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In this presentation…

• Personal views

• Previous scientific advices

• No currently approved drugs

• No validated surrogate endpoints

• Case by case evaluation

• Risk to benefit ratio considerations

The views presented are those of the individual and may not be 
understood or quoted as being made on behalf of the EMA or reflecting 

the position of EMA or one of its committees or working parties 



“The FDA currently recommends that clinical study 

sponsors use change in visual function as a primary 
endpoint…

…and also considers anatomic markers such as the 

extent of spread of geographic atrophy (GA)”.

Csaky et al. IOVS 2008



Endpoints in clinical trials

Primary endpoints: clinical relevance for the patient = “functional”
(preservation of visual acuity)

Surrogate endpoints (anatomic and biomarkers): “reasonably likely to 
predict clinical benefit”

An anatomical feature detected by imaging technology needs to be 
validated in order to be used in the clinical trials, requiring a very high 
correlation between the endpoint and visual function

(i.e., in patients with diabetic retinopathy a three-step change on the 
EDTRS scale correlated with a three-line vision loss)



Endpoints for Dry AMD

• BCVA change
• Progression of geographic atrophy
• Progression to severe visual loss
• Progression to wet AMD
• Drusen regression
• Contrast sensitivity
• Low luminance VA
• Perimetric measures
• Multifocal ERG
• Near acuity
• Reading speed
• Quality of life 
• …



Peculiarity of Dry AMD

• GA lesions may have a relatively late effect on 

distance BCVA (foveolar involvement)

• BCVA might not be sensitive enough to assess 

GA progression within a reasonable time frame

• Disease progression may not be evident until 

late in the course of the disease at which time an 

interventional treatment could have little benefit 

due to the extent of irreversible retina damage



The antecedent:
antivirals for CMV retinitis

• Anatomical marker as primary endpoint 

• BCVA as secondary endpoint

• Regulatory R/B consideration:

– Useful anatomical marker

– Not always able to quantify the magnitude of effect

– Not always predictor of VA changes

Compared to GA: - GA is not an infection

- GA progression is slower than retinitis

- to treat an infectious diseases with an anti-

infective agent is a clear pharmacological rationale



20/20 20/80
5 yrs

GA may progress more rapidly than visual loss…



73 yo – 20/80 63 yo – 20/80

...but not always



Evaluating GA progression

• No primary outcome for efficacy has yet been validated 
for dry AMD in a licensing procedure

• Early phase evidence based on enlargement of GA as 
endpoint is lacking

• The mean change of growth is area size dependent 

• Poor correlation of BCVA loss with: baseline lesion size, 
change in lesion area over 12 months and foveal/non 
foveal localization

• Difficult to measure all the areas of atrophy and to 
include the most peripheral lesions 

• Different patterns of GA, likelihood of progression, etc…



Evaluation of GA: CFP

• Traditional method: Colour Fundus Photographs 

• CFP has been shown to be reproducible in 

several clinical trials, including AREDS

• Poor discrimination between dead/nonfunctioning

RPE, living but depigmented RPE and yellowish 

coloration caused by large drusen

• Poor predictive sensitivity - capable of identifying 

only 6% of eyes that progress to late stages of 

AMD in 5 years (Klein et al. 1997)



Evaluation of GA: FAF

• Fundus Auto-Fluorescence (FAF) imaging seem to 

provide more info on GA than CFP

• Ongoing trials on GA have FAF as clinical endpoint

• Hyperfluorescent regions in peri-lesional areas at 

FAF were linked to increased rates of lesion growth

• Several studies indicate that the lesion areas 

quantified with CFP and FAF are significantly 

correlated, but not equivalent



Smaller lesions can be measured with FAF but their influence on the 

sensitivity of the method and their prognostic value is not clear

With FAF some of the smaller areas in the periphery are left out and 

others of similar size are included

Not clear algorithm in defining boundaries of GA in CFP vs. FAF vs. OCT



Evaluation of GA

• Is FAF showing clinical relevant retinal changes?

• Standard FAF seems overestimate foveal GA and 
underestimate extrafoveal GA when compared to Near 
InfraRed FAF (Pilotto et al. 2011)

• The loss of NIA precedes loss of FAF (Kellner et al. 2010)

• Irreversible degeneration precedes changes shown by FAF 
and CFP?

• SD-OCT showed early photoreceptor loss, while FAF 
corresponded to the linear disruption of choroidal
hyperreflectivity (Schmitz-Vandenberg et al. – only 21 
eyes, no data on progression)

• OCT has good reproducibility (Yehoshua et al. 2011)



Microperimetry



Microperimetry

• Database of normal values available for the MP1 (Midena et al. 2011)
• Early reduction in macular mean sensitivity and mean defect in 

intermediate AMD can be detected before VA changes (Dinc et al. 
2008; Chen et al. 2011)

• Changes in retinal sensitivity in GA progression described by NIH in 
18 eyes followed for 24 months (Meleth et al. 2011)

• Mean number of scotomatous points increased significantly with time 
(P = 0.004) at a rate of 4.4 points/year. 

