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Purpose: Randomized clinical trials studying the effects of VEGF inhibition on wet age-related 

macular degeneration (wAMD) are designed so that the effects of individually varying risk 

factors on the treatment response are eliminated. The influence of these risk factors can be 

studied in large data sets from real-life experience.

Patients and methods: All 2,255 patients diagnosed with wAMD requiring anti-VEGF 

treatment in at least one eye over more than 9 years in a defined Danish population with 0.9 mil-

lion inhabitants were studied. The predictive value of eye laterality, sex, current smoking status, 

type of anti-VEGF compound, membrane position, membrane type, leakage area, number of 

injections, number of visits, age, time to follow-up, visual acuity, and central retinal thickness 

(CRT) at baseline on change in CRT after three monthly injections with anti-VEGF compound 

followed by treatment pro re nata for up to 12 months was assessed.

Results: After 12 months, 67 patients had died, 903 had had stable CRT for at least 6 months, 

and 1,285 patients had not achieved stable CRT. The reduction in CRT was -84.8±118.3 μm, 

whereas the increase in visual acuity was 2.2±14.7 Early Treatment Diabetic Retinopathy Study 

letters. The risk factors included contributed to 64% of the variation in CRT reduction. High age 

and high CRT at baseline predicted high CRT reduction, whereas more injections, treatment 

with ranibizumab, and male sex predicted a low CRT reduction.

Conclusion: Age, sex, and type of anti-VEGF medication can be used to plan treatment and 

inform patients about the expected response of anti-VEGF treatment in wAMD.
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Plain-language summary
The introduction of intraocular drugs to antagonize the neovascular effects of VEGF has 

improved the visual prognosis for patients with wet age-related macular degeneration (wAMD) 

considerably. In real life, results may be influenced by individual factors that can be elucidated 

in large data sets from daily clinical practice. As such, 2,255 patients diagnosed with wAMD 

requiring anti-VEGF treatment over more than 9 years in a defined Danish population with 

0.9 million inhabitants were studied. The predictive value of eye laterality, sex, current smoking 

status, type of anti-VEGF compound, anatomical characteristics of the new vessel, number of 

injections, number of visits, age, time to follow-up, visual acuity, and central retinal thickness 

(CRT) at baseline on change in CRT after three monthly injections with anti-VEGF compound 

followed by treatment as needed for up to 12 months was assessed. High age and high CRT at 

baseline predicted high CRT reduction, whereas more injections, treatment with ranibizumab, 

and male sex predicted low CRT reduction after 12 months. This implies that age, sex, and type 

of anti-VEGF medication can be used to plan treatment and inform patients about the expected 

response of anti-VEGF treatment in wAMD.
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Introduction
The introduction of intraocular drugs to antagonize the 

neovascular effects of VEGF has improved the visual prog-

nosis for patients with wet age-related macular degeneration 

(wAMD) considerably.1 The effect of the treatment has been 

documented in randomized clinical trials (RCTs) compar-

ing anti-VEGF treatment with other treatment modalities,2–4 

comparing different anti-VEGF compounds with each other,5 

and in comparisons of alternative treatment strategies with 

the same anti-VEGF compound.6 In the translation of this 

evidence to daily clinical practice, the strict inclusion criteria 

of RCTs are not followed. Therefore, results may be influ-

enced by individual factors, such as comorbidity, treatment 

preferences, loss of follow-up due to death or migration, 

and lack of standardization of follow-up intervals due to 

organizational challenges. However, with access to large data 

sets, this lack of homogeneity gives the opportunity to study 

the contribution of individual risk factors to the outcome 

of the treatment. A recent study of real-life experience with 

anti-VEGF treatment in wAMD had a long follow-up,7 but 

the study was retrospective, patient selection due to death or 

discontinuation of follow-up was not accounted for, and the 

study was powered only for the study of a few variables.

At the Department of Ophthalmology, Aarhus University 

Hospital, all patient records from patients receiving anti-

VEGF treatment for wAMD have been collected prospec-

tively and registered in a database since March 1, 2007. The 

present study reports the predictive value of baseline age, 

sex, central retinal thickness (CRT), visual acuity (VA), 

angiographic appearance, number of visits and injections, and 

type of anti-VEGF medication to the change in CRT within 

12 months in the first or only treated eye of 2,255 patients 

with wAMD receiving three monthly anti-VEGF injections 

followed by treatment pro re nata.

