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Introduction
Geographic atrophy (GA) is considered the late stage of the dry form of age-related macular
degeneration (AMD)(1).

GA is less common than neovascular AMD and it is responsible for 10-20% of cases of legal blindness in
this condition(2,3,4), affecting more than 5 million people wordwilde(5).

Currently there is no approved or effective treatment to prevent either the onset or progression of GA,
however, in recent years, significant progress has been made in understanding the pathogenesis of GA,
which has led to a number of new potential therapies currently undergoing clinical trial evaluation(6,7,8).

 

Definition
Usually defined as any sharply delineated round or oval area of hypopigmentation, or apparent absence
of the retinal pigment epithelium (RPE), in which choroidal vessels are more visible than in surrounding
areas, that must be at least 175 μm in diameter (Figure 1)(1).

Figure 1. Fundus photography showing a sharply delineated area of hypopigmentation or apparent
absence of RPE in both eyes of the same patient.

 

However larger dimensions have also been proposed for GA minimum limit. The Complications of Age-
Related Macular Degeneration Prevention Trial (CAPT) specified a diameter ≥ 250 μm for definition of
GA and in the AREDS2 study the minimum diameter of the area was increased to 433 μm. Currently,
there is no international consensus on the minimum diameter for the diagnosis of GA(8).

In addition, changes have been proposed in the grading of AMD severity level regarding the presence of
GA. In the AREDS grading system, the presence of GA qualifies patients as having either intermediate or
advanced AMD, depending on whether or not there is central involvement(9).

In the classification system recently developed by the Beckman Initiative for Macular Research, the
presence of any GA regardless of location qualifies as evidence of advanced AMD(10).So far there is no
approved or effective treatment to prevent the onset and progression of GA
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One eye with GA and choroidal new vessels (CNV) is considered as having exudative form(11).

 

Epidemiology and risk factors
The global prevalence of GA is 0.66% in all ages but it occurs in 0.34% between 65-74 years old, 1.3%
between 75-84 and 4.4% over 85 years old.

The prevalence increases to 22% after 90 years of age(2).

It corresponds to half of exudative form prevalence(4,12-14).

A recent meta-analysis based on data in the United States reported that the incidences of GA and
neovascular AMD were 1.9 and 1.8 per 1,000 American whites aged ≥ 50 years. Prevalence rates for the
two forms of advanced AMD were comparable across all age groups(15).

For subjects with mild or intermediate AMD the 15-year cumulative incidence of neovascular AMD is
approximately 2.0% and for progression to pure GA it is approximately 1.3%(16).

The most consistent risk factors are age, familiar history and tobacco smoking, like in other forms of
AMD((2,4,13).

In AREDS, GA was also associated with: high BMI (body mass index); use of calcium channel blockers
and ß-blockers; not using anti-acids; not using hormone replacement (woman); light iris color and less
education level(14-17).

The prevalence of GA is lower in blacks than in whites (2.1% vs 4.8%) like in exudative forms(18,19).

In Rotterdam and Beaver Dam Eye Study, serum HDL cholesterol was directly associated with GA,
however this association was not found in Blue Mountains Eye Studyl(20). 

In this study, diabetes and the ratio total/HDL cholesterol were linked to increased risk of GA.

As complement system seems to play an essential role in this disease, the complement factor H (CFH)
gene located at chromosome 1q32, and others as CFB, CFI, C2 and C3, have been implicated in the
development of both forms of AMD(21-23). 

Some studies have linked specifically 5p region and 4q 32 region with GAl(24,25).

Only recently, more detailed genome-wide association studies have investigated whether the 2
subtypes of advanced AMD segregate separately in families and associate with different disease
variantsl(26).

The variants in the 10q26 locus confer increased risk for both advanced AMD subtypes, but imparts
greater risk for CNV than for GA.

Other loci were detected with suggestive associations that differ for advanced AMD subtypes and
deserve follow-up in additional studiesl(6).

