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Background: Neovascular age-related macular degeneration (nAMD) has been treated with 
anti-vascular endothelial growth factor (anti-VEGF) therapy since 2006 with initial efficacy 
evidence of 2 years. In many, long-term therapy is required, and evidence for benefit is 
required from real-world data collection.
Methods: Retrospective review of electronic medical records of a consecutive series of 
patients treated with anti-VEGF therapy for nAMD over a 10-year period. Age, lens status 
and loss to follow-up was recorded. Primary outcome was change in VA at 10 years; 
secondary outcomes included proportion of eyes losing <15 letters at 3, 5, 7 and 10 years, 
number of injections and anatomic outcome.
Results: Of 196 patients (197 eyes), 90 patients had 10 years of follow-up data. Visual acuity 
(VA) declined by −11.2 letters (p=0.001), but 63.3% of eyes lost ≤15 letters. The proportion of 
eyes maintaining ≥70 letters was 17.7%, and the mean number of injections (±SD) was 47 ± 16. 
Retinal fluid was still present in 72.2% of eyes at 10 years. Forty-six percent of patients continued 
to receive anti-VEGF injections 10 years after treatment was commenced.
Conclusion: Anti-VEGF treatment for nAMD over a ten-year period showed 63.3% of eyes 
lost ≤15 letters. Eyes with better baseline vision were more likely to continue receiving anti- 
VEGF treatment, but the frequency of injection treatment decreased.
Keywords: neovascular age-related macular degeneration, visual acuity, real-world, anti- 
vascular endothelial growth factor injections

Introduction
Age-related macular degeneration is a leading cause of blindness in elderly 
populations.1 Over the last decade, the advent of anti-vascular endothelial growth 
factor (anti-VEGF) therapy has been a significant advance in preserving and 
improving vision in patients with neovascular AMD (nAMD).2 Repeated prolonged 
treatment is often necessary due to the short duration of action of anti-VEGF 
agents. Landmark clinical trials have demonstrated short-term visual gains over 
the course of 1–2 years, in response to anti-VEGF treatment, utilizing frequent 
(monthly, bimonthly, observe and plan) as dosing regimens.2–5 The CATT study and 
a follow-up observational study of the phase 3 pivotal studies MARINA, ANCHOR 
and HORIZON: SEVEN-UP examined medium-term treatment outcomes of anti- 
VEGF treatment over 5 to 7 years.6

Treatment regimens have been subject to adaptation in clinical practice such as pro- 
re-nata (PRN), fixed dosing and treat and extend. In addition, factors such as choice of 

Correspondence: Muhammad Raza 
Cheema  
Department of Ophthalmology, Royal 
Victoria Infirmary, Newcastle Upon Tyne 
NE1 4LP, UK  
Tel +44-191-233-6161  
Email drmrcheema@hotmail.com

submit your manuscript | www.dovepress.com Clinical Ophthalmology 2021:15 279–287                                                                       279

http://doi.org/10.2147/OPTH.S269162 

DovePress © 2021 Cheema et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-6669-471X
http://orcid.org/0000-0001-9928-9024
http://orcid.org/0000-0001-6126-6476
mailto:drmrcheema@hotmail.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


anti-VEGF agent, reimbursement considerations and chan-
ging guidelines have led to a wide variation in outcomes 
throughout the world.7 The SEVEN-UP study included 
a heterogeneous group of participants receiving anti-VEGF 
agents in various treatment regimens including fixed dosing 
along with PRN dosing regimens (SEVEN). The CATT study 
had two different dosing regimens, monthly injections and 
PRN dosing (CATT). This reflects the wide variation in real- 
world treatment regimens and outcomes.

In the United Kingdom, the National Health Service 
(NHS) provides treatment free at the point of entry. The 
National Institute for Health and Care Excellence (NICE) 
produces evidence-based guidelines for treatment. Few 
studies have reported the long-term outcomes of anti- 
VEGF therapy in clinical practice.

