s definition of a
clinically meaningful change (LogMAR =0.3)

Study 101: no statistically significant difference in change of VA between injected (-0.4233) and
uninjected (-0.1525) eyes from baseline to one year (p=0.10)
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Clinical effectiveness: visual acuity (VA)
Study 302 (baseline to year 4, mITT, meaningful change LogMAR 20.3)

037 Mean change in VA between baseline and 3 years
(Holladay scale; ITT population)
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Year of follow up Original VN (n=20) Delayed VN (n=9)

Mean change from
baseline (SD) using
Holladay scale [mITT
population]

-0.16 (0.34) -0.09 (0.22)
-0.16 (0.36) -0.06 (0.23)
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Clinical effectiveness: visual field (VF)

Study 301 (1 year results, ITT, meaningful change: 20% change from
baseline score)

Goldmann visual field lll4e

« Patients in the VN arm demonstrated an
improvement in VF (mean change 302.1°) whilst
patients in the control arm experienced a reduction
in VF (mean change -76.7°)

« Statistically significant difference in improvement
(378.7°) for VN compared to the control group
(p=0.0059)

 Clinically meaningful change

Humphrey VF

 Statistically significant difference in macular
sensitivity threshold between VN and BSC at 1 year
- mean difference of 7.9 dB (95%CI 3.5, 12.2,
p=0.0005)

* Improvements in Humphrey VF in the VN arm were
demonstrated by 30 days, and sustained until 1 year




Clinical effectiveness: visual field (VF)
Study 302 (baseline to year 4, mITT, meaningful change: 20% change

from baseline score)

NICE

* Improvementin VF also

seen after delayed VN
treatment
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Clinical effectiveness: Photosensitivity
Study 301/302 (1-3 years, meaningful change 10 dB or 1 log)

Study 301

« 2-log unit improvement was observed in mean full-field light sensitivity (FST) by Day 30
« Statistically significant difference in FST at 1 year (-2.11 log units; 95%CI -3.91, -1.04;

p=0.0004) for the ITT population

Study 302

« At 3-years, the effect of VN on FST
was maintained

* Improvement was above the
company’s defined threshold for
clinical significance (=1 log unit)

Mean VN Delayed VN
change in (n=19) (n=9)
white light

FST from

baseline at | ~2:04 (1.43) |-2.69 (1.41)
Y3 (SD)

FST testing [log10{cd.s/m?)]

for both eyes
.

]
L]
L

]
[ ]
L

n
(4 4]
L

B VN @ Delayed VN

Delayed VN treatment

U3

Study 101: Not all patients assessed for FST, but company report 57% of patients exhibited a
clinically meaningful improvement in FST. FST remains stable until final follow-up at 7.5 years

34




Clinical effectiveness: contrast sensitivity
Study 301 (1 year, ITT, meaningful change 0.3 log units)




Clinical effectiveness: visual function questionnaire

* No data was collected for patient or carers HRQoL using a validated measure (EQ-5D)

» Study 301/302 used a customised visual function questionnaire (VFQ)
 VFQ: higher scores indicate a reduction in the perceived difficulty of daily living activities

« Change of scores from baseline to Year 1 for VN and the control group were statistically

significant for patients || GG »=0.001) and parents | GG »=0.002)

ERG: Adapted VFQ removed items related to HRQoL

Patients adaptation to their surroundings could also contribute to their change scores but the

T T




ERGs comments on clinical effectiveness

MLMT

Treatment with VN was associated with a statistically significant improvement in MLMT
score (patients able to navigate at lower light levels)

All patients who received VN had a clinically meaningful change in MLMT score shown to be
maintained throughout follow-up to 4 years

Uncertainty around the meaningful change threshold set by the company

VN associated with clinically meaningful improvements in functional vision

Clinical advisors noted that MLMT outcome better suited to evaluating visual impairments in
this patient group compared to other measures of visual performance

1N
I (c2ds to uncertainty in the true size of effect

Visual
Acuity

VA (and VF) can be unreliable due to natural variations in visual function between tests
Changes in VA following treatment not clinically meaningful

Visual
Field

Clinically meaningful impact of VN on VF | G

Changes would be clinically significant in improving mobility and navigational vision

B (cads to uncertainty on VN's long-term effect on VF and VA

Cataract
surgery

Outcome include in NICE scope but not reported in CS

15% (3/20) of patients reported experiencing cataracts

Risk of cataract appears higher in VN arm compared to BSC

Insufficient evidence to determine if VN increases the risk for cataract surgery

Abbreviation:
fiald

CS, company submission; BSC, best supportive care; MLMT, multi-luminance mobility test; VA, visual acuity; VF, visual




Adverse events (AEs)

No deaths and no patients withdrew from any trials due to AEs

Treatment-emergent AEs: any AE occurring following administration of treatment,
irrespective of the frequency or whether this was deemed to be related to the study drug

Study 301: TEAEs were reported in 13/20 (65%) of patients in the VN arm in comparison
with 1/9 (11.1%) experiencing photopsia in the BSC arm

Study 302: The proportion of TEAES reported was similar between patients in the Original
(13/20; 65%) and Delayed VN (6/9; 67%) arms

Cataract 3/20 (15.0%) 4 0/9 (0.0%) 0
Elevated intraocular pressure |4/20 (20.0%) 3 0/9 (0.0%) 0
Retinal tear 2/20 (10.0%) 2 0/9 (0.0%) 0
Eye inflammation 2/20 (10.0% 6 0/9 (0.0% 0

to follow-up
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Serious adverse events (SAEs)

Study 301:
Study 302:

ERG:
VN is associated with an acceptable safety profile
No AEs were thought to be related to VN itself. However, the administration is associated

with a high risk of AEs
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Cost effectiveness — evidence

NICE
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Key issues for consideration
- cost effectiveness (l)

e Model structure

— The primary outcome (MLMT) of study 301/302 is not included in the model, and health states
are defined by VA and VF, are outcomes of importance for people living with the condition
captured in the model?

— Health states in the model are categorised according to AMA 2007 guideline (US). What is the
committee view on the appropriateness of using this guideline to classify health states for
people with RPE65 mediated IRD?

 Population: baseline health states distribution

— What is the most suitable source of data from which to apply baseline characteristics and
health state distribution? Study 301/302 alone or pooled with NHx65 natural history study?

 Long-term treatment effect of VN, what assumptions are considered appropriate
regarding:

— The duration of treatment effect; and
— The waning of treatment effect?
« HRQoL data for people living with RPE-65 IRD and elicitation methods for utility values:

— What is the committee’s view on the company'’s elicitation methods for valuation of health
states utilities? Does the committee consider that the HRQoL of people living with RPEG5

mediated IRD appropriately captured?
41



Key issues for consideration
- cost effectiveness (Il

Natural history of RPE65-mediated IRD, what is the committee’s view on;

— the long-term outcomes for patients living with the condition (treated with either VN or
BSC)?

— the generalizability of the natural history study RPEG65 NHXx to patients living with RPEG5-
mediated IRD in the UK?

Children and young people:
— Population contains children and young people, any additional considerations required?
Equality:

— Should any further adjustment be made to the process or methods taking into account
RPEG65-mediated IRD as a disability?

Implementation:

— With the roll-out of genetic testing across the country, what considerations should be taken
into account in terms of service provision/specification should VN be recommended?
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Markov state transition

Company's modelling "
approaCh st?::ture Split into initial stage (1

year) and long-term phase

Average vision based on VA
From all states g Death RO E1GEY and VF; the worst of either
VA or VF in each state

Discounting KRV

ST T Y- Il NHS / PSS

Profound VI

(/AR One year

LR le)gvLe]iR Lifetime (85 years)

\\NLP ERG:
A « Use of average vision is appropriate
* Improvement in VA or VF not primary

fear 1 only All years outcome (MLMT) of clinical trial
Abbreviations: CF, counting fingers; HM, hand motion; * Large number of health states for a
LP, light perception; MLMT, Multi-luminance mobility small sample size with limited number
test; NLP, no light perception; PPS, Personal Social of transitions (less robust estimation of
Services; VA, visual acuity; VF, visual field; VI, visual transitions)

impairment



Evidence sources and assumptions

Assumption and adjustments

Population » Reflects the ITT population of study 301 (mean age 15.1 years, 43% male)
* Health state distribution based on year 1 trial data - original intervention arm
Health « 5Salive” & 1 “absorbing - death” states
states » Defined on 2007 American Medical Association guideline (worst of VA or VF)
Initial phase |* Transitions based on Study 301 (original intervention arm only)
« Patients may move to either better or worse health states
Long-term « After year 1, model allows for progressive only transitions
phase « Parametric multi-state model (MSM) models risk of moving between health states
(MSM) varying over time
« VN arm: Duration of the treatment effect persists for 40 years (transitions to death
only) 10-year waning period (41-51 years) implemented — long-term efficacy of VN
decreases from 100% to 25% (patients follow the natural history model projections)
« BSC arm: data from the natural history study (RPE65 NHXx) are fitted to the MSM
model
HRQoL « Patients: derived via an expert elicitation exercise (Lloyd et al 2019)
« Carer: disutility (0.08) applied from Wittenberg et al. 2013 to HS2-5 for <18, half 18+
Adverse « Disutilities for 3 AEs applied as one-off QALY loss at the time of VN from NICE
events NG82 Age-related macular degeneration
Resource « Administration of VN (including surgery and immunomodulatory regime)
use & costs |« Long-term resource use (hospitalisation, vision rehabilitation, residential care)
Mortality * Visual impairment is associated with increased risk of mortality
 HR from Christ et al. 2013 applied to background mortality estimates (ONS)




Population: baseline distribution

Study 301/302 used to inform the baseline characteristics (mean age 15.1 years, 42% male)
and distribution of patients at baseline by health state

Company scenario analysis uses baseline health state distributions from RPE65 NHx (Chung
et al. 2018)

Study 301/302 Company i
=21) (n=68) base-case
30% (3 ) 19% (4)| | 23% (7) 57% (39) || o oot
HS2 (Severe Vi) 40% (4) 29% (6)| = 32% (10) 20% (20) | 20V
HS3 (Profound VI) 10% (1) 29% (6) 23% (7) 6% (4)

HS4 (CF) 10% (1) 24% (5) 19% (6) 4% (3)
HS5 (HM, LP, NLP) 10% (1) 0% (0)]_ 3% (1) 3% (2)
Abbreviations: BSC, best supportive care; CF, counting fingers; HM, hand motion; LP, light perception; ERG base-
NLP, no light perception; VI, visual impairment; VN case pooled
ITT and
NHx

ERG: Only patients with LCA included in clinical effectiveness
« LCA and RP grouped for cost-effectiveness, fits the MA population and is appropriate
* Less severe population in RPE65 NHx: (87% in HS1 or HS2 vs. 55% in the ITT population

of Study 301/302)

» Difference in mean age between treatment arm (14.8 in VN vs. 15.9 in BSC) may have an
effect on treatment outcomes and adds to uncertainty of VN treatment effect

 ERG prefer to use a pooled average of patient characteristics from Study 301/302 and the
RPEG65 NHx study to increase sample size and generalizability (mean age 15.0, 41% male) | 45



Health states in the model: VA and VF

The model comprises 2 phases:

Initial phase: (from baseline to Year 1)
« Model transitions derived from Study 301/302

Long-term phase: (from Year 1 onwards)
* Model transitions based on data from the natural history study (RPE65 NHx, Chung 2018)

Health o
tate Description
s VA (LogMAR) VF (degrees, °)

Moderate visual impairment VA>1.0 240 < VF £ 360 __

Severe visual impairment 1.0<VA<14 144 < VF < 240 RNIB: all

Profound visual impairment 1.4 <VA<18 48 <VF <144 ~— patlgqts
classified

Counting fingers 1.8<VA<3.0 0<VF <48 as blind

-

HM, LP, NLP VA < 3.0 or HM, LP, orNLP -

Abbreviations: HM, hand motion; HS, health state; LP, light perception; NLP, no light perception;
RNIB, UK Royal National Institute of Blind People; VA, visual acuity; VF, visual field oo
*  LU-0IT poInts petween nediin states were aerivea using £Zuus/s American ivieaical ASSsoclation

(AMA) guidelines

* AMA chosen over RNIB as they provide clear numerical cut-offs which avoids ambiguity 46



Health states in the model: MLMT and FST

Company’s model reports the average MLMT and FST scores by health state to

provide an illustration of how the score changed over the modelled time horizon

The company assumed:

» All observations were used for patients who had received VN in study 301/302

» All observations were used for patients who had not had VN (including baseline
data) for study 301

iy e vt vz s st |
Trial arm
outcome
3.91 2.84 3.29 1.86 -1.00
MLMT
VN 5.92 5.08 4.62 -0.29 -1.00

BSC -1.61 -1.67 -1.42 -1.26 -1.19

FST
VN -4.15 -3.20 -2.56 -1.34 -1.19

ERG:

« BSC are based on relatively earlier observations (as capped at year 1)

« The observations for the VN arm may be lower than those for the BSC arm

« No adjustments made to account for repeated measures within patient groups

NICE
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Transition in the model: initial phase

Transitions: calculated based on data from Study 301 at baseline and 1-year follow-up
No patients in HS5 at baseline. When patients are in health states with no transition data:

1) Base case: Patients move the same number of health states as those patients in the next

least severe health stat ' isi
east severe nealtn state | worsening vision

2) Sensitivity analysis: Patients remain in the same state at Year 1 ™ improving vision
VN BSC
To To

HS1 | HS2 | HS3 HS4 | HSS HS1 | HS2 | HS3 | HS4 | HSS

HS1 | 100% | 0% | 0% 0% | 0% HS1 | 100% | 0% | 0% | 0% | 0%

E | HS2 | 83% | 17% | 0% 0% | 0% § | HS2 | 25% | 50% | 0% | 25% | 0%

= | HS3 | 50% | 50% | 0% 0% [0% | &= |HS3|0% |0% | 100% | 0% | 0%
HS4 | 50% | 0% | 25% 25% | 0% HS4 | 0% | 0% | 100% | 0% | 0%

HS5 | 0% | 50% | 0% 25% | 25% HS5 | 0% | 0% | 0% 100% | 0%

Some transitions are associated with 0% but are possible in clinical practice

The company considered two alternative approaches to account for these in scenario analyses:
adjusted TP (state-dependent)’ and ‘adjusted TP (state-independent)

ERG:

Using data from the original and delayed intervention could have increased sample size,
informing more transitions

Unnecessary to adjust outcomes at 1 year (twelfth-cycle correction) as data available at day 30
Some transient transitions after the first year in study 302, ERG satisfied these were temporary



Transitions in the model: long-term phase

Long-term projections for the BSC arm
removing the impact of mortality

Transitions after Year 1 based on
parametric multi-state model (MSM)

MSM fitted to data from the RPEG5
NHx study (n=70)

MSM specified as ‘progressive
only’ (patients not allowed to ‘improve’
health states)

Transitions to ‘dead’ health state
not captured by the MSM

Five state Markov MSM fitted based on
exponential, Weibull, Gompertz,
log-logistic, and log-normal distributions

Markov MSM assumption: the probability
of movement to another state is
dependent on the time since model entry

Weibull MSM selected as base case
on visual inspection and statistical fit

Transition rates converted to
probabilities using matrix algebra
logic by Jones et al 2017

100%

90%

80% -~

70% -

60% A

50% A

40% A

Proportion of patients

30% -~

20% A

10% A

0%

0 10 20 30 40 50 60 70 80 90
Time in long-term phase

HS1: Moderate VI = HS2: Severe VI m HS3: Profound VI mHS4: CF mHS5: HM/LP/NLP

ERG:

Study 101/102 shows longer-term changes in
VA/VF, but no criteria for sufficient retinal cells,
not all patients received licensed dose
Limitations associated with the RPE65 NHx study
but use of the data is appropriate

Small number of patients (n=2) omitted from
RPEG5 NHx study without explanation

High number of transitions for small sample size;

MSM is overly complex and may ‘over fit' data 44



ERG’s comments on the MSM

« MSM implemented correctly but projection of longer-term outcomes remains a key
limitation of the company’s model

« Cox-Snell residual plots do not provide clear evidence of the best fitting model

« Markov assumption may not hold — but small sample size limits the ability to validate
assumption

« Extrapolations have not been validated and appear to conflict with the company’s
statements on long-term natural history outcomes;

o “RPE65-mediated [IRDs] cause progressive vision loss, leading to near-total
blindness as early as preschool years or as late as the third decade of life.”

Using the company’s MSM model:
o Patients remain in the less severe health states beyond the age of 30
o After 15 years 10% of patients in HS1 have not progressed to HS2 or beyond

o Substantial proportion of patients do not experience “near-total blindness” by
30

NICE
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Long-term treatment effect

The effect of VN modelling in four key time points following treatment:

* 1 month: the effect of VN is assumed to fully apply

« 1 year: full effect of VN as measured in Study 301/302

» 41 years: full effect of VN ceases to apply, treatment effect starts to wane

« 51 years: ‘waning’ period ends, residual treatment effect applied henceforth

Company: 40-year treatment effect represents a reasonable midpoint between the absolute
minimum (7.5 years of follow-up data with no loss of efficacy) and potential maximum (lifetime
treatment effect of around 70 years)

ERG:
* Long-term effect plausible and aligned with the current evidence available for VN
but uncertain

* Not possible to know if treatment effect will persist over the lifetime of patients

* 10-year treatment waning period from 100% to 25% not based on any biological
rationale

» 25% residual treatment effect is arbitrary

NICE
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Mortality

Mortality data taken from general population life tables for England and Wales (ONS)

The probability of death was based on the mean baseline characteristics (age and sex), and
an applied health state-specific mortality effect (in the form of a hazard ratio [HR]) from
Christ et al 2014

Mortality multipliers (HRs):

o HS1-1.08

o HS2, HS3, HS4, HS5 - 1.18

Limitations to Christ et al 2014 include:

— based on a population aged 65 to 84 years, conducted between 1993 and 2003
— HRs are based on a comparison to a population with perfect vision

— not possible to distinguish between health states

ERG:

Agree that mortality should be captured separately to the transitions between living
health states

Disagrees that the model health states are associated with an increased risk of death
No deaths occurred in any study included in the evidence base
Christ et al includes a population substantially different to the scope of this appraisal

NICE
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HRQoL: company’s utility values

No data were collected regarding patient or carer Utility values from company's

HRQoL and no further data identified elicitation exercise (Lloyd et al 2019)

No mapping function or validation for the amended TPy N 0]k EQ-5D-5I

VFQ completed in Study 301/302 state mean (SD) mean (SD)

6 clinicians assessed a series of V|gnette§ ’Fo HS1 0.52(0.16) 0.71 (0.09)

produce a proxy valuation in terms of their impact

on standard generic HRQL instruments (HUI3 and HS2 0.36 (0.11)|  0.62(0.04)

EQ-5D) for each of the health states described HS3 0.22 (0.10)] 0.52(0.07)

'E”(;thkade' - R HS4 0.14 (0.09)|  0.35 (0.06)

- nown to have poor convergent validity

when used in visual disorders but HUI3 contains a HS5 -0.04 (0.07) OASH@1T)

vision component » Company
base case

ERG: Lack of patient-reported values for patients treated with VN is a key limitation

« Severe methodological issues with proxy elicitation:
— Limited number of respondents
— Clinicians may only focus on issues related to vision loss
— Completing ‘best health state’ first may lead to potential capping of utilities

« Lack of validity: values given do not match patient experience described by ERGs clinical
advisors and negative utility value for HS5 unlikely as patients adapt to deteriorating vision

 Ultility values for vision loss in previous NICE submissions:
— Lowest: between 0.26 and 0.548
— Alternative definitions of blindness would include several of the company’s health states |5,



HRQoL: valuation of modelled health states
based on Rentz et al. 2014

ERG:

* Values used in previous
NICE submissions from
Brown et al 2000 and
Brown et al 1999 showed
worst health state to be
positive and higher than
company’'s HUI3 values

* Notes that the utility values
should not reflect only VA

Health
state
HS1
HS2
HS3
HS4
HS5

 Rentz et al. 2014 identified by the ERG
« 607 members of the general public (international) were asked to perform time-trade-off for

8 health states with varying degrees of vision problems

Rentz et

al. 2014

(n=607)
0.717

0.624
0.530
0.437
0.343

Rentz et al.
(UK only,
n=152)

0.687

0.581
0.476
0.370
0.264

case

HS5 matched to
penultimate worse
health state (n=607)

0.717

0.638
0.560
0.481
0.402

« ERG compared descriptions of health states given by the company to those used in the

time-trade-off exercise

« HS5 assumed to be equivalent to the worst health in the Rentz et al 2014 study
» Results are imperfect but are described via functional vision problems not just linked to VA

NICE

, ERG base
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Adverse event dis-utilities

Dis-utilities for AEs applied as one-off QALY loss at the time of VN treatment
QALY loss for each AE:
utility decrement x the duration x proportion of patients in Study 301/302

Adverse event dis-utilities from NICE Guideline 82 - Age-related macular degeneration
* increased intraocular pressure assumed to be the same as uncontrolled/severe glaucoma

Company scenario: additional disutility of 0.1 applied to all patients for 1 month to account
for discomfort or inconvenience associated with the administration procedure

Event in original Utility decrement | Duration (months) | Proportion of patients
intervention arm

Cataract 0.14 15%
Eye inflammation 0.30 3.6 10%
Increased intraocular 0.10 1.0 20%
pressure®

ERG:

« Company’s approach broadly acceptable
» Disutility for eye inflammation appears large, considering the relatively low health-state
utilities

NICE 55



Carer disutility

» Wittenberg et al. 2013 (systematic

review original source Kuhlthau et al. Health Carer disutility

2010) found parents of children with te? School |Working age | Retirement

activity limitations have a 0.08 lower State aqge (<18 18-65
0 0 0

EQ-5D score than parents of children
) AL HS1
without activity limitations

: o HS2 0.08 0.04 0.04

« Applied as a carer disutility to
individuals in the four most severe HS3 0.08 0.04 0.04
health states up to the age of 18 HS4 0.08 0.04 0.04
« Disutility for carers of adults with HS5 0.08 0.04 0.04

RPEG65-mediated IRD is half that of
carers of children

ERG:

« School age child would typically have more than one caregiver, multiplied by 1.78 (the mean
number of parents in a household)

« Updated review included a UK study (Al-Janabi et al. 2016) presenting a matched-pair
analysis of caregiver utilities versus non caregivers

 Disutility of 0.041 from Al-Janabi et al. 2016 applied in ERG’s preferred base case
« Carer disutility applied in all modelled health states in ERG’s preferred base case

NICE 56



Resources and costs — one-off costs

Costs in the model fall into two categories:

» One-time costs (first model cycle), or; — _ _
« Long-term resource utilisation VN acquisition (list price) £613,410

Administration

One-time costs Surgery £2,269.80
Prior to treatment genetic testing is required to Immunomodulation £173.37

identify patients with an affected RPEGS5 gene,

as well as the retinal cell assessment to ensure Eligibility testing £120.48
patients have sufficient retinal cells Monitoring £457.83
Adverse events £160.50

If treatment is appropriate administration costs
include the cost of two surgeries for children
(65%) and adults (35%)

An immunomodulatory regimen (prednisone) is required prior to surgery. Cost are based on
the average patient weight and number of days between surgeries from Study 301/302

Following VN treatment 4 monitoring outpatient visits including optimal coherence
tomography (OCT) are required

The cost of resolution of adverse events (cataracts, eye inflammation and increased
intraocular pressure) is also included in the first model cycle



Resources and costs — long-term costs

Long-term resource utilisation

Based on the resource utilisation of patients who are blind according to RNIB guidelines (HS2-
HS5). Patients in HS1 are assumed to accrue half of the costs for the other health states (as an
unknown proportion are not considered blind)

Patients are divided to three distinct age groups consisting of school-age (< 18 years old),
working-age (between age 18 and 65 years) and retirement-age (>65 years)

Healthcare resource
utilisation

School age (<18) | Working age (18-65) | Retirement age (>65)

Hospitalisation £16 £32 £16 £32 £16 £32
Low vision rehabilitation £7 £13 £7 £13 £7 £13
Low vision aids £31 £61 £31 £61 £31 £61
Depression £245 £490 £245 £490 £490 £979
Residential care - - - - £6,880 £13,759
Community care - - - - £273 £546

ERG: costs associated with depression removed from ERG base case as
NICE  unlikely to be reflective of a population who are legally blind from an early age
compared with other visual conditions
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ERG’s comments on resources and costs

Overall

ERG agrees with the company’s approach to including costs

One-
time
costs

Administration

Company did not account for the cost of ‘very complex
procedures’ in adults, when included gives a (reduced) cost per
administration of £1,960

Study 301/302 may not be entirely representative of the UK
population so immunomodulatory costs may be underestimated.
However, immunomodulatory costs do not have a large impact on
the ICER

Eligibility * Genetic testing is expected to become standard in NHS practice
testing * Appointment should be consultant-led (increased cost)
Monitoring * Monitoring visits would be expected to be performed in an

outpatient setting (company uses overall currency code)
Adverse « ERG agrees with application of AEs

events (AE)

AEs costs may be underestimated but the total cost of resolving
adverse events is small, and so increasing the costs would have a
negligible effect on the ICER

Long-term costs

Estimates are based on assumption as the identification of
medical resource utilisation for patients with RPE65-mediated
inherited retinal dystrophies is difficult

Cost adjustments should not be included in the model 5




Discount rate

Base case
3.5% discount rate for costs and outcomes (QALYS)

Scenario
1.5% discount rate for costs and outcomes (QALY's)

NICE guidance states a 1.5% discount rate can be considered if:

« treatment restores people who would otherwise die or have a very severely impaired life to
full or near full health

» treatment effect is sustained over a very long period (normally at least 30 years)

» the technology does not commit the NHS to significant irrecoverable costs

ERG:

Discount rates of 1.5% may be appropriate to consider:

» Clinical evidence suggests benefits may extend beyond 30 years, however this remains
unproven

* VN requires the NHS to commit significant, irrecoverable costs as a ‘one-off’ gene
therapy

NICE
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Cost effectiveness — results

NICE

61



Company base-case (with PAS)

Total

Deterministic company base-case

BSC £46,473 25.46 3.6 - : _ _
VN e 25.50 10.7 | 0.04 7.7 R

Abbreviations: LYG, life years gained, QALY, Quality-adjusted life year; ICER, Incremental cost-effectiveness
ratio

Probabilistic company updated base-case QALYs ICER

VN vs BSC 10,000 simulations

At clarification stage, the company noted an error in their original MSM analysis
Company provided updated cost-effectiveness results and an updated cost-effectiveness
model

NICE 62



Costs by health state per patient (including
PAS)

» Difference is driven primarily by VN costs

* In BSC arm, the majority of total costs relate to healthcare resource utilisation

» Greatest proportion of costs are incurred in HS5 (worse health state)

Resource use Cost (£) Cost (£) |Incremental| Absolute %
(BSC) (VN) costs (£) cost Absolute
increment | increment
I

Acquisition,

administration and 0o 1 e e

monitoring

AEs £0 £146 £146 £146 TR

Total healthcare

resoUrce Use £46,473 £39,648 -£6,824 £6,824 1R
HS1: Moderate VI £661 £7,810 £7,149 - -
HS2: Severe Vi £1,804 £12,686 £10,882 - -
HS3: Profound VI £5,248 £10,032 £4,785 - -
HS4: CF £5,715 £6,712 £997 - -
HS5: HM, LP, NLP £33,046 £2,408 -£30,638 - -

Total £46,300 1N e e 100%

Abbreviations: AE, adverse events; BSC, best supportive care; CF, counting fingers; HM, hand motion; LP, light
perception; NLP, no light perception; VI, visual impairment



Company’s uni-variate deterministic
sensitivity analyses (with PAS)

Abbreviations: ICER, incremental cost effectiveness ratio; HS, health state; VA, visual acuity; VF,
visual field

Many of the influential parameters are associated with the long-term multi-state
survival model; result should be treated with caution as highly correlated parameters




Company’s scenario analyses (with PAS)

% change
Incremental|Incremental

case ICER
N 706 N 0%
I 1232 -43%
N 717 A -2%
I 6.14 N 15%
I 690 N 1%
I 691 N 2%
I 741 N -5%
N 6905 N 2%
I 6.58 N 8%
N 570 N 25%
I 6.54 N 9%
I 735 -5%
I 717 A -2%
I 6.14 N 15%
Log-normal multistate model distribution e 6.61 |1IGN 6%
N 710 -1%
I 645 1IN 9%
N 509 N 38%
I 646 N 9%
N 706 N 2%



Company cost-effectiveness curve (with
PAS)

Probability of VN being cost-effective is | G




Summary of the ERG's preferred base case (I)

(0£- 1 [-To [o VAR 07011 1 | ER VAR o - EL- N T1- B8 ERG’s base case

Reason for change

Baseline e |TT population of e Pooled populations e Largest possible sample size
health Study 301/302 of Study 301/302 |e No reason why values would
state and RPEGS NHx differ substantially
occupancy
Transitions | e Original intervention |[e Original e Largest possible sample size
(VN) arm only (*no intervention and e Informs otherwise “unobserved”
crossover”) delayed transitions
|Ttervent|on”arms e No clear rationale for difference
(‘crossover’) in treatment effect for original
intervention and delayed
intervention patients
Duration of | e Duration of treatment [e Duration of e Treatment effect is unnecessarily
treatment effect (40 years) treatment effect complex
effect e Waning period (10 (40 years) e No clear evidence for why
years) e Remove waning company’s approach is more
e Residual effect period and residual appropriate than a simple
(25%) effect duration
Utility e HUI3 values based |e Basedon e Company values lack validity
values on vignette study by published study by |e |ssues with the study design
Acaster and Lloyd Rentz (2014) e Does not meet the NICE
reference case 67




Summary of the ERG's preferred base case (ll)

(0221 [-To [T a VA %6111 [ EVACH  EET- N T1- B ERG’s base case

Reason for change

Assumes 1 carer per
patient

Average number of
carers per child
(1.78)

Remove carer
disutility for adults
Applied for all
patients in HS1

Cost of e GP appointment for e Outpatient e Given specialist nature and high
resolving eye inflammation and ophthalmologist cost of therapy, added to
AEs increased |IOP potential risks
Medical e For missing values, e Remove depression [e Depression costs are based on
resource assume 50% for costs sight loss in later life, as
use costs children or working e Set HS1 costs to be opposed to lifelong sight loss
age adults, and the same as HS2to |e No clear rationale for why HS1
assume 50% for HS1 HS5 costs lower thatn HS2 to HS5
Mortality |e Apply mortality e Remove mortality e Mortality multipliers derived
multipliers for HS2 to multipliers based on a substantially
HS5 based on Christ dissimilar population
(2014) e No deaths in Study 301/302 or
RPEG65 NHx study
Carer e Disutility from e Disutility from Al e Amended source reflects UK
disutility Kuhlthau (2010) Janabi (2016) population

Adjusts disutility to account for
multiple carers per child

68




ERG’s cost-effectiveness results (l)

Analyses include PAS discount for VN

Each change varied independently

Arm Costs QALYs | Inc. Costs | Inc. QALYs ICER A ICER
Company’s base case

BSC £46,473 3.6

VN B 0o/ Il 7.1 B
Error corrections

BSC £46,473 3.6

VN B 0o/ Il 7.1 B
Cost of resolving adverse events least outpatient ophthalmologist consultation

BSC £46,473 3.6

VN B 0o/ Il 7.1 B
Change application of medical resource use (remove depression, equal by health
states)

BSC £33,608 3.6

VN B 07/ I 7.1 B
Remove mortality multipliers

BSC £48,699 3.6

VN B o/ I 7.1 B




ERG’s cost-effectiveness results (ll)

* Analyses include PAS discount for VN
« Each change varied independently

Arm Costs QALYs | Inc. Costs | Inc. QALYs ICER A ICER
Amend application of carer disutilities

BSC £46,473 4.5
VN I 109 N 6.5 I ]
Pooled baseline health state occupancy

BSC £46,034 4.5

VN I 115 7.0 I ]
Use of crossover transition probabilities

BSC £46,473 3.6

VN I 102 N 6.6 I ]
Removal of waning period and residual treatment effect

BSC £46,473 3.6

VN . 105 6.9 I I
Alternative utility values

BSC £46,473 11.5

VN R 165 5.0 I I




ERG's preferred base case (with PAS)

Total Incremental
ICER
Costs QALYs Costs QALYs
Company base-case
BSC £46,473 3.6 - - -
VN e 10.7 e 7.1 e
ERG preferred base-case (all changes combined)
BSC £35,731 12.9
VN e 16.9 e 4.0 e

LYG: life years gained, QALY: Quality-adjusted life year; ICER: Incremental cost-
effectiveness ratio

« ERG’s preferred base-case, with all changes combined gives an increased ICER

« Change associated with the largest impact on the ICER is use of alternative utility
values

NICE
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ERG exploratory analyses

The ERG conducted a number of exploratory and sensitivity analyses to establish the impact of
alternative assumptions and settings on the cost-effectiveness results:

Duration of treatment effect

1. Threshold analysis to determine the relationship between the duration of treatment effect for
VN and the ICER

2. Institute for Clinical and Economic Review (ICER) duration of treatment effect settings - 10
years treatment effect and 10 years waning period

Medical resource use

3. Remove all healthcare resource use costs

4. Using the company base case resource use

Utility values

5. Use UK utility values (based on Rentz et al. 2014)

6. Use higher utility values (based on Rentz et al whole population)
Baseline characteristics

7. ITT population from Study 301/302 (n=31)

8. RPEG65 NHx population (n=68)

NICE 72



ERG exploratory analysis: threshold analysis
on the duration of treatment effect

Threshold analysis varying the duration of treatment effect (including PAS)

NICE



ERG’s exploratory analyses (with PAS)

Arm Costs QALYs Inc. Costs Inc. QALYs ICER
ERG’s preferred base case (all changes combined)

BSC £35,731 12.9

VN e 16.9 e 4.0

Duration of treatment effect per Institute for Clinical and Economic Review analysis

BSC £35,731 12.9

VN 15.0 2.1

Remove all healthcare resource use costs

BSC 12.9

4.0

Im
S

VN 16.9

Use company-preferred healthcare resource use costs

BSC £48,254 12.9

VN 16.9 4.0

®
»
=

Q

»

®
QI
o

3

2

UK utility valu entz et al. 2014)

BSC £35,731 11.4

VN 15.9 4.5

Alternative (higher) utility values (based on Rentz et al. 2014)

BSC £35,731 13.8

VN 17.1 3.3

Baseline characteristics derived from Study 301/302

BSC £35,667 12.4

VN 16.5 4.1

Baseline characteristics derived from RPE65 NHXx

BSC £35,773 13.1

/N 17 0O 20




ERG Summary

Several areas of uncertainty remain:
Long-term treatment effect of VN

» The treatment effect of VN has limited follow-up of 7.5 years, the effect of VN beyond this
period is unknown

» 40-year duration of treatment effect is assumed in the company base case. This assumption
is maintained in the ERG’s base case due to the lack of a more plausible estimate.

Health-related quality of life
* No patient-reported values available for VN treatment
« Considerable uncertainty around the impact of treatment on patient

 ERG believes the values used in the company submission are unsuitable but unclear on the
most suitable values to use in the economic evaluation

Natural history of RPE65-mediated IRD

» Use of the natural history study to inform the long-term outcomes for patients with RPE65-
mediated IRD receiving BSC is appropriate

«  MSM requires the estimation of 11 parameters for n=35 transitions observed for n=68
patients. It is overly complex and likely “over fits” the available data

NICE 75



QALY weighting

 For ICERs above £100,000 per QALY, recommendations must take into
account the magnitude of the QALY gain and the additional QALY weight
that would be needed to fall below £100,000 per QALY

« To apply the QALY weight, there must be compelling evidence that the
treatment offers significant QALY gains

NICE

Lifetime incremental
QALYs gained

Less than or equal to 10 1
11-29 Between 1 and 3 (using equal
incr.)

Greater than or equal to 30 3

76



QALY weighting

To apply the QALY weight, there must be compelling evidence that the treatment offers
significant QALY gains:

Deterministic Incremental QALY Incremental QALY | ICER with PAS

analyses gains - undiscounted | gains - (per QALY gained)

discounted
Company base
ERG preferred

Company base case incremental undiscounted QALY's: 20.3

ERG preferred base case incremental undiscounted QALY's: 12.1

ERG most optimistic scenario incremental undiscounted QALYS (using UK utility
values from Rentz et al. 2014): 13.6

ERG most pessimistic scenario incremental undiscounted QALYS (assuming duration
of treatment effect as 10 years from the ICER analysis): 4.4

NICE



Budget impact analysis (with PAS)

Company estimated market share

Year % of existing patients treated per year
Year 1 3%
Year 2 29%
Year 3 29%
Year 4 29%
Year 5 10%

I N TS TN T N T
Annual budget  EupypIRee £42 587 £44.343 £46.173 £48.067
(without VN)

Annual budget
(with VN) . I N I I I

ERG:

« The company BIA assumes a large number of existing patients would wait several years
before being treated as their vision would deteriorate substantially within this time

» Higher numbers of patients treated earlier on would cause VN to exceed £20 million of sales
in its first year of availability; at the PAS price this would be ] patients per year.



Impact of the technology beyond direct
health benefits

Costs to patients and carers

Home adaptations, additional educational costs due to vision impairment, and time taken to
care for patients, these are not captured in the economic modelling

Government costs
Social security benefits included in the model as:

« School age costs £8,938.73, consisting of education cost, carer’s allowance, and Personal
Independence Payment

« Working age costs £2,026.95 — no education costs, employment and support allowance,
universal credit added, blind person’s tax allowance added

« Retirement age £1,956.40 - no employment and support allowance, but universal credit,
and blind person’s tax allowance, addition of attendance allowance and pension credit

Productivity loss
Caregiver productivity losses: mean 11.9 hours per week ~ £7,000 per year

Patient productivity losses (for patients 18-65 years) — using data from the RNIB - 50%
reduction in the employment - £13,000 in Health States 2 to 5 (half HS1) — linked to the UK
average weekly earnings

ERG:
Scenario analysis of governmental perspective reduced the ICER by | per QALY 79



Equality
» Population: protected characteristic of disability under the Equality Act 2010

— Disability: a person is disabled if they have a physical or mental impairment which
has a substantial and long-term adverse effect on their ability to carry out normal
day-to-day activities

* Non-uniform distribution of RPEG65 mutations between different ethnic groups with
prevalence highest in South Asian population

* High unmet need as no treatment available

Innovation

The company considers VN an innovative treatment because:
» First licensed medicine for the treatment of RPE65-mediated IRD
« First randomised Phase 3 gene therapy trial for a genetic disease

» Potential to advance the broader field of gene therapy

NICE
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Factors affecting the guidance

* In forming the guidance, committee will take account of the following factors:

Nature of the condition Clinical effectiveness

« Extent of disease morbidity and « Magnitude of health benefits to patients and
patient clinical disability with carers
current care « Heterogeneity of health benefits
» Impact of disease on carers’ QoL * Robustness of the evidence and the how the
« Extent and nature of current guidance might strengthen it
treatment options « Treatment continuation rules
« Cost effectiveness using * Non-health benefits
incremental cost per QALY « Costs (savings) or benefits incurred outside
« Patient access schemes and other of the NHS and personal and social services
commercial agreements « Long-term benefits to the NHS of research
« The nature and extent of the and innovation
resources needed to enable the « The impact of the technology on the delivery

new technology to be used of the specialised service
« Staffing and infrastructure requirements,
including training and planning for expertise

-
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Instructions for companies

This is the template for submission of evidence to the National Institute for
Health and Care Excellence (NICE) as part of the Highly Specialised
Technologies Evaluation Programme. It shows companies what information
NICE requires and the format in which it should be presented. Use of the
submission template is mandatory. Sections that are not considered relevant

should be marked ‘N/A’ and a reason given for this response.

The purpose of the submission is for the company to collate, analyse and
present all relevant evidence that supports the case for national commissioning
of the technology by NHS England, within the scope defined by NICE. Failure
to comply with the submission template and instructions could mean that the

NICE cannot issue recommendations on use of the technology.

The submission should be completed after reading the ‘Interim Process and

Methods of the Highly Specialised Technologies Programme’. After submission

to, and acceptance by NICE, the submission will be critically appraised by an
independent Evidence Review Group appointed by NICE, before being

evaluated by the Highly Specialised Technology Evaluation Committee.

The submission should be concise and informative. The main body of the
submission should not exceed 100 pages (excluding the pages covered by the
template and appendices). The submission should be sent to NICE

electronically in Word or a compatible format, and not as a PDF file.

The submission must be a stand-alone document. Additional appendices may
only be used for supplementary explanatory information that exceeds the level
of detail requested, but that is considered to be relevant to the Highly
Specialised Technology Evaluation Committee’s decision-making. Appendices
will not normally be presented to the Highly Specialised Technology Evaluation
Committee when developing its recommendations. Any additional appendices
should be clearly referenced in the body of the submission. Appendices should
not be used for core information that has been requested in the specification.

For example, it is not acceptable to attach a key study as an appendix and to

Specification for company submission of evidence 3 of 282



complete the clinical evidence section with ‘see appendix X'. Clinical trial
reports and protocols should not form part of the submission, but must be made

available on request.

All studies and data included in the submission must be referenced. Studies
should be identified by the first author or trial ID, rather than by relying on
numerical referencing alone (for example, ‘Trial 123/Jones et al.’?8, rather than

‘one trial'%%’).

The sponsor should provide a PDF copy of all studies included in the
submission. For unpublished studies for which a manuscript is not available,
provide a structured abstract about future journal publication. If a structured
abstract is not available, the sponsor must provide a statement from the authors

to verify the data provided.

If a submission is based on preliminary regulatory recommendations, the
sponsor must advise NICE immediately of any variation between the

preliminary and final approval.

