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Introduction

Choroidal neovascularization (CNV) concurrent with age-
related macular degeneration (AMD) is routinely treated with 
intravitreal (IVT) antivascular endothelial growth factor (anti-
VEGF) injections. Numerous clinical studies have shown excel-
lent improvements in vision during the first 2 years of treatment, 
with monthly ranibizumab or bimonthly aflibercept injections.1–3 
Because the most frequently used treatment approaches are as-
needed or, more recently treat-and-extend, most patients tend to 
receive fewer injections in subsequent years. This is justified by 
decreased amounts of subretinal fluid (SRF), which is usually 
taken as a sign of disease activity.

Decreasing the frequency of injections is more convenient 
for patients and more cost-effective. According to some studies, 
it may also reduce the potential risk for developing geographic 
atrophy (GA),4 although the results are conflicting. However, 
emerging real-world data have shown that visual acuity (VA) 

differs from that observed in clinical trials. Despite optical 
coherence tomography (OCT)-based treatment schemes, less 
frequent injections in real-world clinical settings lead to worse 
long-term outcomes.5–7 Long-term data from clinical studies 
have also shown that with time and fewer injections, VA tends 
to deteriorate.8,9

In Poland, anti-VEGF treatment costs were borne by patients 
for many years. When reimbursement was introduced a few 
years ago, patients included in the program were obligated to 
take 3 loading doses of bevacizumab followed by a bimonthly 
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Purpose: To present the 5-year anatomic and functional outcomes in patients with choroidal neovascularization (CNV) and age-
related macular degeneration (AMD) and determine whether late-onset intensification of treatment results in improved outcomes. 
Methods: This retrospective interventional study analyzed spectral-domain optical coherence tomography data and visual acuity 
(VA) in eyes in which treatment intensification was implemented after a mean of 39 months. Data collected included age, sex, 
injection frequency, central retinal thickness, type of CNV, and VA. Patients were evaluated every 4 to 10 weeks, depending 
on the disease activity. Results: Fifty eyes of 50 patients with CNV were evaluated. The mean initial VA was 0.37 Snellen (0.58 
logMAR), which improved to 0.44 Snellen (0.47 logMAR) after the first bevacizumab injection. Six months after bevacizumab was 
switched to aflibercept, the improvement in VA was significant in all groups (P < .05). The VA improved throughout the 6-year 
observation period, with the greatest improvement in VA after the switch in patients who received the most injections (P < .05), 
who had the best initial VA (P < .05), and who experienced a significantly greater improvement in VA after the first bevacizumab 
injection (P = .01). Conclusions: Increasing the treatment frequency, even after several years of treatment, improved visual 
outcomes in patients with CNV and AMD who switched from bevacizumab to aflibercept.
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dose of aflibercept, regardless of whether they were treatment-
naïve. The aim of this study was to evaluate the anatomic and 
functional outcomes in a series of patients who had initially 
received as-needed or treat-and-extend regimens for a mini-
mum of 24 months and were subsequently transitioned to an 
intensified treatment regimen.

Methods

This retrospective interventional study was conducted in accor-
dance with the principles of the Declaration of Helsinki. The 
Ophthalmic Clinic’s Jasne Blonia Institutional Review Board 
Ethics Committee approved the study (#8/JB/2022).

Medical records were reviewed to locate patients treated with 
bevacizumab in the as-needed or treat-and-extend format (self-
funded) for approximately 3 years (±3 months) before they were 
selected for the government reimbursement program and subse-
quently switched to aflibercept for at least 36 months. After the 
switch, patients received 3 monthly aflibercept injections and 
were further treated at varying intervals as follows: monthly, 
every 6 weeks, bimonthly, or after the treat-and-extend regimen. 
The determination of treatment frequency was made at the dis-
cretion of the retina specialist. The eligibility criteria for selection 
for reimbursement included CNV concurrent with AMD con-
firmed with OCT and fluorescein angiography.

