Overview of Biomarkers and Clinical
Assessments for FA

FARA has worked with the Friedreich’s ataxia (FA) community through the years to help
develop clinical outcome assessments and biomarkers for use in clinical trials. Biomarkers and
clinical outcome assessments are needed for a variety of contexts of use, including diagnosis
and staging of disease, patient selection for trial enrollment, proof of mechanism of a putative
therapeutic, as well as evidence of efficacy needed for approval of a treatment.

The Friedreich’s Ataxia Rating Scale, or FARS along with a disability rating scale, activities of
daily living scale and functional measures were originally validated as part of the FA Clinical
Outcome Measure Study (FACOMS). Now in use is a subscore of the FARS or the mFARS, which
has been accepted as an efficacy endpoint for late-stage trials in FA and supported regulatory
approval of omaveloxolone, the first approved treatment for FA. Other rating scales, functional
endpoints and biomarkers have also been explored and/or used in natural history studies and
in interventional trials.

To learn more about the modified Friedreich's Ataxia Rating scale view the mFARS Info Sheet.

The table on the next page, last updated July 2023, gives an overview of biomarkers and
clinical outcome assessments evaluated for FA clinical trials.
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FARA has worked with the Friedreich’s ataxia (FA) community through the years to help develop endpoints and biomarkers for use in clinical trials. A
need for biomarkers for various contexts of use has been recognized, and data has been collected for a variety of such markers.

Tor K Biomarker system EDA References Used in a clinical trial Useful in pediatric Notes
Class trials?

blood, fibroblasts, X T-276 NCT05285540 yes
buccal cells
Utility may not blood, fibroblasts, X X X X [Guo etal. 2078b, Guo  [CTI-1607 NCT05579697 lyes
be universal in buccal cells el‘ azlb?gma; Blair et
all studies £
blood, fibroblasts, X X ndelicalo et al 2023; rythropoietin (rhuEPO) NCT01016336 unknown
buccal cells Napierala et al. 2021,
Pathak et al. 2019
heart X egrand etal 2022; poefin Alfa (FRIEMAX) NCT01493973; RT00T possibly (age 10 and older)
[Pane et al. 2020, INCT 04102501; NAD+ Precursor MIB-626
[Prinkard etal. 2010 \GT04817111; NAD+ and Exercise in FA (ExRx
in FA) NCT04192136; GT for cardiac LX2006
INCT05445323; AAVrh.10hFXN NCT05302271; RTA
%08 MOXle NCT02255435
heart X X X X X egrand et al travirine (FAESTT) NCT 04273165;GT for cardiac [unknown
[2019;Peverill et al. 2019 | X2006 NCT05445323
heart X X X akazaki et al Eamlprenﬂe (ELViS-FA) NCT05168774; GT for unknown
heart X X X egrand ef al 2021 lebenone 632; Elamipretide (ELVIS-FA) |age 16 and older
Fieart X X X ST 2070, TSR NGO 229632 Unknown
Hutchens et al. 2021,
hi et al. 2012
heart X X X Coe o-Filho et al 2076 unknown
metabolism X X Greeley etal 2014; Azzi [NAD+ and Exercise in FA (ExRx in FA) unknown
ptal 2018 INCT04192136
metabolism X X X X [Eigentler et al 2014; unknown
Dunn et al 2022
metabolism X X X [Azzi etal 2019 [NAD+ and Exercise in FA (ExRx in FA) unknown
metabolism X X X atel et al 2027; E%ggﬁ% ﬁg T03090789 yes FA'COMS will become part of the
Basquez-Trincado et lglobal UNIFAI study
fal, 2022
N/A X eabury ef al 2023 ow in FA-COMS NCT03090789 lyes
neuro X [Gramegna etal 2017;  |MIN-102 (FRAMES) NCT03917225;, TRACK-FA Ongoing
Woers et al. 2018 INCT04349514
neuro X X han etal. 2021 RACK-FANCT04349574 Ongoing
neuro X X X erestes et al 2022; IN-102 (FRAMES) NCT03917225; TRACK-FA Ongoing
[Selvaduria et al 2021 INCT04349514
neuro X X X [Straub et al 2020; - 17225, TRACK-FA Ongoing
Harding et al 2021 INCT04349514
neuro X ummey efal. 2020, |FA-COMS NCT03090789; FA-Children ves, but only in >10yr olds; [REpS:77www.cureTa.ora/pdi
E;nmdr‘n:{aelt ;:] 0260_19; INCT03418740; RTA 408 MOXle NCT02255435; Ispecific components most useful W
Subramon); ot al.vzoos; ‘atiquinone MOVE-FA NCT04577352 ffhe-mEARS.pdl
[Friedman et al. 2010; https://www.curefa.org/pdf/
Burk et al. 2009 research/mFARS-Info-Sheet.pdf
neuro X ummey et al 2022, (Gamma IFN NCT0388664; Vatiquinone MOVE- yes https:/7www.curefa.org/pdf/
Reetz etal 2016 FANCT04577352; FA-COMS NCT03090789; FA IActivitiesOfDailyLiving.pdf
Chi
neuro X etal 2019 A0881 al pEa-((ooop%ero [quinone NCTOT03567T; unknown https:/Twww.
‘atiquinone MOVE-FA NCT04577352; RT001 NCT lcommondataelements.
04102501 jninds.nih.gov/report-
viewer/25235/Modified%20
Fatigue%20Impact%20
IScale%20(MFIS
neuro X ahey et al. 2007; Lynch|Calcitroil NCT048071303; Acetyl-L-Carnitine unknown https:/Twww.
etal. 2005 INCT01921868; EPI-743 NCT01962363; Deferiprone commondataelements.
INCT00530127; Methylprenisolone NCT02424435 [ninds.nih.gov/report-
viewer/23535/Timed %20

