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Abstract
Purpose: To identify the genetic variants of the vascular en-
dothelial growth factor (VEGF) pathway genes and other 
genes associated with neovascular age-related macular de-
generation (nAMD) as possible predictive biomarkers of a 
favorable treatment response to aflibercept. Design: A 52-
week (with extension phase: 104-week), prospective, open-
label, single-arm, multicenter, phase IV trial was conducted 
in Spain. Participants: Patients with nAMD were enrolled. 
Methods: Aflibercept was administered every 8 weeks until 
week 48 (after 1-monthly loading doses over 3 months). Af-
ter week 48, the interval between visits for aflibercept ad-
ministration was extended by 2 weeks per visit to a maxi-
mum of 12 weeks if no evidence of disease activity was ob-
served. A total of 338 SNPs in 90 genes associated with 
nAMD were analyzed. Main Outcome Measures: Efficacy 
was evaluated mainly with best-corrected visual acuity 

(BCVA), and adverse events (AEs) were reported. Treatment 
efficacy was defined as an increase in BCVA ≥15 letters ver-
sus the baseline visit. Univariate and multivariate logistic re-
gressions were used to associate single-nucleotide poly-
morphisms (SNPs) and treatment efficacy. Results: 194 non-
consecutive patients were enrolled, 170 completed the 
52-week follow-up, and of the 85 patients who started the 
extension phase, 77 completed this phase. Mean BCVA in-
creased from baseline to weeks 52 and 104 by 9 and 10 let-
ters (p = 0.0001 for both), respectively. The percentages of 
patients gaining ≥15 letters in weeks 52 and 104 were 33 
and 31%, respectively. Multivariate logistic regression 
showed significant associations of 6 SNPs (in 6 genes) with 
treatment efficacy: rs12366035 (VEGFB; TT; odds ratio [OR] 
217), rs25681 (C5; AA/AG; OR 19.7/8.3), rs17793056 (CX3CR1; 
CT/CC; OR 8.1/6.2), rs1800775 (CETP; CC; OR 6.6), rs2069845 
(IL6; GG/AA; OR 5.6/3.3), and rs13900 (CCL2; CT; OR 4.0). One 
percent of the patients reported arteriothrombolic events 
related to aflibercept (cerebrovascular accident) according 
to the Antiplatelet Trialist Collaboration, and 2% reported 
serious ocular (retinal pigment epithelial tear, retinal tear, 
and endophthalmitis) and systemic (cardiac failure, hyper-
sensitivity, and transient ischemic attack) AEs related to 
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aflibercept. Conclusions: Results suggest strong pharmaco-
genetic associations between one genetic variant of VEGFB 
(TT, rs12366035) and C5 (AA, rs12366035) genes and the 
BCVA response after 52-week aflibercept treatment in pa-
tients with nAMD. Likewise, the results support the efficacy 
of aflibercept observed in phase III studies and a good safe-
ty profile. © 2020 S. Karger AG, Basel

Introduction

The standard treatment for neovascular age-related 
macular degeneration (nAMD) is intravitreal (IVT) ad-
ministration of antiangiogenics, for example, vascular 
endothelial growth factor (VEGF) inhibitors [1, 2]. 
There are insufficient data at present to determine why 
treatment response varies despite uniform treatment of 
all patients. It is known that nAMD is a multifactorial 
disease influenced by several factors as either causes or 
proxies, such as age, environment, choroidal neovascu-
larization (CNV) lesion characteristics at baseline, and 
genetic variations [3–5]. However, the studies trying to 
unveil the impact of these factors on treatment response 
are still somewhat limited. Regarding the genetic vari-
ants that might be associated with anti-VEGF treatment 
response, study results are mixed. For instance, some 
studies found no or only one association in univariate 
analyses [6–8] between the single-nucleotide polymor-
phisms (SNPs) of VEGF-A and best-corrected visual 
acuity (BCVA), while other studies found significant as-
sociations [9–11], specifically in the SNPs rs699947, 
rs1413711, and rs3025000. Another example is the com-
plement factor (CFH) gene (specifically the SNP 
rs1061170), as some studies reported an association 
with BCVA outcomes [9, 12] while others failed to iden-
tify any association with treatment [7, 13].

Most of these genetic studies involved the anti-VEGF 
treatments bevacizumab and ranibizumab. Studies ana-
lyzing the association between genetic variants and 
aflibercept (Eylea; Regeneron Pharmaceuticals) are 
scarce. Although aflibercept is known as an anti-VEGF 
treatment, it has a different mechanism of action from 
bevacizumab and ranibizumab, and the conclusion 
drawn from these treatments might not apply to afliber-
cept [14, 15]. Thus, the aim of this study was to identify 
the genetic variants of the VEGF pathway genes as well 
as other genes associated with nAMD as possible predic-
tive biomarkers of a good treatment response to afliber-
cept.

Methods

Trial Design
This phase-IV, prospective, open-label, single-arm, multi-

center trial was conducted at 24 trial sites (tertiary health care  
facilities) in Spain (BIOIMAGE Trial [IMO-AFLI-2013-01],  
EudraCT No. 2013-002124-17). 

Study Population
The main inclusion criteria were: willingness to provide written 

informed consent; age ≥50 years; a diagnosis of active primary 
subfoveal CNV (secondary to the AMD) including juxtafoveal le-
sions affecting the fovea (confirmed through angiography); a base-
line BCVA score between 73 and 25 ETDRS (Early Treatment  
Diabetic Retinopathy Study) letters (inclusive) measured using 
ETDRS chart at 4 m (Snellen equivalent: 20/40 to 20/320) in the 
study eye.

