QUESTION

Should 150mg daily of omaveloxolone vs. none be used for providing neurological benefit for individuals with Friedreich ataxia aged 16 years

and over?

POPULATION: providing neurological benefit for individuals with Friedreich ataxia aged 16 years and over
INTERVENTION: 150mg daily of omaveloxolone
COMPARISON: none
MAIN Changes in neurological function in Friedreich ataxia assessed with the modified Friedreich’s Ataxia Rating Scale (mFARS); Neurological function in
OUTCOMES: Friedreich ataxia (assessed with mFARS); Neurological function in Friedreich ataxia (assessed with mFARS);
SETTING:
PERSPECTIVE:
BACKGROUND:
CONFLICT OF
INTERESTS:
ASSESSMENT

Problem

Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o No The major clinical manifestations of frataxin deficiency in FRDA are effects on large
o Probably no sensory neurons of the dorsal root ganglion, the dentate nucleus of the cerebellum,
o Probably yes | upper motor neurons of the corticospinal tract, pancreatic islet cells, cardiomyocytes,
® Yes and select cells of the retina (Keita et al, 2022). In 2017, four FRDA patient advocacy
O Varies organizations hosted an externally led Patient Focused Drug Development Meeting
o Don't know from which a summary report of FRDA patient perspectives was developed titled,
‘The Voice of the Patient’ (Friedreich’s Ataxia Research Alliance, 2017). This report
outlined the importance of improvement in neurological outcomes for individuals
with FRDA. Recent studies of views of people living with FRDA report preference for
therapies that target neurological symptoms (Thomas-Black et al, 2022; Lieschke et
al, 2023; Trantham et al, 2024).

Desirable Effects

How substantial are the desirable anticipated effects?



JUDGEMENT

RESEARCH EVIDENCE

ADDITIONAL CONSIDERATIONS

O Trivial

o Small

o Moderate
O Large

O Varies

o Don't know

3 studies examining effects of omaveloxolone on neurological function as measured
by the mFARS (reviewed below) all showed neurological benefit as (improvement in
the mFARS). A prior omaveloxolone safety and dosing RCT also showed improvement
in the secondary outcome of mFARS in those on active treatment as well as a dose-
response effect (Lynch et al, 2019).

Changesin

neurological
functionin
Friedreich ataxia
assessed with the
modified
Friedreich’s Ataxia
Rating Scale
(mFARS)
assessed with:
modified
Friedreich's Ataxia
Rating Scale
(mFARS)

Impact N¢ of Certainty of
participants | the
(studies) evidence
(GRADE)
103 individuals aged 16 to 40 years, with (1 RCT)' [asYarYasYas)
genetically confirmed FRDA and baseline High®

mFARS scores between 20 and 80 (note,
lower mFARS scores indicate better
neurological function) took partin a multi-
centre, multinational double-blind
randomised placebo-controlled trial.
Participants were randomized 1:1 to receive
150 mg omaveloxolone per day or placebo
over 48 weeks. mFARS was measured at 4,
12,18, 24, 36 and 48 weeks.

The efficacy analysis excluded those with pes
cavus such that 82 participants (40 on active
treatment and 42 on placebo) were included
in the dataset. A mixed models repeated
measures (MMRM) analysis showed a
statistically significant difference in changes
in mFARS from baseline to 48 weeks between
groups. The mean change in mFARS for the
omav group was -1.55 (+/- 0.69 SEM) and for
the placebo group was 0.85 (+/- 0.64). The
mean difference between groups was -2.40
+/- 0.96 (p=0.014). This difference in mFARS
between treatment and placebo groups was
thought to represent about 1.5 years reversal
of progression, considered to be clinically
meaningful. Improvements in mFARS were
consistent across subgroups, with greatest
improvement in those aged <18 years.

Most adverse events were mild to moderate.
Adverse events affecting the treatment group

Clinical experience suggests that patients’ perceptions of the
magnitude of the desirable effects of omaveloxolone are likely to
vary according to factors such as prior (to treatment) expectations of
the level of effect and the individual’s stage of disease (whether in
early stages or advanced). Anecdotally, the study participants
appeared to understand and accept that there are limits to the
improvement provided by the medication. Although the delayed
start study (2) included participants taking omaveloxolone for up to
144 weeks (a small number), longer-term effects are not known at
this time. However, ongoing follow-up of patients suggests the
beneficial effects are maintained and might be considered moderate
in the longer term.

