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ge-related macular degenera-
tion (AMD) accounts for
8.7% of all blindness world-
wide. As populations age, the
number of sufferers is expected to rise.!
The number of people with AMD
worldwide is projected to be 196 million
by 2020, increasing to 288 million by
2040."' This can only increase the socio-
economic burden of the disease.” Based
on these projections, it seems evident
that AMD is going to become too com-
mon to be the exclusive preserve of reti-
nal specialists and will have to be diag-
nosed, monitored, and possibly treated
by general ophthalmologists.
Advanced AMD is associated with
progressive visual impairment.® It can
be either wet, when neovascularization
is involved, or dry (nonexudative), as
geographic atrophy (GA), which is reti-
nal pigment epithelium (RPE) atrophy
without evident neovascularization. The
two types of AMD are not necessarily
mutually exclusive and can coexist.*
GA patients make up approximately
35% of late AMD patients,” and GA is
responsible for approximately 20% of all
cases of legal blindness in North America.®
The term “geographic areas of atro-
phy” was first used in 1970 in the context
of senile macular degeneration. (The term
“AMD?” was not introduced in the litera-
ture until 1984.) It was used to describe
well-defined circular or oval areas of de-
pigmentation showing thinning of un-
derlying tissue, often exposing underlying
choroidal vessels.” The term “geographic”
appears to originate from the German
word “landkartenartig,” which would
translate literally as “map-like” in Eng-
lish.” This terminology is used in medi-
cine in general to describe lesions that
resemble the map of a continent or well-
defined country borders.® By the 1980s,
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it was well established that the manifesta-
tion of nonexudative AMD itself was
called geographic atrophy.”

The pathway to GA starts with ab-
normalities at the level of the RPE and
depositions of extracellular material, lo-
cated predominantly between Bruch’s
membrane and the RPE, that eventu-
ally form drusen. The disease progresses
to atrophy, involving a gradual degen-
eration and disappearance of the RPE,
photoreceptor cells, and the choriocapil-
laris layer of the choroid in the central
retina.” The fovea itself is typically not
involved until later in the course of the
disease.” GA near the foveal center is as-
sociated with increased risk of vision
loss, but most eyes will maintain normal
vision for some time before atrophy ex-
pands into the fovea, at which point
patients experience increasing loss of
visual function. When vision loss does
occur, it declines slowly over years.’

Although choroidal neovasculariza-
tion, which once would have led to scar
formation, can now be treated with in-
travitreal anti-vascular endothelial
growth factor (VEGF) therapy, the un-
derlying disease continues to progress.

Average GA area progression rates of
about 1.3 to 2.6 mm?/year have been
reported around the world.”'* A huge
variability in progression rates is seen
between patients, some of whom prog-
ress very slowly while others progress
extremely rapidly.

Although intravitreal anti-VEGF
treatment can prevent the progression of
neovascular AMD and lead to improve-
ments in vision in some patients, no
drugs are currently approved to prevent
or slow GA progression and its associ-
ated vision loss.*!* Lampalizumab, a
complement factor D inhibitor, is under

phase 3 development for GA by Roche/

Genentech, with primary endpoint,
1-year results anticipated in late 2017.

Imaging in GA
To highlight innovations in multimodal
imaging in GA, Heidelberg Engineering
hosted a lunchtime symposium at the
16th European Society of Retina Spe-
cialists meeting in Copenhagen, Den-
mark, on September 9, 2016. “Clinical
practice keeps proving the importance
of multimodal imaging in comprehen-
sive diagnostics,” said Dr. Kester Nahen,
managing director. “Which imaging
modalities make the most sense for spe-
cific patients and pathologies?” he asked.
Prof. Giovanni Staurenghi from the
University of Milan and Luigi Sacco
Hospital, Italy, confessed to some bias in
his presentation, saying “I'm a multi-
modal imaging supporter,” before going
on to explain that measuring visual acu-
ity is not a good way to monitor the pro-
gression of GA. Imaging is crucial to
understand and visualize the anatomy
involved. Prof. Steffen Schmitz-Valcken-
berg from the University of Bonn, Ger-
many, agreed, saying that “imaging plays
a key role in understanding the disease
and in making the difference between
individuals.” For Prof. SriniVas Sadda of
UCLA, Los Angeles, USA, the important
thing is a reliable and efficient endpoint
for assessment of therapeutic efficacy.
Until recently, no definition for atro-
phy had been established to incorporate
and take advantage of the power of multi-
modal imaging, nor were there any guide-
lines for describing or quantifying atrophy
in the setting of neovascular AMD.

