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Purpose: To compare and report the 2-year treatment outcomes from 3 different anti-VEGF 
treatment regimens in treating neovascular aged-related macular degeneration (nAMD): 
Ranibizumab pro re nata (Ranibizumab-PRN); Ranibizumab treat and extend (Ranibizumab- 
T&E); Aflibercept fixed first year dosing (7 injections) with treat and extend in 
subsequent year (Aflibercept-Fixed).
Methods: All treatment-naïve nAMD patients who completed 24 months of monitoring 
from a single treatment center were included. Patients received the initial loading dose of 
three injections (4-weekly interval), followed by one of the 3 treatment regimens. Primary 
outcomes were changes in visual acuity (VA) and central retinal thickness (CRT). Secondary 
outcome was number of injections required in each year. Data analysis included last 
observation carried forward (LOCF) for patients with incomplete year-2 follow-up.
Results: A total of 249 eyes (230 patients) were studied: 121 Ranibizumab-PRN; 65 
Ranibizumab-T&E, and 63 Aflibercept-Fixed. Baseline median VA (ETDRS letters) for 
Ranibizumab-PRN, Ranibizumab-T&E, and Aflibercept-Fixed was 53.9, 61.1, and 54.9 letters, 
achieving final VA of 54.9, 65.1, and 65.1 letters, respectively. Hence, the number of letters 
increased at the end of 24 months for each group was +1.0 (Ranibizumab-PRN), +4.0 
(Ranibizumab-T&E), highest +10.2 in Aflibercept-Fixed group. Median number of injections 
over 2 years (year-1/year-2) was 5/1 for Ranibizumab-PRN, 9/6 for Ranibizumab-T&E, and 7/5 
for Aflibercept-Fixed. Both Ranibizumab-T&E and Aflibercept-Fixed also shared the same 
reduction of median CRT (115 µm), higher than Ranibizumab-PRN (83 µm).
Conclusion: We report VA improvement from all three different treatment regimens with 
both Aflibercept-Fixed and Ranibizumab-T&E regimens achieving the same higher final VA. 
Aflibercept-Fixed dosing may have more favorable efficacy with the highest VA gain and 
comparatively lower dosing frequency whereas Ranibizumab-T&E may be more efficient 
than Ranibizumab-PRN regimen, according to our study.
Keywords: AMD, Ranibizumab, Aflibercept, protocols, PRN, treat & extend

Plain Language Summary
Frequent monthly injections in the eyes as an out-patient procedure have been the mainstay 
for treating active wet age-related macular degeneration (nAMD) world-wide. However, 
there is increasing wider adaption of different treatment schedules (away from monthly 
injections) to meet the efficacy and the increasing local AMD service demand. It has been 
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uncertain and confusing regarding which treatment regimen deli-
vers best efficacy and vision outcomes. We compared two 
licensed injection drugs (Ranibizumab and Aflibercept) and 
three commonly adapted injection treatment regimens (“As- 
Required regimen”, “Fixed-dosing interval regimen”, and “Treat- 
and-Extend” regimen). This is the first such informative compar-
ison reporting the relevant visual outcomes and injection fre-
quency, confirming relative superiority and efficacy of the three 
treatment regimens. Our cohort of longer term (2 years) results in 
a real-world practice could further aid clinicians to consolidate 
decisions in choosing a best-suited treatment regimen for indivi-
dual patients during consultation.

Introduction
Age-related macular degeneration is the commonest cause of 
registered blindness affecting the elderly population in the 
western world.1 Since the introduction of several licensed 
intravitreal anti-vascular endothelial growth factor (anti- 
VEGF) agents as the frontline treatment for neovascular age- 
related macular degeneration (nAMD), many patients have 
unequivocally benefited with extended years of preserved or 
improved useful vision.2,3 While the significant visual 
improvement was clearly welcomed by patients, the short- 
acting efficacy of anti-VEGF agents has demanded very 
frequent treatments and assessments in order to prevent 
vision loss. Indeed, the original clinical trials (MARINA 
and ANCHOR) recommended monthly intravitreal injec-
tions of Ranibizumab for the first treatment year to achieve 
the clinical benefits.2,3 As clinical trials rarely reflect the 
complexity of clinical practice, alternative dosing regimens 
have been rapidly modified and adopted in real-world clinical 
practices to meet the heavy treatment burden by reducing the 
numbers of injections, clinic review visits, whilst achieving 
similar visual gain. Clinical trials such as the PrONTO study 
on Ranibizumab demonstrated the efficacy of a variable dos-
ing regimen (PRN, pro re nata) approach based on disease 
activity as an alternative to the monthly dosing regimen.4 

Subsequently, a “Treat and Extend” (T&E) approach also 
gained popularity in terms of efficacy compared to PRN 
approach.5,6 The latest treatment regimen modification was 
based on VIEW 1 and 2 studies confirming non-inferiority of 
Aflibercept fixed dose regimen in comparison with monthly 
Ranibizumab.7 As the differences at molecular level and 
mechanisms of actions of the few available anti-VEGF 
agents have been well studied, this knowledge 
helps clinicians to further relate and understand the differ-
ences in clinical effectiveness of each agent, from many 
published clinical studies.8

In the majority of clinical practices, patients with 
newly diagnosed nAMD often receive an initial loading 
phase of three-monthly anti-VEGF injections. Thereafter, 
there are three different commonly modified treatment 
regimens in follow-up plan: firstly, the PRN approach 
advocates retreatment only when there is evidence of dis-
ease activity; secondly, the T&E regimen aims to continue 
injections despite disease inactivity, but dosing interval 
increases with time; thirdly, fixed dosing of 2 monthly 
injections, regardless of disease activity in the first year.