Patients in the reimbursement program are obligated to attend 
a scheduled monthly visit for the initial 2 months followed by 
visits at least every 8 weeks thereafter. The injection is adminis-
tered at the discretion of the treating ophthalmologist and may be 
performed as often as monthly, if required. Noncompliance with 
4 consecutive monthly appointments resulted in the cancellation 
of reimbursement.

As a rule, during each visit/injection, the VA was measured 
using Early Treatment Diabetic Retinopathy Study (ETDRS) 
charts, tonometry was performed, and spectral-domain OCT 
images were obtained. A B-scan centered on the fovea was per-
formed, and a 3-dimensional scan (7.0 mm × 7.0 mm) was done 
using the follow-up mode (Spectralis, Heidelberg Engineering). 
A comprehensive ophthalmic examination was performed at 
the initiation of the program, every 6 months, or at the discre-
tion of the retina specialist.

The analysis included the following data: age, treatment 
duration in months, number of injections before inclusion in 
the reimbursement program, type of CNV, VA, and central reti-
nal thickness (CRT) at the initiation of bevacizumab treatment, 
1 month later, 1 year later, before the first aflibercept injection, 
1 month later, 1 year later, 2 years later, and at the final assess-
ment. The primary endpoints were the VA and CRT 1 month 
after administration of aflibercept. The secondary endpoints 
were the VA and CRT 36 months after the first administration 
of aflibercept.

Injection Procedure

IVT bevacizumab (Avastin, Roche Pharma) or IVT aflibercept 
(Eylea, Bayer Vital GmbH) injections were administered under 

topical anesthesia to all patients as a 1-day surgery in the oper-
ating room. After the conjunctival sac was cleaned with 5% 
povidone–iodine solution for 30 seconds, the conjunctiva was 
repositioned and an IVT injection of bevacizumab 0.05 mL or 
aflibercept 0.05 mL was administered through a scleral tunnel 
through the pars plana 3.5 to 4.0 mm posterior to the limbus.

Patient Analysis

The patients’ age, VA at each analyzed timepoint, gain in VA, 
CNV type, CRT at each analyzed timepoint, number of injec-
tions, GA, and vitreomacular interface abnormalities were 
evaluated. The OCT images were analyzed by 2 experienced 
examiners (K.D.C., M.T.), and the images were discussed 
with the senior author in case of disagreement.

Statistical Analysis

Statistical analysis was performed using SigmaStat software for 
Windows (version 3.5, Grafiti LLC). A paired t test and Wilcoxon 
signed rank test were performed, and P < .05 was considered 
statistically significant. One-way analysis of variance was used 
to compare groups or an analysis of variance on ranks when nor-
mality test failure was noted. Mean values are ± SD.

Results

The study included 50 eyes of 50 patients (29 women, 21 men) 
who had been treated with anti-VEGF for at least 6 years. The 
mean age was 76.9 ± 7.9 years. Patients were treated with beva-
cizumab for a mean duration of 39 months. During this period, 
patients received a mean of 13.3 injections (range, 1-37; median, 
11.5) (Tables 1 and 2). The mean initial Snellen VA was 
0.37 ± 0.28 (0.58 logMAR) (range, 0.02-1.0 and 0.1-1.69, 
respectively). The initial VA improved to 0.44 ± 0.28 Snellen 
(0.47 logMAR) (range, 0.02-1.00 and 0.1-1.69, respectively) 
after the first bevacizumab injection (P = .003). The improvement 
in VA was statistically significant after the first bevacizumab 
dose for all CNV types (P < .05).

During the 3 years of treatment with aflibercept, patients 
received a mean of 24 injections (range, 11-35; median, 24). 
Twenty-three eyes had type 1 CNV, 17 had type 2 CNV, 8 had 
type 3 CNV, and 2 eyes had mixed-type CNV (1/2). At the 
time of the first aflibercept injection, the mean Snellen VA 
was 0.37 ± 0.23 (0.52 logMAR) (range, 0.04-0.9 and 0.1-1.0, 
respectively), which improved to 0.39 ± 0.22 Snellen (0.48 
logMAR) (range, 0.15-0.9 and 0.1-1.0, respectively) after  
1 month and to 0.44 ± 0.22 Snellen (0.41 logMAR) after 12 
months (range, 0.04-0.9 and 0.1-1.3, respectively). The VA 
was maintained for 36 months after treatment initiation for all 
types of CNV (Table 3 and Figure 1A).