• Mean retinal sensitivities of all points, all responding points, and all 
perilesional points all decreased significantly with time (P < 0.003), as 
did fixation quality within the 2°and 4°circles (P < 0.002)

• The growth of GA lesion area was associated with the changes in the 
number of scotomatous points (P = 0.01) but not with changes in the 
other microperimetric parameters.



Multifocal ERG

• 2011 ISCEV standard for clinical multifocal electroretinography now 
available – before only guidelines

• Few studies on AMD included mfERG evaluation
• Several different types of ERG electrodes are commercially 

available and not all produce comparable results (differences in
ERG amplitude are based on electrode placement to the cornea)

• “Normal values: each laboratory must develop its own normative 
data. Variations in recording equipment and parameters make the 
use of data from other sources inappropriate. Because 
electrophysiologic data are not necessarily described by a normal 
distribution, laboratories should report median values rather than 
means, and determine boundaries of normality. The mfERG, like the 
full-field ERG, is smaller in amplitude in older individuals and in 
those with highly myopic eyes so that age and refractive error may 
be important in the evaluation of some patients. In any case, age-
adjusted normative data is recommended”. (Hood et al. 2011)



• CS tests thought to be more sensitive to early eye 
disease than VA

• Lacks of specificity to distinguish between eye diseases

• Useful for describing the difficulties in everyday visual 
tasks and linked to QoL (Rubin et al. 1994)

• CS loss is disabling for mobility tasks if >0.9 log U and 
for reading if >1.4 log U (West et al. 2002) 

• Consensus that a halving of CS (six letters on the Pelli-
Robson chart) has an impact on task performance and 
quality of life comparable to a doubling of the visual 
angle (Rubin et al. 2001)

Contrast sensitivity



Near acuity tests/reading speed

• Sloan's M notation is more standardized than Jaeger 
notation for measuring near acuity. The height of a 
lowercase 1M letter subtends 5 minarc at a 1 m viewing 
distance and corresponds roughly to the size of ordinary 
newsprint. Viewing distance should be specified (1M 
print read at a distance of 40 cm would be recorded as 
0.40/1.00M)

• The MNREAD Test is composed of 19 standardized 
sentences in a logarithmic progression of sizes. The test 
can be used to measure reading acuity (the smallest 
print size that can be read), maximum reading speed, 
and critical print size (the smallest print size for 
maximum reading speed).

• Reading speed correlates with GA size (Sunness 1996)



Near acuity tests/reading speed

Invest Ophthalmol Vis Sci. 2011 Jun 1;52(6):3854-9. 

Test-retest variability of reading performance metrics using MNREAD in patients 
with age-related macular degeneration.
Patel PJ, Chen FK, Da Cruz L, Rubin GS, Tufail A.

PURPOSE: 
To determine the test-retest variability of reading ability using the MNREAD charts in patients with stable age-related 
macular degeneration (AMD).
METHODS: 
In this prospective study, reading ability was measured at two visits in 124 nontreated eyes of 124 patients with AMD, 
who were enrolled in an ongoing clinical trial using a standardized MNREAD protocol. Only patients with stable AMD 
who could perform the reading test at 40 cm at both visits were included in the analysis. Different scoring rules were 
applied to calculate critical print size and maximum reading speed.
RESULTS: 
Data from the 59 patients with a mean (SD) age of 78 (7.6) years who met the study criteria were analyzed at a mean 
(SD) interval of 43 (6) days between measurements. The 95% coefficient of repeatability (CR) was 0.30 logMAR for 
reading acuity. The CR for critical print size and maximum reading speed varied depending on the analysis method 
applied.

CONCLUSIONS: 
This is a report of estimates of the intersession test-retest variability of reading performance metrics in patients with 
stable AMD. The results are helpful both in defining end points in clinical trials for AMD and in distinguishing clinical 
change from measurement variability in clinical practice.



Drusen regression

Cochrane Database Syst Rev. 2009 Jul 8;(3):CD006537.

Laser treatment of drusen to prevent progression to advanced age-related macular 
degeneration
Parodi MB, Virgili G, Evans JR.

OBJECTIVES: 
To examine the effectiveness and adverse effects of laser photocoagulation of drusen in AMD.

SELECTION CRITERIA: 
Randomised controlled trials (RCTs) of laser treatment of drusen in AMD in which laser treatment had been compared 
with no intervention or sham treatment. Two types of trials were included. Some trials studied one eye of each patient 
(unilateral studies); other studies recruited patients with bilateral drusen and randomised one eye to photocoagulation 
or control and the fellow eye to the other group.

MAIN RESULTS: 
We found nine studies which randomised 2216 people: four unilateral trials, three bilateral trials and two trials that 
included both a unilateral and a bilateral study arm. Overall, the studies were of moderate quality. Only half of the trials 
reported adequate allocation sequence generation, allocation concealment and masking of visual acuity outcome 
assessors. Although two (of the nine) studies reported significant drusen disappearance at two years, photocoagulation 
did not appear to affect the development of CNV at two years follow up (nine studies, 1767 people followed up, odds 
ratio (OR) 1.04, 95% CI 0.71 to 1.51) or the loss of three or more lines of visual acuity (six studies, 1628 people 
followed up, OR 1.17, 95% CI 0.75 to 1.82).

