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Anti-VEGF agents have revolutionised outcomes for
people with age-related macular degeneration (AMD)
but nonadherence with the frequent injections
needed and the monitoring required is a significant
issue. New drugs are being developed that require
fewer treatments, thereby improving treatment
efficacy and reducing disease burden.

cause of severe vision loss in our community and is the

cause of blindness in about 50% of Australians who are
legally blind.! Intravitreally injected anti-vascular endothelial
growth factor (anti-VEGF) drugs have significantly reduced
blindness due to AMD complicated by choroidal bleeding. Unfor-
tunately, the burden of continued monitoring and treatment and
the economic costs associated with therapy for the patient and
the Australian healthcare system have also increased significantly.
Newer drugs and delivery systems and different treatment regi-
mens are being investigated in the hope of being able to overcome
these challenges.

Q ge-related macular degeneration (AMD) is the leading
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It is estimated that in 2010 there were about one million Aus-

tralians with AMD, equivalent to one in seven people over 50 years
of age.! Based on current projections, this will increase by over
70% to 1.77 million people by 2030.! Twice as many patients will
suffer bilateral visual impairment, up from 107,000 in 2010 to
more than 215,000 by 2030."

Clinical presentation and diagnosis

Patients with AMD often present to their GP with acute blurred
vision or distorted central vision (metamorphopsia). Metamor-
phopsia may have been self-detected using an Amsler grid (Figure 1).
Other symptoms may include central scotoma or decreased
contrast sensitivity. Early ophthalmology referral is warranted
when patients have developed any of these symptoms.

AMD may be classified into early ‘dry’ and late stages. In the
early dry form, cellular debris (drusen) accumulates between the
retina and the choroid and is associated with changes in the
macular pigment (Figure 2a). Clinical progression is usually slow,
and patients are often asymptomatic. There is currently no treat-
ment available for early AMD and ongoing monitoring for late
AMD is the mainstay of management. Dietary supplementation
to slow clinical progression may be indicated in some forms of
early AMD.

Late AMD can be divided into wet (neovascular) and dry
(atrophic) forms. Wet AMD results from a growth of abnormal
vasculature from the choroid (the vascular tissue layer beneath
the retina) in response to vascular endothelial growth factor
(VEGF) expressed by the disrupted retinal pigment epithelium.?
This process is termed choroidal neovascularisation. These vessels
leak or bleed, causing serous or haemorrhagic elevation of the
macula and eventual scarring (Figure 2b). This form is often
associated with rapid, severe deterioration of vision, particularly
if choroidal neovascularisation is active. Wet AMD is treatable
with intravitreal injections of anti-VEGEF agents (see below).

‘Late dry’ or atrophic AMD refers to the formation of geographic

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2017.

© BSIP/MEDICALIMAGES.COM



atrophy resulting from end-stage cell death
of the retinal pigment epithelium and
photoreceptors. These appear as pale
islands at the macula (Figure 2¢). Vision
loss in atrophic AMD is variable depending
on foveal involvement. When the fovea is
involved, central vision loss is irreversible
and dense. Because clinical progression is
gradual, patients may learn to adapt. Unlike
wet AMD, there is no treatment available
for this form of advanced AMD.

A diagnosis of dry AMD may be made
based on macular changes seen on fundal
examination alone. These changes may also
be seen on optical coherence tomography
(OCT), especially spectral domain OCT, a
noninvasive imaging modality that provides
a cross-sectional view of the retinal layers
through the macula (Figures 3a to ¢).

The standard diagnostic investigation
in wet AMD is fundal fluorescein angio-
graphy (FFA) to identify choroidal neo-
vascularisation if it is present (Figure 4).
FFA is a test that involves taking serial
images of the fundus after an intravenous
injection of fluorescein dye and looking
for choroidal neovascular lesions. OCT
can be used in patients with wet AMD to
identify subretinal fluid and retinal
oedema resulting from active choroidal
neovascularisation (Figure 3c).

Risk factors and prevention

The main risk factors for the development
of advanced AMD are increasing age,
ethnicity and genetics.” Cigarette smoking
is the main modifiable risk factor that has

been consistently identified in numerous
studies, showing a direct correlation of
relative risk with number of pack years
smoked.** Cessation of smoking is strongly
recommended as part of AMD manage-
ment. Other modifiable risk factors,
including body mass index, cardiovascular
disease and hypertension, have been incon-
sistently associated with AMD incidence
in population-based studies.’

Several studies have investigated the
effects of diet on the progression of AMD.
The Age-Related Eye Disease Study
(AREDS) examined the potential benefits
of high-dose oral antioxidants (vitamin C,
vitamin E, beta-carotene) and zinc sup-
plementation in reducing AMD progres-
sion, and showed a reduction in AMD
progression of 25%.>” The AREDS2 study
examined the same outcome using lutein/
zeaxanthin instead of beta-carotene, and
showed a similar reduction in AMD
progression.® Dietary fat intake has also
been investigated. The AREDS study find-
ings suggested high omega-3 long-chain
polyunsaturated fatty acid consumption
(from sources such as fish) reduced AMD
incidence by 30% at 12 years.” Despite this
dietary association, AREDS2 failed to
demonstrate a significant benefit from
omega-3 polyunsaturated fatty acid oral
supplementation.®

An increased risk of AMD has been
found in individuals who have a higher
intake of saturated fats and cholesterol and

in those with a higher body mass index in
population studies.’
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Figure 1. Type of distortion that may be seen
on an Amsler grid by a person with a macular
disorder.