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. For further information on disclosure of information,
submitting cost models and equality issues, users should see section 18 of this

document ‘Related procedures for evidence submission’.
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Glossary of terms

Term Definition

AAV Adeno-associated virus

AE Adverse event

AIC Akaike information criterion

AMA American Medical Association

AMD Age-related macular degeneration
BCVA Best-corrected visual acuity

BIC Bayesian information criterion

BL Baseline

BSC Best supportive care

CcC Comorbidity and complication

cd.s/m? Candela second per meter squared
CEAC Cost-effectiveness acceptability curve
CEP Cost-effectiveness plane

CF Counting fingers

Cl Confidence interval

CLIA Clinical Laboratory Improvement Amendments
CONSORT Consolidated Standards of Reporting Trials
CSR Clinical study report

dB Decibels

df Degrees of freedom

DI Delayed intervention

DVLA Driver and Vehicle Licensing Agency
ELISPOT Enzyme-linked ImmunoSpot

EMA European Medicines Agency

EPAR European Public Assessment Report
ERG Electroretinogram

ETDRS Early Treatment Diabetic Retinopathy Study
EU European Union

FDA Food and Drug Administration

FST Full-field light sensitivity threshold

GP General practitioner

HCHS Hospital and Community Health Services
HM Hand motion

HR Hazard ratio

HRG Healthcare Resource Group

HRQL Health-related quality of life

HS Health state

HST Highly Specialised Technologies
HSUV Health state utility value

HTA Health Technology Assessment
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Health Utilitites Index Mark 3

IADL Instrumental activities of daily living

ICER Incremental cost-effectiveness ratio

IFN Interferon

IOP Intraocular pressure

IQR Interquartile range

IRBP Interphotoreceptor retinoid-binding protein

IRD Inherited retinal dystrophies

ITT Intention-to-treat

U International Unit

LCA Leber congenital amaurosis

I Log-likelihood

LogMAR Logarithm of the minimum angle of resolution

LP Light perception

LP-CF Light perception to counting fingers

LRAT Lecithin retinol acyltransferase

LY Life year

LYG Life years gained

MA Marketing authorisation

MAA Managed Access Arrangement

MDT Multidisciplinary team

mITT Modified intention-to-treat

MLMT Multi-luminance mobility test

MT Mobility test

NEI National Eye Institute

NHS National Health Service

NICE National Institute for Health and Care Excellence

NLP No light perception

NNH Number Needed to Harm

NNT Number Needed to Treat

OCT Optical coherence tomography

Ol Original intervention

ONS Office for National Statistics

OR Odds ratio

Paed. Paediatric

PAS Patient access scheme

PBMC Peripheral blood mononuclear cell

PCR Polymerase chain reaction

PLR Pupillary light response

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-
Analyses

PRO Patient-reported outcome

PSA Probabilistic sensitivity analysis
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PSS Personal Social Services

PSSRU Personal Social Services Research Unit
PT Preferred term

Pts. Patients

QALY Quality-adjusted life year

gPCR Quantitative polymerase chain reaction
QTVI Qualified teacher of learners with vision impairment
RDH5/8 Retinol dehydrogenase 5/8

RMP Risk Minimisation Program

RNIB Royal National Institute of Blind People
RP Retinitis pigmentosa

RPE Retinal pigment epithelium

RPE65 Retinal pigment epithelium 65 kDa protein
RRR Relative risk reduction

SAE Serious adverse event

SAP Statistical analysis plan

SD Standard deviation

SE Standard error

SMC Scottish Medicines Consortium

SOC System organ class

SoC Standard of care

SPC Summary of product characteristics
SR Systematic review

TEAE Treatment-emergent adverse event

TP Transition probability

TTO Time trade off

UK United Kingdom

us United States

VA Visual acuity

VEGF Vascular endothelial growth factor

VF Visual field

VFQ Visual function questionnaire

vg Vector genomes

VI Visual impairment

VN Voretigene neparvovec

VR Vitreoretinal

VRQoL Vision-related quality of life
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Executive Summary

The technology

e Voretigene neparvovec is a one-time gene therapy for the treatment
of adults and paediatric patients with vision loss due to inherited retinal
dystrophy (IRD) caused by confirmed biallelic RPE65 mutations and
who have sufficient viable retinal cells. No pharmacological treatment

options are currently available for this condition.

e Subretinal injection of voretigene neparvovec is administered to each
eye on separate days (but no fewer than six days apart), introducing a
healthy copy of the defective RPE65 gene into retinal cells, improving
visual function (the performance of the eyes at the organ level) and
functional vision (the ability to perform activities of daily living that are

dependent on vision).

e Voretigene neparvovec is the first gene therapy to be approved for a
retinal disease [1]. It is the first pharmacologic treatment for an IRD,
and the Phase 3 trial was the first randomised, controlled Phase 3

gene therapy trial for an inherited disease.
Nature of the condition

e Patient burden is very high in this severe, progressive and extremely
rare disease, with patients inexorably progressing to near-total
blindness as early as the preschool years or as late as the third decade

of life.

e The first symptom of the disease is nyctalopia (night blindness). This
is followed by progressive deterioration of visual field (range of sight),
light sensitivity and visual acuity (clarity of vision), ultimately leading to

complete blindness.

e The disease has a profound impact on the quality of life of patients,

carers and families, with affected individuals often requiring full-time
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support. In the absence of treatment options, a diagnosis is purely
scientific and the inexorable progression towards complete blindness

means that the effects are life-changing and lifelong.
Impact of the new technology

e Voretigene neparvovec is a transformative therapy that offers patients
with RPEGS genetic mutations hope for the first time, with potential for
a sustained long-term improvement in vision. These improvements in
functional vision give young patients the freedom to live independent
lives, and also significantly alleviate caregivers’ psychological and

physical burden.

e Clinical trial results demonstrate clinically and statistically significant
improvements in key efficacy endpoints related to functional vision
after 1 year (navigation ability as assessed by MLMT [p = 0.0013], light
sensitivity as assessed by FST [p = 0.0004], visual field as assessed
by Goldmann perimetry [p = 0.0059], and visual acuity [post-hoc p =
0.047]).

e The latest follow-up data (four years in the Phase 3 trial and 7.5 years
in the Phase 1 trial) show that improvements in functional vision and
visual function have been maintained. Combined with evidence from
pre-clinical studies, this suggests that the restoration of sight is long-
lasting. Treatment with voretigene neparvovec offers the hope that
there is a clinically meaningful lifetime improvement in vision for

patients which is the ultimate aim of treatment with gene therapy.

e A single bilateral administration of voretigene neparvovec via
subretinal injection demonstrated a safety profile consistent with
vitrectomy and subretinal injection. Adverse events related to the

procedure were mostly transient, mild in nature, or treatable.

Value for money
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e Voretigene neparvovec is a cost-effective therapy in England and
Wales, with an ICER of [l per QALY gained, at the proposed

confidential simple discount patient access scheme (PAS) price.

e Voretigene neparvovec is associated with significant QALY gains (20
undiscounted QALYs gained versus BSC), and therefore qualifies for
additional weighting. The ICERs at list price and PAS price are
significantly below the weighted threshold of £200,000 per QALY.

e The budget impact associated with the introduction of voretigene
neparvovec is manageable and predictable, with 78 patients in
England estimated to be suitable for treatment. It is anticipated that
this therapy will fit a specialised centre model, with diagnosis,
counselling, treatment and follow-up performed at no more than a few

centres nationally.

e Assuming the PAS price for voretigene neparvovec, the net budget
impact is estimated to be | in Year 1, ] in each of Years 2 to 4,
and ] in Year 5. This does not exceed the budget impact threshold

of £20 m in any of the first three years.

The technology

Voretigene neparvovec (VN; brand name LUXTURNA™) is an adeno-
associated virus (AAV) vector-based gene therapy for use as a one-time
treatment for biallelic RPE65 mutation-associated inherited retinal dystrophy
(IRD). Marketing Authorisation (MA) was granted by the European Commission
on 22" November 2018 [2]. The licensed indication is for the treatment of adult
and paediatric patients with vision loss due to inherited retinal dystrophy caused
by confirmed biallelic RPE65 mutations and who have sufficient viable retinal

cells [3] (see Section 3).

Subretinal injection of VN introduces a healthy copy of the defective RPE65

gene into retinal cells of patients with RPE65-mediated inherited retinal
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dystrophies (IRD), improving visual function (the performance of the eyes at the
organ level) and functional vision (the ability to perform activities of daily living

that are dependent on vision) (see Section 2).

The pharmaceutical formulation is a concentrate and solvent for solution for
injection. Each single-dose 2 mL vial contains 0.5 extractable mL of concentrate
(5 x 10'? vector genomes [vg] per mL of concentrate) which requires a 1:10
dilution prior to administration. A single dose of 1.5 x 10'! vg is administered to

each eye on separate days between 6 and 18 days apart' (see Section 2).
Nature of the condition

RPEG65-mediated inherited retinal dystrophies cause progressive vision loss,
leading to near-total blindness as early as preschool years or as late as the third
decade of life. The first symptom of the disease is nyctalopia (night blindness).
This is followed by progressive deterioration of visual field (range of sight), light
sensitivity and visual acuity (clarity of vision), ultimately leading to complete

blindness (Section 6).

The symptoms of the disease have a profound impact on the quality of life of

patients, families and carers.

I  Diagnosis severely impacts

job opportunities, social activities and relationships with friends and family.

Visual impairment disrupts children’s participation in education, social and
leisure activities. Adults with vision loss are more likely to require assistance
with daily activities, and are less likely to be in paid employment than the
general population. Individuals with visual impairment also report reduced
wellbeing, and are more likely to suffer from depressive symptoms (see Section
7).

" The SmPC stipulates that the individual administration procedure to each eye is performed on
separate days within a close interval, but no fewer than 6 days apart [3]. In the Phase 3 trial the
second injection was administered no later than 18 days after the first [4].
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Patients often require full-time support — caring for blind individuals is
associated with increased risk of depression and has a wider societal impact in

terms of reduced productivity (see Section 7).

The most pressing issue relating to current clinical practice is the lack of
treatments. Approaches to maximise remaining vison do not address the
underlying condition and fail to slow or prevent the deterioration of vision.
Additionally, surgical implant approaches (Section 8.1) are only indicated for
patients > 25 years old and with profound vision loss. Voretigene neparvovec
is among the first treatments of its kind. It is the first pharmacologic treatment
for an IRD, and the pivotal Phase 3 clinical trial (Study 301/302) was the first
randomised, controlled Phase 3 gene therapy trial for an inherited disease [5]

(see Section 8).
Impact of the new technology

The key source of evidence on the efficacy and safety of VN for treating RPE65-
mediated IRD is the Phase 3 clinical trial (Study 301/302). Twenty patients
received bilateral treatment in the Original Intervention arm, while nine patients
in the Control/Delayed Intervention arm served as a control group for the first
year of the study before being eligible to receive treatment. The mean age of
patients in Study 301/302 was 15.1 years, reflecting the early onset of

symptoms in this progressive disease (see Section 9.3).

The primary endpoint of Study 301/302 was binocular performance on the multi-
luminance mobility test (MLMT), a novel obstacle course that measures
functional vision in a quantitative and standardised manner under a range of
lighting levels. The MLMT was designed with input from the FDA to address the

need for a clinically meaningful endpoint (see Section 9.4).

Subretinal injection of VN led to clinically meaningful and statistically significant
improvements in ability to navigate independently in low-to-moderate light
conditions, as shown by change in MLMT score. Improvements in both
navigational abilities and light sensitivity were evident within the first 30 days

after subretinal delivery and remained stable for one year. Approximately two-
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thirds of patients treated with VN achieved the maximum MLMT improvement

possible — the ability to pass at the lowest light level (see Section 9.6).

Improvements in visual field, visual acuity and contrast sensitivity were also
apparent soon after treatment, and a visual function questionnaire (VFQ)
completed by patients or parents/guardians of paediatric patients demonstrated
significant reductions in the perceived ability to perform daily living activities.
Improvements in all of these outcomes persisted throughout the one-year

follow-up (see Section 9.6).

Patients in the Phase 1 and Phase 3 trials continue to be followed for
assessment of long-term efficacy and safety. Four years of data are available
from the Phase 3 trial and 7.5 years from the Phase 1 trial. These latest data
demonstrate that the improvements in vision have been maintained (see
Section 9.6).

As a one-time treatment, treatment continuation rules are not applicable.
Value for money

The list price of VN is £613,410 per patient. A confidential simple discount
patient access scheme (PAS) has been proposed (il per patient) and is

currently under review by the Department of Health.

The incremental cost-effectiveness ratio (ICER) is [l per QALY gained,
based on the proposed PAS price; this is lower than the standard HST threshold
of £100,000 per QALY gained, and substantially lower than the weighted HST
threshold of £200,000 per QALY gained (based on a gain of 20 undiscounted
QALYs versus BSC). Voretigene neparvovec is therefore expected to be a cost-

effective therapy in England and Wales.

Assuming the PAS price (list price) for VN, the net budget impact is estimated
to be [Jlin Year 1, llin each of Years 2 to 4, and |Jlin Year 5. This does

not exceed the budget impact threshold of £20 m in any of the first three years.

Impact of the technology beyond direct health benefits
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Voretigene neparvovec is associated with improved vision, and therefore a
reduction in the substantial costs and detrimental effects associated with visual

impairment and blindness.

Costs associated with visual impairment and blindness incurred by government
departments other than the NHS include those for education and social
security. Patients themselves incur out-of-pocket costs including those for
transport to eye appointments, home modifications, vision aids, and loss of
earnings. Friends and family members who care for affected individuals may be
expected to experience a loss of earnings, and to incur out-of-pocket expenses

themselves (Section 14).

The methodology and results of the Phase 3 trial (Study 301) provide support
for gene-based approaches to treating rare genetic diseases. The
manufacturing techniques used might potentially be applied to the treatment of
IRD with different genetic causes, and to genetic diseases involving other organ

systems.

Voretigene neparvovec therefore not only has potential to improve the lives of
patients with RPE65-mediated IRD, but also to advance the broader field of
gene therapy.
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Section 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 1: Statement of the decision problem

Final scope issued by NICE

Variation from scope in the

Rationale for variation

considered include:

Best corrected visual acuity
(both eyes)

Visual field

Contrast sensitivity
Photosensitivity

Need for cataract surgery
Adverse effects of treatment

Health-related quality of life
(for patients and carers)

test (MLMT) is also considered
as an outcome measure

submission from scope
Population People with inherited retinal e Adult and paediatric patients e As per the licensed
dystrophies caused by RPE65 gene with vision loss due to indication
mutations inherited retinal dystrophy
caused by confirmed
biallelic RPE65 mutations
and who have sufficient
viable retinal cells
Intervention Voretigene neparvovec None N/A
Comparator(s) Best supportive care None N/A
Outcomes The outcome measures to be e The multi-luminance mobility e MLMT is the primary

endpoint of the pivotal
clinical trial (Section
9.4.1.1.1)

Subgroups to be
considered

None

None

N/A
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Final scope issued by NICE

Variation from scope in the
submission

Rationale for variation
from scope

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

N/A

Clinical effectiveness

Overall magnitude of health
benefits to patients and,
when relevant, carers

Heterogeneity of health
benefits within the population

Robustness of the current
evidence and the
contribution the guidance
might make to strengthen it

Treatment continuation rules
(if relevant)

e Treatment continuation rules are

not considered, as VN is a one-
time treatment

¢ No subgroups will be presented

in the evidence submission

e Voretigene neparvovec is a

¢ No subgroups were

one-time treatment (Section
2)

prespecified in Study
301/302 (Section 9.4.4)

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

None

N/A
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Final scope issued by NICE

Variation from scope in the

Rationale for variation

submission from scope
the new technology to be
used
Impact of the technology e Whether there are significant | None N/A

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

benefits other than health

o Whether a substantial
proportion of the costs
(savings) or benefits are
incurred outside of the NHS
and personal and social
services

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

e The impact of the technology
on the overall delivery of the
specialised service

e Staffing and infrastructure
requirements, including
training and planning for
expertise.

Special considerations,
including issues related
to equality

¢ Guidance will only be issued
in accordance with the
marketing authorisation.

o Cost effectiveness analysis
should include consideration

e Health states defined based
on the average of the two
eyes

Established symmetry
between the eyes for
IRDs (Section 6.1.3 and
Section 12.4.1)

The difference in
results between
modelling the average
eye and the best-
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Final scope issued by NICE Variation from scope in the Rationale for variation

submission from scope
of the benefit in the best and seeing eye is negligible
worst seeing eyet (Section 12.5.11)t

¢ Guidance will take into
account any Managed
Access Arrangements.

Abbreviations: MLMT, multi-luminance mobility test; NHS, National Health Service; PSS, Personal Social Services; RPEG5, retinal pigment epithelium 65 kDa

protein.

T One-eye treatment has been considered in some previous NICE appraisals [6-8]; this is not considered appropriate in the assessment of VN on the basis that

the development and progression of RPE65-mediated IRD is symmetrical across both eyes, and there is no clear best or worst seeing eye. There is broad

consensus on the importance of bilateral treatment from UK clinical experts [9].

I Since the average eye is calculated as the average of the best-seeing eye and the worst-seeing eye, the difference in results between modelling the average
eye and the worst-seeing eye would also be negligible.
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2 Description of technology under assessment

21 Give the brand name, approved name and when appropriate,

therapeutic class.

Brand name: LUXTURNA™

Approved name: Voretigene neparvovec

Therapeutic class: Adeno-associated virus gene therapy vector

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

Voretigene neparvovec, an AAV vector-based gene therapy, is a one-time
treatment for biallelic RPE65 mutation-associated inherited retinal dystrophies
(IRD). The condition causes vision loss — often during childhood or adolescence
— ultimately leading to near-total blindness as early as the preschool years or
as late as the third decade of life [4]. No pharmacological treatments are

currently available [1].

RPEGS5 is an enzyme critical for the visual cycle, in which light energy is
converted to electrical signals in the retina at the back of the eye. RPE65 gene
mutations reduce or eliminate RPEG5 activity, blocking the cycle and causing
vision loss. Despite the absence of functional RPEG5, photoreceptors
degenerate slowly, so phenotypic recovery is possible through restoration of

the enzyme [4].

Subretinal injection of VN introduces a healthy copy of the defective RPE65
gene into retinal cells. This enables patients to produce functional RPE65
protein, resulting in improved functional vision (the ability to perform activities
of daily living that are dependent on vision) and visual function (the performance

of the eyes at the organ level).

In order to benefit from treatment, patients must have confirmed biallelic RPE65
mutations and sufficient viable retinal cells into which healthy copies of the
RPEG65 gene can be introduced [3].
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2.3

Please complete the table below.

Table 2: Dosing Information of technology being evaluated

Pharmaceutical formulation

Concentrate and solvent for solution for
injection

Method of administration

Subretinal injection

Doses

A single dose of 1.5 x 10'" vector
genomes in each eye, delivered into the
subretinal space in a total volume of 0.3
mL.

An immunomodulatory regimen should
be initiated, starting 3 days prior to
administration and lasting between 18
and 30 days, depending on the timing of
administration to the second eye (see
Section 8.7).

Dosing frequency

Once per lifetime (a single dose in each
eye)

Average length of a course of
treatment

One-time treatment

Anticipated average interval between
courses of treatments

The individual administration procedure
to each eye is performed on separate
days within a close interval, but no
fewer than 6 days apart (in the Phase 3
trial the mean time between treatments
was 8.8 days).

Anticipated number of repeat
courses of treatments

Not applicable

Dose adjustments

None
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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).

Marketing Authorisation for VN was granted by the European Commission on
22" November 2018 [2]. The licensed indication is for the treatment of adult
and paediatric patients with vision loss due to inherited retinal dystrophy caused
by confirmed biallelic RPE65 mutations and who have sufficient viable retinal
cells [3].

Prior to the identification of causative genes, clinical diagnoses including Leber
congenital amaurosis (LCA) and retinitis pigmentosa (RP) were assigned, but
it is now considered more appropriate to categorise this group of disorders by
the disease-causing gene. RPE65 mutations are only associated with LCA and

RP, and not with other clinical diagnoses [10].

Orphan status was maintained at the time of marketing authorisation [11]. The
Committee for Orphan Medicinal Products acknowledged that a given mutation
may give rise to more than one clinical phenotype, so the two previous orphan
designations (for treatment of LCA [EU/3/12/981] [12] and for treatment of RP
[EU/3/15/1518] [13]) were merged. Both original designations remain on the
Community Register of Orphan Medicinal Products, with the indication wording

updated to “for treatment of inherited retinal dystrophies”.

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

It is anticipated that UK stock of VN wil be available in
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3.3 Does the technology have regulatory approval outside the

UK? If so, please provide details.

The MA granted by the European Commission approves VN for use in the 27
other EU member states, in addition to Iceland, Liechtenstein and Norway. In
addition, VN received Food and Drug Administration (FDA) approval on 19t
December 2017 as a one-time gene therapy to restore functional vision in

children and adult patients with biallelic mutations of the RPE65 gene.

3.4 If the technology has been launched in the UK provide

information on the use in England.

Not applicable.
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4 Ongoing studies

4.1 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.

Two clinical trials provide evidence on the efficacy and safety of VN in the
treatment of RPE65-mediated IRD:

e Study 101/102 (Phase 1): Dose-escalation safety study, in which 12 patients
received treatment in one eye? only in the dose-escalation phase (Study 101)
[14, 16]. Eleven of these patients then received the Phase 3 dose in the

contralateral eye in a follow-on phase (Study 102) [17, 18].

e Study 301/302 (Phase 3): Randomised controlled trial, with an Original
Intervention (Ol) arm in which 20 patients received bilateral treatment, and a
best supportive care (BSC) Control/Delayed Intervention (DI) arm consisting
of nine patients (Study 301) [4, 19]. Patients in the DI arm served as a control
group for the first year of the study, before being eligible to receive bilateral

treatment in the subsequent stage (Study 302) [20].
In total, VN was administered to 81 eyes in 41 patients:
e Study 101: 12 patients (12 eyes)
e Study 102: 11 patients from Study 1013 (11 eyes)
e Study 301/302: 29 patients (58 eyes)

All trial patients will be followed for analysis of long-term safety and efficacy for

15 years following treatment. Details of these studies are provided in Table 3.

2 The eye chosen was the subject's eye with worse function, if this worse function was
determined to be due to disease-related factors or other variables which would not confound
data acquisition or interpretation (e.g., glaucoma). Otherwise, the study eye was assigned
randomly [14]. However due to the symmetrical nature of disease progression the difference
between the best and worst-seeing eye is not expected to be significant [15].

3 One patient treated in one eye in Study 101 did not receive treatment in the contralateral eye
in Study 102 — see Section 9.4.6.
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Although Study 101/102 is essentially a single clinical trial with a dose-
escalation phase and a continuation phase, Study 101 and Study 102 are
presented separately throughout this document due to differences in

methodology, such as dose administered and eye treated.
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Table 3: Com

leted and ongoing studies

and tolerability of subretinal
administration.

and tolerability of subretinal
administration.

Study ID Study 101 Study 102 Study 301/302
NCT ID NCT00516477 NCT01208389 NCT00999609
Level of Supportive Supportive Pivotal
evidence
Study design | Phase 1, open label dose-escalation Phase 1, open label safety study Phase 3, open label, randomised safety
safety study (follow-on to Study 101) and efficacy study with crossover
continuation phase
Patients 12 11 (one patient from Study 101 did not | 31 (two patients withdrew prior to
enrolled receive treatment in the contralateral knowledge of treatment allocation — see
eye in Study 102 — see Section 9.4.6) Section 9.4.6)
Study Adults and children = 8 years old with a | Patients from Study 101 Adults and children = 3 years old with a
population molecular diagnosis of LCAT due to molecular diagnosis of LCAT due to
RPE65 mutations RPE65 mutations
Intervention Subretinal injection of VN into one eye: | Subretinal injection of 1.5 x 10" vg VN | Subretinal injection of 1.5 x 10" vg VN
o low dose (1.5 x 10 vg in 150 in a volume of 300 pl into the previously | in a volume of 300 pl into each eye
ul) uninjected eye
e middle dose (4.8 x 10'° vg in
150 i) or
e high dose (1.5 x 10" vg in 300
D)
Comparator | N/A N/A BSC
Primary Not defined. The primary objective of Not defined. The primary objective of Performance on the mobility test*, as
endpoint this study was to determine the safety this study was to determine the safety measured by a change score one year

following vector administration as
compared to patients’ pre-
administration mobility test performance
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Study ID Study 101 Study 102 Study 301/302
Secondary To assess the objective clinical Secondary outcome measures included | One year change from baseline in FST,
outcomes measures of efficacy in human subjects | changes in visual function as measured | monocular MLMT performance and VA.
by subjective, psychophysical tests and
by objective, physiologic tests
Study status | Primary objective complete. Ongoing Primary objective complete. Ongoing Primary objective complete. Ongoing
safety and efficacy follow-up. safety and efficacy follow-up. safety and efficacy follow-up.
Source Study 101 CSR [14] Study 102 CSR [18] Study 301 CSR [19]
Maguire 2009 [16] Bennett 2016 [17] Russell 2017 [4]
Novartis data on file [20]

Abbreviations: BCVA, best-corrected visual acuity; CSR, clinical study report; FDA, Food and Drug Administration; FST, full-field light sensitivity threshold; LCA,
Leber Congenital Amaurosis; MLMT, multi-luminance mobility test; NCT ID, National Clinical Trial identifier; RPEG5, retinal pigment epithelium 65kDa protein;
VA, visual acuity; vg, vector genomes; VN, voretigene neparvovec

T The phenotype is driven by the underlying genetic mutation regardless of clinical diagnosis (Section 6.1).
* The MLMT (multi-luminance mobility test) is an obstacle course designed to test patients’ ability to navigate at different light levels. It was developed in
conjunction with the FDA to address the requirement for a relevant, reliable and clinically meaningful measure of functional vision in low-vision patients with
nyctalopia (night blindness) [21].
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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.

A submission to the Scottish Medicines Consortium (SMC) is planned for April
2019.
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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:

e 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;

e could lead to recommendations that have any adverse impact on

people with a particular disability or disabilities

In addition to being currently untreatable, visual impairment that results from
RPEG65 mutation is a legally recognised disability, as stated in the Equality Act
2010. The patient population addressed in this submission is a protected group
under this act [22].
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There is a non-uniform distribution of RPE65 mutations between different ethnic
groups — prevalence is higher in the South Asian population worldwide [23], and
UK clinicians have confirmed the mutation is more prevalent in South Asian
populations in the UK due to consanguinity [9]. Access to genetic testing in
regions of the UK is variable in the context of limited budgets and no treatment

options being available to date [9].

5.2 How will the submission address these issues and any

equality issues raised in the scope?

A positive recommendation will ensure access to the only licensed treatment
for patients with a currently untreatable rare genetic disease who have or will

have a level of vision loss that is a legally recognised disability.

In addition to providing patients with their only chance of treatment, availability
of VN may also help to accelerate the push towards more standardised access
to genetic testing. In October 2018, a national network for genomic testing was
established, comprising seven Genomic Laboratory Hubs, each responsible for
coordinating services in a particular part of the country [24]. Working alongside
these seven hubs are 25 partner trusts [25]. Three sites (Manchester, Great
Ormond Street Hospital and Oxford) will perform ophthalmologic genetic
testing, which includes screening for mutations in genes such as RPE65 that
are associated with retinal dystrophies. These sites will cover patients in
England and Wales, and the new structure is expected to be in place from
March 2019 [9].
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Section B — Nature of the condition

6

6.1

Disease morbidity

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.

Patient burden is very high in this severe, progressive and extremely

rare disease for which no treatments are currently available.

Progressive vision loss leads to near-total blindness as early as
preschool years or as late as the third decade of life.

The first symptom of the disease is nyctalopia (night blindness). This
is followed by progressive deterioration of visual field (range of sight),
light sensitivity and visual acuity (clarity of vision), ultimately leading to

complete blindness.

Vision loss can begin as early as in the first few months of life, or during

childhood or adolescence.

Administration of VN introduces healthy copies of RPE65 into retinal
cells, providing the potential to restore visual function in this group of

patients for the first time.

Inherited retinal dystrophies are a heterogenous group of rare genetic diseases

that cause progressive vision loss leading to complete blindness in almost all

patients [4]. These conditions can be caused by mutations in more than 260

genes, including the RPE65 gene [26].

Prior to the identification of causative genes, clinicians assigned clinical

diagnoses (including retinitis pigmentosa [RP] and Leber congenital amaurosis
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[LCA]) to patients with IRDs based on medical history and physical
examination, age, and inheritance patterns. There is considerable overlap in
clinical symptoms for the diagnoses of RP and LCA, and there is no

standardised method for assigning one diagnosis or the other.

As mutations in a gene are more directly linked to the underlying molecular
pathogenesis, it is now considered more appropriate to categorise this group of
disorders by the individual disease-causing gene, so RP and LCA caused by
RPE65 mutations are considered to be the same disease (RPE65-mediated

IRD) rather than separate conditions.

The mechanism of action for VN is not dependent on the clinical diagnosis, but

on the confirmed genetic diagnosis.
6.1.1 Epidemiology
6.1.1.1  Approach

The practice of assigning a molecular diagnosis is a recent development [27],
so the available epidemiology data distinguish between clinical diagnoses of
RP and LCA. A systematic literature review was conducted to identify sources

reporting epidemiology data for these clinical diagnoses.

To obtain a prevalence estimate for RPE65-mediated IRD, the upper and lower
bounds of prevalence estimates for LCA and RP were summed. RPE65
mutations are only associated with LCA and RP [10] so these data can be used
to estimate the total number of patients with RPE65-mediated IRD. In a natural
history study, 9/70 subjects (13%) had received diagnoses of both LCA and RP
over the course of their lives [28], so this approach may result in an

overestimate of total patient numbers.
6.1.1.2 Prevalence

LCA and RP have a combined prevalence of around 12.3-28.8 per 100,000
people [29-41]. Mutations in the RPE65 gene account for 0.8%—1.9% (median:
1.1%) of RP cases [42-44] and 1.0%—22.2% (median: 6.4%) of LCA cases [23,
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42, 45-67]. It is estimated that the prevalence of RPE65-mediated IRD in
England is 57-564.

6.1.1.3 Incidence

Three studies reported the incidence of RP [32, 37, 68]. The incidence of newly
diagnosed cases was estimated to be around 0.6—1.6 per 100,000 people per

year. No studies were found reporting the incidence of LCA.
6.1.2 Pathogenesis

RPEGS5 is an enzyme critical for the visual cycle (Figure 1), a process essential
for vision. The visual cycle occurs in light-sensitive photoreceptor cells in the
retina and the underlying retinal pigment epithelium (RPE) at the back of the
eye [69].

When light strikes rhodopsin (a pigment composed of the light-sensitive
compound 11-cis-retinal and a signalling protein), 11-cis-retinal is converted to
all-trans-retinal and the protein undergoes a conformational change, triggering
the generation of an electrical signal that ultimately reaches the brain. For vision
to be maintained, the supply of 11-cis-retinal must be constantly replenished
[70].

Mutations in the RPE65 gene result in the production of faulty RPEGS5, arresting
this cycle. This causes a severe deficiency of functional rhodopsin, and
apoptosis (death) of photoreceptor cells through accumulation of toxic all-trans-
retinyl esters [71]. Patients (of whom a large proportion are young children)

experience progressive vision loss that ultimately leads to complete blindness.
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Figure 1: Biochemistry of the visual cycle

RPE RPE65
11-cis-retinol All-trans-retinyl ester
RDH5 LRAT
11-cis-retinal All-trans-retinol
IRBP IRBP
11-cis-retinal All-trans-retinol
RDH8
Rod opsin +
Rhodopsin\_%ail-trans-retinal
Retina Light

Source: Wright 2015 [69]

Abbreviations: IRBP, interphotoreceptor retinoid-binding protein; LRAT, lecithin retinol
acyltransferase; RDH5, retinol dehydrogenase 5; RDH8, retinol dehydrogenase 8; RPE, retinal
pigment epithelium; RPEGS, retinal pigment epithelium 65kDa protein.

6.1.3 Symptoms

Visual impairment in individuals with RPE65-mediated IRD can present at a
range of ages, from infancy to adolescence [4], leading to an inexorable
progression towards near-total blindness as early as preschool years or as late
as the third decade of life. Vision loss in patients with IRD is bilaterally

symmetrical, with similar rates of deterioration in both eyes [15].

The first symptom of the disease is nyctalopia (night blindness), resulting in
difficulty seeing in dim light, such as at dusk or at night [72]. Whereas people
with normal night vision can almost fully adapt to dim light in 15 to 30 minutes,
patients with RPE65-mediated IRD take much longer or are unable to adapt at
all [73].

The progressive nature of the condition is well documented, with deterioration

over time in both VF and VA [28, 74, 75]. There is no evidence of spontaneous
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sustained improvement in either measurement in any individual [28, 76]. Retinal
sensitivity also declines with age, as demonstrated in a cross-section of patients
aged 9-23 [77], with patients ultimately losing the ability to detect light of any
intensity [4].

Vision loss due to RPE65-mediated IRD involves the whole retina, and without
stereoscopic vision patients’ ability to navigate is impacted. Progressive VF loss
causes affected individuals to miss objects and people in their vicinity and to
have difficulty navigating around obstacles [78]. Patients tend to lose around
50% of their remaining VF every five years [79]. Peripheral blind spots merge
to produce tunnel vision, and loss of central vision in the advanced stages of

the disease leads to complete blindness [72, 78, 80].

Some individuals experience severe visual impairment or blindness in early
infancy, frequently before six months of age [72, 81-83]. Visual acuity is usually
no higher than 20/400 [82], with one third of affected infants having no
perception of light at all [82]. Oscillations of the eyes (nystagmus) and absence

of fixation are key signs noted by parents of affected infants [84].

Affected infants commonly present with the ‘oculo-digital sign’, also known as
‘eye poking’, in which the child repeatedly pokes, rubs or presses their eye with
a knuckle or finger [83, 85]. This leads to intense pain and can itself result in
permanent visual loss or total blindness [86]. This behaviour may contribute to
deep-set eyes and keratoconus (an abnormally thin, cone-shaped cornea) in
affected children [83]. In addition to the direct harm caused, it is distressing to

witness and therefore adds to the burden on caregivers [86].

In a natural history study, 92.9% of subjects had documentation of a clinical
diagnosis or onset of symptoms by the age of 18. By this age, more than half
of patients had a VA lower than 6/60 in one eye.[28, 76]. This degree of VA loss
places these individuals in the “sight impaired” (partially sighted) and “severely
sight impaired” (blind) categories under UK RNIB guidelines, depending on the
extent of VF loss [87].
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Both of these categories reflect severe vision loss — having VA lower than 6/60
means that individuals are only able to see at 6 metres what someone with

standard vision can see 60 metres away.
6.1.4 Complications of IRDs

Cataracts and cystoid macular oedema are common complications of inherited
retinal dystrophies [72]. Cataracts may be removed through surgery to improve
vision, but in severe cases of retinal degeneration there is a risk of making
vision worse. Macular oedema results from leakage of blood vessels into the
retina and may arise spontaneously or following cataract surgery. Treatment
options depend on the cause of cataract formation. Patients may benefit from
carbonic anhydrase inhibitors, although not all patients can tolerate these [72,
88]. Other treatment options available include oral, topical, intravitreal and
periocular steroids, topical non-steroidal anti-inflammatory medications,

photocoagulation, and intravitreal anti-VEGF injections [89].
6.1.5 Current standard of care

No treatments are currently available for RPE65-mediated IRD — support is
limited to measures allowing the management of the diseases such as low-
vision aids [1] and prostheses (NICE only recommends these in the context of

research (Section 8.1).

Children with visual impairment are entitled to learning support from birth by a
qualified teacher of learners with vision impairment (QTVI). Key services
offered in early childhood by QTVIs include supporting early development and
learning through play and, in liaison with health professionals, assessing
functional vision and advising on the range of available low vision devices. In
the school and further education setting, QTVIs teach specialist skills such as
reading Braille, advise on access arrangements for exams, and support the

transition into adulthood by teaching independent living and learning skills [90].

About 2% of children with vision impairment attend schools specifically for blind
and partially sighted pupils, and another 32% attend other types of special

schools. Approximately 64% are educated in mainstream schools, which may
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have a resource base for pupils with visual impairment, or may put adaptations

in place to assist visually impaired pupils [91].

Low vision aids and other devices assist with daily living, but do not prevent the
inevitable deterioration of vision and progression to complete blindness [72]. If
a diagnosis is confirmed by genetic testing, counselling is usually advised to
help patients understand the prognosis and the risks of passing the condition
on to their children [92].

6.1.6 Needs addressed by voretigene neparvovec

Voretigene neparvovec transduces retinal pigment epithelium cells with healthy
copies of the RPE65 gene, providing the potential to restore the visual cycle. In
a randomised controlled Phase 3 clinical trial, in which 42% of patients were
under 10 years of age, VN treatment resulted in improvements in several
endpoints of relevance to patients’ daily lives, including ability to navigate, light

sensitivity, visual acuity and visual field (see Section 9.6).

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.

As discussed in Section 6.1.1, a systematic literature review was conducted to
identify published sources of epidemiology data for RP and LCA?, and data for
the proportion of cases caused by RPE65 mutations.

All identified data sources were reviewed for suitability for inclusion in the

calculation of patient numbers in England, and selected on the following basis:

e Where one or more sources of UK data were available, the mean of these

data points was taken.

4 RPE65 mutations are only associated with LCA and RP, and not with other clinical diagnoses
such as cone-rod dystrophies [5]. Therefore, LCA and RP prevalence data can be used to
estimate the total number of patients with RPE65-mediated IRD.
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e Otherwise, the average of all available data points from Western Europe and

North America was taken.

The number of diagnosed patients with RPE65 mutations and sufficient viable
retinal cells is estimated to be 86 (see Table 4); however, a small number of
these patients are expected to be ineligible for treatment with VN due to
participation in the MeiraGTx trial. 15 patients have enrolled in the MeiraGTx
trial across sites in the UK and the US [93]; assuming an even distribution
between UK and US sites, 7-8 UK patients are expected to be ineligible for

treatment with VN, giving a total eligible population of 78 patients.

Table 4: Eligible population data

Parameter % N

Population of England in 2019t - 56,512,870
Population of England in 2017 [94] - 55,619,400
Annual population growth in England [94] - 0.8%

Prevalence of RPE65-mediated IRD} 0.0003% 180
Prevalence of RP [36] 0.02% 11,402
% of RP that is RPE65-mediated [42-44] 1.3% 144
Prevalence of LCA [29, 40] 0.002% 1,001
% of LCA that is RPE65-mediated [60] 3.4% 34

% of patients with sufficient viable retinal cells [9] 95% 171

% of patients who are diagnosedq 50% 86

Abbreviations: LCA, Leber congenital amaurosis; RP, retinitis pigmentosa.

T Calculated as (2017 population size) x (1 + annual population growth)?

¥ Calculated as (prevalence of RP x % of RP that is RPE65-mediated) + (prevalence of LCA x
% of LCA that is RPE65-mediated)

11 Clinical experts estimated that between 33% and 50% of patients have been diagnosed with
an RPE65 mutation; given that diagnosis rates may be expected to increase following the
availability of voretigene neparvovec, the upper end of this range was used.

The annual incidence of RP is estimated to be 0.70 per 100,000 per year [32,
37]. In the absence of data on the incidence of LCA, it is assumed that the ratio
of RP to LCA is the same in incident patients as in existing patients, giving an
incidence of eligible patients (i.e. individuals with a confirmed diagnosis of

RPE65-mediated IRD and sufficient viable retinal cells) of three per year.
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6.3 Please provide information about the life expectancy of people

with the disease in England and provide the source of data.

The disease mechanism itself is not fatal, but reduced VA is associated with
increased mortality. A prospective longitudinal study of adults aged 65-84
evaluated the effects of VA loss on mortality risk through functional status
changes in instrumental activities of daily living (IADL). Functional status was
measured using standardised validated questionnaires. Lower VA levels at
baseline were associated with increased mortality risk (HR 1.16 [95% CI: 1.04,
1.28]; p < 0.01) through their effect on baseline lower IADL levels. Declining VA
over time was also associated with increased mortality risk (HR 1.78 [95% CI:
1.27, 2.51]; p < 0.01) through decreasing IADL levels over time. [95].
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7.1

Impact of the disease on quality of life

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).

The symptoms of RPE65 mutation-associated inherited retinal
dystrophies appear early in life and have a profound impact on the

quality of life of patients, families and carers.

The inexorable progression towards complete blindness means that

the effects are life-changing and lifelong.

Visual impairment disrupts children’s participation in education, social
and leisure activities, and impacts negatively on educational

outcomes.

Adults with vision loss are more likely to require assistance with daily
activities, and are less likely to be in paid employment than the general

population.

Individuals with visual impairment report reduced wellbeing, and are

more likely to suffer from depressive symptoms.

Patients often require full time support — caring for blind individuals is
associated with increased risk of depression and has a wider societal

impact in terms of reduced productivity.

Inherited retinal dystrophies usually manifest in children and young people, and

have a profound impact on the quality of life of patients and their families. The

inexorable progression towards complete blindness means that the effects are

life-changing and lifelong [4, 28]. Individuals with visual impairment and
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blindness rate their quality of life similarly to those with severe systemic

Q
(2]
D
Q
(2]
(0]
(2]
S
ke

Key quality of life issues caused by the disease are discussed below.

N

A1 Early life and education

Children who are affected by early-onset disease experience severe visual
impairment or blindness early in life, often by six months of age [72, 81-83], with
visual acuity so poor that most meet the criteria for certification as severely sight
impaired (blind) (see Section 6.1.3) [82, 87].

This has a significant impact on children’s development, including detrimental
effects on emotional bonding, personality and social interactive skills [98]).
Severe visual impairment in children often leads to social isolation through

difficulty in participating in activities [99].
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In education, the attainment of learners with visual impairment (VI) is lower than
that of learners without special educational needs or disabilities, at all key
stages. According to the Millennium Cohort Survey, at the age of 11 children
with VI are more likely to feel tired at school and are less likely to feel they can
do things as well as other children. Poor mobility and reduced independence
becomes an increasing problem as young adults progress into further and
higher education, and visual impairment affects long term prospects with
affected children being more likely to experience social and economic
disadvantage [100].

71.2 Employment and productivity

The younger visually impaired individuals are, the greater the impact of their
sight loss on productivity [101]. Visually impaired people are significantly less
likely to be in paid employment than the general population or other disabled
people (25% versus 75%), and the proportion in employment fell in the decade
between 2005-2015 [102]. Across members of the 1958 British birth cohort
study, impaired vision-related quality of life (VRQoL) was strongly associated
with being unable to work owing to a permanent illness, and having low

socioeconomic status [103].

Individuals with sight loss who are in employment are less likely to be high
earners and more likely to be on a low income — they are twice as likely as the
general population to be living in a household with an income of less than £300
per week [102].

