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History of Gene Therapy

i December 19, 2017, the U.S. Food and
O 3 Drug Administration approved a new
o Europeanfficials gene therapy, voretigene
Raashi il bw?s:.‘:\p;:f\:;’}fm neparvovec-rzyl (Luxturna),
ongoingandthe 9 by Spark
numberof diseases from a small Dutch in Philadelphia.
- that ll:::un treated. biotech company
sueces ene
Health (Bethesds, ey meis,
Maryland) have
suecessfully treated
metastatic
melanomain twa
patients.

* Retinal disease
* Colour blindness

RUG DEVELOPMENT PROCESS

3-6 years

Drug Pre- Clinical Trials FDA Manufacturing
Discovery § clinical Phase | Review Phase IV
Phase Il Post-Approval
Phase llI

AVERAGE COST: $1 billion+ DURATION: 10-15 years

Phases of clinical trial
Early Phase

Compound success rates by stage:

AN

5,000 to 10,000 ’ 250 enter pre- 5 Enter clinical 1FDA
screened clinical testing testing approval
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Rare Disease

« Disease affecting <200,000 persons in US
» Optimal Pre-Clinical and early drug development
* Small trials <50 participants
« Trial flexibility
Innovative endpoints
Adaptive design
Control can be concurrent or historical (fellow eye)

Example: Phase 1/2— Study Design

Dose level
jose eve - [wm] MTD = maximum
Group4 tolerated dose
N-15
Lowest
Age: 218 years 218 years 218years 36 years | DSMCReview
BCVA:<=20/80 <=20/63 <=20/63  <=20/50

* Dose escalation phase in adults
« Early groups have worse visual acuity
+ Expansion group at maximum tolerated dose (MTD) in both children and
adults
* Pril N int it
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GENETIC EYE DISEASE

Leber's congenital Night blindness
amaurosis

s,
S, | Retinitis
pigmentosa

LOCATION OF EXPRESSION OF RETINA-
SPECIFIC GENES

INHERITED EYE DISEASE

» Autosomal dominant
» Autosomal recessive

»X-linked (recessive or
dominant)

» mitochondirial
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CLINICAL TRIALS FOR GENETIC EYE DISEASE

— In the United States
ﬂ 75 Active clinical trials on
; \ clinicaltrials.gov under the search

terms genetic and eye disease
32 involve treatment

WHY GENE THERAPY IN EYE DISEASE?

Currently

impossible to
remove, treat, — —
and re-graft /

neural tissue

Cell has CEY Function
Accessibility defective gene is restored
gene introduced
Immune privilege

Giving patients a healthy version of a defective gene

TYPES OF GENE THERAPY

Gene inhibition therapy

A new gene product blocing

—m=— gene

can block the product . - i
of a faulty gene ot &
cell containing new gene product  cell funetioning
faukty gene blocks faulty gene normally

Killing of specific cells

e Suicide genes can

. . e . be inserted to kill the

target cell
P wiidbgms A
cell produces texic cell dies
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HOW DOES IT WORK?

» A vector must be used to shuttle
the DNA into the cell

» Viruses have special molecular
mechanisms to efficiently deliver
their genomes to a host cell

» The virus genome is removed and
a new healthy gene is added to
the vector

GENE THERAPY FOR EYE DISEASE

* In-vivo: Putting therapy
into patient where the
gene will enter the
cells

placed into the
vitreous or directly

under the light-sensing
' cells
Subrotinal
imfeetion
badeba i
——

LEBER CONGENITAL AMAUROSIS (LCA)

Severe visual loss beginning in infancy
Sensitivity to light '
Involuntary eye movements

(nystagmus)

Extreme farsightedness

Pupils do not respond properly to light

at least 14 genes known to be

associated with LCA
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RPE65 gene mutation

results in a loss of sensitivity to
light and inability to generate
functional visual pigment

PRECLINICAL STU_QJES

Briard dogs with mutation in the
RPE65 gene are blind by 1 year

>50 Briard dogs have received
gene therapy

Dogs treated early continue to
have vision after 7 years

Lancelot received gene therapy in 2001

LANCELOT WAS SUCCESSFULLY TREATED
WITH GENE THERAPY

LCA gene therapy trials

> safe

» Early visual improvements

» 2 of the 3 Phase I/Il studies reported that the
improvement in vision began to decrease after
1-3 years.

» Possibly due to differences in the vectors and
delivery methods used

2015 Phase Il for LCA treatment with gene therapy complete

« 27 out of 29 participants significantly improved their ability to
navigate a mobility course in dim and bright settings

« These individuals were virtually blind before receiving the therapy

Spark Therapeutics received FDA approval
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YANNICK WAS BLIND BEFORE THERAPY

LCA Patient Brain

response 1o visual stmulus

BEFORE dmao. AFTER
GEME THERAPY  GENE THERARY

Yannick Duwe received gene therapy
in 2007. The treatment enabled him to
use a computer instead of Braille, and
work much easier and faster at school

CHOROIDEREMIA

X-linked
Night-blindness in teens
Vision loss begins in the

periphery, leading to tunnel
vision and then blindness
CHM gene makes a protein
needed for nutrient
transportation

2012 Gene therapy trial in the UK

« 6individuals were treated in 1
eye

4 years after treatment:

* 2 had significant vision
improvement sustained while
untreated eye declined
3 maintained vision in treated
eye but not fellow eye
1individual receiving low dose
treatment had slow deterioration
of vision in both eyes

JOE PEPPER WAS SLOWLY GOING BLIND UNTIL GENE
THERAPY REVERSED HIS SIGHT LOSS
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Current studies involving gene therapy
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Thank you

Questions?




