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Vision endpoints (including FST) in clinical trials

RPE65-LCA: Hauswirth, Jacobson, Roman, Cideciyan, Aleman 2008 & others (NIH)
RPE65-LCA: Banin, 2010 (MVRF)
RPE65-LCA: Bennett, 2012 & others (CHOP/Spark)
End-stage RP: Ahuja, 2013 (Second Sight)
RP: Bittner, 2014 (NIH)
MERTK-RD: Ghazi, 2016 (King Salman Center)
End-stage RP: Edwards, 2018 (Retina Implant Alpha AMS)
RLBP1-RD: Kvanta, 2024 (Novartis)
CNGA3-ACHM: Fischer, 2020 (RD-CURE)
GUCY2D-LCA: Jacobson, Cideciyan, Aleman 2021 & others (Sanofi/Atsena)
CEP290-LCA: Pierce, Aleman, Pennesi 2024 (Editas)
CEP290-LCA: Cideciyan, 2019 & others (ProQR)
LCA5-LCA: Aleman, Cideciyan, Roman et al.

RHD12-LCA

NPHP5-LCA

BCM

 Used in 4 successfully treated forms of LCA

 Used in 2 waiting for treatment forms of LCA

 Used in specialized test for BCM awaiting Tx



The catalyst – Leber Congenital Amaurosis Experience
Favored Tx scenario: blind spared photoreceptors

Beautiful retina but
 Low vision
 Flat ERGs
 Small or no fields



 Easy to deliver, important for quality of life but…
 May not relate well with disease severity (as commonly performed)
 Complicated in low vision
 Does NOT localize function (is a moving ‘target’ and SR gene therapy is a local Tx)
 Influenced by neurodevelopment

Visual Acuity: 
The most used and trusted endpoint



Patients are blind as a result of an insensitive retina
Must Measure Photoreceptor Sensitivity!

 Structural-Functional Dissociation 
 Loss of vision is disproportionate to loss of photoreceptors



Static perimetry:
Widely available 
Limited dynamic range
Affected by fixation
Not easy in children

Fundus Tracking Perimetry:
Widely available 
Limited dynamic range
Not easy in children

Must measure photoreceptor sensitivity
Static Perimetry vs Fundus Tracking Perimetry



Microperimetry as End Point in CHM
Low dose High dose

Stable

Worse

Retinotomy scars

 Put it to the test in Upenn/Harvard Spark trial



Early 2000s, RPE65-LCA Trial Approaching…
Our wish list:

 Accommodate disease severity (wide dynamic range)

 Not affected by central disease (independent of fixation)

 Reproducible and sensitive (ability to detect change)

 Relatable to other readouts

 Ability to dissect photoreceptor mechanisms

 Easy, fast, applicable over a wide age range



FST is born

Perimetry/microperimetry
(localized)

FST
(full field)

Alejandro J. Roman



FST

FST

 Measures most sensitive region.

 Large dynamic range.

 Independent of fixation.

 Provides measures of photoreceptor specific function.

 Confusing in patients with intraretinal variability in disease severity

FST: virtues and limitations

Loss Gain



Relationship with Dark Adapted Perimetry

 Relates nicely with the maximum dark adapted 
sensitivity by automatic static perimetry



FST FST

FST: virtues and limitations

 In theory, limited use in this scenario (minimal change in maximal sensitivity, contraction of the field).

 Although, usually both occur simultaneously (general depression and constriction).



Relates well with perimetry after treatments

 Can monitor local improvement too



FST Performance 
Within session variability

 273 consecutive subjects with FST
 between 2004 and 2021
 SD estimated as the
 residual SE = 1.98 dB



FST ease of delivery = use in children
At least ages 6 and older



FST relates to objective measures (Pupillometry)

 When in doubt (i.e. in children) –> relates with objectives measures of sensitivity



FST relates to changes in other readouts
Local Measures and Functional Vision (Orientation & Mobility)



Relationship with Functional Vision
(Orientation & Mobility)

MMLT FST



Treating the RPE in RPE65-LCA
Improvement in rod photoreceptor-mediated vision



Treating the RPE in RPE65-LCA
Improvement in cone (C) vision; modest changes in VA.



