
Risk of geographic
atrophy inQ1 age-related
macular degeneration
in patients treated
with intravitreal
anti-VEGF agents

M Gemenetzi1, AJ Lotery2,3 and PJ Patel1

Abstract

Anti-vascular endothelial growth factor
(VEGF) intravitreal agents are the only suc-
cessful treatment for wet age-related macular
degeneration (AMD). However, there are
emerging signals that anti-VEGF treatment can
potentially increase development of geo-
graphic atrophy (GA). Histopathologic, animal,
and clinical studies support this hypothesis
although direct proof of a relationship between
GA and use of anti-VEGF agents in neovas-
cular AMD is not yet established. This review
presents current evidence supporting an asso-
ciation between anti-VEGF therapy and pro-
gression of geographic atrophy. The need of
exploring alternative methods of treating AMD
is indirectly but clearly emphasized.
Eye (2016) 00, 1–9. doi:10.1038/eye.2016.208

Introduction

Geographic atrophy (GA) can develop from both
the wet and the dry forms of age-related macular
degeneration (AMD).1 Retrospective data
analysed from multicentre clinical trials
demonstrate the necessity of long term follow-
up of patients treated with anti-vascular
endothelial growth factor (anti-VEGF) agents,
both to monitor long-term visual outcomes and
also to evaluate safety of this therapy with
respect to the risk of developing GA.2–4

Recently, phase III clinical trials have begun to
evaluate treatment for geographic atrophy (the
parallel CHROMA and SPECTRI studies,
ClinicalTrials.gov Identifier: NCT02247479 and
NCT02247531, respectively).
Genetic predisposition to developing AMD is

well-established;5,6 thus, identifying potential

novel treatment pathways such as complement
inhibition as future treatment options. Currently
though, anti-VEGF therapy is the only option
available to delay progression in patients
affected with choroidal neovascularization
(CNV).7

The anti-angiogenic approach to treating
neovascular AMD (nAMD) has been
undoubtedly successful but is AMD treatment at
risk of becoming monolithic? Possibly, if its
scientific approach is limited to causing blood
vessels to regress or become less permeable.8

Geographic atrophy and CNV:
pathophysiologic considerations

Before the anti-VEGF era

In 1999, before anti-VEGF treatment Q2for nAMD,
histopathologic study of 760 eyes with AMD by
Green9 noted retinal pigment epithelial (RPE)
atrophy in 37% of eyes. This was associated with
disciform scars. Thus, suggesting that GA is
associated with CNV.
Sunness et al10 prospectively looked at the

natural history of 152 patients with GA and no
CNV by fluorescein angiography in at least one
eye, with annual follow-up for 4 years. She
found CNV did not develop in areas of GA, but
rather in areas of preserved retina surrounding
the GA or in spared foveal regions. Schatz and
McDonald11 reported that CNV did not develop
in areas of GA, when the choriocapillaris (CC)
was absent as a consequence of atrophy of the
RPE, which was additionally supported by
previous histopathologic work.12

Sarks et al13 tried to trace the evolution of GA
based on clinical documentation and by clinico-
morphological correlation in representative eyes.
They observed that ‘new vessel ingrowth is
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dependent upon a viable RPE and can only occur outside
the area of atrophy, which limits neovascular response, so
that the latter may even remain subclinical’.
Hence, there is evidence to suggest that in cases where

GA precedes CNV development, the latter does not
develop within the area of GA. It is therefore unlikely to
‘miss’ pre-existing GA in eyes with CNV about to be
treated with anti-VEGF, especially given the availability
of current advanced imaging techniques, as a result of
‘masked’ GA by the co-existing CNV lesion, unless there
is a great amount of haemorrhages and exudates.

In the anti-VEGF era

Saint-Geniez et al14 found that in mice, the absence of
diffusible VEGF isoforms, 120 and 164, led to an age-
dependent degeneration of the RPE-CC similar to dry-
atrophic AMD: beginning at 7 months of age, mice that
only produced VEGF188 exhibited a progressive
degeneration of the RPE/CC/Bruch’s membrane, and the
subsequent increased photoreceptor apoptosis led to a
marked decline in visual acuity detected by
electroretinography. Increased autofluorescence (AF) and
accumulation of basal laminar deposits were observed,
which finally evolved to focal choroidal atrophy and RPE
attenuation similar to human GA. The authors also
showed that there was an autocrine VEGF function in vivo
and that this was necessary for the maintenance of the
RPE-complex integrity. It is of note that absence of the
VEGF isoforms mentioned above had an impact on the
integrity of the RPE/CC complex only in older mice and
was age-dependent.

