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Abstract

Purpose: To investigate whether there is an association between known age-related macular
degeneration genetic risk variants in the CFH, ARMSZ, and HTRA genes and response to anti-
vascular endothelial growth factor (VEGF) (ranibizumab or bevacizumab) treatment for wet age-
related macular degeneration.

Methods: A retrospective review of 150 patients with documented wet age-related macular
degeneration based on clinical examination and fluorescein angiogram was performed. Patients
received anti-VEGF therapy with ranibizumab and/or bevacizumab. Patients were genotyped for
the single-nucleotide polymorphism rs1061170, rs10490924, rs3750848, rs3793917, rs11200638,
and rs932275 and for the indel del443ins54 spanning the CFH, ARMSZ, and HTRAI genes.

Results: There were 57 patients who were characterized as negative responders to anti-VEGF
therapy, and 93 patients who were characterized as positive responders. There was no significant
difference in mean baseline visual acuity between the groups. Negative responders were followed
for a mean duration of 24.0 months, while positive responders were followed for a mean duration
of 22.0 months. Although the frequency of the at-risk alleles was higher in the positive responders
when compared with the negative responder, this did not reach statistical significance.
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Additionally, there was no significant association between genotype and the number of injections
or absolute change in visual acuity in both groups of responders.

Conclusion: In our patient cohort, there was no statistically significant association between
response to anti-VEGF therapy and the genotype in both positive-responder and negative-
responder groups. Larger studies with more power are necessary to further determine whether a
pharmacogenetic association exists between wet age-related macular degeneration and anti-VEGF
therapy.
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Age-related macular degeneration (AMD) is a leading cause of visual impairment in
individuals older than 55 years in the developed countries!=3 and has caused more than 30
million people to become blind worldwide.2 The major risk factors for AMD include age
and smoking, with age being the strongest risk factor. In addition to environmental factors,
familial*° and twin® studies have confirmed that genetic factors play a substantial role in the
etiology of AMD and in the variation of its overall severity.5 One of the first significant
breakthroughs in the understanding of the genetics of AMD came in 2005 with the
identification of a strong association between the disease and variants in the complement
factor H (CFH) gene on Chromosome 1.7-10 Specifically, the rs1061170 single-nucleotide
polymorphism (SNP) in the CFH gene results in a thymine-to-cytosine (T — C) transition
and has been found to be highly associated with AMD in multiple populations,11:12

Through family linkage studies and fine mapping, a second major genetic association with
AMD has been localized in Chromosome 10, region 26, centered around 2 nearby genes:
ARMSZ2 (age-related maculopathy susceptibility 2) and H7RA1 (high-temperature
requirement factor A1).13-15 Both #7RA1and ARMSZhave been shown to be expressed in
the retina. Six risk alleles involving the ARMSZIHTRAI region (rs10490924, rs3750848,
del443ins54, rs3793917, rs11200638, and rs932275) are associated with AMD and reside on
a single high-risk haplotype.1516 The rs10490924 SNP encodes a nonsynonymous A69S
mutation in ARMS2 via a guanine-to-cytosine (G — C) transition. The deletion allele of an
insertion/deletion (indel) variant in the 3 untranslated region of the ARMS2 gene,
del443ins54, destabilizes the messenger RNA transcript of the ARMSZ2 gene leading to its
rapid decay.16 The rs11200638 SNP, located in the /7RAI promoter region, is thought to
affect the expression of HTRA11317 Given the strong linkage disequilibrium across the
region, the identity of which gene, HTRAI or ARMSZ, causes disease susceptibility has
been contro-versiall® because the location of the causal variant is unclear.

Recently, investigators have attempted to determine whether an individual’s genetic
background plays a role in the response to AMD treatment. While looking at the effect of
nutritional supplementation on AMD progression, Klein et al'8 demonstrated that an
individual’s response to zinc might be related to their CFH genotype. Feng et al,1° revealed
an association between photodynamic therapy and C-reactive protein genetic variants, but no
association was observed between photodynamic therapy and CFH genetic variants.
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However, Brantley et al?® did observe a response between photodynamic therapy and the
CFH Y402H genotype but not with the rs10490924 SNP in the ARMSZ2 gene.

The treatment of wet AMD has been drastically improved with the addition of anti-vascular
endothelial growth factor (anti-VEGF) therapy. Ranibizumab is currently approved for the
treatment of wet AMD, and bevacizumab has shown much promise.21:22 Brantley et al23
demonstrated that the CFH at risk C allele was associated with a worse response to
bevacizumab treatment than was the T allele. A pharmacogenetic relationship was not
observed between bevacizumab treatment and the rs10490924 variant in the ARMSZ gene.
Furthermore, Lee et al2* demonstrated an association between the CFH Y402H risk allele
and the number of ranibizumab injections, although postinjection visual acuities were not
influenced by genotype.

