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Purpose: Interleukin-8 (IL-8) is a potent pro-angiogenic and pro-inflammatory chemokine, suggested to hold a role in neovascular 
age-related macular degeneration (nAMD). Our aim is to study the association of the single-nucleotide polymorphism −251 A/T 
(rs4073) in the IL-8 promoter region with the treatment response to intravitreal anti-vascular endothelial growth factor (VEGF) 
injections in nAMD.
Patients and Methods: This is a prospective study of treatment-naïve patients with nAMD. Treatment response after a loading dose 
of three intravitreal anti-VEGF injections was defined as functional response based on change in visual acuity, and morphological 
response based on change in central retinal thickness (CRT) and intraretinal fluid on optical coherence tomography. Morphological 
response was categorized in good, partial, and poor responders. Blood DNA was analyzed for −251 A/T genotype.
Results: The IL-8 promoter polymorphism −251 A/T was not significantly associated to functional treatment response (P=0.09). No 
significant association was found between genotype and morphological treatment response (P=0.799). Older age was significantly 
associated to good morphological responders compared to partial and poor responders (P=0.014).
Conclusion: The IL-8 polymorphism −251 A/T is not associated to morphological nor functional treatment response to intravitreal 
anti-VEGF injections in patients with nAMD.
Keywords: anti-VEGF, IL-8, rs4073, single-nucleotide polymorphism, treatment response, age-related macular degeneration

Introduction
The pathogenesis of age-related macular degeneration (AMD) is largely unknown. This retinal disease is the leading 
cause of visual impairment in the Western world,1 with the late stage neovascular AMD (nAMD) accounting for the 
majority of cases of severe visual loss.2

Vascular endothelial growth factor (VEGF) is a key driver of neovascularization in nAMD and treatment with 
intravitreal anti-VEGF injections has proven to inhibit the retinal pro-angiogenic environment.3 Treatment with anti- 
VEGF has significantly reduced the rates of disability related to nAMD,4 but although anti-VEGF is an efficient 
treatment option, many patients respond insufficiently to treatment.3,5

Chronic low-grade inflammation plays a critical role in the development of AMD, evident by elevated levels of systemic 
biomarkers for chronic inflammation such as interleukin-6,6,7 C-reactive protein,8 chemokines,6,9 CD11b and CD200 on 
monocytes.10

Interleukin-8 (IL-8) is a pro-inflammatory and pro-angiogenic chemokine expressed by vascular endothelium and retinal 
pigment epithelial cells.11,12 The single-nucleotide polymorphism (SNP) −251 A/T (rs4073) is located in the promotor region 
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of the IL-8 gene. The −251 A allele is associated to higher levels of systemic IL-8.13,14 Previous studies have shown conflicting 
results regarding the association between IL-8 −251 AA genotype and the development of nAMD,15,16 while others have 
suggested an association to the onset of nAMD.17 Furthermore IL-8 −251 A/T has been suggested to affect the response to 
anti-VEGF treatment in nAMD. Patients harboring the risk-associated allele A have shown a diminished morphological 
treatment response after loading dose,12 while the homozygous AA genotype was found to be associated with a diminished 
response on retinal sensitivity and morphology after three months, as well as visual acuity after 12 months.18

The aim of this study is to investigate the role of the SNP IL-8 −251 A/T in treatment response to intravitreal anti- 
VEGF in patients with nAMD. Both functional and morphological outcomes of treatment response is studied.

Methods
We prospectively included patients newly diagnosed and subsequently undergoing treatment for nAMD at the 
Department of Ophthalmology, Zealand University Hospital, Denmark. The study has been approved by the Regional 
Committee of Ethics in Research of the Region of Zealand, Denmark (journal no: SJ-385) and was performed in 
adherence to the Declaration of Helsinki. All participants were informed as to the purpose of the study before signing 
informed consent, which was obtained from all participants prior to inclusion. Inclusion criteria included being treatment 
naïve to intravitreal anti-VEGF and age 60 years or older. Patients were also included in a study regarding immunological 
alterations in AMD,10 and therefore, individuals with any immunological or infectious diseases were excluded.

