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Abstract

We aim to summarize various emerging treatments for
geographic atrophy (GA) secondary to dry age-related
macular degeneration (AMD). The PubMed database was
searched using keywords: ‘treatment’ and ‘geographic
atrophy’ or ‘dry age-related macular degeneration’
on 19 June 2021. Of 121 articles yielded, 20 relevant
clinical studies that were of ‘English language’ and
‘published within 10 years’ were included. The emerging
treatments of dry AMD with GA were categorized into
complement inhibitors, diet and supplement, cell-based
therapies, and pharmacological agents. Complement
inhibitors (C3 inhibitor pegcetacoplan, complement
factor D, and C5 inhibitors) can significantly reduce the
GA lesion area growth, as can Mediterranean diet and
a-lipoic acid. Cell-based therapies such as palucorel
and biosynthetic retinal pigment epithelium monolayer
delivery can minimize GA lesion area and improve the
best-corrected visual acuity. Pharmacological agents
such as fenretinide, ciliary neurotrophic growth factor,
trimetazidine, and brimonidine have prominent effects
on GA, but emixustat hydrochloride, tandospirone, and
sirolimus lack such effects. The Age-Related Eye Disease
Study formulation remains important in reducing the risk

of progression of GA secondary to dry AMD. A thorough
understanding of the emerging treatment of GA may
enable more personalized treatment. Nonetheless, the
safety and efficacy of the treatment ought to be tested
in trials with larger sample size, longer duration, and
optimized dosage.

Key words: Cell- and tissue-based therapy; Complement
inactivating agents; Dietary supplements; Geographic atrophy;
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Introduction

Age-related macular degeneration (AMD) is a chronic
progressive disease of the central retina and a major cause
of visual impairment.' The prevalence of AMD in the United
States population aged =40 years is 6.5%.> By 2040, AMD
is estimated to affect 288 million people in the world.?
Approximately 5% of patients with early AMD progress to
a late stage, with an increase of up to 15% over the past
15 years* Visual impairment is associated with
unemployment, decreased self-support, activity limitation,
and lower quality of life.’

AMD can progress to choroidal neovascularization (wet
form) or geographic atrophy (GA) [late dry form], which
causes severe vision loss. In dry AMD, retinal pigment
epithelium (RPE) undergoes apoptosis, and amorphic
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extracellular deposits (drusens) are formed between RPE
and the Bruch membrane, leading to central scotomas and
metamorphopsia. In the advanced stage, drusen regresses
and hyperpigmentation occurs, resulting in GA.* On optical
coherence tomography (OCT), GA is characterized by the
atrophy of RPE, photoreceptors, choriocapillaris, and outer
nuclear layer.”

Unlike neovascular AMD that can be treated with anti-vascular
endothelial growth factor, dry AMD with GA secondary
to RPE or photoreceptors damage cannot be reversible by
current therapies.® Hence, smoking cessation and vitamin or
nutritional supplements remain the main option to improve
the prognosis of dry AMD.” The Age-Related Eye Disease
Study 2 (AREDS2) showed that dietary supplements can
lower the risk of the development of wet AMD but have no
effects on reducing annual GA lesion area.'” This prompts
studies to develop novel strategies to minimize GA lesions in
patients with dry AMD and to reduce visual morbidity.

We aim to systematically review clinical studies published
within 10 years about emerging treatments of GA secondary
to dry AMD and their effectiveness in preserving vision. We
categorized the treatments into complement inhibitors, diet
and supplement, cell-based therapies, and pharmacological
agents. The efficacy, safety profile, and limitations of various
therapies are discussed and compared.

Methods

The PubMed database was searched on 19 June 2021 using
keywords: ‘treatment’ and ‘geographic atrophy’ or ‘dry
age-related macular degeneration’. Only clinical trials and
randomized controlled trials published within 10 years and
written in English language were included. Of 121 articles
identified, 20 clinical studies describing the novel therapies
for dry AMD with GA were included. Review papers, meta-
analyses, and case reports were excluded. The 20 studies
were manually curated for subject relevance through abstract
or full text by one author, followed by discussion on the
relevance with another author who made the arbitration when
there was disagreement on article selection (Figure).

Results

The emerging treatments of dry AMD with GA were
categorized into complement inhibitors (Table 1), diet and
supplement (Table 2), cell-based therapies (Table 3), and
pharmacological agents (Table 4).

Complement inhibitors

Complements are believed to partake in retinal degeneration
secondary to AMD. Preclinical studies showed that
complement is deposited in the eyes of patients with AMD."
C3 inhibitor pegcetacoplan, complement factor D inhibitor
(lampalizumab), and C5 inhibitor were reported to improve
the prognosis of dry AMD with GA.
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PubMed: 1020 hits

Inclusion criteria:

- Published within last 10 years

- Clinical trials and randomized controlled trials
- English language

—>| 899 articles excluded

\ 4
Abstracts of 121 articles screened

101 articles excluded:

- 35 studies on wet age-related macular
degeneration

- 33 studies not related to treatment

11 case reports

\ 4

- 16 studies on dry age-related macular
degeneration without geographic
atrophy

- 6 studies on diabetic macular edema /
retinal ischemia

\/
20 articles reviewed

Figure. Flowchart of the PubMed database search strategy.