125-Foot%20Walk%20
(T25-FW)
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Color Key Biomarker system FDA References Used in a clinical trial Useful in pediatric Notes
Class trials?
neuro ynch et al. 2006 icronised resveratro T Calcitrol unknown RTpSTTwWww.
INCT04801303; Deferiprone NCT00530127; |commondataelements.
IMethylprenisolone NCT02424435 [ninds.nih.gov/report-
viewer/23844/Nine%20
Hole%20Peg%20Test
neuro [Corben etal. 202T; flicronised resveratrol NCT03933163; FA COMS unknown link to access/purchase *“ask LC
INguyen et al. 2020a; INCT03090789
INguyen et al. 2020b
neuro rishna et al. 2020; A COMS NCT03090789 lunknown link o access/purchase ~ask LC
Krishna et al. 2021
neuro/metabolism X X avantar ef al 2021; IN-102 (FRAMES) NCT03917225 unknown
Deistung et al 2016
neuro/sensory X [Creigh etal. 2079 unknown
neuro/sensory X [Creigh etal. 2079 unknown
neuro/vision X ojas et al. 2020; [ETamiprefide (ELVIS-FA) NCT057168774; FACOMS [age 16 and older
[Seyer etal. 2013; Dag  |NCT03090789
et al. 2014; Fortuna et
fal. 2009
speech logeletal 2017 RT00T (dPUFAs) NCT04102507; micronised lage 12 and older https://redenlab.com
reveratrol NCT03933163; FA COMS NCT03090789;
iGamma IFN NCT01965327; Vatiquinone MOVE-FA
CT04577352
vision X 'agovich et al. 2078 lunknown
vision [lamedani et al. [ETamipretide (ELViS-FA) NCT057168774; Deferipronelage 16 and older https:77
INCT00530127; FA COMS NCT03090789
lviewer/23847/Sloan%20
Low%20Contrast%20
Letter%20Acuit
ility may not [frataxin protein-dipsticl blood, fibroblasts, X X azaropoulos et al. [Gamma IFN'NCT01965327 unknown
be universal in buccal cells 2?1250?1%9“‘5“ et
Il studies e
methylation of FXN blood, fibroblasts, X X odden et al. 2022; Lam lunknown
buccal cells ptal 2023
[Cardiac MRT: Myocardial Perfusion Reserve heart X aman et al. 201T; lunknown
Hutchens, Johnson and
Payne 2021
[Cardiac *™-phosphorus (*'P) MRS PCI/ATP heart X X odietal. 2007, PMID  [NAD+ Precursor MIB-626 NCT04877111 lunknown
11357949
[Serum markers of fibrosis (Galecfin, PIITNP) heart X X [Miehta et al. 2076, unknown
lLegrand et al. 2020
[EKG, Holter heart X Weidemann etal. 2015; |GT for cardiac LX2006 NCT05445323 lunknown
Mejia et al. 2021
[Serum markers of inflammation (CRP, ferritin) heart X X X olotta et al. 2079 lunknown
[Cardiac MRT: Nafive T7 heart X X X akazaki et al. 2027T; unknown
Mavrogeni et al. 2020
ISerum markers of myocardial damage (troponin T) heart X egrand et al. 2020, [Cardiac phenotype NCT02316314 unknown
Hutchens et al. 2021,
Mahishi et al. 2012
[Serum markers of stress response (GDF15, FGF2T) heart? X X X [Picca et al 2022; Pandhi unknown
let al 2022
Metabolic isotopologues metabolism X orth et al. 2015, Lynch lunknown [Assay and sample handling not
letal. 2019 [clinical trial friendly
[Creatine chemical exchange saturation transfer MRI muscle X X [Schur etal. 2027, 2022, [NAD+ precursor MIB-626 NCT04817111 unknown
(CrCEST) PeBrosse et al. 2016
Grip strength via hand grip dynamometry muscle X X [AD+ precursor MIB-626 NCT04817111 unknown
[Skeletal muscle franscriptomics muscle X X indeficato et al 2023 Erythropoietin (rhuEPO) NCT01016336 unknown
IComplex T PET (positron emission tomography) neuro or heart X iu et al 2022; Schur et unknown
fal 2022
Nrf-2 target genes blood X eisman efal 2019 RTA 408 MOXle NCT02255435 lunknown
[Ceramides blood X fang, Xu, Mesaros, unknown
2021
IC13 glucose metabolism in dentate(by imaging) neuro X unknown Uminn - unpublished study that
ldemonstrated increased glucose
metabolism
[SARA (Scale for assessment and rating of ataxia) neuro urk and Sival 2078; travirine (FAESTT) NCT04273165; Gamma [FN lunknown http://www.ataxia-study-
gﬁ:‘:’asbc‘;]‘fl:;:'d- gg;ﬁiz INCT0388664; Calcitriol NCT04801303; MIN-102 laroup.net/html/about/
2013'; Marelli et al. 2012; (FRAMES) NCT03917225 'sara/SARA.pdf|
ISaute et al. 2012; Burk Less regulatory support
let al. 2009
ICCFS (Composite Cerebellar Functional Severity neuro anguy Melac et al. IN-T02 (FRAMES) NCT03917225 Devices are difficult o acquire;
Score - combines 9 hole peg and click test) [2018; Destrebecq et lonly available at several EFACTS
fal 2023 lsites. June 2023, kit available to
lorder from INSERM - Paris
Wearable devices for ataxia neuro uller et al 2027; possibly Several new/ongoing studies in
Kadirvelu et al 2023 progress - July 2023
T minute walk neuro atel et al 2019 ethyprednisolone NCT02424435; RT00T possibly [Conger walk tests nof usefur due
INCT04102501 FA Children NCT03418740; MOVE- fo fatigue
FA add NCT
Berg Balance Scale neuro [Stephenson etal. 2075 |FA Children NCT034718740 possibly
Neurofilament Light Chain in blood or CSF neuro X rempong efal. 2027, [TRACK FA (serum) NCT04349574 unknown Most studies have shown that

