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Age-related macular degeneration (AMD) is an aging-related ocular disease that can be
responsible for severe loss of visual acuity and loss of autonomy in patients. Although there
has been a dramatic reduction in legal blindness resulting from AMD since the introduction
of anti-vascular growth factor (VEGF) therapy in 2006 [1], the disease still causes a number
of patients to progressively and irrevocably lose their vision despite treatment. However,
the advent of the first approved intravitreal therapy for AMD has revolutionized AMD
management, as well as our understanding of its pathophysiology and risk factors [2,3].
These findings have contributed to the emergence of major technological innovations
in ophthalmology in recent years, particularly in terms of retinal imaging techniques.
Multimodal examination now means very early, and extremely precise diagnoses can
be made. From a therapeutic point of view, extensive research has been undertaken to
investigate new molecules for the treatment of neovascular AMD developed in phases
1, 2, or 3. Atrophic AMD, which could be seen as the poor relation to the neovascular
form, has also benefited from more research in these areas. This Special Issue on AMD is
divided into three sections: (1) new insights into diagnosis and pathophysiology revealed
by modern multimodal imaging; (2) current knowledge regarding treatment to improve
visual outcomes, and the future therapeutic molecules being developed; (3) preventive
medicine to control risk factors and limit vision loss.

The advent of multimodal imaging in ophthalmology has not simply revolutionized
the diagnosis and management of retinal disease but has also led to advances in our under-
standing of the pathophysiology of the disease and the mechanisms leading to vision loss.
The introduction of optical coherence tomography angiography (OCTA) was a great leap
forward in terms of our ability to study the microvasculature of the macula and the changes
brought about by AMD. Firstly, OCTA enables the noninvasive detection of the neovascular
network by showing aberrant flow above or below the retinal pigment epithelium layer.
Secondly, it can show modifications to the normal macular vascularization resulting from
the disease itself or the aging of the retinal and choroidal tissue [4]. As demonstrated in
diabetic macular edema, it appears that intraretinal fluid, which is associated with poorer
visual prognosis in AMD, is related to worse vascular reperfusion when treated, in compar-
ison to subretinal fluid [5]. Moreover, deep exploration inside the macular vascularization,
at the choriocapillaris level, has demonstrated that the fellow-eyes in cases of unilateral
neovascular AMD also showed vascular abnormalities such as nonexudative AMD (known
as quiescent neovascularization, sometimes seen on invasive indocyanine green angiogra-
phy), or choriocapillaris flow deficit, as already described in cases of high blood pressure
or diabetes [4,6,7].

The earliest possible diagnosis of AMD and its neovascular complication allows for
prompt treatment of the disease with intravitreal injections of anti-VEGF. Many studies have
proved the efficacy and safety of bevacizumab, ranibizumab, and aflibercept in treating
neovascular AMD [2,3,8] and other related diseases [9,10]. However, some differences in
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visual gain and anatomical outcomes exist between series, which appear to be associated
with the baseline patient and disease characteristics and the treatment regimen used. Firstly,
eyes presenting high visual acuity at baseline had a lower functional response despite
maintaining higher final vision than other eyes [8,11]. Moreover, some other factors such
as larger macular neovessels [12], increased age [8], or cardiovascular disease [13] were
found to be independent risk factors of poor functional outcomes following anti-VEGF
therapy. Secondly, the frequency of anti-VEGF injections seems to be one of the most
relevant factors influencing functional outcomes [14]. This is supported by the results of
randomized clinical trials (RCTs) that typically show better visual gain in comparison to
real-life studies [8]. This is explained by the higher number of injections and better follow-
up of patients in RCTs, thereby motivating frequent retreatment. Therefore, a proactive
regimen usually leads to better outcomes in comparison to an as-needed regimen, as it
maintains a high number of injections and reduced treatment burden with visits required.
However, the follow-up of a patient with neovascular AMD treated under a proactive
regimen is not always plain sailing and can bethrown off course by unforeseen events, such
as the onset of another age-related disease. One example of this is the onset of cataracts,
which contributes to vision loss. Although cataract surgery is a well-known risk factor
for exudative recurrence, special care should be taken before surgery to controlling the
neovascular process, and real-world data have suggested a minimum of 6 months of
anti-VEGF treatment before surgery. Patients should also be advised of the uncertainty
concerning the visual improvement they can expect following surgery [15]. Another
example is the recurrence of neovascular exudation despite a short interval between two
injections. The recurrence or persistence of retinal fluid in the long term, and macular
thickness fluctuations, in particular, have been shown to be predictive factors of vision
loss under treatment [16]. In order to minimize exudation, new therapeutic approaches
have been developed or are currently under investigation. Brolucizumab is a novel 26 kDa
single-chain antibody fragment targeting anti-VEGF and was approved by the FDA in 2019,
following the completion of the HAWK and HARRIER RCTs [17]. Its small molecular size
allows for a higher molecular concentration in a standard 0.05 mL volume dose. This results
in an increased interval between injections in the RCTs and significantly improved control
of exudation. The first real-world studies of brolucizumab for AMD seem to confirm these
data [18,19], both in treatment-naive eyes and when switching from another therapy [18,20].
However, the increased, although still rare, the occurrence of intraocular inflammatory
adverse events (which can lead to vascular occlusion and vision loss) for this new molecule
means a change in the treatment paradigm toward injections that are more spaced out is
likely, helped by its improved efficacy [21]. In the coming years, the therapeutic arsenal
will be totally transformed by numerous molecules in development [22], and the discovery
of new therapeutic targets [23], with the aim of reducing the therapeutic burden and
improving visual outcomes.