C3 inhibitor pegcetacoplan

Complement C3 is the central component of the classical,
alternative, and lectin complement activation pathway,
which contributes to both innate and adaptive immunity.'
Complement activation products have been shown to deposit
drusens in dry AMD eyes." In a phase 2 trial of 246 patients
with GA secondary to AMD who were randomized to receive
15 mg pegcetacoplan intravitreal injection monthly, every
other month, or sham injection for 12 months and were
followed up at months 15 and 18,'* at month 12, the increase
in square root GA area growth was 29% smaller in the
monthly pegcetacoplan injection group than the sham group
(p=0.008), whereas the increase was 20% smaller in the every
other month group than the sham group (p=0.067). Moreover,
untransformed GA lesion reduced 20% and 30% in the every
other month and monthly groups, respectively, with the effect
most significant between months 6 and 12. Upon cessation of
pegcetacoplan injection, the GA lesion growth rate showed
no decline tendency. This reflects that pegcetacoplan is
effective in slowing down the development of GA. However,
pegcetacoplan had no prominent effect on the best-corrected
visual acuity (BCVA) or foveal encroachment (the distance of
GA from the fovea), compared with sham treatment.
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Table 1. Studies of complement inhibitors for dry age-related macular degeneration (AMD) with geographic atrophy (GA)

Study

Groups and sample size

Parameters

Main results

C3 Inhibitor
pegcetacoplan

Liao et al,"* 2020

246 patients allocated in a ratio of 2:2:1:1,
with intravitreal injection of 15 mg
pegcetacoplan every month or every other
month, or sham injection monthly or every
other month for 12 months; followed up at
months 15 and 18.

Square root of GA lesion area,
untransformed GA lesion, foveal
encroachment, best-corrected visual
acuity

Monthly and every other month
pegcetacoplan injection reduced an increase
in square root GA lesion area growth by 29%
and 20%, respectively

Lampalizumab

Holz et al,"” 2018

906 patients assigned into a ratio of 2:1:2:1,
with 10 mg intravitreal lampalizumab
every 4 weeks, sham every 4 weeks,
lampalizumab every 6 weeks, and sham
every 6 weeks; assessed for 96 weeks.

Mean change in GA lesion,
complement factor I-profile genetic
biomarker, best-corrected visual
acuity

Mean GA lesion increased from 1.93 to
2.09 mm? in all groups, with no significant
benefit comparing lampalizumb and sham
for profile biomarker.

Yaspan et al,'® 2017

129 patients randomized into a ratio

of 2:1:2:1 with 10 mg intravitreal
lampalizumab monthly, sham monthly,
lampalizumab every other month, and sham
every other month; followed up for 18
months.

Mean change of GA area from
baseline to month 18 using fundus
autofluorescence, colour fundus
photography, mean change in best-
corrected visual acuity

Adjusted mean change of GA area at month
18 was 2.9 mm? in sham group, 2.3 mm? in
monthly lampalizumab group; reduction in
GA area growth was 0.6 mm? for monthly
lampalizumab group and -0.2 mm? for
lampalizumab every other month group.

Heier et al,'® 2020

1881 patients randomized into a ratio

of 2:1:2:1 with 10 mg intravitreal
lampalizumab every 4 weeks, sham every
4 weeks, lampalizumab every 6 weeks, and
sham every 6 weeks; followed up for 96
weeks.

Fundus autofluorescence measuring
the GA lesion area, best-corrected
visual acuity, low-luminance visual
acuity, reading speed assessment.

Patients with lampalizumab every 4 weeks
and 6 weeks showed 2.055 and 2.054 mm?
enlargement in GA lesion area from baseline,
respectively.

Eculizumab

Yehoshua et al °

30 patients received intravenous eculizumab,

Square root GA area measurement,

Mean standard GA measurement was

2014 600 mg weekly for 4 weeks followed by best-corrected visual acuity, low- 2.55 mm and 2.02 mm in the placebo and
900 mg for 2 weeks; 900 mg weekly for luminance visual acuity. eculizumab groups, respectively. GA growth
4 weeks followed by 1200 mg for 2 weeks, occurred in both groups at week 26.
or placebo for 6 months at a ratio of 2:1.
CS5 Inhibitor
avacincaptad pegol

Jaffe et al 2 2021

286 patients were randomized into a ratio of
1:2:2 avacincaptad pegol 2 mg, avacincaptad
pegol 4 mg, and sham; followed up for 12
months.