Treating the RPE in RPE65-LCA
FST supports changes in other readouts



Localizing improvements by specialized perimetry

Jacobson SG, Cideciyan AV, Ho AC, Roman AJ, Wu V, Garafalo AV, Sumaroka A, Krishnan AK, Swider
M, Mascio AA, Kay CN, Yoon D, Fujita KP, Boye SL, Peshenko IV, Dizhoor AM, Boye SE. Night vision 
restored in days after decades of congenital blindness. iScience. 2022 Oct 4;25(10):105274.

 Robust local improvements in rod- and cone-mediated vision
 Modest change in VA (0.12 logMAR)



FST detects photoreceptor-specific improvements
Dark adapted vs Light Adapted FST

Sepofarsen for CEP290-LCA
Improvements in rod and cone vision

GUCY2D-LCA Gene Augmentation
Improvements rod but not cone vision
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FST detects photoreceptor-specific improvements
Dark adapted vs Light Adapted FST

Blue Cone Monochromacy



CEP290-LCA treated with Sepofarsen



Gene Editing Successfully Treats CEP290-LCA

 Large changes from baseline (CFB) in cone vision in nearly half of the patients 
 Latest example of efficacy that relates to baseline sensitivity losses in structurally spared 

photoreceptors



Gene Editing Successfully Treats CEP290-LCA

 Large changes from baseline (CFB) in cone vision in nearly half of the patients 
 Latest example of efficacy that relates to baseline sensitivity losses in structurally 

spared photoreceptors



A Unique Challenge

Treatment of Severe Among Severe (LCA5-LCA)

Endpoints to the test

 Lebercilin localizes to the bulge region of the photoreceptor outer segment
 Detectable but severely abnormal photoreceptors

Faber et al. JCI Insight. 2023;8:e169162.
Uyhazi et al. Invest Ophthalmol Vis Sci. 2020 ;11;61:30 



Full-fields Stimulus Testing

 Significant gain (>1.5 log u.) in cone-mediated sensitivity compared to contralateral control 
eye and to baseline (BL) values.

 Results are similar for both red (red bars) and blue (blue outlined bars) stimuli = no change 
in photoreceptor mediation. 

01-03 01-01 01-04

LARGE GAINS IN CONE-MEDIATED SENSITIVITIES



Microperimetry [0104]

STUDY EYE
M1 M1 M3M3

Control Treated

BSL 3mo1mo BSL 3mo1mo
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MICROPERIMETRY CONFIRMS FOVEAL IMPROVEMENT
 Microperimetry, possible in one patient, demonstrates sensitivity gain and,
 Movement of a more stable fixation to the foveal center



Pupillometry

32

PUPILLOMETRY OBJECTIVELY CONFIRMS EFFICACY/BIOLOGIC ACTIVITY

 Pupil responses are larger in the study eye (green) compared to the contralateral control 
eye and to baseline values (gray curves).

01-03 01-01 01-04



Conclusions:

 The past and future are bright but our field is stuck…

With a plethora of successful proof-of-concept pre-clinical treatments

With robust safety and efficacy signals in clinical trials

But not being able the move forward to later clinical trial phases and thus 
treat relevant critical stages and move to clinical applications.



Conclusions:

 We have the readouts/endpoints! 

Selection and proper interpretation of readouts is critical.

Expectations are disease and disease stage specific -> this needs to be 
understood and accepted.

Extrapolations from the use of common end points in other conditions (AMD, 
DM, Glaucoma) are useful but not straight forward



Conclusions:
 FST, a promising endpoint

Sensitive, reproducible and relatable to other tests.

Easy, fast, applicable over a wide age range.

Proven performance in natural history studies and clinical trials.

Main method in use in clinics worldwide to measure treatment outcomes after 
Luxturna® administration in clinic as treatment for RPE65-IRDs. 

Useful over a range of functional phenotypes and severity.

Permits an insight into mechanisms of disease and thus validate/understand 
othe refficacy signals.

With potential to serve as vision endpoint in cellular replacement therapies (stem 
cell) as solution for severe vision loss in retinal and optic nerve diseases.
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We can use spectral sensitivity 
changes during degeneration

Use of two colors to determine the dominant photoreceptor type mediating the response

Rods Mixed Cones


