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1 Executive summary

This summary provides a brief overview of the key issues identified by the External Assessment
Group (EAG) as being potentially important for decision making. It also includes the EAG’s preferred

assumptions and the resulting incremental cost-effectiveness ratios (ICERs).

Section 1.1 provides an overview of the key issues. Section 1.2 provides an overview of key model
outcomes and the modelling assumptions that have the greatest effect on the ICER. Sections 1.3 to
1.4 explain the key issues in more detail. Background information on the condition, technology and

evidence and information on non-key issues are in the main EAG report.

All issues identified represent the EAG’s view, not the opinion of the National Institute for Health

and Care Excellence (NICE).

1.1 Overview of the EAG’s key issues

Table 1. Summary of key issues

o [summaryfssuo " Raporsoctons

There is no precise effectiveness estimate for treatment with 3.24,34
1 idebenone beyond six months to draw robust conclusions about its
long-term clinical and cost-effectiveness.

The benefit of treatment with idebenone may be larger in 235,334
2 subgroups of patients but the limited sample sizes available in the
current evidence leads to a high degree of uncertainty.

The company model structure is inappropriate given the insufficient
evidence to support the high number of health states in the
economic model. Additionally, there are limited data to provide
robust transition probabilities for the company’s model and, given
the modest differences in HRQoL between the health states, the
justification for a high number of health states is weak.

422

The model fails to accurately replicate the SoC treatment effects as
4 measured in studies and clinical trials, with the company failing to 4.2.4
derive a treatment effect using all appropriate available data.

The model lacks the functionality to allow idebenone and SoC
transition probabilities to vary according to treatment effectiveness
uncertainty. The PSA therefore fails to account for treatment
effectiveness uncertainty.

424

Abbreviations: EAG, External Assessment Group; HRQoL, Health related quality of life; PSA, probabilistic sensitivity
analysis, SoC, Standard of care
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1.2 Overview of key model outcomes

NICE technology appraisals compare how much a new technology improves length (overall survival)
and quality of life in a quality-adjusted life year (QALY). An ICER is the ratio of the extra cost for every
QALY gained.

Overall, the technology is modelled to affect QALYs by:
e Improving logMAR recovery;
Overall, the technology is modelled to affect costs by:

e Being more costly than the current standard of care (SoC);

¢ Reducing the requirement for additional health care resources;
The modelling assumptions that have the greatest effect on the ICER are:

e The SoC treatment effect;

e Off chart blindness health related quality of life utilities.

BMJ TAG PAGE 15
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1.3 Summary of the EAG’s key issues

Table 2. Issue 1: Lack of robust long-term treatment effect estimates for idebenone and standard of
care

BM) TAG -

Copyright 2024 King's Printer and Controller of HMSO. All rights reserved.



Report section

Description of issue and
why the EAG has identified
it as important

What alternative approach
has the EAG suggested?

What is the expected effect
on the cost-effectiveness
estimates?

What additional evidence or
analyses might help to
resolve this key issue?

BM) TAG

3.24;34

Randomised controlled trial (RCT) evidence on the efficacy of idebenone
compared to standard of care (SoC) is available for up to six months, while
evidence on the long-term treatment is limited to observational data.

The company uses two unmatched populations from the real-world
observational Expanded Access program (EAP) and the Case record survey
(CaRS) natural history studies to model the long-term treatment effects of
idebenone and SoC, respectively, resulting in an estimate at high risk of bias
due to imbalances in prognostic factors between patients from the data
sources.

Although no matched control analyses are provided in the original CS,
following a request by the EAG at the clarification stage, the company
provided a propensity-score matching (PSM) analysis of changes in patient’s
best visual acuity between LEROS and CaRS-I and CaRS-Il at Month 24.

The EAG notes there were limitations to the PSM analysis and the EAG is
mostly concerned that only a limited amount of CaRS follow-up data were
included in the analyses by choosing to only analyse a single visit pair,
rather than all available data, for SoC patients. Matching resulted in a very
limited sample and the baseline characteristics suggest issues with the
matching persisted.

As a result, the EAG considers there to be a lack of a precise estimate for
long-term treatment benefit with idebenone. The EAG considers this to be a
fundamental issue impacting the technology appraisal, as with no long-term
RCT data or an alternative approach involving adequate matching, a robust
conclusion on clinical and cost-effectiveness of long-term treatment with
idebenone cannot be drawn.

The EAG considers that matching the idebenone and SoC cohorts would
provide a less biased method to model the long-term treatment effect of
idebenone and SoC compared to the company’s original approach using
unmatched populations and requested that the company conduct a
matched-controlled analysis using the LEROS trial with a CaRS matched
controlled analysis.

In regard to the company’s PSM analyses provided following the EAG’s
request at the clarification stage, the EAG considers matching patients
between LEROS and CaRS at baseline and then including all available data
from subsequent follow-up visits in the analysis would be a preferable
approach, instead of using a single baseline and 24-month visit window only.
The EAG considers that if a more appropriate matching methodology had
been used the ICER would likely increase given that in the matched control

analysis provided using LEROS and CaRS patients demonstrates no
significant difference in treatment effects.

The EAG considers that the PSM analysis presented in the company’s
response to clarification does not provide strong evidence of a clinically
meaningful long-term treatment benefit of idebenone over SoC for the
treatment of LHON, but it is the only available long-term matched-control
comparison of changes in patients’ best logMAR VA over time. Thus, this is
considered by the EAG to be the most appropriate analysis of the
comparative effectiveness of long-term idebenone treatment compared to
SoC that is currently available. However, considering the limited
sample/amount of data resulting from the matching, the EAG considers
further analyses making use of all available data might help resolve
remaining uncertainties regarding long-term effectiveness of treatment with
idebenone.

PAGE 17
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Abbreviations: CaRS, Case-record survey; CS, Company submission; EAG, External Assessment Group; EAP, Expanded
Access Program; PSM, Propensity-score matching; RCT, Randomised controlled trial; SoC, Standard of care.

Table 3. Issue 2 Subgroup effects
Report section 2.3.5;3.34

Description of issue and The EAG’s clinical experts note that the benefit a patient may receive from
why the EAG has identified idebenone treatment may be larger in subgroups of patients treated prior to
it as important nadir (i.e. <1 year since symptom onset), with baseline logMAR <1 or in
subgroups of patients with a particular genotype.

The EAG notes that the clinical trials were not powered to detect subgroup
effects with subgroup sample sizes being too small to support meaningful
conclusions about a difference in the magnitude of treatment effect between
different subgroups of patients.

What alternative approach The EAG asked the company to comment on whether they believe the

has the EAG suggested? clinical and cost effectiveness of idebenone may be larger in a subgroup of
patients treated either early on in the disease course or with a baseline
logMAR <1 and to provide relevant scatterplots and regression analyses.
The company do not believe that results will differ and consider current
evidence from the RHODOS trial, the LEROS trial and the EAP show a
benefit in patients regardless of disease stage but did not provide relevant
scatterplots or analyses for different subgroups of patients across trials.

What is the expected effect It's anticipated that idebenone may be more cost effective in specific
on the cost-effectiveness subgroups.
estimates?

VI EET [ [T EIRE G EGTENI@S  Future trials including larger datasets, sufficiently powered to detect
analyses might help to subgroup effects would be useful to resolve uncertainties regarding
resolve this key issue? treatment effectiveness. However, the EAG recognises that LHON is a rare
disease, and this may present a challenge.

Abbreviations: EAG, External Assessment Group; EAP, Expanded Access Program; logMAR, logarithm of the minimum
angle of resolution standard of care.

Table 4. Issue 3 Cost effectiveness model structure
Report section 4.2.2

Description of issue and The EAG considers that the company’s model is flawed and potentially

why the EAG has identified inappropriate for decision making as there is insufficient evidence to support
it as important the high number of health states in the economic model. Additionally, there
are limited data to provide robust transition probabilities for the company’s
model and, given the modest differences in HRQoL between the health
states, the justification for a high number of health states is weak.

What alternative approach The EAG has suggested an alternative model structure, which the company
has the EAG suggested? has used in a scenario analysis.

What is the expected effect Using the EAG’s preferred model led to an increase in the ICER between
on the cost-effectiveness idebenone and SoC treatments.
estimates?

DV HEET [T EIREG G ERTEN@N  No additional analysis required
analyses might help to
resolve this key issue?

Abbreviations: EAG, External Assessment Group; HRQoL, health related quality of life; ICER, incremental cost effectiveness
ratio; SoC, standard of care.
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Table 5. Issue 4 Model standard of care treatment effects

Report section

Description of issue and
why the EAG has identified
it as important

What alternative approach
has the EAG suggested?

What is the expected effect
on the cost-effectiveness
estimates?

What additional evidence or
analyses might help to
resolve this key issue?

424

The modelled SoC treatment effects do not replicate the RHODOS,
RHODOS-OFU or the matched analysis study findings with mean change in
logMAR from baseline being substantially greater in the company base case
than in the RHODOS trial at 6 months. The EAG additionally considers that
a robust SoC treatment effect, which replicates the trial results, may be
derived from the available CaRS -1 and -Il data. However, limited patient
observations are used from these studies to inform the SoC treatment effect.

The EAG has suggested informing the SoC transition probabilities using the
patient observations from the CaRS studies matched to LEROS patient
population or alternatively the RHODOS-OFU study as the EAG considers
these data sources the most appropriate as described in key issue 1.

The EAG expects that aligning the modelled SoC treatment effects to that of
either the matched CaRS population or RHODOS-OFU will lead to an
increase in the ICER, as can be seen in the illustrative scenario conducted
by the EAG.

The EAG considers that if the company validates the modelled SoC
treatment effect using appropriate study or trial data this would resolve the
issue.

Abbreviations: EAG, External Assessment Group; ICER, incremental cost effectiveness ratio; SoC, standard of care.

Table 6. Issue 5 Failure of the PSA to account for treatment effect uncertainty

Report section

Description of issue and
why the EAG has identified
it as important

What alternative approach
has the EAG suggested?

What is the expected effect
on the cost-effectiveness
estimates?

What additional evidence or
analyses might help to
resolve this key issue?

424

As the model lacks the functionality to allow idebenone and SoC transition
probabilities to vary according to treatment effectiveness uncertainty the
PSA fails to account for treatment effectiveness uncertainty. As such, the
EAG is concerned that the probabilistic results are unfit for decision making
given the high degree of uncertainty in the treatment effects that are not
captured in the PSA results. Additionally, the EAG considers the company’s
justification for not including transition probabilities in the PSA, namely that
this would lead to additionally uncertainty in the PSA results, is unfounded
given that the aim of the PSA is to account for parameter uncertainty.

The EAG has suggested that transition probabilities be made probabilistic
when calculating the PSA results.

Cost effectiveness estimates will be more robust and reliable by account for
the treatment effectiveness uncertainty.

The EAG considers that only allowing transition probabilities to made
probabilistic would resolve this issue.

Abbreviations: EAG, External Assessment Group; PSA, probabilistic sensitivity analysis; SoC, standard of care.
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1.4 Summary of EAG’s preferred assumptions and resulting ICER

Table 7. EAG’s preferred model assumptions

Incremental Incremental ICER (change
costs QALYs from company
base case

18,758
27,053 (+8,295)

Company base case
EAG preferred model structure

Using the LEROS study data to derive the
idebenone long term treatment effect

28,459 (+9,701)

Applying the LEROS idebenone transition
probabilities to SoC patients after RHODOS

Adjusting the idebenone treatment
discontinuation weighted average calculation

59,061 (+40,303)

+

and increasing the proportion who discontinue . 21,022 (+2,264)
treatment to 10.8%
Using the utilities calculated from Lawrence et
al. that include patients from the Republic of [ ] [ | 27,780 (+9,022)
Ireland*?
No carer disutility applied [ ] [ | 21,019 (+2,261)
Applying additional healthcare resource costs

1,631 (+12,87
according to Meads et al.* . . 31631 (+12,873)
Applying supportive living cost as a one-off cost [ ] [ | 25,899 (+7,141)
Applying outpatient care cost as a one-off cost [ ] [ | 19,595 (+837)

Abbreviations: EAG, External Assessment Group; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-
year

*EAG preferred model assumption also required

Table 8. EAG base case results

Interventions | Total Total LY | Total Incremental | Incremental | Incremental | ICER
Costs (£) QALYs costs (£) LYs Ys (E/QALY)

Deterministic results

SoC H = = - - - -
Idebenone [ | [ | [ | [ ] | 130,269
Probabilistic results*

SoC | - | : - : -
Idebenone [ - [ ] [ ] - [ | 126,422

Abbreviations: ICER, incremental cost-effectiveness ratio; LY, life year; QALY, quality-adjusted life-year; SoC, standard of
care.

*Probabilistic results do not account for idebenone and SoC treatment effectiveness uncertainty
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2  Introduction and background

2.1 Introduction

This report contains the External Assessment Group’s (EAG’s) critique of the clinical and cost
effectiveness evidence submitted for the Single Technology Appraisal (STA) of idebenone (brand
name: Raxone®; Chiesi Farmaceutici, Parma, Italy) for treating visual impairment in Leber’s

Hereditary Optic Neuropathy (LHON) in people 12 years and over [ID547].

2.2 Background

Section B.1.3 of the Company Submission (CS) provides an overview of LHON. LHON is a rare
mitochondrial genetic disease that most often affects young adult males.* LHON causes
degeneration of the optic nerve, and people with LHON experience a sudden and rapid loss of
central vision, usually within weeks of symptom onset.> Approximately 95% of people with LHON
have one of three mitochondrial DNA (mtDNA) mutations: m.11778G>A; m.14484T>C; and
m.3460G>A.* Such mutations lead to the dysfunction of complex | of the electron transport chain,

causing oxidative stress and the eventual apoptosis of retinal ganglion cells.®’

Over 1 in 1,000 individuals in the UK Biobank carry a mutation with the potential to cause LHON,®
but the prevalence of LHON in the UK is rare, i.e., the disease has low penetrance.® The topic
selection oversight panel for the current appraisal estimated that 471 patients would be eligible for
idebenone treatment in clinical practice in England, should the technology be approved for routine
commissioning.® This figure was calculated based on prevalence estimates for LHON in England from

Yu-Wai-Man et al. 2003 of around 1 in 31,000 individuals.*®

Initially, people with LHON present with a rapid loss of central vision.> After presentation, these
individuals may be tested and treated for other causes of vision loss before a diagnosis of LHON is
suspected and/or confirmed through genetic testing.” The typical disease course of LHON can be
separated into three phases: subacute/acute, dynamic and chronic. In the acute phase of LHON,
central vision is lost in both eyes (25% to 50% of the time) or sequentially (50% to 75% of the time),
with the second eye usually being affected to a similar degree as the first eye weeks or months
later.! The point at which an eye’s visual acuity (VA) is lowest is termed nadir, which is usually
reached a few months after the onset of symptoms.*? Following nadir, a patient’s VA usually
stabilises during a dynamic phase around 6 to 12 months after symptom onset, before the disease
enters a chronic phase >12 months after symptom onset.'® In chronic LHON, a patient’s VA is usually

stable, but the EAG’s clinical experts noted that some further decline is possible.’* The EAG’s clinical
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experts also highlighted that the disease course of LHON is heterogeneous, and the natural history
of LHON outlined above and in the CS reflects a “textbook” case of LHON. For example, the initial
rate of vision loss may be slow and progressive for some patients, and nadir may not be reached

until a year or more after initial diagnosis.

2.2.1 Disease progression and disease burden

In clinical trials, vision loss in LHON is usually measured using the Logarithm of the Minimum Angle

of Resolution (logMAR) chart of VA (Figure 1).

Figure 1. The logMAR scale including ‘off-chart VA’ categories (Reproduced from CS Figure 2)

Item to be scored primary method
Light Perception logMAR 2.6

Hand Motion logMAR 2.3
Counting Fingers logMAR 2.0

184

FNPR
EZHPYV

DPNFR
RDFUY
URZVH
HNDRU
z'\r' l: :Iu not Iegally blind;
'-‘l:l |09MAR <1.0

LogMAR values are assessed using the ETDRS charts.
Source: CS Figure 2

Abbreviation: logMAR, Logarithm of the minimum angle of resolution

In the CS, the Company distinguish between the following categories of vision loss based on logMAR

values:

e LogMAR <1.0: Not legally blind;
e LogMAR 21.0: Legally blind;
e LogMAR 21.6: Off-chart.

The EAG’s clinical experts highlighted that the term “legally blind” is no longer used in clinical
practice, and instead people with vision loss may be registered as sight impaired or severely sight
impaired. Based on this, the EAG considers the following categories of vision loss based on logMAR

values to reflect clinically meaningful categories recognised in English clinical practice:
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LogMAR <0.3: Not sight impaired, able to drive;

0.3< LogMAR <1.0: Not sight impaired, unable to drive;

LogMAR 21.0: Sight impaired, on-chart sight;

LogMAR 2>1.6: Sight impaired, off-chart sight.

The EAG notes that the exact criteria for registering an individual as sight impaired or severely sight

impaired depends not only on measures of visual acuity, but also on the degree of visual field loss.*

LHON affects many dimensions of a person’s life. Interview studies of LHON patients and caregivers
highlight how LHON can severely impair a person’s day to day activities and independence and
likelihood of employment.t® %’ The studies highlight LHON can have a large negative influence on the
quality of a person’s social, physical and emotional life.’® 17 Depression, anxiety, and suicidal
thoughts are reported for some patients, and people with LHON, and sight loss more broadly, often
report stigmatisation following sight loss.r” The Visual Function Index (VF-14) Questionnaire,
originally developed as an index of functional impairment following cataract surgery,*® is a disease-
specific questionnaire designed to assess the level of visual impairment that has been used on a
range of ophthalmologic conditions. Questions include: “Do you have any difficulty, even with
glasses, reading small print, such as labels on medicine bottles, a telephone book, or food labels?”
and “Do you have any difficulty, even with glasses, recognizing people when they are close to you?”.
Responses are measured on a 5-point scale from “No” to “Unable to do this activity”. In a recent VF-
14 survey of 196 LHON patients in the UK, Netherlands and Germany, most patients responded
either 0 (“Unable to do this activity), 1 (“a great deal of difficulty”) or NA to most questions.! These
data are displayed in Figure 2 to provide an overview of the visual symptom burden of LHON. While
the VF-14 can describe some of the symptoms of LHON, the psychometric validity of the VF-14 as a
clinical trial endpoint in LHON has been criticised on several measurement grounds including

disordered response thresholds and its multidimensionality.*
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Figure 2. Chen et al. distribution of responses to items of the VF-14 by 196 people with LHON.
100

Reproduced from Chen et al. Figure 1.1
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2.2.2 LHON genotypes and spontaneous recovery

Three genotypes, m.11778G>A, m.14484T>C, and m.3460G>A, comprise around 95% of the LHON
population.* A variety of other LHON genotypes make up the remaining ~5% of the population;
however, the EAG’s clinical experts highlighted that these mutations are harder to identify as tests
for these are not routinely available. Even with complete mtDNA sequencing, interpreting the results
of genetic tests for LHON when an individual is negative for one of the three primary mutations is
difficult due to the rarity of presentation and characterisation of any suspected disease-causing

allele.

LHON genotype is a key prognostic factor for individuals with LHON and affects the likelihood of
spontaneous recovery of visual acuity.'® Spontaneous recovery is inconsistently defined in the
literature, but most definitions involve a clinically significant improvement in the number of letter
rows (1 or 2 rows) a patient can read on the logMAR chart, i.e., a logMAR improvement of 20.1. A
review of LHON collated the following estimates of the proportion of patients who experience

spontaneous visual recovery:’

o m.11778G>A: 14% (all age groups), 11% (aged 15 and over);
e m.14484T>C: 37% to 64%;
o m.3460G>A: 15% to 25%.

The review authors highlighted clinical consensus that the m.3460G>A is the genotype with the
lowest long-term probability of recovery, and the m.14484T>C genotype is associated with a milder
disease and highest probability of spontaneous recovery.® This is supported by a VF-14 survey, which
reported median VF-14 scores of <20 for people with either a m.11778G>A or m.3460G>A mutation,

but a median VF-14 score of >40 for people with an m.14484T>C genotype.
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Figure 3. Characteristics associated with LHON genotypes m.11778G>A, m.3460G>A and
m.14484T>C

Estimated Estimated Reported rates of
VF-14, median

(IQR)

Genotype prevalence, prevalence, spontaneous

international England recovery

Source Poincenot et al. Poincenot et al. Yu-Wai-Man and Kirkman et al.
2023 (N=1512)* 2023 (N=139)* Chinnery 20215 200919+
m.11778G>A 69% 64% 14% 16.7 (9.1 to 29.0)
m.3460G>A 13% 27% 15% to 25% 15.1 (8.1 to 29.3)
m.14484T>C 17% 8% 37% to 64% 43.8 (23.1t0 59.1)

Abbreviations: IQR, interquartile range
*Data digitised by the EAG

The EAG’s clinical experts highlighted that other key prognostic factors include:

e Age at symptom onset, with children having a higher rate of spontaneous recovery than
adults;®?
e VA at baseline or nadir, with a less severe early reduction in VA being associated with better

long-term prognosis.?

2.2.3 Current treatment pathway for LHON

Currently, there are no therapies with marketing authorisation that treat the underlying cause of
LHON. Established clinical management for LHON in the National Health Service (NHS) is limited to

supportive measures, which include:

e Lifestyle management guidance, including avoiding behaviours that may trigger or
exacerbate LHON, such as excessive drinking or smoking;*

e Genetic counselling;

e Low vision aids such as magnifiers;

e Occupational and low vision rehabilitation, including optimising features of the home to

facilitate use by individuals who are sight impaired.

The EAG’s clinical experts noted that further support, such as assistance dogs and technology such as

tablets may be provided through the support of charities but are not routinely provided by the NHS.
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The EAG notes that there is a large unmet need for people with LHON, and the EAG’s clinical experts
agreed with the company’s clinical experts that treating an individual with confirmed LHON as soon
as possible is desirable. This is in-line with the 2017 International Consensus Statement on the
Clinical and Therapeutic Management of Leber Hereditary Optic Neuropathy, which stated that:
“Idebenone should be started as soon as possible at 900 mg/day in patients with disease less than 1
year.”** The EAG’s clinical experts also noted that they would consider treating with idebenone in
the prevalent population many years after diagnosis, should idebenone be available through routine

commissioning.

2.3 Critique of the company’s definition of the decision problem

A summary of the final scope issued by NICE, together with the company’s rationale for any
deviation from this, is provided in Table 9. The EAG considers the CS to generally be in-line with the
final scope issued by NICE. However, the EAG notes that the clinical efficacy and effectiveness data
in the evidence submission comes from patients who had < 5 years since LHON symptom onset. The
EAG is concerned that the data from such patients may have limited generalisability to the

proportion of the prevalent LHON population in England who have disease duration > 5 years.
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Table 9. Summary of decision problem

Final scope issued by NICE Decision problem addressed in | Rationale if different from the
the submission scope

Population People aged 12 years and older As per NICE scope The EAG considers the population
with Leber’s hereditary optic included in the company Submission
neuropathy (LHON) (CS) to be largely in line with the NICE

final scope.

The EAG notes that the clinical
evidence available is for people with
onset of visual loss of <5 years before
baseline. The EAG is concerned that
the population in the current evidence
may overestimate the treatment
effectiveness of idebenone in
individuals whose symptom onset is
>5 years ago.

See Section 2.3.1 below for further
discussion.

Intervention Idebenone As per NICE scope N/A The treatment regimen for idebenone
in the economic model and the main
sources of clinical evidence are
consistent with the marketing
authorisation for idebenone.??

See Section 2.3.2 below for further

discussion.
Comparator Established clinical management As per NICE scope As per NICE scope The EAG’s clinical experts confirmed
without idebenone including: that established clinical management

without idebenone matches the NICE
final scope and established clinical
management as described in the CS.

e Visual aids.

e Occupational and low vision
rehabilitation.
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Outcomes

Economic analysis

o Lifestyle management (no
smoking, reduced alcohol
consumption, diet that
includes fresh fruit and
vegetables).

The outcome measures to be
considered include:

e Visual acuity (VA)

e  Contrast sensitivity

. Retinal nerve fibre layer

o Visual field assessment

e Adverse effects of treatment
o Health-related quality of life

The reference case stipulates that
the cost-effectiveness of
treatments should be expressed in

BM) TAG

The outcome measures included
are:

e VA

e Contrast sensitivity

e Retinal nerve fibre layer
e Visual field assessment

Adverse effects of treatment

Health-related quality of life

The company is broadly aligned
with the overview of the economic
analysis outlined in the final
scope, except for the cost-

As per NICE scope

Brown et al. (1999)
demonstrated that a patient’s
quality of life is attributed more
by the better-seeing eye than

Copyright 2024 King's Printer and Controller of HMSO. All rights reserved.

