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The Human Eye, Retina & Retinal Disease
Rods, Cones & Retinal Pigment Epithelium (RPE)



Human Retina

Eye translates light into electricity



Introduction
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The Phototransduction Cascade
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RodCone

Rods, cones & RPE
Inherited Retinal 
Diseases (IRDs)



The Human Genome, Genotypes & Phenotypes
IRD Genetics



Introduction
Basic Genetics

• Humans: 20.338 genes x 2 (= 3.200.000.000 bp (x2))

• Non-coding genes 22.521

• Pseudogenes 14.638

• Gene transcripts 200.310

• Inherited retinal & ON diseases: 317 genes (281 cloned) (https://sph.uth.edu/retnet)



1 2 3 4 5

Variants in Genes
Five Classes

Benign Likely benign
> 90% certainty

Uncertain significance Likely pathogenic
> 95% certainty

Pathogenic

Adapted from Dr Caroline VAN CAUWENBERGH

Polymorphism Mutation? ??? ?



Introduction
Inherited Blindness

• World population: 7.9 x 109 individuals

• Blind people: 43.4 x 106 individuals (1/3 w/ genetic basis)

• Inherited Retinal Disorders (IRDs): 5.5 x 106 individuals (1/1400 individuals)

• Most due to mutations in genes expressed in photoreceptors and/or RPE



Patient Referral Pathway

Referral to ocular genetics specialist essential



• Ask the right questions in language patient can understand

• About nature of visual complaints

• About time of onset of visual symptoms

• Draw a pedigree

• Support clinical Dx w/ specialised imaging, psychophysics & electrophysiology 

“deep phenotyping”

• Take blood samples & confirm Dx w/ molecular testing “genotyping”

Ocular Genetics Evaluation
Approach



Classification of Inherited Retinal Disease
Towards Precision Medicine

Phenotypic Classification (examples) Genotypic Classification (examples)

Generalised outer retinal dystrophies

• Rod-cone dystrophies (isolated & syndromic)

• Cone-rod dystrophies (isolated & syndromic)

Stationary retinopathies

• Achromatopsia

• CSNB

Macular dystrophies

Chorioretinal dystrophies

• Choroideraemia

• Gyrate atrophy

• Bietti corneocrystalline chorioretinal dystrophy

• Chorioretinal dystrophy RPE65-related

Transretinal dystrophies

• XL retinoschisis

Inner retinal dystrophies or optic neuropathies

• LHON (isolated & syndromic)

• ADOA (isolated & syndromic)

ABCA4-related retinopathy (AR)

• Maculopathy

• Cone dystrophy

• Cone-rod dystrophy

RPE65-related retinopathy

• AR Leber congenital amaurosis

• AR EORD

• AR Rod-cone dystrophy

• AD Chorioretinal dystrophy (p.Asp477Gly)

CNGB3-related retinal disease

• AR Progressive cone dystrophy

• AR Achromatopsia

CLN3-related retinal dystrophies

• AR Isolated rod-cone dystrophy

• AR Neuronal ceroid lipofuscinosis

Puech B, De Laey J-J, Holder GE, Editors, 
Inherited Chorioretinal Dystrophies. Springer 

Heidelberg New York Dordrecht London, 2014

Zahid, S et al. Retinal Dystrophy Gene 
Atlas. Springer Heidelberg New York 

Dordrecht London, 2018



Gene Therapy for IRDs
Strategies, Vectors, Delivery Routes & Trials



Genetic Therapies for Inherited Non-Ocular Diseases
Current Status

Glybera®
(alipogene tiparvovec)

AAV1-LPL for reverse lipoprotein lipase 
deficiency (AR); Conditional approval by 

EMA 2012, withdrawn 2017
Registered trademark of uniQure

Strimvelis® (GSK269273)
Autologous CD34+ enriched cell fraction containing 

CD34+ cells transduced w/ retroviral vector that 
encodes for human ADA cDNA sequence for severe 

combined immunodeficiency due to adenosine 
deaminase deficiency (AR)