‘RPE atrophy vs choroidal atrophy’ in AMD According to
Bhutto and Lutty15 there is a ‘mutualistic symbiotic
relationship’ between the components of the
photoreceptor/RPE/Bruch’s membrane/CC complex and
subsequently between degenerating RPE and CC. Lutty’s
lab team had previously shown that at least in advanced
dry AMD (GA), RPE atrophy occurs first, followed by CC
degeneration, whereas CC degeneration precedes RPE
atrophy in wet AMD.16

There is contradicting evidence suggesting age-related
thinning of the choroid, and there are also questions
regarding accuracy of measuring choroidal thickness in a
clinical setting using spectral domain OCT.17,18 McLeod
et al19 developed an image analysis methodology to
quantify changes in RPE and CC in post-mortem human
eyes with AMD: choroidal tissue was incubated for
alkaline phosphatase activity (APase) that indicates
endothelial cell viability and is found in viable choroidal
blood vessels. Loss of RPE and CC was quantified using
illumination for capturing images, and Adobe Photoshop
used to determine the number of blue pixels from APase-

stained choroidal blood vessels.20 Their technique showed
that loss of RPE was related to loss of CC and that there is
a linear relationship between the loss of RPE and loss of
CC in GA.
Bhutto et al recently published their results on a study

of human donor eyes on choroidal tissue of patients with
clinically diagnosed AMD and choroidal tissue of age-
matched controls without evidence of macular disease.
This was the first report to show that mast cell (MC)
numbers and activation were increased in all forms of
AMD, including early AMD.21 The authors stated that
MCs within choroidal neovascular membranes release
proteolytic enzymes, which may lead to thinning of the
choroid in AMD and degradation of Bruch’s membrane;
this may result in RPE death and CC degeneration, which
the same authors had documented before in both GA
and nAMD.
Mullins et al performed a series of morphometric

experiments in which they assessed the relationship of the
vasculature with sub-RPE deposits in the human macula.
They found the density of pathologic deposits was
strongly linked to the density of the choroidal
vasculature, with eyes having the most drusen showing
the lowest vascular density.22

Kaszubski et al1 very recently reviewed the literature on
the epidemiology, clinical presentation, and treatment
options for patients with the combined GA/CNV entity.
Most of the clinical studies, mentioned in their review
article, focused on the incidence of CNV in eyes with GA
at baseline as in the Macular Photocoagulation Study
(MPS) and the Beaver Dam Eye Study.23–25 In addition,
Grob et al26 found that GA tends to occur before CNV
development in the combined form in their study, in
which they found no significant higher frequency of
certain gene alleles related to specific AMD phenotypes.
In large, clinical, prospective studies described in more

detail below, the appearance of the area of GA detected
using colour fundus photography in patients with CNV
and on anti-VEGF treatment at 2-year follow-up, was
clinically indistinguishable from areas of GA where no
CNV seemed to be present. This is consistent with the
finding that photoreceptor and RPE degenerate in a
horse-shoe-shaped pattern surrounding the fovea as
mentioned above,15 regardless of the timing of events
(does RPE atrophy occur first or does CC degeneration
precede RPE atrophy?) and of the form of AMD (dry
AMD or combined CNV and GA).
Evidence based on the above laboratory and clinical

studies still generate questions about the molecular
pathways involved in the development of the two forms
of AMD, ‘exudative’ and ‘dry’, as well as about the
‘combined form of GA and CNV’. Is it worth thinking of
AMD as one disease or is it two different independently
working mechanisms leading to two clinically separate
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forms? Are the molecular pathways involved in the
development of geographic atrophy similar to the ones
involved in the development of GA on a background of
neovascularization, especially when the latter is treated
with anti-VEGF?