The EAG notes that current
established clinical management for
LHON: does not include any active
treatment; does not address the
underlying cause of LHON; and does
not prevent vision loss or facilitate the
recovery of visual functioning.

See Section 2.3.3 below for further
discussion.

The EAG notes that the company has
presented clinical evidence relevant
each of the outcomes specified in the
NICE final scope.

The outcomes used in the economic
model are:

o Visual acuity (change in best
VA/logMAR measurements); and

o Health-related quality of life
(HRQol).

The EAG agrees that change in best
VA is the most relevant clinical
effectiveness outcome to include in the
economic model.

See Section 2.3.4 below for further
discussion.

The EAG notes that results of the
economic analysis are expressed in
term of an incremental cost per
quality-adjusted life years and with the
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terms of incremental cost per
quality-adjusted life-year.

The reference case stipulates that
the time horizon for estimating
clinical and cost-effectiveness
should be sufficiently long to
reflect any differences in costs or
outcomes between the
technologies being compared.
Costs will be considered from an
NHS and Personal Social
Services perspective.

The availability of any commercial
arrangements for the intervention,
comparator and subsequent
treatment technologies will be
taken into account. The availability
of any managed access
arrangement for the intervention
will be taken into account.

The cost-effectiveness analysis
should include consideration of
the benefit in the best- and worst-
seeing eye.

BM) TAG

effectiveness analysis, which
includes consideration of the
benefits in the best- and worst-
seeing eye. The cost-
effectiveness analysis will only
include consideration of the
benefit in the best-seeing eye as
logMAR VA is measured in the
better-seeing eye rather than the
worst-seeing eye.

the worst-seeing eye.?® The
better-seeing eye has a higher
predictability and consistency
when measuring quality of life
compared to the worst-seeing
eye.? Furthermore, change in
best VA was the main
secondary endpoint in the
RHODOS trial. It was
considered to be the endpoint
most relevant to clinical practice
and the one that best reflects
the impact of the disease on a
patient, being the closest related
to visual function in daily life.2* 2
Furthermore, during protocol
assistance the CHMP agreed
with the rational for including this
endpoint and that it may be
more clinically relevant than the
primary endpoint analysis (best
recovery of logMAR VA between
baseline and Week 24).

This also aligns with the health
technology assessments of
idebenone in Wales and
Scotland, both of which focused
on change in best VA and were
granted national reimbursement
for patients with LHON.26:27
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treatment effect being informed with
better seeing eye logMAR VA as
described in the NICE final scope and
decision problem.
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Subgroups to be
considered

Special
considerations,
including issues
related to equity or
equality

If the evidence allows the
subgroups of people with recent
vision loss will be considered.

Guidance will only be issued in
accordance with the marketing
authorisation. Where the wording
of the therapeutic indication does
not include specific treatment
combinations, guidance will be
issued only in the context of the

evidence that has underpinned the

marketing authorisation granted
by the regulator.

Within B.2 of the CS, clinical data  As per NICE scope.

is presented split by logarithmic
minimum angle of resolution
(logMAR) score, disease mutation
or by acute and chronic patients.

There are no special N/A
considerations relating to issues
of equity or equality.

In addition to the subgroup of people
with recent vision loss included in the
NICE final scope, the EAG considers
the following subgroups to potentially
impact clinical effectiveness:

e Baseline VA (logMAR <1 at baseline
vs logMAR 2=1); and

¢ LHON genotype.

See Section 2.3.5 below for further

discussion; the results of subgroup

analyses from the primary sources of

clinical evidence are presented in
Section 3.3.

The EAG notes that idebenone has
been available via routine

commissioning in Wales since March
2021.%6

Abbreviations: CHMP, Committee for Medicinal Products for Human Use; CS. Company Submission; EAG, External Assessment Group; HRQoL, Health related quality of life; LHON, Leber’s
hereditary optic neuropathy; logMAR, logarithm of the minimum angle of resolution; NICE, National Institute for Health and Care Excellence; VA, visual acuity
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2.3.1 Population

The EAG considers the population considered in the CS to be in-line with the NICE final scope: people
with LHON aged 12 years and over. The clinical efficacy and effectiveness used in the company’s
economic model came from one RCT (RHODOS) and two real-world evidence studies (Expanded
access program [EAP] and the Case record survey [CaRS-1]). Further clinical evidence was presented

from the LEROS clinical trial and Case record survey Il (CaRS-Il).

The EAG considers populations from each of the clinical trials and real-world evidence sources to be
largely consistent with the NICE final scope (See Section 3.2 for further discussion). However, the
EAG notes that while idebenone is positioned for all individuals with LHON aged 212 years, the
studies providing clinical evidence only included individuals for who the onset of visual loss was <5

years at baseline. Specifically, the following inclusion criteria were used in each study:

e RHODOS: Age > 14 years and <65 years, impaired VA in at least one eye due to LHON, onset
of visual loss due to LHON was 5 years or less prior to baseline, confirmation of either
m.11778G>A; m.14484T>C; or m.3460G>A mtDNA mutations at >60% in blood, no
explanation for the visual failure besides LHON;

e EAP: confirmation of any of the three major LHON-causative mtDNA mutations and onset of
vision loss in the most recently affected eye less than 12 months prior to the date of the
Baseline visit;

e LEROS: patients with a diagnosis of LHON, aged 212 years and with onset of symptoms
within <5 years prior to Baseline;

e CaRS-l: historical case record data from LHON patients (with molecular diagnosis), from 11
participating clinical centres; included all patients with no record of idebenone use, whose
case records were not previously included in the RHODOS or EAP datasets, where one of the
three major LHON-causative mutations was carried, where the date of onset of symptoms in
the first affected eye was known and where Presentation was <24 months of Onset.

e CaRS-ll: historical case record data from LHON patients from 20 sites located in 7 countries;
included patients aged 212 years, whose onset of symptoms dated after 1999 and was ‘well
documented’ (at least the month of the onset of symptoms was known for each eye), with at
least two VA assessments available within 5 years of onset of symptoms and prior to

idebenone use, with a genetic diagnosis for LHON for one of the following mtDNA mutations
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m.11778G>A; m.14484T>C; and m.3460G>A, with no participation in an interventional

clinical trial after the onset of symptoms.

The EAG notes that time since symptom onset is an important prognostic factor for people with
LHON. The likelihood of spontaneous recovery is greater early on, i.e. in the dynamic phase in the
disease, and the EAG notes irreversible damage to the optic nerve may be established over time,
limiting the potential for recovery for patients with longer disease durations.> Hence, the EAG has
concerns that the population in the current evidence may overestimate the treatment effect of
idebenone in the prevalent population with LHON in England, a large part of which is expected to

have disease onset > 5 years ago.

EAG clinical experts advised the EAG that genotype is also an important prognostic factor for people
with LHON. The EAG notes that the populations included in the clinical evidence were limited to
people with the 3 most prevalent genotypes m.11778G>A, m.14484T>C or m.3460G>A. However,
the EAG considers that these are representative of the vast majority of patients in England and thus

has no concerns that the treatment effect of idebenone is likely to differ.

The EAG also notes that while the population in the NICE final scope is people with LHON aged 12
years and over, patients younger than 14 years were excluded in the RHODOS RCT. However, the
EAG considers it reasonable to assume that the safety and efficacy of idebenone observed in the

clinical trials would generalise to these patients.

In the economic model, the baseline characteristics of the patient cohort were based on the
RHODOS trial. As such, a patient mean of age of 34 at baseline was assumed, with 14% of the

population being female.

2.3.2 Intervention

Idebenone (Raxone®), a short-chain benzoquinone, is an antioxidant that as outlined in Table 2 of the
CS is thought to re-activate viable-but-inactive retinal ganglion cells (RGCs) in LHON patients by
restoring cellular energy (ATP) generation.?® Idebenone has a marketing authorisation for the

treatment of visual impairment in adults and adolescents aged 12 years and over with LHON.?

This indication is consistent with the company Submission for this NICE single technology appraisal

(ID547). Idebenone is available as 150 mg film-coated tablets, and the recommended dose is 900
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mg/day (two tablets, 3 times a day), to be taken with food.?® No additional tests or investigations are

required. Patients should be regularly monitored according to local clinical practice.?®

Although the duration of treatment is not specified in the SmPC, the company has assumed that
patients would continue treatment for up to a maximum of three years. This aligns with the length
of follow-up data available from the clinical evidence. EAG clinical experts have confirmed that this is
a reasonable assumption but highlighted that patients could be reluctant to stop taking idebenone if
they have experienced a benefit from treatment and there is currently very limited evidence

demonstrating what happens after treatment discontinuation.

The EAG considers that the dosing regimen of idebenone in the RHODOS trial, the EAP and the
LEROS trial to be consistent with its marketing authorisation, with idebenone administered orally at

a dose of 300mg (2 x 150mg) three times a day (total daily dose 900mg).

2.3.3 Comparators

The comparator listed in the final scope issued by NICE was established clinical management without

idebenone, which includes:

e Visual aids;
e Occupational and low vision rehabilitation;
¢ Lifestyle management (no smoking, reduced alcohol consumption, diet that includes fresh

fruit and vegetables).

As discussed in Section 2.2, there is currently no active treatment tackling the underlying genetic
condition of LHON, and patients are currently managed with standard of care (SoC). Within this
framework, idebenone potentially presents a step change in the management of LHON. The EAG’s
clinical experts confirmed established clinical management options without idebenone match the
options listed in the NICE final scope and described in the CS; current supportive options included in
the SoC do not prevent vision loss or allow recovery of visual functioning. As such, SoC was the only

comparator to idebenone in the cost effectiveness model.

In the clinical trials and real-world evidence used to inform the CS, idebenone was compared to
placebo or no treatment but established clinical management without idebenone as described in the

NICE final scope is available to all LHON patients by default.
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2.3.4 Outcomes

The EAG notes that the company has submitted evidence relevant to each of the outcomes specified
in the NICE final scope. The clinical outcome used in the economic model is the change in a patient’s
best VA, which is applied as transition probabilities between logMAR categories for every three

months of treatment.

The EAG considers a key difference between the decision problem specified by the company and the
NICE final scope is in the endpoint considered in the cost-effectiveness analysis as the company only
included consideration of the benefit in the best-seeing eye as logMAR VA is measured in the better-
seeing eye rather than also including consideration of the benefit in the worst seeing eye as
specified in the NICE final scope. While change in best VA was not the primary outcome of the
RHODOS trial, the EAG agrees that change in best VA is the most clinically relevant outcome: the
EAG’s clinical experts highlighted that a patient’s quality of life is primarily driven by the VA of their

best seeing eye.

The EAG notes that the company has provided analyses for many outcomes both at the level of the
individual eye (e.g. change in logMAR VA of individual eyes) and at the level of the patient (e.g.
change logMAR VA of a patient’s best eye), and the EAG notes that the treatment effect of

idebenone is consistent between each level of analysis.

2.3.5 Subgroups/special considerations

The EAG notes that several baseline characteristics of people with LHON are meaningful prognostic

factors and/or treatment effect modifiers. These include:

e LHON genotype:

o Asoutlined in Section 2.2.2, the m.14484T>C genotype is associated with a milder
disease and higher probability of spontaneous recovery than the m.11778G>A and
m.3460G>A genotypes;

e Time since symptom onset:

o The EAG’s clinical experts noted that the treatment effect of idebenone could
plausibly be greater for incident patients treated before reaching nadir, although
published evidence has mostly been on patients in the dynamic/early chronic phase
of the disease;

e VA at baseline or nadir:
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o The EAG’s clinical experts noted that the long-term possibility of recovering sight
will be related to a patient’s baseline or worst VA, with meaningful recovery being
less likely for patients with worse VA at nadir. The EAG notes this subgroup was
used as the basis for a restricted recommendation for idebenone for use within NHS
Scotland: patients with LHON who are not yet blind i.e., who do not meet the UK

criteria to be registered as severely sight impaired.?”

The EAG notes that while outcome data are available for each of these subgroups (presented in
Section 3.3.4), the limited sample size within each subgroup leads to a high degree of uncertainty in

the comparisons.
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3 Clinical effectiveness

3.1 Critique of the methods of the review

The company conducted two systematic literature reviews (SLRs) which were presented in Appendix

D of the company Submission (CS):

e Aclinical SLR that aimed to identify all randomised controlled trials (RCTs) and interventional
studies reporting on the clinical efficacy and safety of idebenone and other treatments for
LHON;

e A real-world evidence SLR aiming to identify any real-world evidence reporting on the

clinical effectiveness and safety of idebenone and other treatments for LHON.

The EAG notes the SLRs were not limited by intervention or comparator, and studies of comparators
not relevant to the current appraisal were included throughout. The EAG considered all other
eligibility criteria of the SLR to appropriately reflect the final scope as issued by NICE, although
studies of no pharmacological intervention (i.e., current SoC) were excluded from the real-world
evidence SLR. The EAG is concerned that non-interventional studies were excluded from the real-
world evidence review as the comparator for idebenone in the current appraisal is no intervention.
This includes the company’s own preferred source of long-term data for the comparator cohort in
the economic model, the Case Record Survey (CaRS-I) and Case Record Survey Il (CaRS-Il), which
“were excluded from the SLR due to their non-interventional nature, which falls outside the SLR

criteria.” (CS, page 31). Table 10 provides an overview of the EAG’s critique of the company SLRs.

Table 10. Summary of EAG’s critique of the methods implemented by the company to identify
evidence relevant this appraisal

Systematic | Section of EAG’s assessment of robustness of methods

review step | CS in which

methods
are reported

Search Appendix Appropriate

Dates D1.1.3 e The primary database searches were conducted on 25 February
2022 and updated on 10 March 2023.

Data Appendix Appropriate

sources D1.1.3 e Arange of electronic databases were searched, including Embase

and MEDLINE, Econlit and a comprehensive search of EBMR;

e An appropriate range of conference proceedings were searched
between January 2019 and February 2023, detailed in Table 7 of the
CS;
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Search
strategies

Inclusion
criteria

Screening

Data
extraction

Tool for
quality
assessment
of included
study or
studies

Appendix
D1.1.3 Table
5 and Table
6

Appendix
D1.1.2

Appendix
D1.1.4

Appendix
D.1.1.5

Appendix
D1.1.5

o Nine HTA body websites were searched, and presented in Table 8 of
Appendix D;

e Ongoing trials were identified through a search of clinicaltrials.gov.
The EAG notes that separate searches of EUCTR or WHO ITPR
were not reported, but the EAG considers it unlikely any key ongoing
trails would have been missed considering the pivotal trials of
idebenone was first published in 2011. To verify this, the EAG
conducted a search of EUCTR on 20 November 2023 using the key
words “LHON” and “Optic neuropathy”. These two searches did not
identify any relevant data beyond that already identified by the
company’s SLR.

Appropriate

e The EAG considers the search strategies reported in Appendix D to
be likely to detect all studies relevant to the current appraisal.

Clinical SLR: Appropriate

o The EAG considers the eligibility criteria to be broader than
necessary to identify all clinical trials relevant to final scope issued by
NICE.
Real world evidence SLR: Large concerns

e The EAG is concerned that non-interventional studies were excluded
from the real-world evidence SLR, but the comparator in the current
appraisal is no intervention.

The EAG notes that studies not reported in the English language were
excluded from both reviews.

Appropriate

e Screening was performed by two independent reviews at both the
title and abstract, and full text, appraisal stages.

Appropriate

¢ Data were extracted by a single reviewer and checked for accuracy
by a second reviewer.

Some concerns

e The company used the NICE checklist for RCTs to assess the quality
of included RCTs, and the ROBINS-I checklist to assess the quality
of included non-randomised studies. The EAG considered these
checklists to be appropriate;

o Free-text justifications for each quality assessment decision were not
reported, which made it difficult to assess the quality and validity of
the risk of bias assessments for each study.

Abbreviations: CS, company submission; EAG, External Assessment Group; EBMR, Evidence-Based Medicine Reviews;
EUCTR, EU Clinical Trials Register; HTA, health technology assessment; ITT, intent-to-treat; NICE, National Institute for
Health and Care Excellence; RCT, randomised controlled trial; ROBINS-I, Risk Of Bias In Non-Randomised Studies - of

Interventions; SLR, systematic literature review; WHO ICTRP, World Health Organisation International Clinical Trials

Registry Platform.

In the clinical SLR, a total of 1,408 records were identified in the database searches. Following de-

duplication (n=268), exclusions of non-human (N=132) and non-English language (N=77) records, 931
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records entered the title and abstract appraisal. Of these, 162 records were selected for full-text
appraisal, and 35 records were included. A further 23 records were identified through conference
and bibliography searches, leading to 58 records from 16 clinical studies being included in the clinical
SLR. The clinical trials investigated the following interventions: idebenone (N=3); rAAV2/2-ND4 gene
therapy (N=6); EPI-743 (N=2); cyclosporine (N=1); brimonidine purite 0.15% (N=1); skin electrical
stimulation (N=1); elamipretide 1% (N=1); and visomitin (N=1). The three idebenone clinical trials

subsequently included in the CS were:

e RHODOS: a Phase 2 RCT comparing idebenone (n=55) with placebo (n=30) over 24 weeks of
treatment. An observational follow-up visit (RHODOS OFU) was available for N=58 patients,
a median of 30 months after the RHODOS Week 24 visit. RHODOS was conducted at sites in
England, The Netherlands and Germany;®

e LEROS: a Phase 4 single arm study of idebenone (n=181) over a 24-month treatment period.
An observational natural history cohort (n=372) was constructed for comparison. LEROS was
conducted across 11 countries, including England, Wales, the USA and eight EU nations;°

e UMINO000017939: a single arm clinical trial of idebenone (n=57) over 24 weeks of treatment.

UMIN000017939 was conducted in Japan.3!

In the real-world evidence SLR a total of 1,490 records were identified in the database searches.
Following de-duplication (n=286), exclusions of non-human (N=81) and non-English language (N=78)
records, 1,045 records entered the title and abstract appraisal. Of these, 249 records were selected
for full-text appraisal, and 28 records were included. A further 8 records were identified through
conference and bibliography searches, leading to 36 records from 22 real world evidence studies
being included in the real-world evidence SLR. Twenty of these studies were studies of idebenone
alone (N=18) or in combination with vitamin therapy (N=2), one study examined rAAV2 ND4 gene
therapy, and one study was of low vision devices. Following clarification, two further studies that
were originally excluded from the SLR were re-included, but were not deemed relevant to the CS.
The company’s updated PRISMA diagram is presented in Figure 3 of Appendix 1 of the company

response to clarification.

At clarification, the company stated they considered studies from the real-world evidence SLR for
inclusion in the economic modelling based on “various factors such as geographical population,
gender proportion, study design, intervention type, and sample size”. From this, the Expanded

Access Programme (EAP) was identified as “the most robust, being the only multicentre study with

B MJ TAG PAGE 38

Copyright 2024 King's Printer and Controller of HMSO. All rights reserved.



UK patients and one of the largest sample sizes.” Reasons for the exclusion of other real-world
evidence studies of interventions for LHON were presented in Table 2 of the clarification response.
The EAG agrees that the EAP is the most relevant real-world data source of the identified studies.
While the EAG considered it plausible to exclude studies such as Van Everdingen 2022,%2 a
retrospective multicentre study of idebenone in the Netherlands, could contain relevant data, the
study did not report the individual participant transition probabilities between logMAR states that

would be required for inclusion in the economic model.

While only one study was identified in the real-world evidence SLR, the company used data from

three real world evidence sources in the economic modelling:

e Expanded Access Program (EAP): a retrospective analysis of 111 patients treated with
idebenone. Records associated with the EAP were included in the real-world evidence SLR.
The EAP was conducted in sites from the UK, Germany, Australia, New Zealand, Poland,
Sweden, Spain, Turkey, Switzerland and the USA, and included patients with an onset of
vision loss less than 12 months prior to initiating with idebenone only;

e (Case Record Survey (CaRS-1) and Case Record Survey Il (CaRS-1l): retrospective, observational
studies of medical records of patients with a genetically confirmed diagnosis of LHON. Both
were international studies, and the company explained that only results from the CaRS-I
study were available at the time of the submission. The company provided the CSR for CaRS-
Il following the EAG’s clarification questions. CaRS-I reported natural history data for 106
LHON patients;3* CaRS-Il reported natural history data for 219 patients.?®

e PAROS: a post-authorisation safety study with idebenone due to be published in Q2 2024.
Upon request from the EAG, the company provided the clinical study report (CSR) of PAROS,

although the EAG notes that data from PAROS are not included in the CS.3®

3.2 Critique of trials of the technology of interest

In the CS, three studies were presented containing evidence of the clinical efficacy and effectiveness
of idebenone. The RHODOS RCT (N=85) comprised the main source of clinical evidence for the
efficacy of idebenone up to 6 months (24 weeks),*” whereas the LEROS Phase IV clinical trial (N=199)
and EAP (N=111) provided data on the long-term effectiveness of idebenone for LHON.3® 3 Data
informing the disease course of LHON under established clinical management were presented up to
6 months from the placebo arm of RHODOS, and longer-term data were presented from CaRS-I and

CaRS-lI: retrospective, observational natural history studies of patients with LHON.3% 3> The EAG now
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presents a critique of the design and conduct of RHODOS, LEROS, the EAP and the CaRS-I and CaRS-II

natural history studies.

3.2.1 RHODOS

RHODOS (NCT00747487), was a randomised, double-blind, placebo-controlled multicentre phase Il
trial, evaluating the efficacy and safety of idebenone in adolescent and adult patients aged 214 to
<65 years with impaired VA in at least one eye due to LHON with onset of visual loss <5 years and a
confirmation of diagnosis by identification of either m.11778G>A, m.14484T>C or m.3460G>A LHON
mtDNA mutations. A single observational follow-up visit at median time of 30 months (range: 20.9 to
42.5 months; 131 weeks) was performed providing further follow-up data from N=58 participants of
the original RHODOS trial. This included patients who previously participated in the RHODOS trial in
both the idebenone and placebo arms, but who were not expected to receive idebenone treatment

following the completion of RHODOS.

The EAG considered RHODOS to be a high quality RCT with appropriate randomisation, and blinding
procedures. However, the EAG notes it was a phase Il design with a relatively small population of
people at various stages of disease progression and with a short follow-up providing limited

evidence on the long-term effect of idebenone therapy. Thus, results should be treated with caution.

The EAG’s assessment of the design, conduct, internal validity of the RHODOS trial is presented in
Table 11 below.

Table 11. EAG’s summary of the design, conduct and analysis of RHODOS

Aspect of trial Section of CS EAG’s critique
design or conduct | in which

information is

reported
Randomisation Section B.2.3.1 Appropriate
in CS and Patients were randomised in a 2:1 ratio to idebenone 900mg/day

RHODOS CSR  (n=55) or placebo (n=30). Randomisation was stratified by disease
history (disease onset more or less than one year prior to
randomisation) and by mutation type (m.11778G>A, m.3460G>A
and m.14484T>C).

Concealment of RHODOS CSR Appropriate
treatment allocation In the CSR is specified: the randomisation procedure was

centralised I
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Eligibility criteria

Blinding

Baseline
characteristics

Dropouts

Outcome
assessment

BM) TAG

Section
B.2.3.1.1in CS

Section B.2.3.1
in CS

Section
B.2.3.2.2in CS

RHODOS CSR

Section
B.2.3.3.2

Appropriate but limited to people with onset of vision loss <5
years prior to baseline.

Full details of the eligibility criteria for the RHODOS trial population
are available in the CS Table 6. Key inclusion criteria were:

e Age = 14 years and <65 years;
e Impaired VA in at least one eye due to LHON;

e  Onset of visual loss due to LHON was 5 years or less prior to
baseline;

e  Confirmation of either m.11778G>A, m.14484T>C or
m.3460G>A LHON mtDNA mutations at >60% in blood;

e no explanation for the visual failure besides LHON.

The EAG notes that a considerable proportion of the prevalent
LHON population in England will have LHON onset > 5 years ago.
Hence, RHODOS trial population may not be representative of the
whole spectrum of LHON patients likely to be eligible for idebenone
in UK clinical practice.

Appropriate
RHODOS was a double-blind, placebo controlled RCT with
patients and any people involved in the study (including

investigators, site staff, sponsor, and care provider) blinded to
study treatment.

Appropriate

The EAG’s clinical experts noted that participants’ length of time
since symptom onset, their baseline logMAR as well as the
proportion of patients with onset of symptoms >1 year, suggest the
population of the RHODOS trial was most likely representative of
prevalent LHON patients at the chronic phase of the disease and
less likely the earlier subacute/acute and dynamic phases.
Appropriate

In the CSR, it is reported that “of the 85 patients randomised and
treated, 7 patients discontinued the study prematurely, 3 patients
(5.5%) treated with idebenone, and 4 patients (13.3%) treated with
placebo.” The most commonly reported reason for premature
discontinuation was withdrawal of consent (2 patients treated with
idebenone and 1 patient treated with placebo). One patient in each
treatment group was withdrawn due to adverse events.”
Considering the number of discontinuations and the reasons for
discontinuation in each group, the EAG is not concerned about the
potential impact of discontinuation in the RHODOS trial upon the
results.