Limitations of reviewed the studies include:

Generalizability of study results is limited: The study participants
were aged >16 years, had mild -moderate neurological impairment
and were required to complete an exercise test. Efficacy of treatment
on individuals aged <16 years and those with lower mobility and
reduced cardiac function is unclear (1, 2, 3).

Date of mFARS measurement not completely comparable between
groups. At year 3, FACOMs cohort about 3 months later than MOXle
cohort (3).

1. Lynch DR, Chin MP, Delatycki MB, Subramony SH, Corti M, et al.
Safety and efficacy of omaveloxolone in Friedreich ataxia (MOXle
Study). Ann Neurol 2021;89(2):212-215.

2. Lynch DR, Chin MP,Boesch S,Delatycki MB,Giunti P,et al. Efficacy of
Omaveloxolone in Friedreich's Ataxia: Delayed-Start Analysis of the
MOXIe Extension. Mov Disord 2023;38(2):313-320.
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more than placebo were headache, nausea,
increased alanine and aspartate
aminotransferase (ALT and AST), fatigue,
diarrhea and abdominal pain. Increases in
ALT/AST trended back to baseline as therapy
continued.

This delayed start analysis included
participants from the MOXle RCT (above).
Both the placebo and treatment groups were

(1 non-
randomised
study)?
offered the opportunity to participate in the

extension study (ongoing) to receive 150 mg
omaveloxolone daily. Analysis was done after

72 weeks in the extension period. Group

differences in mFARS scores at the end of the

RCT (48 weeks) were compared with the

difference after 72 weeks in open-label

extension. mFARS was assessed every 24

seeks throughout extension period. A non-

inferiority analysis using a single MMRM

model. The full analysis setincluded all

participants in the RCT (n=42 Placebo-

omaveloxolone and 40 omaveloxolone-
omaveloxolone).

The mean difference in mFARS at the end of
the RCT (-2.17 +/- 1.09) was preserved after
the 72-week extension (-2.91 +/- 1.44),
showing the persistent benefit on disease
course (measured by mFARS) from
omaveloxolone treatment. The safety profile
was similar to that of the RCT.

Participants in the MOXle extension study
(including those in the RCT as well as
participants in a previous 12-week dose-
ranging study; n=136) were compared to a
matched cohort from a natural history study
(FACOMS; n=136). Matching was done using
logistic regression to estimate propensity

(1 non-
randomised
study)®

scores based on important covariates.

The change in mFARS from baseline over 3
years follow-up were compared between the
MOXle cohort and the FACOMs cohort.

1100

Low?

o000

Moderate?

3. Lynch DR, Goldsberry A, Rummey C, Farmer J, Boesch S, et al.
Propensity matched comparison of omaveloxolone treatment to
Friedreich ataxia natural history data. Ann Clin Trans| Neurol
2024:11(1):4-16.




Undesirable Effects

Results show those taking omaveloxolone
(MOXle extension cohort) experienced a
smaller change in the mFARS score (mean 3
points change) compared to those in the
natural history cohort (mean 6.6 points). The
mean difference was -3.6 +/- 0.93 (p=0.0001).
Differences were also seen at years 1 and 2.

Lynch DR, Chin MP,Delatycki MB,Subramony SH,Corti M,et al. Safety and
efficacy of omaveloxolone in Friedreich ataxia (MOXIe Study).. Ann Neurol ;
2021.

Lynch DR, Chin MP,Boesch S,Delatycki MB,Giunti P,et al.. Efficacy of
Omaveloxolone in Friedreich's Ataxia: Delayed-Start Analysis of the MOXIe
Extension. . Mov Disord; 2023.

Lynch DR, Goldsberry A,Rummey C,Farmer J,Boesch S,et al.. Propensity
matched comparison of omaveloxolone treatment to Friedreich ataxia
natural history data. . Ann Clin Transl Neurol; 2023.