Generally speaking, the best way of preventing vision loss is to detect and diagnose
the disease at an early stage, especially for the exudative form. Observational studies show
that nearly one-fourth of patients are diagnosed and begin anti-VEGF treatment with visual
acuity of 20/40 or better. However, it is well known that the patients with the best visual
acuity at baseline retain better vision. It is therefore necessary to frequently monitor eyes
with early or intermediate AMD. Nevertheless, requiring a large, aging population to attend
clinics for frequent and regular ocular examinations brings with it its own set of difficulties.
Identifying the patients at risk of disease progression at an early stage would be extremely
helpful, as it means treatment can be initiated promptly, leading to better visual outcomes.
A number of risk scores have been described, most of which include genetic polymorphism
assessment and fundus examination [24-26]. However, they are not used in routine practice
due to their complexity. The simplified test AMD risk-assessment scale (STARS®) is an
easy-to-compile self-administered 13-item questionnaire evaluating individual risk for
AMD in daily practice, focusing on demographic, cardiovascular, and lifestyle risk factors.
A group of AMD specialists, using the Delphi method, has put forward recommendations
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to optimize the preventive care of patients in different geographical areas at risk of AMD
based on STARS® scoring. [27]. Another approach to preventing vision loss is to detect
progression earlier by developing an at-home self-monitoring method. To date, only the
Amsler grid is widely used in a number of different countries, but it has demonstrated poor
sensitivity and specificity in detecting the disease at an early stage. Different self-monitoring
devices have been tested, such as the hyperacuity test, to proactively monitor visual status
and immediately alert the ophthalmologist in the event of a drop in vision. Although these
tests have demonstrated good efficacy in clinical trials, and recent publications have begun
to compile a growing body of evidence on their effectiveness, their use in clinical practice
still needs to be studied further [28].

The diagnostic and therapeutic options currently available are only able to slow down
the progression of macular degeneration and cannot stop it. Therefore, the identification
of risk factors, which are known to contribute to disease progression, is critical, and
many studies have focused on dietary habits, lifestyle, and light exposure. Although the
association between smoking and AMD is widely accepted, the conclusions of studies
evaluating the dietary intake of nutrients such as omega-3 fatty acids, beta carotene, lutein,
and zeaxanthin seem less convincing. However, in the absence of new therapies capable
of improving the clinical course of AMD, implementing preventive strategies could be an
alternative, as well as advising a Mediterranean diet, which has also been shown to be
effective in preventing the onset of AMD. Lastly, the role of light, ultraviolet rays, and blue
light, in particular, needs to be further investigated since, to date, retinal toxicities associated
with these wavelengths have only been demonstrated in experimental models [29].

In this Special Issue, we hope to review the basics and highlight the latest develop-
ments in AMD. To be sure, many other studies have been published elsewhere and have
produced interesting data. This demonstrates the benefits of the international scientific
community working on this disease, to limit its negative impacts, the most vital of which is
the loss of visual function, leading to a loss of autonomy and a decrease in patients’ quality
of life.

