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RESUMO

OBJETIVO: O objetivo deste estudo € discutir o manejo atual da degeneracdo macular relacionada a idade (DMRI), seca
e umida. Novas opgodes diagnosticas e terapéuticas, baseadas em resultados de estudos importantes, com diferentes
abordagens como os protocolos “PRN” e “tratar e estender” e em tendéncias futuras, tém remodelado o paradigma do
tratamento da DMRI. METODOS: Este estudo descritivo apresenta uma andlise abrangente, focada em informacoes
atuais do “estado da arte”, além de esclarecer algumas trajetérias futuras plausiveis de abordagem da DMRI.
RESULTADOS: O conhecimento atual sobre distintos mediadores “angiogénicos” e inflamatérios, incluindo VEGFs, FCDP
e PIGF entre outros, modificou a compreensao sobre a patogénese da DMRI. Esses dados alteraram as opg¢oes de
tratamento objetivando otimizar os resultados. Considerando o carater cronico da DMRI, a maioria dessas opgdes, ainda
em modelos experimentais, pode representar alternativas futuras. As drogas antiangiogénicas ainda constituem a linha
principal de tratamento, porém ensaios recentes, tais como a terapia combinada tém demonstrado resultados
promissores. Os avangos da TCO merecem atengao especial, por se tratar de uma ferramenta importante para condutas
rotineiras. CONCLUSAO: Apesar de avangos notaveis no tratamento da DMRI seca e Umida, os pacientes ainda
necessitam frequentemente de inje¢oes e consultas clinicas. As tendéncias futuras podem potencialimente mudar esse
paradigma. A DMRI é um distarbio crénico e, independentemente da estratégia de tratamento utilizada, existe um
consenso de que os melhores desfechos sdo alcangados com detecgao e tratamento precoces.

ABSTRACT

OBJECTIVE: The present study aimed to discuss the current management for dry and wet age-related macular
degeneration (AMD). Emerging diagnostic and therapeutic options supported by the results of pivotal studies, different
approaches such as “pro re nata (PRN)” and “treat-and-extend” protocols, and future trends have reshaped the AMD-
treatment paradigm. METHODS: This descriptive report provides a comprehensive analysis, focusing on the present “state
of the art” literature, and also highlights some plausible pathways for future AMD treatment strategies. RESULTS: The
current understanding of the different angiogenesis and inflammatory mediators, including vascular endothelial growth
factor, platelet-derived growth factor, and placental growth factor, has changed our understanding about AMD
pathogenesis. This data has altered treatment options, aiming optimal results. Most of these pathways are still in the
experimental stage, and may represent future alternatives, considering the chronic description of AMD. The antiangiogenic
drugs remain the mainstay of AMD treatment, but recent trials, such as combination therapy, have revealed promising
results. Optical coherence tomography advances also deserve special attention, since it is an important tool that is used
on a regular basis for management of this condition. CONCLUSION: In spite of the significant advances in dry and wet
AMD treatments, patients still require frequent injections and clinical appointments. Future trends have the potential to
change this paradigm. AMD is a chronic disorder, and the consensus is that the best results will be accomplished with
prompt detection and treatment, independent of the treatment strategy selected.
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INTRODUCTION

Age-related macular degeneration (AMD) is the most common cause of blindness in the developed world. This disease accounts for
>50% of all cases of legal blindness in the United States, and its incidence is expected to double in 2020. AMD has been classically
divided into two forms—a dry or atrophic form, and a wet form (also called neovascular AMD)—illustrated by the development of choroidal
neovascularization (CNV).

Although approximately 80% of patients have the dry form, 90% of the cases of blindness from this disease have wet AMD?,
Geographic atrophy (GA) represents the most advanced stage of the dry form. Treatment options are only available for the wet form of
the disease in the form of the antiangiogenic agents which prevent further deterioration of visual function and provide some improvement.
Currently, there are no treatments for the dry form.

