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Abstract
Purpose Single center, noninterventional cohort study to assess 10-year visual and anatomical outcomes following initiation
of treatment with antivascular endothelial growth factor (anti-VEGF) agents in neovascular age-related macular degeneration
(AMD) patients. Neovascular AMD patients initiated on intravitreal anti-VEGF injections in 2008–2009 and continued to be
followed up for at least 10 years were included in this study.
Methods The Moorfields OpenEyes database was searched for all patients who were initiated on anti-VEGF therapy for
neovascular AMD in 2008–2009 and the visual acuity (VA) in Early Diabetic Retinopathy Study (ETDRS) letters and
injection records were analyzed for those who have had at least 10-year follow-up. The spectral-domain optical coherence
tomography (SD-OCT) scans, color fundus photos, and fundus fluorescein angiography (FA) were graded by two retinal
physicians. The outcomes were also compared between those with good and poor VA outcomes based on pre-defined
criteria. The primary end point was change in VA at 10 years; secondary outcomes included percentage with VA of 20/40 or
better, 20/70 or better, VA gains and losses, anatomic outcomes and number of injections.
Results After a mean of 10.04 years after initiation of anti-VEGF therapy, the mean decline in VA from baseline was −2.1
ETDRS letters (SD 19.9, p= 0.65). One hundred eyes (67.1%) achieved a VA threshold of 20/70 or better, 33.5% achieved
a VA of 20/40 or better, and 76.5% eyes maintained VA defined as a loss of less than 15 letters. Fourteen percent of study
eyes had VA of 20/200 or worse and 23.5% declined by 15 letters or more. 87.5% of eyes were switched from ranibizumab
to aflibercept during the course of 10 years and the eyes received a mean of 52.2 (SD 18.1) injections over 10 years. From
this cohort, 87 (58.3%) eyes are having on-going treatment. On OCT, 34.9% had persistent fluid at the last visit, 6.7%
patients showed new onset atrophy compared to baseline, and 43.7% had increased area of macular atrophy. The mean area
of atrophy at the final visit was 4.15 mm2. Comparison between the good and worse visual outcome groups showed lower
baseline VA, fovea-involving atrophy and final area of atrophy had a statistically significant negative effect on the final
visual outcome (p < 0.05).
Conclusions Regular monitoring and anti-VEGF treatment over 10 years reduce the risk of visual loss of 15 letters or more
in patients with neovascular AMD. The most common cause of substantial visual decline was macular atrophy.

Introduction

Neovascular age-related macular degeneration (nAMD)
remains a common cause of visual impairment in people
aged 55 years or older. Without treatment, this condition

progresses and results in irreversible central visual loss of
an average of ten letter loss within the first 12 months [1]. In
the last decade, the introduction of intravitreal antivascular
endothelial growth factor (anti-VEGF) agents has revolu-
tionized the treatment of wet AMD, offering patients
with previously unachievable improvement in vision.
Bevacizumab (Avastin; Genentech, Inc.) was the first pan-
VEGF-A inhibitor to be used as an off-label treatment
option for nAMD [2]. Although bevacizumab is used
widely around the world, this agent is not recommended for
use in the National Health Service (NHS) in the United
Kingdom (UK) due to the unlicensed and off-label use of
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the drug. In 2005, clinical trials established the efficacy of
ranibizumab (Lucentis; Genentech, Inc.) for the treatment of
this condition followed by aflibercept (Eylea; Regeneron,
Inc.) in 2012 [1, 3, 4]. These agents have since been the
treatment of choice for nAMD in the UK.

Intravitreal anti-VEGF agents decrease vascular leakage
and are antiangiogenic. However, disease activity may
remain for years due to their short duration of action and
inability to cause involution of mature vessels. It remains
unclear whether these agents may in the long-term also
cause macular atrophy (MA). The comparison of AMD
treatment trials (CATT) research group and Seven-Year
Observational Update of Macular Degeneration Patients
Post-MARINA/ANCHOR and HORIZON Trials (SEVEN-
UP) study have tried to tease out the associations of visual
decline by analyzing long-term visual and anatomical out-
comes of eyes with nAMD recruited into anti-VEGF
treatment trials [5, 6].