(Clay et al. 2020, Hayer
let al. 2020, Zeitlberger
et al. 2018

Nfl is elevated in children but
lgenerally decreases with age/
disease duration
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Biomarker system | EDA References Used in a clinical trial Useful'in pediatric Notes
Class trials?
rainstem auditory evoked response (BAER) neuro X aelje et al. 2021, unknown
[Zeigelboim et al 2018;
{Santoro et al. 2000,
[Finocchiaro et al. 1985

[NAD+ in whole brain neuro X X unknown

[Neuroinflammation imaging PET neuro/heart X X ahn eta unknown

[Skeletal muscle and brain NAD+ at 7T MRI neuro/muscle X X [Bagga etal 2019 [NAD+ Precursor MIB-626 NCT04817111 unknown

Motor evoked potential (MEP) neuro/muscle X X aefje et al. 2027; unknown [Scoring does not have outcomes

[Santoro et al. 2000; that allow for clinically meaningful

|data presented at FARA interpretation

biomarker meeting,

[Tampa 2018

[Congitudinal gait analysis (SARA @home) neuro/muscle X X asco et al 2076; unknown [Segmental analysis of ataxic gait

[Summa et al 2020 provides sensitive measures to
[detect specific longitudinal and
[functional alterations, more than
the SARA.

[Visual Functioning Quesfionnaire vision X [Afsharian et al 2020 [ETamipretide (ELVis-FA) NCT05168774 unknown hitps:/www.nei.nih.gov/
learn-about-eye-health/
loutreach-resources/
loutreach-materials/visual-
function-questionnaire-25 |

High contrast visual acuity vision X amedan et al [ETamipretide (ELVis-FA) NCT05168774 unknown

IGene expression panels nla [apierala et al. 2021; estwasverylongand |

INachun et al. 2018 lexhausting for patients; scoring
as difficult to interpret/clinical
meaningfulness

[Patient Global Impression of Change nfa [Routinely used in trials; however
limited sensitivity

heart [Does not correlate with
lprogression or symptoms of
metabolism apierala et al.
nfa
n/a fsiorek et al. 3
eco-Cervera et al.
018, Dantham et
1. 2018, Mahishi et
1. 2012
nfa
nfa yers etal. [NG difference between controls
land FA
n/a (Schulz et al. 2000)
n/a pstein et al. 7225 hese instruments can
\distinguish impact of FA
to healthy controls
lhowever limited sensitivity to
lchange over time.
neuro lernandez et al. 2021 [Some suggestion of change ofer
1 year, but not well tolerated,
lespecially in children
neuro [Sival et al. 2009 [Cannot be measured in most
patients once symptomatic
neuro aeije et al. 2027 [Not reproducible across different
lsites
neuro lernandez et al. [Cannot be measured in most
patients
neuro Milne etal. 2074
neuro [Cong and complex, multiple
lcomponents not corresponding
lto the subscales. No advantage
lover FARS or SARA
neuro ai et al. 2015, Cano et [Showed Tittle change over 2
fal. 2009 lyears and only the speech
lcomponent was significant
neuro [Stephenson et al. 2015, [Most measurements did not shoy
[Zesiewicz et al. 2017 lany greater change over 1 year
than 25-foot walk or FARS
neuro ynch efal. 2005, [Composites have some
Lynch et al. 2006, utility in assessing
[Friedman et al. 2010 progression however
regulatory feedback
discourages use - question
clinically meaningful change|
neuro

No because of fatigue
land falls
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