As there is only 1 trial (1) and the other two studies (2,3) stem from the
trial and relate to the same cohort and study methods, inconsistency
between studies cannot be assessed.

How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

O Trivial The 3 studies reviewed below, as well as the safety and dosing RCT (Lynch et al, Any adverse effects experienced by those on treatment do not

e Small 2019), all showed no major safety events and other adverse effects deemed to be appear to lead to patients choosing to discontinue the medication.
o0 Moderate due to the medication were not common and were generally mild. Observed Most common adverse reactions (incidence 220% and greater than
O Large increases in alanine and aspartate aminotransferase (ALT and AST) trended back to placebo) are elevated liver enzymes (AST/ALT), headache, nausea,
o Varies baseline as therapy continued. abdominal pain, fatigue, diarrhea, and musculoskeletal pain.

o Don't know

Clinical experience shows that a number of patients are experiencing
raised cholesterol levels while using omaveloxolone. Therefore,
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Impact N¢ of Certainty of
participants | the
(studies) evidence
(GRADE)
103 individuals aged 16 to 40 years, with (1 RCT)' [asYarYasYas)
genetically confirmed FRDA and baseline High?

mFARS scores between 20 and 80 (note,
lower mFARS scores indicate better
neurological function) took partin a multi-
centre, multinational double-blind
randomised placebo-controlled trial.
Participants were randomized 1:1 to receive
150 mg omaveloxolone per day or placebo
over 48 weeks. mFARS was measured at 4,
12,18, 24, 36 and 48 weeks.

The efficacy analysis excluded those with pes
cavus such that 82 participants (40 on active
treatment and 42 on placebo) were included
in the dataset. A mixed models repeated
measures (MMRM) analysis showed a
statistically significant difference in changes
in MFARS from baseline to 48 weeks between
groups. The mean change in mFARS for the
omav group was -1.55 (+/- 0.69 SEM) and for
the placebo group was 0.85 (+/- 0.64). The
mean difference between groups was -2.40
+/- 0.96 (p=0.014). This difference in mFARS
between treatment and placebo groups was
thought to represent about 1.5 years reversal
of progression, considered to be clinically
meaningful. Improvements in mFARS were
consistent across subgroups, with greatest
improvement in those aged <18 years.

Most adverse events were mild to moderate.
Adverse events affecting the treatment group
more than placebo were headache, nausea,
increased alanine and aspartate
aminotransferase (ALT and AST), fatigue,
diarrhea and abdominal pain. Increases in
ALT/AST trended back to baseline as therapy
continued.

ongoing monitoring by clinicians is necessary and cholesterol-
lowering medication may be indicated in some patients.

The US FDA (accessed August 2024) report the following precautions:

- Elevation of Aminotransferases: Monitor ALT, AST, and total bilirubin
prior to initiation, every month for the first 3 months of treatment,
and periodically thereafter. (2.1, 5.1)

- Elevation of B-type Natriuretic Peptide (BNP): Advise patients of
signs and symptoms of fluid overload. (2.1, 5.2)

- Lipid Abnormalities: Monitor cholesterol periodically during
treatment.

Limitations of reviewed studies include:

Generalizability of study results is limited: The study participants
were aged >16 years, had mild -moderate neurological impairment
and were required to complete an exercise test. Efficacy of treatment
on individuals aged <16 years and those with lower mobility and
reduced cardiac function is unclear (1, 2, 3).

Date of mFARS measurement not completely comparable between
groups. At year 3, FACOMs cohort about 3 months later than MOXle
cohort (3).

1. Lynch DR, Chin MP, Delatycki MB, Subramony SH, Corti M, et al.
Safety and efficacy of omaveloxolone in Friedreich ataxia (MOXle
Study). Ann Neurol 2021;89(2):212-215.

2. Lynch DR, Chin MP,Boesch S,Delatycki MB,Giunti P,et al. Efficacy of
Omaveloxolone in Friedreich's Ataxia: Delayed-Start Analysis of the
MOXIe Extension. Mov Disord 2023;38(2):313-320.
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This delayed start analysis included
participants from the MOXle RCT (above).
Both the placebo and treatment groups were
offered the opportunity to participate in the
extension study (ongoing) to receive 150 mg
omaveloxolone daily. Analysis was done after

(1 non-
randomised
study)?