In the CATT study, almost 50% of the patients had a
visual acuity (VA) of 20/40 or better, however the visual
gains at the end of first 2 years were not maintained at
5 years. Similarly, in the SEVEN-UP study, half of the eyes
continued to remain stable but almost one-third declined by
15 letters or more [5, 6]. Thus, these studies not only
confirm the long-term therapeutic advantage offered by
anti-VEGF therapy for nAMD but also show that eyes with
exudative AMD continue to remain at risk even in the late
stages of therapeutic course.

All across the world, variations in therapy application,
differences in anti-VEGF agent used, and inconsistencies in
treatment guidelines have led to varying outcomes, with
real-life outcomes [7, 8] being inferior to those from clinical
trials. The NHS treats patients with nAMD according the
recommendations of the National Institute for Health and
Care Excellence and guidelines produced by the Royal
College of Ophthalmologists. The aim of the current study
was to assess the long-term outcomes within a cohort of
neovascular AMD patients on follow-up for 10 years post
initiation of anti-VEGF therapy.

Methods

Study design

Data on this retrospective cohort were extracted from the
Electronic Medical records database of Moorfields Eye
Hospital, London, UK. We included consecutive patients
with nAMD initiated on anti-VEGF therapy in 2008–2009
who had at least 10 years of follow-up. Data collected
included patient demographics, clinic-based VA at baseline
and follow-up at 10 years (Snellen VA, if used, was con-
verted to Early Treatment Diabetic Retinopathy Study

(ETDRS) letters for purposes of statistical analysis), anti-
VEGF agents used, and number of injections. Findings on
color fundus photographs (CFP) and spectral-domain opti-
cal coherence tomography (SD-OCT) were re-graded at
baseline and 10-year follow-up while fluorescein angio-
grams (FA) were assessed at baseline only. Complete data
were defined as documented VA, number and type of
injections and gradable OCT scans (signal strength >7) at
baseline and 10-year follow-up. The date of first injection
was defined as baseline date and the last follow-up visit to
the clinic was considered as final follow-up.

The study adhered to the tenets of Declaration of
Helsinki and was approved by the Clinical Effectiveness
Committee at the hospital (CA18/MR/15-141).

Study cohort

A total of 149 eyes of 149 patients were included in the
study. The process of study enrollment and allocation has
been shown in the CONSORT diagram (Fig. 1).

The eyes were further divided into two groups based on
the letter change in VA from baseline to final visit. Group A
(good visual outcomes)—eyes with gain of 10 letters or
more; Group B (worse visual outcomes)—eyes with loss of
15 letter or worse.

Treatment protocol

The treatment protocol from 2008 to 2013 recommended
three loading doses of ranibizumab followed by pro-re-nata
(PRN) regimen. This was changed in 2013 after introduc-
tion of aflibercept in the NHS for treatment of neovascular
AMD. This treatment protocol is currently followed as well
and recommended three loading doses followed by
8 weekly fixed dosing until week 40 when the patients
could be transferred to a treat and extend regimen. The treat
and extend regimen allowed visits to be extended at
2–4 weekly intervals and reduced by 2 weeks in case of
reactivation. When patients were injected at 12 weekly
intervals for three consecutive visits without any evidence
of reactivation, they could be referred to a stable AMD
retinal clinic where they would be monitored 8–12 weekly
with VA and OCT measurements. If they show any signs of
activation, the patients are reinitiated on a treat and extend
regimen. Some patients may receive a PRN dosing
according to clinician discretion

Outcome measures

The primary outcome measure was change in VA over 10
years of treatment. Secondary outcome measures included,
the percentage of patients with Snellen equivalent BCVA of
20/40 or better in the study eye and patients with 20/70 or
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better in the study eye as measured with standardized
ETDRS vision testing, percentage of eyes with disease
quiescence (defined as dry scan on OCT), change in total
retinal thickness at fovea, percentage of eyes with foveal
atrophy, area of central atrophy at final visit, comparative
analysis between Group A and Group B. Change in ETDRS
letter score was calculated between the baseline and final
visit for each patient individually.