 

Pathology
Accordingly to AREDS the most common sequence of events leading to GA is the progression of a large
drusen to hyperpigmentation, followed by regression of the drusen, hypopigmentation and ultimately
RPE cell death, with development of an atrophic area of retina and underlying choriocapillaris,
sometimes preceded by the appearance of refractile deposits.

This evolution can be longer than 6 years(27-29).

The average time from entering the AREDS Study to initial appearance of GA has been shown to be
approximately 5 to 6 years in the presence of confluent or large (> 125 μm) drusen and
hyperpigmentation, as compared with 2.5 years in the presence of hypopigmentation(6).

The presence of large confluent drusen is a significant risk factor for developing GA(30).
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Drusen were found in 100% of patients at the site of later GA development; drusen > 125 μm, confluent
drusen and hyperpigmentation were present in > 90% of eyes, whereas drusen > 250 μm and
hypopigmentation were present in > 80% eyes(31).

Less frequently, GA can follow a drusenoid RPE detachment, regression of a CNV membrane or a RPE
rupture(11,32,33).

Higher prevalence of reticular pseudodrusen (RPD) has been reported in patients with GA compared
with early or intermediate AMD. Also, the presence of RPD appear to represent a meaningful risk factor
associated with progression to GA(34,36).

In some eyes, atrophy was related to a micro reticular pigment pattern distributed around the perimeter
of the fovea(33).

Most histopathologic studies suggest that RPE cells are the primary target in GA and its death results in
choriocapillaris atrophy(37,38).

Autofluorescent pigments as lipofuscin that accumulate in RPE cells, contribute to a decline of the cell
function and degeneration conducting to GA(39).

Although RPE cells are the most involved, the outer nuclear layer is also severely affected with
dysfunction and death of photoreceptors. Probably rods are the first affected photoreceptors(40,41).

The mechanisms of RPE death are best studied at junctional zone.

Here, lipofuscin may occupy 30% of RPE cell and may interfere with its metabolism, conducting to
death.

These mechanisms include oxidative stress and inflammation(42-45).

Macrophages are often seen in areas of GA, apparently phagocytosing pigment and debris resulting of
normal cells deletion(46).

 

Diagnosis
GA can be distinguished from other forms of dry AMD based on stereo biomicroscopy and color fundus
photography(6).

The definition of GA is based on clinicohistopathologic investigations that have shown that clinically
visible areas of atrophy are characterized by cell death in the RPE, outer neurosensory retina and
choriocapillaris.

With modern in vivo imaging technology, these findings can be confirmed(6).

Spectral-domain optical coherence tomography (SD-OCT) and fundus autofluorescence (FAF) allow for
noninvasive and rapid quantitative morphological assessment of GA in the clinical setting(6).

 

Fundus
Fundoscopy in GA typically shows a well-circumscribed oval or round area of pigment epithelium
atrophy with sharply demarcated borders and increased visibility of choroidal vessels, usually sparing
the fovea until late stages  (Figure 2).
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Figure 2. Fundus photography showing a well-circumscribed round area of pigment epithelium atrophy,
sparing the fovea in right and left eyes.

 

All precursor lesions of this final appearance can also be present: large drusen (>125 microns), focal
pigmentation changes and refractile deposit(27,28).

 

Angiography
On fluorescein angiography, GA appears as a sharply delineated window defect due to atrophy of
overlying layers of RPE (Figure 3).

Figure 3. Fluorescein angiography showing a sharply delineated window defect.

 

A prolonged choroid filling phase has been described as a clinical marker for changes in Bruch’s
membrane and as a risk factor for development of GA(29).

Despite these aspects in GA, fluorescein angiography may be indicated only in atypical cases, in order
to allow the correct diagnosis(47).

 

Optical coherence tomography (OCT)
OCT scan shows thinning of hyperreflective external band, corresponding to attenuation of RPE/Bruch’s
complex, and deeper hyperreflectivity because of loss of outer layers including photoreceptors (Figure
4)(48,49).