Approval by EMA 2016
Registered trademark of GlaxoSmithKline

Spinraza® (nusinursen)
Antisense oligonucleotide for spinal 

muscular atrophy (AR)
Approval by FDA 2016 & EMA 2017

Registered trademark of Biogen

Zolgensma® (onasemnogene 
abeparvovec-xioi)

AAV9-SMN1 for spinal muscular atrophy (AR)
Approval by FDA 2019 & Conditional approval by EMA 2020

Registered trademark of AveXis (Novartis)

Zynteglo® (betibeglogene autotemcel)
Autologous CD34+ cells encoding ßA-Thr87Gln-globin gene 

for adult & pediatric beta-thalassemia (AR)
Approval by EMA 2019 & FDA 2020

Registered trademark of bluebirdbio

Skysona® (elivaldogene 
autotemcel)

Gene therapy for early, active cerebral 
adrenoleukodystrophy (CALD) (XL)
Approval by EMA 2019 & FDA 2020

Registered trademark of bluebirdbio

Libmeldy® (atidarsagene autotemcel)
Ex vivo autologous haematopoietic SC gene therapy expressing 

arylsulfatase 1 for metachromatic leukodystrophy (AR)
Approval by EMA 2020

Registered trademark of Orchard Therapeutics

Roctavian® (valoctocogene 
aroxaparvovec-rvox)

AAV5-SMN1 for haemophilia A (XL)
Conditional approval by EMA 2022
Registered trademark of BioMarin



Gene Therapy for IRDs
 Administration Routes

From B Tian et al., 
Pharmaceutics  2022



Genetic Therapies for IRDs
 Strategies: Gene Augmentation & AONs

From EJ Simons & I 
Trapani, Hum Gene 

Ther 2023



Genetic Therapies for IRDs
 Strategies: CRISPR/Cas 9 From W Yu & Z Wu, Adv 

Drug Deliv Rev, 2021



Gene Therapy for IRDs
 Use of Different Strategies

From EJ Simons & I Trapani, 
Hum Gene Ther 2023



Ocular Gene 
Therapy
 Trials

From B Tian et al., 
Pharmaceutics  2022



Ocular Gene 
Therapy
 Trials

Adapted from B Tian et al., 
Pharmaceutics  2022 Achromatopsia



Genes & Inherited Retinal Diseases (IRDs)
Leber Congenital Amaurosis (LCA) as a Model



Leber Congenital Amaurosis

 Symptoms & Signs

• No or little sensitivity for visual stimuli from birth

• Variable aspect of retina

• ERG abolished or profoundly abnormal

• Autosomal recessive inheritance

Theodor Karl Gustav von Leber
19 Feb 1840 - 17 Apr 1917

LCA is responsible for 18% of legal blindness in children worldwide

Leber T: Uber retinitis pigmentosa und angeborene amaurose

Graefes Arch Klin Exp Ophthalmol, 15, 13-20, 1869 



Leber Congenital Amaurosis

 Symptoms & Signs

• No or little sensitivity for visual stimuli from birth

• Variable aspect of retina

• ERG abolished or profoundly abnormal

• Autosomal recessive inheritance

• Hyperopia

• Sluggish pupillary responses

• Oculodigital sign

• Keratoconus

• Occasional photophobia



• 24 LCA genes:

• GUCY2D on 17p13.1
• RPE65 on 1p31
• CRX on 19q13.3
• AIPL1 on 17p13.1
• CRB1 on 1q31-q32.1
• RPGRIP1 on 14q11.2
• MERTK on 2q14.1
• RDH12 on 14q24.1
• IMPDH1 on 7q31.3-32
• TULP1 on 6p21
• CEP290 on 12q21-q22
• LCA5 on 6q11-q16
• SPATA7 on 14q24
• OTX2 on 14q21-22
• IQCB1 on 3q21.1
• PDE6G on 17q25
• KCNJ13 on 2q37.1
• RD3 on 1q32
• NMNAT1 on 1p36
• DTHD1 on 4p14
• CAPB4 on Xp11.4
• GDF6 on 8q22.1
• IFT140 on 16p13.3
• PRPH2 on 6p21.1