Patients and methods
Population
The Department of Ophthalmology, Aarhus University Hospital 

receives all patients for evaluation and treatment of wAMD from 

a population of approximately 0.9 million inhabitants in the east-

ern part of the Central Denmark Region. The patients are referred 

from practicing ophthalmologists to whom the population has 

free access within a few days, when visual symptoms occur. 

When the ophthalmologist suspects treatment is required for 

wAMD, the patient is referred for further diagnosis and treat-

ment at the eye department. During the period from March 1, 

2007 to April 1, 2016 (9 years and 1 month), 5,487 patients had 

been referred for evaluation of suspected wAMD.

Eye examination
At the primary examination, patients were interviewed about 

the duration and nature of visual symptoms, previous history 

of systemic and ocular disease, medication, and smoking 

habits. Subsequently, VA was measured on each eye using 

ETDRS (Early Treatment Diabetic Retinopathy Study) VA 

charts (Polaphor; Block Optic, Dortmund, Germany), fol-

lowed by instillation of tropicamide 1% (Alcon, Copenhagen, 

Denmark) and phenylephrine 10% (Region Midtjylland 

Hospital Pharmacy, Aarhus, Denmark) eyedrops.

Optical coherence tomography (OCT) was performed 

using Topcon equipment (DRI OCT or 3-D OCT 2000 Triton; 

Topcon, Tokyo, Japan) to detect retinal thickening that 

might suggest the presence of a subretinal neovasculariza-

tion. The average retinal thickness of the central circular area 

with a diameter of approximately 1 mm around the point of 

fixation8 was noted as CRT.

When a choroidal neovascularization was suspected, 

fluorescein angiography (FA) was performed with the filling 

phase on the most affected eye using a CF-1 angiography 

system (Canon, Amstelveen, Netherlands) until August 31, 

2016, after which the DRI OCT Triton was used. In cases 

with overt or suspected subretinal neovascularization, the 

location of the lesion was assessed as being subfoveal, 

parafoveal, peripapillary, or extrafoveal, the type of lesion 

defined to be either classic, predominantly classic, minimally 

classic, or occult, and the largest diameter of the area showing 

hyperfluorescence that increased through the angiographic 

phases was assessed in micrometers, with the horizontal 

diameter of the optic disk set to a reference of 1,000 μm.

Exclusion
Patients with the following characteristics were excluded 

from the analysis: residence outside the defined geographi-

cal area of the region, age below 50 years, previous or later 

treatment in other regions, migration during the treatment 

period, other diseases that might cause subretinal neovas-

cularization, such as pathological myopia, pseudoxanthoma 

elasticum, choroiditis or known chorioretinal scarring, and 

previous treatment of AMD with retinal photocoagulation 

or photodynamic therapy. This resulted in the inclusion 

of 2,740  eyes from 2,269 patients (41.3% of the referred 

patients) to receive anti-VEGF treatment for wAMD in the 

department during the period.

Inclusion for treatment followed Danish national guide-

lines that implied the presence of: choroidal neovascularization 

documented by FA, retina edema, a history of visual impair-

ment during the preceding 6 months, and VA of more than 
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20 ETDRS letters. Treatment was planned as three monthly 

injections with anti-VEGF compound followed by monthly 

controls with measurement of VA and OCT scanning, with 

treatment pro re nata until central retinal edema had disap-

peared or remained stable for 6 months. Due to individual 

preferences or other intercurrent disease, the first three injec-

tions were not completed within the first year in 22 eyes from 

14 patients, leaving 2,718 eyes from 2,255 patients to follow 

the recommended treatment plan. For the following analyses, 

the first treated eye was chosen to represent the patient, and 

patient selection is shown in Table 1.

In practice, the control period was shorter when treatment 

was performed on the two eyes on different days and VA and 

CRT measured on both eyes at each visit, and longer during 

holiday seasons and periods when staffing levels had not been 

adjusted to accommodate increasing activity. When retinal 

thickness had become stable, the patient was transferred to 

the practicing ophthalmologist for regular follow-up with 

measurement of VA and OCT, on the basis of which the 

patient was referred for retreatment if CRT had increased. 

The electronic patient record automatically received informa-

tion from the national death register about deceased persons. 

Among the 2,255 patients entering treatment, 67 had died 

during the first 12 months, leaving the remaining 2,188 

patients to be included in the analysis. The background data 

of the two groups are shown in Table 2. In 903 patients where 

treatment had stabilized retinal thickness such that injections 

had not been necessary for at least 6 months, the effect was 

evaluated from data obtained at the first examination after 

the last injection, which was 186±88 days after enrollment. 