GA area measured by blue light
fundus autofluorescence, best-
corrected visual acuity

Reduction in the mean GA growth rate was
27 4% for the avacincaptad pegol 2 mg
group and 27.8% for the avacincaptad pegol
4 mg group, compared with corresponding
sham groups.

Table 2. Studies of diet and supplement for dry age-related macular degeneration (AMD) with geographic atrophy (GA)

Study

Groups and sample size

Parameters

Main results

Mediterranean diet

Keenan et al > 2020

4255 participants were assigned to placebo,
antioxidants, zinc, or the combination.
3611 patients received either the above
supplements or with the addition of lutein/
zeaxanthin, DHA/EPA, or the combination
for 5 years.

Progression to GA by fundus
photograph grades, alternative
Mediterranean diet index.

Higher adherence to Mediterranean diet,
especially high fish intake, led to lowered
risk of GA or late AMD development, with a
dose dependent association.

a-lipoic acid

Sun et al ?* 2012

32 patients had oral administration of
o-lipoic acid and 30 patients had oral

placebo for 3 months; followed up for
3 months.

Serum malondialdehyde, superoxide
dismutase.

Patients with a-lipoic acid showed lowered
serum malondialdehyde and superoxide
dismutase, compared with placebo group.

HKJOphthalmol & Vol.25 No.2
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Table 3. Studies of cell-based therapies for dry age-related macular degeneration (AMD) with geographic atrophy (GA)

Study Groups and sample size

Parameters

Main results

Human umbilical
tissue-derived cells
palucorel

Heier et al ** 2020 21 patients received single subretinal

administration of palucorecel via

2 years.

Best-corrected visual acuity, GA area, No improvement in GA area. No significant
optical coherence tomography retinal ~ change from baseline in square root of area
suprachorioidal approach; followed up for lesion and central subfield thickness of GA in intervention eyes compared with

fellow eyes.

Ho et al,** 2017
subretinal fluid bleb adjacent to the GA area
in 35 patients for 12 months.

Single dose of palucorecel was placed in the Changes in GA area, best-corrected
visual acuity

>30% of participants had a gain of =10 letters
in best-corrected visual acuity in intervention
eyes. Total GA area increased in intervention
eyes.

Biosynthetic retinal
pigment epithelial
monolayer

Kashani et al,* 2020 20 patients had single subretinal injection
of monolayer of human embryonic stem
cell-derived retinal pigment epithelium;
followed up to 365 days.

GA area via intraoperative video
analysis

Median GA area at baseline was 13.8 mm,
whereas median GA area left uncovered

by the implant was 1.7 mm. 86.9% of

the baseline GA area was covered by the
implant. In 5 subjects, >90% of the GA area
was covered.

Lampalizumab

Complement factor D, a serine protease, is a rate-limiting
enzyme of the alternative complement pathway.”®
Lampalizumab, a monoclonal antibody against complement
factor D, is a potential therapeutic target to intervene in the
complement activity to reduce the development of GA. In a
phase 2 clinical trial of 129 patients with GA secondary to
AMD who were allocated to 10 mg intravitreal injection of
lampalizumab monthly or every other month or sham injection
for 18 months,'¢ the least square mean change adjusted for
baseline GA area reduced 0.6 mm? and -0.2 mm? in the
monthly group and every other month group, respectively,
compared with the corresponding sham groups. There was
a 20% reduction in mean change of GA area progression in
the monthly group (p=0.117). The mean change of BCVA in
the sham group and the monthly group was -4.9 letters and
-3.3 letters, respectively. This shows that lampalizumab is an
effective and safe treatment for GA.

However, other studies showed no efficacy of lampalizumab
in reducing the GA lesion area. In a study of 906 Chroma and
975 Spectri participants with bilateral GA who were assigned
to receive intravitreal injection of 10 mg lampalizumab or
sham every 4 weeks or every 6 weeks for 96 weeks,!” at week
48, the GA lesion area did not significantly differ between
the sham groups and the every 4 weeks group (p=0.80) or
the every 6 weeks group (p=0.59). The mean BCVA letter
loss was 5 letters. In addition, complement factor I profile
biomarker, a confirmed AMD common risk loci, did not
differ significantly across groups. Similarly, in a phase 3
study of 1881 patients who were randomized into intravitreal
injection of 10 mg lampalizumab or sham every 4 weeks
or every 6 weeks for 96 weeks,!® all groups had around a
2 mm? enlargement in GA lesion area at week 48. There
was no significant difference in the BCVA (p=0.94) or low-
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luminance visual acuity (p=0.49) between every 6 weeks
group and sham group. Furthermore, binocular or monocular
maximum reading speed decreased in all groups, with no
significant difference between lampalizumab and sham
injection groups.