Author Contributions: Conceptualization, TM. and L K.; methodology, TM. and L.K.; valida-
tion, TM. and LK. formal analysis, TM. and L.K.; writing—original draft preparation, T.M.;
writing—review and editing, L.K. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: Laurent Kodjikian is a consultant for Allergan/Abbvie, Bayer, Horus, Novartis,
Roche, and Théa; Thibaud Mathis is a consultant for Allergan/Abbvie, Bayer, GSK, Horus; Novartis.

References

1. Bloch, S.B.; Larsen, M.; Munch, I.C. Incidence of Legal Blindness from Age-Related Macular Degeneration in Denmark: Year 2000
to 2010. Am. J. Ophthalmol. 2012, 153, 209-213.e2. [CrossRef]

2. Rosenfeld, PJ.; Brown, D.M.; Heier, ].S.; Boyer, D.S.; Kaiser, PK.; Chung, C.Y.; Kim, R.Y.; MARINA Study Group. Ranibizumab for
Neovascular Age-Related Macular Degeneration. N. Engl. . Med. 2006, 355, 1419-1431. [CrossRef]

3. Brown, D.M,; Michels, M.; Kaiser, PK.; Heier, ].S.; Sy, ].P; Ianchulev, T.; ANCHOR Study Group. Ranibizumab versus Verteporfin
Photodynamic Therapy for Neovascular Age-Related Macular Degeneration: Two-Year Results of the ANCHOR Study. Ophthal-
mology 2009, 116, 57-65.e5. [CrossRef]

4. Spaide, R.F; Fujimoto, J.G.; Waheed, N.K,; Sadda, S.R.; Staurenghi, G. Optical Coherence Tomography Angiography. Prog. Retin.
Eye Res. 2018, 64, 1-55. [CrossRef]

5. Mathis, T.; Dimassi, S.; Loria, O.; Sudhalkar, A.; Bilgic, A.; Denis, P.; Pradat, P.; Kodjikian, L. Retinal Vascularization Analysis
on Optical Coherence Tomography Angiography before and after Intraretinal or Subretinal Fluid Resorption in Exudative
Age-Related Macular Degeneration: A Pilot Study. J. Clin. Med. 2021, 10, 1524. [CrossRef]

6. Khorrami Kashi, A.; Souied, E.; Fares, S.; Borrelli, E.; Capuano, V.; Jung, C.; Querques, G.; Mouallem, A.; Miere, A. The

Spectrum of Central Choriocapillaris Abnormalities on Swept-Source Optical Coherence Tomography Angiography in the Fellow
Eye of Unilateral Exudative Age-Related Macular Degeneration Patients: From Flow Deficits to Subclinical Non-Exudative
Neovascularization. J. Clin. Med. 2021, 10, 2658. [CrossRef]


http://doi.org/10.1016/j.ajo.2011.10.016
http://doi.org/10.1056/NEJMoa054481
http://doi.org/10.1016/j.ophtha.2008.10.018
http://doi.org/10.1016/j.preteyeres.2017.11.003
http://doi.org/10.3390/jcm10071524
http://doi.org/10.3390/jcm10122658

J. Clin. Med. 2022, 11, 1064 4of4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Loria, O.; Kodjikian, L.; Denis, P; Vartin, C.; Dimassi, S.; Gervolino, L.; Maignan, A.; Kermarrec, R.; Chambard, C.; Pradat, P; et al.
Quantitative Analysis of Choriocapillaris Alterations in Swept Source OCT Angiography in Diabetic Patients. Retina 2021, 41,
1809-1818. [CrossRef]

Veritti, D.; Sarao, V.; Soppelsa, V.; Danese, C.; Chhablani, J.; Lanzetta, P. Managing Neovascular Age-Related Macular Degeneration
in Clinical Practice: Systematic Review, Meta-Analysis, and Meta-Regression. J. Clin. Med. 2022, 11, 325. [CrossRef]

Baston, A.; Gerhardt, C.; Zandi, S.; Garweg, ].G. Visual Outcome after Intravitreal Anti-VEGF Therapy for Macular Neovasculari-
sation Secondary to Sorsby’s Fundus Dystrophy: A Systematic Review. J. Clin. Med. 2021, 10, 2433. [CrossRef]

Kodjikian, L.; Tadayoni, R.; Souied, E.H.; Baillif, S.; Milazzo, S.; Dumas, S.; Uzzan, J.; Bernard, L.; Decullier, E.; Huot, L.;
et al. Efficacy and Safety of Aflibercept for the Treatment of Idiopathic Choroidal Neovascularization in Young Patients: The
INTUITION Study. Retina 2021, 42, 290-297. [CrossRef]