Prognostic factors

Prof. Schmitz-Valckenberg explained
the difference between prognostic and
predictive factors. The former affect dis-
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ease progression in an untreated indi-
vidual, whereas the latter term refers to
the effect of treatment.”” As no treat-
ment for GA is yet available, all factors
are prognostic. With the advent of the
investigational drug lampalizumab for
GA, imaging will soon move from being
purely useful for monitoring disease
progression to a predictive function.

In the meantime, however, an im-
portant outstanding question is which
factors affect atrophy progression.

Various potential prognostic factors
have been explored. No epidemiologic
factors have been found to influence dis-
ease progression. Age, sex, blood pres-
sure, smoking and heavy drinking sta-
tus, body mass index, and sedentary
lifestyle were all found to be unrelated
to an increase in GA in a population-
based study of 95 subjects.!” Genetic fac-
tors do make a significant contribution
to GA progression rate, but explain less
than 7% of inter-individual variance in
progression rates.? That said, Roche is
exploring complement factor I as a pre-
dictive genetic factor in its phase 3 trials
of lampalizumab, after the subpopula-
tion with this marker in the phase 2
MAHALO study showed a 44% de-
crease in disease progression compared
with a 20% decrease overall.!

Imaging biomarkers are promising
for monitoring the progression of lesion
growth, and such biomarkers have been
used in different studies. For example,
previous rate of progression was found
to be the most significant factor in pre-
dicting subsequent rate of progression as
measured by color fundus photography
in a natural history study of 212 eyes,
although relying on retrospective quan-
tification of growth is unlikely to be a
practical approach in the clinic.>"

In bilateral cases of GA, progression
rate is highly concordant between the
two eyes, even when lesion size is very
different, with correlation coefficients of
approximately 0.8 reported.”'""

Other factors relate to the configura-
tion of the GA lesions. Eyes that contain
multifocal atrophic lesions at baseline
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are likely to see more rapid increase in
atrophy and decrease in vision than
those with a classic single lesion, while
calculation of a noncircularity index—
the ratio of the measured area to the
area expected for a given perimeter—re-
vealed that the less circular the lesion,
the faster the GA progressed.'*'¢

Phenotypic patterns of abnormal
fundus autofluorescence (FAF) around
the GA lesion correlate with disease pro-
gression.'” Some morphologic markers,
such as outer retinal tubulation, irregu-
lar elevations of the RPE/Bruch’s mem-
brane complex, and vitreoretinal inter-
face abnormalities, have become
available only with the development of
spectral domain optical coherence to-
mography (SD-OCT) and are associ-
ated with faster enlargement rates,
larger lesion size, and multifocal patches
of atrophy.”

Of these potentially useful factors,
Prof. Schmitz-Valckenberg identified
baseline size and circularity as explain-
ing most of the variability in atrophy
progression between patients. It is clear
that reliable tools are essential to accu-
rately diagnose and assess atrophy, and
to follow its course.

Imaging modalities
Unitil recently, studies to identify new
treatment strategies for GA were im-
peded by reliance on loss of visual acu-
ity as the primary outcome variable.
Many eyes with GA will maintain nor-
mal vision for some time, and when vi-
sion does deteriorate, it does so slowly.’
All the speakers at the symposium were
very keen on multimodal imaging, and
all emphasized its value in transitional,
borderline cases in particular. As Prof.
Sadda remarked, “We really need that
combination [of technologies] to know
what’s involved and what’s not.”
Advances in retinal imaging have
distinctly improved the detection of at-
rophy and the morphologic biomarkers
associated with disease progression.
Validated anatomic endpoints have been
accepted by regulatory bodies as pri-
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mary outcome parameters in interven-
tional clinical erials for GA.*

Prof. Staurenghi gave an overview of
the different types of imaging useful in
GA, concluding that whereas no one
type of image is enough to give all the
necessary information, combined they
can build up a picture of the type of GA
or macular atrophy that is present.

Scanning laser ophthalmoscopy
(SLO)-based FAF imaging and en-face
OCT imaging are the most common
techniques used to quantify areas of GA.*

Color photography

Retinal imaging began with color pho-
tography, which has been used to diag-
nose and monitor GA for decades. It is
still used and will continue to be used
in AMD trials to ensure modern studies
using new technology are directly com-
parable with past studies. Color photog-
raphy allows the detection of many fea-
tures associated with GA, such as
drusen, changes to pigment, and atro-
phy. It has relatively low contrast com-
pared with other, newer imaging mo-
dalities, however, so accurate measuring
of atrophic lesions can be a challenge.
Prof. Sadda expanded on the issues with
color photography, saying that good ster-
eopsis is essential to determine the le-
sion’s borders and the contrast is not
always good. It can be difficult to dis-
tinguish atrophy from depigmentation.