In the remaining 1,285 patients who had not achieved stable 

CRT, the effect was evaluated at the first examination after 

12 months, which was 391±17 days after enrollment.

From March 1, 2007, treatment was performed using 

only ranibizumab 10 mg/mL (Lucentis; Novartis, Basel, 

Switzerland), with the possibility of changing to afliber-

cept 4 mg/mL (Eylea; Bayer, Leverkusen, Germany) in 

nonresponders, from 2013. From 2015, national guidelines 

changed such that the first-choice treatment was aflibercept 

in all cases, with the possibility to change to ranibizumab 

in nonresponders. Therefore, 1 year after commencement 

of treatment, 1,731 had received only ranibizumab and 

372 patients had received only aflibercept. The remaining 

85  patients had received both compounds, and were not 

included with a value for treatment type in the analysis.

All clinical data were entered continuously into a struc-

tured patient record, from which the data were transferred to a 

database for surveillance of activity and quality of treatment. 

According to Danish rules, the reporting of anonymized data 

documenting results of routine clinical practice is regarded 

as quality assessment, and does not require permission from 

an ethical committee.

Data analysis
The anatomical characteristics observed on FA were con-

verted to semiquantitative scales – membrane position: 

subfoveal =1, parafoveal =2, peripapillary =3, extrafoveal =4; 

membrane type, classic =1, predominantly classic =2, mini-

mally classic =3, occult =4.

Table 1 Patient selection

Patients

Referred for evaluation 5,487

Started treatment for wAMD 2,269

Received less than three injections in the first year 14

Included in the study 2,255

Status after 
12 months

Died 67

Included in 
analysis

All 2,188

CRT stable 903

CRT not stable 1,285

Abbreviations: wAMD, wet age-related macular degeneration; CRT, central 
retinal thickness.

Table 2 Baseline data of patients deceased and alive after 
12 months

Deceased Alive P-value
Background data
Age (years) 82.5±1.06 (67) 79.1±0.18 (2,188) 0.001*
Sex, male/female 23/44 730/1,458 0.9
Smoking, yes/no 18/48 552/1,625 0.77
Clinical data
VA (ETDRS letters) 55.4±1.8 (67) 57.8±0.3 (2,187) 0.22

CRT (μm) 329±12.6 (66) 331±2.3 (2,177) 0.9

Leakage diameter (μm) 1,135±86.8 (62) 1,342±19.7 (2,067) 0.07
Membrane position 0.99
Subfoveal 39 (58%) 1,233 (56%)
Parafoveal 22 (32%) 748 (34%)
Peripapillary 0 55 (3%)
Extrafoveal 3 (4%) 99 (5%)
Unknown 3 (4%) 53 (2%)
Total 67 (100%) 2,188 (100%)
Membrane type 0.81
Classic 26 (39%) 851 (39%)
Predominantly classic 13 (20%) 384 (18%)
Minimally classic 6 (9%) 171 (8%)
Occult 21 (31%) 750 (34%)
Unknown 1 (1%) 32 (1%)
Total 67 (100%) 2,188 (100%)

Notes: Age, VA, CRT, and leakage diameter indicated as means ± standard error of 
the mean (SEM). *P,0.05 as significant findings in the analysis.
Abbreviations: VA, visual acuity; ETDRS, Early Treatment Diabetic Retinopathy 
Study; CRT, central retinal thickness.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Ophthalmology 2018:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

476

Bek and Klug

Statistical analysis
All analyses were performed in Stata version 14.0 (StataCorp, 

College Station, TX, USA). Unpaired t-tests (continuous 

variables) or χ2 tests (contingency values) were used to test 

for differences at baseline between patients who had died 

and those who were alive after 12 months. Paired t-tests 

were used to test for changes in CRT and VA from baseline 

to the last examination during the follow-up period, and for 

testing differences in the percentage of different membrane 

types and positions among the two groups.

Multiple linear regression was performed to study the 

contribution of individual risk factors to the effect of treat-

ment on the change in CRT. Categorical variables were 

laterality (right = 1,left = 0), sex (male = 1, female = 0), 

current smoking status (positive = 1, negative = 0), anti-

VEGF treatment (ranibizumab = 1, aflibercept = 0), mem-

brane position (1–4), membrane type (1–4), treatment count 

(three to 12), and number of visits (three to 13). Continuous 

variables were age (years), time to follow-up (days), VA 

(ETDRS number), and CRT (μm) at baseline. The distribu-

tion of time to follow-up was skewed, due to the truncation 

of the follow-up period, and was log-transformed, after 

which this and all other parameters were normally distrib-

uted (Q–Q plots).

