(21

O 00 N o

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Title: Imaging protocols in clinical studies in advanced age-related

macular degeneration

Subtitle: Recommendations from Classification of Atrophy (CAM) Consensus

Meetings

Frank G. Holz}, SriniVas R. Sadda?, Giovanni Staurenghi®, Moritz Lindner?, Alan C. Bird*, Barbara A.
Blodi®, Ferdinando Bottoni3, Usha Chakravarthy®, Emily Y. Chew’, Karl Csaky?, Christine A. Curcio®,
Ron Danis®, Monika Fleckenstein?, K. Bailey Freund®®, Juan Grunwald?!, Robyn Guymer?®?, Carel B.
Hoyng!?, Glenn J. Jaffel4, Sandra Liakopoulos®®, Jordi M. Monés'®, Akio Qishi’, Daniel Pauleikhoff'’,
Philip J. Rosenfeld?8, David Sarraf'®, Richard F. Spaidel®, Ramin Tadayoni?’, Adnan Tufail?, Sebastian

Wolf?, Steffen Schmitz-Valckenberg?

1) Department of Ophthalmology, University of Bonn, Bonn, Germany

2) Doheny Image Reading Center, Doheny Eye Institute, Los Angeles, CA, USA

3) Eye Clinic, Department of Biomedical and Clinical Sciences “Luigi Sacco”, Luigi Sacco Hospital,
University of Milan, Milan, Italy

4) Institute of Ophthalmology, University College London, London, UK

5) Department of Ophthalmology and Visual Sciences, Fundus Photograph Reading Center,
University of Wisconsin School of Medicine and Public Health, Madison, WI, USA

6) Institute of Clinical Science, The Queen's University of Belfast, Belfast, UK

7) National Eye Institute, National Institutes of Health, Bethesda, Maryland, USA

8) Texas Retina Associates, Dallas, TX, USA

9) Department of Ophthalmology, University of Alabama School of Medicine, Birmingham, AL,
USA

10) Vitreous Retina Macula Consultants of New York, New York, NY, USA

11) Department of Ophthalmology, University of Pennsylvania, Philadelphia, PA, USA

12) Centre for Eye Research Australia, Royal Victorian Eye and Ear Hospital, University of
Melbourne, Department of Surgery (Ophthalmology) Melbourne, Australia

13) Department of Ophthalmology, Radboud University Medical Center, Nijmegen, The
Netherlands

14) Department of Ophthalmology, Duke Reading Center, Duke University, Durham, NC, USA

15) Department of Ophthalmology, Cologne Image Reading Center (CIRCL), University of
Cologne, Cologne, Germany

16) Institut de la Macula and Barcelona Macula Foundation, Barcelona, Spain

17) Department of Ophthalmology, St. Franziskus Hospital, Minster, Germany

18) Bascom Palmer Eye Institute, University of Miami Miller School of Medicine, Miami, FL, USA

19) Stein Eye Institute, David Geffen School of Medicine, University of California, Los Angeles, CA,
USA

20) Ophthalmology Department, Hopital Lariboisiére, AP-HP, Université Paris 7 - Sorbonne Paris
Cité, Paris, France

21) Moorfields Eye Hospital, London, UK

22) Department of Ophthalmology, University Hospital Bern, Bern, Switzerland



42

43

44
45
46
47
48
49

50
51
52
53

54
55
56
57
58

59
60
61
62

63

64

65
66

67

68

69
70
71
72

73

74
75
76

77
78
79
80
81

20f31

Holz et al.: Imaging protocols for clinical studies in AMD

Financial support: This work was supported by the Jackstadt Fundation, Wuppertal, Germany

Conflict of interest:

Dr. Holz reports grants and personal fees from Heidelberg Engineering, grants and personal fees from
Optos, grants from Zeiss, during the conduct of the study; grants and personal fees from Novartis,
grants and personal fees from Bayer Healthcare, grants and personal fees from Genentech, grants
and personal fees from Acucela, personal fees from Boehringer Ingelheim, grants and personal fees
from Alcon, grants and personal fees from Allergan, outside the submitted work.

Dr. Sadda reports grants and other from Optos, grants and other from Carl Zeiss Meditec, during the
conduct of the study; grants and other from Allergan, grants and other from Carl Zeiss Meditec, other
from Alcon, other from Allergan, other from Genentech, other from Regeneron, other from Novartis,
outside the submitted work.

Dr. Staurenghi reports personal fees and other from Heidelberg Engineering, grants, personal fees
and other from Zeiss Meditec, grants from Optovue, grants and other from Optos, grants, personal
fees and other from Centervue, grants from Nidek, grants, personal fees and other from Novartis,
personal fees and other from Bayer, other from Boeheringer, other from Allergan, other from Alcon,
outside the submitted work.

Dr. Lindner reports grants grants and non-financial support from Heidelberg Engineering, grants,
non-financial support and other from Carl Zeiss Meditec, grants and non-financial support from
Optos, other from Alimera Sciences, grants and other from Fresenius Medical Care, outside the
submitted work.

Dr. Bird has nothing to disclose.
Dr. Blodi has nothing to disclose.

Dr. Bottoni reports personal fees from Novartis, personal fees from Bayer, non-financial support
from Allergan, non-financial support from Heidelberg Engineering, outside the submitted work

Dr. Chakravarthy has nothing to disclose.
Dr. Chew has nothing to disclose.

Dr. Csaky reports personal fees from Genentech, personal fees from Regeneron, personal fees from
Heidelberg Engineering, grants and personal fees from Santen , personal fees and other from
Ophthotech, personal fees from Acucela, personal fees from GSK, personal fees from Roche, personal
fees from Allergan, no other relationship outside the submitted work.

