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At the end of this activity, you will be able to:

* Describe the role of dystrophin disruption and restoration in the
progression and management of Duchenne muscular dystrophy (DMD)

e Assess the latest clinical trial results across various treatment
modalities for DMD

* Examine emerging approaches to DMD management that seek to align
patient selection, treatment choice, and optimal initiation of therapy

www.francefoundation.com ™




Introduction to Dystrophin

Dr. Craig McDonald




DMD Gene and Dystrophin Protein

X-Chromosome 79-exon spanning DMD gene
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mRNA = messenger RNA
Sun C, et al. Genes. 2020;11: 837; Himic V, et al. Eur J Hum Genet. 2021;29(9):1369-1376; Ohlendieck K, Swandulla D. Pflugers Arch. 2021;473(12):1813-1839.




Dystrophin as a Molecular Shock Absorber

Stochastic unfolding and refolding of dystrophin central domain
defines the physiological level of forces in dystrophin-mediated
force-transmission pathway.

Le S, Yu M, Hovan L, Zhao Z, ErvastiJ, Yan J. ACS Nano. 2018;12(12):12140-12148. \\ )
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Lack of Dystrophin Protein Leads to Progressive
Segmental Necrosis and Muscle Degeneration

Reduced or absent dystrophin
Dystrophic Muscle

Mechanically weakened plasma membrane,
prone to focal tears during contractile activity
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| - muscle cell

DAPC, dystrophin-associated protein complex. Images adapted from Zhao J, et al. Hum Mol Genet. 2016;25(17):3647-53.
1. Niks EH and Aartsma-Rus A. Exp Opin Biol Ther. 2017;17:225-36. 2. Kole R, et al. Nat Rev Drug Discov. 2012;11(2):125-40. 3.Verhaart IEC and Aartsma-Rus A.

Neuromuscul Disord. InTech; 2012.
www.francefoundation.com




Therapeutic Strategies for DMD

Gene Mutations

Absent Dystrophin

Inflammatory Cascade/Immune Response

Muscle Fiber Injury and Degeneration

Degenerationand
Regeneration

Replacement by Fat and
Connective Tissue

Stop Codon Read-through
= Exon Skipping

Gene Transfer Therapies

Corticosteroids
* NFKB Inhibition

Other Approaches

* Anti-fibrotic

== . |mmunomodulatory

* Improved Biogenesis

* Type 2 Fiber Protection

NIH: National Center for Advancing Translational Sciences. Accessed December4,
2023. https://rarediseases.info.nih.gov/diseases/6291/duchenne-muscular-

— Combination
Treatment

dystrophy;YaoS, etal. Front Cell Dev Biol. 2021;9:68953 3.




Therapies for DMD

Non-genetic therapies

Genetic-based therapies
Exon skipping
Gene therapies

N
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Glucocorticoid

Therapy Approval Date Indication

For the treatment of Duchenne
Deflazacort 2017 muscular dystrophy (DMD) in
patients 2 years of age and older

Forthe treatment of DMD in

Vamorolone  October 2023 patients 2 years of age and older

Not specifically FDA approved for treatment of DMD but

redni i '
Prednisone demonstrated to prolong independent ambulation

< »
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Small Molecule Therapies

Therapy Approval Date Mechanism of Action

Phase 2 clinical trial
EDG-5506 (est. completionin
2026)

Prevent contraction-induced
damage in dystrophic muscle

Histone-deacetylase inhibitor that
promotes expression of muscle cell
regeneration genes

Phase 3 completed

GMinosaY iy 909

Russell AJ, etal. J Clin Invest. 2023;133(10):e153837; VandenborneK, etal. Poster#99. Poster
Presented at Muscular Dystrophy Association; March 2023. Dallas, TX.
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Cell Based Therapy

* CAP-1002 (Phase 3, NCT04126758) is a cell therapy that consists of allogeneic
cardiosphere-derived cells (CDCs), a unique population of cells that contains cardiac
progenitor cells

— Intended to decrease inflammation, mitigate muscle degeneration, and promote muscle
regeneration for extended muscle function in patients