Efficacy and safety: Appropriate

Health related quality of life: Some concerns

Changes in VA were measured using the Early Treatment Diabetic
Retinopathy Study (ETDRS) logMAR chart following the
prespecified clinical trial protocol. The EAG notes that || | | ] I
|
but the EAG considers logMAR measured by ETDRS charts to b

a valid endpoint.
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The primary endpoint of RHODOS was the best recovery of
logMAR visual acuity in either right or left eye; however, the EAG
considers the secondary endpoint, the change in best VA, to be the
most clinically relevant endpoint. The EAG notes that these
analyses are different analyses of the same fundamental
measurement — logMAR score.

Quality of life was assessed in RHODOS using the VF-14
questionnaire, which may have poor psychometric validity in LHON
patients (see Section 2.2).

Statistical analysis

Sample size and Section Some concerns
power B.2.4.1.2.21in The company reported that based on VA change of -0.050.3
CS logMAR in the placebo group and -0.25 +0.3 logMAR in the

idebenone group in the ITT population and with the proportion of
patients receiving idebenone and placebo of 2:1, 84 patients were
estimated to provide 80% statistical power to reject the null
hypothesis of no difference in VA change between the two groups.

No justification was provided for the VA change by Week 24 in
either the placebo or idebenone arms assumed in the power
calculation. The EAG agrees with the company’s conclusion that
24 weeks “may not have been long enough to fully assess the
benefit of idebenone” and considers it likely that a larger sample
size with a longer follow-up would be required to allow for a
minimum clinically important change in VA to be detected.

Handling of missing  Section Reasonable
data B.2.4.1.2.3.in Missing data were handled using a Mixed-Model for Repeated
Cs Measures (MMRM), assuming data are missing at random. This

utilised the observed data to make inferences based on the
multivariate normal distribution, with parameters estimated from the
available data.

Analysis sets Section B.2.4.1 Some concerns

in CS The ITT population (n=82) included all randomised patients who
received at least one dose of the study medication, | NEGGzNzG

The mITT population (n=81) was the same as the ITT population,
but for VA and colour contrast analyses, one patient randomised to
placebo, who was identified as a natural history confounder due to
ongoing spontaneous recovery of vision at the time of
randomisation was excluded.
The EAG is concerned that the exclusion of the patient that was
considered a natural history confounder in the mITT population
biases the efficacy results in favour of idebenone.
Abbreviations: CS, company submission; CSR, clinical study report; EAG, External Assessment Group; ETDRS, Early
Treatment Diabetic Retinopathy Study; ITT, intent-to-treat; LHON, Leber’s hereditary optic neuropathy; logMAR, logarithm of

the minimum angle of resolution; mITT, modified intent-to-treat; MMRM, Mixed-Model for Repeated Measures; RCT,
randomised controlled trial; VA, visual acuity VF, visual function.
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3.2.2 RHODOS-OFU

In RHODOS-OFU,* the long-term follow-up study of RHODOS, patients (n=58) previously randomised
to idebenone (n=39) or placebo (n=19) in RHODOS (as described in Table 11), received no treatment.
However, there were five patients from the total efficacy population (three from the idebenone
group and two from the placebo group) who reported use of idebenone between Week 24 of
RHODOS and the RHODOS-OFU single visit (median 30 months, range: 20.9 to 42.5 months). The
dose used was not provided in all cases, although three patients reported the use of 900 mg/day.
The sub-population recruited to RHODOS-OFU was representative of the RHODOS study population
and there were no significant differences with the original RHODOS cohort. However, the EAG notes
that the number of patients included in the RHODOS-OFU visit was lower than that included in the
original RHODOS trial and the proportion of patients from the original sample included in RHODOS-
OFU also differed between the idebenone (73.6%) and the SoC (65.5%) groups. Thus, the EAG has
concerns this may indicate selection bias in the inclusion of patients in the RHODOS-OFU trial,
considering that patients responding to treatment in the RHODOS trial would be more likely to
complete the trial and be willing to participate in the RHODOS-OFU. As a result, the EAG notes that
potential selection bias in the RHODOS-OFU visit data favouring idebenone, may overestimate the

long-term treatment effect of idebenone compared to SoC (See Section 3.4.4.).

3.2.3 EAPand LEROS

The EAP and LEROS studies provide data on the clinical effectiveness of long-term treatment of

LHON with idebenone.

The EAP (N=111) was an open-label, multicentre retrospective, non-controlled analysis of long-term
VA and safety in LHON patients treated with idebenone (treatment duration up to 36 months) with
onset of vision loss in the second eye less than 12 months prior to the date of the baseline visit.
Follow-up time in the EAP ranged between 2.4 and 70.4 months. Patients were seen and followed up
after initiating of treatment with idebenone, according to local practice. VA assessments were

conducted at regular (generally 3-monthly clinical visits).

LEROS (N=199) was an external natural history controlled open-label, phase IV intervention study

assessing the efficacy and safety of long-term treatment with idebenone in adolescent and adult
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patients with LHON. LEROS had a 24-month treatment period with visits taking “place at Month 1,
Month 3, Month 6, Month 9, Month 12, Month 18 and Month 24”.

The EAG presents a critique of the design and conduct of the EAP and LEROS trial in Table 12, for the
idebenone treated patients. The EAG provides a separate critique of the natural history matched-
controlled analyses from LEROS, the only statistical analyses presented by the company comparing

long-term idebenone treatment with SoC, in Section 3.4.
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Table 12. EAG’s summary of the design, conduct and analysis of EAP and the LEROS trial

Aspect of trial LEROS
design or conduct

Randomisation,
blinding and
concealment of
treatment allocation

Eligibility criteria

Baseline
characteristics

N/A

Given the EAP was a real-world, open-label non-controlled analysis,
there was no randomisation procedure and blinding, and concealment
of allocation were not applicable.

Appropriate but not representative of prevalent population eligible
for idebenone in UK clinical practice.

Full details of the eligibility criteria for the EAP population are available
in B.2.3.5.2 in the CS and the EAP CSR. Key inclusion criteria were:

e A confirmed mtDNA LHON mutation;

e Onset of symptoms in the most recently affected eye within 1
year before enrolment.

Since the EAP was restricted to patients with onset of vision loss of less
than 12 months in the most recently affected eye, the EAG notes it
included a population at an earlier stage of disease progression, than
RHODOS, LEROS and the prevalent population in England. Thus, the
EAG considers EAP patients to be more representative of the incident
population of patients with LHON but not the prevalent population
forming a large part of clinical practice in the UK.

Appropriate but reflective of an incident population with LHON

The EAG considers the baseline characteristics of the EAP to reflect a
LHON population in the acute and dynamic phase of LHON, but not the
chronic phase. Further discussion of the baseline characteristics of
each trial are provided in Section 3.2.5.

BMJ TAG

N/A

Given LEROS was a natural history controlled study of patients treated
with idebenone with no enrolled comparator group, there was no
randomisation procedure and blinding, and concealment of allocation
were not applicable.

Appropriate

Full details of the eligibility criteria for the LEROS trial population are
available in Appendix M, Table 2. Key inclusion criteria were:

e Impaired VA in affected eyes due to LHON;

e No explanation for visual loss besides LHON;

e Age =12 years;

e  Onset of symptoms < 5 years prior to baseline.

Confirmation of either m.11778G>A, m.14484T>C or m.3460G>A
LHON mtDNA (for the Intent-to-treat population, not required for
enrolment).

Appropriate

The EAG considers LEROS to contain a mixture of patients in the
acute, dynamic and chronic phase of LHON. Further discussion of the
baseline characteristics of each trial are provided in Section 3.2.5.
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Sample size,
dropouts, and long-
term data availability

Handling of missing
data

Outcome assessment

Large concerns

The company reports that |

In the CSR it is reported that: “... | KEKGTczcz_ENINIIIIING

Considering the length of follow-up was up to 36 months, the EAG
notes a considerable proportion of patients discontinued or were lost to
follow-up with data from a limited number of patients being available
>24 months and the number of patients progressively decreasing as
treatment duration increases (see Table 13 below). The limited number
of patients with data available >24 months may limit the robustness of
any conclusions about long-term effectiveness of idebenone.

Unclear

Some concerns

Best-corrected visual acuity (BCVA) was “generally assessed using
ETDRS logMAR charts or converted from standard Snellen notation to
logMAR for analysis purposes” at 3 monthly intervals or according to the
treating physician’s normal clinical practice.

BM) TAG

Appropriate/small concerns

In the CSR it is reported that: ... | KEGKGcTczcEGNINGTGNEEEEE

Of the 199 patients enrolled in the LEROS trial, 57 had discontinued at
24 months (CSR, Figure 1).

In the CSR it is reported that for the Safety population: “| |l lEGzG

The EAG notes that this indicates a considerably larger proportion of
patients with data available overtime compared to the EAP. This has
been confirmed in the company’s response to clarification questions,
with data availability for the EAP and LEROS trial displayed in Table 13
below.

Unclear

A sensitivity analysis assessing the impact of incomplete data was
performed with a generalized linear mixed model.

In the CSR it is reported that: ‘|
e
e
e
U

Appropriate

BCVA was assessed at every visit using ETDRS logMAR charts,

following detailed standardised procedures outlined in the clinical study
protocol.
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Analysis sets

The EAG notes that the study protocol only specified that “|| | | | I
I - ¢ the mixed recording of BCVA
through ETDRS and Snellen charts likely increases the error associated
with BCVA measurements in the EAP compared to RHODOS and
LEROS. The EAG also notes that as visits could occur “according to the
treating physician’s normal clinical practice”, data missingness is at a
higher risk of introducing bias than when all visits are pre-specified.

The Safety population (n=111), including all patients enrolled who
received at least one dose of idebenone, was used for analysis of safety
information.

The Efficacy population (n=87) was a sub-population of the Safety
population, who carried one of the three major LHON-causative mtDNA
mutations, who had time since onset at baseline of less than 12 months
in the most recently affected eye, and for whom post-baseline VA
efficacy data was available. All analyses for efficacy were carried out on
the Efficacy population.

The Safety population (n=198), including patients who received
treatment with idebenone was used for the analysis of adverse
reactions.

The mITT population (n=181) included all patients enrolled in LEROS
who: were carriers of one of the three major LHON mtDNA mutations
(m.11778G>A; m.3460G>A or m.14484T>C), had received at least one
dose of the study medication and provided at least one post-baseline
VA assessment.

Apart from the Safety population, data were summarised by onset of
symptoms (<1 year or >1 year after onset of symptoms).

Abbreviations: AE, adverse events; BCVA, Best-corrected visual acuity; CSR, clinical study report; EAG, External Assessment Group; EAP, Expanded Access Program; ETDRS, Early Treatment
Diabetic Retinopathy Study; LHON, Leber’s hereditary optic neuropathy; logMAR, logarithm of the minimum angle of resolution; mITT, modified intent-to-treat; VA, visual acuity.
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Table 13. Data availability in EAP and LEROS trial (adapted from Table 9 in company’s clarification

response)

Patient . >0 >6 >12 >24
populations

EAP EP: Patients with
outcome data 87 (100.0%) 81 (93.1%) 63 (72.4%) 42 (48.3%)
available N (%)

LEROS ITT: Patients
with outcome data 196 (100.0%) 171 (87.2%) 151 (77.0%) 125 (63.7%)
available N (%)

Abbreviations: EP, efficacy population; ITT, intent-to-treat.

The EAG notes that, although long-term follow up data spanning 36 months are available from the
EAP, the number of patients for which data were available decreased with each clinic visit at a
greater rate compared to the LEROS trial, with a considerable difference in the proportion of data
available >24 months in favour of the LEROS trial. Thus, the EAG has concerns over the company’s
choice of the EAP as the preferred source of long-term effectiveness in the economic model as
despite the overall length of follow-up for the EAP being longer, the availability of data was
considerably lower. See Section 3.3.7 and Section 4.2.4 for further details of the EAG’s critique of the

company’s choice of long-term effectiveness data source.

3.2.4 CaRSs-land CaRs-I1

CaRsS-I and CaRS-1l were multi-centre, retrospective, observational, historical case record surveys of
untreated patients with genetically confirmed diagnosis of LHON, providing clinical data on the
natural progression of LHON. The studies were collecting historically documented VA data from
existing medical records from patients who were not receiving idebenone with no comparison
group, thus randomisation was not applicable. This was considered a limitation as similarly to the
EAP and LEROS trials, CaRS do not provide direct comparative evidence on long-term treatment with
idebenone compared to SoC. Comparative evidence had to be indirectly obtained through a
matched controlled analysis of a subgroup of patients from the LEROS trial matched with a natural
history group of idebenone naive patients from data from CaRS-I and CaRS-Il. See Section 3.4 for the

EAG’s critique of the company’s matched controlled analysis.

CaRS-I (n=383) collected historical case record data from LHON patients (with genetically confirmed
diagnosis), from 11 participating clinical centres; no exclusion criteria were specified, and data were

collected without pre-selection, based on participating clinical centres record-keeping practices.
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CaRS-Il (n=219) collected data from patients with a genetically confirmed diagnosis of LHON who

fulfilled the following prospectively defined inclusion criteria:

o Age>12 years;

e The onset of symptoms was dated after 1999 and was well documented (at least the month
of the onset of symptoms was known for each eye);

e At least two VA assessments were available within 5 years of onset of symptoms and prior to
idebenone use;

e Have a genetic diagnosis for LHON for one of the following mtDNA mutations: m.11778G>A,
m.3460G>A or m.14484T>C.

I the CSR of CARS-, it is noted that the
studies
N he EAG

has concerns about the robustness of data from CaRS, considering it was a retrospective review of
medical records with a large proportion of missing data and a high degree of variability in the
availability of data from different patients at different time points. Thus, reliable conclusions about

the natural course of VA changes in LHON cannot be drawn.

3.2.5 Trial baseline characteristics

The EAG noted that the baseline characteristics reported across studies included in the CS differed,
making it difficult to assess the similarity between the populations. Thus, the EAG requested that the
company provide baseline characteristics for each study consistently in a single table. In response to

the EAG’s request the company provided the following.
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Table 14. Baseline characteristics across studies (adapted from Table 7 in the company’s initial clarification response)

RHODOS CaRS | CaRS Il
Natural Natural
Idebenone Placebo
LHON Efficacy NH matched ;‘;ttl:;al history '::;ral history
o population | population comparator o uIatiim outcomes o uIa:i):Jn outcomes
Characteristic NESTS N=30 pop population =8 population
(N=53 !TT (N=29 !TT N=105 N=87 N=106 Ne 108 Neo1o
population) = population) N=74 N=219
31.9:17.4 | 41
Age, mean = SD 33.8+14.8 | 33.6+14.6 | 31.7t18.5 15.2 3211145 32.4 (15.5) 311 £ 14.6 30.0+15.0 30.0+15.0
[median] [30.0] (14— | [28.5] (14— [23.6] [24.6] [31.9] (28.0] [29.5] ('7 __75)' (26.0] (26.0]
(range) (years) 63) 66) (6.9-80.1) ' (12.1- (13.0-75.0) (6-79) (6-68) (6-68)
(6.9-80.1) 79.2)
Male, n (%) 47 (85.5) 26 (86.7) 82 (78.1%) | 71 (81.6%) | N 88 (83.0) 85 (80.2) 61 (82.4) 175 (79.9) 175 (79.9)
Age at ) 325+
ge at symptom 30.8+18.5 | 31.4+17.3 15.2 317145 | 321%154 29.8+15.0 | 29.8+15.0
onset mean + SD NR NR [23.0] 24.21(6.6 [30.4] (28] [29.5] 30.9+14.6 [26.0] [26.0]
[median] : [24.2] (6. ' ' (7 - 75) ' '
(6.6 -78.9) -78.9) (8.8 - (13.0-75.0) (6-78) (6-68) (6-68)
(range) (years)
78.2)
Age at diagnosis
. NR NR NR NR NR NR NR NR NR NR
mean = SD [median]
Race, n (%)
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RHODOS

EAP LEROS CaRS | CaRS I
Caucasian/white 53 (96.4) 30 (100) NR NR 54 (27.6) NR NR NR NR NR
Black 1(1.8) 0 NR NR 8(4.1) NR NR NR NR NR
Other 1(1.8) 0 NR NR 134 NR NR NR NR NR
' (68.4)
Mutations, n (%)
m.11778G>A 37 (67.3) 2066.7) | 61(58.1) | 54(62.1) | IR 77 (72.6) 78 (73.6) 55 (74.3) 157 (71.7) 157 (71.7)
m.14484T>C 11 (20.0) 6 (20.0) 17(16.2) | 16(184) | IR 12 (11.3) 11 (10.4) 7 (9.5) 32 (14.6) 32 (14.6)
m.3460G>A 7 (12.7) 4 (13.3) 18(17.1) | 17195 | R 17 (16.0) 17 (16.0) 12 (16.2) 30 (13.7) 30 (13.7)
Other - - 2(1.9) - [ ] - - - - -
Negative - - - - [ ] - - - - -
i Years: Years:
Months since onset of | ) o 165 | 2374164 | 100187 | 60437 | 1842158 3.445.6
vision loss, mean [5.6] 0.3x0.4 0.3x0.4 3.4+5.6
b [17.8] [19.2] [5.0] [12.3] NR [1.7] (0.7-
(3-62) (2-57) (0.9~ (0.9-16.7) | (0.3-58.3) [0.2] [0-11 3.9) [1.71(0.7-3.9)
[median] (range) 133.7) ' ' ' ' (0.0-1.9) (0.0-1.9) '
Proportion of patients
with nadir prior to NR NR NR NR NR NR NR NR NR NR
baselines, n (%)
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RHODOS EAP LEROS CaRS | CaRS I
Months since nadir at
baseline, mean + SD NR NR NR NR NR NR NR NR NR NR
[median] (range)
Patients with onset of
symptoms >1 year, n 36 (65.5) 19 (63.3) NR NR 87 (44.4) NR 8 (7.5) 2(2.7) 10 (4.6 10 (4.6)
(%)
Onset of vision loss 109
within 19 (34.5) 11 (36.7) NR NR (55.6) NR 98 (92.5) 72 (97.3) 209 (95.4) 209 (95.4)
1 year, n (%) '
Baseline logMAR distribution, n (%)
One eye logMAR Best VA: Best VA:
4 2 (6. NR NR NR NR NR NR
21.0 5(94) (6-9) 70 (66.7) 63 (72.4)
Both eyes logMAR
45 (84. 2 2 NR NR NR NR 471 27 (36. 2 (37.7 2 (37.7
21.0 (legally blind) 5 (84.9) 5(86.2) 50 (47.1) (36.5) 82 (37.7) 82 (37.7)
Both eyff('ngAR 3(5.7) 2 (6.9) NR NR NR NR NR NR NR NR
Best VA: Best VA:
One eye off-chart 11 (20.8) 3(10.3) 18 (17.1) 17 (19.5) NR NR NR NR NR NR
Both eyes off-chart 25 (47.2) 13 (44.8) NR NR NR NR 12 (11.3) 7(9.5) 19 (8.8) 19 (8.8)
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RHODOS EAP LEROS CaRS | CaRS I
Both eyes on-chart 17 (32.1) 13 (44.8) NR NR NR NR NR NR NR NR
Patients with both NR NR NR NR NR NR NR NR NR NR
eyes off-chart,* n (%)
Patients with
discordant 20 (37.7) 10 (34.5) NR NR NR NR NR NR NR NR
visual acuities, T n (%)
logMAR: mean * SD, (n)
1.61+0.64 | 1.57 £0.61 1.23 % 1.15 % 0.94 £ 0.64 0.94 + 0.64
+ + +
Best eye (53) (29) 1.16 £ 0.55 0.52 0.60 NR 0.75 + 0.61 0.62 + 0.61 (438) (438)
1.89+049 | 1.79+044
Worst eye (53) 29) NR NR NR NR NR NR NR NR
1.75+0.58 | 1.68+0.54 1.26 £
+ +
Both eyes (106) (58) NR NR 055 NR 1.03 £ 0.60 0.97 £ 0.63 NR NR

*Off-chart defined as >logMAR 1.68 (patients unable to read any letter on the chart).

1Defined as patients with difference in logMAR>0.2 between both eyes

FApplying logMAR 2.0 for counting fingers; logMAR 2.3 for hand motion; logMAR 2.6 for light perception

Abbreviations: EAP, Expanded Access Program; ITT, intent-to-treat; logMAR, logarithm of the minimum angle of resolution; NR — Not Reported; SD — Standard deviation;.
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In terms of baseline characteristics, the EAG’s clinical experts considered the population from
studies included in the CS to be broadly representative of patients seen in clinical practice. However,
they noted that patients across trials presented slightly older than the age at which patients tend to
present in clinical practice, but the EAG does not consider this likely to impact the results. A further
discrepancy was noted in the proportion of male participants in the LEROS trial, where it was -
_compared to the RHODOS, the EAP and CaRS-1 and CaRS-Il patients where the proportion
of male patients better reflected UK clinical practice. However, the EAG notes that males still
comprised the _ of patients in the LEROS trial and that sex has not been highlighted as a
prognostic factor for LHON by clinical experts or indicated in the submitted clinical evidence. Thus,

the EAG has no concerns about any potential implication of this discrepancy on the results.

The EAG notes that the range in length of time since onset of vision loss in the RHODOS (2 to 62
months) and the LEROS trial (0.3 to 58.3 months) was wide, suggesting both trials included patients
that were representative of both the incident and prevalent population of LHON. Given the range of
time since onset of vision loss and the proportion of patients with onset of symptoms >1 year
(44.4%) being close to 50%, the EAG notes the LEROS trial was representative of a mixture of
patients in the acute, dynamic, and chronic phase of LHON. However, considering most patients in
the RHODOS trial (~65%) had onset of symptoms >1 year and their baseline logMAR (>80% with
logMAR>1.0 in both eyes), the EAG considered the RHODOS patients to be more representative of
patients in the chronic phase of the disease and less likely to be reflective of patients in the subacute
or acute phase of the disease. Contrarily, based on their time since onset of vision loss, the EAG
considers the EAP and CaRS patients (within 1 year for >90% of patients) to be representative of
LHON patients in the acute and dynamic phase of the disease but not of the chronic phase. Thus, to
include patients at an earlier stage of disease progression compared to RHODOS, LEROS and the
prevalent population in England. Clinical experts advised the EAG that time since onset in the EAP
and CaRS were more reflective of time to diagnosis seen in clinical practice compared to the
RHODOS trial where participants’ time since onset indicated they received idebenone much later

than they would if it was to become available in clinical practice.

Considering the eligibility criteria for the EAP that was restricted to patients with onset of vision loss
of less than 12 months (in the most recent eye) in addition to the time since onset of the included
patients at baseline, the EAG considers the EAP and the CaRS study patients represent an incident

population with LHON and has concerns over its applicability to the prevalent population with LHON
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in England. Similarly, the eligibility criteria of the RHODOS trial limited the inclusion of participants to
people with onset of vision loss <5 years. The EAG has concerns that the population for which data
was available is of limited representativeness of the overall prevalent population in England, a

considerable proportion of which will have LHON onset >5 years.

The EAG notes the distribution of mutations was largely in line with what is seen in clinical practice
in England. However, it was noted that in the LEROS trial, the proportion of people with the
m.11778G>A mutation, was - compared to the RHODOS trial, the EAP and CaRS. EAG clinical
experts advised this mutation has the worse prognosis and a lower probability of spontaneous
recovery compared to other mutations. Thus, the EAG has some concerns about the potential
impact of a difference in the prevalence of mutations in the LEROS trial on the results. The EAG also
noted that CaRS included a considerably larger proportion of patients with m.11778G>A mtDNA
mutation compared to RHODOS, the EAP and the LEROS trial. EAG clinical experts have emphasised
this mutation has a poorer prognosis, thus the EAG is concerned about the impact of this difference
on the results and conclusions drawn about treatment with idebenone compared to the SoC using

this retrospective review of medical records.

3.3 Critigue of the clinical effectiveness analysis and interpretation

In Section B.2.6 of the company submission (CS), the company outlines results for primary and
secondary outcomes of RHODOS, RHODOS-OFU and the Expanded Access Program (EAP). While the
LEROS trial and matched natural history cohort from CaRS-I and CaRS-1l were included in the
submission, these are not focused on in the CS and were not included in the economic model due to
“heterogeneity between patient populations” (see Section 4.2.4 on the EAGs critique). However,
results from LEROS and its matched analysis were included in Appendix M to provide further
evidence of the long-term efficacy of idebenone compared to SoC (see Section 3.4 on the EAG’s

critique of the matched-controlled analysis).