Figure 4. Spectralis OCT: Thinning of hyperreflective external band (because of attenuation of
RPE/Bruch’s complex) and deeper hyperreflectivity.

 

In high resolution OCT the atrophic area shows hyperreflective clumps at different levels, segmented
plaques of the outer band and elevations with variable reflectivity(41).. In the perilesional area there are
elevations of the outer retinal layers, as well as thickening of outer hyperreflective band. At the junction
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area the outer band shows different degrees of loss(50).

Recently, changes in OCT that precede the development of GA have been identified. These changes
include the presence of hyperreflective foci in the retina overlying drusen, a subsidence of the inner
nuclear layer (INL) and outer plexiform layer (OPL) with the development of hyporeflective, wedge-
shaped bands, and increased signal transmission below the level of the RPE.

These anatomic changes might be used to identify patients early in the course of GA development who
might still be at a reversible stage and therefore amenable to intervention(51-53).

OCT imaging may also contribute to a better understanding of the underlying pathologic mechanisms in
AMD and GA, may suggest new biomarkers related to disease progression, and might potentially
indicate new therapeutic targets in AMD(8).

 

Fundus autofluorescence (FAF)
FAF is the current standard imaging technology for the morphological assessment of GA(8).

Fundus spectrophotometric studies in vivo by Delori and co-workers have shown that FAF represents an
accumulation of lipofuscin in the lysossomes of RPE cells, mainly derived from photoreceptors outer
segments degradation.

The compound is found as micrometer-sized spherical particles and is characterized by yellow
autofluorescence when exposed to blue light(54-56).

It has been shown with confocal scanning laser ophthalmoscopy (cSLO) that FAF response is very low or
extinguished in areas of atrophy.

The lack of RPE cells or its low number and therefore of lipofuscin, (the dominant fluorophore) explain
this reduction(57).

Increased FAF precedes development of GA(58,59).

FAF is increased in junctional zone around areas of atrophy, and intensity seems to correlate with
extension of the atrophic area and also with reduction of retinal sensitivity detected by fundus
perimetry (Figure 5)(60,61).

Figure 5. FAF showing increased fluorescence in the junctional zone around areas of atrophy.

 

The FAM-Study Group developed the classification of abnormal FAF according to distinct patterns in the
junctional zone of the GA area and identified the following five primary phenotypes based on the
presence of increased hyper-autofluorescence: None, Focal, Banded, Patchy and Diffuse(62).

Holz et al. showed that the phenotypic features of FAF abnormalities had a much stronger impact on
atrophy progression than any other risk factor that has been addressed in previous studies on
progression of GA attributable to AMD, and introduced the ‘diffuse trickling' pattern that is associated
with an extremely rapid progression of atrophy(63).

These hyperfluorescent areas in the junctional zone are believed to represent regions of cells that are
stressed and more likely to become atrophic(8).

http://amdbook.org/node/109
http://amdbook.org/node/109
http://amdbook.org/node/109
http://amdbook.org/node/109
http://amdbook.org/node/109
http://amdbook.org/node/109
http://amdbook.org/node/109
http://amdbook.org/node/109
http://amdbook.org/node/109
http://amdbook.org/node/109
http://amdbook.org/node/109


 

Psychophysical Tests of Visual Function
GA develops gradually with the formation of scotomas that spare the fovea initially, expanding into the
central visual field late in the course of disease(8).

The most common assessment of visual function, best corrected visual acuity (BCVA), usually fails to
reveal the functional deficits experienced by patients with foveal-sparing GA(8).

Functional assessments beyond BCVA including multifocal electroretinography (mfERG),
microperimetry, low-luminance visual acuity (LLVA), reading speed and contrast sensitivity, should be
used to more fully assess visual impairment(8).

 

Clinical evolution
Eyes with GA may also develop CNV. In one study, 7% of eyes with GA developed CNV in 2 years.