Clinical evidence on GA and anti-VEGF treatment

Prospective studies

Comparison of AMD treatment trials Assessing the risk of
geographic atrophy in the comparison of AMD
treatments trials (CATT), Grunwald et al assessed lesions
developing during 2 years of anti-VEGF therapy based on
coloured fundus photography and fundus fluorescein
angiography (FFA).2 Trained and certified graders at the
CATT Fundus Photograph Reading Centre reviewed the
images at baseline and at follow-ups. OCT scans were not
used to assess presence of GA. Only patients without
evidence of GA in the study eye at enrolment were
considered as being at risk of developing incident GA
(GA not present before treatment initiation).

Pertinent findingsQ3 In all, 187 (18%) of the 1024 patients
who were included in the trial developed GA by 2 years,
and independent baseline risk factors associated with
higher risk of GA were the following: poor visual acuity
at baseline in the study eye and in the fellow eye
(Po0.03); retinal angiomatous proliferation (RAP;
Po0.0001); presence of intraretinal fluid (Po0.0001) and
absence of subretinal fluid (Po0.0001); monthly dosing as
opposed to eyes treated PRN ( adjusted hazard ratio, 1.59;
95% confidence interval, 1.17–2.16 on multivariate
analysis); and treatment with ranibizumab as opposed to
bevacizumab (adjusted hazard ratio, 1.43; 95% confidence
interval, 1.06–1.93). Interestingly, eyes with any subretinal
fluid in the foveal centre were at a less risk than eyes
without subretinal fluid.
The same group published their results on the

evaluation of growth of GA in the CATT trial patients
during anti-VEGF treatment.3 The CATT cohort consisted
of 1185 patients with AMD-related CNV, but patients
with foveal centre GA were excluded. Morphologic
features of the study eyes were evaluated as in the
previous study, and whereas GA detected at baseline was
considered as ‘prevalent GA’, GA at years 1 or 2 or both
was considered as ‘incident GA’. When prevalent and
incident GA were considered together, ranibizumab
treatment (P= 0.02), GA in the fellow eye (P= 0.02), and
area of GA at baseline (Po0.001) were significantly
associated with faster growth.
To alleviate concerns about the dependence of growth

rate on initial area, the investigators included the initial
area in the model of growth measurement and found that

this was not associated with the growth rate. They also
found no significant difference in the mean growth rate
between PRN (as needed) and monthly treatment, and
consequently found no significant association of the
number of injections with GA growth rate. The greater the
distance of the GA lesion to the fovea was the higher the
growth rate of the former (P= 0.03). GA growth rate
doubled in CNV with a classic component and it was also
higher when GA developed within or in close proximity
to the CNV lesion. In the group where patients switched Q4
from monthly treatment during year 1 to PRN treatment
during year 2, incidence of GA was lower in year 2.
The results of following up 529 CATT participants for 5

years to evaluate the size and growth of GA were
announced at the ARVO meeting this year: GA size
increased over time by a mean of 0.29 (0.02) mm/year
although GA growth rate decreased from years 1 to 5.
Eyes with predominantly classic lesions and those
without sub-RPE fluid at baseline exhibited higher GA
growth. There was no significant difference in GA growth
between GA associated with the CNV lesion and GA that
was outside the CNV lesion. There was no significant
difference between the two drug types either. The dosing
regimen did not affect outcomes regarding GA growth at
the end of the 5-year follow-up.27

Alternative Treatments to Inhibit VEGF in Age-related
Choroidal Neovascularization trial In the 2-year findings of
the Alternative Treatments to Inhibit VEGF in Age-related
Choroidal Neovascularization trial (IVAN), the
percentage of participants with new GA was not different
between drug groups but it was significantly lower in the
arms where discontinuous treatment was applied
(P= 0.03).4