LCA & EORD
Genotypes

• 6 early-onset RP genes:

• RDH12 on 14q23.3
• LRAT on 4q31.2
• MERTK on 2q14.1
• TULP1 on 6p21.3
• SPATA7 on 14q24
• ADAMTS18 on 16q23.1

70% of patients
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RPGRIP1 & 
CEP290

SPATA7

LCA & IRD Genes
Expression Patterns
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•Discovery of RPE65 gene: Hamel CP, Jenkins NA, Gilbert DJ, Copeland NG, 

Redmond, TM: The gene for the retinal pigment epithelium-specific protein 

RPE65 is localized to human 1p31 and mouse 3, Genomics, 20, 509-512, 1994

• Mutations in RPE65 cause retinal disease:

• Marlhens F, Bareil C, Griffoin JM, Zrenner E, Amalric P, Eliaou C, Liu SY, Harris E, 

Redmond TM, Arnaud B, Claustres M, Hamel CP, Nat Genet, 17, 139-141, 1997

• Gu SM, Thompson DA, Srikumari CR, Lorenz B, Finckh U, Nicoletti A, Murthy KR, 

Rathmann M, Kumaramanickavel G, Denton MJ, Gal A, Nat Genet, 17, 194-197, 

1997

RPE65-Related IRD
Timeline of Discoveries

Prof Christian HAMEL
1955-2017



RPE65-related Retinal Dystrophy
Phenotype

F, 4 4/12 yrs
EORD

BAF RE

F, 29 yrs
EORD

BAF
RE

Early Stage
Phenotype

Late Stage
Phenotype

• Congenital onset of night blindness

• Nystagmus often

• Initially retina looks fairly normal

• Many different initial diagnoses

• Later phenotype identical to that of classic RP

• Vascular attenuation suggests early loss of retinal function

• Absence of blue light autofluorescence typical

• Sometimes picked up late w/ Dx of RP

• Progression towards complete blindness; early treatment paramount

SD-OCT RE



•RPE65 expressed in RPE: retinal pigment epithelium-specific protein 65kDa

•Disproportionately normal outer retinal structure given degree of visual loss

•Window of opportunity to treat

RPE65-Related IRD
Unique

AF Wright, Editorial, NEJM,  372, 1954-1955, 2015



Gene Therapy for RPE65-IRD
From Animal Models to Approved Therapy in Humans



Gene & Genetic Rx for IRDs
Eye = Ideal Treatment Target

Gene Rx
Adeno-Associated Virus

AAV2-CßA-RPE65
Subretinal Injection

Intravitreal Injection

• Accessible for injection
• Allows real-life evaluation
• Immune priviliged

Genetic Rx
Sepofarsen (17-mer AON) directed

against CEP290 pre-mRNA



Gene Supplementation
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Courtesy of
Shannon L Boye, PhD

UFl at Gainesville, FL, USA

Commonly Used Viral Vectors 



Gene Rx w/ Voretigene Neparvovec
Development = Hacking Path through Jungle with Machete

On the “Path”
to Luxturna Approval

Courtesy of David Mann, Back to the Machete, Aug 3, 2012



Gene Therapy for RPE65-related LCA Effective 
in Briard Dogs

Courtesy of
Jean Bennett, MD, PhD

Briard dog treated w/ subretinal rAAV.RPE65
GM Acland et al, Nat Genet, 28, 92-95, 2001

GM Acland et al, Mol Ther, 16, 458-465, 2005



LCA
Treatment in RPE65-related LCA

• Gene Rx for RPE65-related LCA successful in dogs (2001)

• J Bennett & co-workers, Philadelphia, PA, USA

• Gene Rx for RPE65-related LCA safe & successful in humans (2008)

• R Ali & co-workers, London, UK

• J Bennett & co-workers, Philadelphia, PA, USA

• WW Hauswirth & co-workers, Philadelphia, PA & Gainesville, FL, USA



• 8 clinical trials (5 USA, 1 UK, 1 Israel, 1 France) started between 2007 and 2009

• Total of 98 patients

• No vector-related issues

• Trials differed in: subject ages, vector dose, volume (0.15-1.0 ml), promoter, 
retinal area targeted, outcome measures, etc.

