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Learning 
Objectives

Upon completion of this activity, the participant should be able to:
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Summarize the prevalence of age-related macular degeneration and 
geographic atrophy (GA) and define the burden of illness linked 
specifically to GA 

Comprehend and explain the pathogenesis of GA

Describe GA disease detection and factors influencing progression

Appraise the therapies targeting GA that have been explored as well 
as those in the pipeline 
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Overview

Using advanced technology and algorithms to improve diagnostic accuracy and predict the course of 
advancing AMD – imaging features associated with progression – optical coherence tomography (OCT), 
artificial intelligence (AI), and more

Dysregulation of the complement cascade and its implications in GA pathogenesis

Review of relevant data from key ophthalmology meetings this past year
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Optometrist Presentation
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Blanca Baez 
8060139

2011

BB 74 yo Hispanic Female
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10 Years Later:  June 2021
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Feb 27, 2023 20/200 each eye86 yo
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Feb 2023
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Feb 27, 2023June 2021
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June 2021 Feb 2023
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Geographic Atrophy

Holz, Frank G., et al. Geographic atrophy: clinical features and potential therapeutic approaches. Ophthalmology. 2014;121(5):1079-1091.

Responsible for 
approximately 20% 
of all cases of legal 
blindness in North 

America

Increasing incidence 
and prevalence owing 

to a higher life 
expectancy

Risk factors advanced 
age, race, smoking, 
genetics, and diet

One study, smoking 
> 40 pack-years of 

cigarettes was 
associated with a 3.5-
fold higher risk for GA

18
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The Burden of 
Age-Related Macular 
Degeneration (AMD)

Nei.nih.gov

PROJECTIONS FOR AGE-RELATED MACULAR 
DEGENERATION IN 2030 AND 2050 (IN MILLIONS)

19

19

Late AMD = GA + Neovascular AMD 

Globally, late AMD affects1

• 2020: >11 million
• 2040: >18 million

Prevalence increases with age
– From age 50: prevalence quadruples 

every 10 years of age2

Geographic atrophy
• Accounts for ~35% of late AMD and 20% 

of legal blindness attributed to AMD1 9

1. Wong WL, et al. Lancet Glob Health. 2014;2(2):e106-116; 2. RudnickaAR, et al. Ophthalmology. 2012;119(3):571-580; 3. Klein R, et al. Ophthalmology. 1992;99(6):933-943; 4. VingerlingJR, et al. Ophthalmology. 1995;102(2):205-210; 5. HirveläH, et al. Ophthalmology. 1996;103(6):871-877; 6. VanNewkirk MR, et al. Ophthalmology. 2000;107(8):1593-1600; 7. JonassonF, et al. Arch Ophthalmol. 2003;121(3):379-385; 8. BjörnssonOM, et al. Acta Ophthalmol Scand. 
2006;84(5):636-641; 9. AugoodCA, et al. Arch Ophthalmol. 2006;124(4):529-535; 10. Topouzis F, et al. Am J Ophthalmol. 2006;142(6):1076-1079; 11. Bressler SB, et al. Arch Ophthalmol. 2008;126(2):241-245; 12. Mitchell P, et al. 
Ophthalmology. 2002;109(6):1092-1097; 13. van Leeuwen R, et al. Arch Ophthalmol. 2003;121(4):519-526; 14. Davis MD, et al. Arch Ophthalmol. 2005;123(11):1484-1498; 15. Sparrow JM, et al. Eye (Lond). 1997;11(Pt 3):315-324; 16. Wang 
JJ, et al. Ophthalmology. 2007;114(1):92-98; 17. Klein R, et al. Ophthalmology. 1997;104(1):7-21; 18. RudnickaAR, et al. Am J Ophthalmol. 2015;160(1):85-93.e3. 19. Gemenetzi M, et al. Eye (Lond). 2016;30(1):1-14.
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GA Currently Affects >5 Million People Worldwide

Rudnicka A, et al. Ophthalmology. 2012;119:571–80. 2. Wong et al, Lancet Glob Health 2014;2:e106–16.
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The 10-year Risk of 
Developing nAMD 
and Central GA Is 
Similar1 to Those 
at the Highest Risk 
of Progressing to 
Advanced AMD

22
AREDS = Age-Related Eye Disease Study.1. Chew EY, et al. JAMA Ophthalmol. 2014;132(3):272-277; 2. Ferris FL, et al. Arch Ophthalmol. 2005;123(11):1570-1574.

22

Prevalence of GA

23Wong WL, et al. Lancet Glob Health. 2014;2(2):e106-e116; RudnickaAR, et al. Am J Ophthalmol. 2015;160(1):85-93.e3.  

T H E  A G I N G  P O P U L AT I O N  W I L L  I N C R E A S E  T H E  
G L O B A L  B U R D E N  O F  G A  A S  M U C H  A S  n v A M D 1

E S T I M AT E D  P R E V A L E N C E  O F  G A  A N D  N V A M D  
A R E  S I M I L A R  F O R  C A U C A S I A N S  I N  T H E  U S 1

23

There Are No 
FDA-Approved 
Treatment 
Options for GA1

VEGF = vascular endothelial growth factor.  1. Holz FG, et al. Ophthalmology. 2014;121(5):1079-1091; 2. Evans JR, et al. Cochrane Database Syst Rev. 2012;11:CD000254; 3. National Eye Institute. 
Accessed May 4, 2015. http://www.nei.nih.gov/health/maculardegen/armd_facts.asp; 4. Wong WL, et al. Lancet Glob Health. 2014;2(2):e106-e116. 24
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Impact of AMD on 
Quality of Life 
Compared to 
Other Diseases

Yuzawa et al. Clin Ophthalmol. 2013. 25

25

Burden of GA Disease

Results shown previously in all GA Cohorts section; included here for completeness. UK EMR = United Kingdom electronic medical records.Chakravarthy U, et al. Ophthalmology. 2018;125(6):842-849. Open access under a Creative Commons BY-NC-ND license.
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One-fifth became eligible 
for blind registration1

Two-thirds of patients 
progressed to vision loss that 
rendered them ineligible to 

drive within 2 years1

N=1693 N=523

Median time to event = 6.2 
(IQR=3.3–8.5)

Median time to event = 1.6 
(IQR=0.7-2.7)