Autofluorescence

FAF imaging is a fast technique for
studying the RPE that is noninvasive,
because injection of dye is not necessary.
After more than 10 years of use and with
thousands of machines now in opera-
tion, FAF imaging is considered the gold
standard in retinal imaging of GA. The
FAF in AMD and GA progression stud-
ies, begun in 2006, led to a paradigm
shift toward using FAF to follow pro-
gression of AMD. Area of atrophy mea-
sured using FAF is now accepted by both
the FDA and the EMA as the endpoint
of GA studies. One major advantage of
FAF compared with some of the other
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techniques is that the images are fairly
easy to take, even for nonspecialists.

A blue light is shone onto the retina,
which causes lipofuscin to fluoresce, pro-
viding an indicator of the presence of
RPE cells. Areas of excess lipofuscin ac-
cumulation in a single cell or because of
cells overlapping, possibly a sign of early
degenerative change, will appear hyper-
fluorescent, while areas missing from the
RPE appear black (Figure I). Software
is available to measure atrophic areas.
For example, RegionFinder software
from Heidelberg Engineering can not
only quantify areas of GA but also track
progression over time, producing time-
lapse movies of lesion growth that can
help educate patients about the course of
their disease. (Figure 2)

Commercially available FAF systems
can be based either on a modified fun-
dus camera or on SLO, which uses a
low-power laser beam that sweeps across
the fundus in a raster pattern. The SLO
produces very high-quality images with
high contrast and low background noise
and, due to the confocal aperture, can
be focused directly on the target tissue
of interest, eliminating light from sur-
rounding sources of fluorescence such as
the lens. This allows confocal SLO to
use blue light, not only the green light
used by a conventional fundus camera.
Automatic real-time image processing
means that images appear instantly on
a computer screen and adjustments can
be made on the spot.

FAF provides information not only
about the area of atrophy but also about
the surrounding area. FAF patterns ob-
served in the junctional zone of patients
with GA have been classified into phe-
notypes that correlate strongly with GA
progression.’ Infrared (IR) and green
autofluorescence imaging are often used
to supplement blue laser FAF. Accord-
ing to Prof. Sadda, the use of IR in par-
ticular can give good contrast and reveal
whether there is foveal sparing (Figure
3). Reticular pseudodrusen are best vi-
sualized using IR and FAF images. The
presence of reticular pseudodrusen
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FIGURE 2. The RegionFinder software (Heidelberg Engineering) allows the measurement of
areas of atrophy for close monitoring of progression.
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shows high correlation with the pres-

ence of GA, and GA is observed to

spread into areas that contain them.'
Prof. Staurenghi showed images

from the same eye using different types
of autofluorescence to demonstrate that
it can be difficult to tell whether the fo-
vea is involved in the atrophy using blue
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light alone, because macular pigment
absorbs blue light (Figure 4). Green
light, with its longer wavelength, can be
used to effectively look past the con-
founding macular pigment and reveal
the fovea more clearly.

Prof. Schmitz-Valckenberg showed
examples of patients with atrophic le-
sions resembling GA, only one of which
was actually AMD (other conditions
often mistaken for GA: central areolar
choroidal dystrophy and Stargardt dis-
ease). FAF made this clearer than color
photography, allowing better detection
of lesion boundaries and revealing rele-
vant changes around the lesion.

Optical coherence tomography

Prof. Sadda said that transitional cases
sometimes can present a challenge to
autofluorescence imaging. “It’s not like
one day you have no atrophy and the
next day you have atrophy; these cases
go through an evolution,” he explained.
Vitality of the RPE is not the only factor
of significance in GA. Both color pho-
tography and FAF produce planar im-
ages, so these cannot reveal whether the
photoreceptors are intact.

