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Abstract

Age-related macular degeneration (AMD) is a multifactorial genetic disease, with at least 52 identifiable associated gene variants at 34
loci, including variants in complement factor H (CFH) and age-related maculopathy susceptibility 2/high-temperature requirement A
serine peptidase-1 (ARMS2/HTRA1). Genetic factors account for up to 70% of disease variability. However, population-based genetic
risk scores are generally more helpful for clinical trial design and stratification of risk groups than for individual patient counseling.
There is some evidence of pharmacogenetic influences on various treatment modalities used in AMD patients, including Age-Related
EyeDisease Study (AREDS) supplements, photodynamic therapy (PDT), and anti-vascular endothelial growth factor (anti-VEGF) agents.
However, there is currently no convincing evidence that genetic information plays a role in routine clinical care.
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1. Introduction
Age-related macular degeneration (AMD) is a com-

plex multifactorial disease culminating in progressive and
potentially irreversible loss of central vision in the elderly.
The pathogenesis of AMD is influenced by both modifi-
able (dietary choices, smoking) and non-modifiable (age,
genetic variants) factors [1–9].

AMD can be divided into non-neovascular (non-
exudative) and neovascular (exudative) forms, which co-
exist in the same eye. Intermediate non-neovascular AMD
is characterized by drusen and pigment abnormalities. Ad-
vanced non-neovascular AMD is characterized by geo-
graphic atrophy, which may involve the foveal center. Neo-
vascular AMD is characterized by choroidal neovascular-
ization.

At present, patients with intermediate or advanced
AMD are offered nutritional supplements, usually using
the Age-Related Eye Disease Study 2 (AREDS 2) for-
mula [10,11]. Patients with neovascular (exudative) AMD
are generally treated with intravitreal injections of an anti-
vascular endothelial growth factor (anti-VEGF) agent [12].
However, some patients are still treated with photody-
namic therapy with intravenous verteporfin under certain
circumstances [13]. Patients with geographic atrophy were
traditionally observed, although two intravitreal comple-
ment inhibitors have recently achieved FDA approval in
the US: Pegcetacoplan (Syfovre, Apellis Pharmaceuticals)
and avacincaptad pegol (Izervay, Astellas Pharmaceuticals)
[14]. Notably, there is evidence of a pharmacogenetic ef-
fect on many of these interventions [15,16].

2. AMD Genetics

AMD is a complex, polygenic disease with genetic
polymorphisms accounting for up to 70% of the disease
variability [17]. Unlike a monogenic (Mendelian) disease,
AMD heritability is not controlled by a single mutation that
can be identified from a pedigree analysis and observed in
a family line [18,19]. AMD-related polygenic patterns re-
quire population-based analysis and may vary between dif-
ferent populations [17,20–23].

Genes involving at least 25 different biological func-
tions have been reported as being associated with AMD, of
which the complement pathways have been studied most
intensively [24]. The International AMD Genomics Con-
sortium (IAMDGC) is a multinational collaboration of 33
centers and has provided much relevant data.

The IAMDGC conducted a genome-wide association
study (GWAS) of 16,144 AMD patients and 17,832 con-
trols. The investigators reported 52 independently associ-
ated variants across 34 loci associated with AMD [17]. In-
deed, the most common loci confirmed in multiple stud-
ies are complement factor H (CFH) and age-related mac-
ulopathy susceptibility 2/high-temperature requirement A
serine peptidase-1 (ARMS2/HTRA1); the latter two vari-
ants are strongly associated by linkage disequilibrium [17,
24–27]. Other genes involving the complement cascade,
lipid metabolism, extracellular matrix, and immune func-
tion have also been associated with AMD [1,17]. Inter-
estingly, most discovered variants are associated with all
known AMD stages [1,17,24]. However, a series of 196
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patients with geographic atrophy were classified into three
distinct subgroups largely by genetic risk scores [28].

GWAS can identify genetic variants associated with
specific disease states, and the transcriptome (which in-
cludes all RNA transcripts) may provide complemen-
tary information. A transcriptome-wide association study
(TWAS) can identify associations between gene expression
levels and disease states [29]. The IAMDGC also con-
ducted a transcriptome-wide association study (TWAS) of
16,144 AMD patients and 17,832 controls and reported 106
genes significantly associated with AMD variants in at least
one tissue, including 28 genes in tibial nerve tissue, 28
genes in subcutaneous adipose tissue, and 26 genes in lung
tissue [30].