Data from UK EMR systems
• 10 clinical sites: 2000 – 2016 
• Among patients both eyes GA
• Loss of 6-10 letters/2 years
• 2nd/3rd unable to drive within 2 years

C H A R A C T E R I Z I N G  D I S E A S E  B U R D E N  A N D  
P R O G R E S S I O N  O F  G E O G R A P H I C  AT R O P H Y  S E C O N D A R Y  

T O  A G E - R E L AT E D  M A C U L A R  D E G E N E R AT I O N

Figure 2. Change in mean visual acuity (VA) from baseline in the worse-seeing 
(study) eye and better-seeing (fellow) eye through 60 months’ follow-up in 
patients with bilateral geographic atrophy identified

26

26

Quality of Life is Affected by Dry AMD and GA

27Nielsen JS,  Singh RP, Patel SS, et al. How much do we know about the economic and patient-reported burden of geographic atrophy? Talk presented at EURETINA 2016, Copenhagen, September 11, 2016.  Accessed November 29, 2016.

Household Chores
Less social interactions, 
unsure of a clean house

Sports
Less exercise

Less engagement with friends

Personal Hygiene
Too much effort to prepare 
for outing; social isolation

Transportation
Isolation from family 

and friends
Reliance on others

Reading
Loss of reading as a hobby

Need for Aids
Need to carry magnifiers 

at all times

27

Patient-Reported 
Outcomes

THE 25-ITEM 
NATIONAL 
EYE INSTITUTE 
VISUAL FUNCTION 
QUESTIONNAIRE 
(NEI VFQ-25)

Sivaprasad, Sobha, et al. Reliability and construct validity of the NEI VFQ-25 in a subset of patients with geographic atrophy from the phase 2 Mahalo study. Am J Ophthalmol. 2018;190:1-8. 28

28

Patients with GA Experience Poor Vision-Related Quality of Life 

OR=odds ratioPatel PJ, et al. Clin Ophthalmol. 2020;14:15.

AMONG PATIENTS WITH GA WHO HAD A DRIVER’S LICENSE:

50%

88%

said they did not feel confident 
driving during the day 

said they did not feel confident 
driving at night

82%

25%

of those with GA reported a 
worsening of vision over the past year

of controls 
(OR 13.55; P < .001)

V SA N D

29

29

Risk Factors for Advanced AMD and GA

Brown DM, RegilloCD, Pieramici DJ; Updates in the management of geographic atrophy in dry age-related macular degeneration, http://www.medscape.org/viewarticle/855061, Released: 12/14/2015, Accessed November 20, 2016.Facts about age-related macular degeneration. NEI website, https://nei.nih.gov/health/maculardegen/armd_facts. Reviewed: September 2015, Accessed November 20, 2016.

Diet Family 
history

Gender

Smoking

Genetic 
predisposition

Age #1

Cardiovascular 
Disease/BMI

30

30

https://nei.nih.gov/health/maculardegen/armd_facts
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Ocular Risk Factors 
for Advanced AMD/ 
GA

Confluent drusen & retinal pigment epithelium (RPE) 
alterations (depigmentation, hyperpigmentation), reticular 
pseudodrusen (SDD)

Fellow eye status (GA in the fellow eye)

OCT biomarkers for increased risk:
• Intraretinal hypereflective foci (hRF)
• Hyporeflective drusen cores (hDC)
• SDD 
• High Central Drusen volume 

Risk factors for faster GA enlargement: larger GA lesion size, 
multifocal lesions, diffuse or banded junctional fundus 
autofluorescence (FAF) patterns

Nassisi M et al. OCT risk factors for development of late age-related macular degeneration in the fellow eyes of patients enrolled in the HARBOR Study. Ophthalmology. 2019. 31

31

Fleckenstein, Monika, et al. The progression of geographic atrophy secondary to age-related macular degeneration. Ophthalmology. 2018;125(3):369-390.

BCVA is Not a Reliable Measure

Nassisi M et al. OCT risk factors for development of late age-related macular degeneration in the fellow eyes of patients enrolled in the HARBOR Study. Ophthalmology. 2019.

Alternative assessments:
Low-luminance visual acuity (LLVA)/ 

Low luminance deficit (LLD)
Reading speed assessments

Microperimetry
Patient-reported outcomes

BCVA does not correspond directly to GA lesion 
enlargement due to possible foveal sparing

BCVA often underrepresents vision loss

32

32

Low Luminance

Sunness, Janet S., et al. Low luminance visual dysfunction as a predictor of subsequent visual acuity loss from geographic atrophy in age-related macular degeneration. Ophthalmology. 2008;115.(9):1480-1488.

GA patients have 
significant impairment 

in dimly lit 
environments

Low-luminance visual 
acuity (LLVA) is 

measured by placing a 
2.0-log unit neutral 

density filter over the 
best correction for the 

eye and having the 
participant read the 
normally illuminated 

ETDRS chart 

Low-luminance deficit 
(LLD) is the difference 

between regular VA and 
LLVA

In one study, the 
baseline low-luminance 

deficit in visual acuity 
was a strong predictor 
of subsequent VA loss 

for all levels of baseline 
visual acuity in GA 

patients

33

33

Reading Speed 

Lindner, Moritz, et al. Determinants of reading performance in eyes with foveal-sparing geographic atrophy. Ophthalmol Retina. 2019;3(3):201-210.

A single letter may 
still fit into a small 

preserved foveal region

A single sentence read 
by a patient likely will 
hide within parafoveal 

atrophic areas

34

34

AMD 
4 Stages

Ferris et al. Ophthalmology. 2013; 120(4):844-851. 35

35

Modalities for Assessing Atrophy

FAF = fundus autofluorescence; NIR = near-infrared reflectance; OCT = optical coherence tomography; SLO = scanning laser ophthalmoscope; SW = short-wavelength.Holz FG, et al. Ophthalmology. 2017;124(4):464-478. Images courtesy of Caroline R. Baumal, MD, FASRS
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OCT

• Historical standard
• Closest correlate to biomicroscopy
• Visualizes broad range of fundus abnormalities
• Robust to image hemorrhages and 

pigmentary changes 

• High contrast
• Regulatory acceptance 
• Extensive experience
• Already used for primary endpoint measurement 
• Strongly decreased signal correlates with loss of function
• Allows for refined phenotyping and 

differential diagnosis 

• Resistant to media opacities
• Auxiliary for foveal assessment
• Enables detection of reticular pseudodrusen and atrophy
• Build-in in most OCT/SLO devices 

