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 Adenovirus-Associated Vector (AAV)

— Contains no viral genes

* minimizes adverse event possibilities

— Does not alter patient’s existing DNA

« extra-chromosomal episome: circular DNA in nucleus

* in contrast to lentiviral vectors which insert genes into patient's DNA
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 Adenovirus-Associated Vector (AAV)

— Contains no viral genes

* minimizes adverse event possibilities

— Can carry gene sequences up to 4,000 base pairs

* 90% of human genes have coding sequences < 3,000 base pairs
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Gene Therapy

 Leber’s Congenital Amaurosis
— caused by mutations in ~20 different genes
— one form is LCA2 (6% of all cases)

* mutations in RPEGS gene
 RPEGS protein essential for phototransduction (isomerase)

— converts all-frans retinyl ester to 11-cis retinol so visual cycle can begin again



Gene Therapy

 Leber’s Congenital Amaurosis
— caused by mutations in ~20 different genes
— one form is LCA2 (6% of all cases)

* mutations in RPEGS gene
« RPEGS protein essential for phototransduction

— preclinical work

* mouse and dog models




Gene Therapy

 Leber’s Congenital Amaurosis

— Spark Therapeutics
« first 3 patients treated, subretinal injection

Safety and Efficacy of Gene Transfer
for Leber's Congenital Amaurosis

Maguire AM et al. N Engl J Med. 2008;358:2240-2248.
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 Leber’s Congenital Amaurosis: navigation using untreated eye

SUPPLEMENTARY VIDEO 1A

Maguire et al

“Treatment of Leber Congenital AMawoxis due 10 RPESS Mutations
in Children and Adults using Adenp-Assecinted Virus (AAV)-mediated
Gene Delivery

CHO9, day 90,
Navigation using untreated eye



Gene Therapy

 Leber’s Congenital Amaurosis: navigation using treated eye

SUPPLEMENTARY VIDEO 1B

Maguire el al

“Treatment of Leber Congeniral AMbourosis due to RPEGS Mutations
in Children and Adults using Adono-Associated Vires [AAV]-mediated
Gene Dellvery

CHQOY9, day 90,
Navigation using treated eye
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Safety and Efficacy of Gene Transfer
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— additional 12 unilateral patients
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° Leber,s Congenital AmaurOSis | ‘FOI’ TLbLls C()Ilgcnital»,3\711‘1;11711'051'5 B
— Spark Therapeutics e
» two phase 1 studies

- f|rSt 3 Un||atera| pat|ent3 Age.cependent etfects of RPEOS gene therapy for | eher's
congenital amaurcsis: a phase 1 desa-escalation trial

— additional 12 unilateral patients

« one phase 3 study
Efhcacy and=a frl',' ofvore tigene neparsoves

— 20 bilaterally treated patients, 9 CONtrols it ——-——

nherited retinal dystraphy: arandamiced, contralled

oapen:|abel, phase 3 tria




Gene Therapy

Safety and Efficacy of Gene Transfer

 Leber’s Congenital Amaurosis for eber's Congenial Amaurosis
— Spark Therapeutics Lo
« two phase 1 studies
— first 3 unilateral patients Ag?-rmpndentoﬁprt;rtRl’rh; gve‘nrﬂv':-‘pyh'lrhor'c
— additional 12 unilateral patients e
* one phase 3 study - —
— 20 bilaterally treated patients, 9 controls ‘::K,EPPE6,;’;"F6{*‘;"“ff“s:“’:nf:

oapen:|abel, phase 3 tria

— 11 fellow eyes of phase 1 patients

safety and durability of effect of contialateral-aye
administration of AAV2 gene therapy inpatients with
childhood-arset blindnass caused by RPLES mutations:

a follow-on phase 1tral
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 Leber’s Congenital Amaurosis
— Spark Therapeutics

Efhcacy and safety of voretigene neparioves

[AAV?Z -hRP[ﬁS'& yinpatentswith RPESS-med ated mu Iti 'I um i nance
nherited retinal dysteaphy: arandamiced, cantralled mobility test (M LMT)

apen-label, phase 3 trie
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full-field light
sensitivity test (FST)
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— outcomes-based rebates
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 Leber’s Congenital Amaurosis