Image analysis

Images (SD-OCT, CFP, and FA) were graded by two retinal
physicians (SC and DM). Main anatomic outcomes for the
purpose of this study included the presence of fluid
(intraretinal or subretinal), total retinal thickness at fovea on
SD-OCT, presence and size of MA on CFP both at baseline
and final visit. The presence and type of leakage on FA was
documented at baseline only.

Definition of total retinal thickness at fovea

The total retinal thickness included the sum of retinal
thickness, subretinal fluid, and subretinal tissue in the central
subfield. It was measured in microns at the foveal center.

Determination of macular atrophy

MA was defined on CFP (50 degrees Topcon color fundus
photo) as one or more discrete areas of the loss of retinal
pigment epithelium, within the macular vascular arcades of
≥250 µm with a color and thickness change relative to the
surrounding retina, and more prominent visualization of the
choroidal vessels [9]. Foveal MA was defined as area of MA
involving a circle of 500 µm radius centered at the fovea.
Nonfoveal MA was defined as areas of atrophy that did not
meet the definition of foveal MA. Trained graders outlined the
perimeter of all qualifying MA lesions using the freehand

Fig. 1 Consort diagram—

retrospective nonrandomized
cohort study.
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drawing tool in ImageJ (NIH, Bethesda, MD). If multiple MA
lesions existed, they were traced separately and summed.

Statistical analysis

Data were collected from the electronic medical records and
entered manually onto an excel sheet. Data were analyzed
using SPSS Statistics for Windows, Version 24.0. Armonk,
NY: IBM Corp. Shapiro–Wilk test was used to check for
normality of the data and the data were found to be
not normally distributed. Wilcoxon signed rank test was
used to compare means at baseline and final follow-up.
Mann–Whitney U-test was used for comparisons between
Group A and Group B. Chi-square test was used to explore
differences in proportions among categorical data in inde-
pendent groups. A p value of <0.05 was considered statis-
tically significant.

Results

Study population and baseline characteristics

The study cohort consisted of 149 eyes of 149 patients. The
mean age in years was 74.5 (±7.8) and almost two-third of
the cohort was female. Seventy-five percent of patients were
Caucasians. The mean duration of follow-up was 3667.4
(±15) days or 10.04 (range, 10–10.08) years.

Baseline FA were available for 147 eyes. Nearly all FAs
(91.3%) showed presence of leakage with the predominant
lesion type being occult (40.4%), followed by minimally
classic (38.2%) and least common was a classic type leak
(19.1%). Retinal angiomatous proliferation was diagnosed
in three eyes and there were no eyes with polypoidal
choroidal vasculopathy in this cohort. There were seven
eyes where due to poor image quality it was difficult to
assess the presence and type of leakage. These eyes were
graded as questionable.

Mean VA at baseline was 59.5 (±13.1) ETDRS letters.
Baseline mean foveal thickness was 298.7 (±87.9) μm. All
the eyes showed presence of fluid (intraretinal or subretinal
or both) at baseline. Fifteen eyes had atrophy at baseline (11
nonfoveal and 4 foveal) and the mean area of atrophy was
0.11 mm2.

Vision outcomes

As shown in Table 1, mean change in VA from baseline in
ETDRS letters in the whole cohort was −2.1 letters (SD
19.9, p= 0.65). One hundred eyes (67.1%) of 149 study
eyes achieved a VA threshold of 20/70 or better. Good
vision defined as final BCVA of 20/40 or better was
observed in 50 (33.5%) eyes. Twenty eyes (14%) were

legally blind in the study eye, defined as final BCVA of 20/
200 or worse. One hundred and fourteen eyes (76.5%)
maintained VA defined as less than 15 letters loss from
baseline.

A gain of more than 10 letters was noted in 37 (24.8%)
eyes as against 41 eyes (27.5%) that lost more than 10
letters. Decline of 15 letters or more was seen in 23.5% eyes
of which, 16 (10.7%) eyes showed marked drop in VA of
30 or more letter decrease. The change in VA in ETDRS
letters was calculated individually for each patient and the
data are shown in the form of a waterfall chart (Fig. 2). The
values ranged from a maximum gain of 45 letters to a
maximum loss of 66 letters.