• High precision and contrast
• Displays many, but not all findings from 

CFP
• Hyperpigmentation difficult to distinguish 

from hemorrhage
• Contrast between atrophy and fibrosis
• Detection of pseudodrusen 

• Broadly available
• Cross-sectional morphology of retina, 

RPE, and choroid
• Correlated with histology
• Validated to assess RPE atrophy 

progression and neovascular changes
• Anatomical tracking functions for exact 

repositioning of follow-up scans
• Advances in lateral resolution and 

scanning speed expected in near future
• Identification of pre-atrophic features
• Comfortable for patients 

• Reduced contrast
• Limited reliability
• Strongly affected by optical media
• Patient discomfort
• Experienced examiner required

• Sensitive to nuclear lens opacities and 
vitreous floaters

• Assessment of foveal region difficult
• Semi-automated atrophy quantification 

may be hindered in certain conditions
• Patient discomfort 

• Lack of validation studies for late-stage 
AMD

• Findings are of yet unstudied specificity
• Cannot be used as stand-alone 

technology 

• No true-color image
• Mainly carrying the information from NIR
• Limited evidence from validation studies
• Limited availability 

• Scan field limited
• Interpretation strongly dependent on 

imaging quality
• Lack of industry standards
• 3D datasets require sophisticated analysis 

software and longer reading times for 
detailed slab analyses of retinal and 
choroidal layers 

• Automated segmentation imperfect and 
instrument dependent

• Definition of atrophy border and relevance of certain prognostic 
biomarkers still controversial 

36

36
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GA Is Most Accurately Detected, Measured, and Monitored Using Multiple Imaging 
Techniques1,2

Images courtesy of John Kitchen, MD.*Color fundus photos (high-definition digital images termed optomap) were captured on an Optos instrument.
1. Göbel AP, et al. Opthalmologica. 2011;226(4):182-190; 2. Khanifar AA, et al. Retina. 2012;32(9):1884-1891. 37

37

Limitation of Color Photos for Atrophy Quantification

Definition of GA by color imaging:
• Sharply demarcated borders
• Depigmentation

• Increased visibility of choroidal vessels

CONS

• Requires good stereopsis for reliable determination of the borders 
for quantification
– Insufficient contrast

• Not always practical in all patients and in the context of large trials
D O E S N ’ T  A L W AY S  H A V E  “ C L A S S I C ”  G E O G R A P H I C  A P P E A R A N C E

Holz FG, et al. Ophthalmology. 2017;124(4):464-478.Images courtesy of Caroline R. Baumal, MD, FASRS 38

38

What About Other Imaging Approaches to GA? 

Courtesy of Giovanni Staurenghi

C O N F O C A L  W H I T E  L I G H T
(Eidon)

F L A S H  W H I T E  L I G H T
(Kowa)

C O N F O C A L  S LO  ( I R )
(Heidelberg)

FUNDUS AUTOFLUORESCENCE

OCT

39

39

Limitation of Color Photos for Atrophy Quantification

Holz FG, SaddaSR, Staurenghi G, et al; CAM group. Imaging protocols in clinical studies in advanced age-related macular degeneration: recommendations from classification of atrophy consensus meetings. Ophthalmology. 2017;124(4):464-478.

• Requires good stereopsis for reliable determination of the borders 
for quantification
– Insufficient contrast

• Not always practical in all patients and in the context of large trials
D O E S N ’ T  A L W AY S  H A V E  “ C L A S S I C ”  G E O G R A P H I C  A P P E A R A N C E

40

40

GA on Blue Light FAF

Images courtesy of Caroline R. Baumal, MD, FASRS

O N E  O F  T H E  M O S T I M P O R TA N T  A P P L I C AT I O N S  
O F  F A F

GA is readily identified as large patches of decreased 
autofluorescence on scanning laser ophthalmoscopy image

Enlargement of GA on FAF has been key outcome 
measure in clinical trials

41

41

GA on Blue Light FAF

ONE OF THE MOST 
IMPORTANT 
APPLICATIONS OF FAF

Enlargement of 
GA on FAF has 
been key outcome 
measure in clinical 
trials

42

42
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What About OCT?
M O R E  C O M F O R TA B L E  T H A N  FA F
U B I Q U I T O U S LY  AVA I L A B L E

43

43

Consensus Definitions and New Terminology for Geographic Atrophy on OCT

Sadda SR, et al. Ophthalmology. 2018;125(4):537–548. Images courtesy of Caroline R. Baumal, MD, FASRS

Complete RPE + outer retinal atrophy
• GA is a subset of this 

(which excludes the region of presumptive CNV)

MUST HAVE ALL 3 of the following:
1. Hypertransmission of ≥250 micrometers
2. Zone of attenuation/disruption of RPE+/-basil lamina complex of 

≥250 micrometers
3. Evidence of overlying photoreceptor degeneration whose features 

include the outer nuclear layer thinning, external limiting membrane 
loss, and ellipsoid zone (EZ)/interdigitation zone loss

C A N ’ T  H A V E :  S C R O L L E D  R P E  O R  O T H E R  S I G N S  O F  R I P

44

44

Identifying Atrophy on OCT

“OCT Projection Image”

“OCT Fundus Image”

“ H Y P E R T R A N S M I S S I O N ”

45

45

Specificity of OCT

Velaga SB, et al. Ophthalmol Retina. 2022;6(8):676-683. 

(after manual correction of segmentation errors)

FAF and OCT measures 
of atrophy on OCT 

show good agreement

Although FAF and OCT 
measures of GA are 

highly correlated, they 
may not be measuring 
the exact same thing

46

46

BASELINE 1 YEAR 3 YEARS

Progression: Early AMD to GA

Ferrara D, et al. Invest Ophthalmol Vis Sci. 2017;58(9):3519-3529. 47

47

Specificity 
of OCT

• Is all increased choroidal reflectivity evidence of atrophy?

• Could some be “nascent” or “incipient” atrophy?
• What’s the threshold?