While the EAG agrees that the RHODOS trial is most relevant to the decision problem population
given it was the only available RCT, the EAG raised concerns over the company’s choice to present
results for the mITT population over the ITT population, where possible for the primary efficacy
analysis. The exclusion of one patient from the placebo group, that was considered a natural history
confounder from the mITT, biases the results in favour of idebenone compared to the results from
the ITT population. Therefore, the EAG requested that the company provide results from the ITT

population. The request was fulfilled by the company and results are discussed below. While the
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EAG considers that bias is likely to be associated with results of the mITT population from the
RHODOS trial, the EAG considers it useful that these results are discussed alongside the ITT in the

present report for comparative purposes.

All outcomes specified in the NICE final scope were presented in the CS. Changes in logMAR from the
RHODOS trial, the EAP and CaRS-I and CaRS-Il (natural history cohort) were used in the economic
model by the company to inform transition probabilities. The company suggested that change in
best VA was the most important outcome to consider, being the outcome that best reflects the
impact of the disease on a patient and being the closest related to visual function in daily life. EAG
clinical experts agreed change in best VA would be the most relevant outcome from a patients’
perspective. Thus the EAG had no concerns over the choice of change in best VA over time as the
outcome used to inform transition probabilities in the economic model. Specifically, data from the
RHODOS trial informed transitions up to 6 months, while EAP data from patients in the efficacy
population (N=87) informed transitions for over 6 months for up to 36 months. Although some
patients in the EAP did provide follow-up visits post 36 months, with follow up ranging from 2.4 to
70.4 months, these occurred at variable time points and therefore could not be used to inform
transition probabilities. Also, the number of patients on treatment >24 months was moderate (e.g.
N=42; 48.3% at 24 months) in the efficacy population, and the number on treatment at 24 months
was substantially reduced to nearly half by 36 months (N=23; 26%) with only 12 patients still

receiving treatment at month 42.

3.3.1 Change in logMAR/ Change in best VA
3.3.1.1 RHODOS

In the RHODOS trial population, two analyses of changes in logMAR were presented:

e The best recovery of logMAR visual acuity in either right or left eye (primary efficacy
endpoint);

e The change from baseline in patients’ best VA.

As mentioned in Section 3.3, the EAG considers the change in patients’ overall best VA to be the
most clinically relevant endpoint, and therefore focuses on these analyses here. The results of the

primary efficacy endpoint are summarised later in Table 16.
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For the outcome of change in best VA, best VA at week 24 (best eye at Week 24) compared to best
VA at baseline (best eye at baseline). Best recovery of logMAR VA in either right or left eye between
baseline and Week 24 was reported for people with improving VA. In patients with neither eye
improving in VA between baseline and Week 24, the change in VA representing the ‘least worsening’

was evaluated as ‘best recovery’.

In the RHODOS ITT population, the difference between idebenone and SoC in the change in best VA
from baseline to 24 weeks did not reach statistical significance. In people receiving idebenone,
logMAR slightly improved with a change in logMAR of —0.035 (95% Cl: —0.126 to 0.055), which
equated to an improvement of only one letter on the Early Treatment Diabetic Retinopathy Study
(ETDRS) chart. For people receiving placebo there was a worsening of logMAR +0.085; 95% Cl: —
0.032 to 0.203, which equated to worsening of 4 letters on the ETDRS chart. The between group
difference was not statistically significant (logMAR —0.120, 95% Cl: —0.255 to 0.014); equating to a 6-
letter change (p = 0.078).

Best recovery of logMAR between baseline and 24 weeks for people receiving idebenone improved
with a mean logMAR value of —0.135 (95% Cl: —0.216 to —0.054). This equated to an improvement of
6 letters on the ETDRS chart. For people receiving placebo, the mean change from baseline also
improved, with a logMAR value —0.071 (95% Cl: —0.176 to 0.034), equating to an improvement of 3
letters on the ETDRS chart. The estimated mean difference between groups was not statistically

significant (logMAR —0.064, 95% Cl: —0.184 to 0.055); equating to a 3-letter change (p = 0.291).

Instead of the ITT population, the company presented the results of the RHODOS mITT population as
the primary efficacy results in the CS. The RHODOS mITT population used the same population as the
ITT but excluded one patient for VA data who had been randomised to placebo and was considered
a natural history confounder due to an ongoing spontaneous recovery of vision at the time of
randomisation. The EAG notes that the exclusion of one patient from the placebo group in the mITT
analysis resulted in a considerable increase of the between group difference. However, when the
analysis was based on the mITT population, the difference between treatment groups for all patients
was still not statistically significant for the outcome of best recovery of logMAR VA (difference
between groups —0.100, 95% Cl —0.214 to —0.014; p = 0.0862), corresponding to a 5-letter difference
on the ETDRS chart. Although, in the result for the change from baseline of best VA there was a
statistically significant difference between groups in favour of idebenone (logMAR -0.160, 95% Cl: —
0.289 to —0.031; p = 0.015) that corresponded to an 8-letter difference on the ETDRS chart.
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The EAG considers the results from the ITT population of RHODOS, which did not exclude any
patients, are likely to be less biased compared to the mITT. The EAG notes that the patient excluded
from the ITT population was identified as a natural history confounder due to on-going spontaneous
recovery of vision at the time of randomisation to the study and their trajectory of VA being
considered unusual compared to other patients, showing a marked improvement immediately prior
to enrolment into the RHODOS trial. However, EAG clinical experts advised the EAG that
spontaneous recovery of vision can reflect the natural progression of LHON in some patients. Thus,

the EAG considers that the patient identified as a confounder should be included in the analysis.

The EAG also notes that this patient was excluded retrospectively and any criteria for exclusion from
analysis had not been specified prospectively. Thus, the EAG considers the definition of the mITT

population to be at high risk of bias.

3.3.1.2 RHODOS-OFU

The observational, single visit, follow-up study of RHODOS, RHODOS-OFU examined change in VA in
58 of the 85 patients originally included in the RHODOS trial for a median time of 30 months (range
20.9 to 42.5 months; 131 weeks). The mean change in best VA compared the results of the current
VA with the observed VA at the original baseline and after 24 weeks of treatment in RHODOS. In
patients in the placebo group, best VA at the RHODOS—OFU visit was slightly worse than at baseline
(mean change in logMAR +0.039, corresponding to a worsening of 1 letter), whereas in the
idebenone group best VA improved (mean change in logMAR —0.134, corresponding to an
improvement of 6 letters). There was a benefit of treatment with idebenone that was maintained
during the off-treatment period of the RHODOS—OFU follow-up but the difference between
idebenone and placebo groups was not statistically significant (between group difference logMAR —
0.173, 95% Cl: —0.370 to 0.024; 8 letters; p = 0.0845). No statistical differences between groups were
observed for baseline to week 24 of RHODOS (logMAR —0.175, 95% Cl: —0.375 to 0.024; 8 letters;
p=0.0844) or week 24 of RHODOS to the OFU visit (logMAR +0.002, 95% Cl: —0.190 to 0.195; 0
letters; p=0.9819).

3.3.1.3 EAPand LEROS

The amount of data available at each timepoint from the key analysis set used from the EAP, LEROS
and CaRS differed. Of the 87 patients with outcome data available at baseline in the EAP efficacy
population, N=81 (93.1%) had data available >6 months, N=63 (72.4%) had data available>12 months
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and 42 (48.3%) had data available >24 months. The EAG notes that the availability of outcome data
over time from the LEROS ITT population was greater than the EAP. Of the 196 patients with
outcome data available at baseline, N=171 (87.2%) had data available >6 months and N=151 (77%)
had data available >12 months, and >24 months N=125 (63.7%) had data available, which indicated a

significantly larger proportion compared to the EAP efficacy population at this time point.

In the EAP, there was a slight improvement in best VA from baseline to the last visit in the efficacy
population (people who carried one of the three major LHON-causative mtDNA mutations with <12-
month onset in the most recent eye), with logMAR decreasing from 1.23 (95% Cl: —0.18 to 1.80) at
baseline to 1.19 (95% Cl: —0.16 to 1.80) at last visit.

In the LEROS trial, there was a slight improvement in best VA from baseline to 24 months in the ITT
population with a mean (SD) change in logMAR of —0.09 (0.72) in people with disease onset in the
second eye of <1 year and a mean (SD) change in logMAR of —0.19 (0.31) in people with disease

onset in the second eye of >1 year.

3.3.1.4 CaRS-l and CaRS-ll

The number of patients with outcome data available overtime from the CaRS-I natural history
outcomes population was unclear, while the availability of outcome data from CaRS-Il natural history
population reduced substantially overtime, with N=203 (92.7%) of the total 219 people with data >6
months, N=58 (26.5%) with outcome data available >12 months and N=26 (11.9%) with outcome

data available >24 months.

|
|
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Data is mean (and 95% CI) of VA data from the Natural History Population over time since Onset of
symptoms. Note: logMAR VA means and Cls calculated using logMAR 1.7 for all off-chart VA categories.

The distribution of all eyes of patients within the Natural History Outcomes Population between VA
categories of logMAR <1.0, logMAR 1.0-1.68 or logMAR >1.68 (‘off-chart’ VA) at presentation, nadir

and outcome assessment is presented in Figure 5 below.

Figure 4. Analysis by VA Category for Eyes at Presentation, Nadir and Outcome in the Natural History
Outcomes population (reproduced from Case Record Survey CSR)
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In CaRS-Il, best VA was assessed during the periods of time indicated in the Table 15 below.

Table 15. Best VA at follow-up (reproduced from Table 11.3.1 in CaRS-II CSR)

<1 year 1to2years | 2to 3years | 3to4years | 4to 5years > 5 years
(N=203) (N=58) (N=26) (N=25) (N=18) (N=37)

Best VA within 1 year follow-up (logMAR)

Mean + I I I I . .
SD

Median N I BN BN B
(Q1- | | | | | |
Q3)

Min — I B I . .
Max

Best VA within 1 year follow-up (blindness category)

off-chart I I I I I I
1.0to I I I I I I
1.68

logMAR

<1.0 I I I I . .
logMAR

Difference in Best logMAR from visit and Baseline

Mean + I I I I I I
SD

Median N I BN BN B N
(Q1- | | | | | |
Q3)

Min — I B D D S e
Max

The data used from the CaRS studies are discussed in greater detail in Section 3.4.
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3.3.2 Other Outcomes

The EAG notes that to evaluate the effectiveness of idebenone to prevent further vision loss
(stabilisation) and recover lost vision (recovery), the company defined a clinically relevant benefit
(CRB) to include clinically relevant recovery (CRR) or clinically relevant stabilisation (CRS) of visual
acuity (VA). Across trials, CRR is defined as improvement of at least logMAR 0.2 (equal to two lines of
readable letters on a logMAR chart) for patients with “on-chart” VA at baseline, or an improvement
from “off-chart” VA to at least logMAR 1.6 (equal to one line on-chart) for patients with off-chart VA

at baseline.

In the RHODOS trial, a higher proportion of patients in the idebenone group (ITT: 30.2%; n=16) than
in the placebo group (ITT: 10.3%, n=3) showed CRR from baseline, but the difference between

groups was not statistically significant (p=0.056).

In the EAP, of the 87 patients included in the efficacy population, 40 patients (46.0%) (by eyes,
67/173; 38.7%) had CRR from nadir to the last observation visit. The average magnitude of recovery,
defined based on a patients’ best recovering eye, corresponded to 22 letters (0.45 logMAR) on the
ETDRS chart at the initial observation of CRR and increased with prolonged treatment to 36 letters

(0.72 logMAR) at the last observation.

In LEROS, the proportion of eyes that achieved CRR of VA from baseline at 12 months was reported
for patients who started treatment with idebenone <1 year after the onset of symptoms compared

to eyes in the matching external natural history control group.
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The EAG has concerns about CRR relating to the extent to which it reflects the effect of treatment
with idebenone. The EAG notes the considerable proportion with CRR from nadir in CaRS-I was
achieved without receiving treatment and could therefore have been a result of spontaneous
recovery. Thus, the EAG has concerns about the extent to which CRR constitutes a good indication of

treatment effectiveness of idebenone. See Section 4.2.4 for further discussion of CRR.

3.3.3 Comparison across studies

Outcomes demonstrating change in logMAR (change in best VA, best recovery of logMAR VA in
either right or left eye, CRR) from the RHODOS trial, EAP, and LEROS discussed previously are
presented in Table 16 below. Where change from baseline scores are reported in the studies, a
positive logMAR value (showing an increasing logMAR) indicated worsening and negative logMAR

value (showing a decreasing logMAR) indicated improvement.*

Table 16. Visual acuity outcome data (adapted from Table 10 from company’s initial clarification
response)
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Outcome
(95% CI) [equivalent

Effi NH matched
Idebenone Placebo LHON population ieacy ITT Qate s
population comparator

EDTRS letters]

Final analysis time-point

[ =T =D R =

I
I
pest IogMAR at | 1.16 1.2340.52 I
baseline, mean (95% Baseline 1.61+0.64 1.57+0.61 —
o (~0.18 to 1.80) (~0.18 to 1.80) ?
]
Final I
Best logMAR at final analvsis . . 1.09+0.66 1.19+0.63 o
visit i y . (-0.18 to 1.80) (-0.16 to 1.80)
ime-point ]
I
N=70
2nd eye onset <1
year: —0.09
—-0.035 .
. Final 0.085 (-0.032 min —1.78, max 1.84
Change in best VA . (-0.126 to Data only reported for
. analysis to 0.203) — _ matd
(from baseline) . . 0.055) individual eyes
time-point [-4 letters] N=55
[+1 letter]
2nd eye onset >1
year: -0.19
min —1.24, max 0.12
Best recovery of Final
logMAR visual acuity in analvsis -0.135 -0.071 Not an outcome Not an outcome Not an outcome Not an outcome
either right or left eye . y . (-0.216 to - (-0.176 to measure measure measure measure
. time-point
(from baseline) 0.054) 0.034)
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Final
analysis
time-point

CRR (from baseline)

Final
analysis
time-point

CRR (from nadir)

Abbreviations: CRR, clinically relevant recovery; ETDRS, Early Treatment Diabetic Retinopathy Study; ITT, intent-to-treat; logMAR, logarithm of the minimum angle of

[+6 letters]

Patients:16,
30.2%

Not an
outcome
measure

resolution; NH, natural history; VA, visual acuity
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[+3 letters]

Patients: 3,
10.3%

Not an
outcome
measure

Patients: 42,
40.00%

53, 50.5%

Patients: 31,
35.63%

40, 46.0%

Eye onset < 1 year:
N=44, 40.4%

Eye onset>1 year
N=33 (32.4%)

Eye onset < 1 year:
N=53, 48.6%

Eye onset >1 years:
N=37, 36.3%
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3.3.4 Subgroup analyses

Various subgroup analyses of data had been carried out to provide additional information on the
effect of idebenone on VA: the subgroup of patients with logMAR <1 at baseline compared to
patients with logMAR 21 from the RHODOS trial; patients with disease duration 21 year and disease
duration <1 year; patients with different mtDNA mutations; and patients with discordant VA at
baseline. These were presented in Sections B.2.6 and B.2.7 in the CS. Overall, the EAG notes that due
to the rarity of LHON and the limited number of patients for each subgroup, it is difficult to draw

robust conclusions about the effect of idebenone from any of the presented analyses.

In addition, the EAG notes that disease duration (21 year vs <1 year) is a potentially problematic
dichotomisation as according to input from EAG clinical experts, it is noted that the majority of
patients may have already hit nadir within the first year of onset and a ‘nadir’ health state may also

be a prognostic factor impacting disease severity and confounding with the treatment effect.

3.3.5 Quality of life

Health-related quality of life (HRQoL) data were available from the RHODOS trial and RHODOS-OFU.
These were obtained using the Visual Function (VF)-14 tool, the Clinician’s Global Impression of
Change (CGIC) score and the visual analogue scale (VAS). As discussed further in Section 4.2.6,
HRQol data derived from the RHODOS and RHODOS-OFU trial were not used in the economic

model.

Over the 24-week follow-up of RHODOS, only small changes were observed in VF-14 and the
difference between treatment groups in change of VF-14 score was not statistically significant
(estimated mean treatment difference — 1.37; 95% Cl: —6.25 to 3.51; p = 0.577). VF-14 data were
available from 57 patients taking part in the RHODOS-OFU. The overall changes between VF-14 score
recorded during RHODOS and RHODOS-OFU were small and differences between idebenone and
placebo groups were not statistically significant. There was a small worsening in HRQoL in the
idebenone group (—1.7%), whereas there was a small improvement in the placebo group (2.4%) for
the entire period between RHODOS baseline to RHODOS-OFU (the between group difference was

not statistically significant, p = 0.205).

B MJ TAG PAGE 67

Copyright 2024 King's Printer and Controller of HMSO. All rights reserved.



Although statistical analysis on CGIC scores was not reported, at week 24 of RHODOS, 12 patients
(22.6%) in the idebenone group and 7 patients (24.1%) in the placebo group from the ITT population
had an improvement in overall CGIC scores. A total of 43 patients (81.1%) in the idebenone group
and 24 patients (82.8%) in the placebo group reported experiencing less fatigue or no change in
fatigue levels. At week 24, patients in both treatment groups reported minimally elevated energy
levels assessed by the VAS (0.37 mm for idebenone and 2.17 mm for placebo) with no statistically
significant difference between the treatment groups (estimated mean treatment difference —1.80;

95% Cl: —11.37 to 7.77; p = 0.709).

The EAG and its clinical experts partially agree with the company’s conclusion that the duration of
the RHODOS trial (24 weeks) may not have been long enough to show the treatment benefit of
idebenone. In addition, the EAG considers it likely that a larger sample size with a longer follow-up

would be required to allow for a minimum clinically important change in VA to be detected.

3.3.6 Safety

Adverse event (AE) data are available from RHODOS, LEROS, the EAP and PAROS. Few safety data
were available for placebo or untreated patients, as RHODOS was the only RCT, and safety data were

not collected in the CaRS natural history studies.

The frequency of AEs reported in RHODOS and LEROS are presented in Table 17. In RHODOS, the
proportion of patients experiencing AEs was similar between the idebenone and placebo groups. A
slightly higher proportion of participants in the idebenone arm reported nasopharyngitis
(idebenone: 25.5%; placebo: 16.7%); cough (idebenone: 10.9%; placebo: 0%); dizziness (idebenone:
5.5%; placebo: 0%); and left ventricular hypertrophy (idebenone: 7.3%; placebo: 0%). The number of
idebenone treated individuals experiencing AEs in LEROS was similar in LEROS compared to

RHODOS, with a small but expected increase in the number of investigations in LEROS, given the

longer duration of follow up.
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Table 17. Number of people experiencing at least one adverse event in RHODOS and LEROS

RHODOS LEROS

|
. debenone 900 Placebo All Subjects Idebenone 900 mg/day
N (%) subjects mg/day ,
(N=30) (N=85) (Safety Population) (N=198)
(N=55)
) . Through Visit 6 Through study completion
Timepoint . . .
(28 to 35 days after drug discontinuation) (average of 24 months)
Treatment-emergent AEs by Preferred
AE definition Treatment-emergent AEs by Preferred Term reported by at ~ Term reported by 25% patients in LEROS,
least 2 patients in either arm, MedDRA 13.0, N (%) or by at least 2 patients in a RHODOS
arm, MedDRA 24.0, N (%)
N (%) with at least 1 severe adverse event 2 (3.6) 0 2(2.4) 13 (6.6)
Cardiac disorders
Left ventricular hypertrophy 4 (7.3) 0 4 (4.7) NR
Gastrointestinal disorders
Upper abdominal pain 3 (5.5) 3(10.0) 6(7.1) 13 (6.6)
Constipation 2 (3.6) 3(10.0) 5(5.9) 2(1.0)
Diarrhoea 5(9.1) 3(10.0) 8(94) 19 (9.6)
Flatulence 0 2(6.7) 2(2.4) NR
Vomiting 4 (7.3) 2(6.7) 6(7.1) 6 (3.0)
Nausea NR NR NR 15 (7.6)
Infections and infestations
Gastroenteritis 1(1.8) 2(6.7) 3(3.5) 4 (2.0)
Influenza 6 (10.9) 3(10.0) 9(10.6) 8 (4.0)
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Nasopharyngitis 14 (25.5)

Sinusitis 1(1.8)
Investigations

Alanine aminotransferase increased 1(1.8)
Blood cholesterol increased 0
Blood creatine phosphokinase increased 1(1.8)
Blood triglycerides increased 6 (10.9)
Gamma-glutamyl transferase increased 0
Aspartate aminotransferase increased NR

Musculoskeletal and connective tissue disorders

Arthralgia 0
Back pain 4 (7.3)
Nervous system disorders

Dizziness 3(5.5)
Headache 13 (23.6)
Respiratory, thoracic, and mediastinal disorders

Cough 6 (10.9)
Oropharyngeal pain 5(9.1)
Skin and subcutaneous tissue disorders

Pruritus generalised 1(1.8)
Rash 2 (3.6)

Abbreviations: AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities.
Sources: CS Table 22; LEROS clincialtrials.gov record®
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5 (16.7)
2(6.7)

3(10.0)
2(6.7)
2(6.7)

3(10.0)

5 (16.7)

NR

2(6.7)

2(6.7)

6 (20.0)

3 (10.0)

2(6.7)
2(6.7)

19 (22.4)
3(3.5)

4(4.7)
2 (2.4)
3(3.5)
9 (10.6)
5 (5.9)
NR

2 (2.4)
6 (7.1)

3(3.5)
19 (22.4)

6 (7.1)
8 (9.4)

3(3.5)
4 (4.7)
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17 (8.6)
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5 (2.5)
10 (5.1)
14 (7.1)

3 (1.5)
9 (4.5)

5 (2.5)
37 (18.7)

12 (6.1)
14 (7.1)

NR
6 (3.0)



Limited safety data were presented from the RHODOS-OFU single visit: the CS quoted pages 69 and
70 of the EMA European Public Assessment Report of idebenone, which stated that: “Of the 60
patients included in the Safety Population of RODOS-OFU, there was one SAE of hypertensive
emergency experienced on the day of the RHODOS-OFU visit, which was over 3 years after
completing. The investigator considered this event not related to study drug received in RHODOS. No

other relevant safety findings were derived from RHODOS-OFU.”**

In PARQOS, the prospective non-interventional post-authorisation safety study of idebenone, the

following primary endpoints were measured:

e Frequency of AEs of special interest

“

e Frequency and nature of AEs and serious AEs;

e Frequency and nature of adverse drug reactions and serious adverse drug reactions.

The frequency of AEs of special interest and the frequency of AEs and serious AEs observed in PAROS
were reported in Table 11 and Table 12 of the company response to clarification, respectively. These

results are in-line with the safety findings of RHODOS and LEROS.

Safety data were also available from the EAP safety population (N=111).

_The EAG considers these data to be in line with RHODOS

and LEROS.

AEs were not included in the economic model given that most AEs experienced were considered

mild in all safety studies conducted.

3.3.6.1 EAG summary of safety data

The EAG notes the overall incidence of AEs across the idebenone clinical trial programme and real-

world evidence studies was low, and few AEs were classed as severe. For the only data set in which a
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placebo cohort were available, RHODOS, the proportion of patients experiencing AEs was similar in
the idebenone arm compared to the placebo arm, with the potential exceptions of nasopharyngitis
(idebenone: 25.5%; placebo: 16.7%); cough (idebenone: 10.9%; placebo: 0%); and dizziness
(idebenone: 5.5%; placebo: 0%). These AEs were not classed as severe, and the EAG considers that
even if the increases observed in RHODOS were observed in clinical practice, they would be unlikely

to have a meaningful impact on the cost-effectiveness of idebenone.

The EAG notes that there is an absence of long-term placebo-controlled data on the safety of
idebenone for treating LHON, but the EAG was reassured that the proportion of patients
experiencing AEs did not meaningfully increase in the longer term LEROS clinical trial and the EAP

and PAROS observational studies.

3.3.6.2 Left ventricular hypertrophy

In RHODOS, four (7.3%) idebenone patients compared to 0 (0%) placebo patients experienced left
ventricular hypertrophy. The EAG notes this was explored by the EMA in the European Public

Assessment Report, which considered that:?*

e In RHODOS, only one case of left ventricular hypertrophy was considered related to
idebenone treatment;

e All left ventricular hypertrophy events were non-serious and were reported by the same
investigational site;

e The diagnoses was not supported by clinical or ultrasound evidence;

e The incidence of ECG findings suggestive of left ventricular hypertrophy developing after
initiation of the study treatment was lower in the idebenone group (7.27%) than in the
placebo group (13.33%);

e When considering data also from research in patients treated with idebenone for
Friedreich’s ataxia, there was no demonstrated signal of any ECG abnormality in heart rate

for individuals treated with idebenone.