The purpose of this study was to examine real-world 
outcomes of treating nAMD at set time points, in a series 
of patients who had the potential for 10 years of follow-up.

Materials and Methods
Study Design
This study was a single-centre, retrospective observational 
consecutive case series cohort study. Data was extracted 
from electronic medical records (EMR) (Medisoft 
Ophthalmology; Medisoft Limited, Leeds, UK) at the 
Royal Victoria Infirmary, Newcastle, UK. The lead clinician 
and Caldicott Guardian (nominee responsible for data pro-
tection) at the hospital gave written approval for anonymized 
data extraction. Anonymized database analyses of this type 
do not require ethical permission because they are viewed as 
audit or service evaluations (see http://www.hra.nhs.uk/ 
research-community/beforeyou-apply/determine-whether- 
your-study-is-research/). This study was conducted in accor-
dance with the Declaration of Helsinki 2013 and the United 
Kingdom’s Data Protection Act 2018.

Methods
A consecutive series of treatment-naïve eyes commenced 
on anti-VEGF treatment for nAMD between 1st Jan 2007 
and 31st Dec 2009 was studied. The diagnosis had been 
determined by a retinal specialist, and all patients had been 
assessed and treated based on the guidelines at the time, 
including NICE criteria.8,15,16 Data extracted was: demo-
graphic details, visual acuity (VA) at annual time points 
and/or last visit, injection numbers, and OCT findings.

VA was recorded as an Early Treatment Diabetic 
Retinopathy Study (ETDRS) VA letter score at 2 m at each 

visit. The total letter score was adjusted for the distance used. 
Most VA values were recorded using habitual correction 
rather than with full refraction. This is a standard method 
for measuring VA in clinical practice but likely to under-
estimate the VA. Regular refraction by the patient’s optome-
trist was encouraged, and if there were significant changes in 
VA in-house refraction was carried out.

Values corresponding to counting fingers, hand move-
ments, light perception and no light perception were sub-
stituted with values of 0 letters.

The primary outcome measurement was mean change in 
vision from baseline at 3, 5, 7 and 10-year intervals after 
treatment initiation. The proportion of eyes achieving ≥70 
letters, 50–69 letters, 30–49 letters and ≤30 letters was also 
measured at baseline, and at 3, 5, 7 and 10-year intervals. For 
those eyes where 10 years of follow-up was not completed 
the VA at the last recorded follow-up visit was recorded.

Secondary outcomes included the number of anti- 
VEGF injections received, retinal morphology (classified 
as dry or wet) and central macular thickness for eyes 
completing 10 years of active treatment with anti-VEGF 
compared to eyes not completing 10 years of treatment.

The 2008 to 2013 treatment protocol included an induction 
phase of three monthly injections of ranibizumab followed by 
a PRN regime. At this time, ranibizumab was the only anti- 
VEGF drug approved for use in the NHS.15 With the intro-
duction of aflibercept in 2013, following NICE approval, the 
majority of patients were gradually moved across to afliber-
cept in an attempt to reduce treatment burden.16

Data was entered onto an Excel spreadsheet. Statistical 
analysis was performed using IBM SPSS Statistics for 
Windows, version 26.0 (IBM Corp. Armonk, NY, USA). 
Mean, median and standard deviation were measured for 
age and baseline vision, and standard error of the mean 
was calculated for changes in VA. The data did not follow 
normal distribution curve, and therefore Wilcoxon signed 
rank test was used to assess statistical significance. 
Multiple linear regression was used to assess the correla-
tion of mean baseline VA, age, central macular thickness 
(CMT) and number of injections received compared with 
change in VA at the end of 10 years.

Results
Baseline Characteristics of the Whole 
Cohort
From 1st January 2007 till 31st December 2009, a total of 197 
eyes of 196 patients were initiated on anti-VEGF injections 
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for nAMD. Only one patient had bilateral involvement at 
baseline, so for the majority of the patients only one eye 
was included to reduce statistical bias in the results.9 Mean 
age was 80.7 ± 8 years, and 53% of patients were male. Mean 
baseline VA was 59.8 ± 14 letters; 51% eyes were phakic.