The beauty of OCT is that it pro-
vides 3-dimensional cross-sectional and
en-face information and allows detailed
inspection of the fine structures of the
retina and the RPE.# Individual retinal
layers can be visualized to assess how
severely the RPE and photoreceptors are
affected, and the impact of atrophy can
be quantified. For example, outer and
inner segments can be examined. Prof.
Schmitz-Valckenberg commented,
“Some recent data have shown that the
inner nuclear layer is increased in areas
of atrophy. This is interesting because
the current understanding is that this
disease is an outer retinal disease with
preservation of inner retinal layers.”"
OCT is also a useful method to look at
the areas around the atrophy, such as
outer retinal tubulation or splitting.

On the other hand, it is more time
consuming and labor intensive to inter-
pret SD-OCT output than to examine
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FIGURE 3. Infrared imaging can give good contrast and reveal foveal sparing in cases in which
the fundus autofluorescence image is unclear, illustrating the benefits of multimodal imaging of

geographic atrophy.
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FIGURE 4. Using different wavelengths for autofluorescence can provide different
information. Here, blue-light autofluorescence makes it more difficult to tell whether the
fovea is involved in the atrophy (left), whereas green light, with its longer wavelength,
bypasses the macular pigment and clearly reveals the margins of the atrophy (right).

a single image produced by one of the
simpler imaging modalities.*

In a multimodal approach, cross-sec-
tional OCT scans are reviewed together
with, for example, FAF images to fully
appreciate the structural and metabolic
changes associated with GA (Figure 5).

For Prof. Staurenghi, the main ad-
vantage of novel OCT angiography is
that it can reveal whether choroid capil-
laries are present or not and that it allows
clear differentiation between GA and at-
rophy secondary to another disease. Prof.
Schmitz-Valckenberg believes the most

useful applications of OCT angiography
in dry AMD are probably for the detec-
tion of silent or subclinical choroidal
neovascularization and for differential
diagnosis (Figure 6). “I've seen some
beautiful images from Giovanni [Stau-
renghi] during this conference,” he said.
“He showed that the detection of the
choroid capillaries is changed in patients
with other causes of atrophy as compared
to patients with AMD.”
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Classification of

Atrophy Meetings

Prof. Sadda gave an extensive overview
of the Classification of Atrophy Meet-
ings (CAM), a series of three meetings
of a consortium of international experts
held in 2015 and 2016 that aimed to
produce a consensus approach to the no-

menclature and description of atrophy
and to evaluate currently available imag-
ing technologies with respect to detec-
tion, quantification, and monitoring of
atrophy.* Prior to each meeting, exer-
cises comprising multimodal images of
particular cases were distributed to more
than 60 panel members, who were asked

FIGURE 5. Simultaneous fundus autofluorescence and optical coherence tomography
imaging provide a new perspective on structure and metabolic activity within the retina.

FIGURE 6. Optical coherence tomography (OCT)
angiography (top left) and structural OCT transverse

to label and diagnose the images. For
example: “Is this GA?,” “Which of these
serial images shows the first evidence of
atrophy?,” and “Where are the borders of
this GA?” The hope was to establish ar-
eas of accord and to identify strengths
and challenges for the detection of atro-
phy using each imaging modality.

The main focus of the meetings was
a systematic discussion of the role of dif-
ferent imaging modalities in AMD.
Prior to the meetings, no definition for
atrophy had been established to incor-
porate and take advantage of the power
of multimodal imaging, nor were there
any guidelines for describing or quanti-
fying atrophy. It was widely believed
that multimodal definitions of atrophy
would be necessary, but OCT was cho-
sen as the base modality in the hope
that it would allow definition of an
early endpoint for atrophy before de-
finitive evidence becomes visible via
other modalities.
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section analysis (top right) of a subretinal pigment
epithelium slab (bottom; segmentation in red, flow in
yellow) illustrate flow patterns and hypertransmission
in the choroid in an area of geographic atrophy (cyan

outline).
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FIGURE 7. Participants in the second Classification of Atrophy Meeting were asked,
without being given any guidance, to move the red line to where they believed the edge of
the atrophy was on multimodal images from the same eye. Each red line represents one
assessor. In this case, the spread of results from the optical coherence tomography image
(left) was wide, whereas the results from fundus autofluorescence (center) and infrared
(right) were clearer.

OCT makes it possible to determine
whether only the photoreceptors are
atrophic or if the RPE is also involved.

CAM-2 focused on trying to classify
atrophy at an anatomic level, to deter-
mine which retinal layers are involved,
using OCT. An interesting exercise
asked the faculty to mark where they
believed the border of atrophy was on a
set of retinal images, initially without
any further instructions (Figure 7). The
lack of criteria to define the boundary of
the atrophy and difficulties in pinpoint-
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