Participants and Retinal Imaging
All participants were diagnosed by a retinal specialist, after thorough examination including best-corrected visual acuity 
(BCVA) according to the Early Treatment of Diabetic Retinopathy Study (ETDRS) protocol,19 slit-lamp biomicroscopy, 
spectral domain optical coherence tomography (OCT), and fluorescein and indocyanine-green angiography. Participants were 
treated with a loading dose of three intravitreal anti-VEGF injections at monthly intervals and were reexamined a month later 
including visual acuity and follow-up OCT. The anti-VEGF agent consisted of either aflibercept or ranibizumab, as this study 
was conducted in a transitional period of treatment agent. The median follow-up period, time from the date of diagnosis to the 
fourth visit when visual acuity and OCT were reevaluated, was 4.7 months (IQR 4.0–5.2).

Only one eye was included for each participant. If participants started bilateral treatment for nAMD, the right eye was 
chosen.

Heidelberg Spectralis (Heidelberg Engineering, Heidelberg, Germany) was used to obtain OCT scans. Scan area was 
20° × 15°, with a distance of 236 µm between each B scan. All scans were evaluated for macular morphology at baseline 
(time of diagnosis) and follow-up (examination after loading dose). The analysis was an assessment of presence of 
intraretinal fluid and central retinal thickness (CRT) defined as average thickness of a 1 mm circle centered on the fovea.

The functional response was determined by BCVA by evaluating the change in letters at follow-up compared to 
baseline as a continuous variable.

The morphological response was graded from the OCT scans and categorized in groups (Figure 1) inspired by 
a classification system proposed by Amoaku et al20 according to presence of intraretinal fluid and CRT: good responders 
having total regression of intraretinal fluid or a reduction of CRT >75% at follow-up, partial responders showing 
persistence of intraretinal fluid and a reduction of CRT >0–75%, and nonresponders having persistence of intraretinal 
fluid and unchanged or increased CRT.

Single-nucleotide Polymorphism Genotyping
Venous blood was sampled from the antecubital vein in a 5 mL tube coated with ethylenediaminetetraacetic acid from all 
participants the day of diagnosis. Samples were genotyped using the Kompetitive Allele Specific Polymerase Chain Reaction 
(KASP) genotyping assay. The KASP assay for single SNP analysis includes two allele specific forward primers and one 
common reverse primer. Both were designed and validated by LGC Genomics. The assay preparation and polymerase chain 
reaction (PCR) amplifications were performed according to the user’s guide and manual (LGC Genomics, Herts, UK).
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Statistics
Statistical analysis was performed using R software version 4.2.3 (R Foundation for Statistical Computing, Vienna, Austria). 
Categorical demographic data is presented in absolute number and percentage (gender, treatment agent, smoking status). 
Normally distributed continuous demographic data is presented as mean and standard deviation (SD) (age, visual acuity change, 
CRT). Nonnormally distributed demographic data is presented as median and interquartile range (IQR) (visual acuity at baseline 
and after treatment). The demographic characteristic’s effects on treatment response were analyzed with a generalized linear 
model (GLM) correcting for confounders. Comparisons between distributions was performed with the nonparametric tests 
Kruskal–Wallis and paired Wilcoxon, with Bonferroni adjustments in statistically significant results. SNP and treatment response 
analysis was performed using Fisher’s exact test. A P-value <0.05 is interpreted as statistically significant.

Sample Size
A power calculation was performed with Robin Ristl’s Sample Size Calculator21 with an alpha level of 0.05 and power level of 
80%. Based on previous a study18 investigating the correlation between the IL-8 −251 A/T genotype and treatment response 
we found a minimum sample size of 67 participants, but we allowed further recruitment.

Results
Clinical Outcome and Demographic Data
A total of 86 participants were enrolled in this study and all completed the follow-up examination. Three participants 
were excluded due to a missed amplification in the SNP genotyping, resulting in 83 included participants. Participants 

Figure 1 Examples of morphological response, showing OCT scan at baseline (left column) and corresponding B-scan at follow-up (right column). (A) Good response. At 
baseline presence of intraretinal fluid and a serous pigment epithelium detachment. At follow-up complete regression of intraretinal fluid. (B) Partial response. At baseline 
presence of intraretinal fluid. At follow-up decreased central retinal thickness of 35% with persistence of intraretinal fluid. (C) Nonresponse. At baseline presence of 
intraretinal fluid. At follow-up increase of central retinal thickness, persistence of intraretinal fluid and occurrence of subretinal fluid.
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were categorized according to their morphological treatment response based on OCT findings. Based on morphological 
response 44 participants were good responders, 23 partial responders, and 16 nonresponders. The clinical and demo-
graphic data is shown in Table 1. No significant difference in gender, smoking status, treatment agent or length of follow- 
up period was found between the groups of morphological responders. However, older age was significantly associated to 
good morphological response (P=0.014, GLM). When comparing each morphological response group to each other, 
a statistically significant association was found in older age in good responders compared to partial responders, as well as 
old age in good compared to poor responders (P=0.045 and P=0.045, paired Wilcoxon test with Bonferroni adjustment) 
of 2.97 years (95%CI: 1.67–8.55) and 3.33 years (2.33–9.51), respectively. No significant association was found between 
age and partial responders to poor responders (P=0.647, paired Wilcoxon test).