After switching to aflibercept, patients experienced a signifi-
cant improvement in VA at 6 months (P < .05), without signifi-
cant differences between the groups (Table 3 and Figure 1A). The 
VA improved throughout the 6-year observation period, from 
0.37 ± 0.22 Snellen (0.52 logMAR) to 0.45 ± 0.24 Snellen (0.44 
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logMAR) (P = .03). Patients who received the most injections 
and those with the best initial VA had the greatest improvement 
in VA after changing to aflibercept (both P < .05). Multiple linear 
regression analysis showed that the VA 1 month after the transi-
tion to aflibercept appeared to predict the final VA (P < .05).

Patients were categorized as switch gainers when  there was 
an improvement in VA of more than 10 ETDRS letters (2 
Snellen lines) after 1 year of intensification of therapy and a 
switch to aflibercept. The switch gainers initially had signifi-
cantly greater improvements in VA after the first bevacizumab 
injection (P = .01). However, in addition to the substantial gain 
in VA at the initiation of therapy, this group also experienced a 
greater loss of vision than the rest of the patients in the months 
leading up to the switch (P = .01), which was often accompa-
nied by recurrent SRF. Switch gainers were not different from 
the rest of the patients in terms of age, sex, initial VA, initial 
CRT, number of previous injections, and type of CNV.

Switch gainers had a greater reduction in CRT during the first 
year of bevacizumab treatment than the rest of the patients  
(−91 μm vs −17 μm; P = .03). The mean CRT decreased in all 
patients after the first bevacizumab injection (P = .04) (Figure 
1B). The final CRT was dependent on the measurement 1 month 
after the switch to aflibercept (P < .001) and patient age (P = .06).

SRF was present in 31 eyes on the day of the switch and in 7 
eyes after 3 months. Intraretinal fluid (IRF) was observed in 12 
eyes on the day of the switch and in 4 eyes 3 months later. 
Patients with CNV 1 (Figure 2) were most likely to benefit from 
the switch in regard to the disappearance of SRF, and eyes with 
CNV 2 (Figure 3) were most likely to benefit from the switch in 
regard to the disappearance of IRF.

Serous pigment epithelium detachment (PED) was noted in 
8 eyes; however, this did not influence the visual outcome. 
Similarly, vascularized PED was observed in 10 patients and 
had no impact on the final vision. Throughout the observation 
period, 3 eyes experienced a submacular hemorrhage. As a 
result of immediate treatment (IVT bevacizumab, recombinant 
tissue plasminogen activator, and 0.5 cm3 sulfur hexafluoride), 
the VA of these patients was maintained and further continuous 
anti-VEGF treatment was administered.

GA coexisting with a neovascular membrane was identified 
in 19 eyes at the initial visit, and the VA of these patients was 
significantly worse than in eyes without GA (P = .01), although 
no differences in the CRT were observed. At the end of the 
observation period, 34 eyes had GA, and their VA was signifi-
cantly worse (0.38 Snellen [0.42 logMAR] vs 0.59 Snellen 
[0.22 logMAR]; P = .003). During treatment, 15 eyes had newly 
developed GA, 12 eyes had growth of the existing GA, and the 
extent of the GA remained unchanged in 7 eyes. The number of 
injections administered did not correlate with the development 
of GA.