Dr. Curcio has nothing to disclose.

Dr. Danis reports grants and personal fees from Allergan, grants and personal fees from GSK,
personal fees from Thrombogenics and lonis, and has an ownership interest in EyeKor Inc., outside
the submitted work.

Dr. Fleckenstein reports grants, personal fees and non-financial support from Heidelberg
Engineering, non-financial support from Zeiss Meditech, grants and non-financial support from
Optos, personal fees from Novartis, personal fees from Bayer, grants and personal fees from
Genentech, from Roche, outside the submitted work; In addition, Dr. Fleckenstein has a patent
US20140303013 Al pending.



82
83
84

85

86

87

88

89
90
91

92

93
94
95
96
97

98
99

100
101

102
103

104

105
106
107
108
109
110

111
112

113
114
115

116
117
118
119
120

121

30f31

Holz et al.: Imaging protocols for clinical studies in AMD

Dr. Freund reports personal fees from Genentech, personal fees from Heidelberg Engineering,
personal fees from Bayer HealthCare, personal fees from Optoview, personal fees from Optos,
during the conduct of the study.

Dr. Grunwald has nothing to disclose.

Dr. Guymer has nothing to disclose.

Dr. Hoyng has nothing to disclose.

Dr. Jaffe reports personal fees from Heidelberg Engineering, outside the submitted work.

Dr. Liakopoulos reports personal fees and non-financial support from Heidelberg Engineering,
personal fees from Novartis, personal fees from Allergan, personal fees from Bayer, outside the
submitted work.

Dr. Monés has nothing to disclose.

Dr. Qishi reports personal fees from Bayer, personal fees from Santen Seiyaku, grants from Alcon
Japan, grants from Japan Society for the Promotion of Science, grants from Ministry of Health,
Labour and Welfare, Japan, grants from Japan Retinitis Pigmentosa Society, grants from Takeda
Science Foundation, grants from Mishima Saiichi kinen Gankakenkyu Kokusaikouryu Kikin, grants
from Alexander von Humboldt Foundation, outside the submitted work.

Dr. Pauleikhoff discloses participation in clinical studies financed by Roche, Novartis and Bayer and
consultation fees of Novartis and Bayer.

Dr. Rosenfeld reports grants and personal fees from Carl Zeiss Meditec, during the conduct of the
study.

Dr. Sarraf reports grants from Allergan, grants and other from Genentech, grants from Regeneron,
grants and other from Optovue, outside the submitted work.

Dr. Spaide reports personal fees from Topcon Medical Systems, outside the submitted work.

Dr. Tadayoni reports personal fees and non-financial support from Alcon, grants, personal fees and
non-financial support from Allergan, grants and personal fees from Alimera, grants, personal fees
and non-financial support from Novartis, personal fees and non-financial support from Bayer,
personal fees and non-financial support from B+L, personal fees from FCI, personal fees and non-
financial support from Zeiss, personal fees from Thromgenics, personal fees from Genentech,
personal fees from Roche, outside the submitted work.

Dr. Tufail reports other support from Roche, grants and other from Novartis, other from Bayer, other
from Allergan, outside the submitted work.

Dr. Wolf reports other from Zeiss, other from Heidelbger Engineering, other from Optos, during the
conduct of the study; grants from Allergan, grants from Bayer, grants from Novartis, outside the
submitted work.

Dr. Schmitz-Valckenberg reports grants and personal fees from Novartis, grants and personal fees
from Bayer Healthcare, grants from Genentech, grants from Acucela, grants from Alcon, grants and
personal fees from Allergan, personal fees and non-financial support from Optos, grants, personal
fees and non-financial support from Heidelberg Engineering, non-financial support from Zeiss
MediTec, grants from Formycon/Bioeq, outside the submitted work.

Running title: Imaging protocols for clinical studies in AMD



122
123
124

125

4 of 31

Holz et al.: Imaging protocols for clinical studies in AMD

Key words: Geographic atrophy, choroidal neovascularization, age-related macular degeneration,
multimodal imaging, optical coherence tomography, fluorescein angiography, fundus

autofluorescence



126

127

128

129

130

131

132

133

134

135

136

137

138
139
140
141
142
143
144
145

146

Holz et al.: Imaging protocols for clinical studies in AMD

50f31

Number of words: 5,466 (excluding title page, abstract, legends, and references)

Number of figures: 2

Number of tables: 3

Correspondence:

Frank G. Holz, MD, FEBO

Department of Ophthalmology, University of Bonn
Ernst-Abbe-Str. 2

53127 Bonn, Germany

Tel..  +49 228287 15647 (PA)

Fax: +44 228 287 11470

e-mail: Frank.Holz@ukb.uni-bonn.de



147
148
149
150
151
152

153
154

155

156
157
158
159

160
161

162
163
164
165
166
167
168
169
170
171
172

173
174
175
176
177

6 of 31

Holz et al.: Imaging protocols for clinical studies in AMD

Abstract

Purpose: To summarize the results of a consensus meeting (Classification of Atrophy Meeting) on
conventional and advanced imaging modalities used to detect and quantify atrophy due to late stage
non-neovascular and neovascular age-related macular degeneration (AMD) and to provide
recommendations on the use of these modalities in natural history studies and interventional clinical

trials.

Design: Systematic debate on the relevance of distinct imaging modalities held in a sequence of

meetings.

Participants: A panel of retina specialists.

Methods: During the Classification of Atrophy Meetings (CAM) a consortium of international experts
evaluated the advantages and disadvantages of various imaging modalities based on the collective
analysis of a large series of clinical cases. A systematic discussion on the role each modality in future

studies in hon-neovascular and neovascular AMD was held.

