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Introduction
Age-related macular degeneration (AMD) is one of the critical 
causes of vision loss and visual disability in the elderly population 

in developed countries.1,2 Dry AMD contributes to 10% of vision 
loss cases and is categorized into early, intermediate, and late stages, 
depending on the presence of hyper or hypopigmentation with drus-
en within the macula.3 Late dry AMD, also known as geographical 
atrophy, and wet AMD, characterized by choroidal neovasculariza-
tion, are both advanced forms of age-related macular degeneration 
(AMD). Geographical atrophy or advanced/late-stage of dry AMD 
has been named due to the appearance of map-like lesions in the 
macula on performing the ocular examination. The macular retinal 
lesions develop due to the degeneration of photoreceptor cells and 
supporting retinal pigment epithelial tissues, which may take years 
to develop, and the patient may appear asymptomatic. However, at 
the late stage of geographical atrophy, the patients develop sudden 
and severe visual disabilities.4 The pathophysiology behind the dry 
AMD is drusen formation (insoluble lipid-laden cellular debris de-
posits between Bruch’s membrane and Retinal Pigment Epithelium, 
RPE), a post-inflammatory process. During the process, comple-
ment and cytokines are involved, leading to atrophy in the macular 
retinal pigment epithelium, usually associated with the degeneration 
of the photoreceptors that clinically manifest as central blurring of 
vision in the affected eye.5,6 Once dry AMD progresses to the ad-
vanced or late stage (geographical atrophy), there is no effective 
treatment to prevent vision loss or repair damaged photoreceptors. 
The existing treatment targeting the inflammatory complement and 
cytokine pathways may benefit patients by delaying the disease pro-
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Abstract
Age-related macular degeneration (AMD) is difficult to treat and causes visual impairment worldwide, especially for dry 
AMD. The aging phenomenon can affect macular function, manifesting as blurred central vision. There are two types of AMD: 
dry and wet. By 2040, some variants of AMD are estimated to affect 288 million people globally. Although wet (exudative) 
AMD accounts for 10% of all AMD cases, it also contributes to 90% of the cases of patients with vision loss. Therapeutic options 
for wet age-related macular degeneration have expanded during the last few years. The therapeutic strategies mainly rely on 
anti-vascular endothelial growth factor (anti-VEGF) drugs and photodynamic therapy (PDT), though the treatment approaches 
for dry AMD are limited to dietary supplementation to delay progression. Moreover, clinical trials with potential candidate 
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pipeline for dry AMD, and these targets may serve as promising pharmacotherapeutic options in the future. The current review 
sheds light on successes and failures of the existing novel drug molecules and potential targets for treating dry AMD in clinical 
trials registered at the Clinical Trials.gov registry run by the United States Food and Drug Administration (U.S. FDA) some of 
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gression.7 Our review mainly focuses on all pipeline drugs tested 
under clinical trials registered at the U.S. FDA-run Clinical Trials.
gov registry some of which are published in the relevant journals to 
understand the potential therapeutic targets and their mechanisms 
for treating dry AMD or Geographical Atrophy.

Pathogenesis of dry AMD
The pathogenesis of dry AMD is mediated by cytokines and com-
plement pathway activation. However, various unexplained trigger 
factors contribute to the disease development and need further eval-
uation. Docosahexaenoic acid (DHA) constitutes almost 60% poly-
unsaturated fatty acid of the structural framework of the human 
retina, especially in the RPE, and is involved in the pathogenesis of 
dry AMD.8 Human retina is the ocular interface exposed constantly 
most of the time to light and oxygen due to excess oxygen demand 
by RPE cells. Peroxidation of DHA leads to the formation of lipo-
fuscin (yellow-brown pigment) that tends to accumulate in the RPE, 
which is non-degradable in the RPE cellular lysosomes.9 Therefore, 
an increase in the lysosomal pH impairs the phagosomal activity of 
lysosomal enzymes in the RPE. Subsequently, there is deposition of 
cellular debris, lipofuscin, and vitamin A metabolites (A2-E) in the 
RPE layer of the retina, which activates the complement pathway to 
activate complement C3.10 C3 protein, an essential component for 
amplification of the complement pathways, is cleaved to membrane 
attack complex (cytotoxic component) that induces cell lysis and 
subsequently destroys photoreceptors and choriocapillaries pro-
gressing to GA. GA is a chronic progressive macular degeneration 
and can manifest as late-stage dry AMD.11 Diagrammatic represen-
tation of the AMD and GA pathogenesis and pharmacological inter-
vention is provided in Figures 1 and 2 respectively. Recent studies 
in a mouse macular degeneration model have shown that immuno-
therapies targeting the beta-amyloid plaques in Alzheimer’s disease 
can improve the clearance of amyloid deposited in the retina and 

electroretinogram deficits, suggesting that beta amyloids deposits 
are crucial for the pathogenesis of dry AMD.12

Pipeline drugs for dry AMD
The treatment armamentarium for wet AMD is exhaustive.13 There 
is no approved drug for treating dry AMD or GA globally, and 
there remains an unmet need for developing drugs in this thera-
peutic area. Few drugs in the pipeline are undergoing clinical trials 
that have shown promising results in delaying the progression of 
dry AMD by their neuroprotective effect on photoreceptors and 
RPE.14 Hence, understanding and exploring more therapeutic tar-
gets for treating dry AMD and GA is vital.

The treatment of dry AMD is based on two disease-modifying 
agents: 1) Neuroprotectants for photoreceptors and RPE cells and 
antioxidant agents. 2) Anti-inflammatory agents, like corticoster-
oids and agents targeting complement activation (Fig. 2).

Neuroprotective agents

Ciliary Neurotrophic Factor (CNTF, NT-501) (Neurotech Phar-
maceuticals)
CNTF has been tried and tested as a treatment for dry AMD and GA. 
CNTF can retard further damage to the photoreceptor cells in degen-
erative macular diseases, such as AMD and retinitis pigmentosa. De-
livering drugs from the systemic circulation across the blood-retinal 
barrier is a big challenge to reaching the neurosensory retina. With 
the advent of Encapsulated Cell Technology (ECT), sustained release 
of therapeutic agents across the blood-retinal barrier has become con-
venient. However, the dose-dependent increase in retinal thickness 
has been observed by optical coherence tomography (OCT) over four 
months. CTNF delivered by encapsulated cell technology effectively 
delayed the progression of GA, especially for those with 20/63 or bet-

Fig. 1. Pathogenesis of dry age related macular degeneration and geographical atrophy. A2E, N-retinylidene-N-retinylethanolamine; GA, geographical 
atrophy; RPE, retinal pigment epithelium (created with www.BioRender.com).
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ter vision at baseline. However, the study failed to demonstrate any 
improvement in macular lesion size in GA cases.15–18

Brimonidine Tartrate (Allergan, Inc)
Brimonidine has neuroprotective action due to its alpha-adrenergic 
activity and has been shown to retard retinal degeneration and pro-
tect RPE and photoreceptors in rodent studies. A phase IIA study has 
reported that brimonidine can lower intraocular pressure (IOP) when 
injected into the eye (through Ozurdex-like intravitreal implant) and 
inhibit the progression of GA in dry AMD. Brimonidine is implant-
ed through pars plana in the vitreous humor of GA patients every six 
months, reducing the frequency of injections and maintaining thera-
peutic drug levels in the retina. Like the Ozurdex dexamethasone 
implant, brimonidine can be delivered by the Novadur solid poly-
mer drug delivery system made of PLGA intravitreal solid polymer 
matrix that slowly degrades to lactic acid and glycolic acid with no 
residues left in the eye. The trial used first-generation brimonidine 
DDS tartrate in 22-gauge implants at doses of 132 and 264 microm-
eters. At the end of 12 months, there was a 19% and 28% reduction 
in the lesion growth rate compared with the placebo. The BEACON 
Phase IIB trial is ongoing and tests the second generation of brimo-
nidine DDS that delivers more drug to the retina, i.e., a dose of 400 
micrometers of free base brimonidine in a 25 gauge implant.19,20