The main exclusion criteria (in the study eye) were: prior anti-
VEGF treatment, prior or concomitant ocular or systemic treat-
ment (whether experimental or approved) for nAMD; inflamma-
tion/infection in or around the eye; prior ocular surgery (including 
cataract surgery) within 3 months prior to the first aflibercept ad-
ministration; vascular diseases of the retina; prior glaucoma sur-
gery or vitrectomy; other eye diseases that could cause impaired 
visual acuity (VA); or inability to undergo a fluorescein angiogra-
phy or eye fundus photography.

If patients with bilateral disease met the eligibility criteria for 
both eyes, the eye with the best VA was chosen as the study eye. If 
the VA was identical for both eyes, the study eye was chosen at the 
investigator’s discretion. The contralateral eye was treated inde-
pendently with anti-VEGF IVT injections according to routine 
practice.

Treatment
Patients were treated with aflibercept 2 mg (40 mg/mL) IVT 

during a 52-week study period, receiving 1 IVT injection once 
monthly for the first 3 months (loading phase: weeks 0, 4, and 8), 
and then 1 IVT injection every 8 weeks (q8) until week 48 (sched-
uled treatment). All patients concluded the study period at week 
52. At week 48, patients were invited to participate in a 52-week 
extension phase. Around half of the patients could not be invited 
to this phase for administrative/logistic reasons (e.g., patients had 
already completed the study or trial sites declined to participate in 
the extension phase, etc.). In the extension phase, the interval be-
tween visits for aflibercept administration was extended by 2 weeks 
per visit (in relation to the period since the last visit) to a maximum 
of 12 weeks if no evidence of disease activity was observed (treat-
and-extend regimen). If there were signs of activity, patients were 
retreated, and the next visit was reduced by 2 weeks, with a mini-
mum of 8 weeks between visits. Patients concluded the extension 
phase after 104 weeks.

Trial Procedures
At screening, eligibility criteria, demographic data, medical his-

tory, physical examination, concomitant medication, pregnancy 
test (if applicable), intraocular pressure, indirect ophthalmoscopy, 
BCVA score, spectral-domain optical coherence tomography (SD-
OCT), and adverse events (AEs) were assessed or reported. During 
all the study visits, concomitant medication, intraocular pressure, 
indirect ophthalmoscopy, BCVA score, SD-OCT, and AEs were as-

D
ow

nl
oa

de
d 

by
: R

. N
av

ar
ro

 -
 3

10
83

7
19

4.
17

9.
47

.6
6 

- 
12

/2
8/

20
20

 1
2:

35
:2

2 
P

M



Genetic Variants of nAMD Genes in 
Aflibercept Responders

463Ophthalmologica 2020;243:461–470
DOI: 10.1159/000508902

sessed or reported. For the extension phase, patients provided a 
new written informed consent in week 48, and BCVA score, SD-
OCT, and AEs were assessed or reported in all the visits.

Genotyping
Approximately 10 mL of peripheral blood were collected at 

baseline from each patient. DNA was extracted and purified from 
leukocytes with the KingFisher Blood DNA kit using the King-
Fisher Duo equipment (Thermo Scientific). A total of 338 SNPs 
located in 90 genes associated with nAMD, selected manually ac-
cording to bibliography, were analyzed (online suppl. Table 1; see 
www.karger.com/doi/10.1159/000508902 for all online suppl. ma-
terial). On average 3–5 SNPs for each gene were analyzed using a 
TaqMan® OpenArray® Genotyping assay (ThermoFisher Scien-
tific). SNPs were selected from public and private human polymor-
phism databases, prioritizing (whenever possible) the location in 

gene coding regions, a minor allele frequency > 0.3, and a previous 
association with nAMD. SNPs were genotyped with a QuantStudio 
12K Flex real-time PCR system (ThermoFisher Scientific), follow-
ing the manufacturer’s instructions, protocol, and software.

Trial Outcomes
The primary outcome of the study was the determination of the 

genetic variants of genes associated with nAMD and their influ-
ence on aflibercept treatment efficacy (percentage of patients gain-
ing ≥15 ETDRS letters in week 52). Patients were classified accord-
ing to their response to aflibercept treatment on BCVA measured 
by ETDRS, as percentage of patients gaining ≥15 ETDRS letters, 
patients losing < 15 ETDRS letters, or patients losing ≥15 ETDRS 
letters.

Secondary outcomes of the study included: mean change in 
BCVA, central retinal thickness, and a CNV ratio from baseline to 

*By mistake (n = 3), exclusion criteria (n = 1), forbidden medication (n = 1)
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Assessed for eligibility (n = 212)

Completed (n = 170)

Kept dosed (n = 85)

Completed (n = 77)

Screening failures (n = 18):
• Not meeting inclusion criteria (n = 18)  

Early withdrawal (n = 24):
•Withdrawal of informed consent (n = 6)
•Adverse events (n = 5)
•Death (n = 4)
•Lost to follow-up (n = 4)
•Other* (n = 5)      

Early withdrawal (n = 8):
•Adverse events  (n = 4)
•Withdrawal of informed consent (n = 2)
•Death (n = 1)
•Other (n =1 )    

Invited to extension phase (n =122)

Dosed (n = 194)

Safety population (n = 194)
Population analyzed (n = 193)  
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Invitation not accepted (n = 37):
•Withhold informed consent (n = 37)  

Fig.  1. Flow diagram of the progress 
through the enrolment, follow-up, and 
data analysis.
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week-52 and -104 visits; proportion of patients gaining ≥15 letters; 
proportion of patients losing < 15 letters; proportion of patients 
with dry retina (no serous retinal detachment and no intraretinal 
cysts); and time to achieve dry retina. Safety outcomes included 
ocular and systemic (nonocular) AEs and serious AEs (SAEs). Key 
AEs were considered to be those defined by the Antiplatelet Trial-
ist Collaboration as arteriothrombolic events (APTC ATE) [16].