Outcomes for Cohort Completing 10 
Years of Treatment
Visual Outcomes
Out of 197 eyes, 90 eyes (45.9%) completed active treat-
ment for 10 years. Mean age was 79.2 ± 8. Mean baseline 
vision was 62.6 ± 13.6 letters. Mean final vision was 51.4 
± 18.9 (p=0.001). Mean change in VA over 10 years (95% 
CI) was −11.2 (−15.1 - −7.3) letters. Median final vision at 
10 years was 54.5 letters.

Table 1 shows vision being maintained at 3, 5 and 
7 years from baseline vision. Mean change in VA (95% 
CI) at 3 years was +1.3 (−1.38 - +3.98) letters, at 5 years 
was −1.5 (−4.42 - +1.42) letters and at 7 years was −2.5 
(−5.78 - +0.78) letters. By the 10-year follow-up vision 
had declined by −11.2 (−15.1 - −7.3) letters from baseline.

Figure 1 shows median vision over time in the cohort 
completing 10 years of follow-up compared to the cohort 
not completing 10 years of follow-up. A visual decline is 
noted over the years in “remainder group”. It also shows 
the number of patients left in the remainder group per year. 
Figure 2 shows the proportion of eyes achieving different 
levels of vision over the course of 10 years. Overall, 
57.7% of patients maintained their vision at >50 letters 
by the end of 10 years of active treatment.

Number of Injections
Mean number of injections administered was 47 ± 16, and 
mean number of injections (±SD) during the first year was 6 
± 2. Figure 3 shows the mean number of injections received 
per year during the 10-year course of anti-VEGF treatment. 
The number of injections per year reduces steadily from 6 in 
the 1st year to 3.9 in the 10th year. The number of injections 
required to maintain vision decreases over the 10-year per-
iod as shown in Figure 3.

Forty-two patients received less than the mean number 
of injections. Their baseline mean VA was 60.0 ±16.9 

Table 1 Outcomes in Eyes Completing a Full 10 Years of Active Treatment

Characteristics Values (%)

Number of patients 90 (45.9%)
Number of eyes 90 (45.9%)

Mean age ± SD 79.2 ± 8

Lens status (phakic) 49%
Mean ± SD baseline VA letters 62.6 ± 13.6

Mean ± SD Final VA letters at 10 years (p-value) 51.4 ± 18.9 (p=0.001)

Median vision at 10 years (95% CI) 54.5 (50.6–58.4)
Mean change in VA at 10 years (95% CI) −11.2 (−15.1 - −7.3)

Mean ± SD VA letters at 3 years interval (p-value) 63.9 ± 12.7 (p=0.91)
Median vision at 3 years 68 (65.3–70.6)

Mean ± SD VA letters at 5 years interval (p-value) 61.0 ± 13.9 (p=0.25)

Median vision at 5 years 62.5 (59.6–65.4)
Mean ± SD VA letters at 7 years interval (p-value) 59.8 ± 15.7 (p=0.14)

Median vision at 7 years 64.5 (61.3–67.7)

Mean number of injections ± SD by 10 years 47 ± 16
Mean number of injections in the first year 6 ± 2

Mean CMT ± SD at 10 years 346 ± 83 µm

Proportion of patients losing <15 letters VA at 10 years 63.3%
Proportion with VA >70 letters at 10 years 17.7%

Proportion with VA 50–69 letters at 10 years 40.0%

Proportion with VA 30–49 letters at 10 years 27.7%
Proportion with VA <30 letters at 10 years 14.4%

Retinal morphology at 10-year interval
● Persistence of IRF 72.2%
● Dry 27.7%

Abbreviations: VA, visual acuity; IRF, intra-retinal fluid; CMT, central macular thickness; 95% CI, confidence interval; SD, standard deviation.
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letters and at end of 10 years was 49.9 ± 19.8 letters. Mean 
change in vision was therefore −10.1 letters in this group. 
Forty-eight patients received injections more than the 

mean. Their baseline mean VA was 64.9 ± 9.4 letters and 
at 10 years was 52.8 ± 18 letters. Mean change in vision 
was therefore −12.1 letters in this group.