72 weeks in the extension period. Group
differences in mFARS scores at the end of the
RCT (48 weeks) were compared with the
difference after 72 weeks in open-label
extension. mFARS was assessed every 24
seeks throughout extension period. A non-
inferiority analysis using a single MMRM
model. The full analysis setincluded all
participants in the RCT (n=42 Placebo-
omaveloxolone and 40 omaveloxolone-
omaveloxolone).

The mean difference in mFARS at the end of
the RCT (-2.17 +/- 1.09) was preserved after
the 72-week extension (-2.91 +/- 1.44),
showing the persistent benefit on disease
course (measured by mFARS) from
omaveloxolone treatment. The safety profile
was similar to that of the RCT.

Participants in the MOXle extension study
(including those in the RCT as well as
participants in a previous 12-week dose-

(1 non-
randomised
study)®
ranging study; n=136) were compared to a

matched cohort from a natural history study

(FACOMS; n=136). Matching was done using

logistic regression to estimate propensity

scores based on important covariates.

The change in mFARS from baseline over 3
years follow-up were compared between the
MOXle cohort and the FACOMs cohort.
Results show those taking omaveloxolone
(MOXle extension cohort) experienced a
smaller change in the mFARS score (mean 3
points change) compared to those in the
natural history cohort (mean 6.6 points). The
mean difference was -3.6 +/- 0.93 (p=0.0001).
Differences were also seen atyears 1 and 2.
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3. Lynch DR, Goldsberry A, Rummey C, Farmer J, Boesch S, et al.
Propensity matched comparison of omaveloxolone treatment to
Friedreich ataxia natural history data. Ann Clin Trans| Neurol
2024:11(1):4-16.




1. Lynch DR, Chin MP,Delatycki MB,Subramony SH,Corti M,et al. Safety and
efficacy of omaveloxolone in Friedreich ataxia (MOXIe Study).. Ann Neurol ;
2021.

2. Lynch DR, Chin MP,Boesch S,Delatycki MB,Giunti P,et al.. Efficacy of
Omaveloxolone in Friedreich's Ataxia: Delayed-Start Analysis of the MOXIe
Extension. . Mov Disord; 2023.

3. Lynch DR, Goldsberry A,Rummey C,Farmer J,Boesch S,et al.. Propensity
matched comparison of omaveloxolone treatment to Friedreich ataxia
natural history data. . Ann Clin Transl Neurol; 2023.

a. Asthereis only 1 trial (1) and the other two studies (2,3) stem from the
trial and relate to the same cohort and study methods, inconsistency
between studies cannot be assessed.

Certainty of evidence

What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

o Very low We rate the certainty of the evidence based on the 3 reviewed studies (above) and In February 2023, the US FDA considered the evidence provided by
o Low the earlier safety and dosing RCT as moderate. Currently, there are no replication the studies reviewed here and found it to be sufficient to grant

® Moderate RCTs that could potentially give the evidence a greater level of certainty. approval for the use of omaveloxolone (brand name Skyclarys™) for
o High the treatment of FRDA in US adults and adolescents aged 16 years

o No included and over (Mullard et al, 2023). In December 2023, the Committee for
studies Medicinal Products for Human Use (CHMP) of the Europeans

Medicines Agency (EMA) recommended marketing authorization for
Skyclarys for the treatment of FRDA in individuals aged 16 and over
in the European Union (EU). Following review by the European
Commission, approval was announced in February 2024
(https://investors.biogen.com/news-releases/news-release-
details/biogen-received-european-commission-approval-skyclarysr).