Kikushima, W.; Sakurada, Y.; Sugiyama, A.; Yoneyama, S.; Matsubara, M.; Fukuda, Y.; Kashiwagi, K. Five-Year Outcome of
Aflibercept Monotherapy for Exudative Age-Related Macular Degeneration with Good Baseline Visual Acuity. J. Clin. Med. 2021,
10, 1098. [CrossRef] [PubMed]

Kodjikian, L.; Rezkallah, A.; Decullier, E.; Aulagner, G.; Huot, L.; Mathis, T.; GEFAL Study Group. Early Predictive Factors
of Visual Loss at 1 Year in Neovascular Age-Related Macular Degeneration under Anti-Vascular Endothelial Growth Factor.
Ophthalmol. Retin. 2022, 6, 109-115. [CrossRef] [PubMed]

Ladkowska, J.; Gawecki, M.; Szotkiewicz, M. Efficacy of Anti-Vascular Endothelial Growth Factor Treatment in Neovascular
Age-Related Macular Degeneration and Systemic Cardiovascular Risk Factors. J. Clin. Med. 2021, 10, 4595. [CrossRef] [PubMed]
Mehta, H.; Kim, L.N.; Mathis, T.; Zalmay, P.; Ghanchi, F; Amoaku, W.M.; Kodjikian, L. Trends in Real-World Neovascular AMD
Treatment Outcomes in the UK. Clin. Ophthalmol. 2020, 14, 3331-3342. [CrossRef]

Mehta, H. Management of Cataract in Patients with Age-Related Macular Degeneration. J. Clin. Med. 2021, 10, 2538. [CrossRef]
[PubMed]

Chakravarthy, U.; Havilio, M.; Syntosi, A.; Pillai, N.; Wilkes, E.; Benyamini, G.; Best, C.; Sagkriotis, A. Impact of Macular Fluid
Volume Fluctuations on Visual Acuity during Anti-VEGF Therapy in Eyes with NAMD. Eye 2021, 35, 2983-2990. [CrossRef]
Dugel, PU.; Koh, A.; Ogura, Y.; Jaffe, G.J.; Schmidt-Erfurth, U.; Brown, D.M.; Gomes, A.V.; Warburton, J.; Weichselberger, A.; Holz,
FG.; et al. HAWK and HARRIER: Phase 3, Multicenter, Randomized, Double-Masked Trials of Brolucizumab for Neovascular
Age-Related Macular Degeneration. Ophthalmology 2019, 127, 72-84. [CrossRef]

Bilgic, A.; Kodjikian, L.; March de Ribot, F; Vasavada, V.; Gonzalez-Cortes, ].H.; Abukashabah, A.; Sudhalkar, A.; Mathis, T.
Real-World Experience with Brolucizumab in Wet Age-Related Macular Degeneration: The REBA Study. J. Clin. Med. 2021,
10, 2758. [CrossRef]

Bilgic, A.; Kodjikian, L.; Vasavada, S.; Jha, S.; Srivastava, S.; Sudhalkar, A.; Mathis, T. Brolucizumab for Choroidal Neovascular
Membrane with Pigment Epithelial Tear and Subretinal Fluid. J. Clin. Med. 2021, 10, 2425. [CrossRef]

Haensli, C.; Pfister, I.B.; Garweg, ].G. Switching to Brolucizumab in Neovascular Age-Related Macular Degeneration Incompletely
Responsive to Ranibizumab or Aflibercept: Real-Life 6 Month Outcomes. J. Clin. Med. 2021, 10, 2666. [CrossRef]

Bilgic, A.; Kodjikian, L.; Srivastava, S.; Dwivedi, S.; Banker, A.S.; Abukashabah, A.; Sudhalkar, A.; Mathis, T. Initial Pro Re Nata
Brolucizumab for Exudative AMD: The PROBE Study. |. Clin. Med. 2021, 10, 4153. [CrossRef] [PubMed]

Patel, P; Sheth, V. New and Innovative Treatments for Neovascular Age-Related Macular Degeneration (NAMD). J. Clin. Med.
2021, 10, 2436. [CrossRef] [PubMed]