Tandospirone (Alcon Laboratories, Inc.)
Tandospirone (AL-8309B) is a serotonin receptor (5-HT1A) ag-
onist and has been approved for the treatment of depressive ill-
ness. However, it also possesses a neuroprotective effect on the 
photoreceptor and retinal pigment cells. The GATE study is a 
randomized phase III, multicenter clinical trial (N = 768) to in-
vestigate the safety and efficacy of Tandospirone in patients with 
GA secondary to AMD. The patients were treated with AL-8309B 

ophthalmic solution at varying concentration i.e 1.0%, 1.75%, or a 
vehicle control as topical eye drops twice daily for 30–36 months. 
Unfortunately, AL-8309B treatment did not significantly change 
the annualized GA lesion size (1.73, 1.76, and 1.71 mm2 for the 
AL-8309B 1.0%, 1.75%, and vehicle group, respectively, though 
not associated with any safety concern.21

Anti-amyloid beta antibody

Glatiramer acetate (Copaxone, Teva Pharmaceuticals, Israel)
Glatiramer acetate has been used to treat multiple sclerosis due 
to its immunomodulatory action. This drug can suppress T cells 
and reduce retinal microglial cytotoxicity induced by beta-amyloid 
plaques. It has been shown to reduce the drusen area in patients 
with dry AMD compared to the sham treatment.22–24

RN6G (Pfizer, Inc, USA)
RN6G is a humanized monoclonal antibody against beta-amyloid 
plaques and disseminates the amyloid concentration in the periph-
ery of the retina, reducing macular toxicity. In rodent models of 
AMD, treatment with RN6G decreases amyloid plaque deposits 
in the retina. However, the trial of RN6G (NCT01577381) was 
terminated for lack of efficacy, and the trial of GSK933776 also 
failed to show any benefit of treatment.25

Reducing oxidative stress

AREDS (Age-Related Eye Disease Studies) formulation (Bausch 
& Lomb, Inc.)
In AREDS2 cognition function testing RCT (factorial design), 

Fig. 2. Pipeline investigational drugs for dry age related macular degeneration and geographical atrophy. 5HT1A, Serotonin receptor agonist; AREDS, age 
related eye disease studies; CNS, central nervous system; CNTF, Ciliary Neurotropic Factors; LCPUFA, long chain polyunsaturated fatty acid.
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there was no significant difference in the scores observed in par-
ticipants treated with long-chain poly-unsaturated fatty acid sup-
plements (LCPUFA) 1 gram or lutein (10 mg)/zeaxanthin (2 mg) 
when compared with those treated with standard of care only. All 
study participants were provided standard care therapy as a mi-
cronutrient formulation containing zinc, vitamin C, vitamin E, 
and beta carotene. Although it reduced the risk of vision loss by 
19% in patients with pre-existing intermittent/ advanced AMD, it 
failed to show any apparent benefit in early AMD. The lutein and 
zeaxanthin components of the formulation are known to have anti-
inflammatory and antioxidant properties and hence may exert a 
neuroprotective effect on the retinal pigment epithelium.26,27

Visual cycle modulators

Fenretinide (ReVision Therapeutics)
A synthetic retinoid can be used orally as a chemoprotective drug 
against prostate cancer and in women at risk of developing breast 
cancer. It also has antineoplastic, chemoprotective, pro-apoptot-
ic, anti-inflammatory, and anti-angiogenic properties, and its side 
effects include mild to moderate drying of mucosal membranes 
with a delay in dark adaptation. Fenretinide can reduce the ac-
cumulation of lipofuscin and retinol-derived toxins in an animal 
model of Stargardt disease. Fenretinide reduces the circulating 
levels of retinol and its carrier protein, retinol-binding protein 
(RBP). As A2E and related toxins are derived from retinol, re-
ducing circulating RBP-retinol levels can decrease retinol-de-
rived toxins in the eye.28,29 A phase 2 study with 100 and 300 mg 
of fenretinide was investigated. The interim results revealed that 
at 24 months, the 300 mg fenretinide group exhibited approxi-
mately 40% reduction in the progression of GA compared to the 
placebo group.30,31

Subretinal implantation of stem cells derived from different 
sources

Human Embryonic Stem Cells (HESC)
Stem cell therapy may provide a safe and promising treatment for 
retinal diseases. The technology to derive RPEs from hESCs has 
been developed. A Phase I/IIa clinical study in patients diagnosed 
with advanced dry AMD and GA (NCT02286089) by subretinal 
injection of 50–200 k OpRegen cells with immunosuppressive 
therapy for three months post-implantation. Based on interim 
Phase I/IIa results of 3 cohorts of 12 patients each, the therapy 
was well tolerated. Adverse events included the formation of mild 
epiretinal membranes (ERM), with one being successfully peeled 
two months after therapy while one patient experienced retinal de-
tachment. OCT confirmed the continued presence of retinal pig-
ment cells transplanted. Dosing in cohort 4 is still ongoing.32,33

Adipose-derived stem cell implantation
There are case reports to evaluate the safety of subretinal implanta-
tion with adipose tissue-derived mesenchymal stem cell (ADMSC) 
in advanced stages of retinitis pigmentosa (RP), with one out of 
11 patients experiencing choroidal neovascular membrane and five 
patients having epiretinal membrane at and around the implanta-
tion site, respectively. Many studies have investigated the efficacy 
of this intervention in different types of degenerative macular dis-
eases. Among the published prospective case series, one of the 
Phase 2 studies assessed the safety and efficacy of suprachoroidal 

Adipose Tissue-Derived Mesenchymal Stem Cell (ADMSC) in 
patients suffering from dry AMD and observed an improvement in 
visual acuity and visual field.34,35

Bone marrow-derived stem cell implantation
Few studies have evaluated the role of bone marrow-derived stem 
cells in treating advanced dry AMD using multifocal electroretino-
gram (mf-ERG) and fundus autofluorescence imaging. There is 
no significant improvement in median log MAR BCVA between 
the test and control groups at the 6-month follow-up. Multifocal 
Electroretinogram, however, revealed significant improvement in 
amplitude and implicit time in the intervention group, while there 
was a significant decrease noted in the greatest linear dimension 
(GLD) of GA in the eyes receiving stem cells (6.78 ± 2.60 mm at 
baseline to 6.56 ± 2.59 mm at six months, p = 0.021) while there 
was no such improvement noticed in the control group.36

Human CNS stem cells (Hu CNS-SC)
The Phase 1/2 study by StemCells, Inc. United States 
(NCT01632527) tested the efficacy of surgical implantation with 
human CNS Stem cells (Hu CNS-SC) in the subretinal space of 
patients with GA without choroidal neovascularization. However, 
this study did not report the results yet.37

Potential drugs and gene therapies targeting the complement 
system
The details of drugs affecting the various components of the comple-
ment pathway and route of administration are provided in Table 1.