WE NEED A CONSENSUS!
Consensus on Classification of Atrophy (”meeting”)

48

48
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Progression Over Time

49

49

75 yo White Female

• Followed for intermediate AMD and Cataracts
• Has CE/IOL OU 2022 with good surgical result
• VA:  20/25 RE;   20/20 LE
• Seen 2X per year for follow up of intermediate AMD

50

8/11/20

51

9/6/22 After CE/IOL OU 20/25 20/30

52

11/15/22 Starting to notice distortion in the RE -> 20/30

53

March 6, 2023

20/30 20/20

Still has distortion in the RE

54
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March 6, 2023

55

March 6, 2023

56

57

FAF OCT
• Lesion size
• Configuration
• Junctional FAF pattern

• GA in fellow eye
• Reticular pseudodrusen/SDD/ thin choroid
• Junctional zone abnormalities
– EZ
– RPE

• Reticular pseudodrusen = SDD
• Associated with thin choroid
• Faster GA progression

What About Prognostication? How Fast Will GA Enlarge?

SDD = subretinal drusenoiddeposit.Fleckenstein M, et al. Ophthalmology. 2018;125(3):369-390. Open access under a Creative Commons BY-NC-ND license.

Extent of Abnormal Fundus Autofluorescence

Geographic atrophy progression rates have been positively
correlated with the extent of hyperautofluorescence surround-
ing the lesion, defined as rim-area focal hyperfluorescence70,71

or as the convex hull (convex polygon outlining the increased
FAF area surrounding the lesion) (Fig 3A).72

Junctional Zone Features

Structural abnormalities at the junctional zone of atrophy on
OCT, including irregular RPE elevations,52 splitting of the
band corresponding to the RPEeBruch’s membrane
complex,52 and increased inner nuclear layer thickness,73

are associated with faster progression rates compared with

Figure 3. Lesion features associated with progression of geographic atrophy (GA). Lesion features on (A) fundus autofluorescence (FAF) and (B) OCT.
Dotted line: extent of convex hull; black arrow: vitreoretinal traction; black arrowhead: outer retinal tubulation; white arrowheads: reticular pseudodrusen;
asterisks: soft drusen; vertical bar: choroidal thickness.

Fleckenstein et al ! Progression of Geographic Atrophy

379

58

58

Patterns of Abnormal FAF in Eyes With GA

BindewaldA, et al. Br J Ophthalmol. 2005;89(7):874-878. 

None and 
Focal

Banded and 
Diffuse

ß Grow FASTER

TRICKLING 
Fastest growth!

Extent of Abnormal Fundus Autofluorescence

Geographic atrophy progression rates have been positively
correlated with the extent of hyperautofluorescence surround-
ing the lesion, defined as rim-area focal hyperfluorescence70,71

or as the convex hull (convex polygon outlining the increased
FAF area surrounding the lesion) (Fig 3A).72

Junctional Zone Features

Structural abnormalities at the junctional zone of atrophy on
OCT, including irregular RPE elevations,52 splitting of the
band corresponding to the RPEeBruch’s membrane
complex,52 and increased inner nuclear layer thickness,73

are associated with faster progression rates compared with

Figure 3. Lesion features associated with progression of geographic atrophy (GA). Lesion features on (A) fundus autofluorescence (FAF) and (B) OCT.
Dotted line: extent of convex hull; black arrow: vitreoretinal traction; black arrowhead: outer retinal tubulation; white arrowheads: reticular pseudodrusen;
asterisks: soft drusen; vertical bar: choroidal thickness.

Fleckenstein et al ! Progression of Geographic Atrophy

379

• Larger lesions and multifocal lesions grow faster
• Why?

– Larger perimeter

59

59

Progression

GA Progression Study: 
• Significantly greater progression rate of 

extrafoveal (2.05 mm2/y) vs foveal lesions 
(1.28 mm2/y) P=.0012 

FAM Study:
• Progression toward the periphery 2.8-fold 

faster than progression toward
the fovea3

FAM = fundus autofluorescence imaging in age-related macular degeneration.1. Fleckenstein M, et al. Ophthalmology. 2018;125(3):369-390. Open access under a Creative Commons BY-NC-ND license.  2. Schmitz-ValckenbergS, et al. Ophthalmology. 2016;123(2):361-368.  3. Lindner M, et al. Ophthalmology. 
2015;122(7):1356-1365.

EXTRAFOVEAL GA LESIONS SHOW FASTER PROGRESSION THAN FOVEAL LESIONS. 1

60

60
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The Role of 
AI-Guided OCT 
Imaging in GA

Detection of early conversion

Monitoring disease activity and progression

Quantification of therapeutic response

Ratio PR/RPE loss as important predictor

Confirmation phase 3 trials

61

61

• Oct-based AI analysis can reliably identify and quantify PR loss

• The PR condition is key and required to predict conversion of 
GA and future progression

• The PR/RPE loss ratio is essential and

• Indicates disease activity and therapeutic response

• Treatment should be performed as early as possible

• AI-guided OCT imaging introduces a paradigm-shift in clinical 
trials and real-world management of GA

Riedl S, et al. Ophthalmol Retina. 2022;6(11):1009-1018. 62

62

Conclusions
• OCT: consistent results for GA growth compared with FAF
• Pegcetacoplan: reduction in EZ and RPE impairment on OCT, potentially 

more sensitive monitoring tool in GA therapy

Mai J, et al. Am J Ophthalmol. 2022;244:175-182. 63

63

DETECTS SEVERAL FUNCTIONAL DEFECTS:

Measure GA 
functional 

progression

Identify areas of 
scotomas

Visual field 
sensitivity can be 

mapped to a fundus 
photo and 

compared with 
images obtained 

with other 
modalities

Varying stimulus 
intensity identifies 
relative sensitivity 
of specific areas of 

the retina

Baseline

12 months 

24 months 

Microperimetry Measures Threshold Light Sensitivity at Multiple Points Over 
the Macula

SaddaSR, Chakravarthy U, Birch DG, et al..Clinical endpoints for the study of geographic atrophy secondary to age-related macular degeneration. Retina. 2016;36(10):1806-22. 64

64

Retina Specialist

65

65

Case Discussion 2 

VA = visual acuity. Images courtesy of Caroline R. Baumal, MD, FASRS

2007 (AGE 74), VA 20/25 OU

66

66
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Case Discussion How would you classify this patient?

What is their prognosis for developing GA?

When would you refer this patient to a retina specialist?

What treatments would you offer as the optometrist or 
retina specialist?

?

?

?

?