Figure 1 Comparison of visual acuity per year between group completing 10 year of treatment and remainder group treatments.

Figure 2 Visual acuity outcomes for patients completing 10 years of treatment.
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Other Parameters
Mean CMT for this cohort at 10 years was 346 ± 83 µm; 
however, this included 72.2% of patients with a “wet 
macula” (intra-retinal or sub-retinal fluid or 
a combination), and 27.7% had a dry macula.

Mean baseline VA, age, CMT and numbers of injec-
tions were assessed using multiple linear regression 
(p-value; 95% CI) to report any correlation to change in 
final vision. Poorer baseline VA was associated with 
a higher mean change in VA (p=0.004; −0.87 - −0.03). 
CMT (p=0.14; −0.01–0.09), number of injections (p=0.20; 
−0.10–0.47) and age (p=0.93; −0.54–0.49) were not found 
to be associated with change in vision.

Fellow Eye Results
Forty patients developed fellow eye involvement during 
the study period but did not meet the criteria for inclusion 
due to lack of a complete 10-year period of surveillance. 
Mean baseline VA ± SD at the time of presentation with 
fellow eye involvement was 58.2 ± 13.11 letters. Final VA 
was calculated at the last visit noted in the electronic 
medical records. Final VA ± SD was 44.8 ± 28.2 letters. 
The mean number of injections received in the fellow eyes 
was 22.9 ± 15.8. The mean number of injections during 
the first year was 6 ± 2.5; 35% of these eyes were still 

receiving active anti-VEGF treatment at the end of the 
study period. A total of 40% of eyes discontinued anti- 
VEGF treatment due to disciform scar formation, and 30% 
of the eyes were dry at the last recorded visit.

Outcomes for Cohort Not Completing 
Active Treatment for 10 Years
In this group 107 eyes did not complete 10 years of active 
treatment but were started on anti-VEGF injections during 
2007–09. Last VA recorded was used to analyse the data 
before patients stopped treatment. Mean age ± SD for the 
cohort was 82.0 ± 7.8 years. Mean number of injections 
administered was 22.5 ± 12.6 over the treatment period.

Mean ± SD baseline vision of this cohort was 57.5 ± 
14.5 letters. Final VA was calculated at 3, 5 and 7-year 
time points using last VA as their final vision. Final VA for 
patients completing 3 years of monitoring was 54.06 ± 
15.2 letters, at 5 years was 49.78 ± 18.3 letters and at 7 
years 46.24 ± 20.77 letters.

Table 2 shows a comparison of visual outcomes at 3, 5 
and 7 years for cohorts completing 10 years of treatment 
and the cohort with less than 10 years follow-up. Reasons 
for not completing 10-year treatment were: 51.4% of 
patients were deceased, 36.4% were discharged, 12.1% 

Figure 3 Number of injections versus final VA per year in 10-year cohort.
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were lost to follow-up. The mean number of injections for 
eyes completing 3 years of treatment was: 23.3 ± 12; 5 
years: 25.7 ± 11.9; and 7 years: 27.8 ± 11.4 injections.

The proportion of eyes losing <15 letters vision at 
3-year time interval was 80%; at 5 years, 61%; and at 7 
years, 58%. A total of 14% of eyes discharged at 7 years 
were dry on last visit.

As per Figure 1, the difference between the median 
VAs of the two cohorts increased after the fifth year. 
A number of eyes dropped out of the remainder group 
over the course of treatment, with no eyes completing 
more than 9 years of treatment.

The rate of adverse events was low, with 0.02% eyes 
developing post-injection uveitis and no reported cases of 
post-injection endophthalmitis.

