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Logistics

Questions

Å All attendees are encouraged to submit questions via Slido.

Zoom Issues?

Å Please type your issue in the Q&A or email us at margolisevents@duke.edu.

Meeting Materials

Å All meeting materials will be available on the Duke-Margolis website.

mailto:margolisevents@duke.edu




9:30 am Welcomeand Overview

9:35 am Patient Perspective

9:45 am Overview: Traditional and Novel Efficacy Endpoints in Ophthalmologic Therapeutic Drug and 
Biologics Development

10:10 am Session 1: Role of Full-Field Stimulus Threshold in Ophthalmologic Therapeutic Drug and 
Biologics Development

11:30 am Break

12:30 pm Session 2: Role of Ellipsoid Zone Data in Ophthalmologic Therapeutic Drug and Biologics 
Development

1:50 pm Session 3: Key Takeaways and Next Steps for FST and EZ in Interventional Clinical Trials

2:30 pm Closing Remarks and Adjournment

Event Agenda

All times listed in ET



Patient Perspective

Marylee Dilling, Blue Cone Monochromacy Families Foundation



Patient / Caregiver Perspective 

Marylee Dilling, MD, FAAP, FACP

Director, BCM Families Foundation

Assessing Novel Efficacy Endpoints 

in Ophthalmologic Rare Disease 

Drug and Biologics Development

September 17, 2025



www.bcmfamilies.org

DISCLOSURES

Å I have no actual or potential conflict of interest in relation to this presentation.

Å I have no relevant financial disclosures.



www.bcmfamilies.org

BLUE CONE MONOCHROMACY (BCM) 

ǒUltra-rare inherited retinopathy affecting 1 in 100,000 people

ƺAlbinism affects 1 in 17,000 people

ǒX-linked recessive

ǒ Non-functional red and green cones



www.bcmfamilies.org

MYOPIA



www.bcmfamilies.org

NORMAL VISION

PATIENT WITH BCM

COLOR DISCRIMINATION



www.bcmfamilies.org

PHOTOPHOBIA



www.bcmfamilies.org

NYSTAGMUS

nystagmus.MOV

http://drive.google.com/file/d/1wk2DZRM25rotDe3iPoqqk5cbuL6vPwDU/view


www.bcmfamilies.org

SCHOOL



www.bcmfamilies.org

SCHOOL

ǒ Projections

ƺ Friday Assembly

ƺ French / Latin

ǒ Small print

ƺ iPad for Bible, history

ǒ Faint lines, small drawings

ƺ Math workbook enlarged

ǒ Eye fatigue

ƺ Braille

ƺ Audio via Easy Reader

ǒ Environment

ƺ Front row - two friends with him

ƺ Dim room, back to windows

ǒ 9B graphite pencils, dark lined paper, no blue/white, matte not 

gloss



www.bcmfamilies.org

The biggest challenges are social, not visual. 

People tend to see different behavior as reflecting 

intelligence or personality, rather than as the result of 

physical differences. When I donôt see something, it is often 

attributed to inattention, laziness, dimwittedness, etc. 

Rarely does someone think, ñPerhaps this person has 

vision that is different.ò

Paul Rowland, PhD

SOCIAL CHALLENGES



www.bcmfamilies.org

ORIENTATION & MOBILITY



www.bcmfamilies.org

SPORTS



www.bcmfamilies.org

NYC
& FUTURE



www.bcmfamilies.org

ǒ The silence of those who have never seen and do not know what they are losing

ǒ Trial must:

ƺ Be designed to show efficacy

ƴ Incremental improvement matters

ƺ Include functional endpoints

ƴ Myopia, light sensitivity, color discrimination

ƴ Non-standard outcome measures

ǒ Window of opportunity for gene therapy does close

ƺ Cones gradually die, so there is progression but not perceived

ƺ Regain vision ASAP to better develop the visual cortex

URGENCY



info@BCMFamilies.org

www.BCMFamilies.org

BCMFamiliesFoundation

BCM_Families

BCMFamilies

THANK YOU!

#cure4BCM

mailto:info@BCMFamilies.org
http://www.bcmfamilies.org/


FDA Opening Remarks

William Boyd, U.S. Food and Drug Administration  

EkateriniTsilou, U.S. Food and Drug Administration



Overview: Traditional and Novel Efficacy 
Endpoints in Ophthalmologic Therapeutic 

Drug and Biologics Development
William Boyd, MD

Ekaterini Tsilou, MD



25

Disclosures

ÅOur comments are an informal communication and 
represent my own best judgment. These comments 
do not bind or obligate FDA.