The strongest risk factor for developing CNV in one eye with GA is the presence of CNV in the fellow
eye(64).

The 4-year rate of developing CNV is 11% if the other eye has pure GA but increases to 34% if there is
CNV.

As other forms of late AMD, GA tends to be bilateral (over 50% of cases) and there is high symmetry
between eyes for total atrophic area, presence of peripapillary atrophy and enlargement rate((64-66).

On the other hand there is a high interindividual variability(67).

Longitudinal studies have shown that progression rates vary widely among patients(10).

The mean overall enlargement rate of atrophic area is 2.6 mm2/year.

Eyes with larger areas of atrophy at baseline tend to have larger enlargement rates(65).

The Beaver Dam Eye Study showed that eyes with multifocal disease had larger increase in area of GA
and progressed to foveal involvement more frequently than eyes with single foci of disease over 5 years
(1.2 vs 2.24 mm2)(68).

GA often first develops surrounding the fovea, sparing the central area. Because of that, the correlation
between visual acuity and area of atrophy can be complex(69-71).

The loss of three lines (ETDRS scale) was observed by Suness et al. in 31% of studied eyes by 2 years
and 53% by 4 years. More than half of patients with GA encroaching upon the fovea will suffer this
severity of vision loss in the same time frame when compared with extrafoveal GA(71).

Even when GA is not center involving, patients can suffer significant deficits in visual function, such as
compromised reading ability and impaired vision in dim lighting(72).

The occurrence of GA with concomitant CNV is associated with an even higher risk of severe vision than
GA alone(73-75).

Suness et al. showed that 86% of eyes with GA that developed CNV lost 3 or more lines of visual acuity
over 2 years compared with only 27% in eyes with GA that did not develop CNV(64).

The risk of visual acuity loss was higher in eyes with better visual acuity at baseline and with lightest
iris color(71).

Usually vision loss is bilateral because of lesion symmetry, and evolution since first signs to legal
blindness is quite variable(65,66).

Because of rods paucity, reduction of foveal cone function and also because of switching from central to
eccentric fixation, other visual functions as the contrast sensitivity, reading rate and dark adaptation
are decreased in GA(69,72,72).
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The low luminance visual dysfunction and the reduction of the maximum reading rate seem to be
significant risk factors for subsequent visual acuity loss(69).

 

Management

Prevention
In AREDS, dietary supplements as zinc, anti-oxidants, vitamins C and E and beta-carotene have been
shown to reduce the risk of progression in participants in categories 3 and 4 to advanced AMD (25% in 5
years), however, in the group with GA away from the center (category 3), this reduction was not
statistically significant.

Despite of that the AREDS Report nº 8 concluded that those with noncentral GA also should consider
taking a supplement of antioxidants plus zinc(9,17).

Macular xantophylls and polyunsaturated fatty acids seem to be associated with a lower risk of
advanced AMD(76,77).

Because of that antioxidant effect of macular pigments, lutein, zeaxanthin and omega-3 fatty acids
have been tested in the AREDS 2 study(76,78).

The researchers also tried substituting lutein and zeaxanthin for beta-carotene, which prior studies had
associated with an increased risk of lung cancer in smokers.

The AREDS 2 study found that while omega-3 fatty acids had no effect on the formulation, lutein and
zeaxanthin together appeared to be a safe and effective alternative to beta-carotene.

Subgroup analysis indicated that those with the lowest intake of lutein and zeaxanthin, supplemental
lutein and zeaxanthin were protective(79).

Low dietary glycemic index also seems to reduce the risk of evolution to advanced AMD(79).

Other behavioral factors such as stop smoking, as it represents a key modifiable risk factor and control
of BMI may play an important role on prevention(80-82).

 

New treatments
So far there is no approved or effective treatment to prevent the onset and progression of GA(6,30).