Vitreomacular traction (VMT) was noted in 22 eyes, 19 of 
which experienced spontaneous release during the observation 
period. Patients with VMT had statistically similar VAs as eyes 
without traction (P = .34); however, in the final control group, 
eyes that experienced spontaneous release of VMT had signi
ficantly better VA than those without spontaneous release and 
those in which VMT was never observed (P = .03). During the 
observation period, 1 eye developed a lamellar macular hole and 
another eye experienced a tear in the retinal pigment epithelium 
after the spontaneous relief of traction. The CRT was similar in 
eyes with spontaneous release of traction and in the remaining 

Table 1.  Baseline Data: Day Treatment Was Switched to Aflibercept.

Parameter CNV 1 CNV 2 CNV 3 CNV 1/ CNV2

Mean age (y) ± SD 75 ± 8.10 77 ± 6.41 80 ± 8.57 71 ± 7.00
Sex (n)
  Male   8 11   2   2
  Female 15   6   6   0
Injections (n) 12 14 15 9, 5
Months (n) 40 39 37 19
Visual acuity
  Mean Snellen ± SD 0.39 ± 0.2 0.35 ± 0.2 0.44 ± 0.2 .040 ± 0.15
  LogMAR 0.48 0.60 0.43 0.41

Abbreviation: CNV, choroidal neovascularization.

Table 2.  Mean Number of Injections Each Year of Treatment  
by Type of CNV.

Time

Injections (n)

CNV 1 CNV 2 CNV 3
CNV 1/
CNV 2

Day treatment was switched to 
aflibercept

12 14 15   9, 5

1st year of aflibercept treatment 8 8 8 13, 5
2nd year of aflibercept treatment 7 8 6 3
3rd year of aflibercept treatment 7 8 6 3
4th year of aflibercept treatment 4 5 5 0

Abbreviation: CNV, choroidal neovascularization.
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cases (P = .14). In addition, 1 eye developed a spontaneous 
release of the epiretinal membrane.

Conclusions

This study showed that patients with CNV, even those undergo-
ing treatment for many years with bevacizumab, benefited from 
the intensification of treatment with a switch to aflibercept. The 
gain may be associated with the change in treatment frequency 
and the change in drug. In these patients, the VA improved and 
the CRT decreased significantly. The best results were in patients 
with the best initial VA, a greater total number of injections, and 
the greatest increase in VA in the first month of switching.

Bevacizumab is a recombinant humanized monoclonal anti-
body that neutralizes all active forms of VEGF-A. Aflibercept is a 
soluble fusion protein of key domains from human VEGF recep-
tors 1 and 2 with a constant region of human immunoglobulin G, 
which binds VEGF-A, VEGF-B, and placental growth factor. 
Both are considered standard treatment for neovascular AMD.

Randomized clinical trials have shown that anti-VEGF agents 
improved VA by an average of 1 to 2 lines within the first 12 
months and maintained it until month 24.1–3,10–12 However, 5-year 
data usually showed a decline in VA. The CATT study showed  
a decline of 11 letters from year 2 to year 5.8 Real-world clini-
cal settings usually resulted in worse outcomes than controlled 

clinical studies,9 a phenomenon that is less pronounced in indi-
viduals treated with aflibercept.13 Gillies et al14 published a loss of 
2.6 letters at 7 years when compared with baseline. The SEVEN-UP 
study reported a loss of 8.6 letters 7 years after initiation of ther-
apy.15 Interestingly, the VA improved in our group throughout the 
6-year observation period (from 0.57 logMAR to 0.44 logMAR at 
year 6) (P = .03).

Furthermore, 10% to 30% of patients are nonresponders to 
anti-VEGF, the reason for which may be tachyphylaxis, among 
others.16–18 Switching these patients to even a single dose of 
aflibercept could result in an improvement in VA in approximately 
30% of them.19 A prolonged switch to aflibercept was previously 
reported to decrease SRF and IRF in one half of patients who 
switched.19–23 In those eyes, PEDs tended to diminish.24

The CATT study reported that the VA at 5 years declined by 
3 letters compared with baseline and 11 letters compared with 
month 24 of treatment.8 Similar results were obtained in the 
current study, where the VA improved by a mean of 8 ETDRS 
letters (1.5 Snellen) after the first bevacizumab injection. How
ever, this improvement continued to decrease to reach baseline 
VA after 12 months and then stabilized until the initiation of 
aflibercept treatment. After the switch, a strict dosing regimen 
was introduced with 3 loading doses, which was followed by 
bimonthly treatment. This resulted in an improvement in VA  
up to the level obtained 1 year after the initiation of treatment. 