67

67

8 Years Later in 
2015 (Age 82) VA 
20/50 OU

Images courtesy of Caroline R. Baumal, MD, FASRS 68

68

2016 (Age 83), 
VA 20/50 OU

Images courtesy of Caroline R. Baumal, MD, FASRS 69

69

2017 (Age 84), 
20/50 OU

Images courtesy of Caroline R. Baumal, MD, FASRS 70

70

2020 (Age 87), 
VA 20/100-

GA = geographic atrophy. Images courtesy of Caroline R. Baumal, MD, FASRS

S H O W S  P R O G R E S S I O N  O F  G A  O V E R  1 3  Y E A R S

71

71

GA Facts

72

AMD = age-related macular degeneration. 
Ambati J, Fowler BJ. Neuron. 2012;26-39. Ferris FL 3rd, et al. Arch Opthalmol. 1984;102:1640-1642. 
Images courtesy of Caroline R. Baumal, MD, FASRS

DEFINING GEOGRAPHIC ATROPHY

Thinning and loss of 
photoreceptors, 
retinal pigment 
epithelium, and 
choriocapillaris

85% to 95% of 
patients with AMD 

develop a dry 
degenerative form 
of AMD, of which 

about 30% progress 
to frank GA

Patients with GA 
develop dense 

irreversible 
scotomas

72
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OTHER PROTEINS
Apolipoprotein B100, E
Amyloid beta

Biochemical 
Composition 
of Drusen

MMP = matrix metalloproteinase; TIMP = tissue inhibitors of metalloproteinase.Hageman GS, Mullins RF. Mol Vis. 1999;5:28.

Lipids • Cholesterol
• Phospholipids

Matrix proteins • Various collagens
• (Types I, III, IV, VI, and others)
• TIMPs and MMPs
• Vitronectin
• Fibronectin

Inflammatory proteins • Complement
• Others

Serum proteins • Albumin
• Immunoglobulins

73

73

Current Hypothesis 
for GA 
Pathophysiology > 
Multifactorial

1. Age-Related Eye Disease Study Research Group. Arch Ophthalmol. 2001;119(10):1417-1436; 2. Ambati J, et al. Nat Rev Immunol. 2013;13(6):438-451.Images courtesy of Caroline R. Baumal, MD, FASRS 74

74

Complement and 
AMD

The COMPLEMENT SYSTEM is first line of defense of the 
immune system

It protects us from microorganisms

It constitutes our innate immunity, which is not adaptable and 
does not change as we age

Activated by the adaptive immune system (through antigen 
antibody interaction)

75

75

LECTIN CLASSICAL ALTERNATIVE

Classical: antigen-antibody 
complexes

Lectin: polysaccharides on 
microorganisms

Alternative: pathogen cell 
surfaces and nonspecific/ 
spontaneous activation

3 Separate Pathways
• Activation
• Converge on C3

FOR DETECTION AND REMOVAL 
FOREIGN PATHOGENS

-30 proteins 

Activation
• Inflammation 
• Opsonization/phagocytosis
• MAC-mediated lysis, cell secretion, 

proliferation
Cell death, secretion, 
lysis, or proliferation

C1, C4, C2

C2    C4

C3b, FB, FD, P

C3

C5

C3a C3b

C5a C5b

Inflammation 

Cell removal, antigen 
uptake by APCs

CFH   CF I
CFR1    CFR3

Inflammation 
MAC

C5b, C6, C7, 
C8, C9

Complement Cascade

• Complement system and AMD
• 1st line defense of immune system 
• Protection from microorganisms
• innate immunity
• Not adaptable 
• Does not change as we age

• Activated by adaptive immune system 
(through antigen antibody interaction)

APC = antigen presenting cell; CF = complement factor; FB = factor B; FD = factor D; MAC = membrane attack complex.
Adapted from RicklinD, et al. Immunol Rev. 2016;274(1):33-58. 76

76

Genetic association 
studies: genome-wide 

association studies 
(GWAS)

Local complement 
activation in AMD

Data Implicating Complement Dysfunction and AMD

Image courtesy of Caroline R. Baumal, MD, FASRS 77

77

Genetics and AMD

• >40 loci implicated
• Account for ≈50% of risk
• Complement components: CFH, CFI, C3, C9, C2/CFB
– Variants predicted to increase activation or decrease inactivation 

of complement cascade à increased inflammatory activation

Haines JL, et al. Science. 2005;308(5720):419-421; Edwards AO, et al. Science. 2005;308(5720):421-424; HandaJT, et al. Nat Commun. 2019;10(1):3347; Fritsche LG, et al. Nat Genet. 2016;48(2):134-143. 78

78
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In AMD, the Risk Alleles in CFH and ARMS2 are Independently Associated 
With Complement Activation

• CFH and ARMS2 appear to share a common pathway 
in the pathogenesis of AMD

• Patients with AMD show
↑ Activation of the alternative complement pathway 

(P=.003 vs controls)
↑ Levels of complement activation components C3d, 

C5a, and CFB (all P<.0001 vs controls) 
↑ C3d/C3 ratio (P<.0001) calculated as a measure of 

C3 activation

ARMS2 = age-related maculopathy susceptibility 2.SmailhodzicD, et al. Ophthalmology. 2012;119(2):339-346. 

THE C3D/C3 RATIO IS AN ESPECIALLY STRONG MARKER FOR AMD

1

2

3

4

5

6

7

C
3

d
/C

3
 r

at
io

Both ARMS2 CFH None Both ARMS2 CFH None

AMD Controls

79
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Data Implicating Complement Dysfunction and AMD Complement Activation 
in AMD Eyes

• Histopathologic studies of AMD eyes
• Confocal immunofluorescence microscopy:
– C3 and C5 accumulation in drusen and sub-RPE space

(A) Arrowheads indicate cross-sections of choroidal capillaries; (B) Arrowheads indicate C3 immunoreactivity is also present in the extracellular space between the RPE and Bruch's membrane and in the cytoplasm of some RPE cells. BM = Bruch’s membrane; Chor = choroid; Dr =drusen; PR = photoreceptor layer.
Anderson DH, et al. Prog Retin Eye Res. 2010;29(2):95-112; Anderson DH, et al. Am J Ophthalmol. 2002;134(3):411-431.