In the same report it was noted that continuous
treatment (monthly) offered a slightly better visual
function than PRN treatment but ‘this was not reflected in
the primary outcome of best-corrected visual acuity or in
self-reported health-related quality of life’.
Both the CATT and the IVAN trials are well-designed,

prospective studies using a standardized, well-defined
protocol to administer treatment and in which detection
of GA was on the basis of colour fundus photography.
The relationship between the development of GA and
frequency of anti-VEGF treatment has been shown
significant in both studies during the first 2 years of
follow-up. However, the type of anti-VEGF treatment
does not seem to have had an impact on the development
of GA in the IVAN trial as it was in the CATT trial during
the first 2 years of follow-up. The impact of anti-VEGF
type was not significant in the CATT cohort of patients
who were followed up for 5 years as well. The outcomes
of the 5-year follow-up of this cohort of CATT patients are
overall consistent with the ones of the shorter follow up of
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2 years: classic or predominantly classic CNV appears to
be closely related to GA development and growth rate of
GA both in the short-term as well as in the long-term
follow-up. There was no significant association of the
number of injections with GA growth rate in the 2-year
and 5-year follow-up although the difference was
significant in year 1. It seems, perhaps frequency of
treatment affects development of incident GA initially,
but it has no impact on growth rate in the long term.
There was one more discrepancy between the results in
the 2-year and the 5-year follow-up: localization of GA in
the 5-year follow-up made no difference in terms of GA
growth rate and proximity to the CNV lesion as opposed
to the 2-year findings, where GA growth rate was higher
when closer to the CNV lesion.
It is of note that patients in the 5-year follow-up cohort

had been released from protocol treatment at 2 years and
presumably anti-VEGF treatment was less uniform in
terms of the frequency or the type of anti-VEGF agent
they were receiving after their release from the CATT
study protocol.
High-contrast, distance visual acuity testing is not the

only method to detect functional impairment. Other
aspects of visual function such as low luminance vision,
contrast sensitivity, retinal sensitivity testing (using
micro-perimetry), or reading ability may be alternative
ways of detecting vision function impairment in GA.
These alternative tests may be more reliable than visual
acuity testing, in detecting and quantifying the magnitude
of visual function impairment due to GA. Indeed,
improvement in visual acuity is not synonymous with
improved reading ability, as Sarks et al13 noted several
years ago, and visual retraining may direct patients to use
a more ‘suitable’ area of retina in order to deal with loss of
fixation.28 This may also vary among patients and there is
no objective prognostic indicator to predict the speed or
severity of disability due to vision loss in patients with
GA. In part, this is due to variability of the location of GA
in the macula between eyes and indeed the direction of
expansion of these areas of atrophy.
One important consideration that merits emphasizing is

that there is no single, gold standard imaging modality
with respect to detection of GA. It is also true that in the
trials discussed above, colour fundus photography was
the diagnostic tool used in the assessment, which some
consider the least sensitive method for the
detection of GA.
However, in addition to large clinical trials, there are

retrospective, ‘real-world’ studies with relatively large
samples and a longer follow-up time where the impact of
anti-VEGF treatment on the development of GA has been
evaluated. Advanced imaging technology was used in
most of these studies to assess the existence and
progression of GA.

Retrospective studies

Gillies et al analysed the long-term outcomes of anti-VEGF
treatment in 1212 eyes with nAMD in an observational
study with a mean follow-up of 53.5 months. Loss of 410
letters occurred in 32% of the eyes that continued
treatment for 46.5 years, and GA at the centre of the
fovea was the most common cause of visual loss,
accounting for 37% of the total.29 Comparing their
methods and results with similar reports such as the
SEVEN-UP and the UK EMR Users Group studies,30,31

they stated more injections were given in their study and
better VA results were achieved. The percentage of
atrophy involving the foveal centre in the Gillies study
was much lower than that recorded in others, for
example, in the SEVEN-UP study. However, the authors
admit that the percentage Q5of GA they reported as the
major cause of visual loss in their study was an
underestimate because a lot of patients who developed
central macular atrophy (MA) before 6.5 years had
discontinued treatment. A little o10% discontinued
during the Q6first 2 years, increasing to 46% from the
third to the fifth year after commencing treatment.
They also accept that there were different treatment
protocols, and baseline VA differed among studies so that
a precise and valid comparison of all variables and results
cannot be made.
Notably, in the SEVEN-UP study, although better VA

outcomes were obtained in patients receiving a higher
number of injections, macular thinning (atrophy) was the
key anatomic determinant of long-term visual outcomes
and the only variable demonstrating a significant
association with final vision loss. The SEVEN-UP study
was a multi-centre, cross-sectional study of the long-term
outcomes of a cohort of patients treated with ranibizumab
within the ANCHOR and the MARINA trials, and
subsequently enrolled and treated with ranibizumab in
the HORIZON study.32–35 The aim was to evaluate results
after 7 years of treatment with ranibizumab. Fibrotic scars
and continuous leakage were finally displayed in retinal
imaging in one-third and in half of the eyes included in
the study, respectively, but virtually all eyes had
shown MA.
In the most recent publication of the SEVEN-UP study,