CS5 inhibitor

Eculizumab, a humanized monoclonal antibody derived from
anti-human CS5 antibody, is used to treat paroxysmal nocturnal
hemoglobinuria and atypical hemolytic uremic syndrome. It
inhibits C5 and prevents the formation of membrane attack
complex.” In a study of 30 patients with GA who received
intravenous injection of eculizumab 600 mg for 4 weeks
followed by 900 mg every 2 weeks (n=10), 900 mg for
4 weeks followed by 1200 mg every 2 weeks (n=10), or
placebo (n=10) for 24 weeks,* the mean changes of GA did
not differ significantly between the eculizumab and placebo
groups (p=0.96), and the change in mean GA enlargement
rate did not differ significantly between low-dose and high-
dose groups (p=0.40). At week 26, the placebo group showed
a higher Early Treatment Diabetic Retinopathy Study visual
acuity than the eculizumab groups (p=0.019) but stopped at
week 52 (p=0.43).

On the contrary, avacincaptad pegol, a pegylated RNA
aptamer that prevents C5 cleavage, was shown to prevent
C5a and C5b formation, thus inhibiting cell death and cell
lysis.* In a phase 3 trial of 286 patients with GA who were
randomized into intravitreal injection of avacincaptad pegol
2 mg or 4 mg or sham injection for 12 months,” the reduction
in mean GA growth rate was 27.4% in the avacincaptad pegol
2 mg group and 27.8% in avacincaptad pegol 4 mg group,
compared with the corresponding sham groups (p=0.0072 and
p=0.0051, respectively). Nonetheless, intravitreal injection of
avacincaptad pegol 2 mg or 4 mg did not affect the mean
change in BCVA, compared with sham injection.

HKJOphthalmol & Vol.25 No.2
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Table 4. Studies of pharmacological agents for dry age-related macular degeneration (AMD) with geographic atrophy (GA)

Study

Groups and sample size

Parameters

Main results

Emixustat
hydrochloride

Rosenfeld et al,*®
2018

508 patients were assigned to 24 months of
oral daily emixustat 2.5, 5, 10 mg or placebo
ataratio of 1:1:1:1.

Normal luminance best-corrected visual
acuity, total GA area

The annual growth rate for the total area of
GA in the study eyes was similar between
different treatment groups. Mean changes
of normal luminance best-corrected visual
acuity showed no significant difference
across treatment groups.

Tandospirone
Jaffe et al,? 2015 768 patients allocated (1:1:1) to receive Best-corrected visual acuity, total GA An increase in the mean lesion size was
twice-daily AL-8309B ophthalmic eyedrop  lesion area observed in both the AL-8309B and vehicle

1.0%, 1.75%, or vehicle; followed up for treatment groups and was similar. Best-

36 months. corrected visual acuity did not reveal
significant changes among patients who
received AL-8309B compared with those
with vehicle eye drop.

Fenretinide
Mata et al,> 2013 246 patients were allocated (1:1:1) to Visual acuity, GA lesion growth rate, Patients with 300 mg fenretinide resulted in
receive placebo, 100 mg fenretinide and serum retinol-binding protein level 0.33 mm? reduction in annual growth lesion

300 mg fenretinide for 2 years. rate, with retinol-binding protein level
<2 mg/dL.

Sirolimus

Petrou et al,*
2014

6 participants had one study eye with 2%
sirolimus in PEG 400 and 4% ethanol every
2 months, followed up for 24 months.

GA area by colour fundus photography
or fundus autofluorescence, best-
corrected visual acuity, central retinal
thickness by spectral-domain optical
coherence tomography

Increase in square root GA area from
baseline was not significant in the study eyes
at months 6 and 12 compared with fellow
eyes.

Wong et al,*

8 patients with 2% sirolimus in PEG 400

GA area by colour fundus photography

No significant absolute increase or percentage

2013 and 4% ethanol subconjunctival injection or fundus autofluorescence, best- increase or square root transformation of GA
every 3 months, followed up for 24 months.  corrected visual acuity, central retinal area in study eyes compared to fellow eyes.
thickness by spectral-domain optical
coherence tomography
Ciliary neurotrophic
factor
Zhang et al, 51 patients with GA received NT-501 Best-corrected visual acuity, GA lesion High- and low-dose ciliary neurotrophic
2011 implant injection of high or low dose, or by fundus photos, retinal thickness by factor groups had a greater total macular
sham treatment in one eye, for 12 months. optical coherence tomography volume. Progression in GA area was
2.42 mm? in sham group, compared with
2.19 and 2.03 mm? in low-dose and high-
dose groups, respectively.
Trimetazidine

Cohen et al,>*
2012

1086 AMD patients randomized into group
of 35 mg trimetazidine tablets twice daily or
placebo for 3 to 5 years.

Visual acuity, GA lesion area, and
choroidal neovascularization by retinal
angiography

GA lesion >1/3 disk diameters occurred in
15% in trimetazidine group and 17.5% in

the placebo group. The incidence per 100
patient-years was 5.11 and 6.45, respectively.