C3 (green) C5 (red)C3 (green)

80

80

Human Postmortem Macula With Advanced AMD Have Higher Levels of 
Complement Pathway Proteins

MBL = mannose-binding lectin.Loyet KM, et al. Invest Ophthalmol Vis Sci. 2012;53(10):6628-6637. 81

81

M E M B R A N E  A T T A C K  C O M P L E XC 5  S T A I N I N G  – “ S O F T ”  D R U S E N

Accumulation of Complement Fragments in Plasma and Eyes of AMD Patients

Anderson DH, et al. Am J Ophthalmol. 2002;134(3):411-431; Scholl HPN, et al. PLoS One. 2008;3(7):e2593. Open access under a Creative Commons BY license. 

(A): C3d, (B): C3dg/C3b, 
(C): iC3b, in drusen, 
choroid, sub-RPE space

82

82

Summary 
Complement 
Hypothesis in 
Pathogenesis of 
AMD

CEP = carboxyethylpyrrole; CNV = choroidal neovascularization.Age-Related Eye Disease Study Research Group. Arch Ophthalmol. 2001;119(10):1417-1436; Ambati J, et al. Nat Rev Immunol. 2013;13(6):438-451; 
RicklinD, et al. Immunol Rev. 2016;274(1):33-58. Images courtesy of Caroline R. Baumal, MD, FASRS

Lifelong oxidative stress  
(light, oxygen, lipids, 
retinoids, CEP haptens)

+      Genetic predisposition +     Environment
(smoking, diet, infection)

Chronic, low grade complement deposition at level 
of Bruch’s membrane/RPE-choroid complex

Bruch’s

RPE

Complement-mediated 
damage to  Bruch’s 
membrane + VEGF 
expression leads to CNV

Continuous low-
grade complement-
mediated 
inflammation 
leads GA

83

83

Complement 
Inhibitors 

1ST GENERATION

Eculizumab – C5 inhibition

LFG-316 – C5 inhibition

Lampalizumab – Factor D inhibition

Desai D, Dufel PU. Eye (Lond). 2022;36(2):294-302. 84

84
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Others: IONIS-FB-LRx and ALXN1720 

Missed primary endpoint of GA growth 
over sham 

Complement Inhibitors

Liu Y, et al. Retina Today. November/December 2021. https://retinatoday.com/articles/2021-nov-dec/geographic-atrophy-targeting-the-complement-pathway?c4src=issue:feed. 

2ND GENERATION
N E W  

D ATA !

85

85

A L T E R N A T I V E  
P A T H W A Y

C L A S S I C A L
P A T H W A Y

M A N N O S E - B I N D I N G
L E C T I N  P A T H W A Y

G E M 1 0 3

C3

G T 0 0 5

I O N I S - F B - L R X

P E G C E T A C O P L A N

A V A C I N C A P T A D  
P E G O L

C D 5 9

H M R 5 9  

A N X 0 0 7

Complement 
Inhibition in 
Dry AMD

EXAMPLES OF 
EMERGING 
THERAPIES 

Ag-Ab = antibody-antigen; CRP = C-reactive protein; MASP = Mannose-associated serine protease. 86

86

C5 Activation

• C5a is a priming agent for inflammasome activation in RPE cells 
• C5a upregulates inflammasome-related genes 
• Inflammasome activation increases levels of IL-1β and IL-18 (both induce 

RPE degeneration) 
• NLRP3 inflammasome, IL-1β, and IL-18 are present in postmortem eyes 

with geographic atrophy secondary to dry AMD
• C5b causes MAC formation

• Lipofuscin component bisretinoid A2E prevents clearance of MAC in RPE 
cells, leading to accumulation and inducing mitochondrial damage and 
cell death

IL = interleukin; NLRP3 = NOD-, LRR- and pyrin domain-containing protein 3.
Desai D, Dugel PU. Eye (Lond). 2022;36(2):294-302.
Jaffe GJ, et al. Ophthalmology. 2021;128(4):576-586.

C5a C5b

Inflammasome MAC

C5

87

87

Avacincaptad Pegol

• Pegylated RNA aptamer
• Potent/specific inhibitor of complement C5; 

inhibits C5 cleavage
• Cascade inhibition prevents formation of key 

terminal fragments regardless of the initial 
activation pathway

Desai D, Dugel PU. Eye (Lond). 2022;36(2):294-302.Jaffe GJ, et al. Ophthalmology. 2021;128(4):576-586.

L E C T I N C L A S S I C A L A L T E R N A T I V E

Cell death, secretion, 
lysis, or proliferation

C3 am plification loop
C3

C5

C3a C3b

C5a C5bC5a

C3a

Inflammation 

Opsonisation

MAC
C5b, C6, C7, 

C8, C9

Activation of cell 
rem oval and antigen 
uptake by APCs

C5 convertase

Phagocytosis

C5 convertase

Polysaccharides on 
microorganisms

Antigen-antibody Pathogen cell surfaces and 
nonspecific/spontaneous 

activation

A V A C I N C A P T A D  
P E G O L

88

88

Avacincaptad 
Pegol Phase 2/3 
Study

• Reduction in mean GA growth rate over 12 months compared with 
corresponding sham cohorts

• Generally, well tolerated 
– No drug-related AEs or inflammation 
– No ocular SAEs and no cases of endophthalmitis

SAE = serious adverse event.Jaffe GJ, et al. Ophthalmology. 2021;128(4):576-586.

Dose Reduction P value
2 mg 27.4% .0072
4 mg 27.8% .0051

89

89

MEAN RATE OF GROWTH IN GA AREA AS MEASURED BY SQUARE ROOT 
TRANSFORMATION OVER 12 MONTHS

M18 Result Consistent With Primary M12 Endpoint

Based on LS MEANS from MRM model; ITT population Hochberg procedure was used for significance testing; prespecified and descriptive analysis. These least squares means are estimates of the MRM model, drawing on all available data, including data from groups with different randomization ratios in Part 1 and Part 2, and should not be interpreted as directly observed data. *18-month P values are descriptive in nature.
ShethV. Invest Ophthalmol Vis Sci. 2021;62(8):333. 90

90
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Safety Results • Avacincaptad pegol was well-tolerated after 18 months of continuous 
administration

• No reported avacincaptad pegol-related inflammation
• The most frequently reported ocular AEs were related to the injection 

procedurea

a Based on investigator-reported safety events.
ShethV. Invest Ophthalmol Vis Sci. 2021;62(8):333.

n (%) 12 months 18 months

Sham 3 (2.7%) 3 (2.7%)

ACP 1 mg 1 (4.0%) 2 (7.7%)

ACP 2 mg 6 (9.0%) 8 (11.9%)

ACP 4 mg 8 (9.6%) 13 (15.7%)

INCIDENCE OF STUDY EYE CNV:

91

91

GATHER2

Khanani A, et al. Presented at: AAO 2022. September 30-October 2, 2022; Chicago, IL. 