Sample Size and Statistical Analysis
This was an exploratory study, and 176 patients were estimated 

to have a minimum of 30% of patients gaining ≥15 letters in week 
52 in order to detect a 20% difference in the proportion of patients 
gaining ≥15 letters between genotypes, with an 80% power and a 
95% confidence interval (CI). Estimating a 10% loss to follow-up, 
a sample size of 194 patients was planned.

The population analyzed, used for all efficacy analyses, includ-
ed all patients enrolled in the trial who had received at least 1 dose 
of aflibercept and who had undergone at least 1 BCVA assessment 
after baseline. The safety population, used for all safety analyses, 
included all patients who had received at least 1 dose of the trial 
drug. 

All data were descriptively analyzed. Continuous variables are 
presented as means and corresponding 95% CIs, medians, SDs, 
and ranges (minimum to maximum), while categorical variables 
are shown as frequencies and percentages. Differences between 
categorical variables were analyzed by χ2 or Fisher exact tests, as 
applicable. For continuous variables, changes from baseline were 
analyzed using the Student t test for paired data. Univariate logis-
tic regressions were used to study the association between each 
SNP and patients gaining ≥15 letters (yes/no), and odds ratios 
(OR) and 95% CIs were estimated. Significant SNPs and signifi-
cant genotypes in univariate analysis were included in a multivar-

iate logistic regression model. SNPs with > 25 missing data were 
not considered. The level of significance used for all tests was 0.05. 
No imputation for missing data was performed.

Data analysis was performed using the SAS® statistical package 
for Windows (version 9.4; SAS Institute Inc., Cary, NC, USA).

Results

Patient Disposition, Baseline Characteristics, and 
Exposure
A total of 194 nonconsecutive patients were enrolled 

in the trial between December 16, 2013, and March 30, 
2017, and 170 of them (87.6%) completed the 52-week 
follow-up study (Fig. 1). A total of 122 patients from the 
170 who completed the 52-week study were invited to 
participate in the 52-week extension phase; 85 patients 
(43.8%) agreed to participate, and 77 (39.7%) completed 
this phase. All 194 patients were included in the safety 
populations, and 193 (99.5%) were analyzed.

Baseline characteristics are shown in Table 1. Briefly, 
mean ± SD age at trial inclusion was 78.5 ± 7.7 years, 106 
(54.9%) were female, all were Caucasian, and the time from 
nAMD diagnosis to trial inclusion was 2.8 ± 13.3 months. 
Around half of the patients (n = 102; 52.9%) had AMD di-
agnosis in the contralateral eye, and of these, 57 (55.9%) 
had nAMD (33 of them [57.9%] also in treatment).

Demographic data 
Mean age (SD), years 78.5 (7.7)

Median (range) 79.8 (55.9–96.4)
Females:males, n (%) 106 (54.9):87 (45.1)

Study eye
Right:left, n (%) 94 (48.7): 99 (51.3)
Mean time from nAMD diagnosis (SD), months 2.8 (13.3)

Median (range) 0.07 (0.03–102.1)
Mean intraocular pressure at baseline (SD), mm Hg 15.6 (2.8)

Median (range) 16.0 (8.0–24.0)
Mean BCVA (SD) at baseline, ETDRS letters 54.2 (13.9)

Median (range) 56.0 (2.0–80.0)
Contralateral eye diagnosed with AMD (yes:no), n (%) 102 (52.9): 91 (47.2)

Mean BCVA (SD) under aflibercept treatment, ETDRS letters
At 24 weeks (n = 186) 62.6 (15.3)

Median (range) 66.0 (17.0–91.0)
At 52 weeks (n = 169) 64.0 (16.0)

Median (range) 68.0 (12.0–90.0)
At 104 weeks (n = 78) 64.3 (16.1)

Median (range) 69.0 (12.0–85.0)

BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy 
Study; nAMD, neovascular age-related macular degeneration; SD, standard deviation.

Table 1. Characteristics of the study  
population (n = 193)
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Visual Acuity
The mean ± SD BCVA score increased from 54.2 ± 

13.9 ETDRS letters at baseline to 64.0 ± 16.0 ETDRS let-
ters in week 52, and then remained constant (64.3 ± 16.1) 
until week 104 (Table 1). This corresponded to mean 
(95% CI) increases of 9.1 (6.9–11.2) and 10.1 (6.8–13.3) 
ETDRS letters (p = 0.0001 for both), respectively. The 
BCVA from week 48 to week 104 remained constant in 
the extension phase: mean (95% CI) change of 0.13 letters 
(–1.65 to 1.90). The proportions of patients gaining ≥15 
letters and patients not losing ≥15 letters in week 52 were 
33.0% (n = 57) and 93.1% (n = 161), respectively, but 
30.9% (n = 25) and 92.6% (n = 75) in week 104, respec-
tively.

Multivariate logistic regression revealed a significant 
effect of 6 SNPs (in 6 genes) on gaining ≥15 letters in 
BCVA in week 52 (Table 2). Thus, the odds of gaining 
≥15 letters in BCVA after 52 weeks of aflibercept treat-
ment were higher in patients with genotypes TT in 
rs12366035 (VEGFB; OR 216.9; p < 0.001), AA/AG in 
rs25681 (C5; OR 19.7/8.3; p < 0.001/0.01), CT/CC in 
rs17793056 (CX3CR1; OR 8.1/6.2; p < 0.01/0.05), CC in 
rs1800775 (CETP; OR 6.6; p < 0.01), GG/AA in rs2069845 
(IL6; OR 5.6/3.3; p < 0.05/0.05), and CT in rs13900 (CCL2; 
OR 4.0; p < 0.01). The proportion of patients gaining ≥15 
letters in BCVA after 52 weeks of aflibercept treatment 
according to the genotype of the 6 SNPs obtained from 

the multivariate logistic regression is shown in online 
supplementary Table 2.