Table 3.  Visual Acuity and CRT by CNV Type.

Parameter CNV 1 CNV 2 CNV 3 CNV 1/CNV 2

Visual acuity
  Initial
    Mean Snellen ± SD 0.42 ± 0.27 0.25 ± 0.25 0.46 ± 0.24 0.65 ± 0.20
    LogMAR 0.50 0.78 0.46 0.22
  Day treatment was switched to aflibercept
    Mean Snellen ± SD 0.39 ± 0.20 0.35 ± 0.20 0.44 ± 0.20 0.40 ± 0.15
    LogMAR 0.48 0.60 0.43 0.41
  After 1 year of aflibercept treatment
    Mean Snellen ± SD 0.45 ± 0.20 0.36 ± 0.19 0.54 ± 0.20 0.60 ± 0.30
    LogMAR 0.40 0.53 0.30 0.20
  After 2 years of aflibercept treatment
    Mean Snellen ± SD 0.46 ± 0.20 0.38 ± 0.20 0.46 ± 0.23 0.80 ± 0.40
    LogMAR 0.44 0.51 0.40 0.10
  After 3 years of aflibercept treatment
    Mean Snellen ± SD 0.36 ± 0.20 0.43 ± 0.25 0.30 ± 0.17 0.80 ± 0.40
    LogMAR 0.54 0.47 0.58 0.10
  Final
    Mean Snellen ± SD 0.45 ± 0.21 0.42 ± 0.25 0.48 ± 0.23 0.48 ± 0.075
    LogMAR 0.44 0.46 0.38 0.45
Mean CRT (µm) ± SD
  Initial 377 ± 179 465 ± 200 338 ± 84 256 ± 110
  Before aflibercept treatment 321 ± 130 405 ± 159 277 ± 125 469 ± 65
  After 1 year of aflibercept treatment 268 ± 95 314 ± 125 239 ± 96 205 ± 71
  After 2 years of aflibercept treatment 263 ± 50 299 ± 118 225 ± 76 239 ± 79
  After 3 years of aflibercept treatment 255 ± 65 312 ± 155 193 ± 75 216 ± 67
  Final 245 ± 60 282 ± 105 219 ± 100 286 ± 100

Abbreviations: CNV, choroidal neovascularization; CRT, central retinal thickness.
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Notably, the VA improved and the CRT decreased, with results 
maintained until 36 months after switching. The best results 
were seen in patients who received the most injections, had the 
best initial VA, and showed the greatest improvement in VA 
after the first aflibercept injection.

The SEVEN-UP study found that in a clinical study setting, the 
only factor responsible for significant long-term visual loss was 

the development of GA.25 Subsequent studies found that GA more 
often developed in eyes requiring fewer injections as a result of 
milder disease activity.26 Because there is a general tendency to 
reduce the number of anti-VEGF treatments over the years, it is 
not surprising that the frequency of GA increases. In real-life set-
tings, the most important factors responsible for a decrease in 
vision are nonadherence and a limited number of injections.

Figure 1.  (A) Mean change in Snellen VA. (B) Mean change in CRT.
Abbreviations: CNV, choroidal neovascularization; CRT, central retinal thickness; VA, visual acuity.
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Patient comfort is also an important issue. Besides fear of 
pain and the need for frequent controls, the fear of the unknown is 
an important consideration for patients treated with anti-VEGF. 
This constant process of decision-making regarding whether to 
inject is stressful for patients.27 Thus, determining whether it is 
more reasonable to treat based on clinical findings than to 
adhere to strict dosing regimens requires reevaluation. In addi-
tion, improvement in vision remains the most important factor 
for enhancing patients’ quality of life.28 It is possible that in the 