Both heritable and environmental risks have been implicated in the development of AMD. Smoking is the main modifiable risk factor
and has been consistently identified in various reports?. The Age-Related Eye Disease Study (AREDS) trials demonstrated that daily oral
supplementation with antioxidant vitamins and minerals reduced the possibility of emergent advanced AMD by 25% in a selected group
of patients at 5 years. Genetic evaluations have identified 19 susceptibility loci that seem to be associated with >50% of AMD progression
risk; these include single polymorphisms in complement factor H (CFH) and in age-related maculopathy susceptibility 2 (ARMS2). Awh et
al suggested that the administration of antioxidant supplements should be modified in certain subgroups of patients based on their CFH
and ABMS2 genotypes; however, this hypothesis has not been confirmed.

It is critical to detect CNV before substantial damage occurs in order to maximize successful outcomes after antiangiogenic therapy.
Lim et al showed that delayed intervention lead to insufficient treatment, irreversible macular damage, and poorer outcomes. In this study,
a delay of 14 weeks in the diagnosis doubled the probability for visual acuity worsening after treatment”.

During the initial consult for a patient with suspected AMD, the performance of a fluorescein angiography (FA) is required when it is
not contraindicated. This test helps with the diagnosis and treatment planning and may detect various forms of wet AMD when used in
conjunction with indocyanine green angiography (ICGA). Retinal angiomatous proliferation (RAP), also called CNV type 3, is clinically
characterized by focal bleeding, cystic abnormalities, and lipid exudates within the retina. Polypoidal choroidal vasculopathy (PCV) is
difficult to distinguish clinically from other forms of occult CNV (CNV type 1), and often presents with recurrent pigment epithelium
detachments (PEDs)2. The FA for PCV displays a similar occult pattern, and the ICGA is able to define the polypoidal alterations in distinct
detalil (Figure 1).

Figure 1 - Multimodal imaging of a patient referred
after eiaht antianaioaenic.

Optical coherence tomography (OCT), first used in the 1990s, is arguably the most frequently used tool in the long-term management

of wet AMD. The comparisons of macular thickness and morphology over time allow assessment of the treatment response.

2 e-Oftalmo.CBO: Rev. Dig. Oftalmol., Sao Paulo, 2015; 1 (2) Creative Commons Atribuicao-NaoComercial 4.0 Internacional



http://creativecommons.org/licenses/by-nc/4.0/

Avila M, Garcia JMBB, Isaac DLC

In this report, we will discuss the current management of AMD, including diagnostic and therapeutic options available, as supported
by the results of pivotal studies, different treatment regimens, and future management trends for both the dry and wet form of this

important disease.

METHODS
This descriptive report offers a comprehensive analysis that focuses on the current “state of the art” literature, and highlights some

plausible pathways for future treatments and approaches in the management of AMD.

RESULTS

The angiogenesis and inflammatory mediators, including vascular endothelial growth factors (VEGFs), play a major role in the
development of CNV. VEGF-A, a 45 kDa homodimeric glycoprotein, belongs to the family that also includes VEGF-B through VEGF-E,
platelet-derived growth factor (PDGF), and placental growth factor (PIGF). It is believed that VEGF-A is the most potent pro-angiogenic
protein described to date, inducing proliferation and the sprouting and tube formation of endothelial cells. Intravitreal injection therapy
with antiangiogenic agents is the most successful technique in the management of wet AMD and represents the first line of treatment?.

Currently, there are two drugs that have been approved by the US Food and Drug Administration (US-FDA) and BR-ANVISA, namely,
ranibizumab (Lucentis; Genentech, US) and aflibercept (Eylea; Bayer, Germany). While awaiting FDA approval for ranibizumab,
ophthalmologists began treating wet AMD with 1.25 mg bevacizumab, as this drug had a target specificity similar to that of ranibizumab?*.

Bevacizumab (Avastin; Genentech, US) is a full-length recombinant monoclonal antibody that binds all VEGF isoforms. It was
developed to inhibit pathological angiogenesis in tumors and is approved by the FDA for the treatment of metastatic colorectal cancer.
In the field of ophthalmology, it is an off-label drug. There is a hypothesis that bevacizumab may be as proficient as ranibizumab in the
treatment of wet AMD, and may offer a less expensive alternative to the approved substances that have been specifically adapted for
intraocular administration. For a protocol of 12 fixed monthly injections, the projected cost of ranibizumalb may be approximately $22.000
compared with approximately $600 for a bevacizumab-based therapy'“.