Injection outcomes

The total number of anti-VEGF injections received from the
initiation of therapy was calculated individually for each
eye. The mean number of injections received over the entire
period of follow-up was 52.2 (±18.1), ranging from 15 to 98
injections for the entire cohort. One hundred and thirty-one
eyes (87.9%) received ranibizumab injection followed by
switch to aflibercept. Three eyes received all the three drugs
(bevacizumab, ranibizumab, and aflibercept). Only 11 eyes
(7.4%) that were injected with ranibizumab monotherapy
over 10 years. The remaining four eyes received various
combinations of the three anti-VEGF agents. Eyes receiving
more than the mean of 52 injections had a mean final VA of
58.0 (±19.5) letters and those receiving less than 52 injec-
tions had a final VA of 56.9 (±16.2). The difference
between the two was not statistically significant (p= 0.70).

Table 1 Vision outcomes for all eyes at baseline and at 10-year
follow-up.

Outcome Baseline At 10-year
follow-up

p value

Visual acuity score, letters Snellen equivalent, no. (%)

N= 149 N= 149

83–97, 20/12–20/20 3 (2) 3 (2) 1

68–82, 20/25–20/40 55 (36.9) 47 (31.5) 0.39

53–67, 20/50–20/80 56 (37.5) 50 (33.6) 0.54

38–52, 20/100–20/160 20 (13.4) 28 (18.8) 0.27

37–18, 20/200–20/400 15 (10) 18 (12) 0.71

<17, <20/400 0 (0) 2 (2) 0.16

Mean letters (SD) 59.5 (13.1) 57.4 (17.8) 0.57

Mean change in visual
acuity (SD)

−2.1 (19.9)

Change in visual acuity score, from baseline, letters, no. (%)

15 letter change

>15 increase 29 (19.5)

5–14 increase 34 (22.8)

<4 change 26 (17.5)

5–14 decrease 25 (16.7)

15–29 decrease 19 (12.8)

>30 decrease 16 (10.7)
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Anatomic outcomes

SD-OCT scans were available for all patients at baseline
and final follow-up. The OCT scans were evaluated for total
retinal thickness at fovea (in microns) and presence of fluid
(Table 1). The mean foveal thickness at final follow-up was
206.9 (±54.9) μm, a decrease of 91.7 (±106.3) μm from
baseline (p= 0.0001). While comparing the presence of any
fluid (intraretinal/subretinal) on SD-OCT, all 149 eyes
(100%) had fluid at baseline which reduced to 52 eyes
(34.9%) at final visit (p= 0.0001). Twenty-four eyes had
intraretinal fluid only, 20 eyes had subretinal fluid alone and
8 eyes had both. Color fundus photographs showed increase
in number of eyes with foveal atrophy from 4 (2.7%) at
baseline to 22 (14.8%) at final visit (p= 0.0001). Of these
22 eyes that had foveal atrophy t 10 years, 4 eyes had
subfoveal atrophy at baseline, and 8 eyes had nonfoveal
atrophy at baseline that expanded to involve the fovea by
final visit. New onset subfoveal atrophy was seen in 10
(6.7%) eyes. Additionally, the number of eyes with non-
foveal atrophy increased from 11 (7.4%) at baseline to 43
(28.9%) eyes at final follow-up. The proportion of eyes with
any form of atrophy at final visit was 43.6%. The total area
of subfoveal atrophic lesion at final follow-up was
4.15 mm2, an increase from 0.11 mm2 at baseline. This
increase was statistically significant (p= 0.0001). Sub-
retinal fibrosis was seen in 9 eyes at baseline that increased
to 44 (29.5%) eyes at final follow-up.