RANDOMIZATION AND TRIAL DESIGN

YEAR 1

Primary Endpoint 
Month 12

Avacincaptad pegol  2 mg (N=225) 

Sham (N=222)

GATHER2
N=448*

Randomized 1:1

YEAR 2
Rerandomized 

1:1

1 2 3 4 5 6 7 8 9 10 11 12

Months Months

1 2 3 4 5 6 7 8 9 10 11 12

13 14 15 16 17 18 19 20 21 22 23 24

13 14 15 16 17 18 19 20 21 22 23 24

Primary Endpoint
Mean rate of growth (slope) in geographic atrophy area from baseline to month 12 (square root transformation) 
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GATHER2 Results

Khanani A, et al. Presented at: AAO 2022. September 30-October 2, 2022; Chicago, IL. 

PRIMARY ENDPOINT

0.336

0.392 Difference
(95% CI): 
0.056 mm
(0.016, 0.096)
P=.0064

14.3% GROWTH RATE 
REDUCTION VS SHAM 

Month 6

N E W  
D ATA !
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93

Mean Change From Baseline Analysis in GA Lesion Area1

1non-square root transformation; bDescriptivep-valueKhanani A, et al. Presented at: AAO 2022. September 30-October 2, 2022; Chicago, IL. 
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1.936

2.341
Difference at 
M12
(95% CI): 
0.405 mm2

(0.142, 0.668)
P=.0027b

94

94

Benefit Across Subgroups Is Consistent Among the Pivotal GATHER1 and 
GATHER2 Studies

Khanani A, et al. Presented at: AAO 2022. September 30-October 2, 2022; Chicago, IL. 

-0.3     -0.2     -0.1      0.0      0.1       0.2      0.3
LS Mean Difference (95% CI)

Subgroup n LS Mean n LS Mean Difference (CI)

Baseline GA <4 disc area 48 0.33 70 0.43 0.106 (0.007, 0.205)

Baseline GA ≥4 disc area 11 0.29 29 0.43 0.145 (0.023, 0.266)

Baseline VA <50 Letters 1 NE 4 NE NE

Baseline VA ≥50 Letters 58 0.27 95 0.37 0.107 (0.025, 0.188)

FAF pattern: None/Focal NE    1 NE NE

FAF pattern: Banded/Diffuse 54 0.37 87 0.47 0.103 (0.022, 0.184)

Part 1 22 0.33 20 0.42 0.093 (-0.023, 0.209)

Part 2 37 0.31 79 0.42 0.114 (0.012, 0.216)

Overall 59 0.29 99 0.40 0.110 (0.030, 0.190)

F A V O R S  A C PF A V O R S  S H A MACP 2 mg Sham12 Month
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95

Pegcetacoplan

• All 3 complement pathways involve 
cleavage of C3 

• Inhibition of C3 blocks steps in the 
complement cascade needed for 
opsonization, inflammation, and 
formation of MAC 

Liao DS, et al. Ophthalmology. 2020;127(2):186-195. Ricklin D, et al. Immunol Rev. 2016;274(1):33-58.

L E C T I N C L A S S I C A L A L T E R N A T I V E

Cell death, secretion, 
lysis, or proliferation

C3 am plification loop
C3

C5

C3a C3b

C5a C5bC5a

C3a

Inflammation 

Opsonisation

MAC
C5b, C6, C7, 

C8, C9

Activation of cell 
rem oval and antigen 
uptake by APCs

C5 convertase

Phagocytosis

C5 convertase

Polysaccharides on 
microorganisms

Antigen-antibody Pathogen cell surfaces and 
nonspecific/spontaneous 

activation

P E G C E T A C O P L A N

96
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PHASE 2 FILLY RESULTSPegcetacoplan

PHASE 3 DERBY & 
OAKS OBJECTIVE: 
Assess the efficacy and 
safety of multiple 
intravitreal injections of 
pegcetacoplan in patients 
with GA secondary to AMD

*P <0.1 was the predefined threshold for statistical significance in FILLY.LS = least squares; M = month; PEOM = pegcetacoplanevery other month; PM = pegcetacoplanmonthly.
Liao DS, et al. Ophthalmology. 2020;127(2):186–195. Open access under a Creative Commons BY-NC-ND license. 97

97

Double masked Randomized 2:2:1:1

P R I M A RY  E N D P O I N T  AT  1 2  M O N T H S
Change in total area of GA lesions based on fundus autofluorescence 

E N D  O F  S T U DY  AT  2 4  M O N T H S

Pegcetacoplan 
15 mg/0.1 mL monthly

Pegcetacoplan 
15 mg/0.1 mL EOM

Sham 
monthly

Sham
EOM

• BCVA, LL-BCVA, low-luminance deficit
• Reading speed
• NEI VFQ-25

• FRI Index composite score
• Microperimetry (OAKS only) – Macular Integrity 

Assessment (MAIA) device

G A L E  E X T E N S I O N  S T U DY  ( 3  Y EA RS )

Fixed Effects: 
• Treatment (Sham monthly and EOM 

were pooled for analysis), time, 
treatment x time interaction

• Baseline GA lesion and fellow eye CNV 
≈area strata

• Baseline GA lesion strata ×time 
interaction

Primary Analysis: MMRM Methodology

Global Phase 3 Program

BCVA = best-corrected visual acuity; CNV = choroidal neovascularization; EOM = every other month; FRI = functional reading index; LL = low luminance; MMRM = mixed-effect model for repeated measures; NEI VFQ-25 = National Eye Institute Visual Function Questionnaire-25.
ClinicalTrials.gov. Updated August 30, 2022. Accessed October 15, 2022. https://clinicaltrials.gov/ct2/show/NCT04770545

DESIGN OF STUDIES (OAKS & DERBY)

98

98

OAKS and DERBY

LS means estimated from a mixed-effects model for repeated measures. The modified intention-to-treat population was used for theanalysis.Heier J, et al. Presented at: The 54th Retina Society 2021. Efficacy of intravitreal pegcetacoplanin geographic atrophy: results from the DERBY and OAKS trials. September 29–October 2, 2021. Chicago, IL. 