3. Pharmacogenetics
3.1 Anti-VEGF

Most patients with active neovascular AMD are of-
fered treatment with intravitreal anti-VEGF agents, such as
bevacizumab (Avastin, Genentech), ranibizumab (Lucentis,
Genentech), aflibercept (Eylea, Regeneron), brolucizumab
(Beovu, Novartis), and faricimab (Vabysmo, Genentech).

There is substantial interpatient variability in the treat-
ment response, and individual patients appear to respond
better to different anti-VEGF agents, which suggests a phar-
macogenetic effect [31,32]. Various series have reported
statistically significant associations in treatment outcomes
(including anatomic factors and visual acuity improvement)
with variants at CFH, ARMS2/HTRA1, and other genes
following treatment with bevacizumab, ranibizumab, and
aflibercept [31–35]. To our knowledge, no pharmaco-
genetic studies have currently been published for brolu-
cizumab or faricimab. However, two large, multicenter
randomized clinical trials could not replicate these findings
[36,37].

A 2022 meta-analysis of 33 case–control series con-
cluded that variants at CFH, ARMS2/HTRA1, and olfac-
tory receptor family 52 subfamily B member 4 (OR52B4)
were significantly associated with the clinical response to
anti-VEGF agents [38]. Transcriptome analysis of periph-
eral blood mononuclear cells from 59 patients treated with
ranibizumab demonstrated that the ranibizumab response
could be predicted before treatment [39]. However, a
2022 comprehensive review of 41 observational series, 7
meta-analyses, and 5 GWAS reported no consistent patterns
among the findings [40].

Table 1 (Ref. [31–45]) demonstrates the variable find-
ings reported in the selected recent series.

3.2 Photodynamic Therapy
Photodynamic therapy (PDT) with verteporfin (Visu-

dyne, Bausch, and Lomb) has been supplanted by anti-
VEGF therapy but is occasionally used in the treatment of
individual patients [46–49]. Currently, PDTmay be offered
in combination with anti-VEGF [50,51] or to “rescue” poor
responders [13,52,53].

Pharmacogenetic effects have also been reported for
PDT monotherapy and combination therapy. Common
variants at CFH were reported not to be associated with
PDT outcomes [54,55], whereas variants at the vascu-
lar endothelial growth factor (VEGF) and C-reactive pro-
tein (CRP) were reported to be associated with improved
outcomes after PDT [55,56]. Variants at ARMS2/HTRA1
have been reported to have no significant association [57]
or less favorable outcomes [58] after PDT. Variants in
methylenetetrahydrofolate reductase (MTHFR) were asso-
ciated with more PDT sessions [59]. Another series re-
ported no associations between CFH and ARMS2/HTRA1
variants and the combination therapy using anti-VEGF and
PDT [53].

3.3 Nutritional Supplementation
Large, multicenter, prospective randomized clinical

trials have reported the effectiveness of using AREDS and
AREDS 2 supplements in reducing AMD progression to
geographic atrophy and neovascular disease [10,11]. The
AREDS investigators collected genetic data from some
study participants, although this information was not in-
cluded in the original studies.

A retrospective analysis of 876 patients from AREDS
reported thatmore favorable outcomeswere associatedwith
no risk alleles at CFH than with two risk alleles at CFH
[60]. Three subsequent retrospective subgroup analyses
of patients from AREDS reported significant associations
between clinical outcomes and risk alleles at CFH and
ARMS2. Based on these results, these investigators recom-
mended using genotype-directed nutritional supplementa-
tion for routine clinical care [61–63].

In response, the AREDS investigators tried replicat-
ing this reported association between CFH, ARMS2, and
AREDS supplementation. They studied a “residual co-
hort” of 526 study participants from AREDS who were
not included in the previous pharmacogenetic studies. The
AREDS investigators reported that they could not repli-
cate the findings, concluding that no significant associa-
tions existed [64,65]. Additional investigators indepen-
dently reviewed the AREDS data and concluded that no
significant genetic associations existed [66]. Subsequently,
the AREDS 2 investigators performed a retrospective anal-
ysis of 1684 patients from AREDS 2 (as opposed to
AREDS) and reported no significant association between
CFH, ARMS2, and the response to nutritional supplements
[67].