Since its approval in July 2006, antiangiogenic therapy with 0.5 mg ranibizumab has been established as the basis for the
management of wet AMD'16, Ranibizumab is a recombinant, modified, Fab fragment of a monoclonal antibody. The Fc fragment was
removed from the parent particle, which created an antibody that was one-third of the molecular weight of bevacizumab with a shorter
half-life; consequently, ranibizumab has high safety parameters and good retinal penetration after intravitreal injection. Additionally, the
affinity for VEGF of the compound was enhanced by modifications in a group of amino acids.

Aflibercept is a fusion protein that binds to VEGF-A and PIGF. It has high affinity and efficacy. The VIEW 1 and 2 clinical trials supported
its approval. The Fc portion of IgG1 supports the “trap” configuration of this drug. This Fc part was intended not only to stabilize the
protein’s structure, but also to create an acceptable plasma half-life. Administration of intravitreal aflibercept in monthly injections for the
initial 3 months, followed by a bimonthly fixed regime, produced similar efficacy and safety outcomes as monthly ranibizumab. However,
in the VIEW 1 study, monthly aflibercept provided statistically superior best-corrected visual acuity (BCVA). Several interventional studies
have suggested that there may be a superior anatomic result with aflibercept compared with ranibizumab. The binding affinity to VEGF
of intravitreal aflibercept is greater than the affinities of both bevacizumab and ranibizumab. This affinity may be associated with a higher
efficacy or, as predicted by a mathematical model, with a substantially longer intraocular duration of action™.

Some complications inherent to the clinical history of wet AMD have been presented as an adapted spectrum of therapies. A PED is
the detachment of the sensory retina from the underlying Bruch’s membrane. Previous studies have shown that PEDs respond poorly to
treatments for CNV, including photodynamic therapy (PDT) and antiangiogenic agents. With the introduction of aflibercept, PED
involutions have been observed in patients with refractory AMD (Figure 2). Unfortunately, despite the reductions in PED dimensions and

in the central retinal thickness (CRT) on OCT, this fact does not correlate with changes in vision“.
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Figure 2 - Patient with PED treated with aflibercept. a) Initial visit. BCVA:
20/80. b) After four aflibercept injections. BCVA: 20/30.

Since the pivotal results from the Minimally Classic/Occult Trial of the Anti-VEGF

Antibody Ranibizumab in the Treatment of Neovascular AMD (MARINA) and Anti-VEGF Antibody for the Treatment of

Predominantly Classic Choroidal Neovascularization in AMD (ANCHOR) trials, treatment protocols have had to be adapted for daily
clinical practice, and also had to accommodate the patient interests. Subjects who received fixed monthly ranibizumab injections during
24 months in these previous clinical trials continued for additional 24 months on a “pro re nata (PRN)” ranibizumab program in the Horizon
protocol; the results demonstrated an overall decline of 8.2 letters over 7 to 8 year period. Macular atrophy was the most prominent
chronic effect observed, and was present in virtually all subjects. This suggested some of the lifelong features of this disorder. At that
time, it was unclear if fixed protocols with monthly intervals represented the best treatment approach. Clinicians then proposed that the
need for retreatment was unpredictable and may vary among patients.