AUTHORS' CONCLUSIONS: 
The trials included in this review confirm the clinical observation that laser photocoagulation of drusen leads to their 
disappearance. However, there is no evidence that this subsequently results in a reduction in the risk of developing 
CNV, geographic atrophy or visual acuity loss.



Low luminance VA

Ophthalmology. 2008 Sep;115(9):1480-8.

Low luminance visual dysfunction as a predictor of subsequent visual 
acuity loss from geographic atrophy in age-related macular degeneration.
Sunness JS, Rubin GS, Broman A, Applegate CA, Bressler NM, Hawkins BS.

METHODS: 
Annual examinations included measurement of best-corrected VA, low luminance VA, Pelli-Robson contrast sensitivity, 
reading speed, examination, and fundus photography. The total GA area was quantified, as was the GA within a 10.2-
mm(2) circle centered on the fovea. Ninety-nine patients with GA; 2 years follow up.

RESULTS: 
Participants with baseline VA of 20/50 or more had a 40% 2-year rate of VA loss of 3 lines or more, compared with 13% 
for the participants with worse baseline acuities. The baseline low-luminance deficit (LLD) in VA was a strong 
predictor of subsequent VA loss for all levels of baseline VA. Within the good baseline VA group, the relative risk 
(RR) of 3-line loss for the worse LLD group compared with the better LLD group was 2.88 (95% confidence interval [CI], 
1.13-7.35). The LLD is a stable and reproducible measure. Other significant visual function predictors of subsequent VA 
loss in eyes with good baseline VA included foveal dark-adapted sensitivity (RR, 4.20; 95% CI, 1.39-12.71) and 
reduced reading rate (RR, 2.43; 95% CI, 1.11-5.31). The rate of VA loss within the good acuity group was higher when 
the GA included 25% to 75% of the central 10.2 mm(2) than in eyes with GA including less than 25% or more than 75% 
of the central 10.2 mm(2). The following were not significant predictors of subsequent VA loss among these 
participants: age, gender, fellow eye diagnosis, fellow eye VA, baseline GA area, and GA ER.

CONCLUSIONS: 
Visual function measures can predict the risk of future VA loss in subjects with GA and good baseline VA. They may 
allow identification of the highest risk group for VA loss, enabling more efficient design of clinical trials. They also may 
be appropriate surrogate measures of foveal health in short-term treatment trials.



Follow-up in Dry AMD trials

• Doubling of the visual angle in 2 years (reported 

in the studies on the natural course of dry AMD)

• To detect a 25% reduction in GA rate (α=0.05; 

power=0.80; losses to FU=15%), 153 patients 

per arm should be followed for 2 years 

(Sunness 1997)

• Advisable to have all patients continued until the 

last patient has the final visit at month 24



Is BCVA so useless in trials?

• Phase II trial on a topical agent for Dry AMD

• 10 patients, TID for 2 years, FE as control

• Primary outcome: BCVA change at 24 mos

• Secondary outcome: changes in area of 
GA, contrast sensitivity, microperimetry and 
total drusen area from baseline

• Results: statistically significant change in 
BCVA but not for all the other secondary 
outcomes!

IOVS 2010



• Visual function is essential in describing outcomes from trials
• Relevant secondary clinical/functional outcomes available
• Functional outcomes could be correlated with parallel imaging 

outcomes to increase evidence (sensitivity of the respective 
endpoints, correlation to functional loss, effective dosage) which 
could be taken to support the use of imaging endpoints from a risk 
benefit perspective

• Feasible to select a specified GA population in order to use visual 
loss as primary outcome (vision falls most rapidly in eyes with better 
baseline VA – i.e., VA>=20/50 had a 40% two-year rate of >=3 line 
VA loss [Sunness 2008])

• Include responder analyses 
• Including patients at greatest risk of progression of GA into a 

separate trial would allow planning a shorter study with a possible 
functional outcome.

Conclusions



• No primary outcome for efficacy has yet been validated for this condition in 
a licensing procedure 

• Mean change from baseline in GA area might be an acceptable primary 
endpoint if the limits of the method (CFP, FAF, OCT) are taken into account 
and relevant complementary data/secondary clinical/functional outcomes 
provide supportive evidence 

• It may be difficult to determine whether central spared areas are present 
and correlation with visual acuity and other functional tests may be helpful

• A parallel monitoring of lesion growth with SD-OCT might be added to 
support the data collected with FAF and/or CFP

• By potentially stratifying risk and enrolling patients at high risk of 
progression, the use of FAF may optimise the clinical trial design 

• A subgroup analysis of different phenotypes of GA might demonstrate 
different progression rate for some subtypes

• Use stratification methods or percentage of GA area change 

• Include good numbers of patients with different lesion sizes to allow 
generalisability

• Sponsors developing products in this therapeutic area are encouraged to 
seek EMA scientific advice

Conclusions