ÅWe have no financial relationships to disclose.
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Efficacy Endpoints: Clinical Outcome 
Assessments vs Surrogate Endpoints

ÅClinical outcome assessments (COAs), a parameter 
that describes or reflects how an individual feels or 
functions or survives. 

ÅFor ophthalmology:
ïVisual function endpoints

ïFunctional vision endpoints

ïPROs
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Clinical Outcome Assessments

Å COAs commonly used in ophthalmology:
ï Visual function endpoints

ÅBest corrected visual acuity
ÅVisual field 
ÅMicroperimetry
ÅColor vision
ÅContrast sensitivity

ï Functional vision endpoints
ÅMobility tests

ï Patient reported outcomes
ÅSingle
Åmultidomain

www.fda.gov
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Clinical Outcome Assessments

ÅBest corrected visual acuity (BCVA) Clinically 
meaningful changes
ïDoubling or halving of the visual angle in best corrected 

distance visual acuity, often a three-line ETDRS change 
(high or low contrast acuity ) for patients with BCVA 
within the chart
ïThe magnitude of clinically meaningful changes 

unknown for patients with very low vision that are 
outside the chart

www.fda.gov
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Clinical Outcome Assessments

ÅVisual fields clinically meaningful changes

ïPrevention of meaningful visual field loss usually 
defined as larger than the natural blind spot

ïMean improvement of a 7 or more dB post 
treatment from the baseline in 5 or more pre-
defined loci (areas) that is sustainable overtime 



30

ÅCharacterizing clinically meaningful change in assessment of off-
chart visual acuity

Å Is BCVA even the right endpoint in ULV patients?

Å Is BCVA the right endpoint for slowly progressing diseases?

Challenges with BCVA
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Patient Reported Outcomes
(PRO)s

ÅSingle Item (Patient Global Impression of Severity-PGIS Scales)

ïItching

ïPain

ïOcular irritation

ïOcular dryness

www.fda.gov
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Patient Reported Outcomes

ÅPatient Reported ςMultiple domains

ïQuality of Life (QOL) Measures

ïRequires knowing how much weight to give to each domain

ïVisual Function Questionnaire (VFQ)- not currently externally 
validated (qualified)

ïMichigan Retinal Degeneration Questionnaire (MRDQ)- not 
validated either

www.fda.gov
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Functional Vision Endpoints:
Mobility Tests

ÅMulti luminance mobility test (MLMT) accepted as the primary 
endpoint in the approval of Luxturna (voretigeneneparvovec)

ÅA 2 light level change was accepted as a clinically meaningful 
change

www.fda.gov
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Functional Vision Endpoints:
Mobility Tests

Å Highly desirable endpoints as they provide information on how the patients 
use their vision to perform activities of daily living 

Å Especially useful in inherited retinal degenerations 

Limitations: 

Å Effort dependent

Å Not one size fits all: 

ï might need different levels of difficulty dependent on disease severity

ï might need adjustment for ceiling or floor effects

Å Require location set-ǳǇ ŀƴŘ ǇŀǘƛŜƴǘΩǎ ǘǊŀƴǎǇƻǊǘ ǘƻ ŀ ǎǇŜŎƛŦƛŎ ǎƛǘŜ

Å Increasing interest in virtual reality mobility tests
www.fda.gov
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Functional Vision Endpoints:
Mobility Tests

Å Inclusion of a wide range of illumination levels and illumination levels below 
1 lux

Å Equal spacing between light levels (light follows a log scale). A 0.5 or 0.6 log 
difference between points would be acceptable

Å ! ƎǊŀŘƛƴƎ ǎȅǎǘŜƳ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǎǳōƧŜŎǘΩǎ ǿŀƭƪƛƴƎ ǘƛƳŜ ƻǊ ǎǇŜŜŘΥ 
ï ! άǇŀǎǎέ ƻǊ άŦŀƛƭέ ƎǊŀŘŜ ŀǎǎƛƎƴŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǎǳōƧŜŎǘΩǎ ŀōƛƭƛǘȅ ǘƻ ƴŀǾƛƎŀǘŜ ǘƘǊƻǳƎƘ ǘƘŜ 

maze in each illumination level
ï /ƭƛƴƛŎŀƭƭȅ ƳŜŀƴƛƴƎŦǳƭ ŎƘŀƴƎŜΥ ǎǳōƧŜŎǘΩǎ ŀōƛƭƛǘȅ ǘƻ άǇŀǎǎέ ǘƘŜ ǘŜǎǘ ƛƴ ǘǿƻ ƛƭƭǳƳƛƴŀǘƛƻƴ ƭŜǾŜƭǎ 