Delaunay, K.; Sellam, A.; Dinet, V.; Moulin, A.; Zhao, M.; Gelizé, E.; Canonica, J.; Naud, M.-C.; Crisanti-Lassiaz, P.; Behar-Cohen,
F. Meteorin Is a Novel Therapeutic Target for Wet Age-Related Macular Degeneration. J. Clin. Med. 2021, 10, 2973. [CrossRef]
Beguier, F; Housset, M.; Roubeix, C.; Augustin, S.; Zagar, Y.; Nous, C.; Mathis, T.; Eandi, C.; Benchaboune, M.; Drame-Maigné,
A.; et al. The 10926 Risk Haplotype of Age-Related Macular Degeneration Aggravates Subretinal Inflammation by Impairing
Monocyte Elimination. Immunity 2020, 53, 429-441.e8. [CrossRef] [PubMed]

Fritsche, L.G.; Igl, W,; Bailey, ].N.C.; Grassmann, E.; Sengupta, S.; Bragg-Gresham, J.L.; Burdon, K.P.; Hebbring, S.J.; Wen, C,;
Gorski, M.; et al. A Large Genome-Wide Association Study of Age-Related Macular Degeneration Highlights Contributions of
Rare and Common Variants. Nat. Genet. 2016, 48, 134-143. [CrossRef] [PubMed]

Seddon, ]. M. Macular Degeneration Epidemiology: Nature-Nurture, Lifestyle Factors, Genetic Risk, and Gene-Environment
Interactions—The Weisenfeld Award Lecture. Investig. Ophthalmol. Vis. Sci. 2017, 58, 6513—-6528. [CrossRef] [PubMed]
Garcia-Layana, A.; Garhofer, G.; Aslam, T.M,; Silva, R.; Delcourt, C.; Klaver, C.C.W.; Seddon, ].M.; Minnella, A.M. Exploring
Consensus on Preventive Measures and Identification of Patients at Risk of Age-Related Macular Degeneration Using the Delphi
Process. J. Clin. Med. 2021, 10, 5432. [CrossRef]

Ho, A.C; Heier, ].S.; Holekamp, N.M.; Garfinkel, R.A.; Ladd, B.; Awh, C.C,; Singh, R.P,; Sanborn, G.E.; Jacobs, ].H.; Elman, M.].;
et al. Real-World Performance of a Self-Operated Home Monitoring System for Early Detection of Neovascular Age-Related
Macular Degeneration. J. Clin. Med. 2021, 10, 1355. [CrossRef]

Di Carlo, E.; Augustin, A J. Prevention of the Onset of Age-Related Macular Degeneration. J. Clin. Med. 2021, 10, 3297. [CrossRef]


http://doi.org/10.1097/IAE.0000000000003102
http://doi.org/10.3390/jcm11020325
http://doi.org/10.3390/jcm10112433
http://doi.org/10.1097/IAE.0000000000003310
http://doi.org/10.3390/jcm10051098
http://www.ncbi.nlm.nih.gov/pubmed/33807964
http://doi.org/10.1016/j.oret.2021.04.015
http://www.ncbi.nlm.nih.gov/pubmed/33991711
http://doi.org/10.3390/jcm10194595
http://www.ncbi.nlm.nih.gov/pubmed/34640613
http://doi.org/10.2147/OPTH.S275977
http://doi.org/10.3390/jcm10122538
http://www.ncbi.nlm.nih.gov/pubmed/34201114
http://doi.org/10.1038/s41433-020-01354-4
http://doi.org/10.1016/j.ophtha.2019.04.017
http://doi.org/10.3390/jcm10132758
http://doi.org/10.3390/jcm10112425
http://doi.org/10.3390/jcm10122666
http://doi.org/10.3390/jcm10184153
http://www.ncbi.nlm.nih.gov/pubmed/34575264
http://doi.org/10.3390/jcm10112436
http://www.ncbi.nlm.nih.gov/pubmed/34070899
http://doi.org/10.3390/jcm10132973
http://doi.org/10.1016/j.immuni.2020.07.021
http://www.ncbi.nlm.nih.gov/pubmed/32814029
http://doi.org/10.1038/ng.3448
http://www.ncbi.nlm.nih.gov/pubmed/26691988
http://doi.org/10.1167/iovs.17-23544
http://www.ncbi.nlm.nih.gov/pubmed/29288272
http://doi.org/10.3390/jcm10225432
http://doi.org/10.3390/jcm10071355
http://doi.org/10.3390/jcm10153297

	References