The EAG further notes that left ventricular hypertrophy was not reported as an observed AE in
LEROS, PAROS, or the EAP. The EAG, therefore, considers it unlikely that idebenone is related with

the development of left ventricular hypertrophy in people with LHON.
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3.3.7 Discussion of clinical effectiveness evidence

As discussed further in Section 4.2.4, the EAG has concerns over the preference of the EAP over the
LEROS trial data to inform the clinical and cost-effectiveness of idebenone beyond 6 months (6 to 36

months).

The company argues that the EAP should be preferred over LEROS due to heterogeneity in the
proportion of males between the LEROS trial -and the RHODOS trial (85.9%) that was used to
inform the clinical and cost-effectiveness of idebenone for the first 6 months of treatment. The EAG
notes that although the proportion of males was more comparable between the RHODOS trial and
the EAP (82%), males in the LEROS trial still constituted _patients. Taking this into
consideration in addition to that it is unclear if sex is a prognostic factor impacting disease severity,*
and that there was no substantial difference in outcome data between the LEROS trial, the RHODOS

trial and EAP, the EAG has concerns over the rationale for the company’s preference for the EAP

over LEROS.

The EAG notes that the genetic mutation distribution of the RHODOS trial population consisting of
people carrying three mutations (m.11778G>A [67.3%], m.14484T>C [20%], m.3460G>A [12.7%])
was more aligned with the EAP population compared to LEROS population, which consisted of
patients from a wider range of LHON mutations (m.11778G>A -m.14484T>C [-m.34606>A
[IlINecative [llother [ than the EAP study (m.11778G>A [62.1%], m.14484T>C [18.4%]
m.3460G>A [19.5%]).

In addition, the EAG notes that the EAP provides more longer-term data for up to 36 months
compared to the LEROS trial with data for up to 24 months, but that these data are limited with
LEROS (N=199) providing data for a larger data set than the EAP (N=87), potentially making it a
better choice to inform the long-term effectiveness of idebenone. The EAG also notes that time
since onset in the RHODOS and LEROS trial is comparable (<5 years) but differs in the EAP including
patients with onset of vision loss in the second eye less than 12 months. EAG clinical experts agreed
that time since onset is an important prognostic factor for that can impact treatment effectiveness.
The EAG’s concerns over the difference in time since onset between the data sets also include the
greater chance of spontaneous recovery present during the first year of onset as highlighted by the

clinical experts, which could introduce further bias in the interpretation of the results.
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3.4 Critique of the indirect comparison treatment comparison

3.4.1 Trials informing the indirect treatment comparison

A direct head-to-head comparison of idebenone and SoC for 6 months of treatment is available from
the RHODOS trial. After this, no RCT data comparing long-term treatment with idebenone and SoC
are available. In the company base case, the long-term treatment effects of idebenone and SoC are
modelled using two unmatched populations: the EAP population for idebenone and the CaRS-I and
CaRS-Il natural history (NH) populations for SoC. Such a comparison is at high risk of bias due to
imbalances in prognostic factors between patients in the EAP and the CaRS studies, for example,

differences in the prevalence of each major three mutation type (Section 3.2.5).

The EAG considers that matching the idebenone and SoC cohorts would provide a less biased
method to model the long-term treatment effect of idebenone compared to SoC, but notes no
matched control analyses were provided in the original CS. Following a request by the EAG at the
clarification stage, the company provided a propensity-score matching (PSM) analysis of changes in

patient’s best visual acuity between LEROS and CaRS-I and CaRS-Il at Month 24.

3.4.2 Statistical methods

The company’s PSM analyses compared LEROS ITT patients at 24 months with SoC CaRS-I and CaRS-ll
SoC patients. The following prognostic factors were included in the calculation of the propensity

score:

o Sex;

e Age at first symptom onset;

e Genotype;

e Months since the most recent symptom onset;
e Months since first symptom onset;

e Number of symptomatic eyes at baseline;

e Baseline logMAR for the left eye; and

Baseline logMAR for the right eye.

Rather than matching patients at baseline and then including all subsequent follow-up visits in the
analysis, the PSM analyses were conducted using a single baseline and 24-month visit window only.

The following process was conducted to match patients:

B MJ TAG PAGE 74

Copyright 2024 King's Printer and Controller of HMSO. All rights reserved.



o Asubset of NH patients from CaRS-I and CaRS-Il were selected who had a pair visits 24
months apart (within a window of 3 months) — matching the “baseline” and 24-month visit
in LEROS. This created a total sample of 84 patients with 270 potential visit pairs 24 months
apart for matching;

e Through PSM, 68 of the 84 available NH patients to be matched to 68 of 125 LEROS ITT

patients.

PSM was conducted using a nearest neighbour approach with a calliper width of 0.2 time the

standard deviation of the logit of the PS. The PSM analyses were implemented in SAS 9.4.

The baseline characteristics of the matched patients are displayed in Table 18.

Table 18. Baseline characteristics of idebenone treated patients (LEROS ITT) matched to SoC treated
patients (CaRS-I and CaRS-Il).

Matched SoC (CaRS) Matched Idebenone

Baseline Characteristic N (LEROS)

N =68

Gender

Female 11 (16.2%) 15 (22.1%)

Male 57 (83.8%) 53 (77.9%)

Genotype

m.11778G>A 40 (58.8%) [

m.3460G>A 14 (20.6%) [

m.14484T>C 9 (13.2%) I

Other 5(7.4%) [ ]

Age at 1st symptom onset

Mean + SD 26.2+15.3 29.7+13.6

Median (Q1-Q3)

Eyes affected at baseline
1

2

Months since 1st symptoms onset

Mean £ SD
Median (Q1-Q3)
Min - Max

Months since most recent symptoms onset

Mean £ SD
Median (Q1-Q3)

BM) TAG

21.0 (15.5 to 36.5)

0 (0.0%)
68 (100.0%)

18.2422.3
13.2 (5.5 to 21.4)
0.0 to 134.1

17.1£21.9
11.3 (4.1 to 20.4)

26.7 (19.1 to 39.1)

4 (5.9%)
64 (94.1%)

18.1+16.6
11.8 (6.1 to 23.8)

0.3t058.3

16.3£16.5
9.4 (4.6 to 23.5)
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Min - Max 0.0 to 134.1 0.0to0 57.6
Baseline best VA logMAR

Mean = SD 1.19+£0.53 1.16+0.60
Median (Q1-Q3) 1.30 (0.90 to 1.80) 1.31 (0.69 to 1.65)
Min - Max -0.20 to0 1.80 -0.1210 1.80

Baseline best VA

Light Perception 0 (0.00%) 1(1.47%)
Hand Motion 4 (5.88%) 6 (8.82%)
Counting Fingers 13 (19.12%) 9 (13.24%)
logMAR >= 1.3 and < 1.7 20 (29.41%) 20 (29.41%)
logMAR >= 1.0 and < 1.3 13 (19.12%) 9 (13.24%)
logMAR >= 0.6 and < 1.0 10 (14.71%) 9 (13.24%)
logMAR >= 0.3 and < 0.6 4 (5.88%) 4 (5.88%)
logMAR < 0.3 4 (5.88%) 10 (14.71%)

Abbreviations: ITT, intention to treat; logMAR, Logarithm of the minimum angle of resolution; NH, Natural history; Q,
Quartile; SD, Standard deviation; SoC, standard of care; VA, Visual acuity

Source: Company response to clarification Table 5.

The EAG considers the baseline characteristics of matched cohorts to be reasonably balanced, and
considerably less imbalanced than the original unmatched samples (Section 3.2.5). The EAG notes

two small remaining imbalances in patient baseline characteristics:

o The age of first symptom onset is younger for the SoC cohort than the idebenone cohort,
which is likely associated with a greater probability of spontaneous recovery in the SoC
cohort;

e The prevalence of the milder T14484C genotypes is slightly higher in the idebenone cohort
than the SoC cohort, which is likely associated with a greater probability of spontaneous

recovery in the idebenone cohort.

The company implemented two analysis of covariance (ANCOVA) models to perform a comparison
of change in best logMAR VA between matched idebenone and SoC patients. The first model
included all patients and had treatment as a sole predictor. The second model included treatment,
genotype and a treatment-by-genotype interaction as predictors, and limited the analysis population

to patients with one of the three major genotypes.
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3.4.3 LEROSITT vs CaRS-1 and CaRS-1l ITC results at 24 months

Full results of the PSM comparison between LEROS and the CaRS studies are presented in the
company response to clarification question A2. Here, the EAG focuses on the most relevant outcome

for the economic model, change in best logMAR VA.

The results of the change in best logMAR VA model with treatment as a single predictor are
presented in Table 19. There was no statistically significant difference in the change in best logMAR
VA at 24 months between idebenone, —0.13 (95% Cl: —0.27 to 0.02), and matched NH controls, —0.11

(95% Cl: —0.26 to 0.04), with similar point estimates and confidence intervals between the groups.

Table 19. PSM analysis of change in best VA at 24 months between idebenone treated patients
(LEROS ITT) matched to SoC treated patients (CaRS-I and CaRS-Il). Adapted from company response
to clarification Table 8.

Change in best VA at 24 months,
Treatment logMAR LS-Means p-value

LS-Means (95% ClI)

Idebenone —-0.13 (-0.27 to 0.02) 0.097
SoC —0.11 (-0.26 to 0.04) 0.152
Difference —0.02 (-0.23 to 0.19) 0.871

ANCOVA with treatment as covariate

Abbreviations: Cl, Confidence interval; ITT, intention to treat; LS, Least squares; logMAR, Logarithm of the minimum angle
of resolution; SoC, Standard of care; VA, Visual acuity

Source: Company response to clarification Table 8

Table 20 presents the results of the alternative change in best logMAR VA model with treatment,
genotype and a treatment-by-genotype interaction as predictors, and the limited analysis population
to patients with one of the three major genotypes. Conditional on genotype and the interaction
between genotype and treatment, there was no statistically significant difference in the change in
best logMAR VA at 24 months between idebenone, —0.14 (95% Cl: —0.29 to 0.02), and matched NH

controls, —0.24 (95% Cl: —0.41 to —0.07), although the point estimate numerically favoured SoC.

Table 20. PSM analysis of change in best VA at 24 months between idebenone treated patients
(LEROS ITT, major 3 genotypes only) matched to SoC treated patients (CaRS-I and CaRS-Il). Adapted
from company response to clarification Table 9.

Change in best VA at 24

Treatment Major 3 genotypes months, logMAR LS-Means p-value
LS-Means
Idebenone _ —0.14 (-0.29 to 0.02) 0.085
NH B -0.24 (~0.41 to -0.07) 0.007
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Difference _ 0.10 (-0.13 10 0.34) 0.381
Idebenone G11778A —-0.07 (-0.25t0 0.11) 0.436

Idebenone G3460A 0.17 (-0.13 to 0.46) 0.263
Idebenone T14484C —-0.50 (-0.82 to -0.19) 0.002
NH G11778A 0.07 (-0.11 to 0.25) 0.471
NH G3460A —0.30 (-0.61 to 0.00) 0.049
NH T14484C —0.48 (-0.86 to —0.10) 0.013
Difference G11778A —0.14 (-0.39t0 0.12) 0.289
Difference G3460A 0.47 (0.05 to 0.89) 0.029
Difference T14484C —0.02 (-0.52 t0 0.47) 0.923

ANCOVA with treatment and mutation as covariates type 3 test of fixed effects p-values:
e  Treatment p = 0.381
. Genotype p = 0.028
e  Treatment*Genotype p = 0.534

Abbreviations: Cl, Confidence interval; ITT, intent-to-treat; LS, Least squares; logMAR, Logarithm of the minimum angle of
resolution; NH, Natural history; VA, Visual acuity

Source: Company response to clarification Table 9

An analysis of the subgroup of LEROS ITT patients matched to CaRS patients in the subacute phase of
LHON, defined as only those visits where the most recent symptom onset occurred within the last
year, was also presented in the company response to clarification question A2. The EAG notes the
result of this smaller sample analysis was in-line with the full population: no statistically significant

differences between idebenone and SoC in the change in best logMAR VA at Month 24.

3.4.4 EAG critique

The results of these PSM analyses do not provide strong evidence of a clinically meaningful long-
term treatment benefit of idebenone over SoC for the treatment of LHON, and the company did not

provide a detailed interpretation of the results of the PSM analyses. The EAG notes that:

e The PSM analysis is currently the only available matched cohort analysis of the effects of
long-term idebenone treatment compared to SoC;

e These data do not provide strong evidence of a clinically meaningful long-term treatment
benefit of idebenone over SoC for the treatment of LHON;

e There are several limitations to the PSM analysis — which was conducted over a short time
frame during the clarification stage — but the EAG considers the analysis to be reasonably

unbiased;
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e The face validity of the point estimates of a negligible (Table 19) or negative (Table 20) long-
term treatment benefit of idebenone over SoC may be low, and suggests this PSM analysis
underestimates the long-term treatment effect of idebenone, despite being considered by
the EAG as the most appropriate analysis of the comparative effectiveness of long-term

idebenone treatment compared to SoC that is currently available.

The EAG completed a quality of effectiveness estimates from non-randomised studies (QUEENS)
checklist for the PSM analyses, which is presented in Appendix 8.1.%* The EAG notes that several
areas highlighted as lower quality for the PSM analyses, such as comparing different analysis
methods, were likely infeasible during the 4-week window the analyses were conducted. The EAG is
most concerned that only a limited amount of CaRS follow-up data were included in the analyses by
choosing to only analyse a single visit pair, rather than all available data, for SoC patients. The EAG
also notes that this prevented the data from the matched-control analysis being used in the

economic model, as the company explained in response to further clarification:

“The company [performed] the matching algorithm for individual patients as per the request
for A2, however the per cycle transition counts cannot be derived as the same patient will not
be followed over the trial duration and therefore, their movement across health states
cannot be accurately captured (matching algorithm was performed de novo at each time
point, implying that different patient subsets from the CaRS trial were included at each

timepoint).”

The EAG’s preferred approach would have been to match patients between LEROS and CaRS at
baseline and use all available follow-up data in analysis. The EAG considers that, since the median
time between visits was 11.7 months in CaRS, restricting the analysis set to visit pairs 24 months
apart likely does not make best use of the available data. Nevertheless, at the current time, the PSM
analysis presented in the company’s response to clarification is the only available long-term
matched-control comparison of changes in patients’ best logMAR VA over time between idebenone
and SoC, which does not provide strong evidence of a clinically meaningful long-term treatment

benefit of idebenone over SoC for the treatment of LHON.

The EAG notes that a single long-term follow-up datapoint is available from N=58 participants from
the RHODOS trial in the OFU visit, presented in Section 3.3.1.2. This provides data on the long-term

outcomes of people previously treated with idebenone (for 6 months) compared to SoC for a
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duration of 6 months only, up to Week 132. These data are reproduced in Figure 6. Through Week
132, the estimated difference in best VA between patients treated with 6 months of idebenone
compared to SoC was -0.173 (95% Cl: -0.370 to 0.024), equivalent to 8 ETDRS letters. This difference

was not statistically significant (p = 0.0845). The EAG notes that:

e The RHODOS RCT and OFU data are more consistent with a positive long-term treatment
effect of idebenone compared to SoC compared to the PSM analyses;

e The RHODOS OFU visit data may slightly overestimate the long-term treatment effect of 6-
months of idebenone treatment compared to SoC due to a selection bias at patient entry
favouring idebenone:

o Inthe full RHODOS RCT ITT population, the between group difference (idebenone —
SoC) at Week 24 was -0.120 (95% Cl: —0.255 to 0.014), equivalent to 6 ETDRS letters;

o Inthe subgroup of patients comprising the RHODOS OFU population, the between
group difference (idebenone — SoC) at Week 24 was —0.175 (95% Cl: -0.375 to
0.024), equivalent to 8 ETDRS letters. That is, the patient population entering the
RHODOS OFU visit had a larger treatment effect at Week 24 than the ITT population

from which it was sampled.

Figure 5. Change in visual acuity over time for the best visual acuity (logMAR), RHODOS OFU cohort
(Reproduced from CS Figure 15)
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Data are estimated means + SEM from MMRM, based on the change from baseline (in weeks) and plotted for the
two treatment groups as defined in the RHODOS study. No treatment was given between Week 24 and Week
131. Worsening/improvement of visual acuity is indicated as positive/negative values in change of logMAR. A
difference of logMAR 0.1 corresponds to five letters or one line on the Early Treatment Diabetic Retinopathy
Study chart. The P-values are given for the difference between treatment groups.

Source: Reproduced from CS Figure 15. Klopstock T et al, 2013 (19)

Abbreviations: logMAR, Logarithm of the minimum angle of resolution; MMRM, Mixed-model of repeated
measures; SEM, Standard error of the mean; VA, Visual acuity

Hence, at the time of the EAG report, the EAG notes three available approaches to modelling the

long-term treatment effect of idebenone vs SoC:

e A PSM analysis of LEROS and the CaRS studies that does not provide strong evidence of a
clinically meaningful long-term treatment benefit of idebenone over SoC for the treatment
of LHON, but is the only source of matched-control data for patients treated with idebenone
for > 6 months;

e The RHODOS OFU visit, providing data on the Week 132 outcomes of patients previously
treated with idebenone or SoC for 6 months, followed by SoC for both treatment arms up to
Week 132; and

e An unmatched comparison of the EAP or LEROS and the CaRS studies, employed in the
current company base case, that is at high risk of bias due it being a naive comparison with

imbalances in prognostic factors between patient cohorts.

The EAG notes that a matched-control analysis of individual eyes between LEROS and CaRS-I and
CaRS-ll patients was presented in the LEROS CSR, and summarised in the CS Appendix M. As
highlighted in Clarification Question A1, the EAG did not consider this analysis appropriate to inform
a cost-effectiveness analysis of idebenone as the analysis focused on outcomes within individual
eyes, rather than at the more relevant level of the individual patient. Moreover, the EAG noted in
Clarification Question Al (f) that the “matching” procedure only matched CaRS patients’ visit pairs
times to the average time since onset of symptoms at baseline calculated for LEROS. The EAG does
not consider that this procedure matches patients on key prognostic factors, such as LHON genotype
baseline VA, and is therefore at high risk of bias. The EAG notes that the PSM analyses provided at
the individual patient level follows a similar approach to the “by eye” analysis originally presented,

but also matches patients based on these key prognostic factors.
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3.5 Conclusions of the clinical effectiveness section

The EAG concludes that although the RHODOS trial provided randomised controlled evidence on the
efficacy of idebenone compared to standard of care (SoC) for up to 6 months (24 weeks), evidence

on the long-term effects of idebenone has been limited.

No RCT data comparing long-term treatment with idebenone and SoC are available as evidence has
been limited to observational data with inherent limitations such as the open-label and uncontrolled
nature of the data collection in the EAP, the retrospective analysis of patient records in the CaRS
studies and the considerable loss of data during follow-up across sources of data. Long-term
effectiveness beyond 6 months was modelled using two unmatched populations: the EAP population
for idebenone and the CaRS-I and CaRS-Il natural history populations for SoC. The analysis used to
inform on the long-term efficacy and effectiveness of treatment with idebenone is considered by the
EAG to be inadequate due to imbalances in prognostic factors in the study populations such as the
prevalence of different mutation types and at high risk of bias. Therefore, the long-term efficacy of

idebenone remains uncertain.

Further uncertainties arise in the interpretation of long-term evidence from the RHODOS-OFU trial,
which was based on a single visit (approximately 30 months after completion of the RHODOS trial),
where patients had not been receiving further treatment with idebenone between the completion
of RHODOS and their follow-up visit. Although improvements in VA observed for idebenone and
placebo after a mean time of 30 months (2.5 years) from week 24 of the RHODOS trial, suggested
the benefit of 6 months treatment with idebenone is maintained after treatment is stopped, the lack
of intermediate data collection between the end of RHODOS and OFU visit led to uncertainties in the

interpretation of results.

Moreover, the EAG notes that overall, in the current evidence, efficacy of idebenone has been
documented for up to 5 years after onset and this is highlighted in the CS, with the EAP only
including patients with onset of vision loss in the second eye less than 12 months and RHODOS only
including patients with onset of vision loss <5 years. However, it is noted that the majority of the
prevalent population in UK clinical practice will have disease onset >5 years and the EAG has
concerns about applicability of results from the trial populations to the prevalent population in UK

clinical practice.
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Furthermore, there were additional areas of potential bias influencing the interpretation of the
evidence. The exclusion of one patient from the placebo group in the mITT analysis of the RHODOS
trial, resulted in a considerable increase in the between-group difference, creating uncertainty over
the robustness of the RHODOS data. Additionally, given the potential of spontaneous recovery in

LHON, there was a risk of overestimating the effect of idebenone.

Finally, it has been noted in existing literature and by clinical experts that the magnitude of the
benefit of treatment with idebenone may vary between different subgroups of patients, for example
between people with different LHON-causative mDNA mutations. However, limited sample sizes
resulting from the clinical trials currently available, did not provide sufficient power to allow for the
detection of subgroup effects and support meaningful conclusions about potential differences in the

magnitude of the effect of treatment with idebenone between different groups of patients.
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4  Cost effectiveness

Table 21 below presents the incremental cost-effectiveness results of the company’s updated (i.e.,

post clarification) base case results.
Table 21. Company’s base case results
Interventions | Total Total LY | Total Incremental | Incremental | Incremental | ICER
Costs (£) QALYs costs (£) LYs QALYs (E/QALY)
Deterministic results

SoC M = = : : : :

Idebenone [ [ ] [ ] [ ] | [ | 18,758
Probabilistic results

SoC [ | - [ | - - - -
Idebenone [ ] - [ | [ ] - [ | 19,272

Abbreviations: ICER, incremental cost-effectiveness ratio; LY, life year; QALY, quality-adjusted life-year; SoC, standard of
care.

*Probabilistic results do not account for idebenone and SoC treatment effectiveness uncertainty

4.1 EAG critique of the company’s systematic literature review for cost effectiveness
evidence

The company carried out two systematic literature reviews (SLRs) to identify published studies to
inform the cost-effectiveness evaluation of idebenone. One SLR aimed to capture publications
relevant to cost-effectiveness and costs and resource use, and the other health-related quality of life
(HRQol) associated with Leber’s hereditary optic neuropathy (LHON), not limited by intervention.
Searches were initially conducted in October and November 2020 with two updated searches being
run in February and March 2023. A summary of the External Assessment Group’s (EAG’s) critique of
the methods implemented by the company to identify relevant publications is presented in Table 22.
Due to time constraints, the EAG was unable to replicate the company’s searches and appraisal of

identified abstracts.

Table 22. EAG critique of SLR methods
Section of CS in which methods are reported

Systematic review EAG assessment
y Cost effectiveness I e of robustness of

t .
step evidence HRQoL evidence and costs methods

evidence

Search strategy Appendix G1.1 Appendix G1.1 Appendix G1.1 Appropriate
databases and
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Inclusion/ exclusion
criteria

Screening
Data extraction

Quality assessment
of included studies

Appendix G1.1

Appendix G1.2
Appendix G1.3
Appendix G1.6

Appendix G1.1

Appendix G1.2
Appendix G1.3
Appendix H1.2

Appendix G1.1

Appendix G1.2
Appendix G1.3
Appendix G1.6

HTA bodies
searched.

Appropriate.
Exclusion limited
to diseases other
than LHON.

Appropriate.
Appropriate.

Appropriate.
Evaluated using

Drummond and
Efficace check
lists.44 45

Abbreviations: CS, company submission; EAG, External Assessment Group; HRQoL, health related quality of life.

The SLRs identified 10 relevant publications, five of which related to health care resource use and
five to HRQoL. None, however, were economic evaluations or contained usable utility values or
information that could be used to inform the model. Instead, the company used published NICE
technology appraisals in related disease areas (specifically retinal dystrophies and macular
degeneration) to inform the development of the de novo cost-effectiveness model from a separate

targeted literature review.*¢%°

4.2 Summary and critique of company’s submitted economic evaluation by the EAG

4.2.1 NICE reference case checklist

Table 23 summarises the EAG’s appraisal of the company’s economic evaluation against the NICE
reference case checklist for the base-case analysis, with reference to the NICE final scope outlined in

Section 2.3.

Table 23. NICE reference case checklist

Element of health technology Reference case EAG comment on company’s
assessment submission

Perspective on outcomes All direct health effects, whether The major health effects for
for patients or, when relevant, patients with LHON have been
carers included in the economic model.

NHS and PSS All relevant costs have been
included and are based on the

NHS and PSS perspective.