Key Anatomic Measures
The mean ± SD central retinal thickness decreased 

from 371.4 ± 119.1 μm at baseline to 236.7 ± 47.6 μm in 
week 52 and to 245.8 ± 57.3 μm in week 104. This corre-
sponded to a mean (95% CI) reduction of 131.9 (147.8–
116.0) and 128.9 (152.1–105.7) μm (p < 0.0001 for both), 
respectively. The mean ± SD CNV ratio decreased from 
baseline (1.37 ± 1.16 disk areas) to week 52 (1.01 ± 1.11 
disk areas) by 0.28 (95% CI 0.45–0.12) disk areas (p = 
0.0010), and to week 104 (0.87 ± 0.94 disk areas) by 0.26 
(95% CI 0.51–0.01) disk areas (p = 0.0412).

Pathology Hallmarks
There was a decrease from baseline to weeks 52 and 

104 in the proportion of patients with macular edema (by 
around 76 and 75%, respectively), serous retinal detach-
ment (by around 80 and 76%, respectively), intraretinal 
cysts (by around 84 and 87%, respectively), and hemor-
rhages (by around 95 and 97%, respectively; Fig. 2). The 
proportion of patients with dry retina increased from 
14.0% (n = 27) at baseline to 78.0% (n = 135) in week 52 
and to 75.3% (n = 61) in week 104. In addition, the mean 
(95% CI) time to achieve dry retina was 9.5 (7.6–11.4) 
weeks.

Table 2. Multivariable logistic regression analysis of SNPs associated with at least 15 ETDRS letters gained in 
BCVA

Gene (SNP) Genotypes Odds ratio (95% CI) p value

At week 52a (n = 170)
VEGFB (rs12366035) CT (n = 62) vs. CC (n = 66) 2.50 (0.89–7.00) 0.0806

TT (n = 8) vs. CC (n = 66) 216.92 (11.67–4,033.9) 0.0003

CX3CR1 (rs17793056) CC (n = 31) vs. TT (n = 39) 6.18 (1.34–28.57) 0.0197
CT (n = 66) vs. TT (n = 39) 8.10 (2.08–31.61) 0.0026

CETP (rs1800775) AA (n = 41) vs. AC (n = 46) 1.39 (0.37–5.16) 0.6246
CC (n = 49) vs. AC (n = 46) 6.62 (1.99–22.00) 0.0020

IL6 (rs2069845) AA (n = 53) vs. AG (n = 61) 3.31 (1.13–9.67) 0.0291
GG (n = 22) vs. AG (n = 61) 5.63 (1.39–22.73) 0.0153

C5 (rs25681) AA (n = 33) vs. GG (n = 33) 19.73 (3.59–108.42) 0.0006
AG (n = 70) vs. GG (n = 33) 8.28 (1.74–39.35) 0.0078

CCL2 (rs13900) CT (n = 57) vs. CC (n = 73) 3.99 (1.42–11.22) 0.0088
TT (n = 6) vs. CC (n = 73) 2.01 (0.25–16.00) 0.5101

BCVA, best-corrected visual acuity; CI, confidence interval; ETDRS, Early Treatment Diabetic Retinopathy 
Study; SNP, single-nucleotide polymorphism. a Number of observations: 136. 
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Exposure to Aflibercept
The proportion of patients included in the extension 

phase that reached an interval between visits of 12 weeks 
was 42.9% (n = 36), while the median number of injections 
in this phase was 4 (interquartile range: 4–5; mean ± SD 
4.5 ± 0.9).The most frequent numbers of injections were 
4 (52.4%; n = 44) and 5 (22.6%; n = 19), and the maximum 
number of injections was 6 (19.1%; n = 16). Finally, the 
median interval between visits during the extension phase 
was 11.0 (interquartile range: 9.0–12.1) weeks (mean ± SD 
10.6 ± 1.6).

Safety
A total of 334 AEs occurred during the 104-week treat-

ment period: 91 ocular (in 57 [29.4%] patients) and 243 
systemic AEs (in 111 [57.2%] patients). There were 5 
(2.6%) fatalities during the trial (1 case each, 0.5%): myo-
cardial infarction, sudden death, colon cancer, colon can-
cer metastasis, and pancreatic neoplasm (Table 3). No 
death was considered to be related to the trial treatment. 
Two patients (1.0%) reported AEs considered APTC 
ATEs related to trial treatment (cerebrovascular accident 

in both), 4 patients (2.1%) ocular SAEs related to trial 
treatment (retinal pigment epithelial tear in 2 patients, 
retinal tear in 1 patient, and endophthalmitis in another 
patient), and 3 patients (1.6%) systemic SAEs related to 
trial treatment (1 case of each: cardiac failure, hypersen-
sitivity, and transient ischemic attack). A total of 53 pa-
tients (27.3%) reported nonserious ocular AEs, with 11 of 
them experiencing ocular AEs considered related to trial 
treatment. No patient reported nonserious systemic AEs 
related to trial treatment.

Discussion

The BIOIMAGE trial evaluated the association of 338 
SNPs (326 SNPs genotyped) with a gain of at least 15 let-
ters in BCVA after 1 year of aflibercept treatment. In 6 
SNPs of 6 genes, 9 genotypes were identified as indepen-
dent genetic variations that might explain the good re-
sponse to aflibercept after 1 year of treatment. Strong as-
sociations were found for the TT genotype of rs12366035 
in the VEGFB gene and the AA genotype of rs25681 in the 
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C5 gene. To our knowledge, BIOIMAGE is the first study 
to assess the genetic variants of genes associated with 
nAMD as predictive biomarkers of aflibercept treatment 
response. The only study that has investigated the effect 
of genetic factors on aflibercept was conducted by Ka-
washima et al. [17]. The authors only assessed CFH 

(rs1061170 and rs800292) and ARMS2 (rs10490924) 
genes as predictors of treatment response in AMD and 
polypoidal choroidal vasculopathy patients refractory to 
ranibizumab, switching to aflibercept. No association be-
tween gene genotype and treatment response was ob-
served by the authors.