Main Outcome Measures: Advantages and disadvantages of current retinal imaging technologies

and recommendations for their use in advanced AMD trials.

Results: Color fundus photography (CFP), confocal fundus autofluorescence (FAF), confocal near
infrared reflectance and high resolution optical coherence tomography volume scans are valuable to
detect, quantify and monitor progression of atrophy and are recommended at regular intervals
throughout studies, aiming to detect, quantify and monitor progression of atrophy. In studies of non-
neovascular AMD (without evident signs of either active or regressed neovascularization at baseline)
CFP may be sufficient at baseline and end of study visit. Herein, fluorescein angiography (FA) may
become necessary to evaluate for neovascularization at any visit during the study. Indocyanine-green
angiography (ICG-A) may be considered at baseline under certain conditions. For studies in patients
with neovascular AMD, increased need for visualization of the vasculature must be taken into
account. Accordingly, these studies will benefit from FA (recommended at baseline and selected

follow-up visits) and ICG-A under certain conditions.

Conclusions: A multimodal imaging approach is recommended in clinical trials for the optimal
detection and measurement of atrophy and its associated features. Specific validation studies will be
necessary to determine the best combination of imaging modalities. These recommendations may
need to be adjusted to the particular focus in individual studies and will be updated as new imaging

technologies become available in the future.
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Introduction

In industrialized countries, late stage age-related macular degeneration (AMD) is the leading cause of
legal blindness in the elderly. ¥ ? It either presents with neovascularization (NV) or geographic
atrophy (GA). 2 Both manifestations are not mutually exclusive; atrophy develops in eyes with NV
effectively treated with intravitreal anti-VEGF injections both, within as well as outside the area of
NV. *7 In eyes developing atrophy without initial sighs of NV, GA may be complicated by NV over
time. The term “geographic atrophy” has been used with various definitions in the past as recently
reviewed. & Herein, we use the term GA for complete retinal pigment epithelium (RPE) and outer
retinal atrophy (complete RORA), excluding any region of presumptive NV. In this sense, GA can be
present in eyes with no evident signs of active or regressed NV (non-neovascular AMD) as well in

eyes with active or regressed NV outside the NV region (neovascular AMD).

The use of intravitreal vascular endothelial growth factor (VEGF) inhibitors has led to an
unprecedented improvement in functional outcomes for patients with neovascular AMD,
significantly reducing the incidence of blindness in the elderly. ° However, visual outcomes of
neovascular AMD treated with intravitreal anti-VEGF therapy are often limited by the occurrence of
atrophy or fibrosis. 1° Many potential pathogenic factors are thought to cause the formation of
atrophy in eyes with AMD and some pathways are being targeted with pharmacological agents in
clinical development. ** Currently no approved drugs are available to significantly slow atrophy

progression and its associated vision loss.

Recent advances in retinal imaging technology, including spectral-domain and swept-source optical
coherence tomography (SD-OCT and SS-OCT, respectively), scanning laser ophthalmoscopy (SLO)
modalities, and wide-field imaging, have markedly improved detection of atrophy and the
morphological biomarkers associated with disease progression. Anatomical endpoints have recently
been validated and introduced as primary outcome parameters in interventional clinical trials for
atrophic AMD with acceptance by regulatory authorities. 121> SLO-based fundus autofluorescence
imaging together with semi-automated analysis tools and en-face OCT imaging are most commonly
used for the delineation and quantitation of GA areas. 1% Correlating the functional
consequences of atrophy is highly relevant to clinical trials and clinical care of the condition. At this
time, spatial resolution of these imaging modalities is far superior to currently available functional
tests such as fundus-controlled perimetry (including so-called “microperimetry” with tracking of eye

movements).

Selection of appropriate imaging modalities is a key factor for studies evaluating the efficacy of drugs
in eyes with advanced AMD. Optimized selection of these modalities may be critical to detect an

efficacy signal and the choice may impact duration and cost of such studies. A major challenge is the
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fast pace of technological development in imaging devices as well as image analysis algorithms with a
concurrent lack of timely validation. Each modality has its strengths and weaknesses. Moreover, the
use of a single imaging modality may not be optimal, and multimodal imaging may be a sensible

approach to obtain the most reliable detection and measurement of atrophy. *°

The Classification of Atrophy Meetings (CAM) were organized to gather an international group of
experts (see appendix 1), including representatives of established reading centers, to evaluate
currently available imaging technologies and to propose consensus recommendations regarding the
modalities to be used in interventional trials and in natural history studies of both non-neovascular
and neovascular AMD, particularly taking into account the need for detection, quantification and

monitoring of atrophy over time. Herein, the results of these consensus meetings are presented.

Methods

The planning committee for the Consensus in Atrophy Meetings (CAM) consisted of three retinal
experts who developed the format for the consensus proceedings. The composition of the consensus
panel was determined on the basis of previous notable scientific contributions to the field.
Individuals were considered to contribute notably to the field if they had previously mad substantial
contribution in AMD and retinal imaging research such as in form of key publications and
involvement in clinical trials. Participants are listed in Appendix 1. During two consensus meetings
(CAM-1 and CAM-2 held in 2015), these experts discussed and evaluated the advantages and
disadvantages of various imaging modalities proposing the optimal combination for use in future
natural history and interventional clinical studies. The formats of both meetings included the
collection and discussion of clinical cases by the participants. A pre-meeting exercise was additionally
distributed in preparation of the meetings aiming to identify strengths and challenges for detection
of atrophy in each imaging modality. Furthermore, a list of imaging modalities currently used in large
scale clinical trials in AMD was prepared for future discussion. During CAM-2 in a first session, cases
and study questions were discussed to provide a common basis for the consensus finding process.
Next, a debate was held on each of the listed imaging modalities. Within the debate it was
guestioned which particular advantages and disadvantages existed for each modality and which
acquisition systems and protocols were best used. Furthermore, there was systematic discussion to
the role each modality should play in future studies in non-neovascular and neovascular AMD aiming
to provide a guideline that can serve as a starting point when designing protocols for clinical trials.
Consensus was achieved by discussion. A grading system was used to classify each modality as 1) R =

recommended, 2) O = optional, 3) N = not recommended, or 4) D = at discretion of the sponsor. If no
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consensus was achieved during the debate, then a decision was obtained by majority vote. Results of

the debate were logged.