PEGCETACOPLAN REDUCED LESION GROWTH IN PRESPECIFIED COMBINED ANALYSES 
OF THE PRIMARY ENDPOINT AND IN EXTRAFOVEAL LESIONS

99

99

Pegcetacoplan Safety Dataa

a All data are from DERBY and OAKS combined.b Exudations include adverse events reported by the investigator as CNV or neovascular AMD
Goldberg R. Presented at: ARVO 2022; May 1-5, 2022; Denver, CO.
Heier J, et al. Presented at: AAO 2021; November 12-15, 2021; New Orleans, LA..

Exudationsb

At 18 Months At 12 Months

Monthly 39 patients (9.5%) 25 patients (6.0%)

EOM 26 patients (6.2%) 17 patients (4.1%)

Sham 12 patients (2.9%) 10 patients (2.4%)

Intraocular Inflammation

At 18 Months At 12 Months

21 cases 
(0.23% per injection)

13 cases 
(0.21% per injection)

No events of retinal vasculitis or retinal vein occlusion

Infectious Endophthalmitis

At 18 Months At 12 Months

Monthly 2 cases confirmed 2 cases confirmed

EOM 2 cases confirmed 1 case suspected

Sham
9145 total injections

(0.044%)
6331 total injections

(0.047%)

Pegcetacoplan continues to demonstrate 
a favorable safety profile at 18 months

100

100

Reductions in GA Lesion Growth at Month 24

LS means estimated from a MMRM. The mITTpopulation was used for the analysis, defined as all randomized patients who received at least 1 injection of pegcetacoplanor sham and have baseline and at least one post-baseline value of GA lesion area in the study eye.
Heier J, et al. Presented at: AAO 2022. September 30-October 3, 2022; Chicago, IL. 
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22% (monthly) reduction 
P<.0001

18% (EOM) reduction  
P =.0002 
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PM(n=201)Sham(n=195, pooled) PEOM(n=201)

D E R B Y

16%

19%

19% (monthly) reduction 
P =.0004

16% (EOM) reduction  
P =.003

M6

(all p-values are nominal)
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OAKS and DERBY Combined Reductions in GA Lesion Growth 
Over 6-Month Periods 

Percent reduction vs pooled sham for Month 0 to Month 24 was estimatedfrom a piecewise linear slope model with 6-month segments using the combined patient-level data, not a simple average of results, from the 2 studies. Point estimates for the Month 0 to Month 18 segments vary marginally from previously reported numbers due to the inclusion of the Month 20 to Month 24 data into the statistical model.
Heier J, et al. Presented at: The 54th Retina Society 2021. Efficacy of intravitreal pegcetacoplanin geographic atrophy: results from the DERBY and OAKS trials. September 29–October 2, 2021. Chicago, IL. Heier J, et al. Presented at: AAO 
2022. September 30-October 3, 2022; Chicago, IL. Wycoff C, et al. Presented at: AAO 2022. September 30-October 3, 2022; Chicago, IL.
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Prespecified Subgroup Analysis of GA Lesion Growth in Patients 
With Nonsubfoveal (Extrafoveal) Lesions

LS means estimated from a MMRM. The mITTpopulation was used for the analysis, defined as all randomized patients who received at least 1 injection of pegcetacoplanor sham and have baseline and at least one post-baseline value of GA 
lesion area in the study eye.
Heier J, et al. Presented at: AAO 2022. September 30-October 3, 2022; Chicago, IL.
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EOM
-1.890 letters lower; 
P =.069 vs sham

PM
-0.949 letters lower 
P=.3558 vs sham

OAKS and DERBY Combined BCVA in the Study Eye Over 24 Months

LS means estimated from a MMRM. The mITTpopulation was used for the analysis, defined as all randomized patients who received at least 1 injection of pegcetacoplanor sham and have baseline and at least one post-baseline value of GA lesion area in the study eye.
Wycoff C, et al. Presented at: AAO 2022. September 30-October 3, 2022; Chicago, IL. 
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New-Onset nAMD in Study Eye Over 24 Monthsa

• All investigator-reported AEs are reported as new-onset nAMD in study eye regardless of reading center confirmation

• Patients who developed nAMD continued treatment with study drug and received on-label anti-VEGF therapy at the 
discretion of the investigator 

a Events include preferred terms of CNV and neovascular AMD (nAMD). b Number of patients at risk for new-onset nAMDin PEOM arms from OAKS and DERBY combined was 419. All data are from safety set. AE = adverse event; FA = fluorescein angiography; VEGF = vascular endothelial growth factor.
Singh R, et al. Presented at: AAO 2022. September 30-October 3, 2022; Chicago, IL. Wycoff C, et al. Presented at: AAO 2022. September 30-October 3, 2022; Chicago, IL.
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PM
(N=419)

PEOM
(N=420)b

Sham Pooled
(N=417)

New-onset investigator-determined nAMD in study eye, 
n (%)

51 (12.2%) 28 (6.7%) 13 (3.1%)

Confirmed by reading center, N (%)
At time of investigator-reported nAMD, 100% of patients 
had available SD-OCT and 82% had available FA for reading 
center evaluation

37 (8.8%) 23 (5.5%) 11 (2.6%)

Reading center-determined CNV cases on protocol-
specified FA, not reported as AEs by investigators, n (%)

9 (2.1%) 4 (1.0%) 8 (1.9%)
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Other Approaches • HtrA1
• Modulate choroidal blood flow
• Antioxidants (eg, metformin)
• Statins
• Tetracyclines
• Optogenetics
• Electrical stimulation

HtrA1 = high-temperature requirement A serine peptidase 1. 106
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Summary of 
Current and Future
Treatment 
Landscape

• Most drugs in development are designed for intravitreal administration
• Several therapeutic avenues to reduce the rate of disease progression 

are being investigated, such as:

Drugs with antioxidative properties

Inhibitors of the complement cascade

Visual cycle inhibitors

Regulators of MAC formation

Gene therapy

107

107

Thank you!

Questions?
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