Anti-vascular endothelial growth
factor agents

A decade ago, wet AMD was considered
untreatable and 60% of patients were
expected to be legally blind within two
years of diagnosis.! Today, anti-VEGF
agents have revolutionised AMD outcomes
and have superseded treatments such as
thermal laser photocoagulation (‘hot laser’)
and nonthermal laser photodynamic ther-
apy (‘cold laser’), with better long-term
vision outcomes and lower complication
rates.”?

There are currently three anti-VEGF
agents in clinical use: ranibizumab, afliber-
ceptand bevacizumab (off-label use). They
have been shown to be effective in treating
choroidal neovascularisation in AMD in

several clinical trials.*”

Figures 2a to c. Age-related macular degeneration (AMD). a (left). Large macular soft drusen deposits associated with dry AMD.
b (centre). Macular haemorrhage secondary to late wet AMD. c (right). Macular geographic atrophy secondary to late AMD.
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Figures 3a to c. Optical coherence tomography (spectral domain) showing a normal macula
(a, top), dry AMD (b, middle) and wet AMD (c, bottom). Note drusen under the retina in dry AMD
(b, centre) and haemoserous exudation within the layers of the retina in wet AMD (c, bottom).

Delivery

Anti-VEGF agents are administered by
trans-scleral injection through a 30-gauge
needle into the vitreous cavity using strict
aseptic technique and usually under local
anaesthesia (Figure 5).

Transient symptoms of discomfort,
superficial haemorrhage on the conjunctiva
and floaters related to disruption of the
vitreous gel are common after an injection.
Serious complications include intraocular
infection, traumatic cataract, retinal
detachment and haemorrhage into the
vitreous cavity.
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Systemic risks

Systemic anti-VEGF treatment carries
theoretical risk of systemic arterial throm-
boembolic events. Clinical trials of intra-
vitreal anti-VEGF injections have not
shown this to be a significant concern. The
VEGEF Trap-Eye: Investigation of Efficacy
and Safety in Wet AMD (VIEW) study,
which examined the efficacy of aflibercept
for choroidal neovascularisation, showed
no statistically significant differences in
rates of mortality and arteriothrombotic
or venous-thrombotic events between
ranibizumab and aflibercept.”® Similarly,
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Figure 4. Fundal fluorescein angiography in
the early venous phase transit showing a
classic choroidal neovascular lesion in wet
AMD.

Figure 5. Trans-scleral injection of anti-VEGF
agents through a 30-gauge needle into the
vitreous cavity.

the Comparison of Age-Related Macular
Degeneration Treatments Trials (CATT)
study did not show statistically significant
differences between bevacizumab and
ranibizumab at one year."

The safety profile in pregnant or lactat-
ing women has not yet been established."

Adherence and the burden of
therapy

Clinical trials have provided strong evidence
supporting monthly use of intravitreal
injections, particularly with aggressive cho-
roidal neovascular lesions. This burden of
clinic visits and injections is significant for
patients and their carers, often resulting in
discontinuation of therapy. Clinical guide-
lines are inconsistent with regard to how
long treatment needs to be continued.
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Nonadherence with anti-VEGF therapy
is a significant issue. It has been shown to
be associated with poorer visual outcomes
and higher risk of disease recurrence.”
Observational data for Australian patients
on anti-VEGF treatment demonstrated a
42% discontinuation rate over a six-year
period.?® Contributing factors for lack of
adherence include treatment intolerance,
health literacy, costs, perceived treatment
necessity and perceived drug efficacy.'>*

Future treatments for AMD
New drugs targeting various pathways
involved in the pathogenesis of choroidal
neovascularisation are now undergoing
phase IT or phase I1I clinical trials. Most of
these novel drugs aim to improve efficacy
and reduce disease burden by reducing the
number of treatments needed.? They
include:
o designated ankyrin repeat proteins
(DARPins), which target angiogenesis

with VEGF-A antagonism and

destabilise vessel formation by

stripping pericytes (vascular smooth
muscle cells)

« platelet-derived growth factor, which
targets the complement pathway that
has been implicated in choroidal
neovascularisation formation?

« antibodies to sphingosine-1-phosphate
(S1P), which is implicated in the
production of VEGF, fibroblast
growth factor, platelet derived growth
factor and related growth factors
involved in choroidal neovascular
lesion pathogenesis.”

Novel methods being explored include
intravitreal APL-2 (a complement inhibi-
tor), which is currently in phase III trial
stage for the treatment of geographic
atrophy (ClinicalTrials.gov Identifier
NCT02503332). Several phase I trials are
also being conducted for stem celland gene
therapeutic approaches.? Prototypes of

implantable drug delivery devices, such as
microelectromechanical systems, are in
the preclinical phase of development. Sim-
ilarly to insulin pumps, they provide a
refillable drug reservoir as an alternative
to repeated injections.

Conclusion

AMD is theleading cause of visual impair-
ment in Australia. Early diagnosis and
treatment with intravitreal injections of
anti-VEGF drugs saves sight. The burden
of such treatments may be challenging to
patients and carers and may reduce adher-
ence to therapy. Investigations of alternative
therapeutic targets and modalities are pro-
viding promising results. MT
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