713 Mobility

Night blindness (nyctalopia) — a defining feature of RPE65-mediated IRD — has
a large impact on patients’ quality of life [9]. Under circumstances of low light,
individuals with nyctalopia have reduced mobility and experience a greater
number of mobility-related incidents [104-106]. One study found that subjects
with a clinical diagnosis of RP were five times more likely to have a mobility
incident under reduced illumination than normal-sighted subjects [105]. These

difficulties can be particularly exacerbated during the winter months when
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reduced daylight hours in many countries, including the UK, mean that people

travel to and from work in the dark.
71.4 Poorer mental health

Patients with severe visual impairment are more likely to suffer from
depression, anxiety and emotional distress [107-111]. A French study of 148
patients with a clinical diagnosis of RP found that 36.5% and 15.5% had mental
health scores suggestive of anxiety and depression respectively, compared to
reported values of 9% and 2% in healthy controls. A significant correlation
existed between residual visual field and quality of life scores assessed using
the NEI VFQ-25 [111]. In a survey conducted on 22,486 individuals aged over
50 years old across 10 European countries, lower vision was associated with a
highly significant, negative impact on all measured aspects of wellbeing. The
worse the eyesight, the higher percentage of respondents reporting depressive

symptoms [110].
71.5 Sleep

Visual impairment is also associated with an increased risk of sleep disorders
[109, 112-115], including increased occurrence of sleep/wake disorders and
involuntary daily naps [115]. Amongst children, Leger et al found that 17.4%
reported sleeping less than seven hours per night on weekdays compared with
2.6% of controls, with blind children waking much earlier. Blind children also

had more sleep complaints and daily episodes of involuntary sleepiness [114].
7.1.6 Economic and health burden on caregivers

Patients with the condition often require full time support [9]. Adults with severe
visual impairment are more likely to require assistance with activities of daily
living, including shopping, climbing steps, paperwork, travel, housework,

preparing meals and taking medications [116, 117].

The number of hours spent caring for visually impaired individuals increases
with severity of impairment [118, 119]. A large proportion of the patient

population are young children, placing an emotional and economic burden on
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families and carers. Parents can feel the emotional and economic burden of
providing care, whilst normal-sighted siblings may feel left out or not valued
[120].

Caregivers experience an increased risk of depression [121, 122], and spouses
of older individuals with vision loss have an increased risk of poorer physical
and emotional wellbeing [123]. A study conducted in the USA found that the
risk of depression increased with vision loss from 6.9% in carers of individuals
with BCVA 20/200-10/200 to 17.9% in carers of individuals with no light
perception. Carers providing = 2.5 hours of care per day were 5.33 times more

likely to suffer depression than those who provided < 2.5 hours per day [121].

This also creates a significant economic burden due to reductions in
productivity, employment rates and income [124]. Brézin et al [117] found that
elderly individuals with greater vision loss required more building adaptations.
Equipping the home with adaptations not covered by local authorities may
further exacerbate the financial impact of the condition on affected individuals

and their families.
71.7 Driving

Concerns about the ability to drive are another common issue in affected adults
[72]. The key symptoms of the condition — night blindness, nystagmus, reduced
VA, and VF defects — are notifiable to the Driver and Vehicle Licensing Agency
(DVLA) [125], after which vision is assessed regularly to determine if it meets
the required standards of vision for driving [78]. Certification as sight impaired
or severely sight impaired would result in revocation of the driver’s license [126].
Having a driving license revoked because of poor vision can affect patients’
ability to work, see family and friends, and to maintain independence, as

described by a patient diagnosed in adulthood:

“I noticed as my eyes started to deteriorate, that unfortunately the [building]
work was starting to deteriorate... When | was diagnosed with RP, it was a
big, big shock, and the biggest thing probably was losing my driving licence...

| was quite down and depressed for the first two months, I'd say, after the
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diagnosis, just thinking — ‘What am | going to do? | can’t drive, | can’t really

carry on with the building work.” [73]
7.1.8 Impact of current standard of care on QoL

Current SoC does not prevent the inexorable deterioration to complete
blindness [4]. As RPE65-mediated IRD is a progressive condition with no
chance of improvement in vision, there is a need to constantly adapt as vision
deteriorates [78]. Poorer vision is associated with reduced independence and
greater dependence on carers [118], poorer mental wellbeing [110, 111], and

increasing difficulty in performing activities of daily living [119].

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.

Given the inexorable progression towards complete blindness currently
experienced by patients due to the lack of treatments [4], any improvement or
preservation of visual function and functional vision is expected to have a large
impact on patients’ wellbeing and that of their families and carers. Utility values
for visual impairment are dramatically lower in individuals with complete loss of
light perception, demonstrating that preservation of even small amounts of

vision is critically important to quality of life (73).

Poorer vision is associated with reduced social interactive skills in children [98],
poorer mental health [107-111], problems with sleeping [109, 112-115], and
reduced employment and productivity in adults [101, 103]. It is anticipated that
improvements in functional vision following VN administration will greatly impact
on patients’ sense of wellbeing and independence. For some patients, including
children, the improvement in functional vision may allow them to lead

normal/near-normal lives.
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7.21 Impact on patients in clinical trials

One of the exploratory endpoints in the Phase 3 trial for VN (Study 301/302)
was a Visual Function Questionnaire (VFQ), results of which were compared at

baseline and year 1 post-administration.

The questionnaire is similar to the NEI VFQ-25, and contains 25 questions
pertaining to activities of daily living that are dependent upon vision or have a
vision component (see Appendix 7). Subjects (and parents of subjects under
18) rated the perceived difficulty of these activities on a 0 to 10 scale (0 being

the most difficult), with the output being an average score from all 25 questions.

VFQ scores of patients who received treatment increased significantly following
administration, indicating a reduction in the perceived difficulty of daily living
activities which was sustained through follow-up. Detailed results are provided
in Section 9.6.1.1.8 and Section 10.3.

7.2.2 Impact on families and carers

In addition to providing direct clinical benefits, VN treatment is anticipated to
benefit families and carers by improving wellbeing and reducing time spent
caring, potentially leading to productivity gains. A reduction in the length and
intensity of caring may also reduce the risk of mental health problems and family

difficulties.
7.2.3 Wider benefits to society

The clinical benefits of VN would be expected to reduce the indirect costs
associated with impaired vision, such those associated with reduced
employment and productivity, and the provision of specialist support, including
in education. In the UK, the total indirect cost attributable to sight loss and
blindness was estimated to be £5.65 billion in 2013 [127]. These costs were
attributed to factors including reduced productivity, absenteeism, the costs of

informal carers and the cost of visual aids and modifications.
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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.

There are two NICE interventional procedures guidance reports on the use of
subretinal [128] and epiretinal [129] prostheses for RP, each recommending
that the devices are only used in the context of research. There are no other
NICE or NHS England guidelines for the treatment of RPE65-mediated IRD,
and very few national or expert guidelines exist owing to the lack of current

treatment options and the rare nature of the condition.

British Medical Journal guidelines [72] state that in the absence of treatment,
the key priority should be to optimise remaining vision with the help of visual
aids such as glasses, magnifiers and telescopes. Adjuncts to these approaches
include vitamin A supplements and fish oils, with the aim of slowing retinal
degeneration. However, vitamin A supplements are not suitable for all patients,
and a therapeutic benefit of fish oils has yet to be demonstrated in clinical trials.
Surgery and carbonic anhydrase inhibitors are recommended for treating
posterior subcapsular cataracts and cystoid macular oedema, respectively,

which are common complications [72].

Whilst aiming to maximise remaining vision, none of these approaches treat
RPE65-mediated IRD or prevent the inevitable decline to complete blindness.

There is a significant unmet need for treatments in this area.

8.2 Describe the clinical pathway of care that includes the

proposed use of the technology.

Figure 2 illustrates the UK clinical pathway of care for RPE65-mediated IRD.
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Figure 2: UK patient and provider pathway
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retinitis pigmentosa; RPEG5, retinal pigment epithelium 65 kDa protein.

8.21 RP/LCA diagnosis

Patients with problems seeing in dim light or at night typically visit their
optometrist or GP in the first instance. Symptoms in babies and young children,
including nystagmus, light-seeking behaviours and eye rubbing, are often
noticed by parents. If IRD is suspected, patients are referred from primary care
to a hospital outpatient ophthalmology service [78]. To minimise patient travel,
the point of first referral is usually a nearby specialised paediatric

ophthalmology centre. These are commissioned nationally by NHS England.
8.2.2 RPEG5 diagnosis

Genetic testing is also commissioned nationally by NHS England, although
access varies by region (See Section 5.2). Between 30-50% of RP/LCA
patients are believed to have undergone genetic testing [130]. This proportion
is expected to increase as the provision of genetic testing improves and

treatment options become available. Most patients are diagnosed in childhood,

Specification for company submission of evidence 52 of 282



although some are not diagnosed until their twenties or thirties [9]. For the
reasons described above it is expected that the average age at diagnosis will

fall to under 15 years.

Upon confirmation of diagnosis patients should be referred to a low-vision
consultant (an ophthalmologist or optometrist) who can help them to obtain
visual aids [72]. The BMJ guidelines recommend that patients with suspected
IRD should be seen by a consultant, given the severe implications of the

diagnosis.

The number of tests used between different treatment centres varies but all

patients should have VF tests and an ERG performed [72].
8.2.3 Ongoing monitoring

Patients should be followed up by a consultant in retinal degeneration every
one to two years to monitor changes in vision and to address concerns [72].
However, expert clinical input [9] suggested monitoring may take place every
3-6 months if patients have more severe disease or complications (e.g.
macular oedema). Regular testing is a legal requirement for those who drive,
as the DVLA will review patients’ vision to ensure that it meets their standards
(see Section 7.1.7) [78].

8.3 Describe any issues relating to current clinical practice,

including any uncertainty about best practice.
8.3.1 Lack of treatments

The most pressing issue relating to current clinical practice is the lack of
treatments. Approaches to maximise remaining vison do not address the

underlying condition and fail to slow or prevent the deterioration of vision.
8.3.2 Genetic testing

Eligibility for VN treatment would depend on confirmed genetic diagnosis of

biallelic RPE65 mutations (see clinical pathway of care in Figure 3). One issue
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relating to current clinical practice is the regional variability in access to genetic

testing services, discussed in Section 5.2.

Another issue is that the benefits of knowing the gene responsible for the
condition (such as increasing the precision of prognoses and facilitating
informed decision making by couples planning to have children) must be
balanced against the issues that can arise as a result of this knowledge (such

as anxiety caused by the prognosis and the lack of treatment options).

The availability of a VN as the first treatment option for patients affected by this
disease would alter this risk-benefit ratio, offering hope to those with confirmed
biallelic RPE65 mutations.

8.4 Describe the new pathway of care incorporating the new
technology that would exist following national commissioning
by NHS England.

8.4.1 Diagnosis

The licensed indication is for the treatment of adult and paediatric patients with
vision loss due to inherited retinal dystrophy caused by confirmed biallelic

RPEG65 mutations and who have sufficient viable retinal cells [3].

Therefore genetic testing will be required to determine eligibility, and Optical
Coherence Tomography (OCT) will be required to determine the presence of
sufficient viable retinal cells. These are required to support transduction of the
vector to enable production of the RPEGS5 protein, restoring the visual cycle and

improving functional vision.

In the clinical trials, patients were deemed to have sufficient viable retinal cells
if they had an area of retina within the posterior pole of > 100 micron thickness,
as estimated by OCT. In clinical practice, OCT examinations are likely to be

more qualitative, and supplemented by tests of VA and VF.
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8.4.2 Treatment

In eligible patients, bilateral treatment with VN will be the first-line (and only)
treatment option. Treatment will be initiated by a consultant in retinal
degeneration and administered by a retinal surgeon experienced in performing
macular surgery. A single dose will be administered to each eye within a close

interval between 6-18 days apart [3].

In the Phase 3 trial the 18 day upper limit on the interval between doses was
introduced to reduce the potential for an immunological boosting effect [19]. A
clinical expert consulted for this submission also highlighted this point, and
described the abilty to use only one course of steroids in the
immunomodulatory regimen as an additional benefit of having a narrow

treatment window (Section 8.7.2) [9].

Patients who are not eligible for treatment will be managed according to the

current pathway of care described above (Figure 2).
The proposed pathway of care incorporating VN is presented in Figure 3.

Figure 3: Proposed pathway of care incorporating voretigene
neparvovec

Suspected RPE65-mediated IRD

Genetic testing

I
I I

Confirmation of biallelic RPE65 Biallelic RPE65 mutations not
mutations present

Retinal i::gvdgﬁilgycgronﬁrmed Insufficientviable retinal cells

Sequential administration of L
voretigene neparvovec (6-18 Management of remaining vision

days following first eye treatment)

Ongoing follow-up with consultant|
ophthalmologist
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Abbreviations: IRD, inherited retinal dystrophies; OCT, optical coherence tomography; RPE65,
retinal pigment epithelium 65 kDa protein.

8.4.3 Monitoring

As described in Section 8.2, patients not suffering from complications will
currently be followed up every one to two years (23). Patients treated with VN
will require more frequent monitoring, which may include FST testing. This
would take place every 3—6 months following administration and then annually
once the patient is stable. Other than increased frequency, it is not anticipated

that monitoring requirements will change.

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.
8.5.1 First treatment for RPE65-mediated IRD

Voretigene neparvovec represents a step-change in the management of
RPE65-mediated IRD, a condition which currently lacks any form of treatment.
Current approaches aim to maximise existing vision through the use of mobility
and visual aids, but fail to address the underlying condition, which involves

progressive deterioration to complete blindness.

Voretigene neparvovec has demonstrated sustained improvement from
baseline compared with BSC in outcomes including functional vision, light

sensitivity, visual acuity and visual field in clinical trials (see Section 9.6).
8.5.2 Potential to advance the wider field of gene therapy

The methodology and results of the Phase 3 trial (Study 301) provide support
for gene-based approaches to treating rare genetic diseases. The
manufacturing techniques used might potentially be applied to the treatment of
IRD with different genetic causes, and to genetic diseases involving other organ

systems.
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Voretigene neparvovec therefore not only has potential to improve the lives of
patients with RPE65-mediated IRD, but also to advance the broader field of
gene therapy.

8.5.3 Innovation

Voretigene neparvovec is the first gene therapy to be approved for a retinal
disease [1]. It is the first pharmacologic treatment for an IRD, and Study
301/302 was the first randomised, controlled Phase 3 gene therapy trial for an

inherited disease [5].

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

technology.

It is anticipated that VN gene therapy will fit a specialised centre model, with
diagnosis, counselling, treatment and follow-up performed at a few centres
nationally. An example of this in current practice is management of ocular
melanoma, which occurs at three designated specialised centres in the UK
[131].

Treatment centres will need to meet the following EMA risk management plan

criteria:

Presence of a specialist ophthalmologist with expertise in care and

treatment of patients with IRD;

e Presence of or affiliation with a retinal surgeon experienced in sub-retinal

surgery and capable of administrating VN;

e Presence of a clinical pharmacy capable of handling and preparing AAV

vector-based gene therapy products; and

e Have undertaken mandatory surgical and pharmacy educational
programs (Section 8.7.1) and commit to ongoing training of new and
future staff [3].

Specification for company submission of evidence 57 of 282



In order to be eligible for treatment, patients will need to have confirmed biallelic
RPE65 mutations, so genetic testing and counselling [92] will need to be

available to patients who might benefit from treatment.

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.

Additional tests or investigations for selecting or monitoring patients will not be
required, however as discussed above, genetic testing would need to be
initiated, and monitoring will need to be performed more regularly following

treatment until a patient has stabilised.

Treatment will be initiated and administered by retinal surgeons experienced in

performing macular surgery [3].
8.71 Education of surgeons and pharmacists

Pharmacists and vitreoretinal (VR) surgeons involved in the preparation and
administration of VN will be required to participate in a mandatory educational

program as per the EMA Risk Minimisation Program (RMP) [3].

Surgeons will be required to attend a 4-5 hour session (including an
anaesthetised animal wet-lab) at a preclinical clinical research organisation in
Denmark or France, and pharmacists a 2—3 hour on-site session. This program

will be paid for by Novartis.

The purpose of these sessions will be to provide education on the RMP, safety
data from the clinical trials, and the specific surgical and pharmacy handling
techniques described in the SmPC. Retinal surgeons embarking on the

program must be experienced in performing subretinal surgery.
8.7.2 Immunomodulatory regimen

To reduce the risk of an immune response an immunomodulatory regimen

using prednisone (or equivalent) should be initiated, starting 3 days prior to
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administration and lasting between 18 and 30 days. One course of prednisone
(or equivalent) treatment will be sufficient to cover the fellow eye administration
as this is expected to be planned between 6-18% days following the first eye
administration (Table 5) [3].

Table 5: Pre- and post-operative immunomodulatory regimen

Period Duration Treatment
_ Prednisone (or equivalent)
Pre-operative 3 days priorto VN 1 mg/kg/day
administration
(maximum of 40 mg/day)
4 days Prednisone (or equivalent)
(including the day of 1 mg/kg/day
administration) (maximum of 40 mg/day)
Followed by up to 5 days, or
until the beginning of second Prednisone (or equivalent)
Post-operative | eye regimen, for the first eye 0.5 mg/kg/day
or (maximum of 20 mg/day)
5 days for the second eye
Followed by 5 days of one Prednisone (or equivalent)
dose every other day for the 0.5 mg/kg every other day
first eye only (maximum of 20mg/day)

Abbreviations: VN, voretigene neparvovec.

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.

Facilities will be required by the pharmacy handling the product to keep it at the
required storage temperature (< -65 °C) and quarantine level. Pharmacies will
require a Class Il Laminar Flow Cabinet for the preparation of the syringes for

subretinal injection.

5 The SmPC stipulates that the individual administration procedure to each eye is performed on
separate days within a close interval, but no fewer than 6 days apart [3]. In the Phase 3 trial the
second injection was administered no later than 18 days after the first [4].
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8.9 Describe any tests, investigations, interventions, facilities or
technologies that would no longer be needed with using this

technology.

Itis anticipated that all of those in current practice will still be required. However,
for individual patients, the requirement for visual and mobility aids may reduce

following treatment with VN.
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Section C — Impact of the new technology

9 Published and unpublished clinical evidence

Section C requires sponsors to present published and unpublished clinical

evidence for their technology.

All statements should be evidence-based and directly relevant to the scope.

Reasons for deviating from the scope should be clearly stated and explained.

This section should be read in conjunction with NICE'’s ‘Guide to the methods
of technology appraisal’ section 5.2 available from

www.hice.org.uk/quidance/ta.

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 review was conducted to retrieve clinical and safety data relevant
to VN in RPE65-mediated IRD. The searches were run on 8" March 2018, and
were updated on 11" January 2019.

Details of search strings, databases searched, and inclusion/exclusion criteria

are provided in Appendix 1.

Unpublished studies
9.1.2 Describe the strategies used to retrieve relevant clinical data

from unpublished sources.

Details of hand searching are provided in Appendix 1.
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9.2

Published studies

9.21

Study selection

Complete Table 6 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.

Selection criteria used to identify relevant studies from the published and

unpublished literature are presented in Table 6.

Table 6: Selection criteria used for published and unpublished studies

Inclusion criteria

Population

Patients with inherited retinal dystrophies caused by RPE65
gene mutations

Interventions

Voretigene neparvovec

Outcomes

Clinical efficacy:
e Multi-luminance mobility test
o Full-field light sensitivity threshold
e Visual acuity
e Visual field
Safetyt:
e Treatment emergent adverse events (TEAEs)
e Serious adverse events
e Administration-related TEAEs

Study design

e Randomised controlled trials
e Phase 1/2 studies

Language
restrictions

English

Search dates

From inception of database to 8" March 2018 (original search)
and to 11" January 2019 (updated search)

Exclusion criteria

Population

Patients with inherited retinal dystrophies caused by gene
mutations other than RPE65

Interventions

¢ Gene therapy using other vectors (e.g. rAAV2-CBSB-
hRPEG65, tgAAG76, rAAV2-CB-hRPEG5,
rAAV2/4 hRPEG5, rAAV2-hRPEG5)

e Other oral preventive drugs (e.g. QLT091001, oral
synthetic cis-retinoid)

Outcomes None
Study design ¢ Reviews
e Editorials
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e Notes

e Opinions

e Case reports
Language None
restrictions
Search dates None

TThese outcomes were included to capture studies relevant to Section 9.7.1 on adverse events.
Abbreviations: RPEGE5, retinal pigment epithelium 65 kDa protein; TEAE, treatment emergent
adverse event.

9.2.2 Report the numbers of published studies included and

excluded at each stage in an appropriate format.

In the original search, 699 papers were identified through the electronic
searches. Upon the removal of duplicate papers, 655 titles and abstracts were
reviewed. A total of 73 papers were potentially relevant and were ordered for
full paper review. At this stage, a further 63 papers were excluded. Hand
searching yielded eight additional relevant papers, resulting in a total of 18

papers for final inclusion in the original review.

In the January 2019 update, 124 papers were identified through the electronic
searches. Upon the removal of duplicate papers, 80 titles and abstracts were
reviewed. A total of 22 papers were potentially relevant and were ordered for
full paper review. At this stage, a further 22 papers were excluded. Hand
searching yielded four additional relevant papers, resulting in a total of four

papers for final inclusion in the updated review.

Across the original review and the January 2019 update, a total of 22 studies

were identified for final inclusion in the review.

The flow of studies through the review is reported in the PRISMA flow diagram
in Figure 4. Separate PRISMA diagrams for the original and updated reviews

are presented in Appendix 1.
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Figure 4: PRISMA flow diagram for published and unpublished studies in
clinical evidence SLR

Abstracts identified from databases: 699

Embase and Medline: 624

Medline In-process via Ovid: 57

Cochrane library via Ovid: 18
Duplicates: 44 —

Abstracts screened: 655

Abstracts excluded: 582

Animal study: 71

In vitro study: 85
Publication type not of interest: 190 —
Patient population not of interest: 157
Outcomes not of interest/not reported: 78

Duplicate: 1

Full texts screened: 73

Full texts excluded: 63 Additional citations: 8
Publication type not of interest: 7 Conference search: 4
Patient population not of interest: 14 B Bibliographic search: 1
QOutcomes not of interest/not reported: 24 Internal CSRs: 3
Intervention not of interest: 18

rAAV2-CBSB-hRPEG5 7

tgAAGT6 2

rAAV2-CB-hRPEG5 2

rAAV2/4 hRPEG5 1

rAAV2-hRPEGBS 1

Oral synthetic retinoid 5

—{January 2019 update: 4

Full inclusions: 22
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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.

The inclusion and exclusion criteria used to select studies from the unpublished

literature are those described in Table 6.

9.24 Report the numbers of unpublished studies included and

excluded at each stage in an appropriate format.

The PRISMA flow diagram in Figure 4 and the accompanying text refer to both
published and unpublished studies.

9.3 Complete list of relevant studies

The sponsor should provide a PDF copy of all studies included in the
submission. For unpublished studies for which a manuscript is not available,
provide a structured abstract about future journal publication. If a structured
abstract is not available, the sponsor must provide a statement from the authors

to verify the data provided.

9.3.1 Provide details of all published and unpublished studies
identified using the selection criteria described in Table 7 and
Table 8.

The initial and updated SLRs identified a total of ten published records and 12

unpublished records.

Details of published and unpublished studies are provided in Table 7 and Table

8, respectively, and summarised below.
9.3.1.1 Published studies

The pivotal trial is Study 301/302, which compared VN with BSC, in line with

the decision problem (Table 1):
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¢ One primary reference and five secondary references.

The other published study is a Phase 1 safety study (Study 101/102) which did

not include a comparator arm:

e Study 101 — one primary reference and five secondary references.
e Study 102 — one primary reference and four secondary references.
9.3.1.2 Unpublished studies

Results of the continuation phase of Study 301/302, in which control patients
crossed over to the intervention arm, are not yet published. Five references

were identified which provide data from this study.
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Table 7: List of relevant published studies

Study name . SEEEEEL . .
(NCT ID) Primary study reference study Population Intervention Comparator
references
Russell et al 2017 [4] [19, 132-135]
Efficacy and safety of voretigene
Studv 301 neparvovec (AAV2-hRPE65v2) in Bilateral subretinal
(NUC'|Y00999609) patients with RPE65 -mediated inlj:c?i:)an zl];l Vr[?] na BSC?
inherited retinal dystrophy: a
randomised, controlled, open-label,
phase 3 trial
Bennett et al 2016 [17] [18, 136-138] | Patients with a
Safety/and cIIurability of .effeczf of . gz)onlﬁrcrﬁlaatriodnlagcnosm (or Subretinal injection of
Study 102 contralateral-eye administration o . i . VN in the contralateral
(NCT01208389) AAV2 gene therapy in patients with diagnosis) of biallelic eye previously N/A
childhood-onset blindness caused by RPE65 mutations untreated in Study 101
RPE65 mutations: a follow-on phase
1 trial
Maguire 2009 [16] [14, 139-142]
Study 101 Age-dependent effects of RPE65 Unilateral subretinal
(NCT00516477) | 9ene therapy for Leber's congenital injection of VN N/A
amaurosis: a phase 1 dose-escalation
trial

Abbreviations: BSC, best supportive care; NCT ID, National Clinical Trial identifier; RPE65, retinal pigment epithelium 65 kDa protein; VN, voretigene

neparvovec.

TAfter Year 1 patients in the control (BSC) arm switched over to receive voretigene neparvovec. This unpublished continuation phase is known as Study 302 —
details are provided in Table 8.
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Table 8: List of relevant unpublished studies
Study name Data sources Population Intervention Comparator

Maguire 2017 [143]

Phase 3 trial update of voretigene neparvovec in
biallelic RPE65 mutation-associated inherited retinal
disease

Russell 2017 [144]

Two-Year Results for a Phase 3 Trial of Voretigene
Neparvovec in Biallelic RPE65-mediated Inherited
Retinal Disease

Patients with a

Study 302 Russell 2018 [143] molecular diagnosis : .
(continuation _ , . Bilateral subretinal +
phase of Study Three-year update for the phase 3 voretigene (or confirmation of injection of VN N/A
301) neparvovec study in biallelic RPE65 mutation— diagnosis) of _blallellc

associated inherited retinal disease RPEG65 mutations

Leroy 2018 [146]

Year 3 Results and Age-Stratified Analyses for a
Phase 3 Trial of Voretigene Neparvovec in RPE65
Mutation—-Associated Inherited

Maguire 2018 [147]

PAOQO74 Visual Acuity Outcomes in the Voretigene
Neparvovec-rzyl Phase 3 Trial

Abbreviations: RPE65, retinal pigment epithelium 65 kDa protein; VN, voretigene neparvovec.
TStudy 302 is the continuation phase of Study 301/302 in which patients from the control arm switched over to receive VN.
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9.3.2 State the rationale behind excluding any of the published
studies listed in Table 7 and Table 8.

No studies listed in Table 7 and Table 8 were excluded.
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. A separate table should
be completed for each study.

9.41.1 Study 301/302 (Phase 3) methodology

Study 301/302 was a Phase 3 randomised controlled trial assessing the safety
and efficacy of sequential bilateral administration of VN versus BSC [4]. The

two arms of the trial were:

e Original Intervention arm — these patients received sequential bilateral
treatment with VN at the start of the study.

e Control/Delayed Intervention arm — these patients served as a control group

for the first year of the study, before crossing over to receive treatment.

The continuation phase in which Control/Delayed Intervention patients were

treated is referred to as Study 302.

Figure SFigure 5: summarises the design of Study 301/302. Table 9
summarises the trial methodology and is followed by a discussion on the

selection of endpoints for the trial.
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Figure 5: Design of Study 301/302

Study fully enrolled in 2013; Dosing regimen:
randomisation completed in 2014 1.5x10" vg/eye in 0-3 mL

Baseline testing Er d:oi o
Ran_domlsatlf:n Intervention group Injection in firsteye  —| Injection insecond eye — reached at 1year
(2:1 intervention
Eligibility to control)
screening Assignment |
(balanced for age
performance) intervention group
a
Trial endpoints All followed control
Primary Secondary participants could cross
+ MLMT change score at 1 year, bilateral « FST testing, averaged over both eyes over and receive
AAV2-hRPE65v2

« MLMT change score, assigned first eye
+ BCVA, averaged over both eyes

(voretigene neparvovec)

Abbreviations: BCVA, best-corrected visual acuity; FST, full-field light sensitivity threshold; MLMT, multi-luminance mobility test; vg, vector genomes.
Source: Russell 2017 [4]
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Table 9: Summary of methodology for Study 301/302

Study name A Safety and Efficacy Study in Subjects with Leber
Congenital Amaurosis (LCA) Using Adeno-Associated Viral
Vector to Deliver the Gene for Human RPEG5 to the Retinal
Pigment Epithelium (RPE)

Objectives Primary objective: to determine whether non-
simultaneous, bilateral subretinal administration of AAV2-
hRPEG5v2 improved the ability to navigate (as measured by
mobility testing) in adults and children, three years of age or
older, with LCAT due to RPE65 mutations

Secondary objective: to continue to assess the safety and
tolerability of AAV2-hRPEG65v2 administrations

Location The Children’s Hospital of Philadelphia, Philadelphia and
University of lowa Hospitals and Clinics, lowa City
Design Phase 3, open-label randomised controlled trial

Duration of study 1 year (primary endpoint); 15 year follow-up for long-term
safety and efficacy

Sample size 31

Power The simulated power to detect a clinically meaningful
difference was greater than 99%, based on a type | error
rate of 0.05.

Sample size Power calculations were based on randomisation of 24

calculation patients (16 in intervention group and 8 in control group).

Greater than 50% of intervention patients were expected to
demonstrate improvement in navigational ability as
assessed by mobility testing. The control group was
assumed to have a mean change of zero because of the
potential for a learning effect despite the degenerative
nature of the condition.

A change score of 1 was considered a clinically meaningful
change between baseline and Year 1. Assuming 16
intervention patients and 8 controls with no change, the
simulated power to detect a clinically meaningful difference
using a Wilcoxon rank sum test is nearly 100%.

Inclusion criteria e Molecular diagnosis (or confirmation of diagnosis) of
biallelic RPE65 mutations

o Three years of age or older

e BCVA worse than 20/60 (both eyes) and/or visual
field less than 20° in any meridian (both eyes)

¢ Sufficient viable retinal cells as defined by:

0 an area of retina within the posterior pole of
> 100 um thickness as shown on OCT;

0 = 3 disc areas of retina without atrophy of
pigmentary degeneration within the posterior
pole based on ophthalmoscopy; or

0 remaining visual field within 30° of fixation.

Specification for company submission of evidence 71 of 282



o Ability to perform mobility testing (primary efficacy
endpoint) at Screening within the luminance range
evaluated in the study:

0 by receiving an accuracy score of < 1 at 400
lux (maximum light level); and

0 by being unable to pass mobility testing at 1
lux (minimum light level).

Exclusion criteria

Prior participation in a study in which a gene therapy
vector was administered

e Use of high-dose (>7500 retinol equivalent units [or
>3300 IU] per day of vitamin A) retinoid compounds
in the past 18 months

e Prior intraocular surgery within six months

e Sensitivity to medications planned for use in the
peri-operative period

e Pre-existing eye conditions or complicating systemic
diseases (in which the disease itself or treatment of
it could alter ocular function) that would preclude the
planned surgery or interfere with study
interpretations

e Pregnancy or unwillingness to use effective
contraception for four months following vector
administration

¢ Inability to perform mobility testing (primary efficacy
endpoint) for reasons other than poor vision,
including physical and attentional limitations

e Any other condition that would not allow the patient
to complete follow-up examinations or, in the opinion
of the investigator, makes the patient unsuitable for
the study

Method of
randomisation

Patients were stratified by age (= 10 years vs < 10 years)
and Screening mobility testing passing level (pass at = 125
lux vs < 125 lux) and randomised (2:1) to the Intervention or
Control group. Within each age and mobility testing stratum,
randomised blocks (block size 3) governed the allocation to
treatment group.

differences

Method of The study was open-label because the use of sham surgery

masking for the control group was not considered ethical. Mobility
testing, home orientation and mobility assessments were
graded by independent assessors masked to treatment
assignment and test sequence.

Intervention Subretinal injection of 1.5 x 10" vg AAV2-hRPE65v2

(N = 21) (voretigene neparvovec) in each eye.

Comparator Untreated for at least one year from baseline. After one year

(N =10) control patients were eligible to receive the intervention.

Baseline Patient demographics were well-matched across the two

groups (see Section 9.4.3). At baseline patients completed
the mobility test. |JJllf patients in the intervention group
passed the test at 4 lux compared to [l in the control
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group. Details of patient demography and baseline MLMT
performance are provided in Appendix 6.

Duration of Patients were followed up for the primary endpoint for one
follow-up, lost to year post-administration (intervention) or post-baseline
follow-up (control). Retinal and visual function analysis, including

mobility testing, was performed at 30 days, 90 days, 180
days and 1 year. No patients were lost to follow-up however
two patients withdrew prior to knowledge of treatment
allocation. Annual visits will be conducted for 15 years post-
administration to assess long-term safety and therapeutic
effects.

Statistical tests The ITT populations were used for statistical analyses. The
ITT populations included all patients who were allocated to
intervention or control, including the two patients (one from
each group) who withdrew prior to knowledge of treatment
allocation.

information

e Primary endpoint

o0 Non-parametric permutation test based on a
Wilcoxon rank-sum

0 Tested at a two-side Type | error rate of 0.05
0 Two-sided confidence intervals
e Secondary endpoints

o0 For monocular mobility testing the same
method was used as for the primary endpoint

0 For FST and VA analysis was performed
based on longitudinal models that provided
estimates of the difference between baseline
and Year 1.

The secondary outcomes were only to be formally tested
statistically if the primary outcome was statistically
significant. Statistical significance of the secondary
outcomes was performed in a hierarchical manner to
maintain control of Type | error rate:

1. If the primary outcome was statistically significant,
FST was to be tested.

2. If FST was statistically significant, monocular
mobility change score was to be tested.

3. If monocular mobility change score was
statistically significant, VA was to be tested.

All secondary endpoints were tested at a two-sided Type |
error rate of 0.05

Primary Change in bilateral mobility test performance at Year 1
outcomes relative to baseline

(including e Patients were assigned scores based on the
scoring methods minimum light level at which they were able to pass
and timings of the test. The change score was calculated as the
assessments) difference in score between baseline and Year 1.

o Tests were videotaped and performance was
assessed by independent trained assessors who
were masked to treatment allocation and sequence
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(e.g. whether a video was from a baseline visit or
follow-up visit). Patients passed the test if they
completed the course in three minutes or less with
fewer than four errors.

Assessments were performed at baseline and one year
post-administration to second eye.

Secondary Change in white light FST averaged over both eyes at
outcomes Year 1 relative to baseline

(including o Full-field light sensitivity threshold testing determines
scoring methods the minimum luminance at which patients reliably
and timings of perceive light. The test is performed separately for
assessments) each eye (with the other patched) and the average

score from both eyes is calculated.

e The unit of measurement, dB, was converted to
Log10(cd.s/m?). More negative Log10(cd.s/m?)
values indicated better sensitivity.

Assessments were performed at baseline, Day 30, Day 90,
Day 180 and Year 1 post-administration.

Change in assigned first eye MLMT performance at
Year 1 relative to baseline

e Scoring and timing of assessments were the same
as the primary endpoint.

Change in BCVA averaged over both eyes at Year 1
relative to baseline

o BCVA was measured using age-adapted tests, such
as ETDRS and HOTYV testing to document changes
in central vision, determined by the ability to resolve
standard optotypes/letters corresponding to different
visual angles.

e Results are presented in LogMAR units. A 0.1
improvement in LogMAR corresponds to a 5-letter
improvement on a standard eye chart.

Assessments were performed at baseline, Day 30, Day 90,
Day 180 and Year 1 post-administration.

1 Although LCA is mentioned, patients were eligible if they had molecular diagnosis (or
confirmation of diagnosis) of biallelic RPE65 mutations i.e. regardless of clinical diagnosis.
Abbreviations: BCVA, best-corrected visual acuity; dB, decibels; cd.s/m?, candela seconds per
meter squared; ETDRS, Early Treatment Diabetic Retinopathy Study; FST, full-field light
sensitivity threshold; ITT, intention-to-treat; LCA, Leber congenital amaurosis; LogMAR,
logarithm of the minimum angle of resolution; MLMT, multi-luminance mobility testing; OCT,
optical coherence tomography; RPE, retinal pigment epithelium; RPEG5, retinal pigment
epithelium 65 kDa protein; VA, visual acuity; vg, vector genomes.

Source: Russell 2017 [4]; Study 301 CSR [19].

9.4.1.1.1. Requirement for a novel primary efficacy endpoint (MLMT)

The primary and secondary endpoints used in Study 301/302 were selected to
enable evaluation of change in visual function and functional vision (defined as

the ability to conduct visually dependent activities of daily living independently).
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No treatments are currently available for RPE65-mediated IRD [1], sO no
precedents exist for endpoints to assess the therapeutic benefits of products

for this unique group of diseases.

Traditional endpoints such as VA and VF are challenging to measure in this
population because baseline visual function is poor (and can only deteriorate
further), and they do not capture characteristic features of the condition such
as night blindness (nyctalopia), reduced light sensitivity and nystagmus. There
is potential for important benefit following treatment with respect to activities of
daily living through improvements in these symptoms, however previously used
obstacle courses that assess functional vision [148, 149] would be unable to
capture this as they do not implement variable lighting. For example, a patient
with nyctalopia may be able to complete a well-lit obstacle course but this would
not identify their inability to navigate under low-light conditions or a change in

this ability following treatment.

Another requirement for a novel efficacy endpoint to capture these benefits was
that it could be performed in a paediatric population, as the symptoms of
RPE65-mediated IRD appear in the first few months of life in some patients
(see Section 6.1.3). The youngest patient in Study 301/302 was four years old
[4].

In the context of these condition-specific features and the need for a clinically
meaningful endpoint, the MLMT instrument was designed, with input from the
FDA, and validated in a validation study [21]. The MLMT integrates aspects of
light sensitivity, VF and VA, and measures functional vision in a quantitative
and standardised manner at specified light levels. Change in MLMT

performance from baseline to Year 1 was the primary endpoint of the study.

Use of the MLMT in the Phase 1 studies supports its use as an outcome
measure, and the validation study confirmed its ability to identify a range of
vision in low-vision patients, to distinguish them from normal-vision patients,
and to track changes in functional vision over time. The test was scored by
graders masked to treatment allocation and sequence (i.e. they were not told if

a video showed a baseline test or a test performed one year post-
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administration). Inter-grader agreement was 97.9%, demonstrating strong
reliability. The test reflects aspects of VA and VF, as MLMT performance
declined markedly below particular VA and VF thresholds [21].

Separate outcome measures for VA, VF and light sensitivity assessed visual
function, and a visual function questionnaire (VFQ) assessed patients’

perspective of their ability to perform vision-related tasks.
9.4.1.1.2. Bilateral MLMT change score (primary endpoint)
9.4.1.1.2.1. Procedure

The primary endpoint of Study 301/302 was performance on the multi-
luminance mobility test (MLMT), measured by a change score one year
following vector administration relative to patients’ pre-administration MLMT
performance. The MLMT measures functional vision in a quantitative and
standardised manner at specified light levels. It was designed, with input from
the FDA, to evaluate the ability of a subject to navigate a marked path, while

avoiding obstacles, and relying on vision rather than kinaesthetic input.

Patients are asked to follow arrows on the floor whilst avoiding obstacles,
traversing steps and identifying a door at the end of the course. Twelve course
configurations of equal difficulty exist to reduce the risk of a learning effect when

a patient repeats the test. One of these configurations is shown in Figure 6.
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Figure 6: MLMT course layout (1 of 12 configurations?)

| Door |

Start

T The figure presents the layout of 1 of the 12 possible configurations. Obstacles include two
raised steps with arrows (2 inches high), two grass tiles, three black tiles representing holes,
two elevated foam blocks (4.5 inches high), two Styrofoam (STY) cones, one stop sign
(adjustable from 40 inches to 72 inches high), one step-over obstacle (9 inches high), one waist-
high obstacle (represented by the blue tree, 27 inches high), and one waste basket (13 inches
high) [21].

Source: Chung 2018 [21]

The test is conducted at seven light levels, ranging from 1 to 400 lux. It was
important to include varying light levels, as patients with RPE65-mediated IRD

experience progressive loss of night vision, in addition to loss of VF and VA.

This reflects the range of light levels that might be experienced in day to day
life in different environments (see Table 10 and Figure 7). Improvements in
functional vision at lower light levels may indicate the potential to gain the ability
to perform additional activities of daily living, thus improving quality of life and

independence.
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Table 10: Light levels and associated scores in the MLMT
el Score Examples
(lux)
1 6 e Moonless summer night
e Indoor night-light
4 S e Cloudless summer night with half-moon
e Qutdoor parking lot at night
¢ Inside a plane on a night flight
10 4 ¢ 60 minutes after sunset in a city setting
o Bus stop at night
50 3 e Qutdoor train station at night
¢ Inside of illuminated office stairwell
125 2 ¢ 30 minutes before sunrise
¢ Interior of a shopping centre, train, or bus at
night
250 1 e Interior of a lift, library or office hallway
400 0 ¢ Office environment or food court
> 400 -1 -

Abbreviations: MLMT, multi-luminance mobility test.

Figure 7: Example MLMT lighting conditions
/

Abbreviations: MLMT, multi-luminance mobility test.
Source: Chung 2017 [133]

Patients are dark-adapted for 40 minutes, and tested under at least two lighting
conditions for each eye and then with both eyes open, to determine the
minimum light level at which they can pass the test. The course is reconfigured

between each run to minimise the impact of potential learning effect [19].

Patients are assigned a score corresponding to the minimum light level they are

able to pass the test at — lower light levels are associated with higher scores.

Success or failure on the course is determined by independent graders masked
to treatment allocation. Tests are filmed and anonymised, and graders
determine the number of collisions and time to complete the test to assign

scores for speed and accuracy.
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In order to pass, patients must complete the course in < 180 seconds, and with
an accuracy score of < 0.25 (the accuracy score being determined by dividing

the number of collisions by the total number of obstacles).

The MLMT test was performed at baseline (to identify the minimum lighting level
at which a patient could pass), and on Days 30, 90, 180, and Year 1 post-
administration to the second eye. The change in bilateral MLMT score between
baseline and Year 1 was used to calculate primary endpoint results. The

change score for the first-treated eye was reported as a secondary endpoint.
9.4.1.1.2.2. Clinical significance

An improvement in ability to ambulate is prima facie clinically meaningful; the
use of mobility testing as the primary efficacy endpoint bypasses surrogate

markers of useful vision and directly demonstrates clinical benefit [19].

The ability to navigate at different levels of environmental illumination relates to
the patients’ extent of VF and to light sensitivity, both functions specifically
affected in patients with RPE65-mediated IRD. The MLMT integrates aspects
of VA and VF, as test performance declined markedly below particular VA and
VF thresholds in a validation study [21].

9.4.1.1.3. Full-field light sensitivity threshold (FST) testing (secondary
endpoint)

To assess the effect of treatment on nyctalopia, which is experienced by the
vast majority of patients (see Section 6.1.3), FST testing formed one of the
secondary endpoints of the study. The test measures the threshold of light
brightness that can be seen, with lower thresholds equating to higher sensitivity

reflective of increased photoreceptor function.