Results
Table 2 shows that at baseline, patients who had died after 

12 months were significantly older than those who were 

alive at that time, whereas there were no significant differ-

ences between the two groups for the other variables studied. 

Patients who were alive after 12 months had had a mean of 

7.8 (range three to 13) visits, during which they had received 

5.1 (three to 12) anti-VEGF injections. This resulted in a 

reduction of -84.8±118.3 (-869 to 731) μm in CRT and an 

increase of 2.2±14.7 (-81 to 77) in VA ETDRS letters.

Table 3 shows the results of multiple linear regression. 

Risk factors included contributed to 64% (adjusted R2) of the 

variation in CRT change. Since the reduction in CRT was 

registered as a negative value, coefficients with a negative 

sign were positive risk factors for CRT reduction and vice 

versa. It appeared that high age and CRT at baseline predicted 

a significantly higher CRT reduction, whereas an increasing 

number of injections, treatment with ranibizumab, and male 

sex predicted a significantly lower CRT reduction. Number 

of visits, smoking status, eye laterality, follow-up time, and 

anatomical parameters related to the neovascular membranes 

observed by FA and VA at baseline showed no predictive 

value for the change in CRT.

Discussion
The present study contributes new evidence on the effect of 

anti-VEGF treatment on wAMD by documenting a predic-

tive value of age, sex, and type of anti-VEGF compound 

for the reduction in CRT that can be achieved in 12 months. 

This adds to a previous study of clinical signs and symptoms 

that can predict the need for anti-VEGF treatment in newly 

referred patients with suspected wAMD.9 The study has 

a number of methodological strengths. It was possible to 

consider approximately 170 patients per variable studied, 

which is a strong design for a multiple linear regression 

analysis.10 Additionally, the data were collected prospec-

tively from a single center that received all patients referred 

within a defined geographical area. This resulted in the 

initiation of treatment in approximately 295 new patients 

per million citizens per year, which corresponds to other 

real-life data from both the Danish and the British health-

care systems.11,12 Furthermore, information from central 

death registries excluded selection bias from patients who 

had died during the study period, and mortality during the 

first 12 months after enrollment was able to be calculated 

at 3.5%, which corresponds to the mortality in the general 

population of this age-group.13 Finally, patients in whom 

treatment had stabilized retinal thickness for at least 6 months 

were followed in a standardized program with the practicing 

ophthalmologists, who would refer patients in need of retreat-

ment after initial stabilization. This ensured that the CRT 

measured after the last injection in patients where CRT had 

become stable reflected the therapeutic effect of anti-VEGF 

Table 3 Coefficients, 95% CIs and P-values from multiple linear 
regression

Dependent variable: change in CRT

Coefficient 95% CI P-value

Intercept 113.9 49.02–178.7 0.001
Age -0.952 -1.865 to -0.038 0.041*
Sex 10.84 4.256–17.43 0.001*
Smoking status 4.863 -2.288 to 12.01 0.18
Laterality 4.378 -1.764 to 10.52 0.16
VA 0.214 –0.007 to 0.435 0.06
CRT baseline -0.836 -0.866 to -0.805 ,0.001*
Logtime to follow-up 4.746 -22.57 to 32.06 0.73
Anti-VEGF type 8.356 0.303–16.41 0.042*
Membrane type 2.03 -0.369 to 4.426 0.1
Membrane position 0.054 -4.178 to 4.287 0.98
Leakage diameter 0.003 -0.001 to 0.006 0.13
Number of injections 10.19 7.878–12.51 ,0.001*
Number of visits -0.726 -2.563 to 1.11 0.44

Notes: Positive coefficients indicate less reduction in CRT and vice versa. *P,0.05 
as significant findings in the analysis. The * has not been added next to P-value for 
the intercept which is not a clinical result.
Abbreviations: CRT, central retinal thickness; VA, visual acuity.
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treatment within 12  months. The truncation of follow-up 

at this time ensured the inclusion of a sufficient number of 

patients who had been treated alone with either ranibizumab, 

which was first-choice treatment during the first few years, or 

aflibercept, which has been used as first choice for the past 

few years, but a recalculation of the model with a follow-up 

of respectively 24 and 60 months showed the same results, 

except for the difference in the effect of the two anti-VEGF 

compounds (not shown).