* Trial is investigating efficacy in patients aged at least 10 years, with ambulatory and
non-ambulatory DMD

@ CDCs
+ CDCs-EVs Progenitor cells
@ @
Macrophages/
2 ) @ @ Regenerative
| g ® ¢
Immunomodulation Myocytes
Fibroblasts S
s Vessels
X U L& Anti-apoptotic
S % Proliferative
Anti-fibrotic B 9
Angiogenic

Intravenous CDC delivery

https://classic.clinicaltrials.gov/ct2/show/NCT05126758; P Furlong, et al. Parent Project Muscular Dystrophy Webinar. July 2018; YouTube. Q-
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CAP-1002

Percentile ranked change from baseline

CAP-1002: least square mean (SE)
Placebo: least square mean (SE)
Difference (SE)

CAP-1002: converted

Placebo: converted

Difference: converted

p value

100+ @ Placebo
® CAP-1002
90+
80+
704
60
-
S0 e
0 §
40 &
30+ )
20 T T T T T
Baseline Month 3 Month 6 Month 9 Month 12
803 86.6(10.5) 77-6 (11:2) 681(108) 655(108)
803 66-8(84) 499(8.4) 48-4(9-0) 29-3(9-2)
0.0 198(12.8) 276(133) 196 (13.-6) 36-2 (13-8)
00 05 -01 -06 -08
00 -0.7 -1.7 -1-8 -34
0.0 12 15 11 2.6
013 0047 016 0014

¢ Primary efficacy endpoint O Exploratory combined score Least square mean p valve
# Exploratory efficacy endpoint (95% C1)

Outcome

Mid-level PUL 1.2 —_— 362 (7-9t0 64:5) 0.014
Mid-level PUL 2.0 f—— 296 (-1-1t0 60-4) 0-059
High-level PUL 1.2 4—t— 27.4(-6810616) 011
High-level PUL 2.0 R 86(-140t0312) 044
Combined mid-level and distal-level PUL 1.2 —+— 381(111t0651) 00076
Combined mid-level and distal-level PUL 2.0 —+— 28-4 (<0710 57.6) 0056
Distal-level PUL 1.2 —tH— 52(-17210277) 064
Distal-level PUL 2.0 __+._ -71(-315t017-4) 056
Total PUL 1.2 _4}_ 29.7(57t0537) 0017
Total PUL2.0 28-8(1.5t0561) 0-040
Global statistical test of PUL measures «:t:, 24.4(6:8t0421) 0.0087

S50 25 0 25 S0 75
— —>

12-month outcome favours placebo  12-month ouctome favours CAP-1002

Mean difference in percentile ranked change

Longer-term studies are necessary to confirm the effectivenessand safety of CAP-1002

beyond 12 months in treating Duchenne muscular dystrophy

McDonald CM, et al. Lancet. 2022;399(10329):1049-1058.




Genetic-based Therapies for DMD




Exon Skipping Proposed Mechanism of Action
e.g. Exon 51-amenable DMD Patients

Normal
Normal Dystrophin mRNA Dystrophin
~Ta7 |48 |49 |50 ) 51 |\ 52°) 53 [~ ’ Protein

Unstable/No

Exon 48-504 . , Dystrophin
a5 {46 48 P’ » Protein:
) DMD
Skipping Exon 51 Restores Reading Frame Target Outcome:

Shortened
ad 46 47
S l:ﬁ 2) [ B Dystrophin Protein
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Exon Skipping Therapies

On the
Est. 2027 Horizon
Est.2025 ot AOC 1044
completion .
Est. 2025. 4B .~ DS-5141 Phase 1/2
2021 completion PGN-EDO51 |« phase 2 * Exon 44

2019/2020  2PProval Vesleteplirsen || ¢ Phase 2 e Exon 42
2016 approval Casimersen * Phase 2 “Banal
e Exon 51
approval Golodirsen * Exon 45
Eteplirsen Viltolarsen
* Exon 51 *:Bwon 53
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EVOLVE: Phase 4 Study