Values

Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS



https://investors.biogen.com/news-releases/news-release-details/biogen-received-european-commission-approval-skyclarysr
https://investors.biogen.com/news-releases/news-release-details/biogen-received-european-commission-approval-skyclarysr

O Important In 2017, four FRDA patient advocacy organizations hosted an externally led Patient Anecdotally, there may be some small differences in opinions about
uncertainty or Focused Drug Development Meeting from which a summary report of FRDA patient the value of the outcome to people with FRDA at different stages of

variability perspectives was developed titled, ‘The Voice of the Patient’ (Friedreich’s Ataxia the disease progression or at different ages. However, it appears that
o Possibly Research Alliance, 2017). This report outlined the importance of improvement in generally individuals with FRDA value any improvement in their
important neurological outcomes for individuals with FRDA. Recent studies of views of people neurological function.

uncertainty or living with FRDA report preference for therapies that target neurological symptoms

variability (Thomas-Black et al, 2022; Lieschke et al, 2023; Trantham et al, 2024).

e Probably no

important

uncertainty or

variability

o No important
uncertainty or
variability

Balance of effects

Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS
o Favors the All available studies show that the benefits of omaxeloxolone outweigh any

comparison undesirable effects, including the absence of any major medication-related adverse

o Probably events.

favors the

comparison

o Does not favor

either the

intervention or
the comparison
O Probably
favors the
intervention

e Favors the
intervention

O Varies

o Don't know

Acceptability

Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS




® Yes
O Varies
o Don't know

o No The results of the RCT (Lynch et al, 2021) and the open-label extension study (Lynch
o Probably no et al, 2023) suggested the treatment was acceptable to participants as evidenced by
O Probably yes | the low discontinuation rate of the treatment by study participants.

SUMMARY OF JUDGEMENTS

PROBLEM

DESIRABLE EFFECTS

UNDESIRABLE EFFECTS

CERTAINTY OF EVIDENCE

VALUES

BALANCE OF EFFECTS

| JUDGEMENT
Yes
Moderate
Small
Moderate
Probably no
important
uncertainty or
variability
Favors the
intervention
Yes

ACCEPTABILITY

TYPE OF RECOMMENDATION

Strong recommendation against the
intervention

O

Conditional recommendation against the
intervention

o

Conditional recommendation for either the
intervention or the comparison

o

Conditional recommendation for the
intervention

o

Strong recommendation for the
intervention




CONCLUSIONS

Recommendation

We recommend the use of 150mg daily of omaveloxolone administered according to regulatory guidelines over no omaveloxolone for providing neurological benefit for
individuals with Friedreich ataxia aged 16 years and over.

Given the landscape of the FRDA disease, the known trajectory of ongoing decline in neurological function, the absence of any other approved drug treatments to benefit
neurological function and the low rate of adverse effects recorded in the RCTs, we believe individuals with FRDA aged 16 years and over residing in jurisdictions where
regulatory approval has been granted would likely gain benefit from treatment with omaveloxolone. The current evidence therefore supports a strong recommendation for its
use in individuals with FRDA aged 16 years and over when administered according to labeling guidelines.

As is the case for any drug treatment, clinical experience indicates that individuals’ perceptions of the magnitude of the desirable effects of omaveloxolone may vary according
to factors such as prior (to treatment) expectations of the level of effect and the individual’s stage of disease (whether in early stages or advanced). Ongoing clinical follow-up of
patients suggests the beneficial effects are maintained beyond the duration of the studies. Early clinical experience is reinforcing the need for monitoring of both liver function
enzymes and lipids and suggests a higher incidence of increased cholesterol levels which may require intervention with statin therapy.

Subgroup considerations

Omaveloxolone is currently only approved for individuals aged 16 years and over. Efficacy of treatment for individuals aged <16 years and those with lower mobility and
reduced cardiac function is unclear at this stage, but there is no obvious reason that omaveloxolone would not be beneficial for other groups of individuals with FRDA.

Clinicians need to be aware of the drug regulatory situation and labeling guidance in their jurisdiction. Regulatory approval for the use of omaveloxolone for FRDA (in those
aged 16 years and over) has so far only been granted in the USA and the EU.

Research priorities

Real world evidence and long-term studies to monitor possible adverse effects are a priority, particularly to monitor levels of cholesterol and liver enzymes and to assess the
need for further interventions, such as the use of statins.

Studies in pediatric populations are needed as the available studies only included individuals aged 16 years and older.

Long-term follow-up studies will help to determine the duration of benefit from omaveloxolone.
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