Single-nucleotide Polymorphism and Treatment Response
The total sample of participants showed an increase in BCVA of 5±10 ETDRS letters (P=0.003) from baseline to follow- 
up. The functional treatment response defined as change in number of ETDRS letters did not correlate with the IL-8 −251 
A/T genotype (P=0.090, Kruskal–Wallis test) or allele frequency (P=0.603).

The total sample of participants showed a decrease in CRT of −80±133 µm (P<0.001) from baseline to follow-up. The 
assumed risk genotype, homozygous AA, was carried by 25.0% of morphological nonresponders, 26.1% of partial 
responders and 18.2% of good responders. There was no significant correlation between IL-8 −251 A/T genotype or 
allele frequency and morphological treatment response (P=0.799, Fisher’s exact test and P=0.364, respectively) 
(Table 2). No correlation was found between genotype and CRT change either (P=0.127).

Morphological and Functional Treatment Response
There was a significant association between CRT and visual acuity at baseline (P=0.002, Kruskal–Wallis test with 
Bonferroni adjustment) and follow-up (P=0.002). The CRT was also significantly associated to presence of intraretinal 
fluid at baseline (P=0.006) and follow-up (P=0.002). Presence of intraretinal fluid too was significantly associated to 
visual acuity at baseline (P=0.002) and trending at follow-up (P=0.062).

Table 1 Demographic Data of Patients and Morphological Response

Variable All Patients 
n = 83

Good  
n = 44

Intermediate 
n = 23

Poor  
n = 16

Sex, n (%)

Female 47 (57) 26 (31) 12 (14) 9 (11)

Male 36 (43) 18 (22) 11 (13) 7 (8)
Age, mean (SD), years 75 (8) 78 (8) 72 (6) 72 (5)

Treatment, n (%)

Aflibercept 49 (59) 31 (37) 12 (14) 6 (7)
Ranibizumab 34 (40) 13 (16) 11 (13) 10 (12)

Smoking, n (%)

Current 20 (24) 8 (10) 7 (8) 5 (6)
Former 40 (48) 21 (25) 11 (13) 8 (10)

Never 23 (28) 15 (18) 5 (6) 3 (4)

Visual acuity, ETDRS letters
Baseline, median (IQR) 65.5 (50–75) 66 (48–78) 65 (58–77) 61.5 (50–72)

After treatment, median (IQR) 71.5 (58–79) 72 (59–79) 75 (66–81) 67 (57–73)

Change, mean (SD) 5 (10) 5 (11) 7 (11) 3 (8)
Central retinal thickness, µm

Baseline, mean (SD) 424 (152) 420 (128) 426 (181) 430 (178)

After treatment, mean (SD) 343 (141) 284 (78) 348 (102) 498 (200)
Change, mean (SD) −80 (133) −135 (118) −79 (108) 69 (85)

Abbreviation: ETDRS, Early Treatment Diabetic Retinopathy Study.
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Discussion
Identifying biomarkers and genetic factors associated with the treatment response of nAMD may lead to insights necessary to 
pave the way for new and efficient treatment options for the large patient population, who suffers from this life-altering 
disease. In this study, we found no association between the SNP IL-8 −251 A/T (rs4073) and treatment response to anti-VEGF 
in nAMD. Neither morphological nor functional response showed any significant correlation with the genotype or allele 
frequency. The presumed risk genotype homozygous AA and risk allele A did not correlate with poorer response.