This consideration led to different treatment programs, such as the “PRN” (also called “as needed”), and the “treat-and-extend” (TAE)
methods (Figure 3). It is important to highlight some relevant reports that employed a “PRN” protocol: CATT, PrONTO, and Harbor.
Regillo defined the TAE strategy as a continuous dosing strategy with the aims of minimizing recurrences and maximizing long-term visual
outcomes. At the same time, the dosing is variable and individualized; therefore, there is the potential to minimize overtreatment and
maximize safety. The variable strategy is also cost-effective, because it minimizes the number of office visits, tests, and injections.
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Figure 3 - Two regimens for the use of anti-VEGF drugs in the treatment of CNV in AMD:
“PRN” (or ‘as needed’ treatment) and “treat-and-extend” (‘TAE’).
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The CATT trial was a non-inferiority (NI) study that identified similar results for ranibizumab and bevacizumab in a monthly or in a
“PRN” basis over a 24-month period. However, bevacizumab in a “PRN” regimen did not present the NI point compared with a monthly
ranibizumab regimen. The PRN treatment resulted in smaller gains in BCVA, whether the “PRN” regimen was instituted at enrollment or
after 12 months of monthly treatment. In addition to the CATT study, other prospective trials, such as Inhibition of VEGF in Age-related
choroidal Neovascularisation (IVAN) trial, compared both drugs under similar and different protocols. In IVAN, a European study similar
to CATT, the 24-month results demonstrated that bevacizumab failed to fall within the NI margin, as exhibited by the CATT trial, and that
the reduction in the frequency of retreatment resulted in a small loss of efficacy, irrespective of the drug. In the PrONTO study, the PRN
protocol established that retreatment was performed during the first 12 months if the OCT scan demonstrated an upsurge of at least 100
pm in the CRT or a loss of 5 letters. By the end of 24 months, patients had improved by 11.1 letters and had received 9.9 injections over
this period; this indicated that the patients enrolled in the PrONTO study had similar results to the MARINA and ANCHOR trials, but with
fewer injections. The Harbor study group concluded that 2.0 mg ranibizumab did not perform better than the usual 0.5 mg, which was
inconsistent with the Survival and Ventricular Enlargement (SAVE) trial results that had demonstrated better BCVA in patients who were
treated with a higher dose. However, while the SAVE trial included patients with recalcitrant wet AMD, the Harbor trial only enrolled naive
treatment patients. Besides comparing fixed monthly ranibizumab treatments with a flexible “PRN” regime, Harbor was the first trial in
which the investigators used a spectral-domain OCT (SD-OCT) technology, which provided a high-resolution optical ‘histology’.
According to the turf trial results, patients with recalcitrant wet disease, who were already under treatment with 2.0 mg ranibizumab,
maintained significant anatomic improvement when treated with 2.0 mg aflibercept.

Spaide and Freund were the first to describe a TAE protocol, and their group subsequently published two small retrospective reports
that showed good visual outcomes. The TAE program allows for an individualized algorithm of treatment. Currently, this is the most
commonly employed treatment approach in the United States, according to the American Society of Retina Specialists 2014 Membership
Survey: Preferences and Trends, with approximately 77.8% of retina specialists favoring this form of dealing with wet AMD. This strategy
comprises three initial injections on a monthly basis, followed by a particular program of subsequent injections, until deterioration is
evident. The injection maintenance is considered an important attribute of the TAE algorithm so as to certify disease stability, and to

minimize structural damage that may result from the recurrence of CNV activity (Figure 4).

Figure 4 - Patient diagnosed with wet AMD. a) Initial visit: BCVA: 20/100. b) Five
months follow-up, after three injections of ranibizumab. BCVA: 20/30. ¢) At 12 months
follow-up, vision remains stable.
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DISCUSSION
Antiangiogenic therapy has been established as the mainstay for the treatment of wet AMD. Unfortunately, a significant part of patients

are diagnosed, already with subretinal fibrosis, indicating that initial diagnosis is crucial to provide better results.

Imaging advances have made it possible to study outer retina abnormalities in a proper way. OCT technology has improved since it
was described, and some of these advances may turn into helpful tools for clinical practice. The en-face OCT provides a coronal view of
the posterior segment at different levels. The swept-source OCT employs a longer wavelength (1050 nm) than the time-domain OCT or
the SD-OCT. This represents an advantage for studying the choroid. The higher scanning speed also captures images in a shorter time
frame, enhancing the possibility of acquiring higher resolution photographs. Recent publications have demonstrated these applications
and the correlation between angiography and en face SS-OCT in wet AMD; this may permit a better understanding of its physiopathology

and help us with the management of our patients (Figure 5)%.

Figura 5 - SS OCT application in wet AMD. Patient with both occult and classic CNV identified in the FA (A-C). En-face
OCT imaging of the RPE (D), A hyporeflective region regarding the CNV with better definition in the choroid level and a
scan in the choriocapillaris (E) and in the Sattler’s layer (F). Extracted from:Flores Moreno |, et al. Br J Ophthalmol 2015.

The concept of “at home” monitoring has been discussed as well. The PHP {3.1 [EN] Please expand the abbreviation} has exhibited
high sensitivity in the detection of CNV. The Home study found that participants who utilized a home monitoring strategy not only had
less vision loss at the moment of CNV detection than other patients, but also maintained a better BCVA.