Results

Color fundus photography

Color fundus photography (CFP) has been the historical standard used for documenting funduscopic
abnormalities and it is still used in current AMD trials. 1> 2% 21 CFP was the basis of studies performed
prior to the advent of many newer forms of imaging. Therefore, the continued use of CFP in future
studies is necessary to ensure comparability with data gathered from the newer modalities and to
allow comparison with past studies. In addition, CFP with its broad spectrum of illumination is the
closest imaging modality to correlate with clinical ophthalmoscopy. With CFP, it is possible to detect
a wide array of phenotypic alterations associated with AMD including drusen, crystalline deposits,
pigmentary changes, lipid, atrophy and fibrosis as well as neovascular findings such as hemorrhages,
fluid and exudate (Fig. 1 A, Fig. 2 A). Yet, compared with other imaging modalities it has relatively
low contrast, which makes identification and quantification of atrophic lesions and other AMD
associated changes challenging. For instance, without previous processing CFP provided a sensitivity
of only 33 —42% for the detection of reticular pseudodrusen, an important risk factor for fast GA
progression (Fig. 1 A-D). %> 2 Moreover the use of high intensity and broad spectrum light makes CFP
susceptible to media opacities and in most devices its quality is limited when there is poor mydriasis.
In addition, the bright flash used during image acquisition is uncomfortable for patients. The
sensitivity needed to detect topographical changes at the borders of atrophy regions can be
improved with stereoscopic viewing of CFP. However, stereoscopic image capture requires
experienced and specifically trained personnel as well as good patient cooperation, which limits its

practical use in clinical studies.

CFP was used in the initial definitions of GA, requiring a circular or oval area of depigmentation with
sharply demarcated borders and typically increased visibility of large choroidal vessels within the
atrophic area 2?5, In 1995, the International Age-Related Maculopathy (ARM) Epidemiological Study
Group agreed on the following criteria: sharp demarcation, hypo- or depigmented appearance,
round or oval shape, increased visibility of the underlying choroidal vessels and a diameter of at least
175 pm measured using a 30° or 35° fundus camera. 2° CFP has also been used to quantify areas of
GA and to monitor expansion over time. ¥ However, CFP is limited for this purpose due to difficulties
in precisely delineating lesion boundaries, particularly in eyes with relatively small and multifocal

lesions. Recently, a new white light confocal instrument has become available which can potentially



276
277

278
279
280
281
282
283

284
285
286
287
288
289
290
291
292
293
294
295
296
297

298
299
300
301
302
303

304
305
306
307
308

10 0f 31

Holz et al.: Imaging protocols for clinical studies in AMD

increase the contrast of atrophy margins due to its confocality. However, no large studies of the

device are currently available.

Recommendation: CFP remains a valuable option and is recommended to be used while other

imaging modalities are being validated for detection of atrophy. In addition, CFP is still the modality
of choice for detection of several AMD-associated phenotypic changes, particularly hemorrhages and
focal pigmentary changes. For a comprehensive documentation of funduscopic findings non-
stereoscopic CFP is recommended to be performed at baseline and at the end of the study in studies

on non-neovascular and neovascular AMD.

Fundus autofluorescence

Fundus autofluorescence (FAF) provides high contrast retinal images particularly valuable for the
detection of atrophic areas. Within atrophic areas, RPE and lipofuscin (containing the major
fluorophores responsible for fundus autofluorescence) are lost. Thus, FAF signal intensities are
severely reduced at the site of atrophy (Fig. 1 B). Blue light excitation FAF is currently the most
commonly used mode for FAF imaging. Absence of the signal is associated with loss of retinal
sensitivity, 2% 2° providing a direct structure-function relationship. Furthermore, the contrast between
intact retina and RPE usually allows for reproducible semi-automated quantification of atrophic
areas. 3 Both these features have led to the acceptance of FAF as an anatomical outcome parameter
for progression of GA in clinical trials '°> by international regulatory agencies. FAF signal
measurements have been and are currently used in interventional clinical trials for GA including the
SEATTLE-study (NCT01802866), GAP (NCT00599846) and GATE-studies (NCT00890097), MAHALO-
Study (NCT01229215), Proxima A (NCT02479386) and B (NCT02399072) studies, the Zimura® trial
(NCT02686658) and the CHROMA- (NCT02247479) and SPECTRI-studies (NCT02247531).

In eyes with neovascular AMD correlation between reduced FAF and presence of scotomas may be
less pronounced. Yet, it could be shown that the area of confluent autofluorescence loss in the
central macula is highly correlated to visual acuity, contrast sensitivity, and reading speed in eyes
treated with anti-VEGF agents for neovascular AMD. 73! In addition, FAF has proved useful in the
differential diagnosis of disease entities that cause atrophy, and in classifying GA lesions according to

distinct progression rates. 12334

Two types of FAF imaging systems are currently available: Flash fundus camera-based systems and
scanning laser ophthalmoscopy systems (SLO), usually equipped with a confocal aperture to filter out
backscattering light from outside the focus plane (i.e. the retina). SLO-based systems have the
advantage of higher contrast and spatial resolution but they cannot be integrated into conventional

fundus cameras, making the acquisition of additional instrumentation necessary. 3> Nonetheless, SLO
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devices are preferred for acquiring FAF images in most studies because of their excellent image
contrast and resolution. Some technical skills are required by clinical sites to consistently obtain high
quality images, and these include uniform illumination, good focus and central alignment of the

camera with the eye to avoid obstruction by the iris.