This test determines the light sensitivity of the entire visual field by recording
the luminance at which a patient reports seeing the dimmer flash. Patients are
seated in front of a Ganzfeld dome in which light flashes are generated. A sound
is generated at the time of the flash, and the patient indicates whether or not

they saw the flash using buttons. Flashes of varying luminance are presented
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in a random order allowing the algorithm to calculate the minimum luminance

at which the patient reliably perceives light.

Average FST score calculated following separate testing for each eye (with the
other patched) formed the secondary endpoint, with individual eye FST as
supportive analyses. More negative Log10(cd.s/m?) values indicate better

sensitivity.
9.4.1.1.4. Monocular mobility testing change score (secondary endpoint)

The same method was used as for the primary endpoint. Patients wore a patch
over the second assigned eye (i.e. the second eye to receive treatment with

VN) to assess performance using the first assigned eye.
9.4.1.1.5. Visual acuity (secondary endpoint)

Visual acuity is defined as the reciprocal of the ratio between the letter size that
can be recognised by a patient, relative to the size recognised by the standard
eye — if a patients requires letters that are twice as large or twice as close, the

visual acuity is said to be 1/2.

Visual acuity in adults was assessed using the Early Treatment Diabetic
Retinopathy Study (ETDRS) test, which measures VA in LogMAR units.
However, it is not suitable for young children [150], who were instead assessed
using the HOTV test, featuring four letters (H, O, T & V) centring around a
vertical axis — this is useful as young children may reverse the appearance of
objects [19]. The Snellen scale used in HOTV testing was converted to the
LogMAR scale to enable comparison. The following equation can be used to
determine the LogMAR equivalent of a given Snellen score (for example a

Snellen score of 6/60 is equivalent to a LogMAR of 1):

Snellen numerator )
Snellen denominator

LogMAR = —Log(
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Figure 8: ETDRS and HOTV charts
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Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study.

Source: www.precision-vision.com

For comparison purposes the results of these tests were converted to logarithm

of the minimum angle of resolution (LogMAR) units. Smaller values indicate

better visual acuity. A 0.1 improvement in LogMAR corresponds to a 5-letter

improvement (equivalent to one line) on a standard eye chart (see Figure 8:).

The reference value above which people are considered to have normal visual

acuity is called 20/20 vision (LogMAR 0) (i.e. at a distance of 20 feet they are

able to separate contours that are 1.75 mm apart).

Off-chart measurements were performed for patients who were unable to read

any letters on the chart. The scale adapted from Holladay was used to

determine visual acuities for the ability to count fingers and hand motion [151]:

e Patients able to count fingers at 20 feet have approximately 20/200

vision (LogMAR -1.00)

e Patients able to detect hand motion are regarded as having 10 times (1

log-unit) worse visual acuity than someone who can count fingers at the

same distance (20/2000 vision, equivalent to a LogMAR of -2.00)
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o0 An alternative scale described by Lange et al [152] reduces the
step between count fingers and hand motion to 0.3 log-units. This

scale was used in a post-hoc analysis (see Section 9.6.1.1.4).

Average VA based on the VA of each eye formed the secondary endpoint.
Supportive analyses used the VA of individual eyes, and a post-hoc analysis
used the Lange scale (described above) as requested by the EMA and the

study’s Data and Safety Monitoring Board (Section 9.6.1.1.4).
9.4.1.1.6. Visual field (exploratory endpoint)

Visual field testing was performed to evaluate the effect of treatment with VN
on the function of different regions of the retina. This endpoint is of relevance
to the decision problem (Table 1) and visual field loss is one of the key
symptoms of the condition (see Section 6.1.3). Visual field testing was not
chosen as a primary or secondary endpoint due to the unique attributes of the
study population, including nystagmus, which can lead to indeterminate results.
However, the effect of treatment on VF is captured in the primary and secondary
endpoints through MLMT and FST testing.

Analyses were performed using Goldmann kinetic perimetry testing (which
evaluates the extent to which a patient can see from a central point of fixation)
and Humphrey static VF analysis (which assesses function of specific domains

within the visual field).

Goldmann kinetic perimetry testing is considered more relevant for RPE65-
mediated IRD, which primarily affects rod photoreceptors that facilitate
peripheral and low-light vision. Humphrey VF macula threshold testing targets
the central 4 degrees of field, while foveal sensitivity testing targets the most

central, cone-enriched region of the macula.

In Goldmann kinetic perimetry testing a dome-shaped white screen is
positioned in front of the patient. Each eye is tested individually. The patient
indicates when light moving from the periphery to the centre is detected in the

visual field. The test can be conducted using different stimulus sizes and
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intensities. The Ill4e stimulus is more sensitive than V4e, being 1/16" smaller

in total area and 1/4 the diameter.

Humphrey VF static perimetry testing is performed using an automated
analyser. Fixed light sources serve as a visual stimulus, which vary in
luminance. A computer algorithm varies the luminance to determine the field of

vision.

Results of Goldmann testing are presented as sum total degrees, with higher
values representing larger fields of vision. Humphrey testing results are
presented in decibels (dB) with a higher dB value representing more sensitive

(better) vision in that location of the retina.
9.4.1.1.7. Contrast sensitivity (exploratory endpoint)

Contrast sensitivity defines the threshold between the “visible” and the
“invisible” [153]. In Study 301/302 testing was performed using the Pelli-Robson
chart, which displays horizontal lines of capital letters with decreasing contrast.
The test was not performed for children unable to recognise letters of the

alphabet.
9.4.1.1.8. Visual function questionnaire (exploratory endpoint)

This visual function questionnaire (VFQ) was prepared to serve as a patient-
reported outcome (PRO) that evaluates the activities of daily living that are
dependent on vision, or have a vision element. The questionnaire was modified
to accommodate both individuals with extremely poor vision and a paediatric

population.

The VFQ was completed by the patients (or by the parents/guardians of
paediatric patients) at baseline, days 30, 90 and 180, and year 1. 25 questions
(Appendix 7) were included requiring numerical answers ranging from O (worst

vision) to 10 (best vision).

A retrospective validation exercise was performed to assess the psychometric
validity of the questionnaire [154]. The questionnaire was shown to have good

construct validity and to be sensitive to change over time, providing evidence
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of improvements in patient and caregiver/patient reported functional vision

scores following treatment.

9.4.1.2

Study 101/102 methodology

9.4.1.2.1. Study 101 methodology

Study 101 was a Phase 1 dose escalation safety study, in which patients

received one of three doses of VN to one eye [16].

Table 11: Summary of methodology for Study 101

Study name

A Phase 1 Safety Study in Subjects with Leber Congenital
Amaurosis (LCA) Using Adeno-Associated Viral Vector to
Deliver the Gene for Human RPEGS into the Retinal Pigment
Epithelium (RPE)

Objective Primary objective: To determine the safety and tolerability of
subretinal administration of voretigene neparvovec to patients
with LCAT due to RPE65 mutations
Secondary objective: To assess the objective clinical
measures of efficacy in human patients

Location The Children’s Hospital of Philadelphia, Philadelphia
(administration site) and Second University of Naples,
Department of Ophthalmology, Naples, Italy (referral/follow-up
site for five patients from September 2007 through June 2011)

Design Open-label dose-escalation safety study

Duration of 2 years

study

Patient Adults and children with inherited retinal degeneration with a

population molecular diagnosis (or confirmation of diagnosis) of biallelic

RPE65 mutations

Sample size

12

Sample size
determination

The sample size was based on the principle that the number of
patients exposed to potential risks in a Phase 1 study should be
minimised. Three patients per dose cohort is a typical design
for early phase gene transfer protocols, however three
additional patients were added to the middle dose group after
preliminary evaluation of the first six patients injected.

Inclusion
criteria

e Willingness to adhere to protocol and companion
protocol for long-term follow-up as evidenced by written
informed consent or parental permission and patient
assent.

¢ Adults and children diagnosed with LCA.

¢ Molecular diagnosis (or confirmation of diagnosis) of
biallelic RPE65 mutations by a Clinical Laboratory
Improvement Amendments of 1988 (CLIA)-certified
laboratory.
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e Age eight years old or older at the time of
administration.

¢ Visual acuity < 20/160 or visual field less than 20° in the
eye to be injected.

Exclusion
criteria

e Participation in a clinical study with an investigational
drug in the past six months

e Pre-existing eye conditions that would preclude the
planned surgery or interfere with interpretation of study
endpoints

¢ Lack of sufficient viable retinal cells as determined by
non-invasive means, such as OCT and/or
ophthalmoscopy:

o Ifindirect ophthalmoscopy reveals less than one
disc area of retina which is not involved in
complete retinal degeneration, these eyes will be
excluded

0 In eyes where OCT scans of sufficient quality
can be obtained, areas of retina with thickness
measurements < 100 ym, or absence of neural
retina will not be targeted for delivery of AAV2-
hRPEG5v2

¢ Complicating systemic diseases or clinically significant
abnormal baseline laboratory values. Complicating
systemic diseases would include those in which the
disease itself, or the treatment for the disease, can alter
ocular function.

e Prior intraocular surgery within six months

e Sensitivity to medications planned for use in the peri-
operative period

e Pregnancy or unwillingness to use effective
contraception for the duration of the study

e Any other condition that would not allow the patient to
complete follow-up examinations or, in the opinion of the
investigator, makes the patient unsuitable for the study

e Presence of neutralising antibodies to AAV2 above
1:1000

Intervention(s)

Intervention: subretinal injection of 1.5 x 10" vg (low dose),

(for example,
through pro-
active follow-

(N=12) and 4.8 x 10'° vg (middle dose) or 1.5 x 10" vg (high dose) of
comparator(s) AAV2-hRPEG5V2 into one eye.
(N=0)

Comparator: N/A
Baseline N/A (single arm)
differences
How were Patients were pro-actively followed up. Scheduled study visits
patients included: screening visit, two baseline visits, administration visit
followed-up (Day 0), and follow-up visits on Days 1, 2, 3, (and 7 if ocular

inflammation was present at day 3), 14, 30, 60, 90, 180, 270,
365 and Years 1.5 and 2 to 5.
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up or

passively).

Duration of

follow-up,

patients lost to

follow-up

Statistical e Descriptive statistics (mean, SD, median, minimum and

tests maximum values) were tabulated for the study
population.

e Number and percentage by dose cohort for categorical
data, mean, median, range, SD and N for continuous
data were presented for each of the evaluable
parameters for change from baseline and value at each
time point.

e AEs and SAEs were summarised by dose cohort, and
clinical laboratory values were summarised by time
point, patient and dose cohort.

e Values and changes from baseline at each time point
were tabulated.

Primary Determination of safety and tolerability of treatment
outcomes through:

(including e Physical examination with vital signs

scoring e AE recording

rrle’fhods and e Concomitant medications

timings of hemistr dh ol
assessments) e Serum chemistries and haematology

e Serum for AAV and RPE65-specific neutralising
antibodies and antigen-specific reactivities

e Peripheral blood and tear gPCR to detect vector spread

e Serial ophthalmic exams

e Direct and indirect ophthalmoscopy

Assessments were performed at the two baseline visits,
administration visit (Day 0), and follow-up visits on Days 1, 2, 3,
14, 30, 60, 90, 180, 270, 365 and Years 1.5 and 2 to 5. Not all
assessments were performed at each visit.

Secondary Change in visual function as measured by subjective,

outcomes psychophysical tests and objective, physiologic tests:

(including e VA testing

scoring e VF testing (Goldmann perimetry)

methods and

.. e ERG
timings of c e
assessments) . ontrast sensitivity

Colour vision testing

Pupil function testing

Mobility testing

Ocular motility measurements

Assessments were performed at the two baseline visits,
administration visit (Day 0), and follow-up visits on Days 1, 2, 3,
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14, 30, 60, 90, 180, 270, 365 and Years 1.5 and 2 to 5. Not all
assessments were performed at each visit.

1 Although LCA is mentioned, patients were eligible if they had molecular diagnosis (or
confirmation of diagnosis) of biallelic RPE65 mutations i.e. regardless of clinical diagnosis.
Abbreviations: AAV, adeno-associated virus type 2; AE, adverse event; ERG,
electroretinogram; LCA, Leber congenital amaurosis; OCT, optical coherence tomography;
gPCR, quantitative polymerase chain reaction; RPEE5, retinal pigment epithelium 65 kDa
protein; SAE, serious adverse event; SD, standard deviation; VA, visual acuity; VF, visual field;
vg, vector genomes.

Source: Maguire 2009 [16]; Study 101 CSR [14].

9.4.1.2.2. Study 102 methodology

Study 102 was a follow-on study to the Phase 1 dose-escalation study. Patients

received injections in the eye that was not treated in Study 101 [17].

Table 12: Summary of methodology for Study 102

Study name A Follow-On Study to Evaluate the Safety of Readministration
of Adeno-Associated Viral Vector Containing the Gene for
Human RPEG65 [AAV2-hRPE65v2] to the Contralateral Eye in
Subjects with Leber Congenital Amaurosis (LCA) Previously
Enrolled in a Phase 1 Study
Objective Primary objective: To assess the safety and tolerability of
non-simultaneous, bilateral subretinal administration of
voretigene neparvovec
Secondary objective: To evaluate the efficacy of contralateral
eye administration of voretigene neparvovec, using pre-
injection measurements of the eye to be injected as a control
Location The Children’s Hospital of Philadelphia, Philadelphia
Design Open-label safety study
Duration of 1 year
study
Patient Patients who had participated in Study 101 and met eligibility
population criteria for this trial.
Sample size 11
Sample size The sample size was chosen based on the initial Phase 1 study
determination (Study 101). 12 patients received the intervention in Study 101
and all of them were considered for inclusion in this study. One
patient was not eligible (see Section 9.4.6).
Inclusion e Prior participation in the initial Phase 1 study (Study
criteria 101)
¢ Visual acuity equal to or greater than light perception
o Sufficient viable retinal cells in the contralateral,
previously uninjected eye, as determined by non-
invasive means such as OCT and/or ophthalmoscopy.
Must have:
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0 an area of retina within the posterior pole of >
100 pm thickness as shown on OCT;

0 = 3 disc areas of retina without atrophy of
pigmentary degeneration within the posterior
pole; or

0 remaining visual field within 50° of fixation.

o Willingness to adhere to protocol and long-term follow-

up as evidenced by written informed consent or parental
permission and patient assent (where applicable)

Exclusion
criteria

e Participation in a clinical study with an investigational
drug in the past six months

e Use of retinoid compounds or precursors that could
potentially interact with the biochemical activity of the
RPE65 enzyme (individuals who discontinue use of
these compounds for 18 months may become eligible)

e Prior intraocular surgery within six months

o Sensitivity to medications planned for use in the peri-
operative period

e Pre-existing eye conditions, such as glaucoma, or
complicating systemic diseases that would preclude the
planned surgery or could interfere with the interpretation
of the study. Complicating systemic diseases would
include those in which the disease itself, or the
treatment for the disease, can alter ocular function.

e Pregnancy or unwillingness to use effective
contraception for four months following vector
administration

¢ Any other condition that would not allow the patient to
complete follow-up examinations or, in the opinion of the
investigator, makes the patient unsuitable for the study

Intervention(s

Intervention: subretinal injection of 1.5 x 10" vg of AAV2-

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

) (N=11)and hRPE65v2 into the previously uninjected, contralateral eye
comparator(s)

(N=0) Control: N/A

Baseline N/A (single arm)

differences

How were Patients were pro-actively followed-up, although the timing of
patients follow-up depended on which part of the study they were
followed-up enrolled in.

Part 1 involved three eligible patients with a minimum eight
week interval between vector administrations. These patients
were followed at least weekly through this time period, with
particular attention paid to ocular toxicities and immunological
responses.

All Part 1 patients were evaluated through Week 8 before
proceeding to Part 2. Part 2 involved up to nine eligible patients
remaining from Study 101.
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The visit schedule for Part 1 patients was as follows: Day 1,
Day 2, Day 3, Week 1, Weeks 2-8, Day 90, Day 180, and Year
1.

The visit schedule for Part 2 patients was as for Part 1, but
without visits at Weeks 3 and Weeks 5-8.

Statistical e Descriptive statistics (mean, SD, median, minimum and
tests maximum values) were tabulated for the study
population.

¢ Number and percentage by dose cohort for categorical
data, mean, median, range, SD and N for continuous
data were presented for each of the evaluable
parameters for change from baseline and value at each
time point.

o AEs and SAEs were summarised by dose cohort, and
clinical laboratory values were summarised by time
point, patient and dose cohort.

¢ Values and changes from baseline at each time point
were tabulated.

Primary Determination of safety and tolerability of the study drug

outcomes through:

(including ¢ Recording all AEs and concomitant medications

scoring e Physical examinations including vital signs

methods and - . L .
.. f Pre and post-administration serum chemistry including

timings o ¢ liver function and renal function panels and urinalysis

assessments) Immunology studies for AAV antibodies and antibodies

for RPE65

e PBMCs using ELISPOT assay for cell-mediated immune
response

e Serial ophthalmic examinations

e Peripheral blood and tear PCR

Assessments were performed at the two baseline visits,
administration day, Days 1-3, Weeks 1-8, Days 90 and 180
and Year 1. Not all assessments were performed at each visit.
Secondary Evaluation of the efficacy of the study drug by assessing
outcomes change in visual/retinal function through subjective,
(including psychophysical and objective, physiological tests:
scoring e Mobility testing
methods and e PLR
timings of . o FSTtesting
assessments) e VA testing

e VF testing (Goldmann perimetry)
o Contrast sensitivity

Assessments were performed at the two baseline visits,
administration day, Days 1-3, Weeks 1-8, Days 90 and 180
and Year 1. Not all assessments were performed at each visit.

Abbreviations: AAV, adeno-associated virus type 2; AE, adverse event; ELISPOT, enzyme-
linked ImmunoSpot; FST, full-field light sensitivity threshold; OCT, optical coherence
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tomography; PBMC, peripheral blood mononuclear cell; PCR, polymerase chain reaction; PLR,
pupillary light response; RPE65, retinal pigment epithelium 65 kDa protein; SAE, serious
adverse event; SD, standard deviation; VA, visual acuity; VF, visual field; vg, vector genomes.
Source: Bennett 2016 [17]; Study 102 CSR [18].

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).

Sources of data used for each study are provided in Table 13. The primary
sources of data used in this submission are the primary study publications,

supplemented with additional detail from the CSRs.

The continuation phase of Study 301/302 and follow-up data for Study 101/102
are unpublished — the results presented below are from conference abstracts

and unpublished data.

Study 302 is the continuation phase of Study 301, in which patients from the
Control/Delayed Intervention group received the intervention one year post-
baseline. Study 102 is a follow-on to Study 101, in which patients were injected

with VN in the contralateral eye.

Table 13: Sources of data used

Study name Source (reference) Type
Study 101 Maguire 2009 [16] Primary study publication
Study 101 CSR [14] Clinical study report
Chung 2019 [155] Conference abstract
Study 102 Bennett 2016 [17] Primary study publication
(follow-on to Study 101) Study 102 CSR [18] Clinical study report
Maguire 2017 [138] Conference presentation
Study 301 Russell 2017 [4] Primary study publication
Study 301 CSR [19] Clinical study report
Study 302 Maguire 2017 [143] Conference presentation
(follow-on to Study 301) Drack 2019 [156] Conference presentation

Abbreviations: CSR, clinical study report.
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943 Highlight any differences between patient populations and

methodology in all included studies.

Patient populations and eligibility criteria were very similar between clinical
trials. Key inclusion criteria for Studies 101 and 301/302 were a molecular
diagnosis (or confirmation of diagnosis) of biallelic RPE65 mutations, VA <
20/60, and/or VF < 20 ° in the eye(s) to be injected. To be eligible for enrolment
in Study 102 (the follow-on study to Study 101), patients were required to have
visual acuity equal to or greater than light perception — i.e. if visual acuity had
deteriorated below light perception since Study 101 they were not eligible for

this follow-on trial.

More stringent criteria were introduced for determining the number of viable
retinal cells in Studies 102 and 301/302. In Study 101 patients were eligible if
they had = 1 disc area of retina which was not involved in complete retinal
degeneration, but in Studies 102 and 301/302 eligible patients were required to

have = 3 disc areas of retina without atrophy or pigmentary degeneration.

Study 301/302 introduced MLMT performance as an eligibility criterion as this
formed the primary endpoint of the study. Patients were required to be able to
perform the MLMT within the luminance range evaluated, but unable to pass at
1 lux, the lowest luminance level tested. Those able to pass at 1 lux at screening
were considered too close to normal function with respect to ability to navigate
in dim light, and those unable to perform the course at screening with an
accuracy score < 1 at the highest illumination (400 lux) were considered to have
extensive disease progression such that they are less likely to achieve
measurable, clinically meaningful benefit [19]. Details of baseline MLMT

performance are provided in Appendix 6.

Details of patient demography for each trial are presented in Appendix 6. A
large proportion of Study 301/302 trial patients were young children — 64% of
randomised patients were under 18, and 42% were under 10 years old [19].
The mean ages of patients were 20.8 (Study 101), 22.8 (Study 102) and 15.1
years (Study 301/302). Study 101 enrolled patients who were = 8 years old (and
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these went on to become the Study 102 population), whereas Study 301/302

was open to patients who were = 3 years old.

The proportion of males in the studies was 58% (Study 101), 55% (Study 102)

and 42% (Study 301/302). [ N
B \/crcas in Study 301/302 68% were white, 16% were

Asian, 10% were American Indian or Alaska Native, and 6% were black or

African American.

Patients in all studies received subretinal injection of VN. The highest dose
given in the Study 101 dose escalation study (1.5 x 10" vg) was used in Studies
102 and 301/302.

944 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.

Subgroup analyses were not performed on the basis that performing a
subgroup analysis in such a small sample (29 subjects) could lead to
misinterpretation of results. No subgroup analyses were prespecified in Study
301/302.

Nevertheless, an exploratory age-stratified analysis (< or = 10 years at time of
injection) found that improvements in ambulatory navigation, light sensitivity,
visual field and visual acuity did not differ significantly between age groups one
year post-treatment (post-hoc; P=0.54, 0.98, 0.94 and 0.084, respectively)
[146].

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.

A CONSORT flow chart for Study 301/302 is presented in Figure 9.
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Figure 9: CONSORT flowchart for Study 301/302

36 patients assessed for eligibility

5 ineligible
2 due to mobility test performance
1 attentional limitations at two screening visits
L p| 1did not meet eligibility cutoffs for visual acuity
and field testing
1 deemed unreliable for endpoint testing owing
to insufficient voluntary assent

h 4

31 randomly assigned (2:1) to intervention or control

|
v v

21 randomly assigned to intervention 10 randomly assigned to control
1 discontinued pre-intervention (physician 1 discontinued (patient withdrawal)f
decision)*
v A4

20 received intervention and
completed 1-year assessment

21included in intention-to-treat
analysis

9 completed 1-year assessment

v

10 included in intention-to-treat
analysis

Abbreviations: CONSORT, Consolidated Standards of Reporting Trials; ITT, intention-to-treat.
*Baseline optical coherence tomography findings included severe retinal atrophy or
degeneration, with an almost complete absence of the photoreceptor layer in the macular area.
The discontinuation decision was made before either the participant or the physician had been
informed of the treatment assignment.

1The participant discontinued due to personal reasons, and this decision was made before
either the participant or the physician had been informed of the treatment assignment.
Source: Russell 2017 [4]

9.4.6 If applicable provide details of and the rationale for, patients

that were lost to follow-up or withdrew from the studies.
No patients were lost to follow-up in any of the clinical trials.

In Study 301/302 one patient withdrew from each arm prior to either the patient
or the physician being informed of the treatment assignment. In the intervention
group one patient was withdrawn by the physician based on a baseline OCT

finding of severe retinal atrophy or degeneration, with an almost complete
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absence of the photoreceptor layer in the macular area. One patient in the

control arm discontinued for personal reasons.

The ITT population in Study 301/302 includes these two patients (21 in the

intervention group and 10 in the control group). The mITT and safety

populations were the same, excluding these two patients (20 in the intervention

group and 9 in the control group).

One patient from Study 101 was not eligible for Study 102 due to the presence

of glaucomatous changes in the eye to be treated [18].

9.5

9.5.1

Critical appraisal of relevant studies

Complete a separate quality assessment table for each study.

A suggested format for the quality assessment results is

shown in Table 14.

Results of the quality assessment for Study 301/302 are presented in Table 14.

Table 14: Critical appraisal of Study 301/302

A Safety and Efficacy Study in Subjects with Leber

Study name Congenital Amaurosis (LCA) Using Adeno-Associated Viral
Vector to Deliver the Gene for Human RPEG5 to the
Retinal Pigment Epithelium (RPE)
Response

Study question (yes/no/not | How is the question addressed in the study?
clear/N/A)

A randomisation list was generated under
C the direction of the independent party

Was randomisation . o .

. biostatistician using a permuted block
carried out Yes : o 510
appropriately? design, stratified .by age (<_10 years and 2

years) and baseline mobility testing passing
level
Was the The use of sham injections in the control
concealment of N group was considered unethical, so
. o} e ) )
treatment allocation participants and investigators were aware of
adequate? study group assignment
Were the groups
similar at the outset The groups were similar in age and sex at
of the study in screening; baseline MLMT passing level was
terms of prognostic | No not completely balanced between the two
factors, for groups due to the small number of
example, severity participants
of disease?
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Were the care
providers, patients
and outcome
assessors blind to
treatment
allocation? If any of

Open label allocation

Graders assessing primary outcome
were affiliated with an independent
reading centre, and were masked to
treatment group by providing video

and were
appropriate
methods used to
account for missing
data?

these people were Partial files to them as coded files that did
not blinded, what not reference date or assignment
might be the likely group

impact on the risk  Orientation and mobility assessors
of bias (for each were also masked to treatment group
outcome)?

Were there any e Analyses for primary and secondary
unexpected efficacy endpoints included
imbalances in drop- prespecified summaries on the full
outs between Yes ITT and mITT populations

groups? If so, were _

they explained or ) Adversg event summaries used mITT
adjusted for? population

Is there any

evidence to

suggest that the No All the outcomes mentioned in the protocol
authors measured are reported

more outcomes

than they reported?

Did the analysis

include an

intention-to-treat e Analyses for primary and secondary
analysis? If so, was efficacy endpoints included

this appropriate Yes prespecified summaries on the full

ITT and mITT populations

Adverse event summaries used miTT
population

and Dissemination

Adapted from Centre for Reviews and Dissemination (2008) Systematic reviews.
CRD’s guidance for undertaking reviews in health care. York: Centre for Reviews

Abbreviations: ITT, intention to treat; mITT, modified intention to treat; MLMT, multi-luminance

mobility test.

9.6 Results of the relevant studies

Study 301/302 (Phase 3)

e Subretinal injection of VN led to clinically meaningful and statistically

significant improvements in primary and secondary trial endpoints.

e The ability of patients to navigate independently in low-to-moderate

light conditions improved significantly, as shown by change in MLMT
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score (primary endpoint) in the intervention group compared with

controls at Year 1 (1.8 vs 0.2, respectively; p=0.0013).

e Approximately two-thirds of patients treated with VN achieved the
maximum MLMT improvement possible at Year 1, but no patients in
the control group achieved this. A consequence of this ceiling effect is
that the extent to which clinical benefit can be translated into MLMT
change score is limited, resulting in possible underestimation of the

treatment effect.

e Light sensitivity (measured by FST testing [secondary endpoint])
improved by more than two log units in the treated group, with no

meaningful change in the control group (p = 0.0004).

¢ Clinically and statistically significant improvements in both navigational
abilities and light sensitivity manifested rapidly (within the first 30 days
after subretinal delivery) and were maintained through to the most
recent time points ( Year 4 for MLMT and Year 3 for FST).

e Improvements in Goldmann visual field (mean difference between
arms 378.7 degrees; post-hoc p=0.0059) and visual acuity (mean
difference between arms 0.17 LogMAR; p=0.17) were also apparent

soon after treatment, and persisted throughout the one year follow-up.

e Similar statistically significant and clinically meaningful improvements
were also observed in the Control/Delayed Intervention group

following bilateral administration of VN.
Study 101/102 (Phase 1)

e Voretigene neparvovec was well tolerated and all patients showed
sustained improvement in subjective and objective measurements of

vision.

e No adverse events related to the AAV2 vector were reported, and

those related to the procedure were mostly mild.
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e Improvements in efficacy outcomes were observed in most patients

without significant immunogenicity.

e All eight patients who participated in mobility testing improved by at
least one light level following treatment. Five patients passed the

MLMT at the lowest possible light level.

e Follow-up results demonstrate significant and sustained
improvements in navigational mobility (mean MLMT improvement
relative to baseline was 2.4 + 0.46 at Year 4, compared to 2.6 + 0.56
at Year 1) and light sensitivity (improvements sustained through to
Year 7.5).

9.6.1 Complete a results table for each study with all relevant

outcome measures pertinent to the decision problem.

Results of the studies are provided below in table format and supplemented

with text and figures where appropriate.
9.6.1.1  Study 301/302

The pivotal trial is Study 301/302, a Phase 3 open-label randomised controlled
trial, with a continuation phase (Study 302) in which patients in the

Control/Delayed Intervention group were eligible to receive the intervention.

As the symptoms of RPE65-mediated IRD appear very early in life in some
patients (see Section 6.1.3) it was partly a paediatric trial — 42% of randomised
patients were under 10 years old, and 65% of randomised patients were under

18 years old.

Endpoints and statistical analyses from Study 301/302 are summarised in Table
15, with additional data and results below the table. Graphs for each endpoint
represent the most recent data available. Graphs presenting data through to

Year 1 only are presented in Appendix 11.
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Table 15: Outcomes and analyses from Study 301/302

Study name A Safety and Efficacy Study in Subjects with Leber Congenital
Amaurosis (LCA) Using Adeno-Associated Viral Vector to
Deliver the Gene for Human RPEG5 to the Retinal Pigment
Epithelium (RPE)

Size of study 21 — intervention group (voretigene neparvovec)

groups 10 — control group (best supportive care)

Study duration 1 year (primary endpoint); 15 year follow-up for long-term safety
and efficacy

Type of ITT (all results in this table use the ITT population but the mITT

analysis population is used in some of the following figures; see Section
9.6.2 for more details)

Primary endpoint: Bilateral MLMT change score

A significant difference was observed in mean bilateral MLMT change score in the
intervention group compared to the control group. The majority of intervention
patients (13/20, 65% [mITT population]) passed the test at the lowest level (1 lux)
at Year 1 demonstrating maximum possible improvement. No control patients
passed at 1 lux.

When results from the continuation phase were included, 93% of patients in the
Original Intervention and Control/Delayed Intervention groups demonstrated a = 1
light level improvement over one year.

Unit MLMT change score (difference between MLMT score at
baseline and Year 1)

Effect size 1.6 (95% CI: 0.72, 2.41)
p-value 0.001
Statistical test e The primary endpoint was tested at a two-sided Type |

error rate of 0.05, using a non-parametric permutation
test based on Wilcoxon rank-sum as the observed test
statistic and an exact method for the corresponding p-
value.

e The planned approach was to randomize the allocation
of treatment label to patient and, for a large number of
replications, to calculate the test statistic from the
Wilcoxon rank-sum test. The p-value from the
permutation test was to be the proportion of p-values
that were smaller than the value observed in the actual
dataset.

e The Wilcoxon rank-sum test statistic was to use the
average rank when observations had the same value
(i.e., were tied). The permutation test used the set of all
possible permutations.

Secondary endpoint: FST (white light averaged over both eyes)?

A rapid 2-log unit improvement was observed in mean FST by Day 30 in the
intervention group, an effect that was maintained over one year. No meaningful
change was observed in the control group.

Unit log10(cd.s/m?)
Effect size -2.11 (95% CI: -3.19, -1.04)
p-value < 0.001
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Statistical test e Analysis of FST was based on longitudinal models that
provided estimates of the difference between baseline
and Year 1.

e Alinear contrast from a repeated measures general
linear model assessing change in response was used to
estimate the magnitude of these effects. The model
included study month as a fixed effect.

e The estimated mean change from baseline to Year 1 and
its 95% CIl was calculated from the model.

Secondary endpoint: Monocular MT change score (first-treated eye)

As with bilateral MLMT score, there was a significant improvement in monocular
MLMT score.

Unit MLMT score
Effect size 1.7 (95% CI: 0.89, 2.52)
p-value 0.001

Statistical test This analysis used models analogous to the model described for
the primary outcome.

Secondary endpoint: BCVA (averaged over both eyes)!

A numerical improvement was observed in VA averaged over both eyes (based on
the scale adapted by Holladay [151]) between the intervention (mean gain of 8
letters) and control group (mean gain of 1.6 letters) at Year 1, however this was not
statistically significant. A post-hoc analysis requested by the EMA found this
difference to be significant (see ‘Comments’ box below).

Unit LogMAR

Effect size -0.16 (95% ClI: -0.41, 0.08)

p-value 0.17

Statistical test Statistical analysis was performed as described for the FST
outcome

Comments

Visual field

There was a statistically significant difference (378.7°) in improvement in
Goldmann VF (lll4e) between the intervention group (mean change +302.1°) and
the control group (mean change -76.7°) at Year 1 relative to baseline (95% CI:
145.5, 612.0; post-hoc p = 0.0059).

Macular sensitivity threshold, measured using Humphrey VF testing, increased
from a mean of 16.1 dB to 24.0 dB. No meaningful change was observed in the
control group. This difference (7.9 dB) was statistically significant (95% CI: 3.5,
12.2; post-hoc p = 0.0005). No significant difference was observed with Humphrey
foveal sensitivity threshold.

Visual acuity (Lange scale)

A post-hoc analysis using the Lange scale for off-chart measurements [152], rather
than the Holladay scale that was used for the secondary endpoint [151], showed a
statistically significant (p = 0.047) mean (95% CI) treatment different of -0.15 (-
0.29, -0.00), corresponding to a 7.5-letter improvement on the eye chart.

Abbreviations: FST, full-field light sensitivity threshold; LogMAR, logarithm of the minimum
angle of resolution; MT, mobility testing.
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Source: Russell 2017 [4]; Study 301 CSR [19].
TSpecified in decision problem (Table 1).

9.6.1.1.1. Bilateral MLMT change score (primary endpoint)

Patients were assigned MLMT scores based on the minimum light level at which
they were able to pass the test. Higher MLMT score indicates better vision. The
change score was calculated as the difference in score between baseline and

Year 1.

At one year, the mean bilateral MLMT change score was 1.8 in the intervention
group compared to 0.2 in the control group. This difference in MLMT change
score between the intervention and control arms was highly statistically

significant (Table 16).

Table 16: MLMT change scores at Year 1 compared to baseline (ITT)

Intervention Control Difference (95% | Permutation
Cl) test p value

Both eyes
Mean (SD) 1.8 (1.1) 0.2 (1.0) 1.6 (0.72 10 2.41) 0.0013
Range Oto4 -1to 2 -
Median (IQR) 2(1t03) 0(-1to 1) -
First eye
Mean (SD) 1.9 (1.2) 0.2 (0.6) 1.7 (0.89 to 2.52) 0.0005
Range Oto4 -1to1 - -
Median (IQR) 2(1t03) 0(0to1) - -
Second eye
Mean (SD) 21(1.2) 0.1 (0.7) 2.0 (1.14 t0 2.85) 0.0001
Range Oto5 -1to1 - -
Median (IQR) 2(1to3) 0(0to1) - -

Abbreviations: Cl, confidence interval; IQR, interquartile range; ITT, intention to treat; MLMT,
multi-luminance mobility test; SD, standard deviation.
Source: Russell 2017 [4].

There was a rapid and sustained improvement in mean bilateral MLMT score
following treatment with VN, whilst no change was observed in the control
group. At Year 1 of Study 301, patients in the Control/Delayed Intervention arm
were eligible to receive treatment, and similar improvements were observed
(Figure 10).
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Figure 10: Year 3 MLMT results (Study 301/302)
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Source: Maguire 2017 [143]
Error bars represent standard errors.

Recently data became available for four years of follow-up for the Original
Intervention group and three years of follow-up for the Control/Delayed
Intervention group [156]. Patients maintained their improvements in MLMT —
the mean bilateral MLMT change score for the Original Intervention group was
1.7 at Year 4, and 2.4 at Year 3 for the Control/Delayed Intervention group
[156].

At the Year 1 visit, 13 patients (65% of mITT population) in the intervention
group passed the MLMT at 1 lux — the lowest luminance level tested (see Table
10) — demonstrating maximum possible improvement. By contrast no patients
in the control group passed the MLMT at this light level (Figure 11). By Year 3,
69% of all patients and 89% of Control/Delayed Intervention patients were able
to pass the MLMT at the lowest light level [143].

Figure 11: Bilateral MLMT scores at baseline and Year 1, by individual

aITT‘
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Only one patient treated with VN failed to improve on the MLMT. This participant
had severely reduced baseline visual acuity and was one of only two patients

with off-chart BCVA measurements after the immediate postoperative period.

The maximum possible improvement by the majority of patients in the
intervention group highlights a ceiling effect as a limitation of the MLMT. A
consequence of this ceiling effect is that the extent to which clinical benefit can
be translated into MLMT change score was limited, possibly underestimating

the treatment effect.

As the disease is characterised by inexorable progression towards complete
blindness [4], an improvement of one light level on the MLMT was considered
clinically significant. In the validation study, no patients (out of 28) improved on
the MLMT - 20 had a change score of 0, and 8 had a change score of -1 or -2
[21].

9.6.1.1.2. Full-field light sensitivity threshold testing (secondary
endpoint)

As with MLMT, an improvement in FST was observed rapidly after the first post-
baseline visit at Day 30, and was sustained for the duration of follow-up. Figure
12 shows the mean white light FST for the mITT population at baseline and

each of the follow-up visits through to the Year 3 visit.

The group treated with VN experienced a greater than two log units
improvement in light sensitivity whereas no meaningful change was observed
in the control group during the first year when they remained untreated. The
difference of -2.11 between arms (95% CI: -3.91, -1.04; ITT population) was
highly statistically significant (p = 0.0004).

By year 3 the mean (SD) change in white light FST averaged over both eyes
was -2.04 (1.43) for Original Intervention patients (N = 19) and -2.69 (1.41) for
Control/Delayed Intervention patients (N = 9) (Figure 12) [143].
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Figure 12: Year 3 FST results (Study 301/302)
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Abbreviations: DI, delayed intervention; Ol, original intervention.
Source: Maguire 2017 [143].
Error bars represent standard errors.

Generally, patients with improvements in MLMT also showed improvements in
FST — 12 MLMT responders (those who improved their MLMT score)

demonstrated a > 1 log improvement in FST between baseline and Year 1 [4].
9.6.1.1.3. Monocular mobility testing (secondary endpoint)

Monocular MLMT change score for the first injected eye was very similar to the
bilateral results which formed the primary endpoint. The mean (SE) change
from baseline to Year 1 was 1.9 (1.2) for the intervention group and 0.2 (0.6)
for the control group (ITT population), with a statistically significant mean
difference of 1.7 (95% CI: 0.89, 2.52; p = 0.001).

9.6.1.1.4. Visual acuity (secondary endpoint)

By Year 1, in the intervention group there was a modelled mean change of -
0.16 LogMAR units, with minimal change in the control group (+0.01) (ITT
population). This treatment difference of -0.16 (95% CI: -0.41, 0.08; p = 0.17)

was not statistically significant despite a numerical improvement in BCVA.
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In the mITT population the mean change in the intervention group was -0.16
compared to -0.03 in the control group (95% CI: -0.37, 0.11; p = 0.27) [19]
which is equivalent to gains of 8.1 letters and 1.6 letters in each group,
respectively. By Year 3, little change was observed in VA for either arm

following treatment (Figure 13).

Figure 13: Mean change in VA (Holladay scale) — Year 3
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Source: Maguire 2017 [143]
Error bars represent standard errors.

The Holladay scale assumes a 10-fold (1-log-unit) difference in VA between
counting fingers and hand motion. The EMA and the study’s Data and Safety
Monitoring Board expressed the opinion that this scale could present a biased
estimate of treatment effect for patients with off-chart measurements at
baseline; therefore a post-hoc analysis was performed using an alternative
scale for off-chart measurements described by Lange et al [152], in which the
difference between counting fingers and hand motion perception is reduced to

a 0.3 log-unit step. Results are shown in Figure 14.
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Figure 14: Mean change in BCVA (mITT population) — Lange scale
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Abbreviations: BCVA, best-corrected visual acuity; LogMAR, logarithm of the minimum angle
of resolution; mITT, modified intention-to-treat.

Source: Russell 2017 [4]

Error bars represent standard errors.

Using this scale, intervention patients had a mean improvement of 9 letters
compared to a 1.6 letter improvement in the control group (mITT population).
This represented a statistically significant difference (95% CI: 0.1, 14.6; p =
0.0469). The difference in statistical significance using the different scales is
likely due to reduced variability using the Lange scale as a consequence of a
smaller off-chart step change for the two patients who had baseline and follow-

up VA assessments in the off-chart range.
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9.6.1.1.5. Summary of secondary endpoints

Results of the secondary endpoints for the ITT population are presented in Table 17. Secondary endpoints were tested in a

hierarchical manner for statistical significance.

Table 17: FST, MT First Eye, and VA, Modelled Estimates (ITT)

Outcome Intervention (N = 21) Control (N =10) Difference (95% CIl) | p-value

Baseline Year 1 Change Baseline Year 1 Change (Intervention-

Control)

Full-field light sensitivity testing: white light [Log10(cd.s/m?)]
N 20 20 19 9 9 9 - -
Mean (SE) -1.29 (0.09) | -3.36 (0.28) | -2.08 (0.29) | -1.65(0.14) | -1.61(0.42) | 0.04 (0.44) -2.11 (-3.19, -1.04) | <0.001
First eye: lux score®
N 21 21 21 10 10 10 - -
Mean (SD) 2.2(1.8) 4.1 (2.7) 1.9 (1.2) 2.4 (1.5) 2.6 (1.7) 0.2 (0.6) 1.7 (0.89, 2.52) 0.001
Visual acuity (LogMAR)?
N 21 20 20 10 9 9 - -
Mean (SE) 1.18 (0.14) 1.03 (0.17) | -0.16 (0.07) | 1.29 (0.21) 1.30 (0.25) 0.01 (0.10) -0.16 (-0.41, 0.08) 0.17

Abbreviations: Cl, confidence interval; FST, full-field light sensitivity threshold; ITT, intention-to-treat; LogMAR, logarithm of the minimum angle of resolution;
MT, mobility test; SD, standard deviation; SE, standard error; VA, visual acuity.