Comparative analysis between Group A and Group B

The cohort was divided on the basis of change in VA
(ETDRS letters) into group with good outcomes (gain of 10
letters or better), Group A (n= 37) and worse outcomes
(loss of 15 letters or worse), Group B (n= 35). The visual
and anatomic outcomes of the two groups are shown in
Table 2. The difference in means of baseline VA between

the groups was statistically significant with patient in
Group A having better baseline vision than those in the
Group B (p= 0.0001). The mean age and mean number of
injections were almost similar in both groups (p value 0.56
and 0.28, respectively). Among the morphological out-
comes the final mean foveal thickness and change in foveal
thickness from baseline between the two groups was not
statistically significant (p value 0.16 and 0.96, respec-
tively). The presence of fluid (both IRF and SRF) was not
significantly different between the two groups (p= 0.12).
However, there were significantly more eyes with foveal
atrophy in the worse outcome group (p= 0.0001). In
accordance with this, there were more eyes without atrophy
(23) in Group A than (10) Group B (p= 0.01). At baseline
there was no statistically significant difference in mean
atrophy area between the two groups. However, the mean
area of final atrophy was more in Group B at 8.5 (±5.5)
mm2 versus 2.5 (±4.2) mm2 (p= 0.004). Thus, worse
visual outcomes significantly correlated with better base-
line VA, presence of foveal atrophy at final visit and
increased area of atrophy at final visit.

Cohort with incomplete data

The mean VA of eyes with incomplete follow-up per year
was also analyzed. The mean VA at baseline and final visit
per year is shown in Table 3. The mean change in VA in
this cohort per year varied with maximal VA loss observed
in the group that discontinued in year 3–6, VA gains noted
in 1–2 years, and stable VA from year 7 onwards.

Safety outcomes

This study did not look at safety concerns as an outcome.
However the 1-year endophthalmitis rate as documented by
internal audits was 1:4000 for intravitreal injections in our
hospital.

Fig. 2 Chart showing the letter
change in VA per patient from
baseline to final visit.
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Discussion

This study was conducted to determine the 10-year real-
world outcomes of patients initiated on anti-VEGF agents
and is still adhering to the treatment regimens and mon-
itoring in a hospital care setting, perhaps highlighting the
cohort of patients that most benefited from this intensive
and challenging therapy. As clinical trials do not extend for
such long periods, this study provides an insight into the
course of treated neovascular AMD in the real-world sce-
nario at 10 years. The treatment regimens with anti-VEGF
have changed over this long period. Although all patients
are still initiated on a loading phase of three injections, the
treatment regimens have changed from PRN ranibizumab
therapy to a fixed dosing aflibercept therapy, which is then
weaned off to a treat and extend protocol.

The primary outcome measure for this study was the
change in VA from baseline in treatment naive patients.
Based on the aforementioned interventions and regimens,
the mean change in VA was −2.1 letters. The outcomes
suggest that a significant portion of patients on follow-up
remained stable over 10 years. Two-thirds (67.1%) of the
cohort had VA of 20/70 or better with one-third of patients
(33.5%) having a good vision of 20/40 or better after a

decade of therapy. These results were in accordance with the
SEVEN-UP study that reported a VA of 20/70 or better in
one-third of patients and a quarter of patients with VA 20/40
or better at the end of a 7.3 year follow-up [6]. However,
these patients continue to remain at risk of visual decline due
to persistent disease activity, even in the later stages of the
disease thereby, necessitating the need for continued anti-
VEGF therapy. About 14% patients were legally blind in the
study eye with a final VA of 20/200 or worse.

The overall decline in vision however, was higher (8.2
letters) in the SEVEN-UP study. This discrepancy could be
explained by the differences in baseline characteristics of the
cohort in our study versus those in the SEVEN-UP study. The
mean baseline VA in letters was lower in the SEVEN-UP
study (54.3 letters) than our study (59.5 letters). Moreover, the
eyes in the worse VA groups of 20/200 or worse at baseline
were as high as 36.9 % in SEVEN-UP as against 10% in our
cohort. Patient heterogeneity may also play a role as most of
the patients in SEVEN-UP study were nonwhite vis-à-vis our
cohort with 75% Caucasian population. The healthcare sys-
tems also prove to contribute to final visual outcomes [7].
Treatment is free at the point of care in the NHS.