Fundus autofluorescence imaging with SLO was originally introduced with blue light excitation. Later
on, the use of longer excitation wavelengths (e.g. 532 nm) has become broadly available for SLO.
Using fundus cameras, the use of blue light excitation for autofluorescence imaging is not practical
due to technical limitations. Therefore fundus camera autofluorescence is based on excitation
wavelengths in the green to orange range (510 — 610 nm). The quality of the blue FAF signal is
influenced by several factors including nuclear lens opacities, vitreous floaters and pupil dilation. In
addition, macular pigment blocks blue light leading to a relatively decreased signal intensity at the
fovea. Therefore, when the atrophic border is close to the fovea, identification of the border of
atrophy may be challenging (Fig. 1 D). 3¢ In addition, optimal contrast between intact and atrophic
RPE can be lost in the presence of certain GA subtypes including the “diffuse-trickling” phenotype 3’
or refractile drusen (also called “calcified drusen” or “crystalline deposits” in parallel) 38 at the margin
and within areas of atrophy, which results in some limitation to FAF use alone. In such cases
combined analysis of FAF and near infrared reflectance (NIR) images is typically helpful for
adjudicating the precise measurement of the atrophic lesion. *° In atrophy associated with
concurrent NV distinction between atrophy and areas of fibrosis may be difficult with FAF alone *.
Furthermore, hemorrhages or hard exudates may result in decreased FAF signals. Therefore, the
additional use of fluorescein angiography (FA) has been suggested. ¥ In addition, a disadvantage of
bright blue excitation light is the discomfort it may cause to the patient. Within atrophic areas, the
FAF signal may not be zero. This may be due to retained RPE cells or fragments and basal laminar
deposits with a low level of 488-nm-excited autofluorescence. **4The combination of FAF and NIR
may help improve demarcation of the atrophic areas confounded by the limitations of using FAF

alone.

Recently, longer wavelength light sources have been integrated with confocal SLO devices (e.g.,
green). Longer wavelengths are less sensitive to optical media opacities and macular pigment.
However, few validation studies (for 532 nm fundus cameras or 514 nm SLO systems) are currently

available. 17:42

Recommendation: In view of its properties and recent validation in various clinical studies, confocal

FAF images may provide valuable information when included in imaging protocols of interventional
and non-interventional trials in non-neovascular AMD, and protocols involving neovascular AMD so

that atrophy development and progression can be detected and monitored.
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Quantitative fundus autofluorescence

Recently, a FAF method has been introduced which incorporates an internal fluorescent reference to
account for variable laser power and detector sensitivity, enabling quantitative fundus
autofluorescence (gAF). Intensity of autofluorescence is calculated against the calibrated reference
standard in the optical pathway. To derive reliable gAF measurements, it is critically important to
obtain high quality images. **** Key requirements for images suitable for gAF measurement include
uniform signal intensity, fine-tuned focus, central alignment of the camera with the eye to avoid
obstruction by the iris, and exposure within the linearity range of the detector. Lens and vitreous
opacities may limit measurements, as absorption confounds measured FAF intensity levels
originating from the retina and the RPE. Normative studies have shown that gAF levels exhibit a
significant increase with age, that gAF values are higher in females, and that there may be ethnic
differences. For example, as compared with Hispanics, qAF is significantly higher in Whites and lower
in Blacks and Asians, * but these variations would have limited impact if looking at individual gAF
change over time. Currently, this novel technology is increasingly employed in eyes with retinal

4547 3s it appears to be of value for differential diagnosis. *®* More recently, it has been

dystrophies
used to image AMD. *° Of potential interest is the magnitude of gAF signals outside atrophic areas as
well as within atrophic zones, for instance to study the rather grayish than black atrophy observed in

classical FAF images in some GA subtypes. ¥’

Recommendation: Overall, this method may be considered to help validating current and generate

novel disease-related hypotheses.

Near infrared reflectance

For near infrared reflectance (NIR) SLO imaging, wavelengths of light at the higher end of the visible
spectrum are used (750 nm to 840 nm in current devices). This causes minimal discomfort to the
patient. There is very little interference and absorption by media opacities, and, importantly, by the
luteal pigment in the macula. Therefore, in contrast to blue-light FAF imaging, visualization of
atrophic areas within the fovea and involvement of the fovea is facilitated (Fig. 1 B). '° The available
evidence suggests that NIR images allow for the detection of reticular pseudodrusen with the highest
sensitivity. 25052 Systematic validation studies for the use of NIR alone in atrophic AMD are lacking
and precise sensitivity and specificity need to be determined. NIR imaging originally served as a
guidance modality for OCT, but the NIR image is now available as an independent output image for

most OCT/SLO devices resulting in broad availability.