Source: Table 11.17, Study 301 CSR [19].

a. All measures are averaged over both eyes and then analysed. Changes, 95% confidence intervals, and p-values were estimated using a repeated measures
model with time, treatment, and time by treatment interaction as specified in the SAP.

b. Baseline and Year 1 present means of the lowest passing lux levels for the first eye. The p-value is from a permutation test.
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9.6.1.1.6. Visual field (exploratory endpoint)
Goldmann visual field

The mean sum total degrees of Goldmann visual field (I114e) almost doubled in
the intervention group (from 332.9 to 673.9) by Year 1, indicating improved
peripheral vision following bilateral administration of VN. This enlarged area of
retinal sensitivity is attributable to increased photoreceptor function, consistent
with the increase in MLMT scores and light sensitivity observed in patients in

the intervention arm.

No such improvement was observed in the control arm, in which mean sum
total degrees fell from 427.1 to 397.8, with a mean difference between arms of
378.7 (95% CI: 145.5, 612.0; post-hoc p = 0.0059).

Results of Goldmann kinetic perimetry testing using the smaller ll14e stimulus
through to Year 3 are presented in Figure 15. The improvement in peripheral
vision observed by Year 1 was sustained through to Year 3. A rapid and

sustained improvement was also observed in the Control/Delayed Intervention

group.

Figure 15: Mean Goldmann visual field — Year 3
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Abbreviations: DI, delayed intervention; Ol, original intervention.
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Source: Maguire 2017 [143]
Error bars represent standard errors.

Humphrey visual field, macula threshold

Macula sensitivity threshold on Humphrey VF testing increased following
administration to Year 1 from a mean of 16.1 dB to 24.0 dB, with no meaningful
change observed in the control arm — a difference of 7.9 dB (95% CI: 3.5, 12.2;
post-hoc p = 0.0005).

Figure 16: Humphrey Visual Field mean macula threshold over time (ITT)

Humphrey visual field, foveal sensitivity

No significant difference was observed between arms with Humphrey foveal
sensitivity threshold at Year 1 — difference 0.04 (95% CI -7.1, 7.2; post-hoc p =
0.18).

Figure 17: Humphrey Visual Field foveal sensitivity over time (ITT)

9.6.1.1.7. Contrast sensitivity (exploratory endpoint)

Figure 18 presents results for contrast sensitivity testing from baseline through

to year 1 for both the intervention and control groups.

re 18: Log contrast sensitivity over time (ITT
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9.6.1.1.8. Visual function questionnaire (exploratory endpoint)

For both patient and parent-completed surveys, VFQ scores of patients who
received treatment increased significantly following administration, indicating a
reduction in the perceived difficulty of daily living activities which was sustained
through follow-up. The mean scores of controls did not change (Figure 19 and
Figure 20).

Fiiure 19: Visual function questionnaire parent scores (ITT)
Fiiure 20: Visual Function Questionnaire subject scores (ITT)

Quantitative results are provided in Table 18. Group mean * SD change from
baseline ranged from 1.8 £ 1.9 at Day 30 to 2.6 + 1.8 at Year 1 for patient-
completed surveys and from 3.1 + 2.2 to 3.9 £ 1.9 for parent/guardian-

completed surveys.

I Differences in the baseline to Year 1 change between the two groups
were statistically significant for both patients (post-hoc p = 0.001) and

parents/guardians (post-hoc p = 0.002).
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Table 18: Visual function questionnaire average scores (ITT)
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9.6.1.2  Study 101

Study 101 was a dose-escalation study that principally assessed the safety of
the technology. Efficacy outcomes that were tested for statistical significance

are summarised in Table 19.

Light sensitivity results based on FST are available for 7.5 years of follow-up.

These are presented below the table in Figure 21.

Table 19: Outcomes and analyses from Study 101

Study name A Phase 1 Safety Study in Subjects with Leber Congenital
Amaurosis (LCA) Using Adeno-Associated Viral Vector to
Deliver the Gene for Human RPEGS5 into the Retinal Pigment
Epithelium (RPE)

Size of study | 12 patients received voretigene neparvovec:
groups e 3inlow dose group

e 6 in middle dose group

e 3in high dose group

Study 2 years, 15 year follow-up

duration

Type of The analysed efficacy and safety populations included all
analysis subjects who received study drug

Primary objective: To evaluate the safety of voretigene neparvovec

The primary objective of this study was to evaluate the safety of voretigene
neparvovec. This outcome is relevant to the decision problem (Table 1).
Information on adverse events in provided in Section 9.7.

Exploratory outcome: Mean change in visual acuity from baseline to Year 1 —
injected eyes

A statistically significant improvement in visual acuity was observed from baseline
to Year 1.

Unit LogMAR units

Effect size -0.4233

p-value 0.0003 (post-hoc)

Statistical Post-hoc analysis using mixed effects linear regression models

test with random intercepts and accounting for correlations arising
from repeated measures

Exploratory outcome: Mean change in visual acuity from baseline to Year 1 —
injected eyes vs uninjected eyes

The change in LogMAR value from baseline to Year 1 was greater for injected
eyes than for uninjected eye, however the difference was not statistically
significant.

Unit LogMAR units
Effect size -0.4233 (injected) vs -0.1525 (uninjected)
p-value 0.1019 (post-hoc)
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Statistical Post-hoc analysis using mixed effects linear regression models
test with random intercepts and accounting for correlations arising
from repeated measures

Comments
Visual acuity

9 patients (75%) demonstrated improved visual acuity. 7 of these demonstrated an
improvement that was considered clinically significant (= 0.3 LogMAR unit
decrease). Numerical improvement was also observed in the visual acuity of
uninjected eyes (however this was not statistically significant [p = 0.1927]). This
was hypothesised to be due to increased ability to fixate, for example due to
reduced nystagmus following treatment of the other eye. This may explain the non-
statistically significant result for mean change in VA for injected eyes vs uninjected
eyes.

Visual field?

Substantial variation was observed in visual field tests as expected for patients
with severe visual impairment. However improvements in the visual fields of all 12
patients were noted.

FST!

FST data were not available for all patients/time points as the equipment was not
available at the start of the trial. In all patients tested light sensitivity in the injected
eye increased from baseline. 57% of patients experienced a significant
improvement (defined as a decrease of = 10dB).

Abbreviations: dB, decibels; FST, full-field light sensitivity threshold; LogMAR, logarithm of the
minimum angle of resolution; VA, visual acuity.

Source: Maguire 2009 [16]; Study 101 CSR [14].
TSpecified in decision problem (Table 1).

9.6.1.2.1. Study 101 7.5 year results

Improvements in light sensitivity in the first injected eye following treatment in
Study 101 were maintained through to Year 7.5 (Figure 21). Note that only three
out of twelve patients in Study 101 received the Phase 3 dose (and the licensed
dose) of 1.5x10"" vg. The remaining nine patients received lower doses in this

dose-escalation trial.
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Figure 21: Mean (+/- SE) FST over time in the first injected eyet
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Note: The numbers within the boxes represent the number of patients at each time point; time

points with fewer than three observations and without baseline data were excluded from the
analysis.

1 Pooled data of the 3 different doses: 1.5x1010, 4.8x1010 and 1.5x1011 vg

Abbreviations: FST, full-field light sensitivity threshold; SE, standard error; vg, vector genomes.
Source: Chung 2019 [155]

9.6.1.3  Study 102

Study 102 was a follow-on to the dose-escalation safety study that principally

assessed the safety of the technology. Efficacy outcomes that were tested for
statistical significance are summarised in Table 20.

Four year follow-up data are available; results are presented and described
below the table.

Table 20: Outcomes and analyses from Study 102

Study name A Follow-On Study to Evaluate the Safety of Readministration of
Adeno-Associated Viral Vector Containing the Gene for Human
RPEG65 [AAV2-hRPEG5v2] to the Contralateral Eye in Subjects
with Leber Congenital Amaurosis (LCA) Previously Enrolled in a
Phase 1 Study

Size of study | 11 —intervention (voretigene neparvovec)

groups

Study 1 year, 15 year follow-up

duration

Type of The analysed efficacy and safety populations included all
analysis subjects who received study drug

Primary objective: To evaluate the safety of voretigene neparvovec

The primary objective of this study was to evaluate the safety of voretigene
neparvovec. This outcome is relevant to the decision problem (Table 1).
Information on adverse events in provided in Section 9.7.
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Exploratory outcome: Mean improvement in light sensitivity between
baseline and Year 1 — contralateral eyes’

There was a significant improvement in light sensitivity in contralateral eyes
following administration with voretigene neparvovec.

Unit dB

Effect size 18.0364

p-value < 0.0001 (post-hoc)

Statistical Post-hoc analysis using mixed effects linear regression models
test accounting for correlations arising from repeated measures.

Exploratory outcome: Difference in change in light sensitivity from baseline
to Year 1 in 102-injected eyes vs 101-injected eyes

The difference in the change in light sensitivity over the course of the study was
significantly higher for contralateral eyes injected at the start of the study compared
to the previously injected eyes.

Unit dB

Effect size 14.0636

p-value 0.0067 (post-hoc)

Statistical Post-hoc analysis using mixed effects linear regression models
test accounting for correlations arising from repeated measures.
Comments

Mobility testing

Eight of the 11 patients in the study were considered evaluable for mobility testing.
All eight showed improvement of at least 1 light level using the 102-injected eye.
Five of these (63%) passed the MLMT at the lowest light level.

Source: Bennett 2016 [17]; Study 102 CSR [18]
TSpecified in decision problem (Table 1)

9.6.1.3.1. Study 102 4-year results

Rapidly achieved improvements in functional vision and light sensitivity were
maintained for at least four years. The MLMT change score at one year relative
to baseline was 2.6 + 0.56. At four years the change relative to baseline was
2.4 £ 0.46 (Figure 22) [138]. Figure 22 and Figure 23 present the mean MLMT
score and mean FST score for the contralateral eye injected in Study 102.
These are the mean scores of eight patients who would have been eligible for
the Phase 3 study.
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Figure 22: MLMT Mean Score for 102-Injected Eye Through Year 4 (Study
102)

Mean MLMT lux score

Lux score
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Abbreviations: MLMT, multi-luminance mobility test.
Source: Maguire 2017 [138]

Figure 23: FST Mean Score for 102-Injected Eye Through Year 4
Mean FST score, white light

White light score [-logg(cd.s/m?)]

0
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Abbreviations: FST, full-field light sensitivity threshold.
Source: Maguire 2017 [138]

9.6.2 Justify the inclusion of outcomes in table C9 from any

analyses other than intention-to-treat.

All outcomes in the summary results tables (Table 15, Table 20 and Table 19)

are based on analyses of the ITT population.
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Where indicated, some results and figures in Section 9.6.1.1 (Study 301/302
results) reflect the mITT population, to account only for the patients who
received treatment — one patient from each group withdrew from the study after
randomisation but prior to receiving treatment (see Section 9.4.6 for more
details).

9.7 Adverse events

e The safety database includes 41 patients (81 eyes in total).

e Asingle bilateral administration of VN via subretinal injection demonstrated
a safety profile consistent with vitrectomy and subretinal injection. Adverse
events related to the procedure were mostly transient, mild in nature, or

treatable.

e There were three non-serious adverse events of retinal deposits in three
(7%) of 41 patients that were considered related to VN. All three events

were transient and resolved without sequalae.

e No deaths were reported, and no patients withdrew from any trials due to

adverse events.

e Three patients experienced serious adverse events related to the
administration procedure. These included intraocular pressure increased,
retinal disorder and retinal detachment. No serious adverse events were

considered related to the study drug.
e No deleterious immune responses were observed.

e Each trial has a 15 year safety follow-up plan — follow-up is ongoing.

Specification for company submission of evidence 116 of 282



9.71 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.

No specific systematic literature review was performed to identify literature on
adverse events (AEs) over and above the review described in Section 9.1 and
Appendix 1. Search criteria are provided in Table 6 and a PRISMA flow diagram
in Figure 4.

9.7.2 Provide details of all important adverse events reported for

each study.

Data presented in Section 9.7.2 are taken from the CSRs of the respective
trials. Adverse events reported in the SmPC that are not reported in the CSRs

are discussed in Section 9.7.3.

Data cut-off dates for the CSRs are provided at the start of each study’s section.
9.7.21  Study 301/302

9.7.2.1.1. Period of data collection

Safety data presented in this section relate to the safety/mITT population (N =
29) — including Original Intervention and Control/Delayed Intervention patients
— and the period between first injection and the data cut-off point (5" May 2017).
By this point, all 20 (100%) Original Intervention subjects had completed the
Year 3B study visit (i.e. three years after treatment of the second eye) and all
nine (100%) Control/Delayed Intervention subjects had completed the Year 2B
study visit. In addition, four (20%) Original Intervention subjects had completed
the Year 4B study visit and two (22%) Control/Delayed Intervention subjects

had completed the Year 3B study visit.

By the data cut-off no patients had discontinued the study due to TEAEs, and

no deaths had occurred.

9.7.2.1.2. Treatment-emergent adverse events
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From first injection date to the data-cut off point, the most frequently reported
treatment emergent adverse events (TEAESs) for the overall study population by
System Organ Class® (SOC) were gastrointestinal disorders and eye disorders
(n =17 [59%] for each), and nervous system disorders (n = 16 [55%]). The most
frequently reported by Preferred Term® (PT) were headache (n = 13 [45%)]),

leukocytosis (n = 11 [38%]), and nausea and vomiting (n = 10 [34%)] for each).
9.7.2.1.3. Drug-related adverse events and immune responses

There were no TEAESs that were considered to be related to the study drug, and

no deleterious immune responses.
9.7.2.1.4. Administration procedure-related adverse events

In total, 19 (66%) patients had 62 TEAEs that were considered to be related to
the administration procedure — 13 (65%) Original Intervention patients, and six
(67%) Control/Delayed Intervention patients. The most frequently occurring of
these (by PT) were cataract (10 events in five [17%] subjects [rated mild in four
patients, and moderate in one patient]), intraocular pressure increased (six
events in four [14%] subjects), nausea (four events in three [10%] subjects),
and retinal tear (three events in three [10%] subjects). Most of these were
considered mild or moderate in intensity and were transient in nature.
Perioperative I0OP increases are common in patients undergoing vitrectomy

[159], and can also be related to the perioperative steroid regimen [160].

A summary of TEAEs related to the administration procedure is provided in
Table 21.

Table 21: Summary of administration procedure-related TEAEs in Study
301/302, from first injection to data cut-off (5" May 2017; mITT/safety
population)
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6 According to the Medical Dictionary for Regulatory Activities (MedDRA) hierarchy.
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9.7.2.1.5. Serious adverse events

Overall, four patients (14%) experienced at least one serious adverse event
(SAE) (summarised in Table 22), however in only one of these patients (3%)
was the SAE considered to be related to the study drug administration
procedure. No patients experienced SAEs that were considered to be related

to the study drug.

One patient in the Control/Delayed Intervention group experienced an SAE of
loss of foveal function in the second injected eye, 27 days after injection into
that eye. The event was graded as moderate in severity and was considered to
be related to the administration procedure and unlikely to be related to the study
drug. The event was recovered/resolved with sequelae (the loss of foveal
function appeared stable) 316 days later, although peripheral vision and

improvements in full field light sensitivity remained intact in both eyes.

The SAEs considered unlikely to be related to the study drug or administration
procedure were a possible seizure (in a patient with a pre-existing complex
seizure disorder) and subsequent adverse drug reaction to anti-seizure
medication; an adverse drug reaction to medications administered during oral

surgery; and two SAEs of menorrhagia and one SAE of pneumonia.
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Table 22: Summary of treatment-emergent SAEs in Study 301/302, from
first injection to data cut-off (5'" May 2017; mITT/safety population)
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9.7.2.2  Study 102
9.7.2.2.1. Period of data collection

Safety data presented in this section relate to all study patients (N = 11) and
the period up to the data cut-off point (10th October 2014 — four years after

study initiation).
9.7.2.2.2. Treatment-emergent adverse events

By the data cut-off date the most frequently reported TEAEs by SOC were
gastrointestinal disorders (n = 9 [82%]), eye disorders, infections and
infestations, and renal and urinary disorders (n = 7 [64%] for each). The most
frequently reported TEAEs by PT were pyrexia, influenza, blood creatinine
increased, headache, hematuria and proteinuria (n = 4 [36%] for each) followed
by cataract, dellen, abdominal discomfort, nausea, vomiting and oropharyngeal
pain (n = 3 [27%] for each).

By the data cut-off no patients had discontinued the study due to TEAEs, and

no deaths had occurred.
9.7.2.2.3. Drug-related adverse events and immune responses
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There were no study drug-related TEAEs. Immune responses were minimal

and without clinical correlates.
9.7.2.2.4. Administration procedure-related adverse events

Seven patients (64%) reported TEAEs considered to be related to the
administration procedure (see Table 23). The most frequently reported TEAEs
related to administration by PT were dellen (n = 3 [27%)]), cataracts (n =2 [18%])

and intraocular pressure increased (n = 2 [18%]).

Table 23: Summary of administration procedure-related TEAEs in Study
102 (Data cut-off 10t October 2014; safety population)

9.7.2.2.5. Serious adverse events

One SAE was reported, which was considered unlikely to be related to the study
drug, but that resulted from treatment given for a previous TEAE (intraocular
inflammation endophthalmitis), which was considered to be related to the
administration procedure. Treatment with depo-steroids resulted in additional
AEs, including an SAE of elevated IOP in the right eye. The patient was
hospitalised and filtration surgery restored intraocular pressure to normal,
however during the period of increased intraocular pressure optic nerve

damage occurred that did not reverse.
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9.7.2.3 Study 101
9.7.2.3.1. Period of data collection

Safety data presented in this section relate to all study patients (N = 12) and
the period up to the data cut-off point (14th October 2014 — seven years after

study initiation).
9.7.2.3.2. Treatment-emergent adverse events

By the data cut-off date 42 TEAEs were reported by the three patients in the
low dose group, 80 were reported by the six patients in the medium dose group,
and 35 were reported by the three patients in the high dose group. The most
frequently reported TEAEs by SOC were infections and infestations (n = 11
[92%]), and eye disorders (n = 10 [83%]). By PT, the most frequently reported
TEAEs were conjunctival hyperaemia (n = 8 [67%)]), pyrexia (n = 7 [58%]),
leukocytosis (n = 6 [50%]), and abdominal discomfort and headache (both n =

5 [42%]). There were no apparent effects of VN dose on TEAE incidence.

By the data cut-off no patients had discontinued due to TEAEs and no deaths
had occurred.

9.7.2.3.3. Drug-related adverse events and immune responses

There were no study drug-related TEAEs. Immune responses were minimal

and without clinical correlates.
9.7.2.3.4. Administration procedure-related adverse events

10 patients (83%) experienced TEAEs related to the study drug administration
procedure (see Table 24). The most common was conjunctival hyperaemia (n
= 8 [67%)]). This included eye surface irritation, suture reaction, suture irritation
and/or suture allergy. In some cases this was attributed to the use and

persistence of slow-absorbing suture material at the incision site.
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Table 24: Summary of administration procedure-related TEAEs in Study
101 (Data cut-off 14" October 2014; safety population)
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9.7.2.3.5. Serious adverse events

One SAE was reported, which was considered unlikely to be related to the
administration procedure or study drug. A patient in the low dose group
experienced an anal fistula requiring hospitalisation, which was related to an

underlying diagnosis of inflammatory bowel disease.

9.7.3 Provide a brief overview of the safety of the technology in

relation to the scope.

Across the clinical trial programme for VN, 81 eyes were treated in 41 patients

(see Section 4.1 for a breakdown of patient numbers).

Voretigene neparvovec has a safety profile consistent with vitrectomy and
subretinal injection, as most of the AEs in the trials were procedure-related.
Most AEs tended to occur early and resolve over time, as would be expected

from a single administration therapy.

Specification for company submission of evidence 124 of 282



The most common adverse reactions (incidence =5%) related to the
administration procedure were conjunctival hyperaemia, cataract, increased
intraocular pressure, retinal tear, dellen, macular hole, subretinal deposits, eye
inflammation, eye irritation, eye pain and maculopathy (wrinkling on the surface

of the macula) [3].

The SmPC reports three non-serious adverse reactions of retinal deposits in
three of 41 (7%) patients that were considered to be related to VN. All three of
these events were a transient appearance of asymptomatic subretinal
precipitates inferior to the retinal injection site, 1-6 days after injection and

resolved without sequelae [3].

No patients discontinued due to TEAESs, and no deaths were recorded in any of
the trials. No SAEs were considered related to the study drug, and three were
considered related to the administration procedure. Two of these are discussed
above in Section 9.7.2.1.5 (loss of foveal function) and Section 9.7.2.2.5
(elevated IOP). The SmPC reports one additional procedure-related SAE; one
patient experienced retinal detachment [3].

Of particular interest were ocular AEs, which included macular disorders,
elevated intraocular pressure, retinal tear, intraocular infections and/or
inflammation, and cataracts. Most of these events were mild and transient in
nature, requiring minimal or no intervention [4, 19]. During the peri-operative
period leukocytosis was observed in many patients, related to the corticosteroid

regimen [19].

In Study 101 conjunctival hyperaemia was reported in eight patients (67%) [14],
although no patients experienced this AE in Study 102, and one patient
experienced it in Study 301/302.

Although repeat experiments in large-animal models demonstrated a high
degree of safety prior to the human trials, one area of uncertainty was the
possibility of an immune response against the vector or the expressed protein,
RPEGS5. This could be due to pre-existing immunity to the vector or as a result

of re-administration to the contralateral eye.
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Cell-mediated and humoral immune responses were minimal and were without
clinical correlates [4, 16, 17]. In Study 301, with the exception of positive
findings at 3 subject visits, all IFN-gamma ELISPOT assay (which detects T cell
responses) results for the vector (AAV2 capsid) and gene product (RPEG65)
were negative in all patients at the time points evaluated [19]. In the majority of
Study 301/302 patients, minimal or no change in antibody titer to AAV2 capsid

was measured at any time point following vector administration [19].

To minimise inflammation associated with the surgery and to reduce the risk of
an immune response, a peri-operative immunomodulatory regimen was
required, lasting a minimum of 18 days up to a maximum of 30 days, depending
on the timing of the administration to the second eye (see Table 5). To minimise
the risk of infection during surgery, a topical broad spectrum microbicide was

administered to the conjunctiva, cornea, and eyelids prior to surgery [3].

9.8 Evidence synthesis and meta-analysis

When more than one study is available and the methodology is comparable, a

meta-analysis should be considered.

Section 9.8 should be read in conjunction with the ‘Guide to the Methods of

Technology Appraisal’, available from www.nice.org.uk/quidance/ta

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.
Not applicable.

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.

A meta-analysis was considered neither possible nor appropriate because:
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e only Study 301 included a comparator arm;
o different doses were administered in Study 101; and

e voretigene neparvovec was administered to one eye in Study 101, the
contralateral eye in Study 102, and bilaterally in Study 301/302.

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.

The clinical evidence base for VN consists of a Phase 1 study [14, 16] with a
continuation phase [17, 18] and a Phase 3 randomised controlled trial [4, 19]
with a continuation phase [20]. In total, VN was administered to 81 eyes in 41

patients.

In Study 301 — the first randomised Phase 3 gene therapy trial for a genetic
disease — VN was administered bilaterally to patients with RPE65-mediated
IRD, the majority of whom were < 18 years old [4]. The disease is associated
with an inexorable progression to complete blindness and no pharmacological

treatments are currently available [1, 4].

Treatment with VN resulted in clinically meaningful and statistically significant
improvements in navigational ability in low-to-moderate light conditions
(measured by MLMT score), and in light sensitivity (measured by FST) [4]. Both
are of critical importance in a disease in which nyctalopia (night blindness) is a

defining characteristic.

Thirteen patients (62%) in the intervention arm experienced the maximum
possible improvement in MLMT score one year after administration (i.e. they
reached the best possible score for the MLMT), compared to no patients in the

control arm. RPE65-mediated IRD is a progressive condition, with no evidence
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of spontaneous sustained improvement in vision in any individual (41, 42),

further highlighting the clinical significance of the trial results.

The lighting levels selected for the MLMT span a range that is routinely
encountered in everyday situations (see Table 10). For example, an individual
might safely navigate the interior of a train at night (125 lux) but be unable to
navigate an outdoor train station at night (50 lux). Improvement of one level on
the MLMT from passing at 125 lux to passing at 50 lux would allow the individual
to safely navigate both environments. The ability to navigate in dimmer
conditions than previously possible expands the range of environments
individuals are able to navigate independently, having a positive impact on daily

life.

Three patients in the control arm had a positive change score of +1, which was
presumed to be due to test variability around the binary pass/fail cut-off,
learning effect and/or increased ability to ambulate due to maturation — this
latter reason was suspected for the only control patient who experienced a +2

change score, who was aged four at the time of randomisation [19].

Patients treated with VN experienced a mean improvement in FST > 2 log units,

whereas mean FST did not change in the control arm (see Section 9.6.1.1) [4].

These improvements reflect restoration of RPE65 activity, which is crucial for
light perception. Despite the absence of functional RPEG5, photoreceptors
degenerate slowly, so phenotypic recovery is possible through restoration of
the enzyme [4]. However the requirement for viable cells into which copies of
RPEG65 can be introduced means that patients with severe retinal degeneration

will be ineligible for treatment with VN [3].

Changes in navigational ability and light sensitivity were rapid and were
sustained through to the Year 1 visit of Study 301/302 [4]. Data from the
continuation phase show that this was further maintained through to Year 4,
and that similar improvements were also observed when the Control/Delayed
Intervention group were treated after Year 1. Follow-up data from Study 102

show that MLMT and FST improvements are maintained through to Year 4
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[138], and data from Study 102 show that FST improvements are maintained
through to Year 7.5 [156].

Sustained visual improvements must be viewed in the context of the disease
course under current care, which is one of inexorable decline towards complete
blindness [4].

Improvements were also observed in Goldmann and Humphrey macula visual
fields and visual acuity. Despite VA not being the primary target of the
intervention for this rod-mediated disease, there was numerical (but not
statistically significant) improvement using the Holladay scale, and statistically
significant improvement when the Lange scale was used. These changes

remained stable through the three years of follow-up (Section 9.6.1.1).

The observed increase in VF indicates an enlarged area of retinal sensitivity.
This expanded peripheral vision probably contributed to the increased MLMT
scores in patients treated with VN. The fact that the macula sensitivity threshold
(which targets the central 4 degrees of field) improved but foveal sensitivity
(which targets the most central, cone-enriched region of the macula) did not
may be because the fovea contains almost exclusively cone cells. Cone cells
are not the primary cells affected by RPE65-mediated IRD (a rod-mediated
disease), minimising the potential for improvement from baseline, and they may
not respond as favourably to administration of VN. Furthermore, the instructions
for surgeons in the SmPC state that VN should not be administered in the

immediate vicinity of the fovea to maintain foveal integrity [3].

Nonetheless, the Humphrey VF findings (both macular and foveal) demonstrate
a lack of toxicity in terms of macular dysfunction, with a significant improvement

observed in macula threshold.

No unacceptable barriers to VN administration were identified based on safety
outcomes. In the 41 patients treated across the trials, only three adverse events
of retinal deposits (non-serious) were considered related to VN. No patients
discontinued from the studies due to TEAEs, and no deaths occurred. No SAEs
were considered related to the study drug, and three were considered unrelated

to the administration procedure (Section 9.7).
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AEs related to the procedure were mostly transient, mild or treatable, and

minimal immune responses to the vector or the expressed gene were observed.

NNT and NNH are not calculated as the endpoints in Study 301/302 (such as
MLMT scores) did not include clear cut-offs defining success and failure.

9.9.2 Provide a summary of the strengths and limitations of the

clinical-evidence base of the technology.
9.9.21  Strengths

In addition to traditional visual function endpoints — FST, VA and VF — Study
301 assessed the effect of bilateral administration of VN on functional vision.
Use of a functional vision test (MLMT) as the primary endpoint means that
greater insight can be gained into the effect that bilateral VN administration is

likely to have on patients’ daily lives.

Another strength of the clinical evidence base is the use of an untreated control
arm in Study 301/302. The use of uninjected contralateral eyes as controls was
considered in the design of the study [19]. However, this design is not
appropriate for evaluating the effect of treatment on functional vision, and it
does not allow assessment of systemic effects such as immune response to

the vector or gene product.

The patient population in the studies reflects the characteristics of eligible
patients in clinical practice; the majority of patients in Study 301/302 (65%) were

< 18 years old.
9.9.2.2 Limitations

Study 301 was open label, as it was considered unethical to perform sham
subretinal surgery in a paediatric population, and the procedure itself is not
without risk. However, MLMT tests were filmed and assessed by off-site
graders who were masked to treatment allocation and sequence (i.e. they were
not told if a video showed a baseline test or a test performed one year post-

administration).
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Performance on the MLMT, and VA and VF, formed part of the eligibility criteria
for the trial. Patients with better baseline functional vision and visual function
were not eligible, so the study does not provide insights into the effect of

treatment on the vision in this group of patients.

The nature of the MLMT means that there is a ceiling effect: patients who pass
the test at the second lowest light level at baseline are only able to achieve a
maximum 1 unit increase. Although nearly 2/3 of patients achieved the
maximum possible increase following administration, compared to none in the
control group, the mean increase in MLMT score of 1.8 is likely to be an
underestimate because of this ceiling effect. There is also a floor effect — one
patient, who was in the intervention group, did not pass the MLMT at the highest
light level at baseline and also failed at Year 1. Two other patients also failed at
baseline but as these were both withdrawn (see Section 9.4.6) they were not

assessed at Year 1 and were assigned change scores of 0.

The novel endpoint and the clinical characteristics associated with the condition
are unfamiliar to most clinicians. However, conventional measures of retinal

and visual function such as FST and VF supported the MLMT findings.

In addition, good correlations existed between performance on these secondary
outcomes measures and MLMT findings. The linear relationships between
MLMT and FST were generally good to strong, indicating that subjects with
better performances on the MLMT tended to have lower (i.e., better) FST
changes. Similarly, the linear relationships between MT and Humphrey VF
foveal sensitivity were generally good, indicating that subjects with better
performances on the MLMT tended to have higher (i.e., better) foveal sensitivity
changes. The linear relationships between MT and Humphrey VF macula
threshold were generally fair to good, also indicating that subjects with better
performances on the MLMT tended to have higher (i.e., better) macula

threshold changes.

Designing a Phase 3 trial for an ultra-orphan disease poses unique challenges
arising from the limited number of patients available to participate. As a

consequence, the study had no patients under four years old, who could
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potentially benefit greatly from treatment, although patients aged three upwards
were eligible. It is especially challenging to measure navigational mobility and
light sensitivity in very young children as they are required to follow instructions
in the MLMT, and to fixate their vision in the FST test.

In Study 301/302, BCVA was calculated by averaging the BCVA of each eye.
Bilateral BCVA (not assessed) is usually determined by the acuity of the best-
seeing eye, so the averaging method used in this study may have
underestimated BCVA. Another challenge associated with measuring VA in this
patient population is that some patients had off-chart measurements (i.e. they
were unable to read letters on any lines of the chart), so the Holladay and Lange
scales were used to assign VA measurements to these patients. The EMA
requested the latter be performed in a post-hoc analysis to minimise the risk of
bias (Section 9.6.1.1.4).

Four-year data from Study 301, four-year data from Study 102 and 7.5-year
data from Study 101_show sustained response to treatment, but longer-term

efficacy remains unknown. Follow-up is ongoing.

9.9.3 Provide a brief statement on the relevance of the evidence
base to the scope. This should focus on the claimed patient-

and specialised service-benefits described in the scope.

The clinical evidence base for VN is relevant to the decision problem specified

in the NICE scope (Table 1) for the following reasons:

e Study 301, the pivotal Phase 3 trial, evaluated the efficacy and safety of VN
versus BSC in patients with IRDs caused by RPE65 mutations, as per the
NICE scope

e The trial captured the range of outcomes defined in the NICE scope including
clinical outcomes, adverse effects of treatment, and health-related quality of
life (HRQL)
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9.94 Identify any factors that may influence the external validity of

study results to patients in routine clinical practice.

Novartis is not aware of any factors that may influence the external validity of
study results to patients in clinical practice. As in Study 301, eligibility for
treatment will be dependent upon confirmation of biallelic RPE65 mutations and
sufficient viable retinal cells, and treatment will consist of bilateral administration
of VN [3, 4].

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.

Not applicable.
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10 Measurement and valuation of health effects

Patient experience
10.1 Please outline the aspects of the condition that most affect

patients’ quality of life.

As described in Section 7.1, the disease usually manifests in children and
young people, resulting in a lifelong impact on quality of life. Among the factors

affecting quality of life are:

¢ Night blindness (nyctalopia)

e Depression, anxiety and emotional distress

e Lack of independence and ability to perform daily activities, including driving
¢ Reduced employment and productivity

e Disruption of education and development in children

¢ Reduced length of sleep

Further details are provided in Section 7.1.

10.2 Please describe how a patient’s health-related quality of life

(HRQL) is likely to change over the course of the condition.

RPE65-mediated IRD is a progressive condition, with no evidence of
spontaneous sustained improvement in VA or VF in any individual (41, 42).
Patients face an inexorable progression towards near-total blindness (1, 41,
46).

Reduced visual field and visual acuity are associated with lower HRQL [96,
161], so as patients’ vision deteriorates they are likely to experience a decline

in quality of life and mental health.

HRQL data derived from clinical trials
10.3 If HRQL data were collected in the clinical trials identified in

section 9 (Impact of the new technology), please comment on
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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.

¢ Point when measurements were made.

¢ Consistency with reference case.

e Appropriateness for cost-effectiveness analysis.

¢ Results with confidence intervals.
10.3.1 Trial HRQL methodology and consistency with reference case

In Study 301/302, a visual function questionnaire (VFQ) was completed by
patients (or by the parents/guardians of paediatric patients) at baseline, days
30, 90 and 180, and year 1. The questionnaire was designed to assess activities
of daily living relevant to individuals with RPE65-mediated IRD, and was
developed to be similar in style to the National Eye Institute Visual Functioning
Questionnaire (NEI VFQ-25).

Existing instruments such as the NEI VFQ-25 [162], the Visual Activities
Questionnaire [163], and the Low Luminance Questionnaire [164] were not
considered suitable for use in this patient population, as no single instrument is
adequately comprehensive of the experience of patients with RPE65-mediated
IRD, and all include items that were either not relevant to individuals with
RPEG65-mediated IRD, or were difficult to interpret within the context of this
condition (e.g. some activities would be straightforward in well-lit environments

but impossible in dimly lit places) [165].

The VFQ used in Study 301/302 cannot be used to generate utility values as it
is not sufficiently similar to existing instruments (e.g. the NEI VFQ-25) to permit
application of existing mapping algorithms [166], and no valuation studies or
mapping algorithms specific to the VFQ are available such that preference-

based utility values could be generated; as such, the VFQ is not consistent with
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the NICE reference case, and these data are not suitable for use in the cost-

effectiveness analysis.
10.3.2 Trial HRQL results

Descriptions of methodology and results are provided in Section 9.4.1.1.8 and

Section 9.6.1.1.8, respectively.

Mapping
10.4 If mapping was used to transform any of the utilities or quality-
of-life data in clinical trials, please provide the following

information.

¢ Which tool was mapped from and onto what other tool? For
example, SF-36 to EQ-5D.
¢ Details of the methodology used.

¢ Details of validation of the mapping technique.
Mapping was not possible; see Section 10.3.1.

HRAQL studies

10.5 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.

A systematic review was conducted to identify studies from the published
literature reporting health state utility values (HSUVs) associated with patients
with visual impairment, including blindness. The searches were run on 27" July
2018, and were updated on 14™" January 2019.

Details of search strings, databases searched, hand-searching, and

inclusion/exclusion criteria are provided in Appendix 5.
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In the original search, 3,624 papers were identified through the electronic
searches. Upon the removal of duplicate papers, 2,820 titles and abstracts were
reviewed. A total of 176 papers were potentially relevant and were ordered for
full paper review. At this stage, a further 132 papers were excluded. Hand
searching yielded no additional relevant papers, resulting in a total of 44 papers

for final inclusion in the original review.

In the January 2019 update, 145 papers were identified through the electronic
searches. Upon the removal of duplicate papers, 127 titles and abstracts were
reviewed. A total of five papers were potentially relevant and were ordered for
full paper review. At this stage, a further three papers were excluded. Hand
searching yielded no additional relevant papers, resulting in a total of two

papers for final inclusion in the updated review.

Across the original review and the January 2019 update, a total of 46 studies

were identified for final inclusion in the review.

The flow of studies through the review is reported in the PRISMA flow diagram
in Figure 24. Separate PRISMA diagrams for the original and updated reviews

are presented in Appendix 5.
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Figure 24: PRISMA flow-diagram for HSUV SLR

Abstracts identified from databases: 3624

Embase: 2228
Medline: 1302
Cochrane: 04

Duplicates: 804

Abstracts screened: 2820

Title/Abstracts excluded: 2644

Population: 1110
Study design: 606
Duplicate: 390
Outcome: 538

Full texts screened: 176

Full texts excluded: 132

Population: 5
Study design: 48 January 2019 update: 2
Duplicate: 2
Outcome: 77

Full inclusions: 46
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10.6 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.

¢ Information on recruitment.

¢ Interventions and comparators.

e Sample size.

¢ Response rates.

e Description of health states.

e Adverse events.

e Appropriateness of health states given condition and
treatment pathway.

e Method of elicitation.

e Method of valuation.

e Mapping.

¢ Uncertainty around values.

e Consistency with reference case.

e Results with confidence intervals.

Overall, the review identified 46 studies that were eligible for inclusion in the
utility review. Of these, four studies reported mapping algorithms to predict EQ-

5D from condition-specific measures of quality of life [166-169].

Summaries of the included studies reporting utility values and their relevance
to the NICE reference case, and the four studies reporting mapping algorithms

is provided in Appendix 5.

None of the included studies provided utility data for the population under
consideration in this analysis. In order to inform utility values for the model
health states, a bespoke utility study was conducted (see Section 10.9.1 and

Appendix 9).
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10.7 Please highlight any key differences between the values
derived from the literature search and those reported in or

mapped from the clinical trials.

Not applicable, as it was not possible to generate health state utility values on

the basis of data collected in the clinical trials.

Adverse events
10.8 Please describe how adverse events have an impact on HRQL.

Voretigene neparvovec has a safety profile consistent with vitrectomy and
subretinal injection, as most of the AEs in the trials were procedure-related (see
Section 9.7.3). Ocular AEs included macular disorders, elevated 0P, retinal
tear, intraocular infections and/or inflammation, and cataracts, most of which

required minimal or no intervention due to their mild and transient nature.

Treatment or procedure-related AEs in the Original Intervention arm of Study
301 considered to have an effect on quality of life, and which occurred in more

than one patient, were:
e Cataract

e Eye inflammation

¢ Increased IOP

Retinal tear considered to be related to the administration procedure occurred
in two patients in Study 301; however, retinal tears are assumed to be corrected
during the administration surgery, and so are not expected to impact quality of

life.

As utility values could not be derived from data collected in Study 301, direct
estimates of the effects of these AEs on quality of life are not available.
Therefore, utility decrements were sourced from the literature (See Section

10.9.2) for use in the cost-effectiveness model.
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Additionally, a scenario analysis is considered in which an additional disutility
of 0.1 is applied for one month in all patients to account for any discomfort or

inconvenience associated with the administration procedure.

None of the above are expected to have a major impact on patients’ overall
quality of life.

Quality-of-life data used in cost-effectiveness analysis
10.9 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.

Utility values used in the base-case of the cost-effectiveness analysis are

summarised in Table 25.

Table 25: Summary of quality-of-life values for the base-case cost-
effectiveness analysis

Statet Mean utility Star_ld'f\rd Refere'ncg in | stification
value deviation submission
Health state 1 0.519 0.16
See Section
Health state 3 0.223 0.10 2018
. 10.9.1
Health state 4 0.141 0.09 (Appendix 9)
Health state 5 -0.039 0.07
0.14 Appendix J of
Cataract - PP
atarac decrement NICE guideline
Eve infl i 0.30 82 on AMD
ye infammation 4o rement ) [170] See Section
Assumption 10.9.2
0.10 based on
Increased |OP decrement ) Pershing 2014
[171]
Carer disutility for 0.08 ) Wittenberg
carers of children decrement 2013 [172]
Assumption See Section
Carer disutility for 0.04 i based on 10.9.3
carers of adults decrement Wittenberg
2013 [172]

Abbreviations: AMD, age-related macular degeneration; IOP, intraocular pressure.

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
1 Note that no adjustment was made to utility values on the basis of age. Given that utility
values for all model health states (-0.04 to 0.52) sit well below population norms for all ages
[173], it is considered that vision loss is the dominant driver of quality of life.
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10.9.1 Health state utility values

A systematic literature review (SLR) was conducted to identify utility values in
individuals with RPE65-mediated IRD (see Section 10.5); however no utility
data were identified in this population (see Section 10.6). A bespoke utility study
was therefore conducted to estimate utility values associated with each of the

model health states. Full details of this study are provided in Appendix 9.

Given the ultra-rare nature of the condition, it was not considered feasible to
recruit a representative sample of patients such that utility data could be
collected prospectively. An alternative approach was therefore taken in which
clinicians assessed a series of vignettes in terms of their impact on standard
generic HRQL instruments (HUI3 and EQ-5D-5L); this approach has been

taken previously in rare conditions [174-176].
The study consisted of two stages:
1. Health state development

e Health state descriptions (vignettes) were developed, with input from an

expert advisory board, patients and carers, and interviews with clinicians

e The resulting five vignettes described different levels of visual function
in RPE65-mediated IRD, corresponding to each of the health states in

the model
2. Health state valuation

e Six retina specialists (including UK and US experts), all with experience
in IRD, were interviewed to provide a proxy valuation of each vignette

using the HUI3 and EQ-5D-5L questionnaires

e The HUI3 was scored in line with developer instructions; the EQ-5D-5L

was scored using the van Hout el al algorithm [177]

The resulting utility values are presented in Table 26. Despite the small sample
size of six clinicians, the standard deviations around the utility estimates are

relatively low, indicating a high level of agreement between the clinical experts.
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The HUI3 scores ranged between 0.52 (moderate VI) and -0.04 (HM, LP, NLP),
with a range between the best and worst health states of 0.56. The EQ-5D-5L
scores for each health state were found to be higher than the corresponding
HUI3 score, with a range from 0.71 to 0.15; the overall range was 0.56, and

therefore highly congruent with the HUI3 scores.

Table 26: Utility values from the Acaster Lloyd study

State Utility value

HUI3, mean (SD) EQ-5D-5L, mean (SD)
Health state 1 0.52 (0.16) 0.71 (0.09)
Health state 2 0.36 (0.11) 0.62 (0.04)
Health state 3 0.22 (0.10) 0.52 (0.07)
Health state 4 0.14 (0.09) 0.35 (0.06)
Health state 5 -0.04 (0.07) 0.15(0.11)

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.