Safety population
(n = 194), n (%)

Serious adverse events
Fatal APTC ATE events (not related to trial treatment) 2 (1.03)

Myocardial infarction 1 (0.52)
Sudden death 1 (0.52)

Deaths (not related to trial treatment) 3 (1.55)
Colon cancer 2 (1.03)
Pancreatic neoplasm 1 (0.52)

Nonfatal APTC ATE events 5 (2.58)
Related to trial treatment:

Cerebrovascular accident 2 (1.03)
Nonrelated to trial treatment:

Myocardial infarction 2 (1.03)
Ischemic stroke 1 (0.52)

Other nonfatal serious adverse events 
Ocular 6 (3.09)

Related to trial treatment
Retinal pigment epithelial tear 2 (1.03)
Retinal tear 1 (0.52)
Endophthalmitis 1 (0.52)

Nonrelated to trial treatment
Endophthalmitis 1 (0.52)
Peripheral ischemia 1 (0.52)

Systemic (nonocular) 25 (12.89)
Related to trial treatment

Cardiac failure 1 (0.52)
Hypersensitivity 1 (0.52)
Transient ischemic attack 1 (0.52)

Nonrelated to trial treatment 22 (11.34)

Adverse events (AEs)
Nonserious ocular AEs 53 (27.32)

Related to trial treatment: 11 (5.67)
Selected AEs (experienced by ≥2 patients)
     Conjunctival hemorrhage 3 (1.55)

Nonrelated to trial treatment: 45 (23.20)
Selected AEs (experienced by ≥5 patients)
     Age-related macular degenerationa 13 (6.70)
     Conjunctivitis 8 (4.12)
     Intraocular pressure increase 6 (3.09)

Nonserious systemic (nonocular) AEs (not related to trial treatment)b 93 (47.94)

APTC ATE: Antiplatelet Trialists’ Collaboration arteriothrombolic event. 
a Eleven patients reported this AE in the contralateral eye and 2 in the study eye (non-

related to trial treatment). b The most frequently reported were nasopharyngitis (n = 13, 
6.7%), back pain (n = 9, 4.6%), urinary tract infection (n = 6, 3.1%), upper respiratory tract 
infection (n = 5, 2.6%), and vertigo (n = 5, 2.6%).

Table 3. Summary of adverse events 
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Regarding the genotypes of the SNPs of VEGFB and 
C5 genes, results showed that patients with TT genotype 
in rs12366035 (vs. CC) and AA genotype in rs25681 (vs. 
GG) had higher odds of gaining at least 15 letters in 
BCVA. It is important to note that these odds were ac-
companied by very wide 95% CIs, probably due to the low 
number of patients (in TT genotype) and the high vari-
ability in treatment response (in both genotypes). Al-
though associations between AMD and the genetic vari-
ants of both VEGFB and C5 genes have been studied be-
fore, this is the first time that genetic variants of these 
genes seem to be related with the responses to anti-VEGF 
treatment. Baas et al. [18] who studied the association be-
tween the C5 gene variants and AMD found that the het-
erozygote allele of rs25681 had lower risks for late AMD 
than the other genotypes. However, these findings could 
not be confirmed consistently in 3 replication popula-
tions. In the case of the VEGFB gene variants, a study that 
included rs12366035 suggested that no genetic variant 
was associated with nAMD [19]. Thus, more studies are 
needed in order to draw more firm conclusions about the 
importance of these genotypes, in particular the TT geno-
type in rs12366035 as its prevalence seems to below. In-
terestingly, genetic variants commonly cited as potential 
pharmacogenetic markers of the nAMD treatment did 
not show an association with aflibercept, e.g., rs699947 
and rs3025000 (both in VEGFA), rs7993418 (VEGFR), 
rs1136287 (SERPINF1), and rs6828477 (VEGFR2) [11, 
20–22].

Regarding the efficacy, the results in the BIOIMAGE 
trial were generally similar to those reported in the phase 
III trials VIEW 1 and VIEW 2, 2 similarly designed ran-
domized, double-masked, active-controlled, parallel-
group, 96-week studies [23, 24]. One of the groups re-
ceived for the first 52 weeks aflibercept (2 mg q8) after 3 
initial monthly injections, then patients received injec-
tions at least every 12 weeks, with monthly evaluations for 
interim injections based on prespecified retreatment cri-
teria (capped PRN regimen) until week 96. Although 
BIOIMAGE and VIEW 1/VIEW 2 regimens were not ex-
actly the same in the second year, results were similar at 
the 52- and 96-week follow-ups (BIOIMAGE vs. VIEW 1 
and VIEW 2 jointly) [23]: BCVA increase (9 vs. 8 and 10 
vs. 8 ETDRS letters, respectively), proportion of patients 
gaining ≥15 letters (33 vs. 31 and 31 vs. 33%, respective-
ly), patients losing < 15 letters (93 vs. 95 and 93 vs. 92%, 
respectively), decrease in central retinal thickness (132 vs. 
139 and 129 vs. 133 μm, respectively), and proportion of 
patients with dry retina (78 vs. 68 and 75 vs. 50%, respec-
tively). The differences in patients with dry retina might 

be due to the way of measuring the persistent fluid in the 
eye as SD-OCT was used in the BIOIMAGE trial while 
time-domain OCT was used in the VIEW 1/VIEW 2 tri-
als. Therefore, the visual and anatomic outcomes achieved 
by aflibercept in the BIOIMAGE trial, which included a 
scheduled regimen during the 1st and 2nd years, were 
similar to those observed in aflibercept pivotal trials.