Although the main target for GA remains unknown, several trials are investigating strategies regarding
these pathways and therapeutic targets:

1. Visual cycle toxic products (visual cycle modulators);
2. Inflammation, complement, and ECM (mTOR inhibitors, complement inhibitors, MMP inhibitors);
3. Lipoprotein accumulation (LDL lowering drugs);
4. Beta-amyloid accumulation (anti-amyloid beta);
5. Oxidative stress (antioxidants and neuroprotectant);
6. Choriocapillaris atrophy (choroidal perfusion enhancers);
7. RPE and photoreceptor loss (Stem cell therapy and neurotrophins);(6)

 

Visual cycle Inhibitors
Accumulation of lipofuscin and melanolipofuscin granules have been observed at the sites of RPE
atrophy in GA and associated with GA pathogenesis(7).

ALK-001 is a modified vitamin A molecule, which slows the formation of lipofuscin and RPE apoptosis.

This compound was initially designed to treat Stargardt’s disease. It may also benefit GA by reducing
toxic A2E, all-trans retinal, and lipofuscin accumulation.

A phase 1 study was designed to assess the safety and pharmacokinetics of oral ALK-001 capsules in 40
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healthy volunteers with no results posted yet(6,7).

Fenretinide and Emixustat (ACU-4429) were also studied but there was no evidence of benefit(6,7,83-85).

 

Anti-inflammatory Agents
Chronic inflammation is believed to play an important role in AMD pathogenesis.

Copaxone (or Glatiramer Acetate) functions to induce suppressor T cells and down-regulates
inflammatory cytokines.

A phase I trial was designed to test its safety as well as its efficacy in the prevention of GA progression
or conversion of dry AMD to neovascular AMD.

The participant recruitment was suspended with no results posted yet(7).

Lampalizumab is an intravitreal (IVT) administered recombinant monoclonal antibody fragment directed
against complement factor D in the alternative complement pathway.

In phase 2 trial (MAHALO study) monthly Lampalizumab showed 20.4% reduction rate in GA area at 18
months in patients with this form of dry AMD compared with monthly sham treatment(82).

Lampalizumab is currently being evaluated in a large, multicenter, phase 3 clinical trial for GA.

Primary outcomes will measure change in GA area after 48 weeks and BCVA up to 2 years after
beginning the study(7,30,83).

LFG 316 is an antibody against the C5 portion of the complement pathway administered IVT(6).

The phase 2 trial designed to test the safety and efficacy of lower and higher doses of IVT LFG316 using
18 successive monthly injections in patients with GA was completed, but the results have not yet been
published as reported on ClinicalTrials.gov.

APL2 is a derivative of compstatin, a small peptide inhibitor of complement factor C3, that is currently
in phase 2 trial (FILLY) to assess the safety, tolerability and evidence of activity of multiple IVT injections
of APL-2 in subjects with GA as reported on ClinicalTrials.gov.

Zimura (ARC-1905) is a chemically synthesized aptamer that inhibits complement factor C5.

Phase I trial for Other inflammation suppressor is fluocinolone acetonide, a glucocorticoid used as an
intravitreal implant.

Although currently there is no drug proven effective, in the next decade some of the
research lines will probably be able to find a more effective treatment for the atrophic form
of AMD.

Dry AMD evaluated the safety and tolerability of IVT Zimura injection in patients with GA. The study was
completed with no results posted, but Ophthotech plans to initiate Phase II/III clinical trial(7).

Flucinolone acetonide, Eculizumab and Sirolimus (Rapamicina) were also studied, but phase 2 trials
failed to demonstrate efficacy(6,7,30).

 

Lipid Modulators
Lipids are also found in drusen and several studies demonstrate that lipids accumulate at the site of
subsequent formation of AMD depositsl(86).

Barbosa et al. showed that statin use had a statistically significant effect in reducing AMD incidence in
participants aged 68 years and olderl(87).

However the association of statin intake and AMD remains controversial as demonstrated by a 2012
Cochrane database review and to date no trials in GA with this target have been identifiedl(88).
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Amyloid
The rationale for this new treatment strategy for AMD is related to the presence of amyloid β in drusen.