Discussion
The aims of this study were to determine the outcomes of 
anti-VEGF treatment for nAMD over 10 years in a real- 
world clinical setting. In the UK, this study represents 
the second study to report 10-year outcomes of anti- 
VEGF injections in nAMD. This is an important issue as 
original NICE approval and funding was based on two 

years of treatment. It is therefore important to clarify 
how long ongoing treatment does provide benefit as clin-
ical trials are not designed and funded to provide results 
for extended follow-up periods.

In this study, a total of 197 eyes were identified with 
nAMD where anti-VEGF treatment had been initiated 
10 years earlier. The visual outcome of the cohort com-
pleting 10 years of treatment was better at each time 
interval when compared with the cohort not completing 
10 years of treatment. From Table 2, it is evident that 
the cohort completing 10 years of treatment had 
a higher baseline VA, was of a younger age, had 
a greater number of injections and attained a better 
final visual outcome.

The main reasons for loss to follow-up were patient 
deaths and a shared decision with the patient regarding the 
futility of further treatment due to macular atrophy and 
fibrosis as determined by clinical examination. In addition, 
other systemic conditions in elderly patients and difficul-
ties in transportation may cause challenges in attending 
clinic reviews, making loss to follow-up more likely. 
Patients with poor vision were more likely to be lost to 
follow-up and not complete the 10-year review.

Table 2 Visual Acuity Outcomes for Patients Completing 10 Years of Active Treatment versus Rest of the Group (Includes Patients 
with Surveillance and Lost to Follow-Up Between 7 and 10 Year Intervals)

At 3 Years At 5 Years At 7 Years

Completing 3 
Years 
(Remainder)

10-Year 
Group

Completing 
5 Years

10-Year 
Group

Completing 7 
Years

10-Year 
Group

Number of eyes “n” 104 90 86 90 50 90

Mean age ± SD 82.4 ± 7.7 79.2 ± 8 82.3 ± 7.1 79.2 ± 8 81.5 ± 7.5 79.2 ± 8
Baseline mean VA ± SD 57.5 ± 14.5 62.6 ± 13.6 58.8 ± 13.5 62.6 ± 13.6 59.3 ± 12.5 62.6 ± 13.6

Median VA (95% CI) 55 (51.7–58.3) 68 (65.3–70.6) 53 (48.9–57.1) 62.5 (59.6–65.4) 46.5 (40.6–52.4) 64.5 (61.3–67.7)

Final mean VA ± SD 54.0 ± 15 63.9±12 49.2 ± 18.9 61 ± 13.9 46.2 ± 20.7 59.8±15.7
Mean number of injections ± 

SD

23.3 ± 12 24 ± 14 25.7 ± 11.9 35 ± 16 27.8 ± 11.4 42 ± 15

Proportion (%) of eyes losing 
<15 letters VA

80.7 92.2 63.9 81.1 58 73.3

Proportion of eyes with VA
● >70 letters 17.3% 36.6% 13.9% 37.7% 16% 35.5%
● 50–69 letters 51.9% 43.3% 48.8% 42.2% 32% 35.5%
● 30–49 letters 24% 18.8% 24.4% 18.8% 28% 25.5%
● <30 letters 6.7% 1.1% 12.7% 1.1% 24% 3.4%

Number of eyes lost to 
follow-up at each time point

3 N/A 21 N/A 57 N/A

Notes: This table shows comparison of 10-year cohort versus the remainder group in their visual outcomes at 3, 5 and 7-year time points.
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In our study, multiple regression analysis did not reveal 
an association between better visual outcomes and increased 
number of injections. However, recent real-world outcome 
data from Australia and New Zealand indicated an increased 
likelihood of improved visual outcome in one of their study 
groups with an increased number of injections being 
administered.10 In our study, eyes starting with better base-
line VA were more likely to receive longer duration of treat-
ment and achieve overall better vision compared to patients 
with poorer baseline VA. Our study results are comparable to 
a recent study showing eyes receiving less than 4 injections 
per year were associated with poorer visual outcomes; how-
ever, eyes receiving 10 or more injections suffered 
a “plateauing effect” after one year.18 This highlights the 
inherent bias real-world studies may have in trying to main-
tain already higher baseline VA with a ceiling effect limiting 
visual gain. Our study is not able to ascertain the likely 
reasons for poorer VA gains in eyes with poorer baseline 
VA. It is postulated that this may be due to other pathophy-
siological processes such as fibrosis that occur in nAMD.