Perspective on costs

Type of economic evaluation Cost-utility analysis with fully

incremental analysis

Cost-utility analysis has been
provided by the company with fully
incremental analysis.
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Time horizon

Synthesis of evidence on health
effects

Measuring and valuing health
effects

Source of data for measurement of
health-related quality of life

Source of preference data for
valuation of changes in health-
related quality of life

Equity considerations

Evidence on resource use and
costs

Discounting

Long enough to reflect all
important differences in costs or
outcomes between the
technologies being compared

Based on systematic review

Health effects should be
expressed in QALYs. The EQ-5D
is the preferred measure of
HRQoL in adults.

Reported directly by patients
and/or carers

Representative sample of the UK
population

An additional QALY has the same
weight regardless of the other
characteristics of the individuals
receiving the health benefit

Costs should relate to NHS and
PSS resources and should be
valued using the prices relevant to
the NHS and PSS

The same annual rate for both
costs and health effects (currently
3.5%)

Lifetime horizon (100 years of
age).

The company has performed an
appropriate systematic literature
review.

Health outcomes have been
expressed in terms of QALYsS,
within HRQoL values taken from
Brown et al. 1999 which calculated
HRQoL values using TTO and a
VF-14 questionnaire.?®

HRQoL values obtained from the
RHODOS trial were not used in
the model. Instead, utilities were
informed using Brown et al. 1999
which were derived from general
population patients.

The utility data used can be
considered relevant to the UK,
however they are not LHON
specific.

The economic evaluation matches
the reference case.

Many of the costs included in the
analysis have been sourced using
NHS reference costs.50 However,
health state resource use costs
have been sourced using Meads
et al. 2003, which have no clear
relation to NHS and PSS costs.

A discount rate of 3.5% has been
used for both costs and health
effects.

Abbreviations: EAG, External Assessment Group; NHS, national health service; PSS, personal social services; QALY,
quality adjusted life year; TTO, time trade off.

4.2.2 Modelling approach and model structure

The company developed a de novo Markov model that included eight health states based on visual

acuity (VA) expressed in terms of logMAR (logarithm of the Minimum Angle of Resolution), and
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death as an absorbing health state (Figure 7). Patients were distributed across the model health

states at baseline according to the baseline logMAR distribution of patients in the RHODOS trial.

Figure 6. Company model structure (reproduced from Figure 20 in the CS)

~

LogMAR LogMAR
=0.6 and <1.0 =1.3 and <1.7

LogMAR LogMAR
=0.3 and <0.6 =1.0 and <1.3

Abbreviations: CF, Counting Fingers; HM, Hand Motion; LP, Light Perception.
NB: CF, HM, and LP correspond to logMAR 2.0, 2.3 and 2.6 in the RHODOS and EAP studies.

LogMAR <0.3

|
"

-

The company justified their modelling approach through comparisons to cost-effectiveness models
used in previous relevant NICE TAs, specifically HST11 which was conducted in 2019 for voretigene
neparvovec in treating inherited retinal dystrophies*® and NICE TA274%, TA283* and TA298*” which
were conducted in 2013 for ranibizumab across multiple retinal related conditions. A Markov model
was used in each approach; however, the models varied considerably between indications, with the
HST11 model utilising five health states based on grouped logMAR values according to the American
Medicines Association and the NICE TAs using eight or nine health states based on standardised
readable EDTRS (Early Treatment of Diabetic Retinopathy Study) bands, which the company’s model

mirrors.

4.2.2.1 EAGcritique

The EAG notes that the company model structure is comparable to NICE TA274%, TA283* and
TA298* conducted 10 years ago for ranibizumab; however, the EAG considers that a model that
groups health states according to key changes in functional sight and HRQoL, similar to the HST11

|,46

model,** would be more appropriate.
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The EAG’s clinical experts outlined that patient HRQoL does not perfectly correlate to gain or loss of
sight, but instead there are functions and capabilities of sight, which losing or gaining lead to
significant changes in HRQoL. Examples of these being the ability to drive (<logMAR 0.3), being
eligible for the Certificate of Vision Impairment in England (logMAR >1 [on-chart visually impaired])
and being unable to read any letters on a logMAR chart at six meters (logMAR >1.7 [off-chart visually
impaired]). As discussed further in Section 4.2.4, the large number of health states in the economic
model also significantly reduces the available patient data to inform each transition probability,
leading to health state transitions being impossible and multiple data imputations being required.
For example, under both probabilistic and deterministic conditions it is impossible for idebenone
treated patients to remain in the Hand Movement health state past cycle 10 (2.5 years) in the
company’s model. The EAG therefore considers that the company model is flawed and potentially
inappropriate for decision making as there is insufficient evidence to support the high number of
health states in the economic model given the modest differences in HRQoL and functional

capabilities between some of the health states according to the EAG’s clinical experts.

While the HST11 model may therefore be preferred to the company model, the health states
considered in HST11 conflicted with the opinions of the EAG’s clinicians regarding key differences in
patient HRQoL according to sight. For example, the HST11 model grouped together patients with
logMAR scores of 0 to 1 (Figure 8); however, the EAG’s clinical experts argued that a patient with no
to limited visual acuities (LogMAR <0.3) will have a significantly higher HRQoL than a patient whose
sight has deteriorated to the extent they are no longer able to drive but not considered sight
impaired (LogMAR 0.6-1). The EAG’s clinical experts also stated that HRQoL would be similar
between patients considered off-chart visually impaired (CF, HM and LP) as any sight which may

remain is unlikely to provide a level of autonomy.

Following the opinions of the EAG’s clinicians, the EAG requested at the clarification stage that the
company updated their base case model by grouping the logMAR based health states according to
the EAG preferred health states as described in Figure 8. In contrast to the model used in HST11,
treatment effectiveness is not capped in the EAG preferred model, allowing patients to have logMAR
values and HRQoL utilities more similar to general population estimates. Patients able to drive
(limited visual acuities) and unable to drive (moderate visual acuities) are also differentiated.
Similarly, logMAR values eligible for the Certificate of Vision impairment in England have been
grouped (on-chart visually impaired), and health states unable to read any letters on a logMAR chart

(off-chart visually impaired) are also grouped. The EAG additionally considers that that the reduction
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in health states also makes the best use of the limited available patient data as it avoids the

implausible model transitions exhibited in the company’s base-case model.

Figure 7. Company, EAG preferred and HST11 model health states

HST11 health states Company health states EAG preferred health states

LogMAR <0.3 Limited visual impairment

Moderate visual impairment LogMAR 0.3-0.6
Moderate visual impairment
LogMAR 0.6-1.0

Severe visual impairment LogMAR 1.0-1.3
Visually impaired (on-chart)
Profound visual impairment LogMAR 1.3-1.7
CF CF
HM Visually impaired (off-chart)
HM, LP
LP

Abbreviations: CF, counting fingers; EAG, external assessment group; HM, hand movement; LP, light perception.

The company did not comply with the EAG’s request to update the base case model; however, the
company did conduct a scenario using the EAG’s proposed model structure. Following the
adaptation of the model health states, the health state utility values (HSUVs) and health state
resource use estimates were also recalculated to accommodate the changes in model structure,
resulting in an increase in the ICER from £18,758 to £27,053. The EAG preferred model structure is

assumed in the EAG’s base case assumptions.

4.2.3 Perspective, time horizon and discounting

The model cycle length was three months (with a half cycle correction applied) and a lifetime
horizon was adopted (up to age 100 years), allowing the model to run for 66 years given a patient
starting age of 34 in the model, which was the mean age in RHODOS. The perspective of the analysis
was based on the UK NHS and PSS (personalsocial service), with future costs and benefits discounted

using an annual rate of 3.5%, as per the NICE reference case.”*

4.2.3.1 EAG critique

The EAG notes that the half cycle correction applied by the company was calculated as the average
of the current and subsequent cycle, applied from the first model cycle (cycle 0); however, the EAG

considers the half cycle correction should have been applied to the current and previous cycle from
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cycle one onwards. At clarification the company complied with the EAG'’s request to correct the half

cycle correction methodology which led to a £241 increased in the ICER.

4.2.4 Treatment effectiveness

4.2.4.1 Measures of treatment effectiveness and use of the RHODOS trial

The clinical effectiveness of idebenone and SoC (standard of care) treatments were captured by the
transitions between health states in the model. Health state transitions probabilities were derived
using patient better seeing eye VA observations as this was considered by the company to be the

endpoint most relevant to clinical practice and a patient’s HRQoL.

The RHODOS study was used to inform the treatment effectiveness for both idebenone and SoC as it
was a randomised, doubled-blind, trial comparing idebenone to the current SoC (placebo). However,
as the trial length was limited to six months, a period deemed too short to fully demonstrate the full
benefits of idebenone by the company, supplementary data were required to model long-term

treatment effectiveness.

4.2.4.1.1 EAG critique

The EAG considers that using the treatment effects from RHODOS to inform the idebenone and SoC
treatment effect for the first six months of the model is appropriate, as is the use of better seeing

eye VA data to derive the transition probabilities.

4.2.4.2 Idebenone long term treatment effects

As described in Section 3.2.3, LEROS and the Expanded Access Programme (EAP) are single-arm
open-label studies measuring long term idebenone treatment efficacy. While LEROS is a natural
history-controlled intervention study (n=199) conducted over 24 months, the EAP study is a real-
world evidence (RWE) non-controlled retrospective analysis (n=87) over 36 months. When deciding
which study was most suitable to derive idebenone treated patient transition probabilities post six
months (end of the RHODOS study), the EAP study was preferred by the company due to the lesser
heterogeneity compared to the LEROS patient populations, with an additional advantage being the

longer study time of the EAP.

Compared to the RHODOS study in which 85.9% of patients were male, LEROS contained -%
males with the EAP study containing a more similar 82% male. Additionally, the genetic distribution

of the EAP population was more aligned to that of RHODOS than LEROS, with the RHODOS trial only
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consisting of idebenone-treated patients who carried three LHON mutations (m.11778G>A [67.3%],
m.14484T>C [20%], m.3460G>A [12.7%]), compared to LEROS which consisted of patients from a
wider range of LHON mutations (m.11778G>A [-], m.14484T>C [-], m.3460G>A [-],
Negative (i, other () than the EAP study (m.11778G>A [62.1%], m.14484T>C [18.4%)]
m.3460G>A [19.5%]). Given that m.14484T>C patients are considered more likely to spontaneously
recover by the company and their clinical experts and the difference in the proportion of male
patients, the LEROS data were excluded from the economic model with the company preferring to

derive transition probabilities from 6 to 36 months using the EAP for the idebenone treated patients.

As a means of validating the use of the EAP, the company compared the six-month outcomes of the
RHODOS and EAP studies. The company concluded that the outcomes were broadly similar, with
30.2% (16/53) of idebenone treated patients in RHODOS and 46% (40/87) of patients in the EAP

study achieving clinically relevant recovery (CRR) at six months.

After 36 months in the model, the company assumed that patient logMAR VA would stabilise and
remain unchanged as this was the opinion provided to the company by their clinical experts.
Therefore, patients are modelled to remain in their health state from cycle 12 (month 36) until death

in both the idebenone and SoC treatment arms.

4.2.4.2.1 EAG critique

The company preferred to use the EAP over LEROS to derive a long-term treatment effect for
idebenone due to the less heterogeneity in genetic distributions and sex proportions. Appendix N
(clinical validation) however states that company’s clinical experts concluded that the baseline
characteristics of the RHODOS, RHODOS-OFU and LEROS trials were all representative of the patient

population in clinical practice.

The company aimed to validate using the EAP by comparing CRR achieved at six months between
trials; however, the LEROS study outcomes were more comparable to RHODOS than EAP, with -
of LEROS achieving CRR compared to 46% of patients in EAP and 30% of patients in RHODOS. The
EAG therefore considers that the RHODOS and EAP outcomes are highly varied with 50% more
patients achieving CRR in EAP compared to RHODOS, and notes that LEROS provides more

comparable clinical outcomes than the EAP.

In evaluation of CRR as a clinically relevant measure, the EAG notes that as CRR is defined as

improvement of at least logMAR 0.2 (equal to two lines of readable letters on a logMAR chart) for
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patients with “on-chart” VA at baseline, or an improvement from “off-chart” VA to at least logMAR
1.6 (equal to one line on-chart) for patients with off-chart VA at baseline, CRR may be achieved with
no difference in functional sight or change in HRQoL (patients are still considered vision impaired or
unable conduct key autonomous function such as driving). Therefore, CRR may not be a helpful
indicator of improved HRQoL as it does not differentiate between sight recovery and functional sight
recovery. For example, although 30% of idebenone patients achieved CRR in RHODOS after six

months, mean recovery in terms of logMAR was 0.037, the equivalent of 1 letter on a logMAR chart.

The EAG is additionally concerned with the use of the EAP dataset over LEROS given the difference in
eligible patients in each study. Only patients with symptom onset in the most recently affected for
less than one year were included in the EAP study, while patients with symptom onset of less than
five years were included in the LEROS study, which was the same inclusion criteria for RHODOS.
Given that 44% of LEROS patients had experienced symptom onset for more than one year, if
spontaneous recovery is more likely to occur earlier after nadir, then spontaneous recovery would
be more likely to occur while being treated with idebenone in EAP than in LEROS, leading to a

potential additional confounding of the estimated treatment effect in the EAP.

The LEROS study is also larger than the EAP (196 vs 87 patients) and therefore using LEROS may have
lessened the key issue of missing data, which in combination with the high number of health states,
leads to multiple transitions between health states in the model being impossible. For example,
under both probabilistic and deterministic conditions, idebenone treated patients are unable to
move to or remain in the Hand Movement health state past cycle 10 (two and a half years in the
model). It’s similarly impossible for any idebenone treated patients to be logMAR 0.3 to 0.6 between

cycles 8 and 9.

Even when data is not missing, due to the limited number of patient observations, the transition
probabilities are highly uncertain and have far reaching consequences. For instance, the penultimate
and final idebenone transition probabilities before VA is assumed to be fixed till death are calculated
using only 9 patient observations across the eight health states with three additional imputed

observations being required so that transition probabilities can be calculated for all health states.

For these reasons and those outlined in Section 3.2.3, the EAG considers that the LEROS study is
more appropriate to inform the idebenone treatment effect after RHODOS, and as such, the

company was requested at the clarification stage to conduct a scenario deriving idebenone
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transition probabilities using the LEROS ITT population. The company complied with the EAGs

request, with the ICER increasing from £18,578 to £21,129 in the scenario.

To validate the use of the LEROS treatment effect in the EAG’s base case assumptions, the model
mean change in logMAR was plotted against the RHODOS-OFU, LEROS and LEROS natural history

matched analysis study findings.

Figure 9 shows that in the scenario using LEROS, logMAR change from baseline is equal to that of the
EAP at 6 months as the RHODOS treatment effects are used up to this point. However, after 6
months, the LEROS change in logMAR is less volatile compared to the EAP, possibly due to more
patient observations being available in LEROS. The EAP logMAR change from baseline is greater than
LEROS and RHODOS-OFU at 36 months (from when logMAR is assumed to be fixed in the model), but
the LEROS natural history matched analysis identified a comparable logMAR change after 2 years.
The EAG notes that in the natural history matched analysis using LEROS and CaRS patients, no
significant difference in logMAR was identified between idebenone and SoC treated patients. For

these reasons the idebenone treatment effects from LEROS are assumed in the EAG’s base case.

Figure 8. Idebenone mean logMAR change from baseline
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4.2.4.3 SoClong term treatment effects

A similar approach was used by the company to select which data should be used to supplement the
RHODOS SoC treatment effectiveness in the model. While the company submission (CS) does not
explicitly draw on example comparisons between studies as was done between RHODOS, LEROS and
EAP for the idebenone treated arm, the company outlined that baseline characteristics of the
natural history patients in CaRS-I were similar in terms of age, sex and mutation type to RHODOS and

so the study was suitable for deriving SoC transition probabilities in the model.

As data collected in the CaRS-I study had variable follow-up times the company used a “windowing
approach” to classify CaRS-I patient observations into 3 months windows. For example, patients with
a visit 2 1.5 months and < 4.5 months were assigned the 3-month window, while patients with a visit
2 4.5 months and < 7.5 months were assigned to the 6-month window. The company used a last
observation carried forward (LOCF) approach to control for missing data and imputed the data to
allow patients to remain in their health states when no data was available to inform the transition

probabilities.

To validate the approach the company compared the proportion of patients who achieved clinically
relevant recovery (CRR) at 6 months between RHODOS and CaRS-I, with 10.3% (3/29) of placebo-
treated patients in RHODOS and 8.1% of natural history patients in CaRS-1 (6/74) achieving CRR.
Given the similarity of outcomes at six months, the company therefore concluded that despite some
heterogeneity in terms of population and data analysis, CaRS-I was a suitable dataset to model SoC

treatment effectiveness after RHODOS.

The company further justified the use of CaRS-I by outlining that the only alternative to using CaRS-I
would be to assume no change in VA after six months, thereby using only the measured SoC

treatment effects from RHODOS, due to the limited data available.

4.2.4.3.1 EAG critique

While the company outlined their preference for using CaRS-I to derive transition probabilities for
the SoC arm, the EAG considers that using CaRS-Il or combining CaRS-I and -II studies would have
provided a more robust estimate of the SoC treatment effect. As described in Section 3.24, CaRS-l|
was a retrospective observational study conducted to establish the natural history of LHON patients,
specifically aimed to gather data to serve as the natural history comparator group for the LEROS

study.
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Using the CaRS-1l study may have reduced the uncertainty in the treatment effect introduced by the
small number of patient observations in the CaRS-I study (n=87), as the CaRS-Il population was much
larger (n=219). As using the larger CaRS-Il study (or a combination of CaRS-I and -Il) could reduce the
extent of missing data imputation required and the need for LOCF, the EAG requested a scenario
that derived a SoC treatment effect using both CaRS -1 and -1l patients. The company conducted the
scenario as requested, using the EAG’s preferred model while removing SoC observations generated

using LOCF which decreased the ICER to £6,463.

The EAG noted that in the company’s scenario, all transition probabilities were informed using only
169 observations, compared to the 740 observations when using CaRS-I and LOCF. In contrast, the
company reported in Table 1 of the supplementary clarification response that 944 appropriate and
usable observations (from the 5,186 observations recorded in the studies) taken from the 385
appropriate patients from CaRS-l and -Il are available. Additionally, individual transition probabilities
appear to only be informed by observation from a maximum of 49 patients (the transition
probability between months 6 and 9) and a minimum of nine patients (the transition probability
from 18 to 21 months). In the scenario the EAG also notes that model mean logMAR is significantly
higher than reported in the CaRS -Il study. At five years, mean logMAR was approximately 1.64 in the
model and 1.06 in the CaRS -Il study.

The EAG therefore considers that the SoC treatment effect in the scenario is underestimated and
highly uncertain given only a fraction of the patient observations are utilised and the model
outcomes do not align to the clinical outcomes. The EAG additionally notes that a more robust
treatment effect may be calculated and used in the model should the company have utilised all

appropriate and available patient observations from the CaRS studies.

Given the large difference in patient observations when removing observation generated using
LOCF, the company was requested to provide the number of SoC observations generated using LOCF

used in their base case assumptions. In response the company provided the data in Table 24 .

Table 24. The number of patients whose observations were LOCF at each timepoint in the CaRS-I
data (reproduced from Table 22 in the clarification response)

Timepoint Number of patients whose observations were
P LOCF at each timepoint (%)

Baseline 0 (0%)
Month 3 21 (28.4%)
Month 6 35 (47.3%)
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Month 9 48 (64.9%

)
Month 12 59 (79.1%)
Month 15 61 (82.4%)
Month 18 63 (85.1%)
Month 21 66 (89.2%)
Month 24 69 (93.2%)
Month 27 71 (95.9%)
Month 30 70 (94.6%)
Month 33 71 (95.9%)
Month 36 71 (95.9%)

Abbreviations: CaRS, Case Record Survey; LOCF, Last observation carried forward

As shown, at six months where the SoC treatment effectiveness is informed by CaRS-I after RHODOS,
almost half of the observations were generated using LOCF. By one year, almost 80% of observations
were generated using LOCF, with this proportion increasing to approximately 90% by 21 months.
Critically, the transition probabilities that dictate the health state a SoC patient will remain until
death are calculated using observations only 4% of which were taken directly from patients at that
time. When removing the observations not generated using LOCF, the number of observations used
to derive transition probabilities throughout the model using the CaRS-I study falls from 740 to 88.
The EAG therefore considers treatment effects associated with using the CaRS-I dataset are highly

uncertain and inappropriate with and without LOCF.

Given the EAG consideration that a robust SoC treatment effect may be calculated from the available

company data, the EAG requested that the following scenarios be conducted:

e A scenario using all appropriate CaRS-1 and -Il patient observations available;
e A scenario using the matched natural history patients from CaRS and idebenone LEROS
patients, as used to conduct the matched control analysis;

e A scenario using only RHODOS-OFU to model long term treatment effects.

The company did not conduct the requested scenarios, stating that the previously conducted
scenario used all available CaRS patient data. Additionally, the natural history matched controlled
comparators could not be used due to the matching algorithm being performed de novo at each
time point. The EAG, therefore, considers that the data are available to conduct a matched analysis

but that the company’s current matching algorithm is inappropriate for use. Lastly, the company did
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not conduct a scenario using the RHODOS-OFU study as the company considered the scenario

inappropriate.

As the requested scenarios were not supplied by the company, the EAG conducted an additional
scenario. Given that the RHODOS-OFU study showed a maintained difference in change in logMAR
from the end of RHODOS (6 months) to the end of RHODOS-OFU (30 months), between idebenone
and SoC patients (Figure 15 in the CS), the scenario applied the idebenone transition probabilities
from LEROS to SoC patients after RHODOS (see Section 6.3). The EAG consider this approach was
preferred to anchoring the idebenone treatment effect to SoC given that the SoC treatment effects
from CaRS are highly uncertain. As a means of validating the appropriateness of the scenario, the
company base case and scenario mean change in logMAR from baseline results were plotted against
the RHODOS-OFU and LEROS natural history matched (CaRS) analysis findings. The RHODOS mITT
results were not plotted given the similarity in outcomes to the RHODOS-OFU study (+0.123 and

+0.127, respectively).

As seen in Figure 10, SoC patient mean change in logMAR under the LEROS transition probabilities
scenario aligns more closely to the RHODOS-OFU results compared to the company base case over
time. The figure additionally highlights that although the RHODOS study treatment effects are stated
to be applied to SoC patients in the model up to 6 months, change in logMAR from baseline between
RHODOS mITT and the model are significantly different, with the mean change in logMAR of SoC
patients in the model being 2.28 times worse than measured in the RHODOS trial at 6 months
(+0.289 in model vs +0.123 in RHODOS mITT and +0.127 in RHODOS-OFU). If instead considering the
RHODOS ITT population outcomes, which as outlined in Section 3.2.1 the EAG deems more
appropriate, the model outcomes at 6 months are 3.44 times greater in the model than the trial
(+0.289 in the model vs +0.084 in the RHODOS ITT population). The EAG, therefore, includes
applying the LEROS treatment effects to SoC patients after the RHODOS treatment effects in its
preferred assumptions but caveats that this assumption may be conservative. While at 36 months in
the scenario, change from baseline logMAR is slightly better than measured in the RHODOS-OFU trial
at 36 months (-0.0065 vs 0.039, respectfully). At the beginning of the model the SoC treatment
effect in the LEROS scenario is greatly underestimated compared to the SoC treatment effect in the

RHODOS study (6 months) the outcomes of which are less discounted in the model.
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The EAG also notes in Figure 10 that the natural history matched analysis showed that SoC logMAR
improved over time and was comparable to idebenone logMAR improvement (-0.24 and -0.28,

respectively).

Figure 9. SoC mean logMAR change from baseline

The EAG considers it a key issue that company’s base case assumptions informing the SoC treatment
effect do not replicate the clinical trial findings in the model. Additionally, the EAG considers that a
robust SoC treatment effect may be derived from the available CaRS patient data; however, limited
patient observations are used from the studies compared to the potentially appropriate and
available patient data. Similarly, as reported in Section 3.4.2, alternative matching methodologies

could also have been employed to provide more robust treatment effects.

4.2.4.4  Sensitivity analyses

To assess the uncertainty of the idebenone treatment effects on the cost effectiveness results, the
company varied the patient observations from the RHODOS and EAP studies, informing the
transition probabilities between health states, using a Dirichlet distribution. The same method was
not applied to SoC transition probabilities and so the cost effectiveness sensitivity to SoC treatment
effectiveness uncertainty was not assessed in any probabilistic sensitivity analysis (PSA) conducted

by the company.
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4.2.4.4.1 EAG critique

As the model lacked the functionality to allow the SoC treatment effects to be made probabilistic, at
the clarification stage the EAG requested that the company allowed the SoC treatment effects to be
probabilistic using a similar approach to the idebenone treatment effects. The company however
misinterpreted the request, instead removing the probabilistic functionality from the idebenone

transition probabilities.

