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Our understanding of the role that genetics play in age-related
macular degeneration (AMD) is rapidly evolving. DNA poly-
morphisms in various genes continue to be identified that asso-
ciate with the disease. Clinicians are frequently asked by their
patients about the role of genetic testing and the utility of that
testing in the management of the disease. While the present
recommendations are contemporary and pertinent, it is clear
that the field continues to provide new insights that require
clinicians to follow this field closely.

1. Age-related macular degeneration genetic testing may
provide information on the progression rates from inter-
mediate to advanced AMD. However, before ordering
this testing, retina specialists should be aware of the
following:

a. Testing should be performed only at Clinical
Laboratory Improvement Amendments—certified
laboratories with expertise in genetic sequencing.
Because of the high variability in the results, direct-
to-consumer (DTC) AMD genetic testing that does
not meet this standard is not recommended.

b. Interpretation of the results of AMD genetic test-
ing is complex.

c. At present, there is no clinical evidence that alter-
ing the management of genetically higher risk pro-
gression patients, for example, with more frequent
office visits and/or improved lifestyle changes,
results in better visual outcomes for these patients
compared with individuals of lower genetic sus-
ceptibility. As such, prospective studies are
needed before patient care is modified.

2. Age-related macular degeneration genetic testing at
present in patients with neovascular AMD does not
provide clinically relevant information regarding
response to anti-vascular endothelial growth factor
(VEGF) treatment and is not recommended for this

purpose.

3. Although genetic testing to determine the optimal nutri-
tional supplementation may in the future prove useful,
at present there is insufficient data to support the use of
genetic testing in patients with AMD prior to recom-
mendation of current Age-Related Eye Disease Study
(AREDS) nutritional supplement use.

Over the last decade, multiple genetic markers that associate
with AMD have been identified.'* Variant DNA changes
within the complement activation cascade, in particular,
complement factor H (CFH), as well as mutations in other
non—complement-related genes such as age-related maculopa-
thy susceptibility 2 (4RMS?2), have been demonstrated to show
a strong association with AMD.

Although initial research focused on association studies,
newer work using longitudinal data has shown that many of
these genetic variants have a strong predictive value for AMD
progression from intermediate to advanced AMD, character-
ized by the development of choroidal neovascularization and/
or geographic atrophy.>” Subsequently, several AMD risk
assessment models were developed using environmental,
demographic, and phenotypic data from the AREDS study,
incorporated with genetic information.®®

The predictive algorithms evolved to add additional
genetic information. One algorithm incorporated a set of 10
genetic loci with rare variants, 3 variants in CFH, and 6 var-
iants in ARMS?2, as well as variants that appear to be inversely
associated with AMD.? These models provided additional
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information about progression beyond what could be seen
with funduscopic findings alone.

However, it is important to remember that a fundus exam-
ination alone provides significant information about the stage
of AMD and the risk of progression as determined by the
presence or absence of intermediate or large drusen along with
pigmentary changes.''? These findings can direct a discussion
with a patient, not just on the use of nutritional supplementation
but also on the risk of disease progression.

Incorporating genetic information using the progression
models outlined above provides additional data that could be
helpful for research, selection of high-risk individuals for clin-
ical trials, and identifying individuals at highest risk of progres-
sion. However, there is no clinical data that support changes to
the therapeutic approaches of such patients beyond current
clinical management.

Is there a role for genetic testing in the management of
patients with neovascular AMD using intravitreal anti-VEGF
agents? Several large clinical trials examined the association of
response to anti-VEGF injections and DNA variants commonly
found in patients with AMD. To date, no consistent and reliable
genetic marker of response to anti-VEGF intravitreal injections
has been identified.'*>"!” Therefore, at this time, it is not rec-
ommended that patients presenting with choroidal neovascu-
larization and AMD undergo genetic testing to inform aspects
of the response to anti-VEGF therapy.