In clinical practice, the treat-and-extend regimen is 
gaining popularity. With this treatment approach, the pa-
tient receives treatment at every visit; however, the inter-
val between visits is gradually increased once stabilization 
of the disease is achieved. If the patient worsens, the treat-
ment interval decreases accordingly. During the 2nd year 
of the BIOIMAGE trial, a treat-and-extend regimen fol-
lowed with at least 4 of 10 patients reaching an interval 
between visits of 12 weeks and a mean number of injec-
tions < 5. These results are in line with studies focused on 
a treat-and-extend regimen like the ALTAIR study [25], 
which compares different treat-and-extend regimens (2- 
vs. 4-week treatment intervals) with aflibercept. The BIO-
IMAGE results of the second year are important as they 
show the efficacy of aflibercept treatment in a treat-and-
extend regimen, stressing the load of support work on 
health care facilities. In addition, the results in the treat-
and-extend regimen of the BIOIMAGE trial, particularly 
the amount of patients reaching an interval of 12 weeks 
between visits, are associated with the methodology re-
ported in clinical trials of new molecules such as broluci-
zumab [26] and abiciparpegol (available in clinical trials: 
NCT02462486 and NCT02462928), whose studies are 
based on 12-week interval maintenance IVT injections 
since the beginning.

With regard to the safety and tolerability of aflibercept, 
all the AEs reported were consistent with the safety profile 
seen during clinical development [23] and listed in the 
Summary of Product Characteristics [27]. It is important 
to mention that the proportion of patients with conjunc-
tival hemorrhage was lower in the BIOIMAGE trial than 
in the Summary of Product Characteristics: 25 vs. 3% 
(combining both nonrelated and related AEs). This rate 
is consistent with the result in the ALTAIR study, where 
conjunctival hemorrhage rates were 2.4 and 5.7% for the 
2- and 4-week treatment intervals regimens, respectively 
[28].

There are some limitations in this trial; the most rele-
vant was the lower-than-expected number of patients in-
cluded in the genetic variant analysis at the 52-week fol-
low-up, which reduced the statistical power from 80 to 
71.5% (n = 136). Another limitation was the single-arm 
design that did not allow the proper comparison of the 
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efficacy outcomes (VA, key anatomic measures, and pa-
thology hallmarks). Therefore, the efficacy results are 
only compared with data from studies with a different 
treatment administration schedule. However, the latter 
limitation is due to the design of the study focused in the 
primary outcome, which is of significance as this is the 
first study assessing genetic variants as predictive bio-
markers of aflibercept treatment response. 

Conclusions

The BIOIMAGE trial suggests strong pharmacogenet-
ic associations between one genetic variant of VEGFB 
(TT, rs12366035) and one genetic variant of C5 (AA, 
rs12366035) genes and the VA response in week 52 to 
aflibercept treatment in patients with nAMD. Likewise, 
the results of this trial support the benefits of aflibercept 
treatment in nAMD previously observed in the phase III 
studies with a good safety profile.

Acknowledgment

Members of the BIOIMAGE study group: Jaume Crespi, Hos-
pital de la Santa Creu i Sant Pau; Roberto Gallego, Hospital Uni-
versitario (HU) La Fe; José Juan Escobar, Hospital 2 de Maig; 
Clemencia Torrón, HU Miguel Servet; Enrique Cervera, Hospital 
General Universitario de Valencia; Alfredo García Layana, Clinica 
Universitaria de Navarra; Jaime Campos, Hospital 12 de Octubre; 
Amparo Navea, Fundación Oftalmológica del Mediterráneo 
(FOM); Rosa María Jiménez, Hospital Virgen de la Salud de To-
ledo; José Garcia-Arumi, HU Vall d’Hebron; Eduardo Esteban, 
HU Virgen de la Macarena; Gustavo Fernández-Baca, Hospital 
Carlos Haya; José María Gallardo, HU Reina Sofía; María Isabel 

López, Instituto Universitario de Oftalmología Aplicada (IOBA); 
Lluis Arias, HU de Bellvitge; Concepción Martínez, HU de Cruces; 
Francisco Gómez-Ulla, Instituto Oftalmólogico Gómez-Ulla; An-
tonio Piñeiro, HU de Valme; Isabel Pinilla, HU Lozano Blesa; 
Mónica Asencio, HU La Paz; Carolina Arruabarrena, HU Principe 
de Asturias; Carlos Moser, Hospital de Sant Joan Despí Moisès 
Broggi; and Juan Manuel Palomares, HU Virgen de las Nieves. 

The authors would also like to thank the BIOIMAGE trial par-
ticipants for their participation in this trial. Writing support was 
provided by Andrew Shala and statistical support by Veronica Al-
fonso from TFS Develop with financial support provided by Bayer 
Hispania S.L.

Statement of Ethics

The trial was conducted in accordance with the ethical princi-
ples of the Declaration of Helsinki and Good Clinical Practice 
guidelines. All ethics committees approved the trial protocol. 

Conflict of Interest Statement

R.N. and A.B.J. received honoraria for consultancy and lecture 
fees from Bayer Healthcare Pharmaceuticals and Allergan.

Funding Sources

The trial was sponsored by Fundació de Recerca, Institut de 
Microcirurgia Ocular, and financially supported by Bayer His
pania S.L.

Author Contributions

All authors were involved in the literature search, drafting, re-
vising, and final approval of this document.

References

  1	 Schlottmann PG, Alezzandrini AA, Zas M, 
Rodriguez FJ, Luna JD, Wu L. New Treatment 
Modalities for Neovascular Age-Related Mac-
ular Degeneration. Asia Pac J Ophthalmol 
(Phila). 2017 Nov-Dec; 6(6): 514–9.