As a follow up clarification question, the EAG requested that both idebenone and SoC transition
probabilities be made probabilistic; however, the company did not comply with the EAG’s request,
stating that, “including the transition probabilities in the PSA creates substantial uncertainty in the
probabilistic results of the CEA. Therefore, the transition probabilities have not been included in the
PSA”. The company added that they strongly considered that including the transition probabilities in
the PSA will create highly inaccurate probabilistic cost-effectiveness results that will be
inappropriate for decision-making. As such, the PSA does not account for treatment effectiveness
uncertainty for either idebenone or SoC treatment effects. This is a key issue, as the EAG considers
the treatment effects to be highly uncertain given the limited patient data and that the NICE Guide
to the Methods of Technology Appraisal states that PSA results are no longer simply recommended

but are a mandatory requirement for all cost-effectiveness models submitted to NICE.

4.2.4.5 Treatment discontinuation

All idebenone patients in the model were assumed to experience treatment effects, with no patients
experiencing no benefit of treatment. Patients who discontinued idebenone in the model were

assumed to continue experiencing idebenone treatment effects and not SoC treatment effects.
4.2.45.1 EAG critique
While treatment discontinuation is accounted for in idebenone treatment cost calculations

(approximately 40% discontinue treatment after two years), the company’s model reflects that no

idebenone patients who discontinue treatment go on to experience SoC treatment effects.

The EAP CSR states that of the 111 patients enrolled in the study, 12 patients discontinued
treatment due to lack of efficacy, which the EAG considers should be incorporated into the model.
When asked at clarification why discontinuation had been applied to treatment costs and not

treatment effects, the company noted that although the EAP report v5.0, dated 11 October 2018,
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stated that 12 patients out of the 111 patients enrolled did discontinue due to a lack of efficacy, the
final EAP report dated 28 August 2019 stated that cumulatively, only nine out of 111 patients
permanently discontinued idebenone treatment due to the lack of efficacy, or occurrence of AEs, or

a fatal outcome which is captured in the EAP safety population.

The EAG considers that given the transition probabilities are derived from the EAP mITT (n=87)
population in the company base case and not the EAP safety population (n=111), patients who
experience no treatment benefit with idebenone may not be captured in the model. Similarly,
patients who discontinue treatment may not have attended later appointments in the EAP or LEROS
studies and so their lack of clinical benefit would not be included as observations in the model. At
clarification the EAG requested a scenario exploring treatment discontinuation which the company
provided. In the scenario, the company assumed that 4% of patients discontinued idebenone after
two years. This proportion of patients was assumed to be in addition to the proportion of patients
who discontinue treatment accounted for in the treatment costs and was calculated using a

weighted average. The scenario led to an increase in the ICER, from £18,758 to £19,709.

The EAG notes that as the 4% patient treatment discontinuation was made in addition to the
patients already discontinuing treatment within treatment costs, treatment costs in the scenario are
likely underestimated as patient treatment discontinuation is potentially double counted. Similarly
given that 12 of 111 EAP patients discontinued treatment due to a lack of efficacy, the EAG considers
the proportion of patients who discontinue treatment in the scenario should be 10.8%. Lastly,
patients in the company scenario who discontinue treatment after two years still experience
idebenone treatment effects for two years before discontinuing treatment when no treatment

effect should be accounted for due to the lack of treatment efficacy.

As such, using the same weighted average approach as the company, the EAG conducted a scenario
in which 10.8% of idebenone treated patients incurred idebenone treatment costs and SoC
treatment effects for two years before discontinuing treatment (see Section 6.2). The scenario led to

anincrease in the ICER to £21,022.

4.2.5 Mortality

Mortality assumed for LHON patients was that of all-cause mortality stratified by age and sex using
England general population estimates from 2018 to 2020. The company noted that evidence exists

demonstrating that the risk of mortality is higher in patients who are visual impaired and therefore
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idebenone could be considered to reduce mortality risk compared to no treatment. However, given
the lack of specific mortality data for idebenone, the conservative assumption was made to not

include a survival benefit for idebenone treated patients.

4.2.5.1 EAG critique

The EAG considers that given the lack of evidence provided for an idebenone survival benefit the

company’s approach of assuming no survival benefit is reasonable.

4.2.6 Health-related quality of life
4.2.6.1 Health state utility values

The key clinical trials used for measuring the effectiveness of idebenone, discussed in Section 3.2.1,
collected condition specific health-related quality of life (HRQoL) data only using the Visual Function
Index (VF-14), Clinicians Global Impression of Change (CGIC) and energy levels. The NICE Reference
Case®? recommends the use of EQ-5D-3L directly measured from patients for the estimation of
HRQoL. When not available from clinical trial data, EQ-5D data can be sourced from published
literature or estimated by mapping from other measures of HRQol collected in the clinical trials,
using published mapping algorithms. No published mapping algorithm is available to map from VF-
14, collected in the RHODOS clinical trial, to the EQ-5D. Therefore, the company undertook a
systematic literature review (SLR) to identify appropriate health state utility values for use in the

economic model.

The company’s SLR identified no studies providing utility values for LHON patients that could be used
in the economic model. Therefore, the company undertook a targeted literature review to identify
utility values based on related diseases and those used in previous NICE TAs (HST 11,% TA298,%
TA283* and TA294°%). Based on the targeted search, the company’s base case utility values were
based on Brown et al. 1999.% Brown et al. derived utility values using time trade off (TTO) valuation
from 325 patients with vision loss due to a range of vitreoretinal diseases, with the majority of
patients having either age-related macular degeneration (ARMD) (33%) or diabetic retinopathy
(33%). Utility values were provided separately for both the best seeing eye (BSE) and worst seeing
eye (WSE), with the company using values for the BSE in their model. Visual acuity was reported
across 12 states, represented as a fraction (out of 20 feet), which the company converted to the
corresponding logMAR, to match the measurement used in the economic model. As the health

states used in the economic model were based on logMAR range as opposed to the point estimate
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as presented in Brown et al. 1999, the midpoints for each logMAR range used in the economic model
were matched up with the closest utility value from Brown et al. The utility derived from Brown et
al. and applied in the company’s base-case economic model for each health state are shown in Table

25.

Table 25. LogMAR utility values derived from Brown et al. and corresponding model health state
utility values (reproduced from Table 26 of the CS)

Brown et al. visual acuity | Brown et al. utility (95% CI) | Mid-point health state | Model utility value

LogMAR =0 0.92 (0.87 to 0.97)
LogMAR = 0.1 0.87 (0.82 to 0.92) LogMAR <0.3 0.84
LogMAR = 0.2 0.84 (0.79 to 0.89)
LogMAR =0.3 0.80 (0.74 to 0.86)

LogMAR 0.3 t0 0.6 0.77
LogMAR =0.4 0.77 (0.70 to 0.84)
LogMAR = 0.6 0.74 (0.67 to 0.81)

LogMAR 0.6 to 1.0 0.67
LogMAR = 0.7 0.67 (0.57 to 0.77)
LogMAR =1.0 0.66 (0.55t0 0.77)

LogMAR 1.0t0 1.3 0.63
LogMAR = 1.2 0.63 (0.54 to 0.72)
LogMAR = 1.3 0.54 (0.43 to 0.65) LogMAR 1.3t0 1.7 0.54
CF 0.52 (0.36 to 0.68) CF 0.52
HM-NLP 0.35 (0.10 to 0.60) HM/LP 0.35

Abbreviations: Cl, Confidence interval; CF, Counting fingers; HM, Hand motion; LP, Light perception; NLP, No light
perception
The company also provided alternative utility values identified via the targeted search from
Lawrence et al. 2023b,? Czoski-Murray et al. 2009°>* and Rentz et al. 2014% and provided scenario
analyses with these values applied. Following the clarification stage, the company also provided the
same sources with the utility values adjusted to match the EAG’s proposed model structure using a

reduced number of health states, as discussed in Section 4.2.2.

Utility values were not originally adjusted to account for reductions in quality of life with age in the
company’s economic model. Following a clarification request, the model and company’s base-case
were updated to include age-adjusted utility values using the Health Survey for England (HSE) 2014

dataset, as recommended by the NICE Decision Support Unit (DSU).>®

4.2.6.2 EAG critique

In light of a lack of EQ-5D values from the RHODOS trial and no mapping algorithm available from

VF-14 collected during the clinical trial, the EAG considers the use of utility values from the literature
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to be generally appropriate. However, the EAG notes that details of the targeted search undertaken
by the company were not provided and therefore it is unknown if alternative values that may have

also been appropriate or relevant are available.

The EAG notes that none of the utility values sourced by the company from the literature use
directly reported EQ-5D-3L as preferred in the NICE Reference Case. The utility values used from
Brown et al.?® in the company’s base case is the only study included by the company that derives
utilities from patients, however this was not specific to LHON patients. The majority of patients
(66%) in the study had either ARMD or diabetic retinopathy and an average age of 67 years. The EAG
notes that the average age of patients from Brown et al.Z is significantly higher than the average age
of patients with LHON and the start age of the model (34 years), and patients with ARMD or diabetic
retinopathy may have related co-morbidities that could result in utility values not being reflective of
LHON patients. In addition, utility values from Brown et al. were based on patients from the United

States of America (USA).

The company also considered utility values from three alternative studies; Lawrence et al. 2023b,?
Csozki-Murray et al. 2009°* and Rentz et al. 2014.%° Both Csozki-Murray et al. 2009°* and Rentz et al.
2014% were identified due to being considered in previous NICE TA’s (HST 11,% TA298,*” TA283%8
and TA294%). The EAG notes Rentz et al. provides utilities for eight descriptive health states which
were developed based on the Visual Function Questionnaire-Utility Index. For these utility values to
be used it would require making assumptions regarding how the health states match up to the
equivalent logMAR score. Csozki-Murray et al.>* provided utility values for four health states based
on logMAR scores of <0.30, 0.31-0.60, 0.61 — 1.30 and 21.31. Based on the grouping of the health
states used in the current economic model, the logMAR categories from Csozki-Murray et al.>* may
not align well with the health states used, requiring assumptions to be made. The EAG notes that

one of the UK clinical experts in the company’s validation survey (Appendix N) commented that
. |

The EAG notes that Lawrence et al. 2023b? is the only study to provide utility values specifically
based on LHON. Although currently only published in poster/abstract form, the EAG considers there
is sufficient detail available to review. Lawrence et al. 20233’ describes the development of eight

health state vignettes which varied by level of visual acuity, defined by logMAR score. Draft vignettes
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were developed based on literature reviews and trial data and then subsequently revised following
feedback from nine LHON patients and five clinicians from the United Kingdom (UK) and Republic of
Ireland (ROI). The eight health state vignettes were then valued by 362 members of the public from
both UK and ROI using the Health Utilities Index-3 (HUI-3) and EQ-5D-5L via and online survey and a
sub-sample of 120 participants also completed TTO interviews. Although referred to in the abstract
as EQ-5D-5L health state utility values, it is noted that the EQ-5D-5L data were scored using the
Hernandez et al.”® mapping function, which maps to EQ-5D-3L. The EAG confirmed with authors of
the study that the EQ-5D-5L data had been mapped to EQ-5D-3L utility values. From the available
data, the vignette descriptions seem well defined and used a variety of evidence sources and
information to develop them, in line with the NICE DSU recommendations.>® The NICE DSU report
suggests that vignettes should not include value-laden or irrelevant phrases or content, such as
“devasting”. The EAG does note, however, that the worst health state vignette (logMAR>4) describes
emotional impact of the disease as “vision loss is devastating, and you find it very difficult to come to
terms with”. Although this deviates from the recommendations from the NICE DSU report,*® the EAG

notes that the term ‘devasting’ is only used in one aspect of the vignette (emotional impact).

The average age of patients completing the valuation survey was 46.5 years old, which is
substantially lower than that of the patients used in Brown et al. and closer to the average age of
patients experiencing LHON. Due to this, and the fact that these values are estimated specifically for
LHON and valued by the UK population (and ROI), the EAG considers that this is the most
appropriate source of utility values for the economic model. The EAG notes that the choice of
valuation method used resulted in wide variation in the utility values estimated for each logMAR
health state, as shown below in Table 26, with HUI-3 valuation consistently giving lower utility
values. Table 26 also shows the utility values from Lawrence et al. 2023b grouped into the EAG's
preferred health states, as discussed in Section 4.2.2. from taking the average of the values when
grouped. The EAG notes that in Lawrence et al. 2023b it is noted that during vignette development
interviews, clinical experts discussed the potential overlap between health states and that they were
unable to differentiate HRQoL impacts with similar health states. The EAG considers this to be a

further validation of using a reduced number of health states.

Table 26. Estimated utility values by logMAR visual acuity, produced based on Figure 2, Lawrence et
al. 2023b

EQ-5D-5L
(mapped to
EQ-5D-3L)

HUI-3 TTO HUI-3 | EQ-5D-5L TTO

(n=120) (n=362) (mapped (n=120)

(n= 362)
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to EQ-5D-

3L)
(n=358)
LogMAR <0.3 0.837 0.790 0.882 0.837 0.790 0.882
>
LogMAR 20.3 0.511 0.632 0.756
to <0.6
0.473 0.603 0.729
>
LogMAR 20.6 0.435 0.574 0.702
to <1.0
>
LogMAR 21.0 0.347 0.495 0.565
to <1.3
0.336 0.496 0.545
>
LogMAR 21.3 0.325 0.497 0.525
to<1.7
LogMAR ~2 0.211 0.368 0.406
LogMAR ~2.3 0.190 0.347 0.426 0.194 0.352 0.398
LogMAR ~4 0.180 0.341 0.363

Abbreviations: EQ-5D-5L, EuroQol-5 dimensions-5 level; EQ-5D-3L, EuroQol-5 dimensions-53; level HUI-3, Health Utilities

Index-3; TTO, time trade off
Following confirmation from the study authors for Lawrence et al. 2023b? that utility values are
mapped to EQ-5D-3L, the EAG considers these to be the most appropriate for decision making.
Therefore, the EAG’s preferred values for their base case analysis is using the EQ-5D values from
Lawrence et al. 2023b,2 with the values using alternative valuation methods applied in scenario
analyses (see Section 6.2). The EAG notes that the values applied in the company scenario analysis
for Lawrence et al. 2023b, provided as part of the clarification response, differ slightly to those used
in the EAG preferred analysis, shown in Table 26, as the EAG has used the values reported for both
the UK and ROI due to the larger sample size, whereas the company only reported the values for the

UK.

4.2.6.3  Utility decrements

The company applied a lifetime utility decrement of 0.04 for all patients with a logMAR >1.0 to
represent the disutility associated with LHON caregivers HRQoL. This disutility is applied for a
patient’s lifetime. As no quantitative caregiver HRQol had been collected, the company utilised data
from a published systematic review exploring the disutility of caring for an ill or disabled family
member, previously used in HST11.%® The value used by the company is based on a study identified
in the systematic review stating that parents of children with activity limitations have a 0.08 lower
EQ-5D score than parents of children without activity limitations. The company applied the same
approach employed in HST11 and assumed that the disutility of carers of adults with activity

limitations would be half of that applied to children.
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No adverse events (AEs) disutility was applied in the economic model as, based on the RHODOS trial,

most AEs experienced were considered mild.

4.2.6.4 EAG critique

During the clarification stage, the EAG requested that the Company remove the disutility of a
caregiver for the proportion of patients who would be in residential care, as these patients would
already be receiving separate care service. As part of the clarification response, the Company
updated the base-case to remove the carer disutility for the proportion of patients receiving

residential care. This had a small impact in the ICER.

The EAG notes that although the same disutility values were applied in HST11 to reflect the impact
on caregivers for caring for a family member experiencing blindness, the committee concluded that
these values should only be applied to carers of children and not adults and therefore the exclusion
of a carer disutility for adult patients was used for decision making. Although the EAG recognises
that patients experiencing blindness will require additional assistance from a caregiver, based on the
available evidence, the disutility impact on caregivers is uncertain. The EAG preferred analysis
applies no caregiver disutility in the base-case, with a scenario analysis provided to explore the

impact of its inclusion (see Section 6.2).

4.2.7 Resource use and costs

4.2.7.1 Drug acquisition costs

The list price for idebenone 150mg is £6,364 per pack of 180 tablets. A confidential patient access
scheme (PAS) is in place for idebenone (a simple discount of .) and all results presented in this
report include the corresponding PAS. Dosing and subsequent drug acquisition costs in the model
follows the SmPC recommended dose of 300mg three times per day. The three month cycle drug
acquisition costs are shown in Table 27. The company assumed no administration costs associated

with idebenone due to being an oral treatment.

Table 27. Idebenone drug acquisition costs

Dose per 3 month Packs required Cost per 3 month Cost per 3 month
Dose per day (mg)

cycle (mg) per cycle cycle (list price) cycle (PAS price)

900 82,181 3.04 £19,370

Abbreviations: mg, milligrams; PAS, patient access scheme
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Based on compliance rates observed in the RHODOS trial, the company applies a reduction in drug
acquisition costs based on a 96% compliance rate, assumed to apply for the duration of time
patients remain on treatment. Patients are assumed to remain on treatment up to three years only,
with a proportion of patients discontinuing each cycle based on pooled Kaplan-Meier (KM)
treatment duration data observed in RHODOS and EAP, shown in Figure 11. As noted in Section 4.2.4

patients discontinuing treatment affects costs only.

Figure 10. Kaplan Meier curve for time of treatment with idebenone based on RHODOS/EAP data,
reproduced from Figure 21 of the CS

As no therapeutic treatments are currently available for LHON, SoC is assumed to consist of
established clinical management which includes visual aids, low vision rehabilitation and lifestyle
management. No separate treatment costs are assumed to apply for SoC as this is instead captured

in the health state resource use costs and also applied to patients on idebenone.

4.2.7.1.1 EAG critique

Clinical experts outlined to the EAG that they may continue to treat patients up to three years and
beyond if patients were responding to treatment or had only recently stabilised. In addition, within

the EAP study, treatment duration ranged from 2.4 —70.4 months. During the clarification stage, the
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EAG requested that the company extrapolated the time on treatment KM data using parametric
curves to inform treatment costs for idebenone patients beyond three years. The company stated
that due to the low patient numbers available beyond three years, extrapolating these data would
be highly uncertain and inappropriate. In addition, it was noted that as clinical data is only measured
up to three years, extrapolating time on treatment data beyond this time point would be biased

against idebenone as costs are accrued without clinical benefit.

Although the EAG agrees that there are limited patient numbers available to produce meaningful
extrapolations, it is noted that in years 2—3 of the economic model, idebenone patients are still
moving between health states and improving, suggesting that patients may not yet have stabilised.
As clinical experts suggested to the EAG that they may continue to treat patients who recently
stabilise, and two of the company’s UK clinical experts stated they would treat until stabilisation or
plateau, the EAG considers that in clinical practice treatment costs will continue to be accrued for
recently stabilised patients beyond three years. Therefore, the EAG considers it plausible for
treatment costs to continue beyond the three year time period despite patients no longer moving
between health states in the economic model. Not applying any treatment costs beyond this period
may underestimate the true costs and is an area of uncertainty in the economic model. However,
the EAG does not consider there to be robust data available to estimate the duration of treatment

costs beyond three years.

As noted in Section 4.2.4, the EAG considers that LEROS is the more appropriate study to inform the
idebenone treatment effectiveness after RHODOS, compared to EAP used by the company.
However, as LEROS was conducted over a shorter time period than EAP (up to two years only),
treatment discontinuation is curtailed by the shorter study duration. Therefore, the EAG considers
the use of the LEROS data to inform treatment effectiveness, with EAP data used to inform the time
on treatment to be more appropriate. Despite the EAG considering that patients may continue to
receive treatment past three years, the use of the longer-term EAP time on treatment data (up to
three years) is assumed to provide an illustration of using a longer treatment duration when

combined with the LEROS data used for treatment effectiveness.

4.2.7.2 Routine monitoring

In line with their clinical expert opinion, the company applied the cost of an ophthalmologist visit
three times per year for patients treated with idebenone for the first year of treatment, followed by

one visit per year for subsequent years. This was based on their clinical expert opinion stating that
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they would expect to see patients on idebenone every 4—6 months in the first year. For patients on
SoC, this was assumed to be once per year for the entire duration of the model. Annual resource use

was converted to every three months to match the cycle length of the model.

4.2.7.2.1 EAG critique

The EAG’s clinical experts stated that patients with LHON would have optical coherence tomography
(OCT) undertaken each time they had an outpatient visit with ophthalmology. Similarly, the EAG
noted the cost difference between first and follow-up attendance for ophthalmology visits in the
NHS Reference costs. Therefore, at the EAG’s request during the clarification stage, the company
updated the costs of ophthalmology to use a separate cost associated with first visit and follow-up
visits, while including the cost of an OCT alongside every ophthalmology visit and updated their
base-case results to reflect this, resulting in a small increase in the ICER of £96. The final resource

use and costs associated with routine monitoring in the model are shown in Table 28.

Table 28. Routine monitoring costs and resource use

Per cycle resource | Per cycle resource

Resource Unit cost use: idebenone use: idebenone
(cycle 1-4) (cycle 5+) and SoC

NHS reference costs
2021/2022. outpatient care -
£166.64 Ophthalmology service, Non-
Admitted Face-to-Face
Attendance, First

Ophthalmology
visit (first visit)

NHS reference costs

Ophthalmology 2021/2022. outpatient care -

visit £143.93 0.75 0.25 Ophthalmology service, Non-

(subsequent Admitted Face-to-Face

visit) Attendance, Follow-up
(WFO1A)

NHS reference costs
2021/2022. Retinal
Tomography, 19 years and
over’ (BZ88A)

OCT £158.23

Abbreviations: NHS, National Health Service; OCT, optical coherence tomography; SoC, standard of care
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4.2.7.3 Health state resource use

The company included costs for each health state, assumed to represent the costs associated with
blindness, varying by logMAR score. The included resources associated with blindness were
informed from a published study by Meads et al. 2003,® used in previous NICE appraisals for eye
conditions (HST11,% TA155,%° TA294% and TA274°). The company’s included resource use consisted
of hospitalisations (assumed to be due to injurious falls), outpatient visits (obtaining low vision aids
and rehabilitation), blind registration, supportive living, residential care (aged 65+ only) and
depression. Both blind registration and depression were assumed to be one-off costs applied in the

first year, whereas all other costs are assumed to occur per cycle.

The company stated that as Meads et al.? was based not specifically on patients with LHON and
rather in an older population of patients strictly classed as blind, as such the reported resource use
was not applicable to the LHON population. They therefore obtained estimates of each resource use

across the included model health states, classified by logMAR value, from a survey
_. The average of the estimated resource use from the _was

then calculated and these estimates were validated by five UK clinical experts.

The unit costs for hospitalisations due to injurious falls was assumed to be the cost of an A&E visit,
sourced from NHS Reference Costs 2021/22. All other included costs were taken from Meads et al.
and inflated from 2001 prices to 2022 using the Personal Social Services Research Unit (PSSRU)
hospital and community health service (HCHS) pay and price indices. Following a clarification request
from the EAG, the company updated the cost used for residential care to be sourced from PSSRU
2022 rather than inflated from Meads et al.3 Resource use and unit costs applied in the company’s

model are shown in Table 29 and Table 30, respectively.

Table 29. Resource use for each health state defined by logMAR used in the company’s model

Resource Health state resource use
LogMAR | LogMAR | LogMAR | LogMAR | LogMAR
<0.3 0.3t00.6 | 0.6to1.0 | 1.0to 1.3 | 1.3t0 1.7
Hospitalisations 2% 3% 10% 18% 20% 22% 27% 30%
Outpatient visits 13% 38% 80% 83% 83% 83% 83% 83%
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Blind registration* 0%
Supportive living 0%
Residential care (age o

65+) 0%
Depression due to 7%

LHON onset

25%

0%

2%

20%

78% 100% 100% 100% 100% 100%
20% 40% 48% 57% 63% 70%
7% 7% 8% 20% 22% 35%
30% 33% 42% 45% 58% 65%

Abbreviations: CF, counting fingers; HM, hand motions; LHON, Leber hereditary optic neuropathy; LP, light perception

* Applied in the first year only (cycles 1 to 4)

Table 30. Unit costs for health state resource use applied in the company’s model

Unit cost

from Meads
Resource (2000

prices)

Hospitalisations -

Outpatient visits for

- £341.63
low vision
Blind registration £97.41
Supportive living £2,848.63
Residential care (age
65+)
Depression due to £391.97

LHON onset

Annual
(inflated to
2022)

£1,728.82

£577.26

£164.74

£4,818.23

£75,241.50

£662.90

Per cycle

£432.20

£144.31

£41.18*

£1,204.56

£18,810.38

£165.72*

NHS Reference Costs 2021/2022:
Emergency Medicine, Category 3
Investigation with Category 1-3 Treatment
(VB02z)

Cost representing hospitalisation due to
falls

Cost from Meads et al. inflated using
PSSRU

Cost representing low vision aids (£136.33)
and low vision rehabilitation (£205.30)

Cost from Meads et al. inflated using
PSSRU.