C3 complement system inhibitors

Pegcetacoplan (Apellis Pharmaceuticals)
It is a protein drug approved to treat paroxysmal nocturnal he-
moglobinuria in adults. Pegcetacoplan functions and acts as a 
pegylated C3 inhibitor. In the Phase 2 FILLY study, intravitreal 
injections with 15 mg pegcetacoplan monthly for 12 months sig-
nificantly inhibited the growth rate of GA lesions by 29% com-
pared with the sham therapy. This was further confirmed by the 
Phase 3 OAKS study (N = 637 patients) that revealed that month-
ly injections with 15 mg/0.1 mL pegcetacoplan for 12 months 
significantly reduced GA lesion growth by 22% compared with 
the sham therapy. Treatment with the same dose of pegcetaco-
plan every other month significantly reduced GA lesion growth 
by 16%. Another confirmatory Phase 3 study of DERBY (621 pa-
tients) did not meet the primary endpoint. In the pooled analysis 
of all Phase 3 trials, pegcetacoplan has a greater effect on eyes 
with extrafoveal lesions at baseline, decreasing GA lesion growth 
by 26% for monthly regimen and 23% with every-other-month 
injections with accepted tolerability profile. However, the pooled 
safety data of these Phase 3 trials have shown three cases with 
infectious endophthalmitis (0.047% risk per injection), 13 cases 
with intraocular inflammation (0.21% risk per injection), and no 
retinal vasculitis or vascular occlusion. The pooled data also re-
vealed that pegcetacoplan treatment was associated with a dose-
dependent increase in new-onset wet AMD with a rate of 6.0% in 
the monthly cohort, 4.1% in the every-other-month cohort, and 
2.4% in the sham group.38,39

NGM621 (NGM Biopharmaceuticals)
NGM621 is a humanized IgG1 antibody and can inhibit the enzy-
matic cleavage of C3. Unlike the other complement-targeting ther-
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apeutics for GA, NGM621 is not pegylated. In the Phase 1 trial, the 
agent was well tolerated with no drug-related adverse events. The 
Phase 2 CATALINA trial is ongoing, with approximately 320 pa-
tients enrolled. The study is designed to randomly assign patients 
to receive intravitreal injections of 15 mg versus sham therapy (2:1 
ratio) every 4 or 8 weeks for a total of 52 weeks. The primary ef-
ficacy endpoint is the rate of change in GA lesion area measured 
by fundus autofluorescence (FAF) for 52 weeks.40

POT-4 (Potentia Pharmaceuticals, USA)
When injected intravitreally, the drug is released gradually, and 
it binds to C3 protein, the central component of the complement 
pathways known to trigger the inflammatory process.41

Avacincaptad pegol (Zimura, Iveric Bio)
Avacincaptad pegol is a specific inhibitor of C5 and can slow down 
the progression of retinal cell degeneration. Treatment with 2 mg 
or 4 mg Avacincaptad pegol for 12 months can reduce GA lesion 
growth by approximately 27% in the (Phase III GATHER 1, N = 
286) clinical trial. This drug selectively inhibits C5 and has ad-
ditional safety advantages. A confirmatory pivotal trial (GATHER 
II) is underway to evaluate the efficacy and safety of this drug.42,43

Eculizumab (Soliris, Alexion Pharmaceuticals, USA)
Eculizumab is a humanized IgG monoclonal antibody against C5 
that prevents its cleavage into C5a and C5b during the process of 
complement activation. The strategic blockade of the C5 cleavage 
prevents the release of the downstream anaphylatoxin C5a and the 
formation of the cytolytic membrane attack complex (MAC). Cur-
rently, a phase II study (COMPLETE trial) is testing the efficacy 
and safety of intravenous infusion with eculizumab for patients 
with dry AMD/GA.44

ARC 1905 (Opthotech Corp, USA)
This aptamer selectively inhibits C5. Currently, there is an under-
going Phase 1 study (NCT 00950638).45

Gene therapy

HMR59 (Hemera Biosciences)
HMR59 carries the soluble form of CD59 gene in a recombinant 
adeno-associated viral (AAV2) vector. CD59 is a glycosylphos-
phatidylinositol-anchored membrane inhibitor of the membrane 
attack complex. Functionally, HMR59 treatment can prevent the 
recruitment of complement C9. The membrane attack complex 
is the terminal step of an activated complement cascade. A com-
pleted Phase 1 study of HMR59 investigated the dose-escalating 
safety and tolerability of a single intravitreal injection for GA with 
a total of 17 patients. There were no systemic or severe adverse 
events associated with HMR59 injections. Mild ocular inflamma-
tion occurred in three patients’ treated eyes, including two eyes that 
developed vitreous inflammation that resolved after six weeks of 
observation and one eye that developed anterior chamber and vitre-
ous inflammation that resolved with topical corticosteroids. Not a 
single patient converted to wet AMD during the 18-month follow-
up period.46

GT005 (Gyroscope Therapeutics)
GT005 is a recombinant adenovirus-associated vector 2 (AAV2) 
that contains a nucleotide sequence encoding complement factor 
I (CFI). Subretinal injection with GT005 was designed to enable 
cellular transduction and induce CFI expression and secretion. Ta
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While low serum CFI levels are associated with a much higher risk 
of AMD, an increase in intraocular CFI levels can dampen an over-
activated alternative complement pathway and potentially reduce 
AMD progression.47 The Phase 1/2 FOCUS study has evaluated 
the safety and tolerability of subretinal delivery of GT005 in pa-
tients with GA. Dose escalation in cohorts 1 to 3 have completed 
dosing via transvitreal delivery, while in the dose expansion in co-
hort 4, recruitment is still ongoing. Cohorts 5 to 7 will receive gene 
therapy through the Orbit Subretinal Delivery System (Gyroscope 
Therapeutics).47 Interim results from cohorts 1 to 4 revealed that 
GT005 subretinal delivery was well tolerated. Compared with the 
baseline, there was an average increase in CFI levels by 146%. The 
first patient who received GT005 had a sustainable CFI increase at 
84 weeks post-treatment. In addition, reductions in downstream 
complement biomarkers were detected. Two Phase 2 studies, EX-
PLORE and HORIZON, actively enroll patients to evaluate the 
safety and efficacy of two doses of GT005 administered as a single 
subretinal injection, with GA lesion growth measured by Fundus 
Autofluorescence Photography (FAF) at 48 weeks post-treatment 
as the primary efficacy endpoint.48,49

Factor D protein inhibition in the alterative complement path-
way

FCFD4514S (Genentech Inc, USA)
FCFD4514S is a humanized monoclonal antibody against factor D 
protein in the alternative complement pathway and is also under-
going phase 1 study (NCT 00973011).50

C1Q protein inhibition of the complement pathway

ANX007 (Annexon Biosciences)
ANX007 is an antigen-binding fragment of a humanized recom-
binant monoclonal antibody. ANX007 can bind to the C1q com-
ponent to block the downstream signaling of the classical comple-
ment cascade. Safety and efficacy data from two Phase 1 studies in 
primary open-angle glaucoma patients are promising. The Phase 2 
ARCHER (NCT04656561) study is active and investigating the ef-
ficacy of intravitreal injections with ANX007 for GA patients. The 
sample size for this study is 240 individuals randomly assigned 
to monthly or every-other-month intravitreal injections with 5 mg 
ANX007 or sham therapy for 12 months, followed by 6 months 
in the off-treatment phase. The primary efficacy endpoint is the 
change in the GA lesion area.51,52