Brimonidine

Kuppermann et
al,”’ 2021

113 patients with GA were grouped into
Brimo DDS 132 g, Brimo DDS 264 ug,
and sham group, with follow up for 24
months.

Best-corrected visual acuity, mean GA
lesion size, reading speed

The growth in GA lesion area was
significantly reduced by 19% and 28% in
Brimo DDS 132 pg and 264 pg, respectively,
compared with the sham group. Brimo DDS
treatment was effective in patients with
baseline GA lesion =6 mm?.

Diet and supplement
Mediterranean diet and a-lipoic acid were reported to slow
down the progression of GA secondary to AMD.

Mediterranean diet
Mediterranean diet contains a high content of antioxidants

HKJOphthalmol & Vol.25 No.2

and anti-inflammatory nutrients, including vegetables, fruits,
nuts, and unsaturated fat.? It has health benefits of lowering
the incidence of coronary heart diseases, neurodegenerative
diseases, diabetes mellitus, and cancers.?* In a retrospective
analysis of two cohorts (AREDS and AREDS2)» 4255
AREDS participants were allocated to receive placebo,
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antioxidants, zinc or a combination for 5 years, whereas
3611 AREDS?2 patients received either AREDS supplements
or an addition of lutein/zeaxanthin, docosahexaenoic
acid plus eicosapentaenoic acid, or a combination for
5 years. The proportional hazard regression for GA was
0.80 (p=0.0002) in AREDS and 0.71 (p<0.0001) in AREDS2
for the combined cohort. A higher alternative Mediterranean
diet index adherence resulted in a lower risk of GA and late
AMD progression. In AREDS, a higher fish intake led to a
decreased risk of developing GA and late AMD. Hazard ratios
for higher fish intake were <1 for GA. These demonstrate that
adherence to Mediterranean diet is protective against late
AMD and GA progression.

a-lipoic acid

a-lipoic acid is an antioxidant that scavenges hydroxyl
radicals and nitric oxide.? It protects against oxidative injury
and hence reduces the progression of Alzheimer disease,
diabetes mellitus, and Parkinson disease.”” a-lipoic acid also
protects RPE cells from oxidation-triggered mitochondrial
dysfunction in vitro.”® In a clinical trial of 62 patients with
dry AMD who were allocated to oral 600 mg o-lipoic acid
daily or oral placebo daily for 3 months,” no significant
difference was found between the two groups in terms of
total cholesterol, triglyceride, high-density lipoprotein,
and low-density lipoprotein (p>0.05). However, serum
superoxide dismutase increased significantly after a-lipoic
acid intervention compared with the baseline level (p<0.01).
Superoxide dismutase is an antioxidative enzyme that
protects oxidation-induced apoptosis in mouse RPE.*® This
suggests that a-lipoic acid enhances the antioxidant system in
slowing down the development of AMD. In addition, serum
malondialdehyde slightly decreased in a-lipoic acid group;
this may be attributed to the increase in serum superoxide
dismutase activity.

Cell-based therapies

Dysfunction and degeneration of the RPE cells are the
main pathogenesis of AMD. Cell-based treatments aim to
synthesize a RPE layer to deliver cytokines and regenerate
the retina.’' Palucorel and biosynthetic RPE monolayer has
been shown to reduce the worsening of GA in patients with
dry AMD.

Human umbilical tissue—derived cells palucorel

Palucorel consists of human umbilical tissue-derived
cells derived from extraembryonic mesoderm.* Unlike
mesenchymal stem cells, human umbilical tissue—derived
cells do not grow infinitely in culture or differentiate
spontaneously in vitro or when transplanted in vivo.”? In
a phase 1/2b clinical trial of 35 patients with GA who had
palucorel placed in the subretinal space with the creation of
a subretinal bleb and were administrated with 27 or 50 uL
of palucorel and were followed up for 12 months,* the
median change in BCVA was 4.5 letters in the intervention
eye and -0.5 letters in the fellow eye. >30% of participants
had a gain of =10 letters in BCVA in the intervention eye, but
the total GA area increased in the intervention eye. The mean
change in the square root of GA area was 0.356 mm in the
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intervention eye and 0.336 mm in the fellow eye. This reflects
that palucorel may improve the visual acuity in patients but
may not reduce the lesion size of GA.

Similarly,in a phase 2b study of 21 patients with GA secondary
to AMD who received 50 pL of palucorel to the subretinal site
using a suprachoroidal approach and were followed up for
2 years,* at month 12, none achieved the BCVA responder
criterion (baseline improvement by =15 letters), with a mean
change in BCVA of -5.7 in the intervention eye. OCT showed
no improvement in retinal lesion thickness or central subfield
thickness. The median change of square root of GA area was
0.26 mm in the intervention and 0.27 mm in the fellow eyes.
Therefore, palucorel shows no significant benefits in terms of
BCVA and GA growth rate.