Cost representing doctor’s sessional fee for
completing Certificate of Vision Impairment
(59.70) and mean cost of a community
occupational therapist for the initial
assessment (£37.71)

Cost from Meads et al. inflated using
PSSRU

Cost representing community home care
worker

PSSRU 2022. Local authority own-provision
residential care for older people (age 65+)

Cost from Meads et al. inflated using
PSSRU.

Cost representing costs depression due to
the onset of LHON

Abbreviations: LHON, Leber hereditary optic neuropathy; NHS, national health service; PSSRU, Personal Social Services

Research Unit
* Applied in the first year only (cycles 1 to 4)
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In response to a clarification question (question B1), the company also provided the proportion of
patients requiring each resource when using the EAG’s preferred modelled health states, as
discussed in Section 4.2.2. The estimates for the updated health states were calculated by taking the

average of the proportions from the combined health states, reported below in Table 31.

Table 31. Company resource use estimates applied to the EAG preferred model structure

Limited visual Moderate visual On chart visual Off-chart visual
acuities acuities acutities acuities
LT (logMAR <0.3) | (logMARO0.3to | logMAR1.0to | (logMAR >1.7)
1.0) 1.7
Hospitalisations 2% 7% 19% 26%
Outpatient visits for low vision 13% 59% 83% 83%
0, 0, 0, o,
Blind registration 0% 52% 100% 100%
0, 0, 0, 0,
Supportive living 0% 10% 44% 63%
0, 0, 0, 0,
Residential care (age 65+) 0% 4% 8% 26%
Depression due to LHON 7% 25% 38% 56%

onset

Abbreviations: LHON, Leber hereditary optic neuropathy

4.2.7.3.1 EAG critique

The EAG notes that it is not aware of any published literature available on resource use for patients
with LHON specifically, hence why the company used estimates derived from clinical experts. The
resource categories included for health state costs were informed by Meads et al. * which, as
previously stated, has been used in numerous NICE TAs. The EAG notes that in previous NICE TAs
(HST11,% TA155% and TA294%), the proportion of patients expected to require each resource is
taken directly from Meads et al. and applied to patients who are classified as blind, dependent on

the visual acuity measure used in the economic models.

During the clarification stage, the EAG requested that the company included a scenario analysis
using the proportion of patients requiring each resource taken directly from Meads et al. and
applied only to patients with a logMAR >1. In response to clarification, the company included a
scenario analysis using data from Mead et al. However, within this scenario, the company deemed it

inappropriate to assume patients with logMAR<1 do not require any resource use and therefore
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applied the same proportions obtained from their clinical experts for these health states. In addition,
the company stated that as the proportion of patients requiring hospitalisation in Mead et al.
reflects patients requiring a hip replacement rather than due to injurious falls in their own model,
the proportions for hospitalisations estimated from their clinical experts is still applied in this
scenario. The company noted that the estimated proportions reported in Meads et al. represents an
elderly population which does not align with the LHON population in this current appraisal. The EAG
notes that many of the estimated proportions used by the company are actually higher than those
estimated by Meads et al. Clinical experts advising the EAG suggested that as LHON typically occurs
in a younger population, patients often adapt to their eyesight, more so than if it had developed
later in life. Therefore, it might be more likely that the resource use proportions in Meads et al.

representing an older population are higher than that for the LHON population.

While the EAG agrees that the proportions estimated in Meads et al. may not be fully reflective of
the younger LHON population, the EAG considers the proportions used in the company’s base-case
to be highly uncertain. The EAG notes that in the initial survey of _, from which the
resource use estimates were obtained, there was often a wide range between the highest and
lowest estimates provided for many resource categories. The company then presented the averages
of the three experts to five UK clinical experts for validation. The company reported that one clinical
expert stated that they would expect outpatient care to be higher and therefore ran a scenario

analysis in which this was 2 times higher. However,

The EAG clinical experts also provided comments on the resource use proportions included in the
model. One expert stated that they would not expect young people with vision equal to driving
vision to be experiencing regular falls, as estimated by the company’s resource use. In response to a
clarification question (B16b), the company referenced a study undertaken by the Royal Institute of
Blind People (RNIB), reporting that 8,021 falls related to partial sightedness and blindness occurred
in patients aged 18-59. The company also stated that the report estimated that half of fallers have
reoccurring falls, thus supporting the application of hospitalisations as a regular per cycle cost in the
economic model. While the EAG considers it plausible that a proportion of patients may have regular

falls requiring hospitalisation, it is uncertain if this would apply to patients with good visual acuity,
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every 3 months for the entire model duration, despite only being applied to a small proportion. The
EAG, therefore, considers it more plausible to apply the proportion of patients requiring
hospitalisation from Meads et al. to all patients with a logMAR >1 and assume that this proportion is

representative of patients requiring hospitalisation due to injurious falls.

The cost of supportive living from Meads et al. 2003 used in the company’s model is assumed to
reflect the cost of a community home care worker. A clinical expert advising the EAG noted that they
expect this would entail assessing the home environment and installing features that may help. It

was noted that this would generally be a one-off visit rather than a regular on-going cost.

Clinical experts also stated to the EAG that supplying low vision aids, in the form of magnification
tools and rehabilitation would not be an ongoing regular cost throughout a patient's lifetime but
more of a one-off cost required on sight deterioration (likely when considered sight impaired
[logMAR>1]). Following a request during the clarification stage, the company provided a scenario in
which outpatient care costs were applied as a one-off costs rather than per cycle. The EAG deem this
to be more reflective of clinical practice and applies this in the EAG preferred analysis (see Section

6).

Due to the uncertainty in the company’s estimates derived from their clinical experts and a lack of
available evidence for resource use in the LHON population, the EAG considers it more appropriate
to use estimated resource use from Meads et al., applied to patients with a logMAR>1. However, as
the cost of depression is applied as a one-off cost, the EAG considers it more appropriate to apply
the proportion of patients experiencing this cost to all health states as clinical experts advised that
this is likely to affect all patients with a diagnosis of LHON as they adjust to their prognosis. Meads et
al. reported separate resource use for low vision aids (11%) and low vision rehabilitation (33%);
however, the company’s model structure combined these into one resource use (Outpatient visits
for low vision). Therefore, in order to implement the Meads et al. proportions in the company’s
model it was necessary to take the average of low vision aids and low vision rehabilitation (22%). As
both the low vision aids and rehabilitation had similar costs (see Table 30), the EAG does not
consider this will have a considerable impact. The EAG’s preferred assumptions are summarised
below and Table 32 shows the EAG’s preferred resource use estimates in line with the EAG’s

preferred model structure:
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e Proportion of patients requiring each resource sourced from Meads et al. 2003, applied only
to patients with logMAR>1, except depression costs which are assumed to apply to all health
states.

e Costs for outpatient visits for low vision (vision aids and rehabilitation), blind registration,
supportive living and depression all applied as a one-off cost in the first year.

e Proportion experiencing hospitalisation assumed to be applicable to those having injurious

falls.

Table 32. EAG preferred resource use assumptions applied to EAG preferred model health states

Limited visual Moderate visual On chart visual | Off-chart visual
acuities acuities acuities acuities
LT (logMAR <0.3) | (logMARO0.3to | logMAR1.0to | (logMAR >1.7)
1.0) 1.7

Hospitalisations 0% 0% 5% 5%
Outpatient visits for low vision 0% 0% 22% 22%
Blind registration 0% 0% 95% 95%
Supportive living 0% 0% 6% 6%
Residential care (age 65+) 0% 0% 30% 30%

Depression due to LHON

39% 39% 39% 39%
onset

Abbreviations: LHON, Leber hereditary optic neuropathy
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5 Cost effectiveness results

5.1 Company’s cost effectiveness results

Table 33 presents the cost-effectiveness results of the company’s updated (i.e., post clarification)
base case deterministic and probabilistic analyses. The probabilistic sensitivity analysis (PSA)
conducted to assess the joint parameter uncertainty around base case results used a Monte Carlo
simulation and derived probabilistic results from 1,000 generated simulations. The EAG notes that as
described in Section 4.2.4, transition probabilities were not made probabilistic in the PSA and so
treatment effectiveness uncertainty has not been accounted for. Therefore, while probabilistic
results have been provided, the EAG considers these results may be inappropriate for decision

making given the extent of the treatment effectiveness uncertainty.
Table 33. Company’s base case results

Interventions | Total Total LY | Total Incremental | Incremental | Incremental | ICER
Costs (£) QALYs costs (£) LYs QALYs (E/QALY)

Deterministic results

SoC | [ [ - - - -
Idebenone [ [ ] [ ] [ ] | [ | 18,758
Probabilistic results*

SoC L - L - - - -
Idebenone [ - [ ] [ ] - [ | 19,272

Abbreviations: ICER, incremental cost-effectiveness ratio; LY, life year; QALY, quality-adjusted life-year; SoC, standard of
care.

*Probabilistic results do not account for idebenone and SoC treatment effectiveness uncertainty
A PSA scatterplot is presented in Figure 12 and a cost-effectiveness acceptability curve (CEAC) is
presented in Figure 13. Based on these analyses, the probability that idebenone is cost effective
versus SoC is 50% at a willingness to pay (WTP) threshold of £20,000 and 85% at £30,000, using the

company base case assumptions.

The EAG notes that as the idebenone and SoC treatment effects have not been varied according to
uncertainty in the estimated treatment effectiveness, the deterministic results may be considerably

different from the probabilistic results.
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Figure 11. Company base case PSA case scatter plot

Figure 12. Company base case cost-effectiveness acceptability curve
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5.2 Company’s sensitivity analyses

5.2.1 One-way sensitivity analysis

The company conducted a one-way sensitivity analyses (OWSA) to assess the sensitivity of the ICER
to varying specific parameters in isolation and to identify the main model drivers. The results are
illustrated in Figure 14. The EAG notes that while the ICER was most sensitive to the utility of
patients with a logMAR of less than 0.3, the analysis did not vary treatment effectiveness which the

EAG considers the ICER may be most sensitive to given the results of the EAG scenario conducted.

Figure 13. Company base case one-way sensitivity analysis

5.2.2  Scenario analysis

The company undertook a series of scenario analyses to assess the impact of applying alternative
assumptions to key model parameters, in addition to several scenario analyses requested by the

EAG. Results of all scenario analyses conducted by the company are presented in Table 34.
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Table 34. Company conducted scenario analyses

Scenario Incremental Incremental
1 [ |

0% [ | 2,929
Discount rate for costs o o
and outcomes 2 3.5% 1.5% B ] 9,964
3 6% [ ] [ | 34,074
) ) 4 50 years [ ] [ 21,375
Time horizon 66 years
5 30 years [ ] [ | 29,754
6 Rentz et al. (2014) [ ] [ | 18,787
7 Lawrence et al. — EQ-5D-5L [ ] [ | 22,070
Utility source 8 Brown et al. (1999) Lawrence et al. — HUI3 [ ] [ | 15,680
9 Lawrence et al. — TTO [ | [ 18,714
10 Czoski-Murray et al. [ ] [ | 20,094
11 EAP [ ] [ | 20,333
E:jggne characteristics 12 RHODOS CaRS [ ] [ | 19,224
Pooled RHODOS, EAP and
13 CaRS B ] 19,484
Caregiver disutility 14 Included Excluded [ ] [ | 22,181
. 15 _ Full compliance — 100% [ ] [ | 21,453
Compliance RCT compliance -
16 RWE compliance — 87% [ | [ 17,454
gg)zrrzn)exit?]yﬂlfg_ SUVEY  Base-case + outpatient care
Resource use inputs 17 use adjusted according the [ ] [ | 21,615

exception of

ophthalmologist visits UK clinical input
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Using the EAG’s Company preferred

proposed health states B1 model EAG preferred model [ ] [ | 27,053

Applying the LEROS data

from month 6 to month 24 B2 EAP LEROS [ ] [ | 21,129

in the idebenone arm

Removing the LOCF

assumption from the B3 Using LOCF No LOCF [ ] [ | 1,963

CaRS data

Applying a 4% idebenone No discontinuation rate Discontinuation rate applied

treatment discontinuation B8 applied to treatment PP [ [ ] 19,709

. to treatment effect

rate for idebenone effect

Applying various HRQoL B

sources using the EAG’s B10 Company preferred EAG preferred model [ ] [ ] 19,107
model 29,407

proposed health states

Applying a one-off : .

outpatient care cost for B16 Recurring outpatient 50 o outpatient care cost [ ] [ | 19,595

. care cost

idebenone

Applying the adjusted Additional health care No additional health care

resource use inputs B20 resource use for those resource use for those not [ ] [ | 22,277

based on Meads et al. not visually impaired visually impaired

Using the EAG’s

proposed health states Company preferred EAG preferred model,

with LEROS data for B21 model, EAP LEROS i - 26,798

idebenone

Abbreviations: Cl, confidence intervals; CaRS, Case record survey; EAG, external assessment group; EAP, Extended access programme; LOCF, last observation carried forward; NHS, National
Health Service; PSA, probability sensitivity analyses; PSS, Personal social services; RWE, Real-world evidence; SE, standard error
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5.3 Model validation and face validity check

The company states that the cost-effectiveness model was quality assured by a senior health
economist not involved in the model build who reviewed the model for coding errors,
inconsistencies, and plausibility of inputs and outputs. The company also states that the model was

subject to stress testing of extreme scenarios to test for technical modelling errors and plausibility of

results.

BM) TAG

PAGE 121

Copyright 2024 King's Printer and Controller of HMSO. All rights reserved.



6 Additional economic analysis undertaken by the EAG

6.1 Model corrections

The External Assessment Group (EAG) did not identify any model errors requiring correction.

6.2 Exploratory and sensitivity analyses undertaken by the EAG

In Section 4 of this report, the EAG has described several scenarios that warranted further
exploration in addition to the company’s own sensitivity and scenario analyses. The EAG cost
effectiveness scenarios comparing idebenone to SoC (standard of care) are listed below, with results

presented in Section 6.3.

e Applying the idebenone LEROS transition probabilities to SoC patients after RHODOS —
Section 4.2.4;

e Adjusting the idebenone treatment discontinuation weighted average calculation and
increasing the proportion who discontinue treatment to 10.8% — Section 4.2.4;

e Adjusting the EQ-5D utilities calculated from Lawrence et al.? to include patients from the
Republic of Ireland — Section 4.2.6;

e Applying healthcare resource costs associated with visual impairment according to Meads et
al.® —Section 4.2.7;

e Applying supportive living cost as a one-off cost — Section 4.2.7;

e Applying outpatient care cost as a one-off cost — Section 4.2.7.
6.3 EAG scenario analysis
All additional scenarios conducted by the EAG were done so using the EAG’s preferred model

structure. The results of EAG scenarios are outlined in Table 35.

Table 35. Results of the EAG’s scenario analyses

Company base case

Total costs (£) - - -

QALYs [ [ [ |

ICER (£/QALY) - - 18,758
0 EAG preferred model structure

Total costs (£) [ [ [ ]

QALYs [ [ [ |
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ICER (£/QALY) - - 27,053
1 Applying the LEROS transition probabilities to SoC patients after RHODOS

Total costs (£) - - -
QALYs [ [ [
ICER (£/QALY) - - 59,061

2 Adjusting the idebenone treatment discontinuation weighted average calculation and increasing the
proportion who discontinue treatment to 10.8%

Total costs (£) [ [ [ ]

QALYs [ ] [ ] [ |

ICER (£/QALY) - - 30,316
3 Adjusting the EQ-5D utilities calculated from Lawrence et al.? to include patients from the Republic of

Ireland

Total costs (£) [ | [ | [ ]

QALYs [ [ |

ICER (£/QALY) - - 27,780
4 Applying additional healthcare resource costs according to Meads et al.3

Total costs (£) [ ] [ [ ]

QALYs [ | [ | [ |

ICER (£/QALY) - - 31,631
5 Applying supportive living cost as a one-off cost

Total costs (£) [ ] [ [ ]

QALYs [ | [ | [ |

ICER (£/QALY) - - 35,456
6 Applying outpatient care cost as a one-off cost

Total costs (£) [ [ [ ]

QALYs [ | [ | [ |

ICER (£/QALY) - - 28,128

Abbreviations: EAG, External Assessment Group; ICER, incremental cost-effectiveness ratio; QALY, quality adjusted life
year

6.4 EAG preferred assumptions

Table 36 outlines the EAG’s preferred assumptions and the independent and cumulative impact on
the ICER of each assumption. The EAG’s base case deterministic and probabilistic cost-effectiveness

results are provided in Table 37.

e EAG preferred model structure;

e Using the LEROS study to derive the idebenone long term treatment effects;
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e Applying the idebenone transition probabilities to SoC patients after RHODOS;

e Adjusting the idebenone treatment discontinuation weighted average calculation and
increasing the proportion who discontinue treatment to 10.8%;

e Using the EQ-5D utilities calculated from Lawrence et al.? that include patients from the
Republic of Ireland;

e No carer disutility applied;

e Applying additional healthcare resource costs according to Meads et al.?;

e Applying supportive living cost as a one-off cost;

e Applying outpatient care cost as a one-off cost.

Table 36. EAG preferred model assumptions

Independent ICER Cumulative ICER
Preferred assumption Section in EAG report (E/QALY) (E/QALY)

Company base case 18,758 18,758
EAG preferred model 422 27,053 27,053
structure

Using the LEROS study to 28 459 35736
derive the idebenone long 424 ' ’
term treatment effect”

Applying the LEROS

transition probabilities to 424 59,061 99,366

SoC patients after
RHODOS

Adjusting the idebenone

treatment discontinuation

weighted average

calculation and increasing 424 21,022 111,280
the proportion who

discontinue treatment to

10.8%

Using the EQ-5D utilities

calculated from Lawrence

et al? that include patients 426 27,780 109,432
from the republic of

Ireland**

No carer disutility applied 426 21,019 127,207

Applying additional
healthcare resource costs

according to Meads et
al.3**

427 31,631 128,419

Applying supportive livin 129,704
PPYING supb g 4.2.7 25,899
cost as a one-off cost
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i i 130,269
Applying outpatient care 427 19,595
cost as a one-off cost

Abbreviations: EAG, External Assessment Group; ICER, incremental cost-effectiveness ratio; QALY, quality adjusted life
year
*EAP discontinuation rate applied given the limited LEROS study duration

**EAG preferred model structure assumption also required

Table 37. EAG base case results

Interventions | Total Total LY | Total Incremental | Incremental | Incremental | ICER
Costs (£) QALYs costs (£) LYs QALYs (E/QALY)

Deterministic results

SoC E = . : : : :

Idebenone [ | [ | [ | [ ] | [ 130,269
Probabilistic results*

SoC [ ] - [ ] - - - -
Idebenone [ - [ ] [ ] - [ | 126,422

Abbreviations: ICER, incremental cost-effectiveness ratio; LY, life year; QALY, quality-adjusted life-year; SoC, standard of
care.

*Probabilistic results do not account for idebenone and SoC treatment effectiveness uncertainty

6.5 Conclusions of the cost effectiveness sections

Overall, the EAG considers that many of the company’s assumptions informing the economic model

are bias in favour of idebenone, leading to its cost-effectiveness being overestimated.

Structurally the company’s model does not align with key HRQoL sight related thresholds outlined by
the EAG’s clinical experts and the high number of health states used in the company’s base case lead
to health state transitions being impossible when coupled with the equally critical issue of the small

number of patient observations informing the model.

Of all the issues identified by the EAG in the company’s model, the EAG considers the modelling of
the SoC treatment effect is the most impactful. The EAG has identified that SoC logMAR recovery is
considerably worse in the model than in the RHODOS, RHODOS-OFU and the LEROS natural history
matched analysis, with SoC logMAR worsening 2.28 times as much in the model compared to the
end of the RHODOS study (6 months) if considering the mITT population and 3.84 worse with respect
to the ITT population. Additionally, while the RHODOS OFU and CaRS -ll studies recorded that mean
SoC logMAR recovered to baseline values by three and four years respectively, these results are also

not reflected in the model.
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While limited available patient data is a key issue in many health technology assessments with rare
genetic conditions influencing the ability of companies to provide a robust SoC treatment effect, the
EAG considers that there appears to be sufficient trial data to inform a robust SoC treatment effect,
which the company has not utilised. For example, the EAG requested a scenario which utilised all
available and appropriate CaRS patient data (approximately 944 observations); however, only 169
observations were used in the scenario. The EAG, therefore, considers that the modelled SoC

treatment effect is underestimated and highly uncertain.

The company has additionally failed to account for the uncertainty in the estimates of treatment
effectiveness within their deterministic and probabilistic sensitivity analyses (PSA). While the
company has attempted to justify the exclusion of treatment effectiveness uncertainty from the
sensitivity analysis by suggesting it’s inclusion will create substantial uncertainty in the results, the
EAG considers this a critical flaw in the development of the model. Investigating the impact of
parameter uncertainty on the incremental cost effectiveness ratio (ICER) is a critical step in the
evaluation of new health technologies. The NICE Guide to the Methods of Technology Appraisal
states that PSA results are no longer simply recommended but are a mandatory requirement for all

cost-effectiveness models submitted to NICE.
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8 Appendices

8.1 Quality assessment

Table 38. Quality of effectiveness estimates from non-randomised studies (QUEENS) checklist for the
propensity score matching (PSM) analysis of LEROS ITT idebenone-treated patients compared to
CaRS SoC treated patients.*

Question Answer

Q1: Have different methods been compared
within the study?

Q2: Have the results of the study been
compared to others in the literature?

Q3: Is there a discussion of what treatment
effect is identified and of the assumptions
needed?

Q4: Is the model chosen consistent with the
outcome variable if using a parametric method?

Q5: Were any checks conducted on the model
specification?

Q6: On selection: Is the assumption of selection
on observables assessed?

Q7: What checks were conducted to assess
overlap?

Q8: Has balancing of the covariates been
checked after matching and propensity score
methods?

Q9: Is the propensity score function sufficiently
flexible?

Q10: Are potential IVs excluded from the set of

conditioning variables?

Q11: Data quality: Are there data quality issues?

BM) TAG

No - Only a single method, propensity score matching,
was used

Not compared — no other estimates were available

No discussion of either

Yes/unclear. ANCOVA is used but no justification was
provided. LogMAR values from LEROS included those
measured in a continuous fashion through ETDRS charts,
and ordinal measurements of "finger counting", "hand
motion" and "light perception". The distribution of o gMAR
values was presented as binned categories, but skewness
was not assessed. LogMAR values from the CaRS studies
were converted from Snellen measurements.

No checks reported

Partially, the EAG suggested some key baseline
characteristics for matching, to which the Company added
others, albeit without explicit justification or discussion of
whether any prognostic factors were unmatched and/or not
available.

No checks reported, although there was a reasonable
degree of overlap for each baseline characteristic between
unmatched populations.

Yes, through standardised mean differences presented in
Figure 1 of Company response to clarification.

Unclear/unlikely to be sufficiently flexible, it was not
reported that polynomial or interaction terms were allowed
for in the calculating of the propensity score.

Yes, other than sex, each variable included in the
matching set is likely a meaningful prognostic factor

(a) Data and definitions comparable for treated and
control groups:

Partially, logMAR values directly measured in LEROS but
are converted Snellen measures in CaRS;
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(b) Treated and controls come from the same area or
environment:
No, CaRsS is a historical natural history study whereas
LEROS a clinical trial;
(c) Rich set of variables used for matching:
Yes, a reasonable set of variables were used for matching;
(d) Reasonable sample sizes:
Partially, given the rarity of the disease the sample sizes
appear reasonable, despite no formal consideration of
statistical power in the matched-control analysis. However,
the EAG is concerned that only a single time point (24
months) was used from the follow-up data.

Q12: For Nearest Neighbour: Has bias No bias adjustment was reported.
adjustment

been conducted if more than one variable was

included when matching on covariates?

Q13: Is the choice of replacement (with/without)  Partially, the decision was not justified but most NH

reasonable? patients were successfully matched without replacement.
Q14: Is the choice of the number of calliper Yes, a standard calliper width was used that did not result
matching reasonable? in an excessive loss of sample size.®

Abbreviations: ANCOVA, analysis of covariance; EAG, external assessment group; ETDRS, Early Treatment of Diabetic
Retinopathy Study; logMAR, logarithm of the minimum angle of resolution; NH, natural history
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