Recommendation: NIR images provide valuable information complementary to FAF. Their capture

time is short and does not materially affect recording procedure. Therefore NIR images should be

considered whenever FAF images are acquired.
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Multicolor confocal scanning laser ophthalmoscopy

Confocal multicolor images consist of a composite image simultaneously obtained by confocal
scanning lasers from three different wavelengths. >3 It comprises three reflectance images: blue
reflectance (wavelength [ex.]: 488 nm), green reflectance (ex.: 518 nm) and near infrared reflectance
(ex.: 820 nm). These different light wavelengths penetrate the retinal layers at different depths to
reveal details of the respective layer. Blue reflectance highlights details of the inner retina and the
vitreoretinal interface. Green reflectance facilitates visualization of deeper retinal layers, and near
infrared reflectance highlights structures in the outer retina and choroid. > In contrast to CFP,
multicolor images are “false-"” or “pseudocolor” images comprised of information gathered from
separate wavelengths, and not from the whole visible light spectrum. To-date, only a few studies
using this novel technique are available. 235> 56 |n the context of GA, multicolor imaging can be used
to visualize atrophic areas (Fig. 2 C). >*>° Due to their optical reflection properties, retinal
hemorrhages and fibrotic changes may also be seen, yet, subtle hemorrhages and pigmentary lesions
may not be distinguished from each other by multicolor imaging alone (Fig. 2 C). Whether the
addition of the two other wavelengths, blue and green, increases or obscures the information
contained in the NIR image, has not been systematically investigated. Furthermore, it may turn out
that visualizing the individual wavelength component images in isolation may have advantages under
certain conditions over a composite. It is possible to acquire multicolor images through non-dilated
pupils covering a field of view of up to 55°. However, when the image is acquired through a non-
dilated pupil, the signal quality may be adversely affected, in particular for wavelengths in the blue

spectrum.

Recommendation: Due to the limits of current knowledge, the inclusion of multicolor imaging into

study protocols for atrophic and neovascular AMD should be optional since its specific utility remains

to be demonstrated.

Optical coherence tomography

In contrast to the other imaging modalities currently available in clinical routine, SD-OCT provides in
vivo cross-sectional and en-face visualization of the retina and the RPE. >’ Using the enhanced depth
imaging acquisition technique, additional details can be seen at the level of the choroid. *8 The
anatomic correlates of the single bands and layers identified in an SD-OCT line-scan are now largely
established. *° In addition, anatomical tracking functions that are implemented in some devices,
allow the alignment of follow-up with baseline images. While a single line-scan (= B-scan) may be
obtained quickly, a dense raster pattern of line-scans (“volume scan” or C-scan) is necessary to
extract “en-face” images that represent macula topography (Fig. 1 E, F and Fig. 2 J, K). The spacing

between scans must be sufficiently small so that pathologic features of interest such as drusen,
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reticular pseudodrusen (Fig. 1 E), and pigment migration into the inner retina, are not missed.
However, it is recognized that the denser the scan spacing, the longer the acquisition time. Hence,
often a compromise is required depending on the particular study questions. For instance, reliable
detection of reticular pseudodrusen, which are significantly associated with fast atrophy progression,
and volume-rendering of outer retinal tubulations would require scans spaced as thin as 11 um. ®
Also volume-rendering of pathologic structures, like outer retinal tabulation, will require equally
dense scan spacing. ®* However, within the context of longitudinal large scale clinical studies, a less
dense scan (e.g., spacing of 120 um) is usually preferred. 22 The near infrared laser light used to
acquire SD-OCT images is well tolerated, yet discomfort due to fatigue and tear film desiccation

during prolonged acquisition times is reported by some patients.

Today, SD-OCT is widely available and has been validated to assess and quantify atrophy. * It is also
an important tool to grade and monitor NV in AMD, %% and serves an integral role in several large-
scale AMD trials. ® En-face rendering of the structural OCT may provide an additional mode to

analyze and quantitate areas of atrophy (Fig. 1 F).

Recent studies indicate that distinct morphologic findings identified with SD-OCT scans like splitting
of band 4 (generally accepted to correspond to RPE/Bruch’s membrane complex), presence of outer
retinal tubulations, disruption of the surrounding outer retinal anatomy, % or local minimum SD-OCT
signal intensity may predict atrophy progression. 3668 Additional capabilities of OCT include
quantitation of GA areas and identification of putative precursor lesions. ®72 While providing depth
encoded images, compared to SLO imaging, the lateral resolution of SD-OCT devices is lower (up to

5 um in current confocal SLO and 15 um in current SD-OCT devices).

To accurately grade a volumetric SD-OCT dataset, it is necessary to inspect all individual line-scans
within the volume scan, or to assess several different en-face slabs. Generally, it is more time
consuming and labor intensive to interpret an SD-OCT dataset than to interpret any of the imaging
modalities that produce single en-face images. In addition, if SD-OCT slabs are to be assessed,
sophisticated software solutions are needed to automatically segment the images, a function that is
complicated by the AMD-associated pathology distorting the reflective bands and that needs to be
further addressed by ongoing software improvements. Though substantial advances have been made
in this field errors in automated segmentation occurring in the presence of pathology may require

time-consuming manual adjustment; 737> however, for simple viewing of GA, this is rarely necessary.

Currently, various SD-OCT devices are commercially available; however, industry standards
concerning data compatibility (e.g.: Digital Imaging and Communication in Medicine [DICOM]) and

acquisition settings are not generally supported by the manufacturers. This lack of compliance affects
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comparability between examinations obtained with different devices, leads to fragmentation of
imaging databases and limits the possibility of pooling data from different devices. Wherever

possible, similar SD-OCT devices should be used at all study sites.

New developments in OCT imaging include the availability of swept-source OCT (SS-OCT), which
features higher scanning rates and wider scan areas. In current commercially available devices a
more than 40% faster acquisition time can be achieved. Moreover, SS-OCT devices use a longer
wavelength light source, which has better tissue penetration in the axial direction, and produces
more detailed images of the choroid. 7® Thus faster acquisition of large scan volumes is possible. The
addition of eye-tracking functions further facilitates image acquisition in eyes with poorer fixation
stability. Further evaluation of this imaging technology is needed, yet SS-OCT imaging seems at least
as good as SD-OCT with the promise of easier imaging of larger scan areas measuring

12 mm x 12 mm (40° x 40°) on the retina. Thus, commercially available SS-OCT devices may be

considered as an alternative for future clinical studies.