Loss of Ambulation

L Enrolled as of December 2021 J 100 —— All patients
N=144
- 2 90 — Eteplirsen
°> -~ 80 « Represents censoring
FI
= 0o 701
Receiving .8 60 -
caSimersen gg SN S S R S S B S S B S S e e . M N N O S S S S R S A . . L
N=4 & E 50

g N 40 1
® = 307

/ \ g c

Discontinued = g 20

n=7 g o 101 Median time = 15.32 years
Withdrawal by o & 0
patient (6) 0 5 10 15 20 25 30
Death (1)
v L 4 v . : :
Median age at LOA for eteplirsen-treated patients was 15.32
Ongoing Ongoing Ongoing . - - - - -
Retie S e years, which is consistent with past clinical trial results
Richetti-Masterson K, McDonald C, et al. Poster #185. Poster presented at: Muscular Dystrophy Association; March 19-22, 2023; Dallas, TX. \
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Gene Therapies

Dr. Crystal Proud

Dr. Aravindhan Veerapandiyan

N
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Strategy for Delivery of a Miniaturized but
Functional Dystrophin

Typical dystrophin contains 24 repetitive sections and four “hinge” regions

Cysteine-rich
Hinge domain
- NN | NRER e
N-terminal Repeats C-terminal
domain domain

|
_5i0 (.

~ Deletion -

An adeno-associated virus (AAV) vector shuttles this DNA into the nucleus of
muscle cells, which leads to the production of microdystrophin protein

-~

------- L Da— | B

Promoter Microdystrophin

Adeno-associated
virus
Reardon S. Nature. 2023;618(7965):451-453.




Gene Transfer Therapy for DMD

* Gene therapy consists of viral capsids containing a dystrophin trans
gene injected intravenously into the patient

* Most commonly, an adeno-associated virus (AAV) vector is used

Nuclear
pore @——— Nucleus

l 4?
Endosomal release 3 S \ Host
T2 ofthe ARV caped \“ e }{u‘% \d'm
Binding of rAAV capsid (@ > Y P * g |

@ to cell membrane of

trguies et B ’ | \ Delivery of
\ vector DNA to
o the nucleus
Endosome @ Transformation
‘ of vector DNA into
Cell & episomal DNA
Translocation 2 Transcription of
membrane zZ \ episomal DNA
> Translation of of RNA to the 7 - @ into RNA
RNA to protein cytoplasm — ‘/.w \2}
- )

;@ Ve N =
W %

N_-——/

Naso MF, et al. BioDrugs. 2017;31(4):317-334; Ramos J and Chamberlain JS. Expert Opin Orphan Drugs. 2015;3:1255-66; Mendell IR, et al. Mol Ther
Methods Clin Dev. 2022;25:74-83.

Cytoplasm




Gene Transfer Therapies
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North Star Ambulatory Assessment (NSAA)

Natural History ) )
NSAA in DMD patients * 17 items assess motor function

8 DMD patients average peak * EaCh item Scored
/4 scoreof26at€i3yearsofage
R, N —0 = unable to perform

—1 = performed with difficulty

—2 = able to perform
Rise from floor
_ Run ]
Llft head

roe rears ff: 1’5 ZE‘ oneeg
Stand from chair

NSAA

10 15 20 25 30 35

5

0

Mayhew A, et al. Dev Med Child Neurol. 2011;53:535-42; Muntoni F, et al. PLoS One. 2019;14:e0221097.
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EMBARK: Phase 3 Results of Delandistrogene
Moxeparvovec Across Age Groups

An ongoing Phase 3 multinational double-blind, randomized, placebo-controlled
study evaluating the safety and efficacy of delandistrogene moxeparvovec
compared to placebo in boys with DMD aged 4-7 years old

Key functional inclusion criteria:

NSAA 17 to 28 inclusive Single IV infusion
TTR <5 seconds delandistrogene Single IV infusion
moxeparvovec placebo
e n=63
Randomization
St Single IV infusi
Single IV infusion g e
placebo delandistrogene
Stratification based on: n=62 moxeparvovec

Age (4-5-year-old versus 6-7-year-old)
NSAA at screening (<22 versus >22)