Treatment has also changed over 10 years with the 
addition of aflibercept after ranibizumab and different 
approaches to treatment from fixed dosing, PRN and 
treat and extend. NICE originally approved ranibizumab 
for nAMD in 2008, and aflibercept was approved for the 
treatment of nAMD in 2013.15,16 Clinical guidelines on 
treating patients were produced by the Royal College of 
Ophthalmologists but were replaced by NICE guidance 
issued in 2018 which stated that anti-VEGF treatment for 
nAMD is clinically effective before vision drops below 6/ 
12 and may be cost-effective.8 Additionally, the 2018 
NICE guidance stated that treatment can be considered if 
vision is worse than 6/96 if it would improve the overall 
visual function, for example, in a patient being treated in 
the better seeing eye of both eyes. In addition, 2018 NICE 
guidelines mention that anti-VEGF intravitreal treatment 
can be administered by suitably trained allied healthcare 
professionals.8 These different factors will also have influ-
enced how many injections were given.

To date, no randomized clinical trials or prospective 
observational studies have been reported to show 10-year 
follow-up for patients receiving anti-VEGF treatment. The 
SEVEN-UP observational data from phase 3 pivotal trials 
reported 7-year visual outcome data showing a mean loss 
of −8.6 letters after 7 years, with only 23% achieving VA 
≥70 letters.6 Our study reports a mean loss of -11.2 letters 
after 10 years, with 17.7% achieving VA ≥70 letters after 
10 years of treatment with anti-VEGF injections. These 

results indicate that most eyes maintaining VA ≥70 letters 
at 2 years have continued to maintain the same level of VA 
by 10 years.

In the group completing 10 years of treatment, our study 
reports that those patients receiving a higher number of injec-
tions than the mean had a better baseline and final outcome 
vision than the patients receiving less than the mean number of 
injections. The reasons for this may be a more favourable 
decision to re-treat eyes with functionally better vision to 
maintain this outcome or that eyes with better functional out-
come required more injections. Our study also shows that the 
trend of number of injections received per year has 
a downward slope, with a reduction in number of injections 
received per year. A small peak is noted at the 6-year time 
point, whose significance is unclear. Fellow eye involvement 
was present in 44.4% of patients. A significant proportion 
(75%) of fellow eyes discontinued anti-VEGF treatment due 
to formation of disciform scar, plateauing of visual benefit, 
resolution of intra-retinal fluid or persistence of intra-retinal 
fluid without visual improvement. All fellow eyes were exam-
ined on each visit and commenced on anti-VEGF treatment 
when diagnosed with nAMD. The mean number of injections 
in the fellow eye was overall lower than in the primary eye. 
A total of 30% of the fellow eyes were dry at the last recorded 
visit. However, overall visual improvement in fellow eyes was 
lower than in the primary eye. The reasons for this might be 
treatment bias, with there being a tendency to focus treatment 
on the dominant eye and the eye with better VA as not all 
patients will want treatment to both eyes.

With only a few studies being published to date, there 
is significant paucity of real-world data showing outcomes 
of anti-VEGF treatment over a 10-year period. The pub-
lished cohorts have been of small size, indicating difficulty 
in recruiting and maintaining follow-up for prolonged 
periods.10–12 Gillies et al reported 169 eyes, divided into 
two groups, receiving anti-VEGF injections for 10 years. 
One cohort of 132 patients achieved a final VA of 60.1 
letters with only a mean change of −0.9 letters. The other 
cohort of 37 patients achieved a considerably lower final 
VA of 46.8 letters with a significant mean change of −14.9 
letters.10 Brynskov et al reported 74 eyes receiving PRN 
anti-VEGF injections for 10 years achieving a mean final 
VA of 61.5 letters with mean change of −5.0 letters.11 