Recommendation: OCT imaging may provide valuable information at each visit in trials of non-

neovascular and neovascular AMD. Evidence supports the acquisition of volume scans (SD-OCT or
SS-OCT) covering an area of at least 6 x 6 mm (larger or overlapping scans should be performed
depending on the expected size of GA at the end of the study) and a distance not greater than

120 um between single line-scans in order to visualize AMD-related pathologies. In devices that allow
for averaging of multiple images, averaging at least 10 line-for noise reduction is recommended.
Variation of scan density and averaging of multiple scans may be considered depending on the study

purpose.

Fluorescein angiography

Fluorescein angiography (FA) has been the gold standard to detect and grade NV. 7”78 Flash fundus
camera-based and SLO-systems are widely available and have been used in large trials for non-
neovascular and neovascular AMD (to rule out NV). #7° Exact lesion boundary demarcation may be
obscured by progressive dye leakage. ® Yet, validation analyses have shown that reliable
quantification of lesion area is possible in SLO 2'8% and fundus camera based devices. 8 To
complement FA in this regard, SD-OCT can also be used to track neovascular activity over time (Fig. 2

D-F).

There are disadvantages to FA. It is an invasive method with relatively long examination times to
acquire the late phase FA images. Injection of the dye and the use of bright light may be
uncomfortable for the patient. There is also a risk of allergic reactions to the intravenously injected

35

dye.
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Recommendation: FA is informative at baseline in trials of non-neovascular AMD to exclude the

presence of concurrent NV and should be performed when incident NV is suspected. In neovascular
AMD trials FA should be considered at baseline, selected follow-up visits (approximately every 6
months) and at the end of the study. Imaging should cover the central 30° and a 10 minute late

phase should be included.

Indocyanine green angiography

Indocyanine green angiography (ICG-A) provides additional information regarding the choroidal
vasculature and blood flow. 8 Indocyanine green has much greater binding affinity to plasma
proteins than fluorescein and is associated with minimal leakage from the fenestrated
choriocapillaris allowing more detailed visualization of the choroidal vessels (Fig. 2 G-1). 8 This
additional information obtained with ICG is helpful to detect retinal-choroidal anastomoses and
polypoidal choroidal vasculopathy (PCV). 88 |CG-A has also been suggested for differential diagnosis
of atrophy. For example, “dark atrophy” where no dye accumulation is found beneath the zone of

atrophy is seen in Stargardt disease, but not in AMD in which late staining occurs. %

Choroidal imaging may be helpful for studying pathological processes involved in AMD and for
differential diagnosis in atrophic and neovascular AMD. 88 However, ICG-A is an invasive method %
and for atrophic AMD, alternative, non-invasive methods are available that are sufficient for
differential diagnosis. Furthermore, acquisition also of late phase images makes ICG-A a

time-consuming procedure.

Recommendation: The consensus committee suggests ICG-A to be included into the study protocol

for clinical studies of neovascular AMD only if deemed necessary by the investigators at the baseline
visit. Decision on whether to include ICG-A or not should particularly take into account regional
qualifications like distinct PCV frequencies. In atrophic AMD, ICG-A may be optionally performed if

doubts remain on the etiology of the atrophy (i.e. differential diagnosis).

Optical coherence tomography angiography

Optical coherence tomography angiography (OCT-A) allows blood flow detection based on motion
contrast. The motion contrast can be derived from phase/Doppler shift and/or a variation in signal
amplitude over time within a voxel due to movement of blood cells. 89 A significant advantage of
OCT-A over conventional dye-based angiography is that it is depth-resolved and non-invasive. %
Isolated analysis of flow in the various choroidal layers has been studied with OCT-A. *° In the context
of AMD, several investigators have demonstrated that OCT-A can be used for detailed
characterization of NV in AMD (Fig. 2 L). %1% Other investigators have noted that a non-exudative

type 1 neovascularization can be detected with OCT-A. %102 OCT-A also enables analysis of different
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choroidal layers inside and at the border of atrophic lesions. 1 Due to the ability to visualize the
choroid and choriocapillaryis, it may be possible to use OCT-A instead ICGA to differentiate the
different types of macular atrophy. 1% As only flow is visualized, no information on vascular wall
integrity comparable to leakage in FA can be obtained. However, structural information is still
maintained in the OCT-A and can show collections of fluid, suggesting leakage is occurring. Also, the
availability of corresponding enface structural OCT images may be useful for revealing con-existing
non-patent vascular structures. 1% To obtain useful OCT-A datasets, it is necessary to acquire dense,
high quality SD-OCT or SS-OCT scans. Therefore, like for conventional OCT devices, OCT-A limitations
include acquisition time and field; however, faster acquisition times with wider fields of view and
deeper choroidal imaging can be performed using SS-OCTA instruments. Motion and retinal vascular
projections are additional limitations of this technology, but these limitations could be resolved in
the future. 1% The full clinical value and optimal application of OCT-A are still being defined, but the

growing information to-date appears promising.

Recommendation: OCT-A may be optionally included in studies on non-neovascular and neovascular

AMD for exploratory purposes.