It is unclear whether definitive associations between the major AMD genetic risk variants
and anti-VEGF treatment exist, and more evidence is necessary. Further studies of the
pharmacogenetic relationship with anti-VEGF therapy are necessary to determine if
genotype can influence treatment outcome. There are only a few small reports studying this
relationship with variants in the CFHand ARMSZ2 genes,?1:23.24 and there are no published
reports assessing the influence of the HTRA1 gene. In this work, we seek to determine
whether there is an association between the genetic variants in the CFH, ARMSZ2, and
HTRAI genes and response to anti-VEGF (ranibizumab or bevacizumab) treatment for wet
AMD.

This retrospective cohort study was approved by the Institutional Review Board of the Wills
Eye Institute and the Mid Atlantic Retina associates. All subjects provided signed informed
consent before participation. The research adhered to the tenets of the Declaration of
Helsinki and was conducted in accordance with the Health Insurance Portability and
Accountability Act regulations. All individuals were recruited from the retina practices of
the Wills Eye Hospital and the Mid Atlantic Retina practices and had a clinical examination
by a retina specialist.

Those with macular changes were classified based on AREDS (Age-Related Eye Disease
Study) Report 6,2° which we modified to allow grading of our subjects by funduscopic
appearance during examination by a retina specialist. Patients were examined for the
presence of drusen (appearance and size), pigmentary abnormalities, geographic atrophy,
and choroidal neovascularization. When a choroidal neovascularization lesion was
suspected, fluorescein angiography was performed to confirm its presence. Blood samples
were taken from all subjects for genotyping.

Initially, patients were treated with injections at monthly intervals for at least 3 months. The
interval between injections was gradually increased as long as the optical coherence
tomography remained stable and dry. We reviewed the medical reports of 298 patients with
documented wet AMD and choroidal neovascularization lesions. Eyes with macular scars at
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baseline were excluded from the study, as were those received previous photodynamic
therapy, pegaptanib sodium, or focal laser treatment. Eyes were followed for a minimum of
3 months after receiving the first anti-VEGF injection to be included in the study. After
reviewing the medical reports, 150 of 298 patients were included in the study, 16 of whom
contributed both eyes. Measurement of visual acuity for all patients was assessed by Snellen
charts. Patients were defined as positive responders and negative responders after anti-VEGF
(ranibizumab or bevacizumab) therapy as follows: Positive responders were defined as
patients who at the final visit had either an improvement or no change in visual acuity
compared with baseline in at least one eye, providing that the most recent visual acuity was
= 20/200. Negative responders were defined as patients who lost visual acuity when
compared with baseline or had a final visual acuity <20/200. Of 16 patients whose both eyes
were included, 5 did not respond in either eye, 7 responded in both eyes, and the remaining 4
responded in 1 eye but not the other.

Genotype Determination

Patients were genotyped for the SNPs rs1061170, rs10490924, rs3750848, rs3793917,
rs11200638, and rs932275 and for the indel del443ins54 spanning the CFH, ARMSZ, and
HTRAI genes. The 6 SNPs were genotyped with a commercially available genotyping
TagMan assay, while we used polymerase chain reaction to validate the existence of indel
del443ins54 in the 3" untranslated region of the ARMS2 gene, as previously described.26

Data Analysis

Results

The nominal significance of association for each demographic and clinical variable was
calculated using the #test for means with continuous data (e.g., age, number of injections,
and visual acuity) and the XZ test for categorical data (e.g., gender) in the R language and
environment for statistical programming.2” The PLINK tool set for whole-genome
association?8 was used to perform the XZ test for allelic association, logistic regression for
genotypic association at each locus on the observed response to treatment, and the Wald test
for association with quantitative traits (number of injections required at follow-up and
absolute change in visual acuity). P values were not corrected for multiple comparisons, and
nominal Pvalues were reported.

We evaluated 150 patients with AMD who were treated with anti-VEGF therapy
(ranibizumab or bevacizumab) across 7 known genetic risk factors (6 SNPs and 1 choroidal
neovascularization) for AMD. Positive and negative responders were matched for age,
gender, duration and amount of treatment, and pre-treatment and posttreatment acuities; the
only statistically significant difference between the groups was the posttreatment visual
acuity and mean age (Table 1). Negative responders were significantly older than positive
responders on average (82.16 + 0.86 years vs. 79.60 £ 0.82 years, respectively; £< 0.03).
All other factors were well matched (P< 0.28). As expected, postinjection visual acuity was
significantly improved in positive responders when compared with negative responders (1.31
+ 0.08 logarithm of the minimum angle of resolution [logMAR] vs. 0.43 £+ 0.03 logMAR,
respectively; P< 1.05 x 10715).
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Ninety-three patients (62%) had a positive response to treatment; however, this response was
not significantly associated with any of the risk variants (Table 2). Of the 7 SNPs analyzed,
the risk allele frequency in both positive responders and negative responders was highest
with rs1061170 (0.55 and 0.50, respectively), the SNP encoding a nonsynonymous Y402H
substitution in the CFH gene. Of the 6 SNPs analyzed in the ARMS2-HTRAI locus on
Chromosome 10, the risk allele frequency in positive responders ranged from 0.41 to 0.43,
and in negative responders from 0.39 to 0.41. By odds ratio, all AMD risk alleles had a
higher frequency in the positive-responder group and appeared to increase the effect of anti-
VEGF treatment, although this effect was not statistically significant. The largest effects
were seen at rs1061170 (Y402H in CFH. P< 0.45; odds ratio = 1.20), closely followed by
rs3750848 (intron in ARMSZ, P< 0.48; odds ratio = 1.19). Other loci showed a less
appreciative effect on response to anti-VEGF treatment (odds ratio ranged from 0.99 to
1.10).