High-temperature requirement A1 (HTRA1) inhibition

FHTR2163 (Genentech)
FHTR2163 is an antigen-binding fragment of a humanized mono-
clonal antibody against the A1 protein. A single nucleotide poly-
morphism is associated with increased levels of HTRA1 protein, 
which confers a risk of dry AMD by 49.3%. In the Phase 1 study, 
the drug molecule was tolerated well with no dose-limiting tox-
icity, while currently, the Phase 2 GALLEGO study is under-
way to evaluate the efficacy of intravitreal injections with 20 mg 
FHTR2163 every 4 or 8 weeks over 76 weeks. The primary effi-
cacy endpoint measures the GA lesion growth area from baseline 
to 72 weeks using fundus autofluorescence imaging.53

Vitamin A aggregates formation inhibitors

ALK-001 (Alkeus Pharmaceuticals)
ALK-001 is a chemically modified vitamin A and can prevent 

the formation of toxic vitamin A aggregates, reducing the ac-
cumulation of debris in the RPE. The results of the Phase III 
study are awaited and will help us to evaluate the efficacy of 
this potential drug molecule in inhibiting the growth rate of GA 
lesions.31,54,55

Miscellaneous therapies

Photobiomodulation therapy (PBM)
PBM is a light-based technology that stimulates bioenergetic out-
put in targeted tissues. Selected wavelengths of light in the far red 
to near-infrared spectrum (500–1,000 nm) can modulate biological 
function through direct and indirect cellular effects on mitochon-
drial respiratory chain components. PBM activation of photoac-
ceptors in the mitochondria improves the generation of adenosine 
triphosphate (ATP), modulates the production of intracellular sign-
aling molecules, such as reactive oxygen species and nitric oxide, 
and triggers secondary effects that produce sustainable changes in 
cell function and viability. The beneficial cellular effects can be 
observed only with the appropriate selection of wavelength, dose, 
timing, and delivery of PBM treatment.56

Emixustat (ACU-4429, Acucela Inc.)
Emixustat is a small molecule visual cycle modulator formulated 
as emixustat hydrochloride. This is the first oral drug that delays 
the retinal disease process. Emixustat was developed by British-
American chemist Ian L. Scott and is undergoing Phase 3 trials 
for dry AMD. The toxic byproduct, N-retinylidene-N-retinyleth-
anolamine (A2E), is a major chromophore in lipofuscin, formed 
from the release of all-trans-retinol within the outer segment of hu-
man photoreceptors. A2E leads to the formation of singlet oxygen 
radicals on exposure to high-energy light and oxygen. Emixustat 
hydrochloride is a synthetic small molecule non-retinoid designed 
to stop the visual cycle by inhibiting the formation of 11-cis-ret-
inal. Emixustat hydrochloride binds to RPE-65 and prevents the 
isomerohydrolase reaction. Without 11-cis-retinal, the rod photo-
receptor cells do not produce all-trans-retinol and A2E. A placebo-
controlled Phase 1b RCT has shown the safety and tolerability of 
treatment with emixustat (5, 10, 20, 30, or 40 mg) daily for 14 days 
in healthy volunteers.57,58

Rheopheresis
AMD is considered to be mediated by the disturbance in the 
micro-circulation of the retina at a cellular and molecular level. 
Rheopheresis is a type of therapeutic plasmapheresis-like proce-
dure that is safe and effective in treating retinal microcirculatory 
disorders of the retina. Rheopheresis can eliminate high molecular 
weight proteins from human plasma of a defined spectrum. These 
include many components in the blood (>25 nm or >500 kDa) 
that are pathophysiologically related to AMD, such as fibrinogen, 
LDL cholesterol, immune complexes, IgM, von Willebrand fac-
tor, and alpha 2 & beta 2 macroglobulin that are associated with 
increase blood viscosity. The increase in blood viscosity reduces 
blood flow, especially micro-circulation, with more propensity 
for blood erythrocytes and thrombocytes to aggregate. A series 
of Rheopheresis procedures at definite intervals can improve 
the microcirculation of the retina and help in faster recovery of 
retinal function. Though it is as yet an unproven therapeutic op-
tion under investigation, it has been tested in clinical trials. The 
most extensive study to assess the effectiveness of Rheopheresis 
in dry AMD is the Multicenter Investigation of Rheopheresis for 
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AMD (MIRA-1) trial, which leads the results. Moreover, a larger 
proportion of treated subjects experienced adverse events that re-
quired intervention (24.0%) compared to those receiving placebo 
(5.8%).59,60

Ayurvedic phytopharmaceuticals
Many Rasayana medicines, such as Tinospora Cordifolia, Can-
tella Asiatica, Bacopa monnieri, Convolvulus pluricaulis, Ocimum 
basilicum L., Curcuma Longa L., Acorus Calamus, Glycyrrhiza 
glabra L. mentioned in Ayurvedic literature may have a potential 
role in the age-related degenerative process in cells by telomere 
lengthening and preventing DNA damage.61 However, their effect 
needs to be explored in AMD-related clinical trials.

Strengths and limitations
Our review covers all the unapproved pipeline therapies for dry 
AMD under investigation. The study discusses the published clin-
ical trial results/interim results related to dry AMD. However, the 
study has a few limitations. Some of the interventions to treat dry 
AMD are still under investigation, and results are not updated in 
the public domain. Hence, we have not discussed these results in 
detail, although their mechanisms are well described as an inves-
tigational therapy. BVCA is the most common primary endpoint 
used in many clinical trials, but it may fail to diagnose foveal-
sparing GA. Moreover, the review mainly narrates the clinical de-
velopment phase, and describing all the pre-clinical development 
part of a new molecular/chemical entity does not fall under the 
scope of this review.

Future directions
GA is an irreversible or decompensated stage of dry AMD and has 
no successful treatment. Stem cell-based therapy (embryonic stem 
cell-derived and induced pluripotent stem cells) remains under in-
vestigation to rejuvenate the degraded photoreceptor cells, but it fac-
es challenges such as immune rejection, non-desired cellular differ-
entiation, and tumor formation. BCVA is a gold standard measure to 
evaluate the visual function and most accepted endpoints to test the 
efficacy of treatment. However, fovea-sparing GA is often missed 
in the early stages. Recent technologies to assess visual function, 
like microperimetry, color fundus photography, fundus autofluores-
cence, optical coherence tomography, multifocal electroretinogra-
phy, low luminance visual acuity, reading speed, and contrast sen-
sitivity, are the most sensitive methods to check the visual function, 
even in a patient with foveal sparing GA using the preserved BCVA. 
With advancing drug delivery technology, disease progression mon-
itoring, and better safety and efficacious treatment, the treatment of 
armamentarium for dry AMD will expand.

Conclusions
There is a need to explore promising therapeutic targets and treat-
ment options for dry AMD or GA. Furthermore, early and accurate 
diagnosis may aid in initiating treatment before disease progres-
sion. Genetics and environmental factors may also help research-
ers better understand the pathogenesis of dry AMD.

Acknowledgments
None.

Funding
None.

Conflict of interest
The authors have no conflicts of interest related to this publication.

Author contributions
Conceptualization, review of literature, and manuscript drafting 
(MM, RM, SZ, and ST); manuscript editing and reviewing (RM). 
All authors have made a significant contribution to this study and 
have approved the submission of the final manuscript (MM, RM, 
SZ, and ST).

References
[1]	 Gehrs KM, Anderson DH, Johnson LV, Hageman GS. Age-related macu-

lar degeneration—emerging pathogenetic and therapeutic concepts. 
Ann Med 2006;38(7):450–471. doi:10.1080/07853890600946724, 
PMID:17101537.