LCA
Gene Rx Current Trials



LCA
Gene Rx Trial @ CHOP

• Leber congenital amaurosis (RPE65-related)

• Children’s Hospital of Philadelphia (CHOP), Philadelphia, PA, USA & Naples, Italy & 
Ghent, Belgium (NCT00516477 & NCT01208389)

Phase 1 & Phase 1 Follow-On; 12 patients; age > 8 yrs; rAAV2-CBA-hRPE65



Gene Rx w/ Voretigene Neparvovec
Development History

1. Marlhens et al. Nat Genet. 1997;17:139-141. 2. Gu et al. Nat Genet. 1997;17:194-197. 3. Narfström et al. Invest Ophthalmol Vis Sci. 2003;44:1663-1672. 4. 

Data on File. Spark Therapeutics. 5. Jacobson et al. Human Gene Ther. 2006;17:845-858. 6. Maguire et al. Lancet. 2009;374:1597-1605. 7. Bennett et al. Lancet. 

2016 8. Russell et al. Abstract presented at: Retina Society 48th Annual Scientific Meeting; October 7-11, 2015; Paris, France. 9. Maguire et al. Abstract presented 

at: American Academy of Ophthalmology Meeting 2015; November 14-17, 2015; Las Vegas, NV. 

aSpark Therapeutics begins operations



S Russell, et al.:Efficacy and safety of voretigene neparvovec (AAV2-hRPE65v2) in subjects with RPE65-mediated inherited retinal dystrophy: a randomised, 
controlled, open-label phase 3 trial, Lancet, 2017



• Primary endpoint: change in bilateral performance in multi-luminance mobility test 

(MLMT) at 1 year after injection 

• MLMT conducted at up to 7 standardized illumination levels

• Secondary endpoints:

• Full-field light sensitivity threshold (FST)

• MLMT, assigned first eye

• Best-corrected visual acuity (BCVA)

Gene Rx Phase 3
Trial Endpoints
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• Mean (SD) bilateral change score for OI subjects (n=20) was 1.9 (1.1) 
levels at year 2 and 2.1 (1.6) levels for DI subjects (n=9) at year 1

Data presented as mean ± SE. For the DI group, change is relative to injection baseline after year 1. BL, baseline; X, crossover; XY1, DI group year 1; Y1, OI group year 1/ DI group baseline; Y2, OI group year 2

Gene Rx Phase 3: Results
Mean Bilateral Multi-Luminance Mobility Test (MLMT) Over Time

S Russell, et al.: Efficacy and safety of voretigene neparvovec (AAV2-hRPE65v2) in subjects with RPE65-
mediated inherited retinal dystrophy: a randomised, controlled, open-label phase 3 trial, Lancet, 2017

OI population                           DI population



CH-41: baseline visit 

at 4 lux (Fail)

CH-41: 1-year visit after voretigene 

neparvovec administration at 4 lux (Pass)

Gene Rx Phase 3: Results
Representative MLMT Videos (Bilateral Testing)

S Russell, et al.: Efficacy and safety of voretigene neparvovec (AAV2-hRPE65v2) in subjects with RPE65-
mediated inherited retinal dystrophy: a randomised, controlled, open-label phase 3 trial, Lancet, 2017



• Mean (SD) logMAR improvement from baseline in VA averaged over both 
eyes:

• −0.16 (0.36) (8-letter gain) at year 2 for OI subjects

• −0.09 (0.22) (4.5-letter gain) at year 1 for DI subjects

Data presented as mean ± SE. Off-chart assignments based on scale adapted from JT Holladay, J Cataract Refract Surg, 30, 287-290, 2004