An extensive review of the performance of generic health utility instruments has
previously found that the EQ-5D (3-level version) had poor convergent validity
when used in visual disorders; half of the identified studies did not demonstrate
a statistically significant correlation with clinical measures [178]. While there
was less evidence for the HUI3, all but one study demonstrated good validity
[178]. This is likely because the HUI3 includes a vision component. HUI3 was

therefore preferred for the base-case.
10.9.1.1 Scenarios
10.9.1.1.1. EQ-5D-5L values from the Acaster Lloyd study

A scenario is presented in which the EQ-5D-5L values from the Acaster Lloyd

study are used.
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10.9.1.1.2. Values from the published literature (Brown et al 1999)

Forty-four publications were identified in the HSUV SLR (see Section 10.6),
three of which have been used in NICE appraisals previously”: Czoski-Murray
et al (2009) [179], Brown et al (1999) [180] and Brown et al (2000) [181].

Given that the utility values presented by Czoski-Murray et al are associated
with some limitations [182], and the Brown et al (2000) values do not include
the NLP health state (see Section 12.1.6 for health state definitions), the Brown
et al (1999) values were selected for use in scenario analyses.

Brown et al (1999) reported utility values for different levels of VA in the best-
seeing eye, using the time trade-off (TTO) method [180]. These values are
presented in Table 27 alongside the corresponding health states and values
used in the model. Where more than one reported utility value corresponded to
a single health state, health state utility values were assumed to reflect the

crude average of these values.

Table 27: Brown et al utility values
VA in best-seeing

Value used in

eye, Snellen TTO utility value Health state
(LogMAR) each health state
20/40 (0.30) 0.80
20/50 (0.40) 0.77
Moderate VI 0.75
20/70 (0.54) 0.74 oderate
20/100 (0.70) 0.67
20/200 (1.00) 0.66
S VI 0.65
20/300 (1.18) 0.63 evere
20/400 (1.30) 0.54 Profound VI 0.54
CF 0.52 CF 0.52
HM-NLP 0.35 HM, LP, NLP 0.35

Abbreviations: CF, counting fingers; HM, hand motion; LogMAR, logarithm of the minimum
angle of resolution; LP, light perception; NLP, no light perception; VA, visual acuity; VI, visual
impairment; TTO, time trade-off.

Source: Brown et al 2003 [180]

The utility values were determined from 325 patients (120 men and 215 women)

with a mean age of 67.5 years (range 28-87 years). The most common causes

" NICE appraisals were identified using the following search terms: retinitis pigmentosa, leber
congenital amaurosis, blindness, visual impairment, age-related macular degeneration,
diabetic retinopathy, choroidal neovascularisation, retinal vein occlusion, diabetic macular
oedema, postchiasmatic lesions, optic neuropathy, and macular telangiectasia.
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of vision loss were AMD, diabetic retinopathy, retinal detachment, retinal vein

obstruction and cataracts.
10.9.1.1.3. Utility increment to account for improved light sensitivity

Voretigene neparvovec is associated with improved light sensitivity, even when
controlling for health state as defined by VA and VF (see Section 4.2.5). An
exploratory scenario is therefore considered in which a hypothetical utility
increment of 0.05 is applied to the mildest three health states in the VN arm

only.
10.9.2 Adverse event disutilities

Adverse events included in the cost-effectiveness analysis are cataracts, eye
inflammation, and increased IOP (see Section 10.8). Disutilities for AEs are
applied as a one-off QALY loss at the time of VN treatment. The QALY loss
associated with each included AE is calculated as the product of the utility
decrement, the duration in months and the proportion of patients experiencing
each event in Study 301/302 [4].

The utility decrements and durations of event for cataracts and eye
inflammation were sourced from Appendix J of NICE guideline 82 on age-
related macular degeneration (AMD) [170]. In the absence of other data, the
utility decrement for increased IOP is conservatively assumed to be the same
as that for uncontrolled/severe glaucoma [171]. The duration of increased IOP
is assumed to be one month, given that all increased IOP events observed in

Study 301/302 were fully resolved within one month [19].

Table 28: AE disutilities

Event in Ol arm | Utility decrement Duration Proportion of
(months) patients
Cataract 0.14 1.0 15%
Eye inflammation 0.30 3.6 10%
Increased I0OPt 0.10 1.0 20%

Abbreviations: AE, adverse event; IOP, increased intraocular pressure; Ol, Original

Intervention.

TNo disutility data associated with increased IOP were identified.
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10.9.2.1 Scenarios

A hypothetical scenario is considered in which an additional disutility of 0.1 is
applied for one month in all patients to account for any discomfort or

inconvenience associated with the administration procedure.
10.9.3 Carer disutility

A systematic review by Wittenberg et al found that parents of children with
activity limitations have a 0.08 lower EQ-5D score than parents of children
without activity limitations [172]. This carer disutility is applied to individuals in
the four most severe health states up to the age of 18. In the absence of other
data, it is assumed that the disutility for carers of adults with RPE65-mediated
IRD is half that of carers of children with RPE65-mediated IRD (i.e. a disutility
of 0.04).

10.10 If clinical experts assessed the applicability of values available

or estimated any values, please provide the following details?:

the criteria for selecting the experts

¢ the number of experts approached

¢ the number of experts who participated

o declaration of potential conflict(s) of interest from each
expert or medical speciality whose opinion was sought

o 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?)

¢ the questions asked

8 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.

Specification for company submission of evidence 146 of 282



o whether iteration was used in the collation of opinions and
if so, how it was used (for example, the Delphi technique).

Clinical experts informed the development of health state vignettes and
estimated utility values as part of the Acaster Lloyd study. See Section 10.9.1

and Appendix 9 for further details.

10.11 Please define what a patient experiences in the health states in
terms of HRQL. Is it constant or does it cover potential

variances?

Health-related quality of life is assumed to stay constant within individual health

states.

10.12 Were any health effects identified in the literature or clinical
trials excluded from the analysis? If so, why were they

excluded?

No health effects identified in the literature or clinical trials were excluded from

the analysis.

10.13 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?

State-specific HRQL estimates were used in the economic model; no specific

baseline quality of life was assumed beyond this.

10.14 Please clarify whether HRQL is assumed to be constant over

time. If not, provide details of how HRQL changes with time.

HRQL is assumed to be constant within health states. As patients progress
through the model towards poorer health states over time, worsening HRQL is

implied over time also.
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10.15 Have the values been amended? If so, please describe how

and why they have been altered and the methodology.

As described in Section 10.9.2, disutility scores are applied to capture the effect
of treatment or procedure-related AEs associated with VN at the start of the

model.
Treatment continuation rules

10.16 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.

¢ The costs and health consequences of factors as a result of
implementing the continuation rule (for example, any additional
monitoring required).

¢ The robustness and plausibility of the endpoint on which the rule is
based.

e 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.

¢ Issues with respect to withdrawal of treatment from non-

responders and other equity considerations.

A treatment continuation rule has not been considered because VN is approved
as a one-time treatment. No data exist on the safety and efficacy associated

with repeat injections. Detachment of the retina associated with multiple
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vitrectomies could lead to irreversible damage to the retina and consequently
to patients’ vision. This is of particular importance in paediatric populations, as

the anatomy of the eye changes between childhood and adulthood [183, 184].
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Section 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
1.1 Identification of studies

1111 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.

A systematic review was conducted to retrieve studies reporting cost-
effectiveness data for VN compared with BSC in RPE65-mediated IRD. The

searches were run on 8" March 2018, and were updated on 11" January 2019.

Details of search strings, databases searched, hand searching and

inclusion/exclusion criteria are provided in Appendix 3.

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 29 below. Other

headings should be used if necessary.

The following inclusion and exclusion criteria were applied to identify published

and unpublished cost-effectiveness studies (Table 29).

Table 29: Selection criteria used for health economic studies

Inclusion criteria
Population Patients with IRD caused by RPE65 gene mutations
Interventions e Voretigene neparvovec
e Best supportive care
Outcomes e Direct costs
o Utilities
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e ICER

e LYs
e QALYs
Study design e Economic evaluation alongside clinical trials
e Economic evaluation modelling studies
Language English
restrictions
Search dates From inception of database to 8" March 2018 (original

search) and 11™ January 2019 (updated search)

Exclusion criteria
Population IRD due to gene mutations other than RPE65

Interventions e Gene therapy using other vectors (e.g. rAAV2-CBSB-
hRPEG5, tgAAG76, rAAV2-CB-hRPEGS5,
rAAV2/4.hRPEG65, rAAV2-hRPEG5)

e Other oral preventive drugs (e.g. QLT091001, oral
synthetic cis-retinoid)

Outcomes None

Study design Reviews/editorials/notes/opinions/case reports
Language Languages other than English

restrictions

Search dates None

Abbreviations: ICER, incremental cost-effectiveness ratio; IRD, inherited retinal dystrophies;
LY, life year; QALY, quality-adjusted life year; RPEB5, retinal pigment epithelium 65kDa protein.

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

In the original search, 699 papers were identified through the electronic
searches. Upon the removal of duplicate papers, 655 titles and abstracts were
reviewed. A total of four papers were potentially relevant and were ordered for
full paper review. At this stage, a further four papers were excluded. Hand
searching yielded one additional relevant paper, resulting in a total of one paper

for final inclusion in the original review.

In the January 2019 update, 124 papers were identified through the electronic
searches. Upon the removal of duplicate papers, 80 titles and abstracts were
reviewed. None of these papers were relevant so none were ordered for full

paper review. Hand searching yielded no additional relevant papers.

Across the original review and the January 2019 update, one study was

identified for final inclusion in the review.
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The flow of studies through the review is reported in the PRISMA flow diagram
in Figure 25. Separate PRISMA diagrams for the original and updated reviews

are presented in Appendix 3.
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Figure 25: PRISMA flow diagram for published and unpublished cost-
effectiveness evidence

Abstracts identified from databases: 699

Embase and Medline: 624

Medline In-process via Ovid: 57

Cochrane library via Ovid: 18
Duplicates: 44  |—

Abstracts screened: 655

Abstracts excluded: 651
Animal study: 71

In vitro study: 85
Publication type not of interest: 190 |—
Patient population not of interest: 157
Outcomes not of interest/not reported: 147
Duplicate: 1

Full texts screened: 4

Full texts excluded: 4 — —

Publication type not of interest: 2 Additional ckations: 1

Qutcomes not of interest/not reported: 2 E—— Cf:un.ferencej search. 0
Bibliographic search: 0
HTA report: 1

January 2019 update: 0

Full inclusions: 1
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11.2 Description of identified studies

11.21 Provide a brief review of each study, stating the methods, results and relevance to the scope. A suggested

format is provided in Table 30.

Hand searching of HTA websites identified one record from the Institute for Clinical and Economic Review (ICER). ICER developed
an economic model to estimate the cost-effectiveness of VN for vision loss associated with biallelic RPE65-mediated IRD compared
to standard of care (SoC) [185]. The study is described in Table 30.

Table 30: Summary of identified economic evaluations

43% male. An

for education,

QALYs if treated at age

alternative productivity 15, and 2.7-4.4 additional
population loss, informal | QALYs if treated at age 3.
was modelled | care, and

with a mean nursing home

age of three
years.

care.

Study name Location of Summary of | Patient Costs Patient outcomes Results
(year) study model and population
comparators
ICER 2018 us VN vs. Reflects the Direct medical | Utility values were based Incremental cost per
standard of Study 301 trial | costs as well on visual ability in terms of | QALY:
care (SoC) population. as direct VA or VF (i.e. health o Age 15: $228,000 -
Assumed nonmedical states). $644.000 ’
mean age of | costs and VN provided patients with N
15 years and | indirect costs | gn additional 1.3-2.1 ° '332836536’000

Abbreviations: ICER, Institute for Clinical and Economic Review; QALY, quality-adjusted life year; SoC, standard of care; US, United States; VA, visual acuity;
VF, visual field; VN, voretigene neparvovec.
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11.2.2 Provide a complete quality assessment for each health

economic study identified. A suggested format is shown in

Table 31.

Table 31: Quality assessment of ICER 2018 study [185]

Study question Response
(yes/no/not
clear/N/A)
1. Was the research question stated? Yes
2. Was the economic importance of the research question stated? Yes
3. Was/were the viewpoint(s) of the analysis clearly stated and Y
N es
justified?
4. Was a rationale reported for the choice of the alternative Yes
interventions compared?
5. Were the alternatives being compared clearly described? Yes
6. Was the form of economic evaluation stated? Yes
7. Was the choice of form of economic evaluation justified in relation v
: es
to the questions addressed?
8. Was/were the source(s) of effectiveness estimates used stated? Yes
9. Were details of the design and results of the effectiveness study Y
X . , es
given (if based on a single study)?
10. Were details of the methods of synthesis or meta-analysis of
estimates given (if based on an overview of a number of N/A
effectiveness studies)?
11. Were the primary outcome measure(s) for the economic v
: es
evaluation clearly stated?
12. Were the methods used to value health states and other benefits
Yes
stated?
13. Were the details of the subjects from whom valuations were Y
. . es
obtained given?
14. Were productivity changes (if included) reported separately? Yes
15. Was the relevance of productivity changes to the study question Yes
discussed?
16. Were quantities of resources reported separately from their unit Yes
cost?
17. Were the methods for the estimation of quantities and unit costs Y
. es
described?
18. Were currency and price data recorded? Yes
19. Were details of price adjustments for inflation or currency Yes
conversion given?
20. Were details of any model used given? Yes
21. Was there a justification for the choice of model used and the v
o es
key parameters on which it was based?
22. Was the time horizon of cost and benefits stated? Yes
23. Was the discount rate stated? Yes
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24. Was the choice of rate justified? Yes
25. Was an explanation given if cost or benefits were not vy

; es
discounted?
26. Were the details of statistical test(s) and confidence intervals vy

) ) es
given for stochastic data?
27. Was the approach to sensitivity analysis described? Yes
28. Was the choice of variables for sensitivity analysis justified? Yes
29. Were the ranges over which the parameters were varied stated? Yes
30. Were relevant alternatives compared? (That is, were appropriate Y

, : . . es

comparisons made when conducting the incremental analysis?)
31. Was an incremental analysis reported? Yes
32. Were major outcomes presented in a disaggregated as well as Yes
aggregated form?
33. Was the answer to the study question given? Yes
34. Did conclusions follow from the data reported? Yes
35. Were conclusions accompanied by the appropriate caveats? Yes
36. Were generalisability issues addressed? Yes

Abbreviations: N/A, not applicable.

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.

e Voretigene neparvovec is associated with an ICER of - per QALY
gained when compared against BSC, assuming the proposed PAS price.

e \oretigene neparvovec is associated with significant QALY gains (20
undiscounted QALYs gained versus BSC), and therefore qualifies for
additional weighting. ICERs at list price and PAS price are significantly
below the weighted threshold of £200,000 per QALY.

e The conclusion of cost-effectiveness at a threshold of £200,000 per QALY
gained was found to be robust to extensive sensitivity and scenario

analyses.

o Cost-effectiveness was assessed using a Markov state-transition model,

with health states defined based on progressive visual impairment.

e Although MLMT was the primary endpoint in Study 301/302, no data are
available linking this outcome to costs, utilities or mortality, and no data
are available on the long-term change in this outcome — it was therefore

not possible to define health states based on MLMT.

e MLMT is a functional endpoint that captures changes in light sensitivity
(FST), visual acuity (VA) and visual field (VF), and so health states defined
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by a combination of these three endpoints were considered; however, FST

is associated with similar challenges to MLMT in terms of data availability.

e Model health states were therefore defined based on either VA or VF,

whichever was worst at each time point.

e Short-term data on clinical effectiveness are taken from Study 301/302 (the

pivotal clinical trial).

e Longer-term evidence on the baseline decline in visual function over time
is taken from RPE65 NHx (a retrospective chart review in individuals with
RPE65-mediated inherited retinal dystrophy).

e The treatment effect of VN is assumed to be maintained for 40 years,
followed by a 10-year waning period; a residual treatment effect is applied

for the remainder of the model time horizon.

o Ultility values are taken from a bespoke utility study, conducted to estimate

utility values associated with each of the pre-defined model health states.

e Considered costs include acquisition, administration and monitoring costs
associated with VN; healthcare resource use costs; and costs associated

with adverse events.

121 Description of the de novo cost-effectiveness analysis

Patients
1211 What patient group(s) is (are) included in the cost-

effectiveness analysis?

The population considered in this analysis is individuals with RPE65-mediated

IRD who have sufficient viable retinal cells®. This is in line with the population

® Sufficient viable retinal cells was defined in Study 301 as 1) an area of retina within the
posterior pole of > 100 micron thickness as shown on OCT; 2) = 3 disc areas of retina without
atrophy or pigmentary degeneration within the posterior pole based on ophthalmoscopy; or 3)
remaining visual field within 30° of fixation.
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considered in Study 301/302 [4] (see Section 4.1), the Marketing Authorisation
for VN [3] (see Section 3.1), and the final scope issued by NICE [186] (see

Section 1).

Technology and comparator
121.2 Provide a justification if the comparator used in the cost-

effectiveness analysis is different from the scope.
Not applicable.

Model structure
1213 Provide a diagram of the model structure you have chosen.

The model schematic is presented in Figure 26.

Figure 26: Model schematic

Moderate
Vi

Profound
Vi

S

Abbreviations: CF, counting fingers; HM, hand motion; NLP, no light perception; VI, visual
impairment.

The economic model adopted a Markov state transition structure. Cohort based

models have been used previously in the modelling of VN [185], other products

Specification for company submission of evidence 159 of 282



in retinitis pigmentosa [187], and other retinal conditions [188]. Patient-level
approaches have also been used in retinal conditions due to the ability to model
vision in both eyes [188]. However, this was considered less important in this
case due to the bilateral nature of the disease and relative symmetry of visual
impairment (Section 6.1.3) [189]. Scenarios considering either the average of
vision in the two eyes or in the best-seeing eye only are associated with a
negligible difference in results (see Section 12.5.11). Furthermore, the
advantages of a patient-level approach would be limited by a relative lack of

available data with which to generate statistical relationships.

The model was structured around the following health states:

HS1: Moderate visual impairment (VI)

e HS2: Severe VI

e HS3: Profound VI

e HS4: Counting fingers (CF)

e HS5: Hand motion (HM), light perception (LP) to no light perception (NLP)
e HSG6: Death

Health state definitions are detailed in Section 12.1.6.

Patients were exposed to the risk of mortality in all health states (other than
HS6). Mortality associated with visual impairment has been observed
previously (see Section 12.1.8.4) [95], and such effects have been included in
previous health technology appraisals in retinal conditions [190]. However,
most sources of such effects are derived in older populations. Christ et al found
that visual impairment affects mortality directly after adjustment is made for
covariates, including chronic conditions and other health indicators [191]. Visual
impairment was also found to affect mortality indirectly through self-rated health
and disability. The base-case analysis therefore assumes that visual
impairment is associated with an increased risk of mortality, and this is removed

in a scenario analysis.
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121.4 Justify the chosen structure in line with the clinical pathway of

care.

Costs, quality of life and mortality in individuals with RPE65-mediated IRD are
expected to vary depending on level of visual impairment. In this model, visual
impairment was defined based on the worst of VA and VF. Health state
definitions and justifications for the use of VA and VF are provided in Section
12.1.6.
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12.1.5

Provide a list of all assumptions in the model and a justification for each assumption.

Component of
model

Assumption

Justification

Model structure

Implementing a maximum age of 100 years is
approximately equivalent to modelling a lifetime time
horizon

1.15% of males and 2.73% of females are expected to
survive past 100 years of age [192]; a 100-year time
horizon is therefore expected to capture the majority of
lifetime costs and QALYs

The benefit of VN is observed at 1 month

A statistically significant difference from baseline was
observed in the Original Intervention arm of Study 301 at 1
month (see Figure 10)

In the first year, individuals may move to either better or
worse health states

Data from Study 301 are used to inform the transitions in
the first year, and movement to both better and worse
states was observed in both arms of the clinical trial

Beyond the first year, individuals may only move to worse
health states

Expert clinical opinion confirmed that without intervention
both VA and VF worsen over time [9]

The health state distribution based on the first year of trial
data in the Original Intervention arm is maintained for 40
years

A long-term treatment effect is supported by UK clinical
experts [9] on the basis of the VN clinical trial programme
and preclinical studies (see Section 12.2.1 for further
details)

Following the 40-year maintenance of treatment effect, this
treatment effect is assumed to wane over a 10-year period

This assumption is based on UK clinical expert advice [9]

In the long-term phase, the probability of progressing to a
worse health state is assumed to be reduced by 25% in the
VN arm

It is considered implausible that VN patients would
experience the same decline as BSC patients following a
period of time in which this decline is greatly reduced; in the
absence of data an estimate of 25% is assumed
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Component of
model

Assumption

Justification

Clinical data

Patients included in Study 301 are representative of the UK
population of individuals with RPE65-mediated IRD, who
have sufficient viable retinal cellst

The trial population is considered to be broadly
representative of the real-world population of interest
because:

e Inclusion and exclusion criteria are not considered to be
overly restrictive, given that of the 36 screen subjects,
only five (14%) were screen failures

e Recruiting centres are expected to be broadly
representative of real-world treatment centres, given that
VN will be administered at a small number of specialised
treatment centres

Patients included in the natural history study (RPE65 NHx)
are representative of the UK population of individuals with
RPE65-mediated IRD, who have sufficient viable retinal
cells

RPEG65 NHXx is a retrospective chart review study, and so
may be expected to reflect the real-world patient population

In the initial phase, patients with no transition data move the
same number of health states as those in the previous
health state

The transitions that were not observed are expected to be
possible in clinical practice; in the absence of evidence to
inform these transitions directly, data relating to the next
least severe health state were considered the best
estimates of these parameters

The most appropriate distribution for the long-term
multistate survival model is the Weibull distribution

The Weibull distribution performed well on both AIC and
BIC measures, and visual fit based on inspection of the
residuals (Section 12.1.8.3.3)

Increased visual impairment is associated with excess
mortality

Christ et al [95] demonstrated that worsening in VA is
associated with a statistically significant increase in
mortality
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Component of Assumption Justification
model

Utility data The disutility for carers of adults with RPE65-mediated IRD | This is assumed in the absence of other data. A scenario is
y is half that of carers of children with RPE65-mediated IRD considered in which carer disutility is excluded.

50.4% of 18 year olds are in full-time education [193]. The
current age for receiving a state pension is 65 years [194].
Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion; IRD, inherited retinal dystrophies; NHx, natural history study; QALY, quality-
adjusted life year; RPEG5, retinal pigment epithelium 65 kDa protein; VA, visual acuity; VI, visual impairment; VN, voretigene neparvovec.

1 Sufficient viable retinal cells was defined in Study 301 as 1) an area of retina within the posterior pole of > 100 micron thickness as shown on OCT; 2) = 3

disc areas of retina without atrophy or pigmentary degeneration within the posterior pole based on ophthalmoscopy; or 3) remaining visual field within 30° of
fixation.

Cost data Individuals leave school at age 18, and retire at age 65
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12.1.6 Define what the model’s health states are intended to capture.

The modelled health states are intended to capture progressively severe levels
of visual impairment'® and death. MLMT was the primary endpoint in Study
301/302, however no data are available linking this outcome to costs, utilities
or mortality, and no data are available on the long-term change in this outcome.
MLMT is an objective measure of functional vision that captures changes in
each of FST, VA and VF (see Section 9.4.1.1.1), and so health states defined
by a combination of these three endpoints were considered; however, FST is
associated with similar challenges to MLMT in terms of data availability. It was
therefore determined that visual impairment would be modelled based on a
combination of VA and VF''. A scenario analysis is considered in which health
states are defined based on VF only, on the basis that VN was not associated
with a statistically significant difference in VA using the Holladay scale; however
it should be noted that VN was associated with a statistically significant
difference in VA in a post-hoc analysis using the Lange scale (see Section
9.6.1.1.4).

Modelled health states are determined based on the worse of VA and VF'?, with
cut-off points between health states derived using American Medical
Association (AMA) guidelines [195] (see Table 32).

Table 32: AMA guidelines on impairment classes

Impairment class VA (LogMAR) VF (°)
Moderate low vision Better than 1.0 > 240
Severe low vision 1.0-14 <240 and > 144
Profound low vision 14-18 <144 and > 48
Near-blindness Worse than 1.8 <48

Total blindness NLP No VF

Abbreviations: AMA, American Medical Association; LogMAR, Logarithm of the Minimum Angle
of Resolution; NLP, no light perception; VA, visual acuity; VF, visual field.
Source: AMA 2007 [195]

0 Progressively severe levels of visual impairment are expected to be associated with
increased costs, lower utility values and an increased risk of death.

" The cost-effectiveness analysis conducted by ICER in the US setting (VN vs. standard of
care) also considered health states based on a combination of VA and VF [185].

2Although overall visual impairment may be considered a function of both VA and VF, there is
no consensus on the most appropriate form of this function. A simplified approach was therefore
taken in which health states are defined based on the worst of the two quantities.
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AMA guidelines are used rather than UK Royal National Institute of Blind People
(RNIB) guidelines, because unlike the RNIB guidelines, the AMA guidelines
provide clear numerical cut-off points for different health states, avoiding
ambiguity in interpretation. The manufacturer is not aware of any other
guidelines that use unambiguous cut-off points. In addition, the AMA guidelines
divide level of visual impairment into five categories, as compared with the two
categories considered in the RNIB guidelines; this allows for greater granularity

when modelling changes in vision.

According to the RNIB guidelines [196], all patients in health state 2 (severe
visual impairment) onwards would be classified as blind, and a proportion of
patients in health state 1 (moderate visual impairment) would be classified as
blind, depending on the extent of visual field loss; blindness is classified as any

of the following:

e Visual acuity of 3/60 (~1.3 logMAR) to 6/60 (1.0 logMAR) with a full field of

vision

e Visual acuity of up to 6/24 (~0.6 logMAR) with a moderate reduction of field

of vision or with a central part of vision that is cloudy or blurry

e Visual acuity of 6/18 (~0.5 logMAR) or even better if a large part of their field

or a lot of peripheral field is missing

Visual field health state occupation is defined in the model based on Goldmann
perimetry testing using a lll4e target (other VF tests were used in Study 301/302

but these do not inform model health states; see Section 9.4.1.1.6).

Modelled health states (see Table 33) align with the AMA guidelines, except in
the two worst health states — ‘near-blindness’ and ‘total blindness’ are re-
categorised as ‘CF’'3 and ‘HM, LP, NLP’ on the basis that:

13 Using the Holladay scale for VA, CF is assigned the VA score of 3. Note that although the
Holladay and Lange scales are associated with differing scores in the clinical analysis, use of
the Lange scale would not result in differing health state assignment.
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e Brown et al [180] found the CF health state to be associated with
substantially different utility values compared with the HM, LP and NLP
states

¢ In the natural history data used to model long-term changes in VA and VF,
few observations in the HM, LP and NLP states were recorded, and so it was

considered reasonable to group these states

Table 33: Modelled health states (excluding death)

Worst of:

Health state VA (LogMAR) VF (°)
HS1: Moderate VI Better than 1.0 or > 240
HS2: Severe VI 1.0-14 or <240 and > 144
HS3: Profound VI 14-18 or <144 and > 48
HS4: CF 1.8-3.0 or <48

HS5: HM, LP, NLP Worse than 3.0 or an -

indication of HM, LP, or
NLP

Abbreviations: AMA, American Medical Association; CF, counting fingers; HM, hand motion;
HS, health state; LogMAR, Logarithm of the Minimum Angle of Resolution; LP, light perception;
NLP, no light perception; VA, visual acuity; VF, visual field; VI, visual impairment.

In the base-case, health state membership is assigned based on the worst of
VA and VF in the ‘average eye’'4, with the best-seeing eye'® considered in a
scenario analysis. Modelling the average eye as opposed to the best-seeing
eye allows for changes in both eyes to be captured; however, the difference in

results between the two approaches is negligible (see Section 12.5.11).

4 The average eye is calculated by averaging the VA and VF observed in each eye at each
time point.

5 The best-seeing eye is defined as the eye that would be placed in the mildest health state at
the time point being considered.
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12.1.7

Describe any key features of the model not previously reported. A suggested format is presented below in Table

34.
Table 34: Key features of model not previously reported
Factor Chosen values Justification Reference
Outcomes | Cost per QALY This approach is in line with the NICE reference case [197]. NICE 2013 [197]
gained; additional
outcomes reported
Time Lifetime (maximum | A lifetime time horizon captures differential outcomes over the lifetime of the NICE 2013 [197]
horizon age of 100 years) | individual. This approach is in line with NICE guidance, which states that the time
horizon should be long enough to reflect all important differences in costs or
outcomes between the technologies being compared [197].
Discount 3.5% This is in line with current NICE guidance [197]. A scenario analysis is considered | NICE 2013 [197]
rate for in which costs and outcomes are discounted at 1.5%. Discount rates of 1.5% are
costs and consistent with those which may be considered by the NICE Appraisal Committee
outcomes if it is highly likely that, on the basis of the evidence presented, long-term health

benefits (normally at least 30 years) are likely to be achieved and that the
technology does not commit the NHS to significant irrecoverable costs [198]. A
discount rate of 1.5% may be appropriate for VN as it is a one-time treatment, and
in Study 301 14/20 (70%) of patients were in the best health state (i.e. moderate
VI) at Year 1 following treatment; and this effect is expected to be long-term.

Perspective

NHS and PSS in

The perspective on cost is that of the NHS and PSS in England and Wales, in line

NICE 2013 [197]

first cycle, the model is 1/12th cycle corrected to reflect the rapid improvement in

England and with current NICE guidance [197]. Costs falling outside of the healthcare system
Wales are included in scenario analyses. The perspective on outcomes includes direct
health effects for patients and carers, in line with current NICE guidance [197].
Cycle 1 year This reflects the relatively slow rate of visual decline in this population (Section Study 301 CSR [19]
length 6.1.3). Half-cycle correction is implemented using the life table method’®. In the

'8 The time in a given cycle is estimated by taking the average of the number of people at the start and end of the cycle.
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Factor Chosen values Justification Reference

the Original Intervention arm which is observed at approximately 1 month (Figure
10) [19].

Abbreviations: CSR; clinical study report NHS, National Health Service; PSS, Personal Social Services; QALY, quality-adjusted life year; VI, visual impairment;
VN, voretigene neparvovec.
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12.1.8 Describe how the data from the clinical evidence were used in

the cost-effectiveness analysis.
The model consists of two phases:
¢ |nitial phase
e Long-term phase; in the VN arm, the long-term phase is split into:
o Maintenance of treatment effect
o Waning of treatment effect
o Residual treatment effect

In the initial phase, data from Study 301 are used to inform the transition
probabilities between baseline and Year 1 in each of the BSC and VN arms.
Significant changes in outcomes beyond Year 1 were not observed in the
Original Intervention arm of Study 301/302 (Section 9.6.1.1). Therefore, data
from Years 2 and 3, whilst available, were not used directly because the
distribution of patients across health states would be essentially the same as
the assumption of maintenance beyond Year 1: only one subject in the Original
Intervention arm was observed to transition between health states during Years

2 and 3._In Year 1, individuals may move to either better or worse health states.

In the long-term phase, natural history data in individuals with RPE65-mediated
IRD are used to model the long-term decline in visual function in this population.

In this phase, individuals may only progress to a worse health state.

In the VN arm, a relative risk reduction (RRR) is applied to the health state
transitions implied by the natural history data'”. The way in which this RRR
changes over time is presented in Table 35 and Figure 27 (see Section 12.2.1
for further details).

7 Note that the RRR following the maintenance period is applied to the natural history
transitions from the start of the multistate survival model, rather than those specific to the
patient’s current age.
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Table 35: Time periods within the long-term phase for VN patients

effect

distribution is maintained
for 40 years

Time period Description RRR compared with Rationale
natural history
transitions
Maintenance of treatment | The Year 1 health state 100% ¢ Along-term treatment effect is supported by

UK clinical experts (Section 12.2.4) [9] on the
basis of the VN clinical trial programme and
preclinical studies

e See Section 12.2.1 for further details

Waning of treatment

The treatment effect

Declining linearly from

e This assumption is based on UK clinical expert

is applied for the
remainder of the model
time horizon

effect wanes over a period of 10 | 100% to 25% advice [9]
years
Residual treatment effect | A residual treatment effect | 25% e A residual treatment effect is assumed because

it is considered implausible that VN patients
would experience the same decline as BSC
patients following a period in which a

substantial reduction in decline is observed

¢ In the absence of other data, an arbitrary
residual effect of 25% is assumed

e Scenario analyses considering values of 0%
(i.e. no residual effect) and 50% are associated
with negligible changes in the ICER

Abbreviations: ICER, incremental cost-effectiveness ratio; RRR, relative risk reduction; VN, voretigene neparvovec.
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Figure 27: Relative risk reduction compared with natural history
transitions in the VN arm over time
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Abbreviations: VN, voretigene neparvovec.

Clinical data used in the economic evaluation include:

Baseline health state distributions (Section 12.1.8.1)

¢ In-trial transition probabilities (Section 12.1.8.2)

e Long-term multistate survival model (Section 12.1.8.3)
¢ Mortality (Section 12.1.8.4)

e AEs (Section 12.2.3)

e MLMT and FST (Section 12.1.8.5)

12.1.8.1 Baseline health state distributions

Baseline health state distributions were available from each of Study 301 [19]
and RPE65 NHx (a retrospective chart review in individuals with RPE65-
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mediated inherited retinal dystrophy) [28]'8. Data from Study 301 were used in

the base-case to ensure consistency with clinical data used in the initial phase.

Baseline data were generated for the base-case and each of the following

scenarios (including all relevant combinations):

¢ Data taken from RPEG65 NHx (a retrospective chart review in individuals with
RPE65-mediated inherited retinal dystrophy; see Section 12.1.8.3.1) [28]

¢ Health states based on VF only (see Section 12.1.6.)
¢ Health states based on best-seeing eye (see Section 12.1.6.)

For each combination of options, the average age and gender distribution were
generated. The baseline health state distribution used in the base-case is

presented in Table 36.

Table 36: Baseline health state distribution
HS1 HS2 HS3 HS4 HS5

Baseline health state 23% 32% 23% 19% 3%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.

12.1.8.2 In-trial transition probabilities

In order to inform the initial phase of the cost-effectiveness model, transition
probability (TP) matrices were required for each of the VN and BSC arms.
Crossover data'® were included in the VN arm in a scenario in order to make
best use of data from a small number of patients; however, this analysis does

not reflect a randomised comparison, and so is not presented in the base-case.

TP data were generated for the base-case and each of the following scenarios

(including all relevant combinations):

e Crossover data included

8 A natural history study in individuals with RPE65-mediated IRD; see Section 12.1.8.3.1 for
further details.

9 In this analysis, Control/Delayed Intervention patients at one year (i.e. at the point at which
these patients cross over to receive treatment) are combined with Original Intervention patients
at baseline.
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¢ Health states based on VF only (see Section 12.1.6.)
¢ Health states based on best-seeing eye (see Section 12.1.6.)
12.1.8.2.1. Count data

Transition count data were calculated based on observations at baseline and
1-year follow-up in Study 301. No data were available at 1-year follow-up for
the two withdrawn patients, and so this analysis is based on the mITT
population including patients who did not withdraw. Data were therefore
available for 20 patients in the VN arm and nine patients in the BSC arm. The
only exception to this is in scenarios in which health states were based on VF
only: one observation is missing at baseline in the VN arm, and so transition

probabilities could only be calculated in 19 patients

Count data for the base-case are presented in Table 37 and Table 38 for the

BSC and VN arms, respectively.

Table 37: Health state transition count data (BSC arm)

Health state at 1-year follow-up
HS1 HS2 HS3 HS4 HS5
HS1 3 0 0 0 0
Health state | HS2 1 2 0 1 0
at baseline HS3 0 0 1 0 0
HS4 0 0 1 0 0
HS5 0 0 0 0 0

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: BSC, best supportive care.

Table 38: Health state transition count data (VN arm)

Health state at 1-year follow-up
HS1 HS2 HS3 HS4 HS5
HS1 4 0 0 0 0
Health state HS2 5 1 0 0 0
at baseline HS3 3 3 0 0 0
HS4 2 0 1 1 0
HS5 0 0 0 0 0

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: VN, voretigene neparvovec.
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12.1.8.2.2. Exact TP approach

No data are available to inform TPs from health state 5 (hand motion to no light
perception) in any of the considered scenarios. Whilst one patient (3%) of 31
trial participants was in health state 5 at baseline, this patient subsequently

withdrew from the study.
Two options are therefore included in the model:

e Patients in health states with no transition data move the same number of
health states as those patients in the next least severe health state (base-

case)

o For example, in the VN arm the probability of moving from HS4 to
HS1 (a three-state improvement) was 50%. Under this
assumption, the probability of moving from HSS5 to HS2 (a three-

state improvement) would be set to 50%.

e Patients in health states with no transition data remain in the same state at

Year 1

In the base-case, patients in health states with no transition data are assumed
to move the same number of health states as those patients in the next least
severe health state. This assumption was chosen on the basis that the
transitions which were not observed were expected to be possible in clinical
practice; in the absence of evidence to inform these transitions directly, data
relating to the next least severe health state were considered the best estimates
of these parameters. TP matrices calculated on this basis are presented in
Table 39 and Table 40. This approach is referred to as the ‘exact TP’ approach.
The exact TP approach was preferred to the ‘adjusted TP’ approach (see
below) because this approach best represented the trial data as observed; the

adjusted TP approach was considered in sensitivity analysis.

Table 39: Exact TP matrix (BSC arm)

Health state at 1-year follow-up
Health state HS1 HS2 HS3 HS4 HS5
at baseline HS1 100% 0% 0% 0% 0%
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HS2 25% 50% 0% 25% 0%
HS3 0% 0% 100% 0% 0%
HS4 0% 0% 100% 0% 0%
HS5 0% 0% 0% 100% 0%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: BSC, best supportive care; TP, transition probability.

Table 40: Exact TP matrix (VN arm)

Health state at 1-year follow-up
HS1 HS2 HS3 HS4 HS5
HS1 100% 0% 0% 0% 0%
Health state HS2 83% 17% 0% 0% 0%
at baseline HS3 50% 50% 0% 0% 0%
HS4 50% 0% 25% 25% 0%
HS5 0% 50% 0% 25% 25%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: TP, transition probability; VN, voretigene neparvovec.

12.1.8.2.3. Adjusted TP approach (scenario only)

It was observed that when using the exact TP approach, some transitions were
associated with zero probabilities, despite being theoretically possible. For
example, in Table 40, 50% of patients in health state 4 at baseline move to
health state 1, while no patients move to health state 2. This is likely due to the

low patient numbers in Study 301.

An alternative approach was therefore considered in which the count data were

adjusted according to the following steps:

e The proportions of patients moving into health state 1 from each other health
state were assumed to be the same as in the exact TP approach, given that

these transitions are relatively well populated

¢ In health states 2 to 4, observed transitions were adjusted according to the
proportion of patients observed to improve (move to a milder health state),
deteriorate (move to a worse health state), or remain stable (remain in the

same health state)
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e This was either calculated for each state separately, or aggregated for all
states — referred to as the ‘adjusted TP (state-dependent)’ and ‘adjusted TP

(state-independent)'?° approaches, respectively

e The count data for those improving, deteriorating and remaining in the same
health state for each of the state-dependent and state-independent

approaches are presented in Table 41 and Table 42, respectively.

Table 41: Deterioration/improvement (BSC arm)
Health state at baseline Deteriorated Stable Improved
HS2 1 2 0
HS3 0 1 0
HS4 0 0 1
HS5 0 0 0
Overall (state-independent) 1 3 1

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: BSC, best supportive care.

Table 42: Deterioration/improvement (VN arm)
Health state at baseline Deteriorated Stable Improved
HS2 0 1 0
HS3 0 0 3
HS4 0 1 1
HS5 0 0 0
Overall (state-independent) 0 2 4

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: VN, voretigene neparvovec.

Transition probabilities are reassigned as follows:

e The proportion who deteriorated is split evenly across all health states

between health state 2 and 5 that are worse than the starting health state

e The proportion who improved is split evenly across all health states between
health state 2 and 5 that are better than the starting health state

20 The state-independent approach allows for the use of limited available data to be maximised,
but relies on the assumption that improvement or deterioration is independent of starting health
state; results from this scenario analysis are therefore interpreted with caution.
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e The proportion remaining in the same state is assumed to be the same as in
the exact TP approach

If the state-independent approach is taken, there may be a proportion assumed
to improve from health state 2, or a proportion assumed to deteriorate from
health state 5; in this case, this proportion is assumed to remain in the starting
health state. The state-dependent and state-independent adjusted TPs are
presented in Table 43 to Table 46.

Table 43: Adjusted TP matrix, state-dependent (BSC arm)

Health state at 1-year follow-up
HS1 HS2 HS3 HS4 HS5
HS1 100% 0% 0% 0% 0%
Health state HS2 25% 50% 8% 8% 8%
at baseline HS3 0% 0% 100% 0% 0%
HS4 0% 50% 50% 0% 0%
HS5 0% 33% 33% 33% 0%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: BSC, best supportive care; TP, transition probability.

Table 44: Adjusted TP matrix, state-dependent (VN arm)

Health state at 1-year follow-up
HS1 HS2 HS3 HS4 HS5
HS1 100% 0% 0% 0% 0%
Health state HS2 83% 17% 0% 0% 0%
at baseline HS3 50% 50% 0% 0% 0%
HS4 50% 13% 13% 25% 0%
HS5 0% 25% 25% 25% 25%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual

impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: TP, transition probability; VN, voretigene neparvovec.

Table 45: Adjusted TP matrix, state-independent (BSC arm)

Health state at 1-year follow-up
HS1 HS2 HS3 HS4 HS5
HS1 100% 0% 0% 0% 0%
Health state HS2 25% 60% 5% 5% 5%
at baseline HS3 0% 20% 60% 10% 10%
HS4 0% 10% 10% 60% 20%
HS5 0% 7% 7% 7% 80%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: BSC, best supportive care; TP, transition probability.
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Table 46: Adjusted TP matrix, state-independent (VN arm)

Health state at 1-year follow-up
HS1 HS2 HS3 HS4 HS5
HS1 100% 0% 0% 0% 0%
Health state HS2 83% 17% 0% 0% 0%
at baseline HS3 50% 33% 17% 0% 0%
HS4 50% 17% 17% 17% 0%
HS5 0% 22% 22% 22% 33%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: TP, transition probability; VN, voretigene neparvovec.