[2]	 Ayoub T, Patel N. Age-related macular degeneration. J R Soc Med 
2009;102(2):56–61. doi:10.1258/jrsm.2009.080298, PMID:19208869.

[3]	 Ferris FL 3rd, Fine SL, Hyman L. Age-related macular degeneration 
and blindness due to neovascular maculopathy. Arch Ophthalmol 
1984;102(11):1640–1642. doi:10.1001/archopht.1984.01040031330 
019, PMID:6208888.

[4]	 Schmitz-Valckenberg S, Sadda S, Staurenghi G, Chew EY, Fleckenstein 
M, Holz FG, et al. GEOGRAPHIC ATROPHY: Semantic Considerations 
and Literature Review. Retina 2016;36(12):2250–2264. doi:10.1097/
IAE.0000000000001258, PMID:27552292.

[5]	 Boyer DS, Schmidt-Erfurth U, van Lookeren Campagne M, Henry EC, 
Brittain C. THE PATHOPHYSIOLOGY OF GEOGRAPHIC ATROPHY SECOND-
ARY TO AGE-RELATED MACULAR DEGENERATION AND THE COMPLE-
MENT PATHWAY AS A THERAPEUTIC TARGET. Retina 2017;37(5):819–
835. doi:10.1097/IAE.0000000000001392, PMID:27902638.

[6]	 Tezel TH, Bora NS, Kaplan HJ. Pathogenesis of age-related macular 
degeneration. Trends Mol Med 2004;10(9):417–420. doi:10.1016/j.
molmed.2004.07.004, PMID:15350892.

[7]	 Fleckenstein M, Mitchell P, Freund KB, Sadda S, Holz FG, Brittain C, 
et al. The Progression of Geographic Atrophy Secondary to Age-Re-
lated Macular Degeneration. Ophthalmology 2018;125(3):369–390. 
doi:10.1016/j.ophtha.2017.08.038, PMID:29110945.

[8]	 Fliesler SJ, Anderson RE. Chemistry and metabolism of lipids in the ver-
tebrate retina. Prog Lipid Res 1983;22(2):79–131. doi:10.1016/0163-
7827(83)90004-8, PMID:6348799.

[9]	 Zarbin MA. Current concepts in the pathogenesis of age-related 
macular degeneration. Arch Ophthalmol 2004;122(4):598–614. doi: 
10.1001/archopht.122.4.598, PMID:15078679.

[10]	 Holz FG, Bellman C, Staudt S, Schütt F, Völcker HE. Fundus autofluo-
rescence and development of geographic atrophy in age-related 
macular degeneration. Invest Ophthalmol Vis Sci 2001;42(5):1051–
1056. PMID:11274085.

[11]	 Radu RA, Hu J, Yuan Q, Welch DL, Makshanoff J, Lloyd M, et al. 
Complement system dysregulation and inflammation in the retinal 
pigment epithelium of a mouse model for Stargardt macular degen-
eration. J Biol Chem 2011;286(21):18593–18601. doi:10.1074/jbc.
M110.191866, PMID:21464132.

[12]	 Ding JD, Lin J, Mace BE, Herrmann R, Sullivan P, Bowes Rickman C. 
Targeting age-related macular degeneration with Alzheimer’s disease 
based immunotherapies: anti-amyloid-beta antibody attenuates pa-
thologies in an age-related macular degeneration mouse model. Vi-
sion Res 2008;48(3):339–345. doi:10.1016/j.visres.2007.07.025, PMID: 
17888483.

[13]	 Baumal CR. Wet age-related macular degeneration: treatment ad-
vances to reduce the injection burden. Am J Manag Care 2020;26(5 
Suppl):S103–S111. doi:10.37765/ajmc.2020.43435, PMID:32479026.

https://doi.org/10.14218/JERP.2022.00066
https://doi.org/10.1080/07853890600946724
http://www.ncbi.nlm.nih.gov/pubmed/17101537
https://doi.org/10.1258/jrsm.2009.080298
http://www.ncbi.nlm.nih.gov/pubmed/19208869
https://doi.org/10.1001/archopht.1984.01040031330019
https://doi.org/10.1001/archopht.1984.01040031330019
http://www.ncbi.nlm.nih.gov/pubmed/6208888
https://doi.org/10.1097/IAE.0000000000001258
https://doi.org/10.1097/IAE.0000000000001258
http://www.ncbi.nlm.nih.gov/pubmed/27552292
https://doi.org/10.1097/IAE.0000000000001392
http://www.ncbi.nlm.nih.gov/pubmed/27902638
https://doi.org/10.1016/j.molmed.2004.07.004
https://doi.org/10.1016/j.molmed.2004.07.004
http://www.ncbi.nlm.nih.gov/pubmed/15350892
https://doi.org/10.1016/j.ophtha.2017.08.038
http://www.ncbi.nlm.nih.gov/pubmed/29110945
https://doi.org/10.1016/0163-7827(83)90004-8
https://doi.org/10.1016/0163-7827(83)90004-8
http://www.ncbi.nlm.nih.gov/pubmed/6348799
https://doi.org/10.1001/archopht.122.4.598
http://www.ncbi.nlm.nih.gov/pubmed/15078679
http://www.ncbi.nlm.nih.gov/pubmed/11274085
https://doi.org/10.1074/jbc.M110.191866
https://doi.org/10.1074/jbc.M110.191866
http://www.ncbi.nlm.nih.gov/pubmed/21464132
https://doi.org/10.1016/j.visres.2007.07.025
http://www.ncbi.nlm.nih.gov/pubmed/17888483
https://doi.org/10.37765/ajmc.2020.43435
http://www.ncbi.nlm.nih.gov/pubmed/32479026


DOI: 10.14218/JERP.2022.00066  |  Volume 00 Issue 00, Month Year8

Maurya M. et al: Therapeutic targets for dry age-related macular degenerationJ Explor Res Pharmacol

[14]	 Damico FM, Gasparin F, Scolari MR, Pedral LS, Takahashi BS. New 
approaches and potential treatments for dry age-related macular 
degeneration. Arq Bras Oftalmol 2012;75(1):71–76. doi:10.1590/
s0004-27492012000100016, PMID:22552424.

[15]	 Faktorovich EG, Steinberg RH, Yasumura D, Matthes MT, LaVail MM. 
Photoreceptor degeneration in inherited retinal dystrophy delayed 
by basic fibroblast growth factor. Nature 1990;347(6288):83–86. 
doi:10.1038/347083a0, PMID:2168521.

[16]	 LaVail MM, Yasumura D, Matthes MT, Lau-Villacorta C, Unoki K, 
Sung CH, Steinberg RH. Protection of mouse photoreceptors by 
survival factors in retinal degenerations. Invest Ophthalmol Vis Sci 
1998;39(3):592–602. PMID:9501871.

[17]	 Tao W, Wen R, Goddard MB, Sherman SD, O’Rourke PJ, Stabila PF, et 
al. Encapsulated cell-based delivery of CNTF reduces photoreceptor 
degeneration in animal models of retinitis pigmentosa. Invest Oph-
thalmol Vis Sci 2002;43(10):3292–3298. PMID:12356837.

[18]	 LaVail MM, Unoki K, Yasumura D, Matthes MT, Yancopoulos GD, 
Steinberg RH. Multiple growth factors, cytokines, and neurotrophins 
rescue photoreceptors from the damaging effects of constant light. 
Proc Natl Acad Sci U S A 1992;89(23):11249–11253. doi:10.1073/
pnas.89.23.11249, PMID:1454803.