MA was less severe in the study eyes than in fellow eyes
with nAMD. The authors therefore concluded that
monthly ranibizumab injections did not lead to atrophy
progression over time.36 However, the small cohort,
increased selection bias and heterogeneity of patients
regarding their condition at baseline, and how they were
treated over a course of 7–8 years make it difficult to draw
conclusions. The assertion that long-term anti-VEGF
therapy does not affect development or growth rate of GA
cannot therefore be confirmed.
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Similar results and conclusions were presented in
publications by the HARBOR study group: in the
HARBOR trial, investigators evaluated the efficacy and
safety of intravitreal ranibizumab 0.5 and 2.0 mg
administered monthly and on an as-needed (PRN) basis
in treatment-naive patients with subfoveal nAMD (wet
AMD). The HARBOR investigators retrospectively used
coloured fundus photography and FFA to assess GA, and
their results were comparable to the ones of the CATT
and the IVAN trials.37

Smaller-scale retrospective studies Lois et al detected RPE
atrophy using short-wavelength AF and near-infrared AF
(NIA) in a retrospective review of AMD patients with
CNV treated with anti-VEGF.38 They looked at atrophy at
baseline and at progression of atrophy at follow-up of 72
eyes, treated with ranibizumab only, for a median of
16 months. They defined atrophy at baseline as a reduced
signal in both AF and NIA of 40.05 mm2 in the absence
of haemorrhage, exudates, or blockage of the AF/NIA
signal related to the CNV when this was subretinal. They
defined progression of atrophy as any enlargement of pre-
existing atrophy or new atrophy as shown on both the AF
and NIA images. As in most retrospective studies, there
were no strict re-treatment criteria but patients were
mostly treated with monthly injections until VA did not
further improve in two consecutive visits. From that point
onwards there were monthly follow-ups and treatment
was offered on a PRN basis. Most of their patients had
occult CNV. In 62% of the eyes studied, there was
progression of atrophy at the last follow-up, and in 58%,
the area of atrophy involved the centre of the macula. In
84% of the eyes in which there was progression of
atrophy, no atrophy was detected at baseline. The number
of ranibizumab injections was significantly associated
with progression of atrophy but there was no evidence
that the presence of atrophy at baseline or that the length
of follow-up were associated with atrophy progression.
VA decreased by 0.064 logarithm of the minimum angle
of resolution in eyes that had developed central atrophy
at follow-up while VA increased by 0.006 in eyes without
central atrophy.
Another retrospective review of patients’ records seen

by the retina service at the University of British Columbia
included 415 eyes with nAMD treated with either
bevacizumab or ranibizumab and a mean follow-up
period of 2.2 years.39 Patients were treated based on a
‘treat and extend’ regimen. They used non-treated fellow
eyes with non-nAMD as controls. In this study, Cirrus
HD-OCT was used to evaluate RPE atrophy using the
advanced RPE analysis tool on the Cirrus HD-OCT
software. They also measured subfoveal choroidal
thickness using the same software and the manual caliper
function at baseline and at the final follow-up. RPE

atrophy progression was significantly higher in eyes with
nAMD treated with anti-VEGF than in controls
(Po0.001). The amount of atrophy progression was
significantly and independently associated with age
(P= 0.004), the number of bevacizumab injections
(Po0.001), and the number of ranibizumab injections
(P= 0.001). The difference between atrophy and number
of injections for the two types of anti-VEGF was not
statistically significant. Choroidal atrophy was also
independently associated with the number of anti-VEGF
injections regardless of the anti-VEGF drug used, and it
was more pronounced in eyes treated with anti-VEGF
therapy for nAMD than in controls (Po0.001).
Xu et al used both NIA/AF and SD-OCT (spectral