The effect of anti-VEGF treatment for wAMD has been 

documented in a number of innovative RCTs. These studies 

were designed to compare the effect of different therapeutic 

approaches on groups matched so that the influence of other 

potential risk factors had been eliminated.2–4 Increasing the 

number of injections in these studies resulted in improved 

effects on VA and CRT.14 However, in the real-life setting, 

from which data are reported here, treatment was adjusted 

to the response, implying that patients with a more modest 

treatment effect also received more injections.7 In accordance 

with this, derived variables, such as the follow-up time and 

the number of visits, and thereby also the control interval, had 

no separate influence on the treatment response. The real-life 

setting implied that all patients were treated,15 and thus the 

average therapeutic response was more moderate than in 

RCTs performed on selected patient materials.5,6

The change in CRT was used to monitor treatment, and 

was thus used as the dependent variable in the multiple 

linear regression analysis. The relevance of this approach 

was documented by the fact that the parameters included 

were able to explain approximately 64% of the variation 

in CRT. A tentative recalculation of the model with VA as 

the dependent factor showed that the parameters included 

could only predict 14% of the variation in this factor after 

12 months, and supports the view that VA had not been the 

primary factor used to monitor treatment.16 The variation in 

CRT might potentially have been predicted further by the 

inclusion of the morphology of individual retinal layers or 

genetic factors that have been shown to predict the outcome 

of treatment.17,18

It has previously been shown that the prevalence of 

wAMD may be higher in women than in men.19,20 However, 

the present study showed that sex was the factor contrib-

uting most to the effect on CRT, with male sex reducing 

the effect of the treatment on CRT. This is supported by a 

study in which male sex was found to be a risk factor that 

reduced the visual prognosis 60 months after initiation of 

anti-VEGF treatment for wAMD.6 The background for this 

finding is unknown, but may be related to hormonal factors 

and implies that information to the patient about the expected 

treatment response should be differentiated between men 

and women.

The study also showed that increasing age predicted 

increasing reduction in CRT, although the effect was small, 

amounting to less than 1 μm per year of extra life. This is 

opposite to findings of increasing risk of recurrence of sub-

retinal neovascularization with age for patients in a pro re 

nata regime21 and that visual improvement after anti-VEGF 

treatment in wAMD may decrease with age.6,22 The finding 

may reflect the general health status of patients with a better 

response in those who survive longer. Additionally, although 

a higher CRT at baseline predicted a potential for more CRT 

reduction, baseline VA was not predictive for CRT reduc-

tion. These observations underline the lack of short-term 

covariance between VA and CRT in macular diseases,23,24 

although the choice of CRT to monitor the effect of interven-

tions on macular disease rests on the assumption that retinal 

thickness influences VA in the longer term.

This study showed that the reduction of CRT induced 

by aflibercept was significantly higher than the reduction 

induced by ranibizumab. A recalculation of the multiple 

regression model with inclusion of the date of first treatment 

as a variable showed the same result (not shown), which 

confirms that the use of ranibizumab and aflibercept as first 

choice during different periods had no influence on the 

results. The statistical approach also implies that the conclu-

sion of a different effect of the two compounds is independent 

of the number of treatments and the treatment intervals.25–28 

The results confirm previously published evidence that 

aflibercept is more effective than ranibizumab at reducing 

macular edema in wAMD,15 and may explain the finding 

that more injections are needed with ranibizumab than with 

aflibercept to achieve the same therapeutic response.10

Research on retinal detachment has shown different 

prevalence of the disease in the two eyes,29 but eye laterality 

was not found to be a significant factor in the present study. 

Additionally, although smoking has been shown to be a 

significant risk factor for the development and progression 

of wAMD,30 this factor was not found to influence the change 

in CRT. This finding might be related to the definition of 

smoking status, but is in accordance with findings that this 

parameter has no influence on visual prognosis during anti-

VEGF treatment.22 Finally, the type and location of neovas-

cular AMD and area of leakage had no predictive value for 

treatment outcome. The inclusion of peripapillary vessels in 

the semiquantitative scale in the ranking of the location of 

subretinal neovascularization may be questionable, but the 
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conclusion was similar in a recalculation of the model where 

this lesion type had been excluded. Therefore, the collec-

tion of clinical data before treatment should not necessarily 

include smoking habits or type and location of subretinal 

neovascularization, which underlines the need for improving 

the classification of retinal lesions in wAMD.31 The finding 

of a predictive value of age, sex, and type of medication for 

the therapeutic effect of anti-VEGF treatment in wAMD 

can be used to plan treatment and inform patients about the 

expected therapeutic response.
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