GSK933776 is a humanized monoclonal antibody intended to modulate amyloid-β levels in patients with
GA secondary to AMD administered via intravenous infusion(6,7).

A phase 2 study is completed, however the study results have not been posted (ClinicalTrials.gov).

RN6G is a humanized monoclonal antibody intended to prevent accumulation of amyloid β-40 and β-42
and preserve the photoreceptors and the RPE delivered by intravenous injections(6,7).

A phase 2 study has terminated, but has not been successful, as reported on ClinicalTrials.gov.

MRZ-99030 is a dipeptide containing d-tryptophan and 2-amino-2-methylpropionic acid in clinical
development for the topical treatment (eye drops) of glaucoma and AMD(7,89).

 

Neuroprotection
Neuroprotectants have been shown to protect photoreceptors in in vitro models of retinal degeneration
and animal models of glaucoma and retinitis pigmentosa.

The mechanism by which neurotrophic factors, such as ciliary neurotrophic factor (CNTF) and basic
fibroblast growth factor, protect photoreceptors is not fully understood, and it should be noted that the
relevance of these animal models in AMD is not clear.

The RPE and retina both produce fibroblast growth factor and the retina produces CNTF(6).

Brimonidine stimulates the production of neurotrophic factors and can protect photoreceptor cells in
animal models of retinal degeneration; it has been formulated as an intravitreal implant which delivers
the drug to the retina over a 3-month period.

A Safety and Efficacy Study of Brimonidine Intravitreal Implant in Geographic Atrophy Secondary to Age-
related Macular Degeneration (BEACON) (phase 2) is ongoing, with progression of the area of GA at
month 12 being the primary endpoint (clinicalTrials.gov)(6).

According to the preliminary results launched at the AAO (American Academy og Ophthalmology) 2016
annual meeting, Brimonidine Intravitreal Implant (22-gauge polymer similar to the one used in
ozurdex®, one injection twice a year) caused a significant slowing of disease progression with no
adverse effects.

Allergan has completed enrollment of a follow-up study aiming to develop a more potent delivery
method(90).

UF-021 (isopropyl unoprostone) is a prostaglandin analog that was investigated in Japan in a phase 2
clinical study in patients with mid- to late-stage retinitis pigmentosa(6).

A phase 2 trial for dry AMD in United States is completed but the study results have not been published
yet (ClinicalTrials.gov).

A sustained-release platform with encapsulated human RPE cells engineered to release CNTF has been
developed and was tested in a phase 2 study.

However, no benefit in the progression of lesion expansion was found(6,91).

Tandospirone (AL-8309B) a selective serotonin 1A agonist that protects the retina from light damage
was investigated, but the phase 3 trial (GATE study) was discontinued in 2012 owing to lack of
efficacy(6).

 

Oxidative stress protection
The AREDS trial has reported that daily high doses of
antioxidants β-carotene, vitamins C and E and zinc reduced
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progression to advanced AMD by 25%.
However, the 25% benefit was reported only for the progression to neovascular AMD; there was no
benefit in the progression to central GA. Furthermore, the AREDS antioxidant mineral formulation was
reported as having no significant effect on the progression of GA in a more recent study(92).

The AREDS2 trial assessed the addition of lutein, zeaxanthin, and/or long-chain ω-3 fatty acids to the
original AREDS formulation on progression to advanced AMD.

The study completed in early 2013 found that omega-3 fatty acids had no overall additional effect on
the formulation, in a median follow-up period of 5 years(7,93).

Analyses of the AREDS participants over a 12-year period found that participants with the highest
omega-3 fatty acids intake were 30% less likely than their peers to develop central GA and neovascular
AMD(93).

Several studies are ongoing investigating the effects of ω-3 fatty acids, the ratio of omega-3 to omega-6
fatty acids, and lutein and zeaxanthin (AREDS2 study) in patients with AMD(6,94,95).