Figure 2.  Swept-source optical coherence tomography in an 
80-year-old woman with a pigment epithelium detachment and 
type 1 choroidal neovascularization. (A) Initial visual acuity (VA): 
0.25 Snellen (0.6 logMAR); central retinal thickness (CRT): 909 
μm. (B) VA after the first injection of bevacizumab: 0.1 Snellen (1.0 
logMAR); CRT: 802 μm. (C) VA on the day treatment was switched 
to aflibercept: 0.6 Snellen (0.2 logMAR); CRT: 590 μm. (D) VA after 
the first injection of aflibercept: 0.6 Snellen (0.2 logMAR); CRT: 478 
μm. (E) Final VA: 0.8 Snellen (0.1 logMAR); final CRT: 275 μm.

Figure 3.  Swept-source optical coherence tomography in an 
84-year-old woman with type 2 CNV. (A) Initial visual acuity (VA): 
0.10 Snellen (1.0 logMAR); central retinal thickness (CRT): 651 μm.  
(B) VA after the first injection of bevacizumab: 0.1 Snellen (1.0 
logMAR); CRT: 517 μm. (C) VA on the day treatment was switched 
to aflibercept: 0.3 Snellen (0.52 logMAR); CRT: 467 μm. (D) VA 
after the first injection of aflibercept: 0.6 Snellen (0.2 logMAR); CRT: 
416 μm. (E) Final VA: 0.3 Snellen (0.52 logMAR); final CRT: 338 μm.
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future, sustained drug delivery devices will be able to overcome 
these challenges.

Another issue is that our treatment is based on the analysis of 
OCT scans, which estimate IRF and SRF as markers of disease 
activity. With the advancement of OCT angiography (OCTA), dif-
ferent questions have been raised, including whether treatment 
should be administered when an increase of visible vessels is seen 
on OCTA and whether treatment should continue until these ves-
sels disappear. Further prospective studies are required to answer 
these questions and to enhance our treatment regimens.

A flaw of the current study is the lack of a control group and the 
small number of cases with type 3 CNV (Figure 4), which might 
have influenced statistical analysis. Moreover, it may be difficult to 
extrapolate results to different healthcare systems. However, the 
main outcome of the study is that intense treatment, even many 
years after treatment initiation, is associated with a good outcome. 
Interestingly, better VA was observed in eyes with spontaneous 
release of traction in the final control. Vitreous detachment may 
lower VEGF levels near the retina and improve oxygenation.

In conclusion, the best results were achieved when more 
injections were used. Intense treatment should be considered, 
even in cases that are apparently well controlled with as-needed 
and treat-and-extend protocols but still had a decline of some 
ETDRS letters. Initiating intense treatment with aflibercept in 
patients previously treated with bevacizumab, even after sev-
eral years of injections, could result in an improvement in VA.

Ethical Approval

All procedures performed in studies involving human participants were 
in accordance with the ethical standards of the institutional and/or 
national research committee and with the 1964 Helsinki Declaration and 
its later amendments or comparable ethical standards. The Ophthalmic 
Clinic’s Jasne Blonia Institutional Review Board Ethics Committee ret-
rospectively approved the study (#8/JB/2022).

Statement of Informed Consent

Informed consent was waived for the present study because inclusion in 
the study posed no substantial risk to participants and data analysis con-
sisted of de-identified data obtained through retrospective chart review.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to 
the research, authorship, and/or publication of the article

Funding

The authors received no financial support for the research, authorship, 
and/or publication of this article.

ORCID iD
Zofia Anna Nawrocka  https://orcid.org/0000-0001-8376-9218

References

	 1.	 Brown DM, Michels M, Kaiser PK, et al. Ranibizumab versus 
verteporfin photodynamic therapy for neovascular age-related 
macular degeneration: two-year results of the ANCHOR study. 
Ophthalmology. 2006;116:57-65.e5.