12.1.8.3 Long-term multistate survival model

In order to inform the long-term natural history of the disease under standard of
care, patient-level data from the “Natural History of Individuals with Retinal
Degeneration Due to Autosomal Recessive Mutations in the RPE65 Gene
(RPE65 NHx)” study were used [28].

12.1.8.3.1. Data

RPEG5 NHx is a retrospective chart review study designed to describe the
natural history of retinal degenerative disease in individuals with confirmed
biallelic mutations in the RPE65 gene [28]. All patients with confirmed
mutations, from seven international centres, were enrolled in this study and
their charts were collected, after redaction of protected health information.
Longitudinal ocular history and visual function testing data were abstracted from

the collected charts and analysed.

A total of 70 subject charts are included in the dataset, with a mean age of 15
(the youngest participant was one year old, and the oldest 43 years old). The
mean duration of follow-up was 7.28 years. Previous analysis of the dataset
found that a statistically significant effect of age on VA (p<0.001) was observed
for both the left and right eyes, regardless of whether scales adapted from
Lange or Holladay were used for the conversion of “off-chart” assessments to
LogMAR [28]. The relationship was non-linear, with different rates of change
depending on age. There was a high degree of individual variability; however,

in general, VA worsened with age (Figure 28). There was a negative
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relationship between age and Goldmann kinetic VF for both eyes. When age

increased, VF decreased (worsened) (Figure 29).

Figure 28: Visual acuity by age (Holladay and Lange scales, both eyes)
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Abbreviations: LogMAR, Logarithm of the Minimum Angle of Resolution.
Source: Chung 2018 [199]

Figure 29: Visual field by age (lll4e target, both eyes)
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12.1.8.3.2. Methods

A multistate model of disease progression was developed using methods

detailed by Crowther & Lambert [200]. Multistate models have recently been
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the subject of NICE Decision Support Unit guidance [201] in the context of
oncology modelling (specifically, in contrast to the use of partitioned survival

models).

A multistate survival model allows for the risk of moving between health states
to vary over time, as may be expected in clinical practice. Multiple alternative
survival distributions can be tested to determine the most plausible
extrapolation of observed data, including the assumption of constant risk (i.e.
the exponential distribution). In addition, by parameterising the risks of moving
between health states, this approach allows for parameters determining the
long-term health state distribution to be tested in univariate and probabilistic

sensitivity analysis.

The statistical model of disease progression and definitions of health states
mirrored that used in the economic evaluation more generally (described in
Section 12.1.6); however, no death events were observed in the natural history
data, and so transitions to the ‘Dead’ health state were applied separately (see
Section 12.1.8.4). Last observation carried forward was used for missing data

(but ‘0’ scores were not imputed).

The multistate model was pre-specified as progressive only, so progression
was enforced (i.e. patients were not allowed to ‘improve’ health states between
visits); this was both consistent with the understanding of the progressive
nature of the disease and was also associated with a simplified implementation

(vs models which permit backwards progression).

The model was estimated as a parametric multistate (five state) Markov model
[200]. The Markov assumption implies that the probability of movement to
another state does not depend on time in the current state (i.e. the model is

memoryless).

The multistate package in Stata was used to estimate statistical models; a
single statistical model is estimated, containing parameters representing each
possible transition within the multistate model. This approach assumes
proportionality between baseline hazard functions and the transition intensities

within the same distributional model. Six parametric distributions were tested
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(exponential, Weibull, Gompertz, log-logistic, log-normal, generalised gamma).
These models were compared using the Akaike and Bayesian information
criterion (AIC and BIC, respectively) and analysis of the Cox Snell residuals
[202]. Simulation was used to provide illustrative plots of the resulting
distributions across health states for a cohort beginning in the mildest health

state (moderate VI).
12.1.8.3.3. Results

67 patients were included in the analysis. Baseline characteristics and
demographics are reported elsewhere [28]. Table 47 reports the starting

distribution of patients across health states.

Table 47: Baseline health state distribution

Health state Frequency Percent
HSA1 32 47%
HS2 16 24%
HS3 8 12%
HS4 10 15%
HS5 2 3%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.

There were 28 transitions between health states observed. AIC and BIC are
compared in Table 48: Weibull, log-normal, and log-logistic models performed
similarly well. Only the exponential model performed notably poorly. Note that
the generalised gamma model did not converge, and so results for this
distribution are not available. Visual analysis of the residuals suggested the
Weibull and Gompertz models provided the best fits (Figure 30). Given that the
Weibull distribution performed well on both statistical fit and visual inspection,

this distribution was selected for the model base-case.
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Table 48: Model diagnostics

Model li(null) li(model) df AIC BIC

Weibull -82.9 -58.2 11 138.3 176.6
Gompertz -83.7 -58.5 11 139.0 177.3
Exponential -87.7 -63.1 10 146.3 181.1
Log-normal -83.6 -59.6 11 141.2 179.4
Log-logistic -83.1 -59.2 11 140.5 178.7

Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion; df,
degrees of freedom; Il, log-likelihood.

Figure 30: Cox-Snell residuals
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Simulated health state membership for a cohort starting in the mildest health
state (moderate VI) is provided in Figure 31. Note plots for the log-normal

distribution are not supported by software at this time.

Specification for company submission of evidence 183 of 282




Figure 31: Simulated distribution across health states over time (cohort starting in health state 1)
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Abbreviations: CF, counting fingers; HM, hand motion; LP, light perception; NLP, no light perception; VI, visual impairment.
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Statistical models are presented in Table 49.

Table 49: Statistical models of disease progressiont

Weibull | Gompertz 2L Log- Log-
al logistic normal
17,60 21819 17 55 9.918 5.585
HS110HS3 | o5024) | (3363.2) | (24505) | (22933) | (459.6)
17,60 1819 17 55 9.918 5.585
HS110HS4 | 05024) | (33632) | (2450.5) | (22933) | (459.6)
17,60 1819 17 55 9.918 5.585
HS110HSS | o5004) | (3363.2) | (24505) | (22933) | (459.6)
0.149 0.258 0.256 0.0559 0.0409
HS210HS3 | () 484) (0.484) (0.484) (0.340) (0.355)
2.249 2139 2142 1399 1.390"
HS21o HS4 | (1 069) (1.069) (1.069) (0.610) (0.533)
17,60 1818 17,55 9.884 5.464
HS210HSS | o1544) | (3038.9) | (2221.9) | (19055) | (413.8)
20.791 0777 20433 0.607 0.552
HS3toHS4 | 565) (0.568) (0.556) (0.379) (0.389)
A7.62 18.25 17,55 1012 5.775
HS31OHSS | 1g411) | (25403) | (21313) | (19272) | (432.1)
497 674 1,016 0.997" 1003
HS410HSS | 4 706) (0.738) (0.690) (0.444) (0.464)
Comsant 430" | 9539° | 8861 | 8212" 8.220"
(2.053) (0.469) (0.378) (0.270) (0.277)
o) 0517
P (0.147)
- 0.000314"
9 (0.000)
20665
In (gamma) (0.150)
. 20.0495
In (sigma) (0.134)

T Standard errors in parentheses.

*p<0.05 *p<0.01, *** p <0.001

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.

12.1.8.3.4. Implementation

The survival models presented in Table 49 allow for the calculation of transition
rates; however, transition probabilities are required for implementation in the
cost-effectiveness model. The standard method for converting rates to
probabilities (p = 1 — e™") is not applicable in the context of competing risks,
as in a multistate survival model [203]. Transition rates generated from a

multistate survival model can be converted to probabilities by either:
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e Generating probabilities within a statistical software package such as Stata;

or

¢ Using the process presented in Jones et al [203] to implement the conversion

in Excel directly

The latter option was chosen to allow for straightforward implementation of PSA
and for increased model transparency. The transition probability formulae were
derived using the computer algebra system wxMaxima. Output of analyses

conducted in wxMaxima can be found in Appendix 8.
12.1.8.4 Mortality

Background mortality is modelled using general population life tables for
England and Wales?' [192], with a health state-specific mortality effect applied
using data derived from Christ et al [95] (see Table 50).

Table 50: Relationship between baseline VA and mortality

Baseline VA level (LogMAR) HRT' (95% Cl)
0 1.00 (1.00-1.00)
0.3 1.03 (1.01-1.06)
0.4 1.05 (1.01-1.09)
0.6 1.08 (1.02-1.15)
1.0 1.18 (1.05-1.32)

1 Compared with 20/20 vision (LogMAR 0).

Abbreviations: Cl, confidence interval; HR, hazard ratio; LogMAR, Logarithm of the Minimum
Angle of Resolution; VA, visual acuity.

Source: Christ 2014 [95]

Key limitations of hazard ratios sourced from Christ et al are as follows:

e The study population includes individuals aged 65 to 84 years, which differs

substantially from the mean baseline age of 15 years in Study 301/302

e The study was conducted in the years between 1993 and 2003; the resulting

data therefore may not be applicable to current mortality rates

21 A weighted average of life tables for men and women was generated using the distribution
at baseline in Study 301/302.
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e The hazard ratios in Christ et al are based on baseline VA level, rather than

current VA level as is required in the cost-effectiveness model

¢ Available data is not able to distinguish between the four worst health states,
given that the lower bound of the second mildest health state is equivalent
to VA of 1.0

Despite limitations in data from Christ et al, no alternative data were identified
linking visual impairment to a mortality effect; hazard ratios associated with
baseline VA were therefore assumed to be applicable to current VA. Hazard

ratios applied in each model health state are presented in Table 51.

Table 51: Mortality effect used in the model
HS1 HS2 HS3 HS4 HS5
Mortality HR 1.08 1.18 1.18 1.18 1.18

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: HR, hazard ratio.

A scenario is presented in which mortality in all health states is assumed to
reflect general population life tables, with no adjustment to reflect the impact of

visual impairment?2.
12.1.8.5 MLMT and FST

Average MLMT and FST scores by health state were calculated for each of the
VN and BSC arms (see Table 52) to allow for illustrative graphs of the change
in these measures over time. The following assumptions were made in order to

make best use of a limited number of observations in each health state:

e All observations for which the individual had previously received VN
contributed to the calculations in the VN arm, including individuals in the

Control/Delayed Intervention of Study 301/302 arm following crossover

22 Note that the exclusion of a mortality effect associated with visual impairment is associated
with a negligible change in the ICER.
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¢ All observations for which the individual had not previously received VN
contributed to the calculations in the BSC arm, including baseline data for

individuals in both trial arms in Study 301

Table 52: MLMT and FST score by health state

Clinical | - arm | HS1 HS2 HS3 HS4 HS5
outcome
B . . . . 1.
LT sC 3.01 2.84 3.29 1.86 1.00
VN 5.02 5.08 462 20.29 ~1.00
ot BSC 1.61 167 142 1.26 119
VN 415 3.20 2.56 1.34 119

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: BSC, best supportive care; FST, full-field light sensitivity threshold; MLMT, multi-
luminance mobility testing; VN, voretigene neparvovec.

12.2 Clinical parameters and variables

12.2.1 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?

Costs and outcomes are extrapolated to a lifetime time horizon based on the

modelled health state distribution over time.

In the VN arm, improvements in vision are assumed to be maintained for 40
years. Data on the duration of treatment effect are available from the clinical

trial program and preclinical studies.

Clinical trial program

There is no evidence of loss of treatment effect over time with the latest
available trial follow-up data (Section 9.6). In Study 101/102, improvements in
light sensitivity (measured by FST, which is correlated with MLMT [133]) were
maintained over maximum follow-up periods of 7.5 and four years post-
treatment, respectively [155]. In Study 301/302, improvements in MLMT and
FST were sustained over maximum follow-up periods of 4 years for Ol patients

and 3 years for DI patients [156].
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Preclinical studies

Comparisons between RPE65 gene mutation-associated diseases in humans,
dogs and mice are complex and conclusions should be drawn carefully.
However, an approximation of efficacy maintenance for treatments similar to
VN in dogs for 9.4 years [204] and in mice for 18 months [205] can be estimated
as equivalent to >65 and >60 [206] human years, respectively. These animal
models support the long-term efficacy of VN, which has not declined over time

during clinical testing.
Lifetime of RPE cells

In a normal state, human retinal pigment epithelial (RPE) cells do not undergo
mitosis on a regular basis like gastrointestinal or skin epithelial cells. RPE cells
form early in development and subsequently remain dormant, undergoing
minimal proliferation throughout life. It is anticipated that the RPE65 gene will

therefore remain active during the lifetime of RPE cells.
Clinical expert feedback

Clinical experts in the UK noted the absence of long-term data (Section 12.2.4),
but were in agreement that based on currently available trial data and animal
data described above, assuming a stabilisation effect with VN was reasonable.
One clinical expert suggested that the possibility of a treatment effect lasting
throughout patients’ lifetimes should not be ruled out, because VN was
developed with an improved understanding of vector design and manufacturing.
Additionally, vector delivery, surgical techniques and dosing were optimised

based on lessons learned from other gene therapy trials.

A 40-year treatment effect was assumed to represent a reasonable midpoint
between the absolute minimum (7.5 years of follow-up data with no loss of
efficacy) and potential maximum based on preclinical data and clinical expert

opinion (lifetime treatment effect of around 70 years).

Scenario analyses are included in which alternative durations of treatment

effect are considered. The waning of this treatment effect, and the residual
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treatment effect assumed for the remaining lifetime of patients, are described
in Section 12.1.8.

12.2.2 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?

Excess mortality in individuals with visual impairment is determined by current
visual acuity. This relationship was estimated using data from Christ et al [95]
but is associated with some limitations (see Section 12.1.8.4). A scenario is
therefore considered in which mortality is not assumed to differ depending on

level of visual impairment.

12.2.3 Were adverse events included in the cost- effectiveness
analysis? If appropriate, provide a rationale for the calculation

of the risk of each adverse event.
Modelled AEs include all those:

e considered to be related to either the treatment or the administration

procedure?? in the Original Intervention arm of Study 301 [19]
e occurring in greater than one patient
e expected to be associated with an impact on quality of life and/or cost

Retinal tear considered to be related to the administration procedure occurred
in two patients in Study 301; however, retinal tears are assumed to be corrected
during the administration surgery, and so are not expected to impact on either

cost or quality of life. Modelled AEs therefore include:

e Cataract

23 No AEs in Study 301/302 were considered related to the study drug; modelled adverse events
therefore represent administration-procedure related AEs occurring in greater than one patient.
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¢ Eye inflammation
¢ Increased intraocular pressure (I0OP)

The proportions of patients experiencing each of the modelled AEs are

presented in Table 53.

Table 53: Adverse event probabilities

Adverse event Proportion of patients
Cataract 15%
Eye inflammation 10%
Increased intraocular pressure 20%

Source: Study 301 CSR [19]

12.2.4 Provide details of the process used when the sponsor’s
clinical advisers assessed the applicability of available or
estimated clinical model parameter and inputs used in the

analysis.

Clinical advice was sought from six leading experts in the fields of
ophthalmology and inherited retinal dystrophies. These included clinical
ophthalmologists, consultant ophthalmic/vitreoretinal surgeons, and a
consultant genetic counsellor. Feedback was collected via one-on-one

interviews. A formal script was not used, but key topics of discussion included:
e Suitability of model health states
e Resource use and costs associated with the procedure and monitoring
e Arrangements for genetic testing
e Estimation of patient numbers
e Treatment duration effect and waning

e Age at diagnosis
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Feedback collected from these interviews were used to inform model

development. Uncertainty due to differences of opinion was explored using

sensitivity analysis.

Details of the participating experts are provided in Appendix 12.
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12.2.5 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 Table 54 below.

Table 54 includes all variables applied in the model base-case, with the exception annual healthcare resource use costs which can

be found in Appendix 10. These parameters are varied using the gamma distribution, assuming an arbitrary range of +/- 15% in the

absence of other uncertainty estimates.

Table 54: Summary of variables applied in the cost-effectiveness model

Range or

eye): HS2 to HS3

Variable Value 95% Cl (distribution) Source

Maximum age 100 100.00 to 100.00 (Not varied)

Annual discount rate (costs) 0.035 0.04 to 0.04 (Not varied) N/A

Annual discount rate (outcomes) 0.035 0.04 to 0.04 (Not varied)

Time to VN benefit (months) 1 1.00 to 1.00 (Not varied)

Duration of treatment effect, years (VN) 40 30.00 to 30.00 (Not varied)

Waning period, years 10 10.00 to 10.00 (Not varied) Sections 12.1.8 and 12.2.1
RRR vs. natural history data (VN) 0.25 0.25 to 0.25 (Not varied)

Multistate model, Weibull (VA+VF, average 17,596 -49?2.25 to 4887.06 (Not

eye): HS1 to HS3 varied)

Multistate model, Weibull (VA+VF, average 17,596 -49?2.25 to 4887.06 (Not

eye): HSTto HS4 varied) Analysis of RPE65 NHx [28]
Multistate model, Weibull (VA+VF, average 17,596 -49?2.25 to 4887.06 (Not

eye): HS1 to HS5 varied)

Multistate model, Weibull (VA+VF, average 0.149 -0.80 to 1.10 (Normal)
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Range or

Variabl Val S

anabie al€ 1 959 cl (distribution) ource
Multistate model, Weibull (VA+VF, average
eye): HS2 to HS4 -2.249 -4.34 10 -0.15 (Normal)
Multistate model, Weibull (VA+VF, average -17.600 -4240.07 to 4204.88 (Not
eye): HS2 to HS5 ' varied)
Multistate model, Weibull (VA+VF, average
eye): HS3 to HS4 -0.791 -1.90 to 0.32 (Normal)
Multistate model, Weibull (VA+VF, average 17,620 -3626.09 to 3590.85 (Not
eye): HS3 to HS5 ' varied)
Multistate model, Weibull (VA+VF, average
eye): HS4 to HS5 -1.497 -2.88 t0 -0.11 (Normal)
Multllstate model, Weibull (VA+VF, average 14298 | -18.32 to -10.27 (Normal)
eye): Constant
Multllstate.model, Weibull (VA+VF, average 0517 0.23 to 0.80 (Normal)
eye): Ancillary
Acaster Lloyd (HUI-3), utility value, HS1 0.519 0.39 to 0.65 (Beta)
Acaster Lloyd (HUI-3), utility value, HS2 0.363 0.27 to 0.45 (Beta)
Acaster Lloyd (HUI-3), utility value, HS3 0.223 0.14 to 0.30 (Beta) Acaster Lloyd utility study (Appendix 9)
Acaster Lloyd (HUI-3), utility value, HS4 0.141 0.07 to 0.21 (Beta)
Acaster Lloyd (HUI-3), utility value, HS5 -0.039 -0.09 to 0.02 (Normal)
AE utility decrement: cataract 0.142 0.12 t0 0.16 (Gamma)
AE utility d t: infl ti 0.3 0.26 t0 0.35 (G

Uy Cocremen. Sye inamrmaton 0 0.35 (Gamma) NICE guideline [NG82] Appendix J [170]

AE duration: cataract 1 0.85t0 1.15 (Gamma)
AE duration: eye inflammation 3.6 3.06 to 4.14 (Gamma)
AE utility decrement: increased |IOP 0.1 0.00 to 0.04 (Gamma) Conservatively assumed to be associated with

the same utility decrement as for
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Range or

Variable Value 95% Cl (distribution) Source
uncontrolled/severe glaucoma. (Pershing 2014
[171])
All increased IOP events observed in Study 301

AE duration: increased IOP 1 0.85t0 1.15 (Gamma) were resolved within one month (Study 301
CSR[19)])

AE probability: cataract 0.15 0.13 to 0.17 (Beta)

AE probability: eye inflammation 0.1 0.09 to 0.12 (Beta) Study 301 CSR [19]

AE probability: increased IOP 0.2 0.17 to 0.23 (Beta)

Carer disutility, school age, HS1 0 0.00 to 0.00 (Not varied) Assumption

Carer disutility, school age, HS2 0.08 0.07 to 0.09 (Gamma)

Carer d!sut!I!ty, school age, HS3 0.08 0.07 to 0.09 (Gamma) Wittenberg 2013 [172]

Carer disutility, school age, HS4 0.08 0.07 to 0.09 (Gamma)

Carer disutility, school age, HS5 0.08 0.07 to 0.09 (Gamma)

Carer disutility, working age, HS1 0 0.00 to 0.00 (Not varied)

Carer disutility, working age, HS2 0.04 0.03 to 0.05 (Gamma)

Carer disutility, working age, HS3 0.04 0.03 to 0.05 (Gamma)

Carer disutility, working age, HS4 0.04 0.03 to 0.05 (Gamma)

Carer disutility, working age, HS5 0.04 0.03 to 0.05 (Gamma) _

— . , Assumption

Carer disutility, retirement age, HS1 0 0.00 to 0.00 (Not varied)

Carer disutility, retirement age, HS2 0.04 0.03 to 0.05 (Gamma)

Carer disutility, retirement age, HS3 0.04 0.03 to 0.05 (Gamma)

Carer disutility, retirement age, HS4 0.04 0.03 to 0.05 (Gamma)

Carer disutility, retirement age, HS5 0.04 0.03 to 0.05 (Gamma)
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Range or

Variabl Val s
anabie al€ 1 959 cl (distribution) ource
VN acquisition cost 613410.00 | 813410.00t0 613410.00 (Not | )
varied)
PAS discount H N/A

NHS reference Costs 2017-18: Weighted
average of BZ81B (complex vitreous retinal
procedures, 19 years and over, with CC score
Cost per surgery 2265.09 | 1925.33 to 2604.85 (Gamma) 0-1) and BZ82Z (very complex or complex
vitreous retinal procedures, 18 years and
under), assuming 65% <18 years as in Study

301. [207]
Number of surgeries 2 2.00 to 2.00 (Not varied) N/A
Prednisone: units/pack 100 100.00 to 100.00 (Not varied)
Prednisone: cost/pack 89.00 89.00 to 89.00 (Not varied) BNF [208]
Prednisone: mg/unit 5.00 5.00 to 5.00 (Not varied)
Average weight (kg) 51.50 51.50 to 51.50 (Not varied)
Prednisone 1mg/kg/day: number of days 14.00 14.00 to 14.00 (Not varied) Study 301 CSR [19]
Prednisone 0.5mg/kg/day: number of days 6.80 5.78 to 7.82 (Gamma)

NHS Reference Costs 2017-18: Weighted

OCT unit cost 114.46 | 97.29 to 131.63 (Gamma) ﬁzg:afnedﬂstfég‘g' ;?g“fﬁéaeﬁhé’zgg Jyears and

BZ88B [207]

OCT resource use in Year 1 (VN arm) 4 3.40 to 4.60 (Gamma) Expert clinical opinion.

NHS Reference Costs 2017-18: Weighted
average of Retinal Tomography, 19 years and
over and 18 years and under: BZ88A and
BZ88B [207]

Sufficient viable retinal cells: cost per test 114.46 97.29 to 131.63 (Gamma)
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Range or

Variabl Val S
anabie al€ 1 959 cl (distribution) ource

Sufficient viable retinal cells: proportion of 095 |0.81to1.00 (Beta) Clinical expert opinion [9]

individuals
NHS Reference Costs 2017-18: Weighted
average of non-elective short stay and day case

Cost per event: cataract 913.42 776.41 to 1050.44 (Gamma) codes for Phacoemulsification Cataract
Extraction and Lens Implant:BZ34A, B and C
[207]

Cost per event: eye inflammation 37.00 31.45 to 42.55 (Gamma) PSSRU 2018: Cost per GP visit lasting 9.22

, minutes (including direct care staff costs, with

Cost per event: increased IOP 37.00 31.45 to 42.55 (Gamma) qualification costs) [209]

School age (years) 18 18.00 to 18.00 (Not varied) N/A

Retirement age (years) 65 65.00 to 65.00 (Not varied)

Mortality HR, HS1 1.08 1.02 to 1.15 (Gamma)t

Mortality HR, HS2 1.18 1.01 to 1.39 (Gamma)t

Mortality HR, HS3 1.18 1.01 to 1.39 (Gamma)t Christ 2014 [95]

Mortality HR, HS4 1.18 1.01 to 1.39 (Gamma)t

Mortality HR, HS5 1.18 1.01 to 1.39 (Gamma)t

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual impairment; HS4, counting fingers; HS5, hand motion, light

perception to no light perception.

Abbreviations: AE, adverse event; HR, hazard ratio; HUI-3, Health Utilities Index Mark 3; IOP, intraocular pressure; OCT, optical coherence tomography; RRR,
relative risk reduction; VA, visual acuity; VF, visual field; VN, voretigene neparvovec.
TNote that a minimum hazard ratio of 1 was enforced as is was not considered plausible that visual impairment could result in reduced mortality.
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12.3 Resource identification, measurement and valuation

All costs were valued in 2019 UK pounds. Where necessary?*, costs were
inflated to 2017/182% prices using the hospital and community health services
(HCHS) pay and prices index from the Unit Costs of Health and Social Care, as
issued by the Personal Social Services Research Unit (PSSRU) [209].

NHS costs
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 RPE65-mediated
IRD. The economic model is structured to align with the clinical pathway of care
(Section 12.1.4), with costs based on health state and age (Section 12.3.7).

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.

A systematic review was performed to identify studies reporting cost/resource
use outcomes for patients with RPE65-mediated IRD, RP/LCA, visual

impairment and blindness.

Details of search strings, databases searched, hand-searching, and

inclusion/exclusion criteria are provided in Appendix 4.

No studies were identified reporting costs/resource use for RPE65-mediated
IRD, so a broader search was conducted to inform development of the
economic model (see below). The searches were run on 27" July 2018, and

were updated on 14" January 2019.

24 Only costs from prior to 2018 were inflated; in particular, costs from the most recent releases
of the Unit Costs of Health and Social Care and NHS reference costs were not inflated.

25 The most recent edition of the Unit Costs of Health and Social Care includes inflation indices
up to 2017/18.
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In the original search, 3,062 papers were identified through the electronic
searches. Upon the removal of duplicate papers, 2,507 titles and abstracts were
reviewed. A total of 165 papers were potentially relevant and were ordered for
full paper review. At this stage, a further 77 papers were excluded. Hand
searching yielded three additional relevant papers, resulting in a total of 91

papers for final inclusion in the original review.

In the January 2019 update, 202 papers were identified through the electronic
searches. Upon the removal of duplicate papers, 181 titles and abstracts were
reviewed. A total of seven papers were potentially relevant and were ordered
for full paper review. At this stage, a further three papers were excluded. Hand
searching yielded no additional relevant papers, resulting in a total of four

papers for final inclusion in the updated review.

Across the original review and the January 2019 update, a total of 95 studies

were identified for final inclusion in the review.

The flow of studies through the review is reported in the PRISMA flow diagram
in Figure 32. Separate PRISMA diagrams for the original and updated reviews

are presented in Appendix 4.

A summary of the UK studies reporting cost/resource use data is provided in

Appendix 4.
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Figure 32: PRISMA flow diagram for resource use SLR

Abstracts identified from databases: 3062
Embase: 1902
Medline: 908
Cochrane: 106
EconlLit: 146

Duplicates: 555

Abstracts sc

reened: 2507

Abstracts excluded:
Population:

Study design:
Duplicate:

Qutcome:

Year:

2342
1350
365
146
473

Full texts screened: 165

Full texts excluded:
Population:
Qutcome:

Year:

Language:

77

71

Hand searching: 3

January 2019 update: 4

Full inclusions: 95
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12.3.3 Provide details of the process used when clinical advisers
assessed the applicability of the resources used in the

model?S,
Details are provided in Section 12.2.4.

Technology and comparators’ costs
12.3.4 Provide the list price for the technology.

The list price of VN is £613,410 per patient.

12.3.5 If the list price is not used in the de novo cost- effectiveness

model, provide the alternative price and a justification.

A confidential simple discount patient access scheme (PAS) has been
proposed, and the PAS price of [|JJJli] per patient has been used in the de

novo cost-effectiveness model.

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
Table 55. Please consider all significant costs associated with

treatment that may be of interest to commissioners.

Costs associated with VN are presented in Table 55; no costs other than
healthcare resource use associated with visual impairment are modelled in the
BSC arm (see Section 12.3.7).

Costs associated with administration, monitoring, and testing for sufficient
viable retinal cells are described in Sections 12.3.6.1, 12.3.6.2 and 12.3.6.3,
respectively. A scenario is considered in which genetic testing costs are
included (see Section 12.3.6.4); the exclusion of genetic testing costs from the

model base-case is based on UK clinical expert feedback that standardised

26 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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access to genetic testing for patients with IRD will come into effect from March

2019 [9].

Table 55: Costs per treatment/patient associated with the technology in
the cost- effectiveness model

Items Value Source

Price of the technology R Section 12.3.5
per patientt £613,410.00 (list price)

Administration costst £2,438.46 Section 12.3.6.1
Monitoring costs £457.83 Section 12.3.6.2
Sufficient viable retinal £120.48 Section 12.3.6.3

cells testing costs

Total cost per
treatment/patient

£618,691.87 (assuming
list price)
1Cost of two subretinal injections (one in each eye) administered on separate occasions.

ICost of two surgeries plus oral prednisone regimen.
Abbreviations: PAS, patient access scheme.

12.3.6.1 Administration costs

Voretigene neparvovec is administered as two subretinal injections (one in each
eye) on separate occasions at least six days apart. A regimen of oral
prednisone beginning three days prior to the first injection (see Table 5) was
specified in the trial protocol for Study 301/302 [19]. The cost per surgery for
each subretinal injection was taken from the NHS National Schedule of
Reference Costs [207], and calculated as the weighted average of codes for
complex and very complex, vitreous retinal procedures for children and adults
(see Table 56). The calculated cost per surgery is £2,265, based on the
distribution of adults (= 18 years; 35%) and children (<18 years; 65%) in Study
301/302.

Table 56: Currency codes for complex and very complex vitreous retinal
rocedures

Currency Currency description Unit cost
code
BZ81B Complex Vitreous Retinal Procedures, 19 years £1,771
and over, with CC Score 0-1
Bz82Z Very Complex or Complex, Vitreous Retinal £2,537
Procedures, 18 years and under
Abbreviations: CC, comorbidity and complication.
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The costs of prednisone were sourced from the British National Formulary [208]
(see Table 57).

Table 57: Prednisone costs
Drug Units/pack

Prednisone 100

Cost/unit
£0.89

Cost/pack mg/unit
£89.00 5

The average time between the two surgeries in Study 301/302 was 8.8 days
[19]. With reference to the dosing regimen presented in Section 8.7, it is

assumed that:

e Adose of 1 mg/kg/day is applied for seven days for each of the two surgeries

(totalling 14 days)

e A dose of 0.5 mg/kg/day is applied for 1.8 days between the two surgeries,
and five days following the second surgery (totalling 6.8 days)

e The average weight of the population is 51.5 kg, as observed at baseline in
Study 301 [19]

The modelled number of units per day and total cost for each dose is presented
in Table 58. The total cost of prednisone as implemented in the model is
£173.37.

Table 58: Prednisone resource use and total costs

Dose Units/day? Number of days Total cost
1 mg/kg/day 11 14 £137.06
0.5 mg/kg/day 6 6.8 £36.31

1 Calculated as the mg/kg/day multiplied by the average weight of the population (51.5 kg),
divided by the mg/unit, and rounded up to the nearest whole number.

12.3.6.2 Monitoring costs

In the first year following treatment with VN, four monitoring visits including OCT
are assumed to be required; this estimate was informed based on expert
clinician opinion [9]. The cost of OCT is assumed to be £114, calculated as the
weighted average of retinal tomography currency codes in the NHS National
Schedule of Reference Costs 2017-18 (BZ88A and BZ88B) [207].
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12.3.6.3 Sufficient viable retinal cells testing costs

The costs of all tested individuals are assumed to be incurred by individuals in
the VN arm of the model; sufficient viable retinal cells are expected to be found
in 95% of tested individuals?” [9].

Testing for sufficient viable retinal cells is conducted using OCT; the cost of
OCT is assumed to be £114 (see Section 12.3.6.2). The cost per VN patient is
calculated to be £120 (i.e. £114/0.95).

12.3.6.4 Genetic testing costs (scenario only)

Genetic testing costs were considered in a scenario analysis. It was assumed
that the costs of genetic testing include the costs of the test itself, in addition to

the cost of a consultation prior to testing.

As in Section 12.3.6.3, the costs of all tested individuals are assumed to be
incurred by individuals in the VN arm of the model. RPE65 mutations are
expected to be found in approximately 7.5% of tested individuals [85], and
sufficient viable retinal cells are expected to be found in 95% (see Section
12.3.6.3) of tested individuals.

Since RPEG65 testing occurs prior to testing for sufficient viable retinal cells, the
cost of RPE65 testing is divided by 0.075 x 0.95 = 0.07125 to generate the cost
applied to each VN patient.

The modelled cost per test for the RPE65 gene is £773.50 - the average of the
cost of sequencing the entire coding region of genes in Manchester and Oxford
[210]. The cost of a consultation prior to genetic testing is £97.94 (i.e. the
average cost of an ophthalmologic outpatient visit [207]). The cost per VN
patient is therefore calculated to be £12,231 (i.e. (£773.50 + £97.94)/(0.075 x
0.95)).

27 Clinical expert opinion gave estimates between 55% and 95% for the proportion of tested
individuals with sufficient viable retinal cells. The upper end of this range was select to ensure
that total budget impact is not underestimated.
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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. 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.
Health state costs are assumed to vary by age group:
e School age
e Working age
e Retirement age

Individuals are assumed to leave school at age 18, and retirement is assumed

to occur at age 65.

In the base-case, only costs incurred by the NHS and PSS (healthcare resource

use) are considered; scenarios are considered in which:

e Costs incurred by other government departments are included
e All societal costs are included, including productivity loss
12.3.7.1 Healthcare resource use

Healthcare resource use categories considered in the model for each age group

are presented in Table 59.

Costs associated with ophthalmic services and home modifications are
excluded from the analysis due to a lack of available data. Costs associated
with more severe visual impairment are therefore expected to be

underestimated.
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Table 59: Healthcare resource use categories by age

School-age

Working-age

Retirement-age

Hospitalisation

Hospitalisation

Hospitalisation

Low vision rehabilitation

Low vision rehabilitation

Low vision rehabilitation

Low vision aids

Low vision aids

Low vision aids

Depression

Depression

Depression

Residential care

Community care

12.3.7.2 Non-healthcare resource use (scenario only)

Non-healthcare resource use categories considered in the model for each age

group are presented in Table 60.

The following costs are excluded from the analysis due to a lack of available

data:

e The Daily Living component of the Personal Independence Payment

e The Access to Work scheme

e Support with higher education

e Early years educational support

e Transport to appointments

Costs associated with more severe visual impairment are therefore expected to

be underestimated.
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Table 60: Non-healthcare resource use categories by age

School-age

Working-age

Retirement-age

Education

Carer’s Allowance

Carer’s Allowance

Carer’s Allowance

Personal Independence
Payment

Personal Independence
Payment

Personal Independence
Payment

Employment and Support
Allowance

Universal Credit/Working
Tax Credit

Blind Person’s Tax
Allowance

Attendance Allowance

Pension Credit

Caregiver productivity
loss

Caregiver productivity
loss

Caregiver productivity
loss

- Productivity loss -

12.3.7.3 Total resource use by health state

Total annual healthcare and non-healthcare resource use costs by health state
in each age group are presented in Table 61 and Table 62, respectively.

Derivations of health state costs are available in Appendix 10.

No published costs or resource use are available that are specific to individuals
with RPE65-mediated
blindness more generally have therefore been used. In the absence of costs

IRD; sources considering visual impairment and

specific to each health state, it has been assumed that costs of blindness apply
to health state 2 onwards, on the basis that all patients in these states would
be classified as blind according to RNIB guidelines (see Section 12.1.6). Costs
in health state 1 are assumed to be half that in other states, on the basis that
an unknown proportion of these patients would be classified as blind according

to RNIB guidelines.
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Table 61: Annual healthcare resource use costs by age group and health

state
Annual cost
Health state School age Working age Retirement age
HS1 £298 £298 £7,696
HS2 £596 £596 £15,392
HS3 £596 £596 £15,392
HS4 £596 £596 £15,392
HS5 £596 £596 £15,392

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.

Table 62: Annual non-healthcare resource use costs by age group and
health state (scenario only)

Annual cost
Health state : :
School age Working age Retirement age

HS1 £7,626 £11,130 £4,852
HS2 £15,252 £22,260 £9,705
HS3 £15,252 £22,260 £9,705
HS4 £15,252 £22,260 £9,705
HS5 £15,252 £22,260 £9,705

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.

Adverse-event costs

12.3.8 Complete Table 63 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.

Costs associated with each modelled AE (Section 12.2.3) are sourced from the
NHS National Schedule of Reference Costs [207] and the Unit Costs of Health
and Social Care [209], and are detailed in Table 63.
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Table 63: List of adverse events and summary of costs included in the
cost- effectiveness model

ORI Items Value Reference
events
NHS Reference Costs 2017-18:
Weighted average of non-elective short
Hospital stay and day case codes for
Cataract costs £896.65 Phacoemulsification Cataract Extraction
and Lens Implant: BZ34A, BZ34B and
BZ34C [207]
Unit Costs of Health and Social Care
Eye . 2018: Cost per GP visit lasting 9.22
inflammation GP visitt £37.00 minutes (including direct care staff costs,
with qualification costs) [209]
Unit Costs of Health and Social Care
Increased o 2018: Cost per GP visit lasting 9.22
IOP GP visitf £37.00 minutes (including direct care staff costs,
with qualification costs) [209]

Abbreviations: GP, general practitioner; IOP, intraocular pressure.
T Given that adverse events associated with eye inflammation and increased |IOP are expected
to be relatively minor, the cost of one GP visit is assumed.

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.
No additional costs were considered.

12.3.10 Are there any other opportunities for resource savings or
redirection of resources that it has not been possible to

quantify?

It was not possible to include costs for some components of healthcare and
non-healthcare resource use due to a lack of available data; see Sections
12.3.7.1 and 12.3.7.2 for further details.

124 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
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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.

Scenario analyses were performed in which key structural assumptions were
varied, and ICERs were reported. Considered scenarios are presented in Table
64.
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Table 64: Scenario analyses performed

Area of uncertainty

Base-case

Scenario(s)

Relevant section of
submission

Perspective

Healthcare system

Government departments
Societal

Section 1

Discount rate

3.5% for costs and
outcomes

1.5% for costs and outcomes
No discounting for costs and outcomes

Section 12.1.7

Adjusted TP (state-independent)

Eye approach Average eye Best-seeing eye Section 12.1.6
Health state definition VA and VF VF only Section 12.1.6
Sr?:rrg;grfist;?;eline Phase 3 trial Natural history data Section 12.1.8.1
TP approach Exact TP e Adjusted TP (state-dependent) Section 12.1.8.2

Health states with no data

Same movement as in next
least severe state

Remain in the same state

Section 12.1.8.2

Cross-over data

Cross-over data excluded

Cross-over data included

Section 12.1.8.2

e 20 years
30
Duration of treatment effect | 40 years * years Sections 12.1.8 and 12.2.1
o 50 years
o Lifetime (100 years)
5
Waning period 10 years * years Section 12.1.8
o 20 years
Long-term RRR for natural o :
history transitions in VN arm 25% * 0% Section 12.1.8
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Relevant section of

e Log-normal
e Exponential

Area of uncertainty Base-case Scenario(s) C .
submission
e 50%
o Gompertz
Log-logisti
Multistate model distribution | Weibul * Hogriogistic Section 12.1.8.3.3

Mortality effect

Mortality effect included

No mortality effect

Section 12.1.8.4

Source of utility values

Acaster Lloyd (HUI3)t

o Acaster Lloyd (EQ-5D-5L) (Appendix 9)
e Brown et al, 2003 [211]

Section 10.9.1

first health state

states

Carer disutility Included Excluded Section 10.9.3
!_lght sensitivity utility Not included Hypothetical utility increment of 0.05 in HS1 to Section 10.9.1.1.3
increment HS3

DISU"[I|!ty agsomated with the Not included Hypoth'etlcal dlgutlllty of 0.1 applied for one Section 10.9.2
administration procedure month in all patients

Costs of genetic testing Excluded Included Section 12.3.6.4
Healthcare resource use in Half that in other health Excluded Section 12.3.7 1

Abbreviations: HS, health state; HUI-3, Health Utilities Index Mark 3; RRR, relative risk reduction; TP, transition probability;

VN, voretigene neparvovec.
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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.

Upper and lower bounds used in univariate and probabilistic sensitivity analysis
(PSA), and distributions used in PSA are reported in Table 54. In addition to the
parameters listed in Table 54, count data used to determine the TP matrices in
the initial phase of the model were also varied in PSA. For use in PSA only, an
arbitrary prior of 0.1 was added to each transition, and the Dirichlet distribution

was used.

12.4.2.1 Univariate sensitivity analysis

Parameter uncertainty was tested using univariate sensitivity analysis, in which
all model parameters were systematically and independently varied over a
plausible range determined by either the 95% confidence interval, or +/- 15%
where no estimates of precision were available. The ICER was recorded at the

upper and lower values to produce a tornado diagram.
12.4.2.2 Probabilistic sensitivity analysis

Joint parameter uncertainty was explored through probabilistic sensitivity
analysis (PSA), in which all parameters are assigned distributions and varied
jointly. 10,000 Monte Carlo simulations were recorded. Results were plotted on
the cost-effectiveness plane (CEP) and a cost-effectiveness acceptability curve
(CEAC) was generated.

1243 Complete Table 65 as appropriate to summarise the variables

used in the sensitivity analysis.

Table 65: Combinations of variables used in multi-way scenario-based
sensitivity analysis (base-case analysis highlighted)

Treatment duration Waning period (years) RRR in the long-term
(years) phase
20 5 0%
20 5 25%
20 5 50%
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Treatment duration Waning period (years) RRR in the long-term
(years) phase
20 10 0%
20 10 25%
20 10 50%
20 20 0%
20 20 25%
20 20 50%
30 5 0%
30 5 25%
30 5 50%
30 10 0%
30 10 25%
30 10 50%
30 20 0%
30 20 25%
30 20 50%
40 5 0%
40 5 25%
40 5 50%
40 10 0%
40 10 25%
40 10 50%
40 20 0%
40 20 25%
40 20 50%
50 5 0%
50 5 25%
50 5 50%
50 10 0%
50 10 25%
50 10 50%
50 20 0%
50 20 25%
50 20 50%
100 (lifetime) 5 0%
100 (lifetime) 5 25%
100 (lifetime) 5 50%
100 (lifetime) 10 0%
100 (lifetime) 10 25%
100 (lifetime) 10 50%
100 (lifetime) 20 0%
100 (lifetime) 20 25%
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Treatment duration Waning period (years) RRR in the long-term
(years) phase

100 (lifetime) 20 50%

Abbreviations: RRR, relative risk reduction.