  2	 Ciulla TA, Rosenfeld PJ. Antivascular endo-
thelial growth factor therapy for neovascular 
age-related macular degeneration. Curr Opin 
Ophthalmol. 2009 May; 20(3): 158–65.

  3	 Mehta H, Tufail A, Daien V, Lee AY, Nguyen 
V, Ozturk M, et al. Real-world outcomes in 
patients with neovascular age-related macu-
lar degeneration treated with intravitreal vas-
cular endothelial growth factor inhibitors. 
Prog Retin Eye Res. 2018 Jul; 65: 127–46.

  4	 Priya RR, Chew EY, Swaroop A. Genetic stud-
ies of age-related macular degeneration: les-

sons, challenges, and opportunities for dis-
ease management. Ophthalmology. 2012 Dec; 

119(12): 2526–36.
  5	 Finger RP, Wickremasinghe SS, Baird PN, 

Guymer RH. Predictors of anti-VEGF treat-
ment response in neovascular age-related 
macular degeneration. Surv Ophthalmol. 
2014 Jan-Feb; 59(1): 1–18.

  6	 Boltz A, Ruiß M, Jonas JB, Tao Y, Rensch F, 
Weger M, et al. Role of vascular endothelial 
growth factor polymorphisms in the treat-
ment success in patients with wet age-related 
macular degeneration. Ophthalmology. 2012 
Aug; 119(8): 1615–20.

  7	 Inglehearn CF, Ali M, Gale R, Cassidy F, 
Varma D, Downey LM, et al. Improved Re-
sponse To Ranibizumab In Ex And Current 

Smokers With Age-related Macular Degen-
eration (AMD), But No Evidence That CFH, 
ARMS2/HTRA1 Or VEGF Genotypes Pre-
dict Treatment Outcome. Invest Ophthalmol 
Vis Sci. 2012; 53: 3325.

  8	 Tian J, Qin X, Fang K, Chen Q, Hou J, Li J, et 
al. Association of genetic polymorphisms 
with response to bevacizumab for neovascu-
lar age-related macular degeneration in the 
Chinese population. Pharmacogenomics. 
2012 May; 13(7): 779–87.

  9	 Imai D, Mori K, Horie-Inoue K, Gehlbach PL, 
Awata T, Inoue S, et al. CFH, VEGF, and 
PEDF genotypes and the response to intravit-
reous injection of bevacizumab for the treat-
ment of age-related macular degeneration. J 
Ocul Biol Dis Infor. 2010 Jun; 3(2): 53–9.

D
ow

nl
oa

de
d 

by
: R

. N
av

ar
ro

 -
 3

10
83

7
19

4.
17

9.
47

.6
6 

- 
12

/2
8/

20
20

 1
2:

35
:2

2 
P

M

https://www.karger.com/Article/FullText/508902?ref=1#ref1
https://www.karger.com/Article/FullText/508902?ref=1#ref1
https://www.karger.com/Article/FullText/508902?ref=2#ref2
https://www.karger.com/Article/FullText/508902?ref=2#ref2
https://www.karger.com/Article/FullText/508902?ref=3#ref3
https://www.karger.com/Article/FullText/508902?ref=4#ref4
https://www.karger.com/Article/FullText/508902?ref=5#ref5
https://www.karger.com/Article/FullText/508902?ref=6#ref6
https://www.karger.com/Article/FullText/508902?ref=7#ref7
https://www.karger.com/Article/FullText/508902?ref=7#ref7
https://www.karger.com/Article/FullText/508902?ref=8#ref8
https://www.karger.com/Article/FullText/508902?ref=9#ref9
https://www.karger.com/Article/FullText/508902?ref=9#ref9


Burés Jelstrup/Pomares/Navarro/
BIOIMAGE Study Group

Ophthalmologica 2020;243:461–470470
DOI: 10.1159/000508902

10	 McKibbin M, Ali M, Bansal S, Baxter PD, 
West K, Williams G, et al. CFH, VEGF and 
HTRA1 promoter genotype may influence 
the response to intravitreal ranibizumab ther-
apy for neovascular age-related macular de-
generation. Br J Ophthalmol. 2012 Feb; 96(2): 

208–12.
11	 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 neo-
vascular age-related macular degeneration. 
Ophthalmology. 2013 Jan; 120(1): 115–21.

12	 Brantley MA Jr, Fang AM, King JM, Tewari 
A, Kymes SM, Shiels A. Association of com-
plement factor H and LOC387715 genotypes 
with response of exudative age-related macu-
lar degeneration to intravitreal bevacizumab. 
Ophthalmology. 2007 Dec; 114(12): 2168–73.

13	 Hagstrom SA, Ying GS, Pauer GJ, Sturgill-
Short GM, Huang J, Callanan DG, et al.; Com-
parison of AMD Treatments Trials Research 
Group. Pharmacogenetics for genes associat-
ed with age-related macular degeneration in 
the Comparison of AMD Treatments Trials 
(CATT). Ophthalmology. 2013 Mar; 120(3): 

593–9.
14	 Sarwar S, Clearfield E, Soliman MK, Sadiq 

MA, Baldwin AJ, Hanou M, et al. Aflibercept 
for neovascular age-related macular degen-
eration. Cochrane Database Syst Rev. 2016 
Feb; 2:CD011346.

15	 Spooner K, Hong T, Wijeyakumar W, Chang 
AA. Switching to aflibercept among patients 
with treatment-resistant neovascular age-re-
lated macular degeneration: a systematic re-
view with meta-analysis. Clin Ophthalmol. 
2017 Jan; 11: 161–77.