lower than baseline

Å Suggested illumination levels: 0.015, 0.045, 0.125, 0.35,1, 3, 8, 22, 
63,178,500,1400,4000
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Biomarkers/Surrogate Endpoints 
Å¢ƘŜ ǘŜǊƳ άǎǳǊǊƻƎŀǘŜ ŜƴŘǇƻƛƴǘέ ƳŜŀƴǎ ŀ ƳŀǊƪŜǊΣ ǎǳŎƘ ŀǎ ŀ ƭŀōƻǊŀǘƻǊȅ 

measurement, radiographic image, physical sign, or other measure, 
that is not itself a direct measurement of clinical benefit, and

ïKnown to predict clinical benefit (like controlling blood pressure) and 
could be used to support traditional approval of a drug or biological 
product (validated surrogate endpoint),or

ïReasonably likely to predict clinical benefit and could be used to support 
the accelerated approval of a drug or biological product (reasonably 
likely surrogate endpoint)

Å Usually, clinical studies are needed to show that the surrogate 
endpoint can be relied upon to predict, or correlate with, clinical 
benefit in a context of use. 

www.fda.gov
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Anatomic Efficacy Endpoints
ÅPrevention of CMV retinitis progression

ÅPrevention of diabetic retinopathy progression (change in 3 
categories on ETDRS scale)

ÅResolution of cell and flare

ÅResolution of conjunctival redness

ÅRe-epithelialization of cornea with elimination of bacteria

ÅPrevention of retinal detachment

www.fda.gov
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Anatomic Efficacy Endpoints
Related to Photoreceptor Loss

ÅHave direct relevance to clinical outcomes
ÅMay be measured by
ïFundus autofluorescence (FAF)
ïOcular coherence tomography (OCT)

ÅShould be measuring the rate of decline of photoreceptor loss in 
at least three timepoints (baseline and two subsequent point 
images) at least 6 months apart.

ÅThe best curve fit analyses demonstrating reduction in the rate 
of photoreceptor loss exceeding measurement uncertainty are 
considered clinically meaningful.
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Drugs Approved Based on Primary 
Anatomic Endpoints

Å Two medications, complement 
factor inhibitors, approved for 
dry AMD based on anatomic 
endpoints
ï Syfovre(pegcetacoplan)
ï Izervay(avacincptadpegol)

Å Primary endpoint: Change from 
baseline in study eye GA lesion 
area measured by FAF 

Izervay: Mean Change in GA Area (mm2) From Baseline in GATHER1 clinical 

Trial (Observed data)www.fda.gov
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Medications Approved Based on 
Primary Anatomic Endpoints

Å Encelto(revakinagenetaroretcel) 
recently approved by CBER indicated 
for treatment of macular 
telengiectasiatype 2 (MacTel) based 
on an anatomic primary endpoint
ï Rate of change in the area of EZ loss 

(IS/OS; macular photoreceptor loss) 
from baseline through Month 24, as 
assessed using SD-OCT in the study 
eye of subjects with MacTel.

ï Enceltoslowed down the rate of 
change in the area of EZ loss

www.fda.gov
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Virtues and Pitfalls of Anatomic 
Endpoints Related to Photoreceptor Loss 
Å Effort independent

Å Structural damage can precede functional decline by several years providing 
the advantage of early intervention 

Å Slowing of the decline of anatomic damage should predict slowing of disease 
progression

Limitations: 

Å Unknown: the magnitude of change in the progression of the anatomic 
damage that correlates with a change in the progression of clinical 
manifestations

www.fda.gov
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²ƘŜƴ !ƴŀǘƻƳƛŎ 9ƴŘǇƻƛƴǘǎ ƛǎ ŀ άbƻέ

ÅCell treatments where cells are injected subretinallyto replace 
the diseased cells

ïFor example, cell treatments for dry AMD with RPE cells 
injected subretinally

ÅCellular products, once cells are inserted into  the eye, it will not 
be possible to distinguish photoreceptors from RPE cells. 

www.fda.gov
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Other Outcome Assessments

ÅThe usual visual function endpoints may not be useable in 
interventional clinical trials intended for patients with severe 
vision loss

ÅNovel endpoints with clinical relevance are needed 

www.fda.gov
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Other Outcome Assessments

ÅNovel endpoints such as Full Field Stimulus 
Threshold and Ellipsoid Zone measures for drug 
products would require a validated correlation 
between changes and visual function

www.fda.gov
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Session 1: Role of  Full-Field Stimulus 
Threshold in Ophthalmologic Therapeutic 
Drug and Biologics Development
10:10 ς11:30 am ET

Moderator: Brian Canter, Duke-Margolis Institute for Health Policy 



Full-field Stimulus Test (FST) and 

Localization of FST Perception on the Retina

Artur V. Cideciyan, Ph.D.