Finally, we did not find a significant association between subjects’ genotype and the
treatment response, the number of injections required at follow-up, or the absolute change in
visual acuity (Table 3).

Discussion

Although the various polymorphisms in the CFH (rs106117) and ARMS2HTRA1
(rs10490924, rs3750848, del443ins54, rs3793917, rs11200638, rs932275) genes have
consistently been shown to be associated with AMD, we did not find a statistically
significant pharmacogenetic association between these SNPs and the efficacy of anti-VEGF
therapy with ranibizumab or bevacizumab. We also found no statistically significant
difference in the frequency of the risk polymorphisms between positive responders and
negative responders to anti-VEGF therapy. Furthermore, a stepwise multivariate linear
regression failed to show a significant epistatic interaction effect among all the seven
variants (data not shown).

Both responder groups were well matched for features including gender, duration of
treatment, and baseline visual acuity evidenced by the lack of a statistically significant
difference between positive responders and negative responders with regards to these factors.
However, negative responders were significantly older than positive responders on average
(82.16 £ 0.86 years vs. 79.60 + 0.82 years, respectively; £< 0.03), and although not
significantly different, they presented with worse baseline visual acuity (0.89 + 0.08
logMAR vs. 0.79 + 0.05 logMAR respectively; P< 0.28). Furthermore, a joint modeling of
age and genotype by linear regression failed to achieve statistical significance at any locus
(data not shown), suggesting that age does not have an effect on response to treatment when
genetics are considered. In this study, we may not have the power to detect significantly
different baseline visual acuities between the responder groups. However, it is possible that
negative responders presented with either more advanced or more aggressive disease and
thus had less response to treatment, potentially negating any pharmacogenetic response.

Because the SNPs tested in our cohort are known to be associated with AMD, it is not
surprising to find higher allele frequencies in our sample compared with the general
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population. In terms of genotypic risk, Brantley et al?3 demonstrated that at a mean follow-
up of 9.33 months, 10.5% of patients harboring a homozygous risk allele genotype (CC) at
the CFH Y402H locus showed an improvement with bevacizumab treatment compared with
53.7% of heterozygotes (CT) and wild-type homozygotes (TT), showing a statistically
significant difference (P< 0.004). In comparison, our study had a longer follow-up period on
average (24.02 £ 1.51 months in the negative-responder group and 22.00 £+ 1.22 months in
the positive-responder group) and found that 60.7% of patients harboring a homozygous risk
allele genotype (CC) at the CFH Y402H locus showed visual improvement with anti-VEGF
treatment compared with 62.9% of heterozygotes (CT) and wild-type homozygotes (TT),
although the result was not significant (P< 0.91 by XZ, data not shown). Lee et al?4 reported
an increase in the CFH Y402H risk allele frequency with more ranibizumab injections
during follow-up, although postinjection visual acuities were not affected by one’s genotype.
Our results confirm that posttreatment visual acuities are not significantly associated with a
subject’s genotypes, but our results failed to replicate the previously reported association
between genotype and the number of anti-VEGF injections.

In summary, in contrast to Brantley et al,29 our results do not show a significant association
between the SNPs tested and response to anti-VEGF treatment for AMD. Also, in contrast to
Lee et al,24 we found that the mean number of injections required is not affected by the
genotype. We performed a retrospective study, which included a modest sized patient cohort.
It is possible that with a larger patient population, significant associations between various
SNPs and response to treatment could be detected. We also arbitrarily defined a positive
responder and negative responder to anti-VEGF therapy, based on the expertise and
experience of the various retina specialists. Lee et al2* applied the mean change in logMAR
acuity according to each genotype to assess pharmacologic response, but we used the
qualitative responder/nonresponder trait for the analysis. We believe that our design is a
more reasonable approach considering that our study is focused on individual response to
anti-VEGF and not on mean group response to anti-VEGF.

To conclude, we evaluated the potential association between selected SNPs in the CFH,
ARMSZ, and HTRAI genes, and response to anti-VEGF (ranibizumab or bevacizumab)
treatment for wet AMD. In our patient population, there was no statistically significant
difference in the frequency of the at-risk polymorphisms between the positive and negative
responders to anti-VEGF therapy, and we do not believe that the management of wet AMD
should be guided by ones genotype at this time. Because of the limitations of this
retrospective study, a larger prospective study with more power should be designed to assess
the presence of a pharmacogenetic relationship between anti-VEGF treatment of AMD and
high-risk disease alleles.
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