Part 1: 52weeks Part 2: 52 weeks

Data on file. Sarepta Therapeutics.

www.francefoundation.com \




EMBARK; Phase 3 Results of Delandistrogene
Moxeparvovec Across Age Groups

Least Square Mean Difference P-value

(95% Cl)
Primary F - i 0.65 (-0.45, 1.74) 0.2441
*
b - | -0.64 (-1.06, -0.23) 0.0025
Key secondary
10MWR* - = . -0.42 (-0.71, -0.13) 0.0048
SVO5C b - { 0.10 (0.00, 0.19) 0.0402
Othertimed
Secondary 100MWR* | - : -3.29 (-8.28, 1.70) 0.1942
} = | -0.36 (-0.71, -0.01) 0.041z2
Ascend4*
*Negative values show an
improvement in the time taken to
achieve this endpoint.
10MWR = 10-meter walk run;
100MWR = 100-meter walk run;
LSM = Least Squares Means; T T ‘ T T T T T
NSAA = North Star Ambulatory -2 =1 O 1 - 3 4 S
Assessment; SV95C = Stride Standardized test statistic (95% CI)
Velocity 95th Centile; TTR = Time
to Rise

Data on file. Sarepta Therapeutics.




Fordadistrogene Movaparvovec: Phase 1b Study

i i i Single dose fordadistrogene
movaparvovec Outcome Measures:

Boys aged 6-12* (N = 16) . . » Safety
*Stratified by age 6-7 years old & 8- 1 year (primary completion) » Microdystrophin expression

12 years old 4 years of follow-up

Mean change in NSAA at 2 years by age group vs predicted controls

Aged 6-7 years Aged 8-12 years

r__1+2‘5 r—\+2'3 r:;:‘t‘i:le ot c¢TAP Model Difference
2= 0+ | LIENEUL TN o0 baseline oY oparvovec

movaparvovec
o 1
= & v -2 M cTAP model P
® £ S c Mean SE Mean SE  Mean SE
- % 0 - < = value
gg e @ 8 -4- Year 1 075 0.99 -2.31 0.30 3.06 1.03  0.0031
$E . 856 Year 2 -2.56 1.46 -4.93 0.48 2.37 153 0.1223
s —aa

cTAP =CollaborativeTrajectory Analysis Project; NSAA =North Star Ambulatory Assessment; SE=standard error
Shieh P, etal. Poster #35. Poster presented at: World Muscle Society; October 3-6, 2023; Charleston, SC.
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RGX-202: Phase 1/2 Study

O, O, O, .
F \ﬁy Sll]gllifoiie(aic/-iz;oz f)ut;gfrrel::‘yMeasures. RGX-202 Microdystrophin Expression at 12 Weeks
Boys (N = 5) e + RGX-202 1. Baseline
microdystrophin
expression

Serum Creatine Kinase

Westernblot Ok LoVl

(<NormalContral) . _yrc)
1 4.4 17.8 38.8 43
2 10.5 28.3 11.1 -44
3 6.6 26.8 83.4 93

RGX-202 has been well tolerated in 5 participants

up to 3 weeks to 9 months post-administration

Avg = average; CK = creatine kinase
Veerapandiyan A, et al. Late Breaking Poster #19. Poster presented at: World Muscle Society; October 3-6, 2023; Charleston, SC.




Risks of Gene Transfer Therapy for DMD

Hepatic

Gastrointestinal

Hematologic

Cardiologic

Musculoskeletal

Other

* Acute liver
injury/immune
hepatitis/transaminitis
(elevated
transaminases)

— Mitigated via
modulation in
corticosteroid
administration

Vomiting
Nausea
Anorexia

Activation of
sC5h9
complement

SIRS
Thrombocytopenia

*  Myocarditis
* Elevated

troponin

* Hypotension

Immune-mediated
myositis
Rhabdomyolysis

Pyrexia 7/9

Fatigue

Headache
Dehydration AKI
resolved in 3 weeks

1 death paused study
in Aug 2021

AK! = acute kidney injury; SIRS = systemic inflammatory response syndrome

Cellular, Tissue, and Gene Therapies Advisory Committee May 12, 2023 Meeting Briefing Document- FDA; IGNITE DMD Phase I/11 Study of SGT-001 Microdystrophin Gene Therapy for DMD: 2-Year