On OCT imaging, almost two-thirds of eyes had a dry
macula at final follow-up. The mean final retinal thickness
was also significantly thinner than the baseline. These
findings indicate that a dry retina is an achievable end point
over an extended period of treatment and regular follow-up.
However, increase in MA is almost inevitable with 6.7%
eyes having new onset atrophy and 43.7% eyes having
increase in atrophy at final visit. All these factors contribute
to poor final visual outcome with a mean loss in VA letters
even with protocol-directed management. Increased area of
MA and presence of subfoveal MA has been previously
shown to negatively impact the final VA [6].

Overall mean number of injections received was 52.2
over a period of 10 years. Previous studies on long-term

Table 3 Visual outcomes for patients lost to follow-up per year over
10 years.

Year patient lost
to follow-up

No. of
patients

VA at baseline VA at final visit

Mean (SD) Mean (SD)

1st 0 55.5 (10.2) 73.1 (12.3)

2nd 98 61.0 (11.8) 85.3 (7.9)

3rd 48 70.2 (17.1) 65.9 (14.5)

4th 32 62.8 (12.4) 53.7 (11.3)

5th 5 70.1 (15.1) 62.2 (11.7)

6th 13 61.9 (9.8) 44.3 (10.8)

7th 21 59.3 (15.3) 57.0 (14.4)

8th 4 58.7 (10.6) 55.8 (16.9)

9th 23 57.5 (9.9) 54.7 (16.9)

Table 2 Morphological outcomes for Group A (gain of 10 or more
letters) versus Group B (loss of 15 or more letters).

Outcome Group A (n= 37) Group B (n= 35) p value

Baseline visual acuity ETDRS letters

Mean (SD) 71.4 (10.5) 66.6 (8.84) 0.00001

Age (years)

Mean (SD) 73.7 (8.2) 74.7 (8.1) 0.56

Mean no. of injections

Mean (SD) 48.2 (17.8) 53.4 (19.2) 0.28

Final total thickness at fovea, mm

Mean (SD) 220.5 (56.5) 197.4 (56.1) 0.16

Mean change (SD) −82.0 (90.6) −88.7 (85.1) 0.96

Final fluid on optical coherence tomography; no. (%)

Absent 20 (54.0) 26 (74.3) 0.12

Present 17 (45.9) 9 (25.7)

IRF 10 (27.0) 5 (14.3) 0.87

SRF 7 (18.9) 4 (11.4)

Final geographic atrophy; no. (%)

Absent 23 (62.2) 10 (28.6) 0.01

Present

Nonfoveal 13 (35.1) 6 (17.1)

Foveal 0 (0) 17 (48.6) 0.0001

Unknown/missing 1 (2.7) 2 (5.7)

Final area of lesion, mm2

Mean (SD) 2.5 (4.2) 8.5 (5.5) 0.004

Mean change (SD) 2.5 (4.2) 8.3 (5.3) 0.004
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outcomes at 1, 2, 5, and 7 years have all shown the reduced
effectiveness of anti-VEGF agents in clinical practice and
most reports have attributed these results to the reduced
number of injections over time [5, 6, 10–13]. Qin et al. in
their study on long-term outcomes of exudative AMD
treatment have attributed the variable results to the differ-
ences in frequency and regularity of anti-VEGF treatment
[14]. The extended CATT study and the VIEW 1 extension
study concluded a direct association between the number of
injections and final VA with more number of injections
resulting in better VA outcomes [15].