— Spark Therapeutics
« FDA approval Dec 2017 (first ever!)
» Luxturna (voretigene neparvovec)
« $425,000/eye = $850,000
— outcomes-based rebates
« 7 eye centers in US
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e Choroideremia

— X-linked recessive
— CHM gene, REP-1 protein
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— Spark Therapeutics: fully enrolled phase 1/2 study




Gene Therapy: Choroideremia

Clinical Trial NCT02341807. www.clinicaltrials.gov.
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e Choroideremia
— Spark Therapeutics: fully enrolled phase 1/2 study

Clinical Trial NCT02341807. www.clinicaltrials.gov.
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e Choroideremia

— Spark Therapeutics: fully enrolled phase 1/2 study
— Nightstar: completed phase 1/2 study, enrolling phase 3

Retinal gene therapy in patients with choroideremia: initial
findings from a phase 1/2 clinical trial

Evileal B0 w vy, Mk ow 2he B darwm Ol Tullin v Tedvmeerse on Sepinen B R " y
Frans W D Dumemed W Sack Acdow [ ofare ssan M Sauaes, Snavw Bkt Mgundl soaha

Visual Acuity after Retinal Gene Therapy for Choroideremia

Clinical Trial NCT02341807. www.clinicaltrials.gov.
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 AGTC (Applied Genetic Technologies Corporation)

— X-linked Juvenile Retinoschisis (XLRS)
 RS1 gene: retinoschisin

* intravitreal injection
— risk of inflammation
* phase 1/2

— ~8 patients so far
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 AGTC (Applied Genetic Technologies Corporation)

— X-linked Juvenile Retinoschisis (XLRS)
— Achromatopsia (ACHM)
 color blindness, photophobia
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 AGTC (Applied Genetic Technologies Corporation)

— X-linked Juvenile Retinoschisis (XLRS)
— Achromatopsia (ACHM)
 color blindness, photophobia
 subretinal injection
* phase 1/2

— just started
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 AGTC (Applied Genetic Technologies Corporation)

— X-linked Juvenile Retinoschisis (XLRS)
— Achromatopsia (ACHM)
— X-linked RP

* 10% of RP cases
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 AGTC (Applied Genetic Technologies Corporation)

— X-linked Juvenile Retinoschisis (XLRS)
— Achromatopsia (ACHM)
— X-linked RP

— Wet AMD ¥, ?‘lm

% .
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 AGTC (Applied Genetic Technologies Corporation)

— collaboration with Biogen
— up to $1 billion




Wet AMD

Bevacizumab
Ranibizumab

Aflibercept
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« Anti-VEGF

pulse delivery
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e Anti-VEGF sustained delivery
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e Wet AMD

— Avalanche Biotechnologies sFit-1
 sFLT-1 gene
— natural binding affinity to VEGF
— truncated form of VEGF receptor
— anti-VEGF




Gene Therapy

e Wet AMD

— Avalanche Biotechnologies
Gene therapy with recombinant adeno-associated vectors

e sFLT-1 gene for neovascular age-related macular degeneration: 1 year
follow-up of a phase 1 randomised clinical trial

* phase 1 | |
 subretinal injection in 8 eyes

— results encouraging (safe, suggestion of efficacy)
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e Wet AMD

— Avalanche Biotechnologies
Gene therapy with recombinant adeno-associated vectors

e sFLT-1 gene for neovascular age-related macular degeneration: 1 year
follow-up of a phase 1 randomised clinical trial

* phase 2a

— safe but no efficacy

Phase 23 Randomized Clinical Trial: Safety and Post Hoc Analysis of
Subretinal rAAV.sH.T-1 for 'Wet Age-related Macular Degeneration

, Cora M_Fierce *, Chooli-Muay L™, Azron L Magyo®, Manapia A Degli-Espost

* lar L McAllister *™, Steve Butler ', Samud B, Barone’, Steven D, Schwartz %,
¢ " Elizabeth P, Rakoczy
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Wet AMD