Another aspect of genetic testing for patients with AMD
regards the need for genetic testing prior to initiation of nutri-
tional supplement therapy. Klein et al'® provided evidence
that the benefit of nutritional supplementation seen in the
AREDS cohort, particularly with the use of zinc supplemen-
tation, was statistically diminished in participants with 2 CFH
risk alleles. Importantly, no statistically significant negative
effect of nutritional supplementation in relation to genetic
mutations was demonstrated, and these authors did not rec-
ommend routine genetic testing prior to initiation of nutri-
tional supplementation.

Additionally, a recent study of a large cohort of AREDS
participants found that the effectiveness of the combination
antioxidant and zinc supplement on progression to advanced
AMD differed significantly according to the genotype. No
significant treatment effect with nutritional supplementation
was seen among individuals with 2 CFH risk alleles, but a
protective effect remained among high-risk ARMS? carriers."”

However, Awh and colleagues have provided evidence from
a retrospective analysis of the AREDS data that suggested
patients who were homozygous for the CFH risk alleles were
at an increased risk of progression of AMD if zinc supplements
were taken—those who had either 0 or 1 CFH risk allele but no
ARMS? risk allele benefited only from antioxidants—while no
nutritional benefit was seen in patients with 2 CFH risk alleles
and 1 or 2 ARMS? risk alleles.?*!

Their conclusion was that genetic testing was important
and should be used to tailor the nutritional supplement for-
mulation for patients with AMD. However, several concerns
regarding this conclusion have been raised. One concern was

based on the type of analysis employed in these studies. Awh
et al**?! performed a post hoc analysis of subgroups within
the larger AREDS cohort using a retrospective regression
analysis. This approach is traditionally used to generate a
working hypothesis but requires subsequent analysis using
more stringent methods and additional data sets before any
conclusions can be made.?**?

Another concern about the Awh et al manuscripts was a lack
of appropriate adjustment for the number of genotypes exam-
ined. For example, Wittes and Musch, in their editorial, felt that
Awh et al did not correct adequately for multiple statistical
testing. 243

The AREDS study group examined a slightly larger but
similar subgroup and DNA data set as Awh et al. Using a
similar retrospective analysis, they found no interaction
between genetics of the participants and components of the
AREDS formulation.?® In other words, the AREDS study group
found a favorable treatment response to AREDS supplements
including zinc in all participants with AMD independent of
genotype class and were unable to find any association or inter-
action with genotype.

Most importantly, this finding was further supported by the
DNA analysis of a smaller residual cohort of AREDS partici-
pants who were not part of the cohort on whose results both
Awh et al and the AREDS study group were based.?’ This
subgroup analysis further supported the conclusion that the
benefit of AREDS supplementation remained, regardless of the
genotype.

How should a clinician approach the issue of genetic testing
in patients at risk for, or who present with, AMD? The newest
data do support performing genetic testing for patients and
families who wish a more accurate prognosis of the progression
of intermediate to advanced AMD. This may be useful for
patients and doctors and motivating for patients to adhere to
the AREDS recommendations.

However, it is important to note the absence of data con-
firming that altering current clinical care demonstrates
improved outcomes in high-risk genetic patients. Although
some genetic groups may benefit from the combination anti-
oxidant and zinc supplement more than others, current data are
not strong enough to recommend routinely using genetic test-
ing to alter nutritional supplement composition.

Finally, it is important for clinicians interested in genetic
testing for their patients with AMD to recognize the importance
of where and how the genetic testing should be performed. To
date, the majority of published results of genetic testing have
been performed in laboratories with specific expertise in
genetic testing of DNA mutants associated with AMD. While
DTC testing is becoming more available, caution is advised
with this approach.

In a 2014 study by Buitendijk et al,”® considerable variations
in the predicted risks of progression were obtained from several
commercial DTC genetic analyses when compared with results
obtained in an academic genetic laboratory. And, as described
above, models that predict rates of progression of AMD
require assessment of several genetic variants and careful
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interpretation. Therefore, prior to undertaking genetic testing
for their patients with AMD, clinicians should understand that
the output for predicted rates of progression are based on com-
plex algorithms.

References

1.