More recently, a case-only series of 265 patients with
neovascular AMD (not analyzed in AREDS or AREDS 2)
using an AREDS formulation also reported an interaction
between CFH, ARMS2, and clinical outcomes [68].
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Table 1. Selected recent pharmacogenetic association studies.
Genotype Anti-VEGF agent Reported association Study

ARMS2 rs10490924 ranibizumab Less favorable visual responses in patients
with ARMS2 A69S

Teper 2010 [41]

ARMS2 rs10490924, HTRA1 rs1-
1200638, CFH rs1061170, C3 rs-
2230199

ranibizumab, bevacizumab No significant associations Hagstrom 2013 [36]
Hagstrom 2015 [37]

VEGF rs1413711, rs302503,
rs201063, rs833061, rs699947

bevacizumab No significant associations Boltz 2012 [42]

VEGFA rs943080 ranibizumab Less favorable reponses in patients with T
risk alleles

Zhao 2013 [35]

VEGFA rs3025000 ranibizumab,
bevacizumab

More favorable responses in patients with
T risk alleles

Abedi 2013 [43]

VEGFA rs699947 ranibizumab,
bevacizumab

No significant associations in randomized
clinical trials

Fauser 2015 [34]

CFH, ARMS2, VEGFA ranibizumab A “clinical prediction rule” generated a to-
tal risk score for the response

van Asten 2014 [32]

CFH, C3, ARMS2, mtDNA ranibizumab No significant associations Chaudhary 2016 [31]

OR52B4 rs4910623 ranibizumab Less favorable responses associated with
rs4910623

Riaz 2016 [33]

ABCA1 rs1883025 ranibizumab,
bevacizumab

Less favorable responses associated with
T risk alleles

Mockute 2021 [44]

Four mRNA and one miRNA ranibizumab A “classification model” was associated
with the clinical response

Oca 2021 [39]

CFH rs1061170, C2 rs2230199,
C3 rs9332739

ranibizumab,
bevacizumab

Less favorable responses associated with
the CFH CC genotype

Kubicka-Trząska 2022 [45]

CFH 1061170, ARMS2
rs1040904, HTRA1 rs11200638,
OR52B4 rs323085

ranibizumab,
bevacizumab

Treatment responses were associated with
nine polymorphisms in four genes

Wang 2022 [38]

30 variants ranibizumab, aflibercept No significant associations Strunz 2022 [40]
Anti-VEGF, anti-vascular endothelial growth factor; VEGFA, vascular endothelial growth factor A; OR52B4, olfactory receptor family 52
subfamily B member 4; CFH, complement factor H ; ARMS2, age-related maculopathy susceptibility 2; HTRA1, high-temperature require-
ment A serine peptidase-1; ABCA1, adenosine triphosphate binding cassette subfamily A member 1.

4. Applying These Results to Clinical
Practice

Clinical genetic testing is an important part of emerg-
ing personalized medicine [69]. The ability to better risk-
stratify patients can improve outcomes by better allocating
scarce resources to the patients most in need or by selecting
the most effective treatment from alternatives [1,26]. Up
to 70% of the clinical variability in AMD can be explained
by genetic variants [1,17,20], meaning this disease may be
amenable to personalized medical approaches.

Population-based genetic risk scores are powerful
tools for the risk stratification of populations and for de-
signing clinical trials. However, they are less helpful in
the clinical management of an individual patient, whereby
a patient with a favorable genetic profile may, nevertheless,
develop an advanced disease and vice versa. Many series
have reported various statistically significant genetic asso-

ciations with PDT, anti-VEGF injections, and nutritional
supplementation, although the results are inconsistent and
frequently conflicting. There may be many reasons, includ-
ing baseline population differences, small sample sizes, het-
erogeneous treatment protocols, and differences in outcome
measures. It has been suggested that a sample size of at least
15,000 patients would be necessary to definitively identify
genetic associations with responses to anti-VEGF therapy
[40].

There is a commercially available genetic test in the
US and Canada that specifically offers genetic-based rec-
ommendations. Currently, the authors do not use this test-
ing in their clinical practices as repeated attempts to repli-
cate these findings from multiple investigators have failed.

From a personalized medicine perspective, in the
opinion of the authors, genetic analysis of patients with
AMD does not play a role in current clinical management.
There is no convincing evidence that using genetic infor-
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mation improves clinical outcomes, meaning there is cur-
rently no indication to perform genetic sequencing on pa-
tients with AMD.

5. Conclusions
AMD, a complex disease, is affected by both genetic

and non-genetic (environmental) factors. Pharmacogenetic
associations show great promise as a research tool, although
at this time, genetic testing for AMD is not indicated in rou-
tine clinical care.