Wide-field imaging

Wide-field imaging allows much larger areas of the retina to be visualized, when compared with
conventional imaging modalities. The field of view extends to > 100° (values for the angle of view
depending on point of reference and the optics of the individual eye). Commercially available wide-
field imaging devices are based on SLO-technology, which, in general, is suitable for acquisition of
FAF, reflectance images as well as both FA and ICG-A. Color images are obtained by using two or
more discrete laser sources for illumination, thus providing a false-color image that may have regions
of artifactually abnormal-looking color depending on the registration of the light sources. Due to the
special optics required to cover such a wide field of view, separate devices can be used. Alternatively,
fields of view of up to 150° can be achieved using a SLO device equipped with a contact lens for FA

and ICG-A. 10¢

The greater field of view is obtained at the expense of spatial resolution and contrast. The presence
of eye lashes may limit the field of view inferiorly and superiorly, although additional steered images
may be obtained to minimize this problem. Despite these developments, the full extent of the

peripheral retina may not be visible in all subjects.

Previous studies have shown that when the features of the macular region from wide field images
are graded, the results can be similar to those obtained by review of traditional CFP. X7 One

important advantage of this novel technique is the opportunity to observe peripheral abnormalities
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associated with AMD and to monitor these changes over time. 1% This is of particular relevance as
peripheral changes in AMD are to-date incompletely understood. Data on their natural history,

impact on disease progression, and functional implications need to be investigated. 109112

Recommendation: The use of wide-field imaging is likely to provide a more complete understanding

of the fundus involvement in AMD, and its use should be considered for trials regarding non-

neovascular and neovascular AMD for exploratory purposes.

Conclusions

The CAM group carefully evaluated the burgeoning number of imaging modalities and assessed their
potential contributions to clinical studies and interventional trials. The advantages and disadvantages
of each imaging modality are summarized in Table 1. Taking into account the particular needs when
imaging eyes with AMD, the consensus committee provides recommendations which technologies
may be appropriate in studies of non-neovascular and neovascular AMD. These recommendations
should be considered as a starting point when designing imaging protocols for clinical studies but

may require adjustments depending on the exact study purpose.

For research trials in non-neovascular AMD (Table 2), imaging modalities should include CFP,
confocal FAF (blue light excitation) and NIR (three field, 30°) and dense SD-OCT or SS-OCT volume
scans (at least 6 x 6 mm larger depending on area of GA with maximum distance between scans not
greater than 120 um) at baseline and at the final outcome point. For follow-up visits, CFP may be
considered and may be necessary if evaluating specific phenotypic features that are present and that
are readily captured by this method (e.g. hemorrhages, pigmentary changes). Novel imaging
technologies, namely multicolor imaging, OCT-A, gAF and wide-field imaging are likely to further
contribute to our understanding of disease processes related to AMD, but data are still forthcoming.
Thus, their value is currently of an exploratory nature and inclusion into trial protocols is optional.
Nonetheless, the consensus committee encourages their inclusion in clinical studies to better

determine their usefulness. FA may be required at any visit to detect incident NV.

Recommendations for imaging protocols regarding trials on neovascular AMD (Table 3) consider the
need to identify and assess the vasculature and the more dynamic nature of the underlying
pathological processes. In studies of neovascular AMD, FA and FAF are recommended at baseline,
selected follow-up visits (approx. every 6 months) and at the final outcome point. NIR and CFP
imaging is recommended at visits when FA or FAF is performed to enhance interpretation. ICG-A is
optional at baseline. Decision on whether to include it into the trial protocol also needs to reflect

regional peculiarities in the abundance of single NV subtypes. Whether ICG-A examinations are to be
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carried out at interval visits depends on the type of lesion under observation and may be reasonable
in eyes with retinal-choroidal anastomosis or PCV. SD-OCT or SS-OCT volume scans (6 x 6 mm or

larger with distances between scans not greater than 120 um) should be performed at every visit.

These recommendations reflect the status of our current knowledge and available imaging
technologies as well as practical considerations. They will need to be updated as new information

becomes available and imaging technology (for instance OCT-A) advances.
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Figures legends

Figure 1: Right eye of a 72 y/o male patient with geographic atrophy (GA) and foveal sparing without
any signs of neovascularization. A) Color fundus photography (CFP) shows multifocal GA, drusen and
pigmentary changes. B) Fundus autofluorescence (FAF) showing well-demarked areas of hypo-
autofluorescence corresponding to GA and, hyper-autofluorescent drusen and reticular
pseudodrusen. Of note, despite overall stronger contrast between GA and intact retina when
compared to CFP, demarcation of the foveal border of the atrophy is partially obscured by macular
pigment. C) Near infrared reflectance (NIR) discloses areas of GA and reticular pseudodrusen. In
conjunction with FAF it allows precise demarcation also of the foveal atrophy border. D) Green-light
autofluorescence is less affected by macular pigment and thus allows clear delineation of atrophy
borders also in close proximity to the fovea. E) Corresponding spectral-domain optical coherence
tomography (SD-OCT) scan visualizing cross sectional morphology of the retina. A druse, reticular
pseudodrusen and GA with consecutive choroidal signal enhancement can be observed. Scan
position as indicated by green line in C. F) SD-OCT sub-RPE slab depicting the areas of GA and
allowing for identification of the spared fovea. Position of the scan volume is indicated by the blue

frame in C; distance between single line-scans: 120 um.

Figure 2: Multimodal imaging of the left eye of a 69 y/o patient with atrophy in the presence of
neovascular age-related macular degeneration that has been treated with anti-vascular endothelial
growth factor therapy. A) Color fundus photography, B) fundus autofluorescence, C) Multicolor
imaging, D-F) Fluorescein angiogram, G-1) Indocyanine-green angiography, J-K) Spectral-domain
optical coherence tomography B-scans (positions as indicated in C). L) OCT-angiography (position as

indicated in C) showing matured vessels.
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