Two previous studies have investigated the relationship of the polymorphism IL-8 −251 A/T and treatment response 
to anti-VEGF in nAMD. Similar to our study, Hautamäki et al did not find a significant association between the genotype 
and functional treatment response. They did, however, demonstrate the homozygous AA genotype was associated with 
morphological nonresponders after loading dose. Hautamäki et al defined nonresponders as patients with persisting 
neuroepithelial detachments after treatment or the reduction of the combined area of intraretinal cysts being <70% in this 
retrospective study.12 Lazzeri et al showed a significant association between the homozygous AA genotype and reduced 
treatment response of morphology and mean retinal sensitivity after three months of treatment. Morphological treatment 
response was defined according to change of CRT, and retinal sensitivity treatment response as 12 degrees central retinal 
sensitivity evaluation with microperimetry. Lazzeri et al also found patients harboring the IL-8 −251 AA genotype had 
significantly lower visual acuity after 12 months of treatment, but did not find any association after three months.18 The 
two aforementioned studies investigated a slightly older population which may be a factor of morphological treatment 
response. Hautamäki et al defined morphological treatment response differently by not including CRT, which might be 
a factor in our conflicting results, but we were not able to replicate the results of Lazzeri et al either even with the same 
definition of CRT change after treatment.12,18

Inflammation plays a pivotal role in the pathogenesis of AMD and multiple pro-inflammatory cytokines and chemokines are 
increased in patients with AMD.6 Moreover, the immunological profiles differ between the late stages of AMD, geographic 
atrophy and nAMD, as well as polypoidal choroidal vasculopathy.6,10,22,23 The polymorphism IL-8 −251 A/T is associated with 
several inflammatory diseases,13,14,24 but has shown differing results in AMD.15,16 A previous study suggests IL-8 −251 A/T is 
associated to earlier onset of nAMD, while not finding this polymorphism to be associated to AMD in general.17 A previous 
meta-analysis has shown the level of IL-8 in aqueous humor is significantly higher in patients with nAMD compared to a control 
group of healthy eyes, but no significant association was found in serum IL-8 compared to healthy controls, suggesting the 
systemic level of IL-8 might not influence the development of nAMD. Haplotypes involving both −251 A/T (rs4073) and +781C/ 
T (rs2227306) have been found to correlate with AMD, and the relationship between the polymorphisms in the IL-8 regulatory 
region might be interlinked.25 The polymorphism IL-8 −251 A/T has not been shown to be associated with branch or central 
retinal vein occlusion,26,27 but has been found associated to diabetic retinopathy and high-risk proliferative diabetic retinopathy.28

In this study, we found age to be significantly associated to good morphological response, thus suggesting late onset 
as a predictor for better morphological treatment response. Previous studies have found the same association,29,30 while 
others find no such association.12

Our study was limited by the relatively small population size, which might have masked an association between IL-8 −251 
A/T and treatment response. Furthermore, a limitation was lack of previous comparable studies examining IL-8 −251 A/T 

Table 2 Distribution of Genotype and Allele Frequency of IL-8 −251 A/T and Treatment Response

Morphological Treatment Response, n (%)

Good n = 44 Intermediate n = 23 Poor n = 16 Comparisons (Fisher’s Exact Test) P-value

IL-8 −251 A/T genotype

AA 8 (18) 6 (26) 4 (25) AA vs AT vs TT 0.799
AT 26 (59) 11 (48) 7 (44) AA vs (AT + TT) 0.721

TT 10 (23) 6 (26) 5 (31) (AA + AT) vs TT 0.750

IL-8 −251 A/T alleles
A 42 (48) 23 (50) 14 (45) A vs T 0.364

T 46 (52) 23 (50) 17 (55)
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which defined morphological response similarly to this current study, thus a sample size calculation for this metric was 
undefinable. However, a sufficient sample size was included for the continuous variables of BCVA and CRT. The differences 
in study population regarding age and exclusion of participants with immune and infectious diseases might have caused our 
nonsignificant results. The prospective study design, high completion of follow-up, single SNP analysis and statistical 
adjustment for multiple comparisons are strengths.

Conclusion
We did not find an association between treatment response in nAMD and IL-8 −251 A/T. There is still an unmet need for 
personalized medicine and new therapeutic targets in treatment for nAMD, as a large proportion of patients have an 
inadequate response to current treatment.

Abbreviations
BCVA, best-corrected visual acuity; CRT, central retinal thickness; ETDRS, Early Treatment of Diabetic Retinopathy 
Study; IL-8, interleukin-8; nAMD, neovascular age-related macular degeneration; OCT, optical coherence tomography; 
SNP, single-nucleotide polymorphism.
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