124.4 If any parameters or variables listed above were omitted from

the sensitivity analysis, provide the rationale.

Variables marked as ‘not varied’ in Table 54 were omitted from univariate and

probabilistic sensitivity analysis:

Drug costs (including acquisition of VN and prednisone) were omitted

because these are considered to be known quantities.

Model choices (including time horizon, discount rates etc.) were omitted
because they are considered to be structural assumptions, as opposed to
uncertain parameters; these assumptions were considered in scenario

analyses.

Parameters defining the multistate survival model were omitted where the
specific transition was not observed in RPE65 NHXx, and so the transition was

effectively considered to be impossible.

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.
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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 66.

The confidential simple discount PAS used in the cost-effectiveness model is
currently under review by the Department of Health. Results are therefore
presented both with and without the proposed PAS (Table 66 and Table 67,

respectively).
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Table 66: Base-case results (proposed PAS price)

Technologies | Total costs (£) Total LYG Total QALYs Incremental Incremental Incremental ICER (£)
costs (£) LYG QALYs incremental
(QALYSs)
BSC £46,300 25.46 3.9 - - - -
VN ] 25.51 10.8 ] 0.05 6.8 |

Abbreviations: BSC, best supportive care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; PAS, patient access scheme; QALYs, quality-

adjusted life years; VN, voretigene neparvovec.

Table 67: Base-case results (list price)

Technologies | Total costs (£) Total LYG Total QALYs Incremental Incremental Incremental ICER (£)
costs (£) LYG QALYs incremental
(QALYs)
BSC £46,300 25.46 3.9 - - - -
VN £656,754 25.51 10.8 £610,454 0.05 6.8 £89,173

Abbreviations: BSC, best supportive care; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; VN, voretigene

neparvovec.
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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 proportion of individuals in each health state at the end of the first year (in each model arm) is presented in Table 68. The clinical
trial results and model results are relatively congruent; some differences are observed because baseline health state distributions
were pooled across the two trial arms before applying treatment-specific transition probabilities. As may be expected, larger
differences are observed in the BSC arm than in the VN arm, due to the baseline distribution in the smaller sample of BSC patients
(N=10) differing more substantially from the overall baseline distribution (which is influenced more by the baseline distribution of VN

patients, who made up approximately two-thirds of the trial population; see Table 69).
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Table 68: Summary of model results compared with clinical data

% in each health state at Year 1
Clinical trial result Model result
BSC arm HS1 44% 31%
HS2 22% 16%
HS3 22% 42%
HS4 11% 11%
HS5 0% 0%
VN arm HS1 70% 70%
HS2 20% 18%
HS3 5% 5%
HS4 5% 6%
HS5 0% 1%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual impairment; HS4, counting fingers; HS5, hand motion, light
perception to no light perception.

Abbreviations: BSC, best supportive care; VN, voretigene neparvovec.
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Table 69: Baseline health state distributions

Baseline health state distribution

BSC VN Overall

Health state (Control/Delayed (Original (N=31)
Intervention, Intervention,

N=10) N=21)
HS1 30% 19% 23%
HS2 40% 29% 32%
HS3 10% 29% 23%
HS4 10% 24% 19%
HS5 10% 0% 3%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual impairment; HS4, counting fingers; HS5, hand motion, light
perception to no light perception.

Abbreviations: BSC, best supportive care; VN, voretigene neparvovec.

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.
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Figure 33: Markov trace (BSC arm)
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Abbreviations: BSC, best supportive care; CF, counting fingers; HM, hand motion; LP, light perception; NLP, no light perception; VI, visual impairment.
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Figure 34: Markov trace (VN arm)
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Abbreviations: CF, counting fingers; HM, hand motion; LP, light perception; NLP, no light perception; VI, visual impairment; VN, voretigene neparvovec.
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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.

Figure 35: Discounted QALY accrual at each time point (BSC arm)
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Abbreviations: BSC, best supportive care; CF, counting fingers; HM, hand motion; LP, light perception; NLP, no light perception; QALY, quality-adjusted life
year; VI, visual impairment.
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Figure 36: Discounted QALY accrual at each time point (VN arm)
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Abbreviations: CF, counting fingers; HM, hand motion; LP, light perception; NLP, no light perception; QALY, quality-adjusted life year; VI, visual impairment;
VN, voretigene neparvovec.
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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:

A summary of life year gain by health state is presented in Table 70; a summary of QALY gain by health state is presented in Section
12.5.6 (Table 71), below.

Table 70: Summary of LY gain by health state

Health state LYs (BSC) LYs (VN) Increment Absolute % absolute increment
increment

HS1: Moderate VI 2.8 16.9 14.1 14.1 43%

HS2: Severe VI 2.5 4.8 2.3 2.3 7%

HS3: Profound VI 7.8 1.7 -6.0 6.0 18%

HS4: CF 71 1.7 -5.4 5.4 17%

HS5: HM, LP, NLP 5.2 0.3 -5.0 5.0 15%

Total 25.5 255 0.0 329 100%

Abbreviations: AE, adverse event; BSC, best supportive care; CF, counting fingers; HM, hand motion; LP, light perception; LY, life year; NLP, no light perception;
VI, visual impairment; VN, voretigene neparvovec.
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12.5.6 Please provide details of the disaggregated incremental QALYs by health state. Suggested formats are
presented below.

Table 71: Summary of QALY gain by health state

Health state QALYs (BSC) QALYs (VN) Increment Absolute % absolute increment
increment

HS1: Moderate VI 1.5 8.8 7.3 7.3 66%

HS2: Severe VI 0.9 1.8 0.8 0.8 8%

HS3: Profound VI 1.7 0.4 -1.3 1.3 12%

HS4: CF 1.0 0.2 -0.8 0.8 7%

HS5: HM, LP, NLP -0.2 0.0 0.2 0.2 2%

AE disutility 0.00 -0.01 -0.01 0.01 0%

Carer disutility -0.96 -0.37 0.59 0.59 5%

Total 3.9 10.8 6.8 11.1 100%

Abbreviations: AE, adverse event; BSC, best supportive care; CF, counting fingers; HM, hand motion; LP, light perception; NLP, no light perception; QALY,
quality-adjusted life year; VI, visual impairment; VN, voretigene neparvovec.

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

12.5.7 Please provide undiscounted incremental QALYs for the intervention compared with each comparator

The undiscounted QALY gains associated with VN are 20.0 in the base case. The difference between the undiscounted and

discounted QALY gains is driven by the modelling of long-term benefits in the VN arm and the low utility values associated with more
severe health states.
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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 72.

As in Section 12.5.1, results are presented assuming both the proposed PAS price and the list price for VN (Table 72 and Table 73,

respectively).

Table 72: Summary of costs by category of cost per patient (proposed PAS price)

Item Cost (BSC) Cost (VN) Increment Absolute % absolute
increment increment
VN acquisition, administration and monitoring £0 B | e ] B
AEs £0 £146 £146 £146 | |
Healthcare resource use £46,300 £37,917 -£8,383 £8,383 l
Total £46,300 B I B | 100%

Abbreviations: AE, adverse event; BSC, best supportive care; PAS, patient access scheme; VN, voretigene neparvovec.
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

Table 73: Summary of costs by category of cost per patient (list price)

Item Cost (BSC) Cost (VN) Increment Absolute % absolute
increment increment
VN acquisition, administration and monitoring £0 £618,571 £618,571 £618,571 99%
AEs £0 £146 £146 £146 0%
Healthcare resource use £46,300 £37,917 -£8,383 £8,383 1%
Total £46,300 £656,754 £610,454 £627,100 100%
Abbreviations: AE, adverse event; BSC, best supportive care; VN, voretigene neparvovec.
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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 74.

With the exception of costs associated with healthcare resource use, all costs are applied in the first model cycle. Table 74 therefore
presents costs by health state for healthcare resource use only.

Table 74: Summary of healthcare resource use costs by health state per patient

Health state cost (Il Cost (VN) Increment Absolute increment | % absolute increment
HS1: Moderate VI £836 £9,624 £8,787 £8,787 17%

HS2: Severe VI £1,503 £10,567 £9,064 £9,064 17%

HS3: Profound VI £5,004 £9,542 £4,538 £4,538 9%

HS4: CF £9,620 £6,528 -£3,092 £3,092 6%

HS5: HM, LP, NLP £29,337 £1,656 -£27,681 £27,681 52%

Total £46,300 £37,917 -£8,383 £53,162 100%

Abbreviations: BSC, best supportive care; CF, counting fingers; HM, hand motion; LP, light perception; NLP, no light perception; VI, visual impairment; VN,
voretigene neparvovec.

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

Specification for company submission of evidence 228 of 282



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 75.

Table 75: Summary of adverse event costs per patient

Adverse event Cost (BSC) Cost (VN) Increment Absolute increment | % absolute increment
Cataract £0.00 £137.01 £137.01 £137.01 93%

Eye inflammation £0.00 £3.70 £3.70 £3.70 2%
Increased IOP £0.00 £7.40 £7.40 £7.40 5%

Total £0.00 £148.11 £148.11 £148.11 100%

Abbreviations: BSC, best supportive care; IOP, intraocular pressure; VN, voretigene neparvovec.

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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Sensitivity analysis results
12.5.11 Present results of deterministic one-way sensitivity analysis.

As in Section 12.5.1, results are presented assuming each of the proposed PAS
price (Table 76 and Figure 37) and the list price (Table 77 and Figure 38) for
VN.

Table 76: Results of one-way sensitivity analysis (proposed PAS price)

Parameter ICER at lower | ICER at upper
value of value of
parameter parameter

Multistate model, Weibull (VA+VF, average
eye): Constant

Multistate model, Weibull (VA+VF, average
eye): Ancillary
Acaster Lloyd (HUI-3), utility value, HS1

Multistate model, Weibull (VA+VF, average
eye): HS4 to HS5

Multistate model, Weibull (VA+VF, average
eye): HS3 to HS4

Acaster Lloyd (HUI-3), utility value, HS3
Acaster Lloyd (HUI-3), utility value, HS4
Acaster Lloyd (HUI-3), utility value, HS5
Acaster Lloyd (HUI-3), utility value, HS2

Multistate model, Weibull (VA+VF, average
eye): HS2 to HS3

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: BSC, best supportive care; HUI-3, Health Utilities Index Mark 3; ICER,
incremental cost-effectiveness ratio; VA, visual acuity; VF, visual field; VN, voretigene
neparvovec.

Figure 37: Tornado diagram (proposed PAS price
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Table 77: Results of one-way sensitivity analysis (list price)

Parameter ICER at lower | ICER at upper
value of value of
parameter parameter
Multl_state model, Weibull (VA+VF, average £163,042 £57.269
eye): Constant
Multistate model, Weibull (VA+VF, average £163,809 £57.189

eye): Ancillary
Acaster Lloyd (HUI-3), utility value, HS1 £121,221 £70,527
Multistate model, Weibull (VA+VF, average

eye): HS4 to HS5 £97,358 £81,673
Multistate model, Weibull (VA+VF, average

eye): HS3 to HS4 £97,850 £83,356
Acaster Lloyd (HUI-3), utility value, HS3 £83,210 £96,056
Acaster Lloyd (HUI-3), utility value, HS4 £84,248 £94,710
Acaster Lloyd (HUI-3), utility value, HS5 £85,744 £92,887
Acaster Lloyd (HUI-3), utility value, HS2 £91,959 £86,551
Multistate model, Weibull (VA+VF, average £02,198 £87.280

eye): HS2 to HS3

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: BSC, best supportive care; HUI-3, Health Utilities Index Mark 3; ICER,
incremental cost-effectiveness ratio; VA, visual acuity; VF, visual field; VN, voretigene
neparvovec.

Figure 38: Tornado diagram (list price)
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Acaster Lloyd (HUI-3), utility value, HS2

Multistate model, Weibull (VA+VF, average eye): HS2 to HS3

£0 £50,000 £100,000 £150,000 £200,000
ICER

W Lower value of parameter Upper value of parameter

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual
impairment; HS4, counting fingers; HS5, hand motion, light perception to no light perception.
Abbreviations: BSC, best supportive care; HUI-3, Health Utilities Index Mark 3; ICER,
incremental cost-effectiveness ratio; VA, visual acuity; VF, visual field; VN, voretigene
neparvovec.
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12.5.12 Present results of deterministic multi-way scenario sensitivity

analysis.

Results of scenario analyses are presented in Table 78 and Table 79, assuming
each of the proposed PAS price and the list price for VN, respectively. Results
of multi-way scenario analyses are presented in Table 80 and Table 81,

assuming each of the proposed PAS price and the list price for VN, respectively.
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Table 78: Results of scenario analyses (proposed PAS price)

Scenario Incremental Incremental ICER % change from
costs QALYs base-case ICER

Base-case e 6.85 ] 0%
UK government perspective e 6.85 ] -3%
Societal perspective e 6.85 ] 27%
1.5% discount rate for costs and outcomes e 12.03 ] -44%
0% discount rate for costs and outcomes ] 19.99 B -68%
Health states based on best-seeing eye ] 6.88 I 0%
Health states based on VF only ] 5.97 B 15%
Baseline characteristics from natural history data ] 6.69 B 2%
Adjusted TP (state dependent) ] 6.75 B 1%
Adjusted TP (state independent) ] 7.22 B -5%
Health states with no data: remain in same state ] 6.74 B 2%
Use cross-over data in VN arm ] 6.34 B 8%
Duration of treatment effect: 20 years e 5.65 ] 22%
Duration of treatment effect: 30 years e 6.39 ] 8%
Duration of treatment effect: 50 years e 7.09 ] -4%
Duration of treatment effect: lifetime (100 years) e 7.22 ] 6%
Waning period: 5 years I 6.80 e 1%
Waning period: 20 years I 6.93 e 1%
Residual RRR (following waning period): 0% e 6.76 e 1%
Residual RRR (following waning period): 50% e 6.94 e 2%
Gompertz multistate model distribution I 7.36 e 7%
Log-logistic multistate model distribution e 6.44 e 6%
Log-normal multistate model distribution ] 6.36 B 7%
Exponential multistate model distribution ] 5.89 B 15%
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Scenario

Incremental

costs

No mortality effect

Incremental

% change from

Utility values: Acaster Lloyd (EQ-5D-5L)

Utility values: Brown et al

Carer disutility excluded

Hypothetical light sensitivity increment (0.05 in HS1-HS3)

Hypothetical administration procedure disutility (0.1 for 1 month)

Include eligibility testing costs

No healthcare resource use in HS1

QALYs [CER base-case ICER
6.89 B -1%
6.25 B 9%
4.88 ] 40%
6.25 B 9%
8.02 B -15%
6.84 B 1%
6.85 ] 2%
6.85 ] 2%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual impairment.
Abbreviations: ICER, incremental cost-effectiveness ratio; UK, United Kingdom; VF, visual field; VN, voretigene neparvovec; QALY, quality-adjusted life year;

RRR, relative risk reduction; TP, transition probability.

Table 79: Results of scenario analyses (list price)

Scenario Incremental Incremental ICER % change from
costs QALYs base-case ICER
Base-case £610,454 6.85 £89,173 0%
UK government perspective £593,564 6.85 £86,706 -3%
Societal perspective £460,402 6.85 £67,254 -25%
1.5% discount rate for costs and outcomes £600,163 12.03 £49,905 -44%
0% discount rate for costs and outcomes £581,734 19.99 £29,108 -67%
Health state based on best-seeing eye £611,328 6.88 £88,857 0%
Health states based on VF only £610,028 5.97 £102,252 15%
Baseline characteristics from natural history data £609,228 6.69 £91,040 2%
Adjusted TP (state dependent) £610,454 6.75 £90,461 1%
Adjusted TP (state independent) £610,454 7.22 £84,580 -5%
Health states with no data: remain in same state £610,454 6.74 £90,538 2%
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Scenario Incremental Incremental ICER % change from
costs QALYs base-case ICER

Use cross-over data in VN arm £611,818 6.34 £96,432 8%
Duration of treatment effect: 20 years £615,220 5.65 £108,951 22%
Duration of treatment effect: 30 years £613,694 6.39 £96,023 8%
Duration of treatment effect: 50 years £606,216 7.09 £85,506 -4%
Duration of treatment effect: lifetime (100 years) £603,506 7.22 £83,628 -6%
Waning period: 5 years £610,953 6.80 £89,797 1%
Waning period: 20 years £609,072 6.93 £87,859 -1%
Residual RRR (following waning period): 0% £611,451 6.76 £90,387 1%
Residual RRR (following waning period): 50% £609,033 6.94 £87,714 -2%
Gompertz multistate model distribution £610,583 7.36 £82,944 7%
Log-logistic multistate model distribution £609,988 6.44 £94,757 6%
Log-normal multistate model distribution £609,623 6.36 £95,804 7%
Exponential multistate model distribution £608,548 5.89 £103,289 15%
No mortality effect £609,968 6.89 £88,591 -1%
Utility values: Acaster Lloyd (EQ-5D-5L) £610,454 6.25 £97,598 9%
Utility values: Brown et al £610,454 4.88 £125,069 40%
Carer disutility excluded £610,454 6.25 £97,655 9%
Hypothetical light sensitivity increment (0.05 in HS1-HS3) £610,454 8.02 £76,103 -15%
Hypothetical administration procedure disutility (0.1 for 1 month) £610,454 6.84 £89,280 -1%
Include eligibility testing costs £622,685 6.85 £90,960 1%
No healthcare resource use in HS1 £601,667 6.85 £87,889 -2%

Key: HS1, moderate visual impairment; HS2, severe visual impairment; HS3, profound visual impairment.
Abbreviations: ICER, incremental cost-effectiveness ratio; UK, United Kingdom; VF, visual field; VN, voretigene neparvovec; QALY, quality-adjusted life year;

RRR, relative risk reduction; TP, transition probability.
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Table 80: Results of multi-way scenario sensitivity analysis (proposed

PAS price)
Duration of Waning ICER
treatment period Residual Residual Residual
effect (years) (years) RRR RRR RRR
(following (following (following
waning waning waning
period) = 0% | period) = 25% | period) = 50%
20 5 | | N
20 10 ] I |
20 20 I I I
30 5 I I I
30 10 I I ]
30 20 | | I
40 5 ] ] ]
40 10 I I ]
40 20 I I |
50 5 I I I
50 10 I I I
50 20 I I ]
Lifetime (100) 5 | ] | ] [ ]
Lifetime (100) 10 ] ] |
Lifetime (100) 20 I I I

Abbreviations: ICER, incremental cost-effectiveness ratio; RRR, relative risk reduction.
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Table 81: Results of multi-way scenario sensitivity analysis (list price)

Duration of Waning ICER
treatment period Residual Residual Residual
effect (years) (years) RRR RRR RRR
(following (following (following
waning waning waning
period) = 0% | period) =25% | period) = 50%
20 5 £117,352 £111,031 £103,789
20 10 £114,620 £108,951 £102,375
20 20 £109,047 £104,543 £99,241
30 5 £99,952 £97,101 £93,676
30 10 £98,606 £96,023 £92,899
30 20 £95,806 £93,706 £91,163
40 5 £91,150 £89,797 £88,173
40 10 £90,387 £89,173 £87,714
40 20 £88,817 £87,859 £86,724
50 5 £86,373 £85,836 £85,215
50 10 £85,965 £85,506 £84,976
50 20 £85,252 £84,920 £84,545
Lifetime (100) 5 £83,628 £83,628 £83,628
Lifetime (100) 10 £83,628 £83,628 £83,628
Lifetime (100) 20 £83,628 £83,628 £83,628

Abbreviations: ICER, incremental cost-effectiveness ratio; RRR, relative risk reduction.

12.5.13 Present results of the probabilistic sensitivity analysis.

Assuming each of the proposed PAS price and the list price for VN, the results
of 10,000 PSA simulations were plotted on the CEP (Figure 39 and Figure 41,
respectively) and a CEAC was generated (Figure 40 and Figure 42,

respectively).

Assuming the proposed PAS price for VN, the average incremental costs over
the simulated results were |}, and the average incremental QALYs were
6.7, giving a probabilistic ICER of |, this is highly congruent with
deterministic changes in costs and QALYs of il and 6.8, respectively. The
proportion of simulations considered cost-effective assuming the weighted cost-
effectiveness threshold - calculated for each simulation individually dependent

on the number of undiscounted QALY's gained - is 75%.

Assuming the list price for VN, the average incremental costs over the simulated

results were £611,613, and the average incremental QALY's were 6.7, giving a
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probabilistic ICER of £91,572; this is highly congruent with deterministic
changes in costs and QALY's of £610,454 and 6.8, respectively. The proportion
of simulations considered cost-effective assuming the weighted cost-
effectiveness threshold - calculated for each simulation individually dependent

on the number of undiscounted QALY's gained - is 72%.

Fiiure 39: CEP iﬁmﬁosed PAS ﬁrice‘

Fiﬁure 40: CEAC iproposed PAS price‘

Figure 41: CEP (list price)

£640,000

£620,000

£600,000

£580,000

A Costs

£560,000

£540,000

£520,000

£500,000

10 5 0 5 10 15 20
A QALYs

O Simulated results

Abbreviations: CEP, cost-effectiveness plan; PAS, patient access scheme; QALY, quality-
adjusted life year.
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Figure 42: CEAC (list price)

% of simulations
cost-effective

wun

Q

=

£0 £100,000 £200,000 £300,000 £400,000 £500,000
Willingness-to-pay threshold

—CEAC

Abbreviations: CEAC, cost-effectiveness acceptability curve; PAS, patient access scheme.

12.5.14 What were the main findings of each of the sensitivity

analyses?

For all considered parameters, univariate sensitivity analysis resulted in ICERs
that fell below the weighted threshold of £200,000 per QALY gained (assuming
either the proposed PAS price or the list price for VN); varying all but three
parameters resulted in ICERs that fell below the standard HST threshold of
£100,000 per QALY gained.

Five of the ten most influential parameters in univariate sensitivity analysis are
those describing the long-term multi-state survival model; however, this result
should be treated with caution given that highly correlated parameters (i.e. the
regression coefficients) are being varied as if they are independent from one
another. This conservative approach was taken as it was not considered
appropriate to exclude these parameters from univariate sensitivity analysis.

Other influential parameters are the health state utility values.

Only four of the considered scenarios are associated with increases in the ICER

of more than 10%:

o Health states defined based on VF only
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e 20-year treatment effect for VN
e Exponential distribution used for the multi-state survival model
o Utility values taken from Brown et al

Note that this remained the case when assuming either the proposed PAS price
or the list price for VN. See Sections 12.1.6, 12.2.1, 12.1.8.3.3 and 10.9.1 for
further details on why these approaches were not taken in the model base-

case.

Several analyses were associated with substantial decreases in the ICER,
including applying a societal perspective, discount rates of 1.5%, and the

inclusion of a hypothetical light sensitivity increment.

Multi-way scenario analyses considering the interaction of the duration of the
VN treatment effect, the duration of the waning period and the magnitude of the
residual treatment effect resulted in best and worst case scenarios ranging
between [l and Il when assuming the proposed PAS price for VN, or
between £83,628 and £117,352 when assuming list price.

Assuming each of the proposed PAS price and the list price for VN, probabilistic
sensitivity analysis showed that the probability of VN being cost-effective is 75%

and 72%, respectively.
12.5.15 What are the key drivers of the cost results?

The key drivers of the cost-effectiveness results are the assumed discount
rates, the perspective taken, the duration of treatment effect and the choice of

utility values.

Miscellaneous results
12.5.16 Describe any additional results that have not been specifically

requested in this template. If none, please state.

lllustrative MLMT and FST changes over time (see Section 12.1.8.5) are

presented in Figure 43 and Figure 44, respectively.
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Figure 43: lllustrative MLMT over time
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Note: Higher MLMT scores indicate improved functional vision.

Abbreviations: BSC, best supportive care; MLMT, multi-luminance mobility test; VN, voretigene
neparvovec.

Figure 44: lllustrative FST over time

0.00 ...................................................................................................................................
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Note: Lower FST scores indicate improved light sensitivity.
Abbreviations: BSC, best supportive care; FST, full-field light sensitivity threshold; VN,
voretigene neparvovec.
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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.

e Subgroups based solely on differential treatment costs for individuals

according to their social characteristics.

e 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 1.
Subgroup analyses were not performed — see Section 9.4 4.
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.

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
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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

12.71 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 cost-effectiveness model has been verified by the model developers and
by health economists not involved in the construction of the model. The model

was verified using standard procedures:
e Cell-by-cell checks of logic and consistency
e Logical tests of model outputs

In the absence of other sources of long-term data in this disease area, it has

not been possible to cross-validate model outcomes against external sources.
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?

Only one economic analysis was identified from the published literature (see

Section 11). ICER developed an economic model to estimate the cost-
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effectiveness of VN for vision loss associated with biallelic RPE65-mediated
IRD compared to standard of care (SoC) in the US setting [185]. A comparison
of the total costs and QALYs between the analysis presented in this submission

and the ICER analysis is presented in Table 82.

Table 82: Comparison of outcomes in current analysis and ICER
analysis

BSC arm VN arm

Total costs | Total QALYs | Total costst | Total QALYs
Analysis £46,300 3.9 ] 10.8
presented in
this
submission
ICER $213,399 16.0 $1,039,019 17.3
analysis

Abbreviations: BSC, best supportive care; ICER, Institute for Clinical and Economic Review;
PAS, patient access scheme; QALY, quality-adjusted life year; VN, voretigene neparvovec.
T Proposed PAS price assumed.

Given that the analyses use different currencies, different acquisition costs are
assumed, and the costs of healthcare resource use can differ substantially
between the two countries, it may be expected that total costs would differ

between the two analyses.

However, the ICER analysis is associated with a significantly smaller QALY
gain compared with the current analysis (1.3 vs. 6.8). Given that the effect of
VN on mortality is negligible, this effect is driven by differing assumptions
around utility values. Average utility values over time (alive patients only) in the
current analysis and the ICER analysis are presented in Figure 45 and Figure
46, respectively; it can be seen that the current analysis is associated with a

larger gap between the VN and BSC arms, and lower utility values overall.

The approach taken in the current analysis is considered to be more appropriate
than that of the ICER analysis on the basis that:
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e The ICER analysis uses utility values taken from individuals with diabetic
retinopathy, which may be expected to differ substantially from those in
individuals with RPE65-mediated IRD

e The ICER analysis uses only three health states (not visually impaired,
visually impaired and blind); however, both the Acaster Lloyd study
(Appendix 9) and the study by Brown et al [180] demonstrate differing utility

values within the ‘blind’ health state

¢ In the absence of patient-level data, it was necessary for the ICER analysis

to make simplified assumptions about how VA and VF change over time.

Figure 45: Average utility value over time in alive patients (current
analysis
0.5
0.4
0.3

0.2

0.1

Average utility value in alive patients

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85> 9 0
-0.1

Age (years)
—BSC VN

Abbreviations: BSC, best supportive care; VN, voretigene neparvovec.

Figure 46: Average utility value over time in alive patients (ICER analysis)

\

Abbreviations: ICER, Institute for Clinical and Economic Review; SoC, standard of care.
Source: ICER 2018 [185]
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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?

The cost-effectiveness analysis was designed to be relevant to all patients

eligible for VN as defined in the scope.

12.8.3 What are the main strengths and weaknesses of the analysis?

How might these affect the interpretation of the results?

A key strength of this analysis is that a range of scenarios were considered,
and the results were found to be relatively robust to alternative assumptions.
An additional strength is that the modelled utility values were taken from a
bespoke utility study, and did not rely on HRQL data from older populations with
different vision conditions, as in previous analyses [185]. Wherever possible, all
relevant costs were considered, with key insights on the types of costs to
include provided by a patient focus group conducted to support this analysis
[97].

A key limitation of the analysis is that it was not possible to capture
improvements in either MLMT (the primary endpoint in the pivotal clinical trial)
or light sensitivity; however, a scenario considering an arbitrary utility increment
for improved light sensitivity was associated with an improved ICER, and so the

results of the base-case analysis are expected to be conservative.

Health state transitions in both the initial phase and the long-term phase were
based on low patient numbers and short follow-up, somewhat increasing the
level of uncertainty in model outcomes. In the absence of long-term data, there

was also uncertainty around the long-term treatment effect associated with VN.

12.8.4 What further analyses could be undertaken to enhance the

robustness/completeness of the results?

Following the collection of long-term follow-up data, further information may be
available on the duration of the VN treatment effect, reducing the uncertainty

around the estimate of cost-effectiveness.
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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.

The budget impact associated with the introduction of VN is manageable
and predictable, with 78 patients in England estimated to be suitable for
treatment. It is anticipated that voretigene neparvovec gene therapy will
fit a specialised centre model, with diagnosis, counselling, treatment and

follow-up performed at no more than a few centres nationally.

Assuming the PAS price for VN, the net budget impact is estimated to be
Bl Year 1, Jlllin each of Years 2 to 4, and ] in Year 5. This does
not exceed the budget impact threshold of £20 m in any of the first three

years.

131

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.

As described in Section 6.2, the number of existing eligible patients in England

in 2019 is estimated to be 78. The number of incident eligible patients in each

of the first five years is presented in Table 83.

Table 83: Number of incident eligible patients per year

Year Number of incident eligible patients
Year 1 2.91
Year 2 2.93
Year 3 2.95
Year 4 2.98
Year 5 3.00
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13.2 Describe the expected uptake of the technology and the

changes in its demand over the next five years.

In the scenario in which VN is not available, BSC is the only available option

and so is associated with 100% market share.
In the scenario in which VN is available, it is assumed that:

o All existing patients are treated within the first five years of VN becoming
available (see assumed timing in Table 84), to account for product availability

and healthcare system resourcing.

e All incident patients are treated in the year they become eligible for

treatment.

Table 84: Timing of treatment of existing patients

Year % of existing patients treated per
year

Year 1 3%

Year 2 29%

Year 3 29%

Year 4 29%

Year 5 10%

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).

In addition to technology costs, other costs associated with the introduction of

VN, and considered in the budget impact analysis, are:

Administration costs

Monitoring costs

Sufficient viable retinal cells testing costs

Adverse event costs
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See Sections 12.3.6 and 12.3.8 for further details.

13.4 Describe any estimates of resource savings associated with

the use of the technology.

VN is associated with reduced healthcare resource use, including reduced

costs for:

Hospitalisation

Low vision rehabilitation

Low vision aids

Depression

Annual healthcare resource use costs for BSC and VN patients are taken from
Years 1 to 5 of the cost-effectiveness model, and reflect the modelled health

state distribution at each time point.
See Section 12.3.7 for further details.

13.5 Are there any other opportunities for resource savings or
redirection of resources that it has not been possible to

quantify?
The following cost categories were not included due to a lack of available data:
e Ophthalmic services
e Home modifications

13.6 Describe any costs or savings associated with the technology
that are incurred outside of the NHS and PSS.

VN is associated with substantial cost savings that fall outside of the NHS and

PSS, including reduced costs for:

e Education
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e Social security

See Section 12.3.7 for further details.
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13.7
over the next 5 years?

What is the estimated budget impact for the NHS and PSS over the first year of uptake of the technology, and

Base-case estimates of the budget impact associated with the introduction of VN are presented in Table 85 and Table 86, assuming

each of the proposed PAS price and the list price, respectively. Scenario analyses considering the key uncertainties in the budget

impact estimates are presented in Table 87 and Table 88, assuming each of the proposed PAS price and the list price, respectively.

Table 85: Expected budget impact (proposed PAS price)

Year 1 Year 2 Year 3 Year 4 Year 5
Total costs in scenario without VN £41,938 £42 587 £44.343 £46,173 £48,067
Total costs in scenario with VN - ] ] ] ]
Net budget impact - T I ] ] ]
Abbreviations: VN, voretigene neparvovec.
Table 86: Expected budget impact (list price)
Year 1 Year 2 Year 3 Year 4 Year 5
Total costs in scenario without VN £41,938 £42 587 £44,343 £46,173 £48,067
Total costs in scenario with VN £3,291,787 £15,889,011 £15,902,027 £15,915,026 £6,733,015
Net budget impact £3,249,850 £15,846,423 £15,857,684 £15,868,853 £6,684,947
Abbreviations: VN, voretigene neparvovec.
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Table 87: Budget impact scenario analyses (proposed PAS price)

A hypothetical scenario is therefore
considered in which a higher proportion
of patients are diagnosed. This
scenario is considered unlikely

Scenario Rationale Net budget impact
Year 1 Year 2 Year 3 Year 4 Year 5
55% of Clinical experts estimated the
patients proportion of patients with sufficient
have viable retinal cells to be between 55%
sufficient and 95% I I I I e
viable The upper end of this range was
retinal conservatively assumed in the base-
cells case; however, the lower end
represents a plausible estimate
30% of Clinical experts estimated the
patients proportion of patients who are
are diagnosed to be between 30% and
diagnosed 50% I I I I ]
The upper end of this range was
conservatively assumed in the base-
case; however, the lower end
represents a plausible estimate
80% of Following the introduction of VN, it may
patients be expected that the diagnosis rate
are would increase
diagnosed I IS IS | .

Table 88: Budget impact scenario analyses (list price)
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Scenario Rationale Net budget impact
Year 1 Year 2 Year 3 Year 4 Year 5
55% of Clinical experts estimated the
patients proportion of patients with sufficient
have viable retinal cells to be between
sufficient 55% and 95%
viable ° ° _ £2,579,935 £9,370,596 £9,383,185 £9,395,770 £4,456,176
: The upper end of this range was
retinal cells conservatively assumed in the base-
case; however, the lower end
represents a plausible estimate
30% of Clinical experts estimated the
patients are proportion of patients who are
diagnosed diagnosed to be between 30% and
o
50% , £1,894,225 £8,969,568 £8,976,435 £8,983,254 £3,825,708
The upper end of this range was
conservatively assumed in the base-
case; however, the lower end
represents a plausible estimate
80% of Following the introduction of VN, it
patients are may be expected that the diagnosis
diagnosed rate would increase £5,283287 | £26,161,706 | £26,179,558 | £26,197,251 | £10,973,807
A hypothetical scenario is therefore
considered in which a higher
proportion of patients are diagnosed.
This scenario is considered unlikely
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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 key limitation of the budget impact analysis is uncertainty around the
estimates of patient numbers. Depending on the sources of data used to inform
the prevalence of RP and LCA, and the proportions of cases that are due to
RPEG65 mutations, the estimated number of patients with RPE65-mediated IRD
ranges from 57 to 564 (see Section 6.1.1). However, the patient numbers
assumed in this analysis (178) are based on sources expected to best reflect

the prevalence in England (see Section 6.2).

The proportion of patients with sufficient viable retinal cells and the proportion
of patients who are diagnosed were estimated by clinical experts, and so are
subject to some uncertainty. However, scenario analyses are considered in

which alternative assumptions are made.

The budget impact analysis uses annual healthcare resource use costs
generated by the cost-effectiveness model and so is associated with the same

limitations for:
e The modelling of the health state distribution over time; and
e The calculation of cost inputs.

However, the key driver of cost per patient is the acquisition cost of VN (see

Section 12.5.8), which is a known parameter.
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Section 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

141 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.

VN is associated with improved vision, and therefore a reduction in the
substantial costs and detrimental effects associated with visual impairment and

blindness.

A patient focus group was conducted to identify the ‘hidden’ costs of blindness,
including many costs falling outside of the NHS and personal social services
[97].

Costs associated with visual impairment and blindness incurred by government

departments other than the NHS include those for education and social
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security, as well as minor costs associated with discounted rail travel and

television licenses (see Section 14.2).

Out-of-pocket costs borne by patients with visual impairment include those for
transport to eye appointments, home modifications, and specialist toys for
affected children (see Section 14.3). Patients are also often required to pay
upfront to access discounts available to those who are registered as visually
impaired, and incur higher household expenses due to vision-related
limitations. In addition, many patients experience a loss of earnings due to

vision-related unemployment.

Friends and family members of individuals with visual impairment spend an
estimated 11.9 hours per week as caregivers (see Section 14.4), and so may
be expected to experience a loss of earnings. Caregivers incur out-of-pocket

expenses associated with accompanying patients to eye appointments.

Details on the non-financial impact of visual impairment on patients and

caregivers can be found in Section 7.2.1 and 7.2.2.
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14.2 List the costs (or cost savings) to government bodies other

than the NHS.

Table 89: Costs incurred by government departments other than the

NHS
Government | Types of cost in those with visual impairment and blindness
department
Department for Early years educational support
Education

Support for children educated in mainstream schools

Education in specialist schools
Support for individuals in higher education

Department for
Work and
Pensions

Carer’s Allowance

Personal Independence Payment
Employment and Support Allowance
Universal Credit/Working Tax Credit
Attendance Allowance

Pension Credit

Access to Work scheme

HM Revenue
and Customs

Loss of taxes due to vision-related unemployment
Blind Person’s Tax Allowance

Department for
Transport

Provision of discounted rail travel
Provision of discounted bus travel

Department of
Culture, Media
and Sport

Provision of discounted television license

Abbreviations: NHS, National Health Service.

14.3 List the costs borne by patients that are not reimbursed by the
NHS.

Costs borne by patients that are not reimbursed by the NHS are as follows:

e Loss of earnings due to vision-related unemployment

e Public transport or taxis to eye appointments

e Accommodation where specialist healthcare or testing is not available

locally

¢ Home modifications (beyond those covered by the NHS)

e Specialist toys for affected children
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e Upfront costs of applying for benefits such as Blue Badge parking

permits and cinema cards
e Higher household costs due to vision-related limitations

14.4 Provide estimates of time spent by family members of
providing care. Describe and justify the valuation methods

used.

In a Portuguese study on the use of informal care by people with vision
impairment, 39.6% of respondents reported using informal care [212]. In blind
patients who receive informal care in a US study, mean time spent by

caregivers was shown to be 4.3 hours per day [121].

Assuming a weighted average, family members providing care are therefore

estimated to spend 11.9 hours per week on caregiving activities.

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.

There are three ongoing/planned studies assessing the clinical effectiveness of

voretigene neparvovec:

e A Long-Term Follow-Up Study in Subjects Who Received an
Adenovirus-Associated Viral Vector Serotype 2 Containing the Human
RPEG5 Gene (AAV2-hRPEG65v2) Administered via Subretinal Injection
(Ongoing; NCT03602820)

o This study is collecting efficacy and AE data 15 years after

subretinal injection in each patient enrolled in the clinical trials.

e A Patient Registry Study for Patients Treated With Voretigene
Neparvovec (Ongoing; NCT03597399)
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o The objective of this study is to collect long-term safety
information (i.e., for 5 years after treatment) associated with VN
(vector and/or transgene), its subretinal injection procedure, the
concomitant use of corticosteroids, or a combination of these

procedures and products, for patients treated in the US.

e A Post-Authorisation, Multicenter, Multinational, = Longitudinal,
Observational Safety Registry Study for Patients Treated with
Voretigene Neparvovec (Planned; Q3 2019)

0 This planned registry-based study is a post-approval commitment
requested by the EMA (Category 1 PASS). It will collect long-term
safety information as described above.

14.6 Describe the anticipated impact of the technology on

innovation in the UK.

Voretigene neparvovec is among the first treatments of its kind. It is the first
pharmacologic treatment for an IRD, and Study 301/302 was the first

randomised Phase 3 gene therapy trial for a genetic disease.

The methodology and results of the Phase 3 trial (Study 301) provide support
for gene-based approaches to treating rare genetic diseases. The
manufacturing techniques used might potentially be applied to the treatment of
IRD with different genetic causes, and to genetic diseases involving other organ

systems.

Voretigene neparvovec therefore not only has potential to improve the lives of
patients with RPE65-mediated IRD, but also to advance the broader field of
gene therapy.

14.7 Describe any plans for the creation of a patient registry (if one

does not currently exist) or the collection of clinical
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effectiveness data to evaluate the benefits of the technology

over the next 5 years.

As part of a European regulatory requirement [2] the company will have to follow
up all patients who received VN in the main studies for 15 years, in order to
characterise the long-term effectiveness, safety and durability of the medicine,
and establish a registry to collect long-term safety data in patients treated with
VN in clinical practice (further details on registry studies are provided in Section
14.5).

14.8 Describe any plans on how the clinical effectiveness of the

technology will be reviewed.

As described above, all patients enrolled in the main studies will be followed up

for 15 years to characterise long-term effectiveness of VN.

14.9 What level of expertise in the relevant disease area is required

to ensure safe and effective use of the technology?

The SmPC stipulates that treatment must be initiated and administered by
retinal surgeons experienced in performing macular surgery [3]. Additionally,
before being permitted to administer VN, surgeons and pharmacists are
required to participate in a mandatory educational program (Section 8.7.1).
Treatment centres will need to meet the EMA risk management plan criteria

described in Section 8.6.

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?

Itis not anticipated that any additional infrastructure would be required following
the introduction of VN. Although genetic testing would need to become more
routine to allow for equal access across England and Wales, a single national
testing network composed of seven Genomic Laboratory Hubs — of which three

of will perform ophthalmologic genetic testing — has already been established
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(see Section 5.2). Treatment will only take place at a small number of specialist
IRD centres (Section 8.6).
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Section F - Managed Access Arrangements (please see
sections 55-59 of the HST methods guide on MAAs)

15 Managed Access Arrangement

Not applicable. A fundamental requirement of a Managed Access Arrangement
proposal is that it addresses a significant uncertainty in the evidence base.
Although the ICER is sensitive to the assumed treatment effect duration beyond
7.5 years (i.e. maximum available follow-up), data collection beyond 7.5 years
would place a significant administrative burden on the NHS. Furthermore as
part of a European regulatory requirement [2] the company will have to follow
up all patients who received VN in the main studies for 15 years, in order to
characterise the long-term effectiveness and safety of the medicine, and
establish a registry to collect long-term safety data in patients treated with VN
in clinical practice. Consequently any data collection arrangements as part of a
Managed Access Arrangement over a shorter time period would add limited

value.

15.1 Describe the gaps identified in the evidence base, and the
level of engagement with clinical and patient groups to
develop the MAA

Not applicable.
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15.2 Describe the specifics of the MAA proposal, including:

Not applicable.

The duration of the arrangement, with a rationale
What evidence will be collected to reduce uncertainty
How this evidence will be collected and analysed

The clinical criteria to identify patients eligible to
participate in the MAA, and criteria for continuing or

stopping treatment during the MAA

Any additional infrastructure requirements to deliver
the MAA (e.g. databases or staffing)

Funding arrangement, including any commercial

proposals or financial risk management plans

The roles and responsibilities of clinical and patient
groups during the MAA

What will happen to patients receiving treatment who
are no longer eligible for treatment if a more restricted
or negative recommendation is issued after the

guidance has been reviewed

15.3 Describe the effect the MAA proposal will have on value for

money; if possible, include the results of economic analyses
based on the MAA

Not applicable.
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