domain-OCT) to detect GA in nAMD patients treated
with either ranibizumab or bevacizumab and/or
aflibercept in a treat and extend regimen, as well as FFA
to classify neovascular lesion subtypes.40 They included
94 eyes of 91 patients and a minimum of 12 months
follow-up. Central GA at baseline was an exclusion
criterion. Multiple logistic regression and multiple linear
regression analysis were used to model odds of
developing GA and to identify factors that affected a
change in the area of GA. About 37% of the eyes included
and that Q7did not have apparent baseline GA, developed
GA at the last follow-up, and all of the eyes that had GA
at baseline (18%) had enlargement of the GA areas. No
other variables except for the number of anti-VEGF
injections (P= 0.02) and the neovascularization type
(Po0.001) were related to GA development. What the
authors stated as novel in this study was the combination
of NIA/AF and SD-OCT to distinguish causes of hyper-
reflectance on NIA. They also pointed out that anatomical
classification is important in the prognosis of GA risk
development in eyes treated with anti-VEGF therapy for
nAMD because eyes with type I CNV (occult) were
previously found to be resistant to the development of
GA.41 This finding is supported by Grossniklaus and
Green42 who suggested that the RPE and the
photoreceptors get some nutritional support from the
neovascular tissue underneath the RPE in type I
neovascularization. This maybe one of the reasons that in
clinical trials testing efficacy and safety of anti-VEGF
therapy, visual improvement was not as significant in
CNV type I as in classic CNV.34

Classification of CNV, as ‘classic/well defined’ or
‘occult/poor defined’, was initially based on FFA and
described in the MPS.43,44 The idea to relate the location of
the membrane with respect to the RPE belongs to Gass.
He introduced the terms type I CNV to describe new
vessels developing in the sub-RPE space, and type II for
new vessels developing above the RPE.45 Following the
advent of multimodal imaging, especially SD-OCT,
Freund et al46 proposed a shift in the classification of
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neovascularization towards Gass’ histologic classification.
They added a third entity, intraretinal neovascularization,
also known as RAP, and lesions with more than one
neovascular type (mixed neovascularization).
In the combined utilization of OCT/NIA study, an

assumingly increased risk of GA development in CNV
type II (classic) was not directly confirmed but there was a
significantly higher number of eyes with type III (RAP)
CNV, which developed GA. Numbers of eyes with CNV
type I and CNV type III were similar, as in the
CATT study.
Abdelfattah et al assessed the frequency and quantify

the progression of MA in patients with nAMD
undergoing treatment with anti-VEGF therapy for 42
years.47 In their final analysis they included 54 eyes of 46
patients diagnosed with wet AMD in this retrospective
study. They used Cirrus SD-OCT to detect and measure
GA. Patients received treatment with intravitreal
ranibizumab, aflibercept, and/or bevacizumab in the
study eye, and treatment was based on a treat and extend
algorithm. MA was noted at baseline in 59% of the eyes
studied and progressed in all eyes over the next 2 years.
MA developed by 2 years in 21% of eyes without MA at
baseline. The total number of injections administered was
positively correlated with GA annual enlargement rate
(R= 0.54, R2= 0.3, Po0.01). Total number of injections not
significant for the development of new GA (R= 0.26,
R2= 0.07, P= 0.17). None of the other evaluated variables
were found to predict development or progression of GA
except for presence of coronary artery disease but the
authors stated the study was not powered to detect small
effects. R. The investigatorsQ8 concluded the rate of GA
enlargement was positively correlated with the number of
injections. They added however that GA did not appear
to be greater than that reported for atrophy in the absence
of CNV.

Subretinal drusenoid deposits and GA Other associations
for GA progression and for visual loss during anti-VEGF
treatment have been also investigated. A retrospective
cohort study of dry AMD patients with GA, to assess the
risk of progression of GA and reticular pseudodrusen
(RPD), showed that presence of the latter is significantly
associated with GA progression (Po0.001),48 confirming
the association that Schmitz-Valkenberg et al49 had
previously described.
Early detection of photoreceptor degeneration in eyes

with subretinal drusenoid deposits, another term for
reticular pseudodrusen, could be a biomarker prognostic
of advanced AMD, including GA development with
subsequent visual loss as supported mainly by the use of
adaptive optics imaging50–53 in addition to older
histopathologic findings of drusenoid deposits on the
inner RPE in areas surrounding geographic atrophy.13

Therefore, presence of such lesions in eyes that are
treated for wet AMD with anti-VEGF therapy should be
noted, not only in the context of future prospective
studies, but even in routine clinical practice, where a
combination of continuous anti-VEGF administration and
pre-existing RPD could increase chances of visual loss due
to GA progression.