[19]	 Tatton W, Chen D, Chalmers-Redman R, Wheeler L, Nixon R, Tatton N. 
Hypothesis for a common basis for neuroprotection in glaucoma and 
Alzheimer’s disease: anti-apoptosis by alpha-2-adrenergic receptor 
activation. Surv Ophthalmol 2003;48(Suppl 1):S25–S37. doi:10.1016/
s0039-6257(03)00005-5, PMID:12852432.

[20]	 Donello JE, Padillo EU, Webster ML, Wheeler LA, Gil DW. alpha(2)-
Adrenoceptor agonists inhibit vitreal glutamate and aspartate ac-
cumulation and preserve retinal function after transient ischemia. J 
Pharmacol Exp Ther 2001;296(1):216–223. PMID:11123383.

[21]	 Collier RJ, Wang Y, Smith SS, Martin E, Ornberg R, Rhoades K, et al. 
Complement deposition and microglial activation in the outer retina 
in light-induced retinopathy: inhibition by a 5-HT1A agonist. Invest 
Ophthalmol Vis Sci 2011;52(11):8108–8116. doi:10.1167/iovs.10-
6418, PMID:21467172.

[22]	 Yong VW. Differential mechanisms of action of interferon-beta 
and glatiramer aetate in MS. Neurology 2002;59(6):802–808. 
doi:10.1212/wnl.59.6.802, PMID:12349849.

[23]	 Landa G, Butovsky O, Shoshani J, Schwartz M, Pollack A. Weekly 
vaccination with Copaxone (glatiramer acetate) as a potential 
therapy for dry age-related macular degeneration. Curr Eye Res 
2008;33(11):1011–1013. doi:10.1080/02713680802484637, PMID: 
19085384.

[24]	 Landa G, Rosen RB, Patel A, Lima VC, Tai KW, Perez VR, et al. Qualita-
tive spectral OCT/SLO analysis of drusen change in dry age-related 
macular degeneration patients treated with Copaxone. J Ocul Phar-
macol Ther 2011;27(1):77–82. doi:10.1089/jop.2010.0109, PMID: 
21254921.

[25]	 Ding JD, Johnson LV, Herrmann R, Farsiu S, Smith SG, Groelle M, et al. 
Anti-amyloid therapy protects against retinal pigmented epithelium 
damage and vision loss in a model of age-related macular degenera-
tion. Proc Natl Acad Sci U S A 2011;108(28):E279–E287. doi:10.1073/
pnas.1100901108, PMID:21690377.

[26]	 Chew EY, Clemons TE, Agrón E, Launer LJ, Grodstein F, Bernstein PS, 
et al. Effect of Omega-3 Fatty Acids, Lutein/Zeaxanthin, or Other 
Nutrient Supplementation on Cognitive Function: The AREDS2 Ran-
domized Clinical Trial. JAMA 2015;314(8):791–801. doi:10.1001/
jama.2015.9677, PMID:26305649.

[27]	 Chew EY, Clemons T, SanGiovanni JP, Danis R, Domalpally A, McBee 
W, et al. The Age-Related Eye Disease Study 2 (AREDS2): study design 
and baseline characteristics (AREDS2 report number 1). Ophthalmol-
ogy 2012;119(11):2282–2289. doi:10.1016/j.ophtha.2012.05.027, 
PMID:22840421.

[28]	 Bavik C, Henry SH, Zhang Y, Mitts K, McGinn T, Budzynski E, et al. 
Visual Cycle Modulation as an Approach toward Preservation of Reti-
nal Integrity. PLoS One 2015;10(5):e0124940. doi:10.1371/journal.
pone.0124940, PMID:25970164.

[29]	 Di Paolo D, Pastorino F, Zuccari G, Caffa I, Loi M, Marimpietri D, et 
al. Enhanced anti-tumor and anti-angiogenic efficacy of a novel 
liposomal fenretinide on human neuroblastoma. J Control Re-
lease 2013;170(3):445–451. doi:10.1016/j.jconrel.2013.06.015, 

PMID:23792118.
[30]	 Mata NL, Lichter JB, Vogel R, Han Y, Bui TV, Singerman LJ. Investi-

gation of oral fenretinide for treatment of geographic atrophy in 
age-related macular degeneration. Retina 2013;33(3):498–507. doi: 
10.1097/IAE.0b013e318265801d, PMID:23023528.

[31]	 Cabral de Guimaraes TA, Daich Varela M, Georgiou M, Michaelides 
M. Treatments for dry age-related macular degeneration: thera-
peutic avenues, clinical trials and future directions. Br J Ophthalmol 
2022;106(3):297–304.

[32]	 Banin E, Barak A, Boyer DS, Do DV, Ehrlich R, Jaouni T, et al. Phase 
I/IIa Clinical Trial of Human Embryonic Stem Cell (hESC)-Derived 
Retinal Pigmented Epithelium (RPE, OpRegen) Transplantation in Ad-
vanced Dry Form Age-Related Macular Degeneration (AMD): Interim 
Results. Invest Ophthalmol Vis Sci 2019;60(9):6402.

[33]	 Cho SM, Lee J, Lee HB, Choi HJ, Ryu JE, Lee HJ, et al. Subretinal 
transplantation of human embryonic stem cell-derived retinal pig-
ment epithelium (MA09-hRPE): A safety and tolerability evaluation 
in minipigs. Regul Toxicol Pharmacol 2019;106:7–14. doi:10.1016/j.
yrtph.2019.04.006, PMID:31009651.

[34]	 Oner A, Gonen ZB, Sevim DG, Smim Kahraman N, Unlu M. Supra-
choroidal Adipose Tissue-Derived Mesenchymal Stem Cell Implanta-
tion in Patients with Dry-Type Age-Related Macular Degeneration 
and Stargardt’s Macular Dystrophy: 6-Month Follow-Up Results of 
a Phase 2 Study. Cell Reprogram 2018;20(6):329–336. doi:10.1089/
cell.2018.0045, PMID:31251672.

[35]	 Kahraman NS, Gonen ZB, Sevim DG, Oner A. First Year Results of 
Suprachoroidal Adipose Tissue Derived Mesenchymal Stem Cell 
Implantation in Degenerative Macular Diseases. Int J Stem Cells 
2021;14(1):47–57. doi:10.15283/ijsc20025, PMID:33122468.

[36]	 Kumar A, Midha N, Mohanty S, Chohan A, Seth T, Gogia V, et al. 
Evaluating role of bone marrow-derived stem cells in dry age-related 
macular degeneration using multifocal electroretinogram and fun-
dus autofluorescence imaging. Int J Ophthalmol 2017;10(10):1552–
1558. doi:10.18240/ijo.2017.10.12, PMID:29062775.

[37]	 Mead B, Berry M, Logan A, Scott RA, Leadbeater W, Scheven BA. 
Stem cell treatment of degenerative eye disease. Stem Cell Res 
2015;14(3):243–257. doi:10.1016/j.scr.2015.02.003, PMID:25752437.

[38]	 Liao DS, Metapally R, Joshi P. Pegcetacoplan treatment for geograph-
ic atrophy due to age-related macular degeneration: a plain language 
summary of the FILLY study. Immunotherapy 2022;14(13):995–1006. 
doi:10.2217/imt-2022-0078, PMID:35860926.

[39]	 Liao DS, Grossi FV, El Mehdi D, Gerber MR, Brown DM, Heier JS, et 
al. Complement C3 Inhibitor Pegcetacoplan for Geographic Atrophy 
Secondary to Age-Related Macular Degeneration: A Randomized 
Phase 2 Trial. Ophthalmology 2020;127(2):186–195. doi:10.1016/j.
ophtha.2019.07.011, PMID:31474439.