OI population                           DI population

S Russell, et al.: Efficacy and safety of voretigene neparvovec (AAV2-hRPE65v2) in subjects with RPE65-mediated 
inherited retinal dystrophy: a randomised, controlled, open-label phase 3 trial, Lancet, 2017

Gene Rx Phase 3: Results
Mean Best-Corrected Visual Acuity (Holladay Scale) Over Time



Mean Goldmann VF III4e
Mean Humphrey VF

Mean Macula Threshold

Data presented as mean ± SE

OI population                        DI population

Gene Rx Phase 3: Results
Mean Change in Visual Fields Over Time

S Russell, et al.: Efficacy and safety of voretigene neparvovec (AAV2-hRPE65v2) in subjects with RPE65-
mediated inherited retinal dystrophy: a randomised, controlled, open-label phase 3 trial, Lancet, 2017



• Most frequently reported ocular treatment-emergent adverse events through 2 yrs after administration of  VN 
(OI & DI population)

•Increased intra-ocular pressure, 7 events in 5 (17%) subjects

•Cataract, 5 events in 4 (14%) subjects

•Retinal tear, 3 events in 3 (10%) subjects

•Retinal deposits, 3 events in 3 (10%) subjects

• Serious adverse events

•Two subjects in OI group

• One experienced an adverse drug reaction related to complications from oral surgery

• One experienced an adverse drug reaction & convulsions associated with pre-existing complex seizure disorder

•One subject in DI group

• One experienced loss of foveal function thought to be related to administration procedure & not to study drug

•No product-related serious adverse events and no deleterious immune responses occurred

Gene Rx Phase 3
Safety

S Russell, et al.: Efficacy and safety of voretigene neparvovec (AAV2-hRPE65v2) in subjects with RPE65-
mediated inherited retinal dystrophy: a randomised, controlled, open-label phase 3 trial, Lancet, 2017



• Improvements in MLMT, FST, & VF at year 1 in DI subjects consistent with those seen in OI cohort at 1 yr

• Improvements observed in OI subjects generally maintained at 2 yrs

• Gene augmentation by VN therapy improved functional vision & visual function in subjects with biallelic 
RPE65-mediated IRD as measured by improvements in: 

• Ambulatory navigation

• Light sensitivity

• Visual field size

S Russell, et al.: Efficacy and safety of voretigene neparvovec (AAV2-hRPE65v2) in subjects with RPE65-
mediated inherited retinal dystrophy: a randomised, controlled, open-label phase 3 trial, Lancet, 2017

Gene Rx Phase 3
Conclusions





• USA:

• FDA Advisory Committee Meeting: unanimously in favour on 12 Oct 2017

• FDA granted Marketing Authorisation on 21 Dec 2017

• Voretigene neparvovec (Luxturna®) on the market since March 2018 w/ +/- 9 patients treated

• Cost $850.000,00 for two eyes (reimbursement by private insurers)

• EU:

• EMA Committee for Human Medicinal Products meeting w/ Spark Tx on Marketing Licensing Application on 05 Jul 2018

• EMA Committee for Human Medicinal Products has decided favourably on 21 Sep 2018 

• European Medicines Agency granted Marketing Authorization on 23 Nov 2018

• Novartis markets voretigene neparvovec (Luxturna®) outside of USA

• Rx administered at selected superspecialist treatment centers 

• Reimbursement in individual European countries obtained (Belgium on 1 April 2021)

Gene Rx for RPE65-Related Retinal Dystrophy
Current Situation Voretigene Neparvovec (Luxturna®)



EU Indication1:
“Voretigene neparvovec is an adeno-associated virus vector-based gene therapy indicated for the treatment 
of adult and pediatric patients with vision loss due to inherited retinal dystrophy caused by confirmed 
biallelic RPE65 mutations and who have sufficient viable retinal cells.”