OT-551, a small molecule with antioxidant and antinflammatory properties was investigated, however
phase 2 study results showed no significant effect on lesion enlargement, retinal sensitivity or total
drusen area(96).

 

Choroidal Perfusion Enhancers
Choroidal circulation provides the nutrition and removes the waste from the retina/RPE.

As a consequence of a reduced choroidal blood flow, metabolic wastes are accumulated in
photoreceptor cells, Bruch’s membrane and RPE cells.

Those events can lead to development of GA.

Therefore, improving choroidal blood flow could facilitate the removal of metabolic wastes from RPE,
Bruch’ membrane and photoreceptor cells to halt AMD disease progression(7)..

MC-1101 is a topical agent with anti-inflammatory and antioxidative properties shown to increase
choroidal blood flow; its intended action is to prevent rupture of Bruch’s membrane.

Phase Ib clinical trial showed that topical instillation of 1% MC-1101 produced no significant
cardiovascular or ocular toxicity.

A phase II/III is ongoing, 60 patients will receive topical 1% ophthalmic solution, and be assessed for
visual function over 24 months(6,7).

Trimetazidine was also studied but failed to prevent progression of GA(6).

 

Stem cells
Replenishing the lost or degenerating RPE cells in GA before the photoreceptors are irrevocably
damaged with stem cell-derived RPE cells represents the forefront in the practice of regenerative
medicine(7).

RPE can be differentiated from human embryonic stem cells (hESCs) or human induced pluripotent stem
cells (iPSCs).

Both display RPE-like morphology and express typical RPE markers and have the ability to phagocytose
photoreceptor segments.

When they were transplanted subretinally into rat or mouse model of RPE insufficiency, the grafted cells
were retained and retinal function improved(7).

Two prospective phase 1/2 studies were done to assess safety and tolerability of subretinal
transplantation of hESC-derived RPE in nine patients with Stargardt's macular dystrophy and nine with
atrophic AMD.
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Transplanted patients were followed up for a median of 22 months.

There was no evidence of adverse proliferation, rejection, or serious ocular or systemic safety issues
related to the transplanted tissue.

BCVA, monitored as part of the safety protocol, improved in ten eyes, improved or remained the same
in seven eyes, and decreased by more than ten letters in one eye, whereas the untreated fellow eyes
did not show similar improvements in visual acuity.

Vision-related quality-of-life measures increased for general and peripheral vision, and near and
distance activities in both diseases.

The results of this study provide the first evidence of the medium-term to long-term safety, graft
survival, and possible biological activity of pluripotent stem cell progeny in individuals with any disease.

The results suggest that hESC-derived cells could provide a potentially safe new source of cells for the
treatment of various unmet medical disorders requiring tissue repair or replacement(97).

There are currently 2 other clinical trials (phase 1/2) using hESC-RPE cells (MA09-hRPE).

Both are designed to evaluate safety and tolerability of subretinal injection or transplantation of MA09-
RPE cells in patients with dry AMD.

Secondary outcomes will measure the mean change of BCVA, autofluorescence photography and
reading speed(6,7).

In another study, clonogenic human central nervous system stem cells (HuCNS-SC) will be evaluated for
treatment of dry AMD.

Phase I/II study will investigate the safety and preliminary efficacy of unilateral subretinal
transplantation of HuCNS-SC cells in subjects with GA secondary to AMD(6,7).

 

Conclusion
GA is a devastating blinding disease without any approved or effective treatment currently available.

Numerous clinical trials are ongoing with the purpose of finding a viable solution to prevent or treat the
disease.

The AREDS trials show that AREDS formulation reduces the risk of AMD progression by 25%, while
transplanted hESC-derived RPE cells show long-term safety, graft survival and possible biological
activity shown by improved visual acuity in GA patients(6,7,30).

Future studies should focus on understanding the pathogenesis of the disease, which remains unclear.

Moreover, the development of advanced imaging system will provide state-of-art tools for analyzing GA
pathophysiology and testing new therapeutics(7).
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