[40]	 Qin S, Dong N, Yang M, Wang J, Feng X, Wang Y. Complement Inhibitors 
in Age-Related Macular Degeneration: A Potential Therapeutic Op-
tion. J Immunol Res 2021;2021:9945725. doi:10.1155/2021/9945725, 
PMID:34368372.

[41]	 Ricklin D, Lambris JD. Complement-targeted therapeutics. Nat Bio-
technol 2007;25(11):1265–75.

[42]	 Jaffe GJ, Westby K, Csaky KG, Monés J, Pearlman JA, Patel SS, et 
al. C5 Inhibitor Avacincaptad Pegol for Geographic Atrophy Due to 
Age-Related Macular Degeneration: A Randomized Pivotal Phase 
2/3 Trial. Ophthalmology 2021;128(4):576–586. doi:10.1016/j.oph-
tha.2020.08.027, PMID:32882310.

[43]	 Armento A, Ueffing M, Clark SJ. The complement system in age-relat-
ed macular degeneration. Cell Mol Life Sci 2021;78(10):4487–4505. 
doi:10.1007/s00018-021-03796-9, PMID:33751148.

[44]	 Yehoshua Z, de Amorim Garcia Filho CA, Nunes RP, Gregori G, Pen-
ha FM, Moshfeghi AA, et al. Systemic complement inhibition with 
eculizumab for geographic atrophy in age-related macular degen-
eration: the COMPLETE study. Ophthalmology 2014;121(3):693–701. 
doi:10.1016/j.ophtha.2013.09.044, PMID:24289920.

[45]	 Taskintuna I, Elsayed ME, Schatz P. Update on Clinical Trials in Dry 
Age-related Macular Degeneration. Middle East Afr J Ophthalmol 
2016;23(1):13–26. doi:10.4103/0974-9233.173134, PMID:26957835.

[46]	 Ramlogan-Steel CA, Murali A, Andrzejewski S, Dhungel B, Steel 
JC, Layton CJ. Gene therapy and the adeno-associated virus in 
the treatment of genetic and acquired ophthalmic diseases in hu-

https://doi.org/10.14218/JERP.2022.00066
https://doi.org/10.1590/s0004-27492012000100016
https://doi.org/10.1590/s0004-27492012000100016
http://www.ncbi.nlm.nih.gov/pubmed/22552424
https://doi.org/10.1038/347083a0
http://www.ncbi.nlm.nih.gov/pubmed/2168521
http://www.ncbi.nlm.nih.gov/pubmed/9501871
http://www.ncbi.nlm.nih.gov/pubmed/12356837
https://doi.org/10.1073/pnas.89.23.11249
https://doi.org/10.1073/pnas.89.23.11249
http://www.ncbi.nlm.nih.gov/pubmed/1454803
https://doi.org/10.1016/s0039-6257(03)00005-5
https://doi.org/10.1016/s0039-6257(03)00005-5
http://www.ncbi.nlm.nih.gov/pubmed/12852432
http://www.ncbi.nlm.nih.gov/pubmed/11123383
https://doi.org/10.1167/iovs.10-6418
https://doi.org/10.1167/iovs.10-6418
http://www.ncbi.nlm.nih.gov/pubmed/21467172
https://doi.org/10.1212/wnl.59.6.802
http://www.ncbi.nlm.nih.gov/pubmed/12349849
https://doi.org/10.1080/02713680802484637
http://www.ncbi.nlm.nih.gov/pubmed/19085384
https://doi.org/10.1089/jop.2010.0109
http://www.ncbi.nlm.nih.gov/pubmed/21254921
https://doi.org/10.1073/pnas.1100901108
https://doi.org/10.1073/pnas.1100901108
http://www.ncbi.nlm.nih.gov/pubmed/21690377
https://doi.org/10.1001/jama.2015.9677
https://doi.org/10.1001/jama.2015.9677
http://www.ncbi.nlm.nih.gov/pubmed/26305649
https://doi.org/10.1016/j.ophtha.2012.05.027
http://www.ncbi.nlm.nih.gov/pubmed/22840421
https://doi.org/10.1371/journal.pone.0124940
https://doi.org/10.1371/journal.pone.0124940
http://www.ncbi.nlm.nih.gov/pubmed/25970164
https://doi.org/10.1016/j.jconrel.2013.06.015
http://www.ncbi.nlm.nih.gov/pubmed/23792118
https://doi.org/10.1097/IAE.0b013e318265801d
http://www.ncbi.nlm.nih.gov/pubmed/23023528
https://doi.org/10.1016/j.yrtph.2019.04.006
https://doi.org/10.1016/j.yrtph.2019.04.006
http://www.ncbi.nlm.nih.gov/pubmed/31009651
https://doi.org/10.1089/cell.2018.0045
https://doi.org/10.1089/cell.2018.0045
http://www.ncbi.nlm.nih.gov/pubmed/31251672
https://doi.org/10.15283/ijsc20025
http://www.ncbi.nlm.nih.gov/pubmed/33122468
https://doi.org/10.18240/ijo.2017.10.12
http://www.ncbi.nlm.nih.gov/pubmed/29062775
https://doi.org/10.1016/j.scr.2015.02.003
http://www.ncbi.nlm.nih.gov/pubmed/25752437
https://doi.org/10.2217/imt-2022-0078
http://www.ncbi.nlm.nih.gov/pubmed/35860926
https://doi.org/10.1016/j.ophtha.2019.07.011
https://doi.org/10.1016/j.ophtha.2019.07.011
http://www.ncbi.nlm.nih.gov/pubmed/31474439
https://doi.org/10.1155/2021/9945725
http://www.ncbi.nlm.nih.gov/pubmed/34368372
https://doi.org/10.1016/j.ophtha.2020.08.027
https://doi.org/10.1016/j.ophtha.2020.08.027
http://www.ncbi.nlm.nih.gov/pubmed/32882310
https://doi.org/10.1007/s00018-021-03796-9
http://www.ncbi.nlm.nih.gov/pubmed/33751148
https://doi.org/10.1016/j.ophtha.2013.09.044
http://www.ncbi.nlm.nih.gov/pubmed/24289920
https://doi.org/10.4103/0974-9233.173134
http://www.ncbi.nlm.nih.gov/pubmed/26957835


DOI: 10.14218/JERP.2022.00066  |  Volume 00 Issue 00, Month Year 9

Maurya M. et al: Therapeutic targets for dry age-related macular degeneration J Explor Res Pharmacol

mans: Trials, future directions and safety considerations. Clin Exp 
Ophthalmol 2019;47(4):521–536. doi:10.1111/ceo.13416, PMID: 
30345694.

[47]	 clinicaltrials.gov [Internet]. First in human study to evaluate the 
safety and efficacy of GT005 administered in subjects with dry AMD. 
Available from: https://clinicaltrials.gov/ct2/show/NCT03846193. 
Accessed July 1, 2022.

[48]	 clinicaltrials.gov [Internet]. EXPLORE: a phase II study to evaluate 
the safety and efficacy of two doses of GT005 (EXPLORE). Clini-
calTrials.gov. Available from: https://clinicaltrials.gov/ct2/show/
NCT04437368. Accessed July 1, 2022.

[49]	 clinicaltrials.gov [Internet]. HORIZON: a phase II study to evaluate the 
safety and efficacy of two doses of GT005. ClinicalTrials.gov. Available 
from: https://clinicaltrials.gov/ct2/show/NCT04566445. Accessed July 
1, 2022.