Center for Hereditary Retinal Degenerations
Scheie Eye Institute, University of Pennsylvania, Philadelphia, USA

COI: Research grants from NIH, FFB, AtsenaTherapeutics, and Laboratories Thea; 
unremunerated member of the scientific advisory board for the BCM Families Foundation; 
consulting fees from Laboratories Thea, Opus Genetics, Alkeus, Ray Therapeutics, and VC 

Cell Therapy Inc.



Clinical Assessments

Subjective

Perception Perimetry, FST

Performance -
based tests

Physical or Virtual

Mobility

Patient reported 
outcomes

Questionnaires

Objective

Structural 
imaging

OCT, FAF

Electrophysiology ERG, VEP

Functional 
imaging

fMRI

PLR, ORG

Phenotypic 
features

Disease 
stage

Natural 
history

Intervention

Selection



Simple perception:
Seen or not seen?

Dim Bright

100%
Seen

0%
Seen

WorseBetter

Threshold

50%
Seen



Perimetry/microperimetry
(localized)

FST
(full-field)



Where does FST perception originate from?



Redrawn from Roman et al. Quantifying rod 

photoreceptor-mediated vision in retinal 

degenerations: dark-adapted thresholds as 

outcome measures. Exp Eye Res. 2005



Redrawn from:

Birch et al. The RUSH2A study: Dark-adapted visual 
fields in patients with retinal degeneration 
associated with biallelic variants in the USH2A 
gene. Invest Ophthalmol Vis Sci. 2022

Redrawn from:

Roman et al. Quantifying rod photoreceptor-
mediated vision in retinal degenerations: dark-
adapted thresholds as outcome measures.

Exp Eye Res. 2005

146 patients

RP, LCA, USH, BBS, CHM, CRD, and maculopathy.

38 patients

RUSH2A

184 patients from two independent studies



FST perception originates from
the healthiest retinal locus/region exhibiting the 
highest sensitivity within the visual field.



!ǊŜ ǘƘŜǊŜ άƘƛŘŘŜƴέ ǇƘƻǘƻǊŜŎŜǇǘƻǊǎ ƴŜŀǊ ǘƘŜ 
anterior edges of the retina that do not 
contribute to functional vision but could 
perceive FST from intraocularly scattered light? 



96o

107o

82o

104o

Maximal VF extent estimates from:

Mollon et al 1998

Charng et al 2016

Simpson 2017

Veto et al 2020

Strasburger et al 2024

VF-equivalent
Location of oraserrata

Maximal VF extent

Ora serrata estimates from:

Straatsma et al 1969

Drasdo and Fowler 1974



¢ƘŜǊŜ ƛǎ ƴƻ ŜǾƛŘŜƴŎŜ ƻŦ άƘƛŘŘŜƴέ 
photoreceptors uninvolved in functional vision



What happens if sensitivity of a region of the retina 
improves upon localized subretinal gene therapy?



1

1 2 3

4 5

1 2 3

4 5

GUCY2D-LCA
Gene therapy



GUCY2D-LCA
Gene therapy

What is the criterion for 
clinically meaningful 
score difference for FST?
bŜȄǘ ǇǊŜǎŜƴǘŀǘƛƻƴ Χ

±7 dB



Samuel G. 

Jacobson

Tomas S.

Aleman

Alejandro J.

Roman



Session 1: 
Role of FST in Ophthalmologic Therapeutic Drug and 

Biologics Development for Rare Diseases

Allison Ayala
FFB Clinical Consortium Coordinating Center Director
on behalf of the FFB Clinical Consortium Investigator Group 

and REDI Working Group  



Outline

Å Overview of FST Endpoint Properties from RUSH2A Natural History Study

Å How to Demonstrate Clinical Meaningfulness 

Å ExerciseUsing Three LCA Trial Datasets  

Å Conclusions, Recommendations, Future Considerations

FST: Full-field stimulus test
LCA: Leber Congenital Amaurosis



Overview of FST 
Endpoint Properties 
from RUSH2A Natural 
History Study