16	 Collaboration AT. Collaborative overview of 
randomised trials of antiplatelet therapy Pre-

vention of death, myocardial infarction, and 
stroke by prolonged antiplatelet therapy in 
various categories of patients. BMJ. 1994; 

308(6921): 81–106.
17	 Kawashima Y, Oishi A, Tsujikawa A, Ya-

mashiro K, Miyake M, Ueda-Arakawa N, et al. 
Effects of aflibercept for ranibizumab-resis-
tant neovascular age-related macular degen-
eration and polypoidal choroidal vasculopa-
thy. Graefes Arch Clin Exp Ophthalmol. 2015 
Sep; 253(9): 1471–7.

18	 Baas DC, Ho L, Ennis S, Merriam JE, Tanck 
MW, Uitterlinden AG, et al. The complement 
component 5 gene and age-related macular 
degeneration. Ophthalmology. 2010 Mar; 

117(3): 500–11.
19	 Chen LJ, Ma L, Chu WK, Lai TY, Chen H, 

Brelén ME, et al. Identification of PGF as a 
New Gene for Neovascular Age-Related Mac-
ular Degeneration in a Chinese Population. 
Invest Ophthalmol Vis Sci. 2016 Apr; 57(4): 

1714–20.
20	 Cobos E, Recalde S, Anter J, Hernandez-San-

chez M, Barreales C, Olavarrieta L, et al. As-
sociation between CFH, CFB, ARMS2, SER-
PINF1, VEGFR1 and VEGF polymorphisms 
and anatomical and functional response to 
ranibizumab treatment in neovascular age-
related macular degeneration. Acta Ophthal-
mol. 2018 Mar; 96(2):e201–12.

21	 Hagstrom SA, Ying G, Maguire MG, Martin 
DF, Gibson J, Lotery A, et al.; IVAN Study 
Investigators. VEGFR2 Gene Polymorphisms 
and Response to Anti-Vascular Endothelial 
Growth Factor Therapy in Age-Related Mac-
ular Degeneration. Ophthalmology. 2015; 

122: 1563–8.
22	 Hermann MM, van Asten F, Muether PS, 

Smailhodzic D, Lichtner P, Hoyng CB, et al. 
Polymorphisms in vascular endothelial 

growth factor receptor 2 are associated with 
better response rates to ranibizumab treat-
ment in age-related macular degeneration. 
Ophthalmology. 2014 Apr; 121(4): 905–10.

23	 Schmidt-Erfurth U, Kaiser PK, Korobelnik JF, 
Brown DM, Chong V, Nguyen QD, et al. In-
travitreal aflibercept injection for neovascular 
age-related macular degeneration: ninety-six-
week results of the VIEW studies. Ophthal-
mology. 2014 Jan; 121(1): 193–201.

24	 Heier JS, Brown DM, Chong V, Korobelnik 
JF, Kaiser PK, Nguyen QD, et al.; VIEW 1 and 
VIEW 2 Study Groups. Intravitreal afliber-
cept (VEGF trap-eye) in wet age-related mac-
ular degeneration. Ophthalmology. 2012 Dec; 

119(12): 2537–48.
25	 Wai KM, Singh RP. Treat and Extend Dosing 

Regimen with Anti-vascular Endothelial 
Growth Factor Agents for Neovascular Age-
related Macular Degeneration. Am J Oph-
thalmic Clin Trials. 2018; 1: 1–6.

26	 Dugel PU, Lang GE, Razavi S, Weichselberger 
A, Ogura Y, Brown DM. Predictability of the 
12-week dosing status at Week 48 for patients 
receiving brolucizumab in HAWK and HAR-
RIER. Invest Ophthalmol Vis Sci. 2018; 59: 

1455.
27	 European Medicines Agency (EMA). Afliber-

cept (Eylea®) Summary of Product Charac-
teristics. 2018. Available from: http://www.
ema.europa.eu/docs/en_GB/document_ 
library/EPAR_-_Product_Information/ 
human/002392/WC500135815.pdf.

28	 Ohnaka M, Ohji M, Okada AA, et al. Ran-
domised, open-label study to evaluate 2 intra-
vitreal aflibercept treat-and-extend dosing 
regimens in wet age-related macular degen-
eration: 52-week outcomes from ALTAIR. In: 
Clinical and Experimental Ophthalmology. 
Vol 45. Hoboken, NJ: Wiley; 2017. p. 30.

D
ow

nl
oa

de
d 

by
: R

. N
av

ar
ro

 -
 3

10
83

7
19

4.
17

9.
47

.6
6 

- 
12

/2
8/

20
20

 1
2:

35
:2

2 
P

M

https://www.karger.com/Article/FullText/508902?ref=10#ref10
https://www.karger.com/Article/FullText/508902?ref=11#ref11
https://www.karger.com/Article/FullText/508902?ref=12#ref12
https://www.karger.com/Article/FullText/508902?ref=13#ref13
https://www.karger.com/Article/FullText/508902?ref=14#ref14
https://www.karger.com/Article/FullText/508902?ref=15#ref15
https://www.karger.com/Article/FullText/508902?ref=16#ref16
https://www.karger.com/Article/FullText/508902?ref=17#ref17
https://www.karger.com/Article/FullText/508902?ref=18#ref18
https://www.karger.com/Article/FullText/508902?ref=19#ref19
https://www.karger.com/Article/FullText/508902?ref=20#ref20
https://www.karger.com/Article/FullText/508902?ref=20#ref20
https://www.karger.com/Article/FullText/508902?ref=21#ref21
https://www.karger.com/Article/FullText/508902?ref=22#ref22
https://www.karger.com/Article/FullText/508902?ref=23#ref23
https://www.karger.com/Article/FullText/508902?ref=23#ref23
https://www.karger.com/Article/FullText/508902?ref=24#ref24
https://www.karger.com/Article/FullText/508902?ref=25#ref25
https://www.karger.com/Article/FullText/508902?ref=25#ref25
https://www.karger.com/Article/FullText/508902?ref=26#ref26

	TabellenFussnote