Retinal cell viability in practice:
− presence of outer retinal cells on SD-OCT as determined by IRD specialist

− presence of at least Light Perception vision

− some additional measurement of visual function desirable e.g. FST

Genotyping 
Patient Eligibility Criteria for Voretigene Neparvovec

(Luxturna®) Gene Therapy

1. https://www.ema.europa.eu/en/documents/product-information/luxturna-epar-product-information_en.pdf



Gene Rx
Voretigene Neparvovec (Luxturna®)

Adeno-Associated Virus
AAV2-CßA-RPE65

Subretinal Injection

• Subretinal injection
• 300µl w/ 1,5 x 1011 AAV2-CßA-RPE65
• Central retina (macula)

AM Maguire, KA High, A Auricchio, EA Pierce, F Testa, F Mingozzi, J Bennicelli, GS Ying, C Acerra, A Fulton, KA 
Marshall, S Banfi, D Chung, JIW Morgan, B Hauck, O Zelanaia, X Zhu, L Raffini, F Coppieters, E De Baere, KS Shindler, 
NJ Volpe, EM Surace, S Rossi, A Lyubarsky, TM Redmond, E Stone, J Sun, JF Wright, J Wellman McDonnell, BP Leroy, 
F Simonelli, J Bennett, Lancet, 374: 1597-1605, 2009
J Bennett, J Wellman, KA Marshall, S McCague, M Ashtari, J DiStefano-Pappas, OU Elci, DC Chung, J Sun, JF Wright, 
DR Cross, P Aravand, LL Cyckowski, JL Bennicelli, F Mingozzi, A Auricchio, EA Pierce, J Ruggiero, BP Leroy, F 
Simonelli, KA High, AM Maguire: Safety and durability of effect of contralateral-eye administration of AAV2 gene 
therapy in patients with childhood-onset blindness caused by RPE65 mutations: a follow-on phase 1 trial, Lancet, 
388, 661-72, 2016 
S Russell, J Bennett, JA Wellman, DC Chung, ZF Yu, A Tillman, J Wittes, J Pappas, E Okan, S McCague, D Cross, KA 
Marshall, J Walshire, TL Kehoe, H Reichert, M Davis, L Raffini, MD; LA George, FP Hudson, L Dingfield, X Zhu, JA 
Haller, E Stone, EH Sohn, VB Mahajan, W Pfeifer, M Weckmann, CA Johnson, D Gewaily, A Drack, K Wachtel, F 
Simonelli, BP Leroy, JF Wright, KA High, AM Maguire, Lancet, 390, 849-860, 2017 
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So How Long Does Effect of Luxturna® Last?
Data from Phase 3 Trial



Gene Rx Phase 3
5/4 yrs Results

BP Leroy, et al.: Five-Year Update for the Phase III 
Voretigene Neparvovec Study in Biallelic RPE65 
Mutation-associated Inherited Retinal Disease, 

10th Europaediatrics Congress 2021, Zagreb, 
Croatia, 07-09/10/2021

S Russell, et al.: Efficacy and safety of voretigene 
neparvovec (AAV2-hRPE65v2) in subjects with 
RPE65-mediated inherited retinal dystrophy: a 

randomised, controlled, open-label phase 3 trial, 
Lancet, 2017



What Have We Learned Since?
Real-World Data



Chorioretinal Atrophy as a New AESI
Data from the Real-World Experience



• Several patients show chorioretinal atrophy of 3 different types:

• at injection sites

• within treatment area

• beyond treatment area

• Potential causes require further study

Chorioretinal Atrophy After Gene Rx for RPE65-LCA
Conclusions



RPE65-related Retinal Dystrophy
Need for Tight Control of Inflammation

• Tight control of retinal and vitreal inflammation required:

Bucher et al. Immune responses to retinal gene therapy using adeno-associated viral vectors 
- Implications for treatment success and safety, Progress in Retinal & Eye Research, 
https://doi.org/10.1016/j.pretereyes.2020.100915

• Even if retinal and vitreal inflammation are mild: use high doses of local steroids

From Bucher et al.,
PRER, 2020

https://doi.org/10.1016/j.pretereyes.2020.100915


EU Indication1:
“Voretigene neparvovec is an adeno-associated virus vector-based gene therapy indicated for the treatment 
of adult and pediatric patients with vision loss due to inherited retinal dystrophy caused by confirmed 
biallelic RPE65 mutations and who have sufficient viable retinal cells.”