Biosynthetic retinal pigment epithelial monolayer

Injection of stem cell-derived RPE suspensions did not
improve retinal function within the GA area.* Replacement
of RPE using a biosynthetic polarized monolayer of RPE
was therefore developed. In a phase 1/2a study, an implant
named California Project to Cure Blindness Retinal Pigment
Epithelium 1 was fabricated, consisting of synthetic parylene
substrate and a monolayer of human embryonic stem cell-
derived RPE® 15 patients underwent macular separation
and subretinal pocket formation, followed by insertion of
the implant into the subretinal space for 1 year. GA area
prominently decreased on post-implantation colour fundus
photographs. The median GA area covered by the implant
was 86.9%, with 10 patients having >66% coverage of the
original GA area. The baseline GA size inversely correlated
with the percentage of GA area covered by the implant
(p=0.002). This reflects that the size of the implant (3.5 x 6.25
mm) is appropriate for various GA sizes. The implant inserted
through targeted subretinal hydrodissection around the GA
area may be a practicable means for patients with GA. This
treatment can potentially improve patient vision outcomes,
as the procedure does not involve unnecessary detachment of
the peripheral retina.

Pharmacological agents

Emixustat  hydrochloride, tandospirone, fenretinide,
sirolimus, ciliary neurotrophic factor, trimetazidine, and
brimonidine are novel pharmacological treatments that may
play a role in reducing GA progression.

Emixustat hydrochloride

Emixustat is amolecule that hinders the action of a visual cycle
isomerohydrolase, RPE65. RPE6S inhibits the mobilization
of vitamin A, thus interfering the supply of 11-cis-retinal and
reducing bisretinoids accumulation.’” Bisretinoids formation
led to RPE dysfunction and apoptosis, eventually resulting in
GA formation. In a phase 2b/3 clinical trial of 968 patients
with GA who were randomized to receive oral emixustat
2.5 mg, 5 mg or 10 mg or placebo for 24 months,* the mean
change of total GA area was similar across treatment arms
(p=0.81). The adjusted mean of the total GA area was 1.69,
1.83, 1.84, 1.69 mm?year in the emixustat 2.5 mg, 5 mg,
10 mg, and placebo groups, respectively. The annual linear

HKJOphthalmol & Vol.25 No.2



growth of total GA area after square root transformation
was similar in different groups (p=0.94). The mean change
of normal luminance-BCVA was similar across treatment
groups (p=0.05). The median change in normal luminance-
BCVA ranged from -2.0 to -4.0 letters at month 24. Emixustat
did not achieve its primary and secondary efficacy end-points
including GA lesion growth reduction and normal luminance-
BCVA.

Tandospirone

Tandospirone, a SHT |, receptor agonist, is mainly used to
treat major depressive disorder and anxiety.* Tandospirone
possesses neuroprotective effects after traumatic brain injury
and brain ischemia.®® A formulation of tandospirone (AL-
8309B) was produced for ocular use in the management of
GA. An in vivo study revealed that AL-8309B had functional
and structural protective effects on RPE and photoceptors
under photo-oxidative stress.*' In the Geographic Atrophy
Treatment Evaluation phase 3 trial, 772 patients with GA were
randomized to receive ophthalmic solution AL-8309B 1.0%
or 1.75% or a vehicle at a ratio of 1:1:1 and were followed
up for 36 months,* the mean GA lesion size increased in the
AL-8309B and vehicle groups, with no significant difference
between groups. The annualized lesion growth rate was
1.73 mm?, 1.76 mm?, and 1.71 mm? in the AL-8309B 1.0%,
AL-8309B 1.75%,and vehicle groups, respectively. Likewise,
change in BCVA was comparable among those with AL-
8309B and those with vehicle eye drops. Only 38% and 35%
of eyes had BCVA of =10 letters after treatment of AL-8309B
1.0% and AL-8309B 1.75%, respectively. This shows that
tandospirone lacks efficacy as an ophthalmic solution.

Fenretinide

Fenretinide, a synthetic product of vitamin A, is endowed
with therapeutic effects on prevention of obesity, type 2
diabetes, and cancer tumours.”® Fenretinide competes with
retinol and binds to retinol-binding proteins. This helps slow
down the formation of a cytotoxic compound, N-retinylidene-
N-retinylethanolamine, which was deleterious on RPE.* In a
phase 2 trial of 246 patients with GA who received 100 mg
or 300 mg daily oral fenretinide or oral placebo for 2 years,*
all patients had a loss of 10 to 11 letters in the visual acuity.
Nevertheless, the median GA lesion growth rate decreased
0.33 mm?/year in those with 300 mg fenretinide, compared
with placebo group (p=0.1848). Patients with 100 mg
fenretinide revealed a similar trend. This indicates that
fenretinide is effective in reducing the growth of GA lesion
in a dose-dependent manner. A reduced GA lesion area
correlated with a reduced serum retinol binding protein level
of <2 mg/dL (r’=0.478). Hence, reduction in serum retinol
binding protein may lead to smaller lesion growth of GA.