Outcomes Update, MDA 2022; PF-06939926 (musculardystrophynews.com) Last Updated March 7, 2022.

www.francefoundation.com \




Comparison of FDA-approved Therapies

Therapeutic
P Pros Cons
Approach
* Applicable to all patients with DMD, regardless e g-aln :
: * Changesin mood/behavior
of mutation
| : * Reduced bone health
Glucocorticoids * Prolonged time to loss of ambulation A
* Reduced requirement for scoliosis surgery : e :
* Improved cardiopulmonary function § el ERerEsk
* Risk for cataracts
* Frequentdosing (daily or intermittent)
: : * Requires frequent dosing intravenousl
* Prolonged time to loss of ambulation q . q & . Y . .
Exon Skippin «: Improved pulmenary function comparediio * Only applicable to a subset of patients (mutation specific)
PPINg z * Requires monitoring of renal function
natural history 3 : g ‘
* Low dystrophin protein production on biopsy
. Mlnlrpal genetic restrictions (exclusionofonly Oniy FEA pnrayed e itently Tor T e old bovs
deletions exons 8/9) * Risk for hepatotoxicity, myocarditis, immune mediated myositis
Gene Transfer . Significant microdystrophin protein production P reny ! b :
ba by nausea/vomiting, thrombocytopenia, complement activation
Therapv + Subset of patients will be excluded from treatment due to

* Improved functional outcomes

; o 5 antibody positivity for vector
+ Single administration i

Combining different therapies for Duchenne muscular dystrophy (DMD) holds the potential to improve
patient outcomes and reduce the overall disease burden by targeting multiple pathways associated with

the disease spectrum

Heydemann A, Siemionow M. Biomedicines. 2023;11(3):830.




Summary of Therapies for DMD

* There are several approved therapies for DMD, including glucocorticoids,
exon skipping, and gene transfer therapies

* There are many therapeutics in the pipeline for DMD including small
molecules, cell-based treatments, more exon-skipping interventions, and
gene transfer therapies

* |t is important to align patients, their medical history, and their specific goals
to the right treatment
— Treatment landscape is constantly evolving
— Each therapy is associated with benefits and risks

* Future research will investigate the impact of combination therapies in
patients with DMD.

— Preclinical and clinical studies are currently in progress.

www.francefoundation.com ™




Case Discussion

Dr. Crystal Proud




6-year-old Alex

Alex is a 6-year-old male, who was diagnosed with
DMD and underwent gene therapy treatment at age 5.

After gene transfer therapy, Alex improved in his ability
to rise from a seated position on the floor, and his
walking was much faster.

However, he still fatigues after a long day of activity
and has some difficulty going up and down stairs.

His parents would like to optimize his long-term




Case Discussion
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Considerations for Goals of Treatment as
Applicable to Each Phase of DMD

Phase

Ambulatory Phase
(Early/Late)

Motor

Prevention of loss (or
prolonged time before loss)
of ambulation

Maintenance of standing
(weight bearing)

Respiratory

Avoidance of need (or
prolonged time before
need) for nocturnal NIV or
assisted cough

Cardiac

Prevention of (or prolonged
time before) reduction of
cardiac function and cardiac
fibrosis

Early Non-ambulatory

Preservation of arm
function (hands over head,
hand to mouth)

Avoidance of need (or
prolonged time before
need) for nocturnal NIV or
assisted cough

Prevention of (or prolonged
time before) reduction of
cardiac function and cardiac
fibrosis

Late Non-ambulatory

Preservation of hand
function (propelling chair
independently, utilizing
computer/remote)

Avoidance of (or prolonged
time before need) for
diurnal NIV or invasive

ventilation

Maintenance of cardiac
function, avoidance of
progressive cardiac fibrosis

NIV, noninvasive ventilation

www.francefoundation.com
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