A gap has developed between the labeling of drugs that are available for the treatment of wet AMD and their actual application in
clinical practice. With the goal of improving our approach, there are a number of potential alternative strategies beyond the injection of
available antiangiogenic agents with some still under investigation. Combination therapy of antiangiogenic therapy and ionizing radiation
is referred as may be another option to reduce treatment frequency!. Avila et al found a gain in visual acuity of 8.9 letters with 91% of
patients maintaining their vision and 68% demonstrating stable or improved vision after 12 months. In addition, 70% of patients did not
require an additional anti-VEGF injection. Combination therapies involving pharmacological agents have also been studied. An inhibitor
of PDGF, called Fovista (E10030, Ophthotech) is being investigated in combination with an anti-VEGF agent. In a prior report, the
combination therapy met the primary endpoint of superiority over an anti-VEGF monotherapy, and demonstrated a 62% additional benefit
at all-time points. The search for better drugs and better delivery system is ongoing™.

Apart from the AREDS formulation, there is still no approved option for the treatment of dry AMD. The pathophysiology of this disorder
shows that the aging process damages the retinal pigment epithelium (RPE), which loses the ability to manage photoreceptor metabolism.
With time, the RPE, photoreceptors, and ultimately the choriocapillaris degenerate, leading to GA (34). Stem cell (SC) therapy represents
a new therapeutic approach by which retinal degenerative diseases may be treated through the replacement or supplementation of the
damaged RPE or photoreceptors. The human embryonic cells (hESC) and the induced pluripotent cells are the major forms of retinal SC

therapy at this moment. Schwartz et al published the preliminary data on the first patient with GA treated with hESC-derived RPE in 2012.
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Although significant advances have raised the possibility of using this therapy, substantial issues will need to be addressed before there
are any successful upcoming trials,

At present, two strategies to prevent dry AMD progression are being clinically investigated: visual cycle modulation to prevent
photoreceptor and RPE loss and complement inhibition. The first modality is represented by the Emixustat HCI (ACU-4429, Acucela). It
is an orally-administered visual cycle modulator that has been designed to inhibit the activity of the visual cycle isomerase (RPEG5),
dropping the level of vitamin A processing during the visual cycle. RPE65 has been explored as a potential therapeutic target in preclinical
models since the early 2000s. Lampalizumab, an anti-factor D (Genentech), is a selective inhibitor of the alternative complement pathway.
This is an antigen-binding fragment of a humanized monoclonal antibody that inhibits complement factor D and blocks activation of the
alternative complement pathway. It has demonstrated a reduction of 20.4% in GA 18 months after 10 mg lampalizumab injection®.
Regillo et al presented the results of the MAHALO study in the 2013 Retina Subspecialty Day of the AAO Annual Meeting.

Squalamine (Ohr Pharmaceutical) is a topical option that inhibits VEGF, PDGF, and basic fibroblast growth factor (bFGF) and may
decrease the number of anti-VEGF injections required by the patient. However, it has not been approved yet. A recent publication
presented a study that compared the topical ocular formulation of pazopanib, a self-administered therapy for the treatment of wet AMD,
with ranibizumab monotherapy. Pazopanib is a multi-target tyrosine kinase inhibitor that inhibits VEGF receptors'22 as well as the PDGF
pathway. A previous study showed that the topical ocular instillation of pazopanib “TID*{3.1 [EN] Please expand the abbreviation}was
associated with improved BCVA in patients with subfoveal CNVs secondary to AMD. Pazopanib was well tolerated in this trial. Daily
pazopanib drops in patients with wet AMD did not result in a therapeutic benefit beyond that benefits that was obtained with ranibizumab
alone®,

In conclusion, despite the significant and constant advances in the treatment of wet AMD with antiangiogenic therapy, patients still
require numerous injections and office visits. However, future therapies have the potential not only to reduce patient visits and injections,
but also to improve outcomes by targeting additional pathways®'. Nevertheless, AMD is a chronic disorder, and the consensus is that
the best outcomes will be accomplished with prompt detection and treatment. The aim of the chosen therapy should be to diminish the

growth of CNV and maintain the best vision possible for patients over a long period of time.
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