Abbreviations
AMD, age-related macular degeneration; AREDS,

Age-Related Eye Disease Study; ARMS2/HTRA1, age-
related maculopathy Susceptibility 2/high-temperature
requirement-A serine-peptidase-1; CFH, complement
factor H ; CRP, C-reactive protein; GWAS, genome-wide
association study; OR52B4, olfactory receptor family
52 subfamily B member 4; PDT, photodynamic ther-
apy; VEGF, vascular endothelial growth factor; TWAS,
transcriptome-wide association study.

Author Contributions
JN: research and draft the manuscript. MAB: design,

review and approve the manuscript. SGS: design, research,
draft the manuscript, review, and approve. All authors have
participated sufficiently in the work to take public respon-
sibility for appropriate portions of the content and agreed to
be accountable for all aspects of the work in ensuring that
questions related to its accuracy or integrity. All authors
contributed to editorial changes in the manuscript. All au-
thors read and approved the final manuscript.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
Partly funded by NIH Core Center Grant

P30EY014801 and Research to Prevent Blindness-
Unrestricted GrantGR004596-1 to the University of
Miami.

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Stradiotto E, Allegrini D, Fossati G, Raimondi R, Sorrentino T,

Tripepi D, et al. Genetic Aspects of Age-Related Macular De-
generation and Their Therapeutic Potential. International Jour-
nal of Molecular Sciences. 2022; 23: 13280.

[2] Singh N, Swaroop A, Ratnapriya R. Making Biological Sense
of Genetic Studies of Age-Related Macular Degeneration. Ad-

vances in Experimental Medicine and Biology. 2021; 1256:
201–219.

[3] Chong EWT, Kreis AJ,Wong TY, Simpson JA, Guymer RH. Al-
cohol consumption and the risk of age-related macular degener-
ation: a systematic review and meta-analysis. American Journal
of Ophthalmology. 2008; 145: 707–715.

[4] Margrain TH, Boulton M, Marshall J, Sliney DH. Do blue light
filters confer protection against age-related macular degenera-
tion? Progress in Retinal and Eye Research. 2004; 23: 523–531.

[5] Cougnard-Grégoire A, Delyfer MN, Korobelnik JF, Rougier
MB, Malet F, Le Goff M, et al. Long-term blood pressure and
age-related macular degeneration: the ALIENOR study. Inves-
tigative Ophthalmology & Visual Science. 2013; 54: 1905–
1912.

[6] Agrón E, Mares J, Chew EY, Keenan TDL, AREDS2 Research
Group. Adherence to a Mediterranean Diet and Geographic At-
rophy Enlargement Rate: Age-Related Eye Disease Study 2 Re-
port 29. Ophthalmology. Retina. 2022; 6: 762–770.

[7] Gastaldello A, Giampieri F, Quiles JL, Navarro-Hortal MD,
Aparicio S, García Villena E, et al. Adherence to the
Mediterranean-Style Eating Pattern and Macular Degeneration:
A Systematic Review of Observational Studies. Nutrients. 2022;
14: 2028.

[8] Merle BMJ, Colijn JM, Cougnard-Grégoire A, de Koning-
Backus APM, Delyfer MN, Kiefte-de Jong JC, et al. Mediter-
ranean Diet and Incidence of Advanced Age-Related Macu-
lar Degeneration: The EYE-RISK Consortium. Ophthalmology.
2019; 126: 381–390.

[9] Rastogi N, Smith RT. Association of age-related macular degen-
eration and reticular macular disease with cardiovascular dis-
ease. Survey of Ophthalmology. 2016; 61: 422–433.

[10] Age-Related Eye Disease Study Research Group. A random-
ized, placebo-controlled, clinical trial of high-dose supplemen-
tation with vitamins C and E, beta carotene, and zinc for age-
related macular degeneration and vision loss: AREDS report no.
8. Archives of Ophthalmology (Chicago, Ill.: 1960). 2001; 119:
1417–1436.

[11] Age-Related Eye Disease Study 2 Research Group. Lutein +
zeaxanthin and omega-3 fatty acids for age-related macular de-
generation: the Age-Related Eye Disease Study 2 (AREDS2)
randomized clinical trial. JAMA. 2013; 309: 2005–2015.

[12] Moon BH, Kim Y, Kim SY. Twenty Years of Anti-Vascular
Endothelial Growth Factor Therapeutics in Neovascular Age-
Related Macular Degeneration Treatment. International Journal
of Molecular Sciences. 2023; 24: 13004.