Conclusions

Review of the literature demonstrates that there are
emerging signals of anti-VEGF treatment potentially
increasing the chance of GA development and
progression. The impact of GA on patients’ visual
function and quality of life has not been determined as
studies have limited follow-up and were limited by the
reliance on high-contrast, distance visual acuity as the
sole functional outcome measure. High-contrast, distance
visual acuity is relatively unaffected by GA until
advanced stages when there is foveal involvement. Poor

Table 1 Clinical studies outline of GA development or progression in patients treated with anti-VEGF for wet AMD

Study name Type of
study

Anti-VEGF
type Follow-up duration Imaging modality type

Most investigated and frequently identified risk
factors

Ps* Rs* B* R* A* Q12≤ 1 year 41 year FP*/FFA OCT AF NIR Treatment frequency CNV type

CATT (1 year) + − + + − + − + − − − + +
CATT (2 years) + − + + − − + + − − − + +
CATT (5 years) + − + + − − + + − − − − +
IVAN (2 years) + − + + − − + + − − − + n/a
Gillies et al − + + + + − + ? + ? ? − n/a
SEVEN-UP − + − + − − + + + + − − n/a
Lois et al − + − + − − + + − + + + +
Young et al − + + + − − + − + − − + +
Xu et al − + + + + − + + + + + + +

Abbreviations: A*, aflibercept; B*, bevacizumab; FP*, fundus photography; Ps*, prospective; R*, ranibizumab; Rs*, retrospective.
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contrast sensitivity, altered dark adaptation, low
luminance VA, and mesopic vision could be means of
further evaluation in future studies.
The hypothesis that anti-VEGF agents are significantly

associated with GA development has been supported
both by animal models and studies of post-mortem
human eyes.
Direct proof of a cause–effect relationship between GA

and use of anti-VEGF agents in nAMD is not yet
established. If an association between GA and anti-VEGF
in AMD is to be directly proven in the future, it is likely
that certain parameters will be implicated: type of
neovascular lesion or the number of anti-VEGF injections
as displayed in Table 1. Eyes with RAP and possibly eyes
with classic CNV may have an increased risk of
developing atrophy when treated long term with anti-
VEGF agents. A higher number of injections was
associated with increased risk of GA development
although not with an increased GA growth rate in the
long term. Occult CNV has been found to be more
‘resistant’ to the development of GA, but also tends to
cause less visual impairment. Therefore, a small amount
of sub-retinal fluid (SRF) in the foveal centre displayed on
the OCT, should be a reason to consider reduced
treatment frequency or even just observation until further
proof of CNV activity is established.
CNV development is the normal wound-healing

response in an environment of chronic inflammation.
Unfortunately, it ultimately leads to scar formation,
which impairs central vision.54,55 Therefore, preservation
of vessels and outer retinal layers from irreversible
damage, rather than destruction, seems more appropriate
argued Kent8 emphasizing the need to try and ‘arrest’ the
disease at a ‘pro-angiogenic stage’ rather than simply
targeting new vessels.
It has to be underlined that large, prospective

controlled studies investigating the above would be the
gold standard in addressing the association described.
A multi-centre, randomized study is currently taking
place to investigate non-inferiority of a treat and extend
protocol of 0.5 mg ranibizumab based on the presence of
incomplete resolution of SRF ≤ 200 μm at the foveal centre
in patients with nAMD.56 Newly developed MA is a
secondary additional endpoint and a multimodal imaging
approach will be used. We are still awaiting the results of
this study. However, and until further evidence is
available, clinicians should aim to develop treatment anti-
VEGF treatment strategies which do not lead to over-treat
whilst still maximizing treatment benefit from anti-VEGF
therapy. In the future, we will need to develop alternative
therapies to militate against this devastating
complication, which may either represent an outcome of
the natural course of the disease or be a consequence of
anti-VEGF therapy or both.
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