	 2.	 Rosenfeld PJ, Brown DM, Heier JS, et al. Ranibizumab for neo-
vascular age-related macular degeneration. N Engl J Med. 2006; 
355:1419-1431.

	 3.	 CATT Research Group; Martin DF, Maguire MG, et al. Ranibizumab 
and bevacizumab for neovascular age-related macular degeneration. 
N Engl J Med. 2011;364:1897-1908.

	 4.	 Sadda SR, Guymer R, Monés JM, Tufail A, Jaffe GJ. Anti-
vascular endothelial growth factor use and atrophy in neovascular 

Figure 4.  Swept-source optical coherence tomography in a 
75-year-old man with type 3 CNV. (A) Initial visual acuity (VA):  
0.10 Snellen (1.0 logMAR); CRT: 258 μm. (B) VA after the first 
injection of bevacizumab: 0.2 Snellen (0.7 logMAR); CRT: 518 μm. 
(C) VA on the day treatment was switched to aflibercept: 0.1 
Snellen (1.0 logMAR); CRT: 130 μm. (D) VA after the first injection 
of aflibercept: 0.1 Snellen (1.0 logMAR); CRT: 87 μm. (E) Final VA: 
0.2 Snellen (0.7 logMAR); final CRT: CRT 64 μm.

https://orcid.org/0000-0001-8376-9218


350	 Journal of VitreoRetinal Diseases 9(3)

age-related macular degeneration: systematic literature review 
and expert opinion. Ophthalmology. 2020;127:648-659.

	 5.	 Holz FG, Tadayoni R, Beatty S, et al. Multi-country real-life experi-
ence of anti-vascular endothelial growth factor therapy for wet age-
related macular degeneration. Br J Ophthalmol. 2015;99:220-226.

	 6.	 Gillies MC, Walton RJ, Arnold JJ, et al. Comparison of outcomes 
from a phase 3 study of age related macular degeneration with a 
matched, observational cohort. Ophthalmology. 2014;121:676-681.

	 7.	 Pushpoth S, Sykakis E, Merchant K, Browning AC, Gupta R, 
Talks SJ. Measuring the benefit of 4 years of intravitreal ranibi-
zumab treatment for neovascular age-related macular degenera-
tion. Br J Ophthalmol. 2012;96:1469-1473.

	 8.	 CATT Research Group; Maguire MG, Martin DF, et al. Five-year 
outcomes with anti-vascular endothelial growth factor treatment of 
neovascular age-related macular degeneration: the comparison of 
age-related macular degeneration treatments trials. Ophthalmology. 
2016;123:1751-1761.

	 9.	 Ciulla TA. “Real-world” outcomes of anti-VEGF therapy in neo-
vascular AMD in the United States: differences between real-world 
and clinical trial outcomes continue to confound. Retinal Physican. 
2019;16:44-47.

	10.	 IVAN Study Investigators; Chakravarthy U, Harding SP, et  al. 
Ranibizumab versus bevacizumab to treat neovascular age-related 
macular degeneration. One-year findings from the IVAN random-
ized trial. Ophthalmology. 2012;119:1399-1411.

	11.	 Krebs I, Schmetterer L, Boltz A, et al. A randomised double-masked 
trial comparing the visual outcome after treatment with ranibizumab 
or bevacizumab in patients with neovascular age-related macular 
degeneration. Br J Ophthalmol. 2013;97:266-271.

	12.	 Berg K, Hadzalic E, Gjertsen I, et al. Ranibizumab or bevacizumab 
for neovascular age-related macular degeneration according to the 
Lucentis compared to Avastin study treat-and-extend protocol: two-
year results. Ophthalmology. 2016;123:51-59.

	13.	 Eleftheriadou M, Vazquez-Alfageme C, Citu CM, et  al. Long-
term outcomes of aflibercept treatment for neovascular age-related 
macular degeneration in a clinical setting. Am J Ophthalmol. 2017; 
174:160-168.