[50]	 Katschke KJ Jr, Wu P, Ganesan R, Kelley RF, Mathieu MA, Hass PE, 
et al. Inhibiting alternative pathway complement activation by tar-
geting the factor D exosite. J Biol Chem 2012;287(16):12886–12892. 
doi:10.1074/jbc.M112.345082, PMID:22362762.

[51]	 Kawa MP, Machalinska A, Roginska D, Machalinski B. Complement 
system in pathogenesis of AMD: dual player in degeneration and 
protection of retinal tissue. J Immunol Res 2014;2014:483960. 
doi:10.1155/2014/483960, PMID:25276841.

[52]	 Desai D, Dugel PU. Complement cascade inhibition in geographic 
atrophy: a review. Eye (Lond) 2022;36(2):294–302. doi:10.1038/
s41433-021-01765-x, PMID:34999723.

[53]	 Khanani AM, Hershberger VS, Pieramici DJ, Khurana RN, Brunstein 
F, Ma L, et al. Phase 1 Study of the Anti-HtrA1 Antibody-binding 
Fragment FHTR2163 in Geographic Atrophy Secondary to Age-
related Macular Degeneration. Am J Ophthalmol 2021;232:49–57. 
doi:10.1016/j.ajo.2021.06.017, PMID:34214452.

[54]	 Zhang D, Mihai DM, Washington I. Vitamin A cycle byproducts ex-
plain retinal damage and molecular changes thought to initiate reti-

nal degeneration. Biol Open 2021;10(11):bio058600. doi:10.1242/
bio.058600, PMID:34842275.

[55]	 Rubner R, Li KV, Canto-Soler MV. Progress of clinical therapies for dry 
age-related macular degeneration. Int J Ophthalmol 2022;15(1):157–
166. doi:10.18240/ijo.2022.01.23, PMID:35047371.

[56]	 Merry GF, Munk MR, Dotson RS, Walker MG, Devenyi RG. Photobio-
modulation reduces drusen volume and improves visual acuity and 
contrast sensitivity in dry age-related macular degeneration. Acta 
Ophthalmol 2017;95(4):e270–e277. doi:10.1111/aos.13354, PMID: 
27989012.

[57]	 Dugel PU, Novack RL, Csaky KG, Richmond PP, Birch DG, Kubota R. 
Phase ii, randomized, placebo-controlled, 90-day study of emixustat 
hydrochloride in geographic atrophy associated with dry age-related 
macular degeneration. Retina 2015;35(6):1173–1183. doi:10.1097/
IAE.0000000000000606, PMID:25932553.

[58]	 Rosenfeld PJ, Dugel PU, Holz FG, Heier JS, Pearlman JA, Novack RL, 
et al. Emixustat Hydrochloride for Geographic Atrophy Second-
ary to Age-Related Macular Degeneration: A Randomized Clinical 
Trial. Ophthalmology 2018;125(10):1556–1567. doi:10.1016/j.oph-
tha.2018.03.059, PMID:29716784.

[59]	 Koss MJ, Kurz P, Tsobanelis T, Lehmacher W, Fassbender C, Klingel R, 
et al. Prospective, randomized, controlled clinical study evaluating 
the efficacy of Rheopheresis for dry age-related macular degenera-
tion. Dry AMD treatment with Rheopheresis Trial-ART. Graefes Arch 
Clin Exp Ophthalmol 2009;247(10):1297–1306. doi:10.1007/s00417-
009-1113-7, PMID:19629514.

[60]	 Pulido J, Sanders D, Winters JL, Klingel R. Clinical outcomes and 
mechanism of action for rheopheresis treatment of age-related 
macular degeneration (AMD). J Clin Apher 2005;20(3):185–194. 
doi:10.1002/jca.20047, PMID:15892078.

[61]	 Sharma R, Martins N. Telomeres, DNA Damage and Ageing: Poten-
tial Leads from Ayurvedic Rasayana (Anti-Ageing) Drugs. J Clin Med 
2020;9(8):E2544. doi:10.3390/jcm9082544, PMID:32781627.

sample for headings

Heading 1
Normal Paragraph

Heading 2
Normal Paragraph

Heading 3
Normal Paragraph

Heading 4
Normal Paragraph

https://doi.org/10.14218/JERP.2022.00066
https://doi.org/10.1111/ceo.13416
http://www.ncbi.nlm.nih.gov/pubmed/30345694
https://clinicaltrials.gov/ct2/show/NCT03846193
https://clinicaltrials.gov/ct2/show/NCT04437368
https://clinicaltrials.gov/ct2/show/NCT04437368
https://clinicaltrials.gov/ct2/show/NCT04566445
https://doi.org/10.1074/jbc.M112.345082
http://www.ncbi.nlm.nih.gov/pubmed/22362762
https://doi.org/10.1155/2014/483960
http://www.ncbi.nlm.nih.gov/pubmed/25276841
https://doi.org/10.1038/s41433-021-01765-x
https://doi.org/10.1038/s41433-021-01765-x
http://www.ncbi.nlm.nih.gov/pubmed/34999723
https://doi.org/10.1016/j.ajo.2021.06.017
http://www.ncbi.nlm.nih.gov/pubmed/34214452
https://doi.org/10.1242/bio.058600
https://doi.org/10.1242/bio.058600
http://www.ncbi.nlm.nih.gov/pubmed/34842275
https://doi.org/10.18240/ijo.2022.01.23
http://www.ncbi.nlm.nih.gov/pubmed/35047371
https://doi.org/10.1111/aos.13354
http://www.ncbi.nlm.nih.gov/pubmed/27989012
https://doi.org/10.1097/IAE.0000000000000606
https://doi.org/10.1097/IAE.0000000000000606
http://www.ncbi.nlm.nih.gov/pubmed/25932553
https://doi.org/10.1016/j.ophtha.2018.03.059
https://doi.org/10.1016/j.ophtha.2018.03.059
http://www.ncbi.nlm.nih.gov/pubmed/29716784
https://doi.org/10.1007/s00417-009-1113-7
https://doi.org/10.1007/s00417-009-1113-7
http://www.ncbi.nlm.nih.gov/pubmed/19629514
https://doi.org/10.1002/jca.20047
http://www.ncbi.nlm.nih.gov/pubmed/15892078
https://doi.org/10.3390/jcm9082544
http://www.ncbi.nlm.nih.gov/pubmed/32781627

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Pathogenesis of dry AMD﻿

	﻿﻿﻿﻿﻿Pipeline drugs for dry AMD﻿

	﻿﻿Neuroprotective agents﻿

	﻿﻿﻿﻿Anti-amyloid beta antibody﻿

	﻿﻿﻿﻿Reducing oxidative stress﻿

	﻿﻿﻿﻿Visual cycle modulators﻿

	﻿﻿﻿﻿Subretinal implantation of stem cells derived from different sources﻿

	﻿﻿﻿﻿Potential drugs and gene therapies targeting the complement system﻿

	﻿﻿﻿﻿﻿Vitamin A aggregates formation inhibitors﻿


	﻿﻿﻿﻿﻿Miscellaneous therapies﻿

	﻿﻿Photobiomodulation therapy (PBM)﻿

	﻿﻿﻿Emixustat (ACU-4429, Acucela Inc.)﻿

	﻿﻿﻿Rheopheresis﻿

	﻿﻿﻿Ayurvedic phytopharmaceuticals﻿


	﻿﻿﻿﻿Strengths and limitations﻿

	﻿﻿﻿Future directions﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