[13] Yoshida M, Oishi A, Miyake M, Ooto S, Tamura H, Miyata
M, et al. Rescue photodynamic therapy for age-related macular
degeneration refractory to anti-vascular endothelial growth fac-
tor monotherapy. Photodiagnosis and Photodynamic Therapy.
2022; 38: 102745.

[14] Shughoury A, Sevgi DD, Ciulla TA. The complement system:
a novel therapeutic target for age-related macular degeneration.
Expert Opinion on Pharmacotherapy. 2023; 24: 1887–1899.

[15] Hampton BM, Kovach JL, Schwartz SG. Pharmacogenetics and
nutritional supplementation in age-related macular degenera-
tion. Clinical Ophthalmology (Auckland, N.Z.). 2015; 9: 873–
876.

[16] Schwartz SG, Brantley MA, Kovach JL, Grzybowski A. Hot
Topics in Pharmacogenetics of Age-Related Macular Degener-
ation. Current Pharmaceutical Design. 2017; 23: 547–550.

[17] Fritsche LG, Igl W, Bailey JNC, Grassmann F, Sengupta S,
Bragg-Gresham JL, et al. A large genome-wide association
study of age-related macular degeneration highlights contribu-
tions of rare and common variants. Nature Genetics. 2016; 48:
134–143.

[18] De Rycke M, Berckmoes V. Preimplantation Genetic Testing for
Monogenic Disorders. Genes. 2020; 11: 871.

4

https://www.imrpress.com


[19] Muse ED, Chen SF, Torkamani A. Monogenic and Polygenic
Models of Coronary Artery Disease. Current Cardiology Re-
ports. 2021; 23: 107.

[20] Cascella R, Strafella C, Caputo V, Errichiello V, Zampatti S,
Milano F, et al. Towards the application of precision medicine
in Age-Related Macular Degeneration. Progress in Retinal and
Eye Research. 2018; 63: 132–146.

[21] Rajendran A, Dhoble P, Sundaresan P, Saravanan V, Vashist P,
Nitsch D, et al. Genetic risk factors for late age-related macular
degeneration in India. The British Journal of Ophthalmology.
2018; 102: 1213–1217.

[22] Huang Q, Xiang Y. Polymorphisms in Selected Genes and Their
Association with Age-Related Macular Degeneration in a Chi-
nese Population. Medical Science Monitor: International Med-
ical Journal of Experimental and Clinical Research. 2018; 24:
1693–1700.

[23] Kim EK, Kim H, Vijayakumar A, Kwon O, Chang N. Associ-
ations between fruit and vegetable, and antioxidant nutrient in-
take and age-related macular degeneration by smoking status in
elderly Korean men. Nutrition Journal. 2017; 16: 77.

[24] Deng Y, Qiao L, Du M, Qu C, Wan L, Li J, et al. Age-related
macular degeneration: Epidemiology, genetics, pathophysiol-
ogy, diagnosis, and targeted therapy. Genes & Diseases. 2021;
9: 62–79.

[25] MayA, Su F, Dinh B, Ehlen R, Tran C, Adivikolanu H, et al. On-
going controversies and recent insights of the ARMS2-HTRA1
locus in age-related macular degeneration. Experimental Eye
Research. 2021; 210: 108605.

[26] Warwick A, Lotery A. Genetics and genetic testing for age-
related macular degeneration. Eye (London, England). 2018; 32:
849–857.

[27] Pan Y, Fu Y, Baird PN, Guymer RH, Das T, Iwata T. Exploring
the contribution of ARMS2 and HTRA1 genetic risk factors in
age-related macular degeneration. Progress in Retinal and Eye
Research. 2023; 97: 101159.

[28] Biarnés M, Colijn JM, Sousa J, Ferraro LL, Garcia M, Verzij-
den T, et al. Genotype- and Phenotype-Based Subgroups in Ge-
ographic Atrophy Secondary to Age-Related Macular Degen-
eration: The EYE-RISK Consortium. Ophthalmology. Retina.
2020; 4: 1129–1137.

[29] Li D, Liu Q, Schnable PS. TWAS results are complementary to
and less affected by linkage disequilibrium than GWAS. Plant
Physiology. 2021; 186: 1800–1811.

[30] Strunz T, Lauwen S, Kiel C, International AMD Genomics
Consortium (IAMDGC), Hollander AD, Weber BHF. A
transcriptome-wide association study based on 27 tissues iden-
tifies 106 genes potentially relevant for disease pathology in
age-related macular degeneration. Scientific Reports. 2020; 10:
1584.