Retinal cell viability in practice:
− presence of outer retinal cells on SD-OCT as determined by IRD specialist

− presence of at least Light Perception vision

− some additional measurement of visual function desirable e.g. FST

Genotyping 
Patient Eligibility Criteria for Voretigene Neparvovec

Gene Therapy

1. https://www.ema.europa.eu/en/documents/product-information/luxturna-epar-product-information_en.pdf



GU & GHU
Dept of Ophthalmology

National Referral Center for Ocular 
Genetics & Gene Therapy

• RPE65-related Inherited Retinal Dystrophy

• ND4-related Leber Hereditary Optic Neuropathy

• CEP290-related Leber Congenital Amaurosis

• RPGR-related XLRP

• CNGA3- & CNGB3-related Achromatopsia

Subretinal injection of Luxturna in RE of 20 yr old male
Courtesy of Fanny NERINCKX, MD



Gene Augmentation Therapy with AAV5
GUCY2D-IRD



The Phototransduction Cascade
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A/Prof @ University of Florida,

Gainesville, FL, USA
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Antisense OligoNucleotide (AON) Therapy as an 
Alternative

Sepofarsen for CEP290-IRD



CEP290 -Related Leber Congenital Amaurosis (LCA10)

• Rare (prevalence of <1 per 100,000), autosomal recessive retinal disease

• CEP290 is involved in cilium formation and intracellular protein trafficking

Retinal layers

Cross-section human eye Photoreceptor cell1

Connective cilium

Cideciyan AV, Jacobson SG. Invest Ophthalmol Vis Sci, 2019, 60, 1680-1695









(160/80 or 80/40 µg in 50 µl)





















PQ-110-003 (Sepofarsen) Phase 2/3 Illuminate Trial
A Story of a Suboptimal Comparison

• First year results: Illuminate did not meet primary endpoint of Best-Corrected Visual Acuity (BCVA) at Month 

12 compared to sham procedure control group

• Traditional analysis approach of TE vs sham is difficult to show Tx effect due to high variability & small N

• However, when adjusting TE & sham eyes by subtracting effects of their corresponding CE, a numeric 

treatment difference between sepofarsen & sham is observed

• Consistent w/ Phase 1b/2 study results

• Individual participants demonstrated improvement from baseline in multiple endpoints

• Responses also seen in year 2 when 2nd eye/sham was treated

• Overall good safety profile: no intraocular inflammation, no systemic effects

• EMA & FDA recommended setting up another phase 2/3 trial prior to submitting Marketing Authorization 

Application





Genetic Therapy for IRDs
Conclusions



• Need for genotyping enormous:

• Frequency of inherited retinal disease = 1/2500

• World population = 7.900.000.000

• 3.160.000 patients

• Gene-specific Rx feasible for everyone? 

Rx for Genetic Retinal Disease
Need For Genotyping



Genetic Therapies for IRDs
Overall Conclusions

• Very recent field (+/- 20 yrs)

• Gene Rx efforts are mushrooming (Luxturna® is 1st of many)

• Genetic Rx requires intact target cells, works but is not perfect

• A lot remains to be learned

• A difficult path lies ahead, but future is bright

• Urgent need to improve patient identification through systematic genotyping

• Better understanding of CRA & inflammation required



Genetic Therapies for IRDs
Overall Conclusions

20 Jul 1969 NASA’s Apollo 11 landed on the Moon
w/ Neil Armstrong, Buzz Aldrin & Michael Collins aboard

• Putting Man on the Moon was not a walk in the park

• Together, we can bring innovative Rx to IRD patients
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