	14.	 Gillies MC, Campain A, Barthelmes D, et al; Fight Retinal 
Blindness Study Group. Long-term outcomes of treatment of neo-
vascular age-related macular degeneration: data from an observa-
tional study. Ophthalmology. 2015;122:1837-1845.

	15.	 Rofagha S, Bhisitkul RB, Boyer DS, Sadda SR, Zhang K; SEVEN-UP 
Study Group. Seven-year outcomes in ranibizumab-treated patients in 
ANCHOR, MARINA, and HORIZON: a multicenter cohort study 
(SEVEN-UP). Ophthalmology. 2013;120:2292-2299.

	16.	 Krebs I, Glittenberg C, Ansari-Shahrezaei S, Hagen S, Steiner I, 
Binder S. Non-responders to treatment with antagonists of vascular 

endothelial growth factor in age-related macular degeneration. Br J 
Ophthalmol. 2013;97:1443-1446.

	17.	 Otsuji T, Nagai Y, Sho K, et al. Initial non-responders to ranibi-
zumab in the treatment of age-related macular degeneration 
(AMD). Clin Ophthalmol. 2013;7:1487-1490.

	18.	 Schall S, Kaplan HJ, Tezel TH. Is there tachyphylaxis to intravit-
real anti-vascular endothelial growth factor pharmacotherapy in 
age-related macular degeneration? Ophthalmology. 2008;115:2199-
2205.

	19.	 Michalewski J, Nawrocki J, Trębińska M, Michalewska Z. Switch 
to a single dose of aflibercept in bevacizumab nonresponders with 
AMD. Can J Ophthalmol. 2014;49:431-435.

	20.	 Arcinue CA, Ma F, Barteselli G, Sharpsten L, Gomez ML, Freeman 
WR. One-year outcomes of aflibercept in recurrent or persistent 
neovascular age-related macular degeneration. Am J Ophthalmol. 
2015;159:426-436.e2.

	21.	 de Massougnes S, Dirani A, Ambresin A, Decugis D, Marchionno 
L, Mantel I. Pigment epithelial detachment response to aflibercept in 
neovascular age-related macular degeneration refractory to ranibi-
zumab: time course and drug effects. Retina. 2016;36:881-888.

	22.	 Pinheiro-Costa J, Costa JM, Beato JN, et al. Switch to aflibercept 
in the treatment of neovascular AMD: one-year results in clinical 
practice. Ophthalmologica. 2015;233(3-4):155-161.

	23.	 Chang AA, Li H, Broadhead GK, et al. Intravitreal aflibercept for 
treatment-resistant neovascular age-related macular degeneration. 
Ophthalmology. 2014;121:188-192.

	24.	 Kumar N, Marsiglia M, Mrejen S, et  al. Visual and anatomical 
outcomes of intravitreal aflibercept in eyes with persistent subfo-
veal fluid despite previous treatments with ranibizumab in patients 
with neovascular age-related macular degeneration. Retina. 2013; 
33:1605-1612.

	25.	 Bhisitkul RB, Mendes TS, Rofagha S, et  al. Macular atrophy 
progression and 7-year vision outcomes in subjects from the 
ANCHOR, MARINA and HORIZON studies: the SEVEN-UP study. 
Am J Ophthalmol. 2015;159:915-924.e2.

	26.	 Mantel I, Dirani A, Zola M, Parvin P, De Massougnes S, Bergin C. 
Macular atrophy incidence in anti-vascular endothelial growth fac-
tor–treated neovascular age-related macular degeneration. Retina. 
2018;39:906-917.

	27.	 Boyle J, Vukicevic M, Koklanis K, Itsiopoulos C. Experiences 
of patients undergoing anti-VEGF treatment for neovascular age-
related macular degeneration: a systematic review. Psychol Health 
Med. 2015;20:296-310.

	28.	 Finger RP, Guymer RH, Gillies MC, Keeffe JE. The impact of 
anti-vascular endothelial growth factor treatment on quality of life 
in neovascular age-related macular degeneration. Ophthalmology. 
2014;121:1246-1251.