[31] Chaudhary V, Brent M, Lam WC, Devenyi R, Teichman J, Mak
M, et al. Genetic Risk Evaluation in Wet Age-Related Macu-
lar Degeneration Treatment Response. Ophthalmologica. Jour-
nal International D’ophtalmologie. International Journal of Oph-
thalmology. Zeitschrift Fur Augenheilkunde. 2016; 236: 88–94.

[32] van Asten F, Rovers MM, Lechanteur YTE, Smailhodzic
D, Muether PS, Chen J, et al. Predicting non-response to
ranibizumab in patients with neovascular age-related macular
degeneration. Ophthalmic Epidemiology. 2014; 21: 347–355.

[33] Riaz M, Lorés-Motta L, Richardson AJ, Lu Y, Montgomery G,
Omar A, et al. GWAS study using DNA pooling strategy identi-
fies association of variant rs4910623 in OR52B4 gene with anti-
VEGF treatment response in age-related macular degeneration.
Scientific Reports. 2016; 6: 37924.

[34] Fauser S, Lambrou GN. Genetic predictive biomarkers of anti-
VEGF treatment response in patients with neovascular age-
related macular degeneration. Survey of Ophthalmology. 2015;
60: 138–152.

[35] Zhao L, Grob S, Avery R, Kimura A, Pieramici D, Lee J, et al.
Common variant in VEGFA and response to anti-VEGF ther-
apy for neovascular age-related macular degeneration. Current
Molecular Medicine. 2013; 13: 929–934.

[36] Hagstrom SA, Ying GS, Pauer GJT, Sturgill-Short GM, Huang J,
Callanan DG, et al. Pharmacogenetics for genes associated with
age-related macular degeneration in the Comparison of AMD
Treatments Trials (CATT). Ophthalmology. 2013; 120: 593–
599.

[37] Hagstrom SA, Ying GS, Maguire MG, Martin DF, CATT Re-
search Group, Gibson J, et al. VEGFR2 Gene Polymorphisms
and Response to Anti-Vascular Endothelial Growth Factor Ther-
apy in Age-Related Macular Degeneration. Ophthalmology.
2015; 122: 1563–1568.

[38] Wang Z, Zou M, Chen A, Liu Z, Young CA, Wang SB, et al.
Genetic associations of anti-vascular endothelial growth factor
therapy response in age-related macular degeneration: a sys-
tematic review and meta-analysis. Acta Ophthalmologica. 2022;
100: e669–e680.

[39] Oca AI, Pérez-Sala Á, Pariente A, Ochoa R, Velilla S, Peláez R,
et al. Predictive Biomarkers of Age-Related Macular Degenera-
tion Response to Anti-VEGF Treatment. Journal of Personalized
Medicine. 2021; 11: 1329.

[40] Strunz T, Pöllmann M, Gamulescu MA, Tamm S, Weber BHF.
Genetic Association Analysis of Anti-VEGF Treatment Re-
sponse in Neovascular Age-Related Macular Degeneration. In-
ternational Journal of Molecular Sciences. 2022; 23: 6094.

[41] Teper SJ, Nowinska A, Pilat J, Palucha A, Wylegala E. Involve-
ment of genetic factors in the response to a variable-dosing
ranibizumab treatment regimen for age-related macular degen-
eration. Molecular Vision. 2010; 16: 2598–2604.

[42] Boltz A, Ruiß M, Jonas JB, Tao Y, Rensch F, Weger M, et al.
Role of vascular endothelial growth factor polymorphisms in the
treatment success in patients with wet age-related macular de-
generation. Ophthalmology. 2012; 119: 1615–1620.

[43] Abedi F, Wickremasinghe S, Richardson AJ, Makalic E,
Schmidt DF, Sandhu SS, et al. Variants in the VEGFA gene and
treatment outcome after anti-VEGF treatment for neovascular
age-related macular degeneration. Ophthalmology. 2013; 120:
115–121.

[44] Mockute R, Vilkeviciute A, Balciuniene VJ, Zemaitiene R, Li-
utkeviciene R. ABCA1 rs1883025 and CYP4F2 rs2108622 Gene
PolymorphismAssociation with Age-RelatedMacular Degener-
ation and Anti-VEGF Treatment. Medicina (Kaunas, Lithuania).
2021; 57: 974.