10.

Swaroop A, Chew EY, Rickman CB, Abecasis GR. Unraveling a
multifactorial late-onset disease: from genetic susceptibility to
disease mechanisms for age-related macular degeneration. Annu
Rev Genomics Hum Genet. 2009;10:19-43. doi:10.1146/
annurev.genom.9.081307.164350.

. Sobrin L, Seddon JM. Nature and nurture—genes and envi-

ronment—predict onset and progression of macular degenera-
tion. Prog Retin Eye Res. 2014;40:1-15. doi:10.1016/
j-preteyeres.

. Seddon JM, Francis PJ, George S, Schultz DW, Rosner B, Klein

ML. Association of CFH Y402H and LOC387715 A69S with
progression of age-related macular degeneration. JAMA. 2007;
297(16):1793-1800.

. Seddon JM, Reynolds R, Maller J, Fagerness JA, Daly MJ, Rosner

B. Prediction model for prevalence and incidence of advanced
age-related macular degeneration based on genetic, demographic,
and environmental variables. Invest Ophthalmol Vis Sci. 2009;
50(5):2044-2053. doi:10.1167/i0vs.08-3064.

. Seddon JM, Reynolds R, Yu Y, Daly MJ, Rosner B. Risk models

for progression to advanced age-related macular degeneration
using demographic, environmental, genetic, and ocular factors.
Ophthalmol. 2011;118(11):2203-2211. doi:10.1016/j.ophtha
.2011.04.029.

. Klein ML, Francis PJ, Ferris FL III, Hamon SC, Clemons TE.

Risk assessment model for development of advanced age-related
macular degeneration. Arch Ophthalmol. 2011;129(12):
1543-1550. doi:10.1001/archophthalmol.2011.216.

. Yu'Y, Reynolds R, Rosner B, Daly MJ, Seddon JM. Prospective

assessment of genetic effects on progression to different stages of
age-related macular degeneration using multistate Markov mod-
els. Invest Ophthalmol Vis Sci. 2012;53(3):1548-1556. doi:
10.1167/iovs.11-8657.

. Perlee LT, Bansal AT, Gehrs K, et al. Inclusion of genotype

with fundus phenotype improves accuracy of predicting chor-
oidal neovascularization and geographic atrophy. Ophthal-
mol. 2013;120(9):1880-1892. doi:10.1016/j.ophtha.2013.
02.007.

. Seddon JM, Silver RE, Kwong M, Rosner B. Risk prediction for

progression of macular degeneration: 10 common and rare genetic
variants, demographic, environmental, and macular covariates.
Invest Ophthalmol Vis Sci. 2015;56(4):2192-2202. doi:10.1167/
iovs.14-15841.

Age-Related Eye Disease Study Research Group. A randomized,
placebo-controlled, clinical trial of high-dose supplementation
with vitamins C and E, beta carotene, and zinc for age-related
macular degeneration and vision loss: AREDS report no. 8. Arch
Ophthalmol. 2001;119(10):1417-1436.

. Klein ML, Ferris FL 3rd, Armstrong J, et al; AREDS Research

Group. Retinal precursors and the development of geographic

12.

13.

14.

16.

19.

20.

21.

22.

23.

atrophy in age-related macular degeneration. Ophthalmol. 2008;
115(6):1026-1031.

Ferris FL, Davis MD, Clemons TE, et al; Age-Related Eye Dis-
ease Study Research Group. A simplified severity scale for age-
related macular degeneration: AREDS report no. 18. Arch
Ophthalmol. 2005;123(11):1570-1574.

Fauser S, Lambrou GN. Genetic predictive biomarkers of anti-
VEGF treatment response in patients with neovascular age-
related macular degeneration. Surv Ophthalmol. 2015;60(2):
138-152. doi:10.1016/j.survophthal.2014.11.002.