Chandra et al reported 149 eyes completing 10-year fol-
low-up for nAMD with 76.5% of eyes losing ≤15 letters 
and 67.1% of eyes achieving VA threshold of 20/70 (57 
letters on 2 m ETDRS) letters at the end of 10 years.12
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Our study showed 90 eyes receiving anti-VEGF injec-
tions achieving a mean final VA of 51.4 letters with 
a mean change of −11.2 letters from baseline. Our study 
also showed 63.3% of eyes lost ≤15 letters. This large 
disparity in real-world outcomes in final vision of pub-
lished 10-year studies illustrates the varying clinical prac-
tice and uncertainty present in the response of nAMD to 
anti-VEGF injections after 10 years. Differences in mean 
VA levels may partly reflect differences in follow-up prac-
tice for patients with lower levels of vision. To date, it is 
difficult to know the magnitude of slowing of progression 
of nAMD with anti-VEGF injections; however, real-world 
outcomes, including our study, indicate a prominent halt in 
progression of nAMD in cohorts receiving anti-VEGF 
over a 10-year interval. This is further evidenced by 
a recent study with a ten-year follow-up showing that the 
proportion of patients with nAMD receiving ranibizumab 
who attained best-corrected visual acuity ≥70 letters was 
21% at the final follow-up.14

Drop-out rates to follow-up over 10 years is expected 
and is an important finding in itself for capacity planning. 
It is also a challenge for reporting outcomes as the groups 
with longer follow-up are to some extent self-selecting as 
they have been deemed that it is worth continuing 
treatment.

Limitations
Our study has important limitations. To define vision sta-
bility as a loss of <15 ETDRS letters is a measure com-
monly used in clinical trials including phase 3 pivotal 
VIEW trial.17 Fifteen letters represents a doubling of the 
visual angle using ETDRS visual acuity testing. The VA 
score is a continuous variable, and statistical comparison 
between groups may involve measure of the mean. 
A restriction of comparison of means is that outliers may 
have undue influence. Hence, conceptually converting 
a continuous variable (VA score) to a binary measure (< 
or >15 letter gain) is easier to understand as results are 
reported at a patient level rather than group level. There 
are several disadvantages to this approach such as loss of 
information so reducing statistical power relative to the 
mean, misclassification of the outcome due to variability 
of the visual acuity measurement, and susceptibility to 
floor or ceiling effects of visual acuity measurements.13 

Using habitual correction when testing VA, rather than 
a new refraction on each visit, might have underestimated 
the potential VA of some of the patients and is another 
difference between real-world data and a clinical trial.

A higher dropout rate was observed in the group not 
completing 10-year follow-up. However, the major 
strengths of this study included a very low overall loss to 
follow-up rate and achievement of sustained regular fol-
low-up in eyes receiving anti-VEGF injections for 10 
years. Over the course of 10 years, variation in dosing 
regimens and anti-VEGF agents was noted to begin with; 
however, a more standardized “Treat and Extend” regimen 
was primarily used subsequently. This variation in the 
patterns of treatment and choice of anti-VEGF agents is 
a reflection of real-world practice and influences the out-
comes of our study.

This study demonstrates that a significant proportion of 
eyes receiving anti-VEGF injections for nAMD for at least 
10 years maintain vision, with better visual outcomes for 
those patients receiving continued regular anti-VEGF 
injection treatments. A low rate of macular scarring was 
seen in the actively treated group, and a higher proportion 
of eyes (57.7%) maintained vision >50 letters by the end 
of 10 years of active treatment.

What This Paper Adds
● Maintaining anti-VEGF intravitreal injection therapy 

for nAMD sustains vision over a 10-year period with 
63.3% of eyes losing <15 letters VA after 10 years of 
treatment.

● Eyes with better baseline vision were more likely to 
continue receiving anti-VEGF injections.

● The number of injections required to maintain vision 
decreases over the 10-year period.
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