[45] Kubicka-Trząska A, Żuber-Łaskawiec K, Dziedzina S, Sanak
M, Romanowska-Dixon B, Karska-Basta I. Genetic Variants
of Complement Factor H Y402H (rs1061170), C2 R102G
(rs2230199), and C3 E318D (rs9332739) and Response to In-
travitreal Anti-VEGFTreatment in Patients with Exudative Age-
Related Macular Degeneration. Medicina (Kaunas, Lithuania).
2022; 58: 658.

[46] Photodynamic therapy of subfoveal choroidal neovascular-
ization in age-related macular degeneration with verteporfin:
one-year results of 2 randomized clinical trials–TAP report.
Treatment of age-related macular degeneration with photody-
namic therapy (TAP) Study Group. Archives of Ophthalmology
(Chicago, Ill.: 1960). 1999; 117: 1329–1345.

[47] Bressler NM, Treatment of Age-Related Macular Degeneration
with Photodynamic Therapy (TAP) Study Group. Photodynamic
therapy of subfoveal choroidal neovascularization in age-related
macular degeneration with verteporfin: two-year results of 2
randomized clinical trials-tap report 2. Archives of Ophthalmol-
ogy (Chicago, Ill.: 1960). 2001; 119: 198–207.

[48] Azab M, Boyer DS, Bressler NM, Bressler SB, Cihelkova I,
Hao Y, et al. Verteporfin therapy of subfoveal minimally classic

5

https://www.imrpress.com


choroidal neovascularization in age-related macular degenera-
tion: 2-year results of a randomized clinical trial. Archives of
Ophthalmology (Chicago, Ill.: 1960). 2005; 123: 448–457.

[49] Blinder KJ, Blumenkranz MS, Bressler NM, Bressler SB,
Donato G, Lewis H, et al. Verteporfin therapy of subfoveal
choroidal neovascularization in pathologic myopia: 2-year re-
sults of a randomized clinical trial–VIP report no. 3. Ophthal-
mology. 2003; 110: 667–673.

[50] Mataix J, Palacios E, Carmen DM, Garcia-Pous M, Navea A.
Combined ranibizumab and photodynamic therapy to treat ex-
udative age-related macular degeneration: an option for improv-
ing treatment efficiency. Retina (Philadelphia, Pa.). 2010; 30:
1190–1196.

[51] GaoY,YuT, ZhangY,DangG.Anti-VEGFMonotherapyVersus
Photodynamic Therapy andAnti-VEGFCombination Treatment
for Neovascular Age-Related Macular Degeneration: A Meta-
Analysis. Investigative Ophthalmology & Visual Science. 2018;
59: 4307–4317.

[52] Wada I, Shiose S, Ishikawa K, Kano K, Notomi S, Mori K,
et al. One-year efficacy of “rescue photodynamic therapy” for
patients with typical age-related macular degeneration, poly-
poidal choroidal vasculopathy, and pachychoroid neovasculopa-
thy refractory to anti-vascular endothelial growth factor ther-
apy. Graefe’s Archive for Clinical and Experimental Ophthal-
mology = Albrecht Von Graefes Archiv Fur Klinische Und Ex-
perimentelle Ophthalmologie. 2022; 260: 2029–2036.

[53] Spielberg L, Leys A. Treatment of neovascular age-related mac-
ular degeneration with a variable ranibizumab dosing regimen
and one-time reduced-fluence photodynamic therapy: the TOR-
PEDO trial at 2 years. Graefe’s Archive for Clinical and Experi-
mental Ophthalmology =Albrecht VonGraefes Archiv Fur Klin-
ische Und Experimentelle Ophthalmologie. 2010; 248: 943–
956.

[54] Seitsonen SP, Jarvela IE, Meri S, Tommila PV, Ranta PH, Immo-
nen IJ. The effect of complement factor HY402H polymorphism
on the outcome of photodynamic therapy in age-related macu-
lar degeneration. European Journal of Ophthalmology. 2007; 17:
943–949.

[55] Feng X, Xiao J, Longville B, Tan AXJ, Wu XN, Cooper MN, et
al. Complement factor H Y402H and C-reactive protein poly-
morphism and photodynamic therapy response in age-related
macular degeneration. Ophthalmology. 2009; 116: 1908–
1912.e1.

[56] Immonen I, Seitsonen S, Tommila P, Kangas-Kontio T, Kakko
S, Savolainen ER, et al. Vascular endothelial growth factor gene
variation and the response to photodynamic therapy in age-
related macular degeneration. Ophthalmology. 2010; 117: 103–
108.