— Avalanche Biotechnologies
 sFLT-1 gene
* phase 2a
* phase 2b cancelled

Gene therapy with recombinant adeno-associated vectors
for neovascular age-related macular degeneration: 1 year

follow-up of a phase 1 randomised clinical trial

Io=bwts 5 Lzleey C oo ot facee Nega Vaetww |l ertam Natan &

Phase 23 Randomized Clinical Trial: Safety and Post Hoc Analysis of
Subretinal rAAV.sH.T-1 for 'Wet Age-related Macular Degeneration

in ). Constable , Cora M_Fierce *, Chooli-Muay L™, Azron L Magyo®, Manapia A Degli-Espost
! nch “*, lar L McAllister *™, Steve Butler " Samud B, Barone’, Steven D Schwartz %,
Mark S Blumenkranz ", Elizabeth P, Rakoczy
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e Wet AMD

— Avalanche Biotechnologies
 sFLT-1 gene
* phase 2a
* phase 2b cancelled
— Avalanche merged with Annapurna Therapeutics to create a new
company called Adverum Biotechnologies



Gene Therapy

e Wet AMD

— Adverum
 preclinical study in primates
» sustained expression >6 months
« awaiting 12 month efficacy data
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e X-linked Juvenile Retinoschisis

— Adverum
* collaboration with Regeneron
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e X-linked Juvenile Retinoschisis

— Adverum
* collaboration with Regeneron

e Other Inherited Retinal Diseases (non-disclosed)

— Adverum
e collaboration with Editas
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e Wet AMD

— Sanofi-Genzyme
* SFLT-1
* intravitreal injection
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e Wet AMD

— Sanofi-Genzyme : — — :
Intravitreous injection of AAV2-sFLTO1 in patients with

 sFLT-1 advanced neavascularage-related macular degeneration:

a phase 1, open-label trial

* intravitreal injection
Jtreyd Haes sakoms £hoanng Shees Oxiar, Brov i Luoel Mrdfesh £z, Senga Dheeg Chary' 3ncond
Aniegle aapoc ohn Coandy savadCWogorth, Ao Varara Hone TG00 A

* phase 1
19 eyes
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e Wet AMD
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* marginal results

— safe
— efficacy: biologic activity in only 4 of 11 expected responders
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e Wet AMD

— Sanofi-Genzyme : — — :
Intravitreous injection of AAV2-sFLTO1 in patients with

 sFLT-1 advanced neavascularage-related macular degeneration:

a phase 1, open-label trial

* intravitreal injection
Jtreyd Haes sakoms £hoanng Shees Oxiar, Brov i Luoel Mrdfesh £z, Senga Dheeg Chary' 3ncond
Aniegle aapoc ohn Coandy savadCWogorth, Ao Varara Hone TG00 A

* marginal results
— safe
— efficacy: biologic activity in only 4 of 11 expected responders
» patients developed antibodies to AAV2
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e Wet AMD
— Regenxbio
« anti-VEGF fab
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e Wet AMD AAVS AAV2

— Regenxbio
« anti-VEGF fab

1
A g i AN s ey - . G i
* subretinal injection - i vho eSS e

more efficient gene
delivery to the RPE
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e Wet AMD AAVS AAV2
— Regenxbio
« anti-VEGF fab |
« AAVS8 UMWMWWM
« subretinal injection Bt S ARB Lt AATACHK | 2 b s it
e phase 1

_ more efficient gene
— 3 cohorts, 6 patients each delivery to the RPE
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e Stargardt Disease

— Sanofi-Genzyme
— Oxford BioMedica

« ABCA4 gene (7,000 base pairs)
* lentivirus

* phase 1/2a
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e Stargardt Disease

— Sanofi-Genzyme
— Oxford BioMedica
* phase 1/2a

 RP with Usher type 1B

« Sanofi-Genzyme
* phase 1/2a




Gene Therapy Summary

Monogenic Diseases

— Leber’s Congenital Amaurosis
— Choroideremia

— X-Linked Juvenile Retinoschisis
— Achromatopsia

— X-Linked RP

— Stargardt Disease

— RP with Usher type 1B
Wet AMD

e Corporations

Spark Therapeutics
Nightstar

AGTC

Avalanche / Adverum
Sanofi-Genzyme
Regenxbio
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Leber’s Congenital Amaurosis

Jack could see in the dark last night.
And he was able to ride his bicycle!