Lotery AJ, Gibson J, Cree AJ, et al; Alternative Treatments to
Inhibit VEGF in Patients with Age-Related Choroidal Neovascu-
larisation (IVAN) Study Group. Pharmacogenetic associations
with vascular endothelial growth factor inhibition in participants
with neovascular age-related macular degeneration in the IVAN
Study. Ophthalmol. 2013;120(2):2637-2643. doi:10.1016/
j-ophtha.2013.07.046.

. Hagstrom SA, Ying GS, Pauer GJ, et al; Comparison of AMD

Treatment Trials Research Group. Pharmacogenetics for genes
associated with age-related macular degeneration in the Compar-
ison of AMD Treatments Trials (CATT). Ophthalmol. 2013;
120(3):593-599.

Hagstrom SA, Ying GS, Pauer GJ, et al; Comparison of Age-
Related Macular Degeneration Treatments Trials Research
Group. VEGFA and VEGFR2 gene polymorphisms and response
to anti-vascular endothelial growth factor therapy: comparison of
age-related macular degeneration treatments trials (CATT).
JAMA Ophthalmol. 2014;132(5):521-527.

. Shah AR, Williams S, Baumal CR, Rosner B, Duker JS, Seddon

JM. Predictors of response to intravitreal anti-vascular endothe-
lial growth factor treatment of age-related macular degeneration.
Am J Ophthalmol. 2016;163:154-166.¢8. doi:10.1016/
j-ajo.2015.11.033.

. Klein ML, Francis PJ, Rosner B, et al. CFH and LOC387715/

ARMS?2 genotypes and treatment with antioxidants and zinc for
age-related macular degeneration. Ophthalmol. 2008;115(6):
1019-1025. doi:10.1016/j.0phtha.2008.01.036.

Seddon J, Silver R, Rosner B. Response to AREDS supple-
ments according to genetic factors: survival analysis approach
using the eye as the unit of analyses. Br J Ophthalmol. In
press.

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. Ophthalmol.
2015;122(1):162-169. doi:10.1016/j.ophtha.2014.07.049.

Awh CC, Lane AM, Hawken S, Zanke B, Kim IK. CFH and
ARMS?2 genetic olymorphisms predict response to antioxidants
and zinc in patients with age-related macular degeneration.
Ophthalmol. 2013;120(11):2317-2323. doi:10.1016/j.ophtha.
2013.07.039.

Gail M, Simon R. Testing for qualitative interactions between
treatment effects and patient subsets. Biometrics. 1985;41(2):
361-372.

Yusuf S, Wittes J, Probstfield J, Tyroler HA. Analysis and inter-
pretation of treatment effects in subgroups of patients in rando-
mized clinical trials. JAMA. 1991;266(1):93-98.



78

Journal of VitreoRetinal Diseases ()

24.

25.

26.

Wittes J, Musch DC. Should we test for genotype in deciding on
age-related eye disease study supplementation? Ophthalmol.
2015;122(1):3-5. doi:10.1016/j.0phtha.2014.10.023.

Lee KL, McNeer JF, Starmer CF, Harris PJ, Rosati RA. Clinical
judgment and statistics. Lessons from a simulated randomized
trial in coronary artery disease. Circulation. 1980;61(3):
508-515.

Chew EY, Klein ML, Clemons TE, et al; Age-Related Eye Dis-
ease Study Research Group. No clinically significant association
between CFH and ARMS2 genotypes and response to nutritional

27.

28.

supplements: AREDS report number 38. Ophthalmol. 2014;
121(11):2173-2180. doi:10.1016/j.0phtha.2014.05.008.

Chew EY, Klein ML, Clemons TE, Agron E, Abecasis GR. Genetic
testing in persons with age-related macular degeneration and the
use of the AREDS supplements: to test or not to test? Ophthalmol.
2015;122(1):212-215. doi:10.1016/j.ophtha.2014.10.012.
Buitendijk GH, Amin N, Hofman A, van Duijn CM, Vingerling
JR, Klaver CC. Direct-to-consumer personal genome testing for
age-related macular degeneration. Invest Ophthalmol Vis Sci.
2014;55(10):6167-6174. doi:10.1167/iovs.14-15142.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