[57] Chowers I, Meir T, Lederman M, Goldenberg-Cohen N, Co-
hen Y, Banin E, et al. Sequence variants in HTRA1 and
LOC387715/ARMS2 and phenotype and response to photody-
namic therapy in neovascular age-related macular degeneration
in populations from Israel. Molecular Vision. 2008; 14: 2263–
2271.

[58] Nakai S, Honda S,MatsumiyaW,Miki A, NakamuraM. ARMS2

variants may predict the 3-year outcome of photodynamic ther-
apy for wet age-related macular degeneration. Molecular Vision.
2017; 23: 514–519.

[59] Parmeggiani F, Gallenga CE, Costagliola C, Semeraro F, Ro-
manoMR, Dell’Omo R, et al. Impact of methylenetetrahydrofo-
late reductase C677T polymorphism on the efficacy of photody-
namic therapy in patients with neovascular age-related macular
degeneration. Scientific Reports. 2019; 9: 2614.

[60] Klein ML, Francis PJ, Rosner B, Reynolds R, Hamon SC,
Schultz DW, et al. CFH and LOC387715/ARMS2 genotypes
and treatment with antioxidants and zinc for age-related macular
degeneration. Ophthalmology. 2008; 115: 1019–1025.

[61] Awh CC, Lane AM, Hawken S, Zanke B, Kim IK. CFH and
ARMS2 genetic polymorphisms predict response to antioxidants
and zinc in patients with age-related macular degeneration. Oph-
thalmology. 2013; 120: 2317–2323.

[62] Awh CC, Hawken S, Zanke BW. Treatment response to antiox-
idants and zinc based on CFH and ARMS2 genetic risk allele
number in the Age-Related Eye Disease Study. Ophthalmology.
2015; 122: 162–169.

[63] Vavvas DG, Small KW, Awh CC, Zanke BW, Tibshirani RJ,
Kustra R. CFH and ARMS2 genetic risk determines progres-
sion to neovascular age-related macular degeneration after an-
tioxidant and zinc supplementation. Proceedings of the National
Academy of Sciences of the United States of America. 2018;
115: E696–E704.

[64] Chew EY, Klein ML, Clemons TE, Agrón E, Ratnapriya R, Ed-
wards AO, et al. No clinically significant association between
CFH and ARMS2 genotypes and response to nutritional supple-
ments: AREDS report number 38. Ophthalmology. 2014; 121:
2173–2180.

[65] Chew EY, Klein ML, Clemons TE, Agron E, Abecasis GR. Ge-
netic testing in persons with age-related macular degeneration
and the use of the AREDS supplements: to test or not to test?
Ophthalmology. 2015; 122: 212–215.

[66] Assel MJ, Li F, Wang Y, Allen AS, Baggerly KA, Vickers AJ.
Genetic Polymorphisms of CFH and ARMS2 Do Not Predict
Response to Antioxidants and Zinc in Patients with Age-Related
Macular Degeneration: Independent Statistical Evaluations of
Data from the Age-Related Eye Disease Study. Ophthalmology.
2018; 125: 391–397.

[67] van Asten F, Chiu CY, Agrón E, Clemons T, Ratnapriya R, Swa-
roop A, et al. No CFH or ARMS2 interaction with omega-3 fatty
acids, low versus high zinc, or β-carotene versus lutein and zeax-
anthin on progression of age-related macular degeneration in the
Age-Related Eye Disease Study 2: Age-Related Eye-Disease
Study 2 Report No. 18. Ophthalmology. 2019; 126: 1541–1548.

[68] Kaufman SR, Yoganathan P, Small KW, Rusia D, Pachydaki SI,
Conti SM, et al. Genetics and Age-Related Eye Disease Study
Formulation Interaction in Neovascular Age-Related Macular
Degeneration. Journal of Vitreoretinal Diseases. 2020; 5: 46–
52.

[69] Abul-Husn NS, Owusu Obeng A, Sanderson SC, Gottesman
O, Scott SA. Implementation and utilization of genetic testing
in personalized medicine. Pharmacogenomics and Personalized
Medicine. 2014; 7: 227–240.

6

https://www.imrpress.com

	1. Introduction
	2. AMD Genetics
	3. Pharmacogenetics
	3.1 Anti-VEGF
	3.2 Photodynamic Therapy
	3.3 Nutritional Supplementation

	4. Applying These Results to Clinical Practice
	5. Conclusions
	Abbreviations
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