Sirolimus

Sirolimus is an long-term immunosuppressant commonly
used after renal transplant*® It inhibits a kinase named
mammalian target of rapamycin and leads to a change in
cellular metabolism, growth, and survival.#’ Local sirolimus
application have certain effects on ocular pathologies including
diabetic macular edema, uveitis, and diabetic retinopathy.*®

HKJOphthalmol & Vol.25 No.2
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In a phase 1/2 study of six participants with bilateral GA
who received intravitreal injection of 2% of sirolimus for 24
months,* the mean absolute increase and square root increase
in GA area did not differ significantly between the study eye
and the fellow eye on colour fundus photography (p>0.05).
Four participants resulted in more decrease in central retinal
thickness in the study eye, with more retinal thinning in
central retinal subfield thickness and macular volume. There
was a greater loss of BCVA in the study eye than the fellow
eye. These suggest that intravitreal sirolimus may not be safe
or effective in managing GA lesions.

In a phase 1/ 2 study of eight patients with GA who received
subconjunctival injection of sirolimus every 3 months for
24 months, all study and fellow eyes showed an increase in
total GA area and showed no significant difference in mean
percentage increase and mean absolute increase (p=041).
Using colour fundus photography, fundus autofluorescence
or confocal scanning ophthalmoscopy, the square root
transformation of GA area was similar results between study
and fellow eyes. The mean BCVA dropped by 21 letters and
3 letters in the study and fellow eyes, respectively (p=0.03).
The central subfield mean retinal thickness and macular
volume decreased progressively in both eyes. This reflects
that subconjunctival sirolimus may not be beneficial to
minimize GA progression, with an adverse effect on BCVA.

Ciliary neurotrophic factor

Ciliary neurotrophic factor, a member of the interleukin-6
family, retards photoreceptor cell death in retinal
degeneration. It promotes the survival and differentiation of
retinal cells via acting on ciliary neurotrophic factor receptor
and downstream signal transduction pathways.>' In a phase 2
study of 51 patients with GA who received NT-501 implant
injection, followed by high- or low-dose or sham delivery of
ciliary neurotrophic factor by encapsulated cell technology
in one eye for 12 months,”” the total macular volume was
greater in high- and low-dose groups than in the sham group
(p<0.001), with the increase more significant in the high-dose
group than in the low-dose group (p<0.05). The low-dose
group and the sham group had a greater decline in BCVA,
but the high-dose group had relatively stable BCVA. Ciliary
neurotrophic factor tended to reduce GA lesion. Progression
in GA area was 242 mm? in the sham group, compared
with 2.19 mm? and 2.03 mm? in the low-dose and high-dose
groups, respectively. Hence, ciliary neurotrophic factor may
affect GA lesion via its effect on photoreceptors.

Trimetazidine

Trimetazidine is a fatty acid oxidation inhibitor used in
cardiovascular medicine to treat angina, left ventricular
dysfunction, and cardiac cell death associated with coronary
revascularization procedures. In a phase 3 trial of 1086
patients with AMD who were randomized to receive 35 mg
trimetazidine tablets or placebo twice daily for 3 to 5 years,*
GA lesion >1/3 disk diameters in central and/or intermediate
field occurred in 15% of patients in the trimetazidine group
but 17.5% of patients in the placebo group. The effect of
trimetazidine was more favourable in those of male sex
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(p=0.016), age <75 years (p=0.010), and presenting with
isolated pigmentary changes (p=0.005). Respectively in
the trimetazidine and placebo groups, the incidence per
100 patient-years was 5.11 and 645 (p=0.07), whereas
the estimated S5-year cumulative incidence rate of GA was
30.78% and 37.94%.

Brimonidine

Brimonidine is an alpha 2 receptor agonist used to treat
glaucoma and ocular hypertension.> It improves the survival
of human RPE and Miiller cells in vitro and survival of
retinal ganglion cells in a rat model after optic nerve injury.®
In a phase 2 study that used an intravitreal implant with
brimonidine in a biodegradable polymer matrix named Brimo
DSS.,Y 113 patients with GA were randomized to receive
Brimo DDS 132 ug or 264 ug or sham treatment and were
followed up for 24 months. At month 12, the mean change
in GA lesion area in the study eye was 1.78 mm?, 1.59 mm?,
and 2.19 mm?, respectively. The growth in GA lesion area
significantly reduced by 19% and 28% after Brimo DDS
treatments (p=0.032 and p=0.028, respectively), compared
with sham treatment. Brimo DDS treatment was effective in
patients with baseline GA lesion =6 mm?, with a consistent
reduction in GA area in both treatment groups at months 3
and 12, compared with the sham group. However, there was
no significant improvement or worsening in BCVA or reading
speed in study or fellow eye across all groups.