In our cohort, the eyes that lost vision received more
injections when compared to the eyes that gained VA letters.
The eyes in worse VA group had statistically insignificant
higher number of injections but also had significantly higher
proportions of foveal atrophy and larger final area of
atrophic lesion. These findings indicate that despite protocol
driven treatment regimens over years, the natural history of
the disease of MA does influence VA. The IVAN study
concluded a definite relation between the development of
geographic atrophy and the dosing regimen of anti-VEGF
injections. At the end of 2 years, the risk of developing
geographic atrophy was reported as 34% with monthly
injections versus 26% with PRN administration [16]. In the
CATT trial as well, the area of atrophy at end of 2 years was
21.1% versus 11.5% in the PRN group [17]. The HARBOR
study group also concluded that presence of subretinal fluid
decreased the risk for developing geographic atrophy so
aggressive regimens to dry the retina should be avoided,
indirectly indicating that fewer injections aid in avoiding
final geographic atrophy [18]. The question of whether in the
long-term higher anti-VEGF therapy contributes to devel-
opment of or increase in area of MA remains unanswered
[19]. However, this study shows that benefits of anti-VEGF
therapy outweigh risks of MA in most patients in the cohort.

Another finding of interest while comparing the two
groups was the baseline VA. Baseline VA was a statistically
significant factor contributing to final visual outcome with
gainers having higher baseline VA. Baseline VA thus
according to our results is an additional determinant of final
VA outcome. This result, however, is in contrast to the phe-
nomenon of ceiling effect wherein higher baseline VA lessens
the estimated gain in VA [13]. However, ceiling effect is only
applicable to eyes that has limited potential for improvement.
This study highlights that eyes with presenting VA below the
mean of 52 letters have less potential for improvement and
may already have permanent structural changes that are not
identifiable with current imaging devices. Patient factor could
also play a role with patients having better baseline VA being
motivated to preserve VA thereby compliant to regular
treatments and attending regular follow-up visits.

The other findings that were observed in the comparative
analysis between the groups were the absence of effect of

age at diagnosis on final VA. Among the morphological
outcomes, the percentage of eyes with dry retina was higher
in the worse outcome group. In the present scenario of OCT
directed therapy management, it is interesting to see that a
dry retina did not have a significant bearing on the final
visual outcome. On the contrary, the results indicate other-
wise with dry retina being associated with greater VA loss.

The strengths of this study include that it is the first report
of a 10-year outcome in the UK NHS system where cost of
drug does not influence outcome. The AURA study showed
that anti-VEGF services run in the UK are one of the best
services in the world with patients being monitored regularly
with ETDRS vision testing and OCT. Also the treatment
regimens are protocol driven [13]. Therefore, these study
results, although inferior to clinical trial settings, are as robust
as possible. To eliminate confounders, only treatment naive
eyes were included in the study. The selection of patients was
done in a systematic manner accounting for each patient, with
recording of numbers lost to follow-up per year.

The limitations are that the study is retrospective and the
study only included patients who were on follow-up for 10
years representing a best cared population. The retention rate
was good with 244 patients lost to follow-up over 10 years.
The VA outcomes of the excluded patients at each year of exit
show the well reported pattern of initial VA gains followed by
a decline after two years [20, 21]. However, selection bias is
inevitable in real-world outcome studies. Not all data were
available but LOCF was not done to avoid skewed results as
this is a long-term study. Moreover, the VA measurements
were done in the clinical scenario using ETDRS letters and
could be considered as a limitation. FA are not done routinely
at regular intervals after initiation of treatment and re-
treatment is based on OCT and VA only. As these patients are
the first group of patients initiated on anti-VEGF therapy,
Moorfields Eye Hospital was still developing the service and
fast-track services were in its infancy. Therefore the present-
ing vision may be lower than that of the patients presenting to
clinic with neovascular AMD today.

In conclusion, the current study strongly suggests that by
10 years, in patients with neovascular AMD, good VA
outcomes can be achieved and maintained with anti-VEGF
therapy in clinical practice. The VA outcomes are influ-
enced by baseline VA and final MA as the natural course of
the disease continues to progress.

Summary

What was known before

● Anti-VEGF injections in clinical trial setting offer
patients with nAMD previously unachievable improve-
ment in vision.
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● Eyes with exudative AMD continue to remain at risk
even in the late stages of therapeutic course.

What this study adds

● Current study strongly suggests that by 10 years, in
patients with neovascular AMD, good VA outcomes can
be achieved and maintained with anti-VEGF therapy in
clinical practice.

● The VA outcomes are influenced by baseline VA and
final MA as the natural course of the disease continues
to progress.
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