Discussion

Dry AMD is a common cause of blindness, but there
is no approved treatment to reverse the RPE cell loss
during the formation of GA.* On the contrary, wet AMD
can be effectively managed by intravitreal anti-vascular
endothelial growth factor injection. For dry AMD, AREDS
formulation remains the only option to reduce the risk of
GA progression.'” To minimize GA lesion progression,
various novel treatments have been proposed and their
safety and efficacy assessed. Some are beneficial to BCVA
or low-luminance visual acuity and thus have a better visual
prognosis in the long run.

For complement inhibitors, C3 inhibitor pegcetacoplan has
shown to reduce the mean change in square root GA lesion
area, whereas lampalizumab has shown to reduce GA lesion
in one study'® but not in others.!”"® Such discrepancy could
be due to selection bias and rigorous exclusion criteria that
preclude patients with pre-existing conditions and hence
result in a weaker representation of the general population
in one study.” In another study, the duration of follow-
up lasted only 48 weeks, and the exclusion and inclusion
criteria did not take into account those with unilateral GA
and those with GA secondary to causes apart from AMD
or earlier disease stages.” The effect of C5 inhibitor on
minimizing GA lesion area showed diverse results between
studies. One study reported a prominent reduction in GA
area after avacincaptad pegol injection; this may be due to
the low dose of eculizumab used and the intravenous (rather
than intravitreal) route of administration.’ A systemic route
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might have hindered the direct delivery of eculizumab
to RPE cells. Regarding the safety profile, although
pegcetacoplan exerted no significant effect on intraocular
pressure, three patients with monthly injection experienced
endophthalmitis."* Endophthalmitis occurred in five of
1252 patients with intravitreal lamaplizumb injection.!”
This suggests the use of a liquid pegcetacoplan formulation
without reconstitution to reduce the risk of infection after
intravitreal injection.

Cell-based therapy using palucorel showed no significant
improvement in GA area. Palucorel was reported to improve
BCVA, but the total GA lesion increased after 1 year.*® This
may be due to the limited sample size of only 35 participants.
Interventional bias may also affect the clinical response
assessment because the trial was not masked. This may lead
to an overestimation of treatment advantages.® Likewise,
in a study using a suprachoroidal approach,* the small
sample size of 21 participants and the lack of masking or
randomization may limit the power of the study. In both
studies, the fellow eyes were not matched to the intervention
eyes for baseline GA lesion and BCVA 3**® Regarding safety
of cell-based therapies, 17.1% of patients experienced retinal
detachment and 37.1% of them had retinal perforations.*
Hence, further refinement of the surgical delivery of the
umbilical-tissue cells or other cell delivery technologies is
required to minimize the risk of complications.

Pharmacological agents including fenretinide, ciliary
neurotrophic factor, trimetazidine, and brimonidine were
found to reduce GA growth, whereas emixustat hydrochloride,
tandospirone, and sirolimus did not result in significant
changes in GA lesion. Emixustat failed to treat GA is because
emixustat only targets RPE6S5, the visual cycle enzyme,
but not other aspects in the multifactorial pathogenesis of
AMD.® Thus, further combination with agents involved
in the pathway leading to AMD should be considered. In
one study of tandospirone, a rat model with severe acute
photo-oxidative stress was used, and it may not mimic the
GA pathogenesis in humans. The dosage and duration of
AL-8309B administration may not be optimal and requires
further trials. The two studies on sirolimus included only
six or eight participants; this decreases the statistical power
and increases the margin of error.***° Initiation rather than
progression of GA was postulated to be more related to the
immune aetiology of GA and therefore immunosuppressants
may not be effective at a later stage.® Emixustat was
associated with delayed dark adaption and chromatopsia,®
whereas brimonidine Brimo DSS injection led to conjunctival
hemorrhage and hyperemia.”’ Further studies are warranted
to confirm the safety of drug therapy.

One limitation to this review study is that only patients
with GA were included. Patients with early-stage dry AMD
presenting with drusen were excluded. Studies involving
potential treatments that prevent progression of dry AMD into
choroidal neovascularization were missed out. Nevertheless,
we aim to review treatments for GA formation because there
is no breakthrough for therapies targeting GA progression.
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The GA lesion contributes to photoreceptor dysfunction and
vision loss eventually.

Conclusion

Complement inhibitors, diet and supplement, cell-based
therapies, and pharmacological agents may slow down the
progression of GA in terms of mean change of GA lesion
area and BCVA. Nonetheless, the safety and efficacy ought
to be tested in further trials with larger sample size, longer
duration, and optimized dosage. A thorough understanding of
the emerging treatment and pathogenesis of dry AMD with
GA may enable more personalized management of GA.
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