Since 2016, our tertiary eye treatment center have made 
available all three different anti-VEGF treatment regimens 
to patients with newly diagnosed nAMD using the two 
NICE-approved anti-VEGF agents: Ranibizumab-PRN, 
Ranibizumab-T&E, and Aflibercept-Fixed dosing. Herein, 
we present the related clinical outcomes of these patients 
with 2-year follow-up period. To the best of our knowledge, 
this is the first study based on a single treatment center 
providing a direct comparison of all three commonly applied 
nAMD treatment regimens, offering the relevance of real- 
world clinical experience of a long follow-up period.

Methods
We conducted a retrospective data collection of all treat-
ment-naïve nAMD patients who commenced intravitreal 
anti-VEGF injections between December 2015 and 
December 2016 at Sandwell and West Birmingham hospi-
tals NHS Trust, UK. Data capturing was based on electro-
nic medical notes (Medisoft Ltd, Leeds, UK) which 
included demographic information, the primary outcome 
measures of visual acuity (VA) and central retinal thick-
ness (CRT) and secondary outcome measure was number 
of injections per year.

Best-corrected visual acuity was measured with 
LogMAR or Snellen visual acuity charts. Spectral- 
domain optical coherence tomography (OCT, 3D-OCT 
2000, Topcon, Tokyo) was performed at every clinic 
visit, fundus fluorescein angiography was undertaken to 
confirm the initial nAMD diagnosis. Patients who met 
NICE guidelines for treatment were informed of the 
three treatment regimens and proceeded to informed con-
sent for their treatment regimen preference or based on 
clinician’s decision if patients had no preference.

We studied the two commonly used intravitreal anti- 
VEGF agents for nAMD treatment as per NICE guidelines: 
Ranibizumab 0.5 mg (Genentech Inc, South Sand Francisco, 
California, USA, licensed in 2008) and Aflibercept 4 mg 
(Bayer Pharma, Berlin, Germany licensed in 2013). All 
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intravitreal injections were performed with aseptic technique 
in dedicated sterile rooms as out-patient procedures.

Protocols for Treatment Regimens
Figure 1 is a flow-diagram detailing our three study 
protocols: Ranibizumab-PRN, Ranibizumab-T&E, and 
Aflibercept-Fixed dosing and their related clinic review 
plans in keeping with our local departmental guidelines 
at that time. All protocols followed the initial loading- 
phase of three doses of monthly intravitreal injections. 
Thereafter, protocols differ in injection intervals by PRN 
(advocates retreatment only for disease activity with 
close monthly clinic review), or T&E (continues 

injections despite disease inactivity, but increasing or 
decreasing injection intervals commonly by 2 weeks 
depending on disease activity), or fixed dosing (follows 
a specified pattern of 2 monthly injections regardless of 
disease activity or inactivity).

Ranibizumab PRN protocol: commenced with three 
intravitreal Ranibizumab 0.5 mg monthly injections (loading 
doses), first reassessment was 4 weeks post- last injection. 
Further 2 or 3 injections (4 weekly) at doctor’s discretion 
were planned if there was evidence of disease activity (macu-
lar hemorrhage, intra-retinal fluid (IRF), or sub-retinal fluid 
(SRF)). Review interval was extended by 2 weeks for each 
episode of disease inactivity confirmed in assessment clinic.

Figure 1 Summary flow chart depicting the local guidelines for the three different treatment protocols at the time of audit: Ranibizumab-PRN, Ranibizumab T&E, and 
Aflibercept-Fixed dosing. 
Abbreviations: VA, visual acuity; FFA, fundus fluorescein angiography; OCT, optical coherence tomography; PRN, pro re nata; T&E, treat and extend; IVI, intravitreal 
injection; IRF, intraretinal fluid; SRF, subretinal fluid.
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Ranibizumab T&E protocol: commenced with three 
intravitreal injections of Ranibizumab 0.5 mg at 4-weekly 
interval (loading doses) with incorporation of “One-stop 
injection assessment clinic” plan where pre-injection VA/ 
tonometry/OCT were performed on the same day of each 
planned injection. The first “One Stop” clinic module 
started on the day of the 3rd intravitreal injection (end of 
loading phase). A clinician remotely reviewing the “One- 
stop clinic” results made the decision for re-injection inter-
val.. Injection interval was maintained at 4-weekly interval 
if there was evidence of persistent active disease. Injection 
interval was increased by 2 weeks with each episode of 
disease inactivity. Patients continued with 2-weekly inter-
val extension of injections up to 12-week-interval, after 
which assessment without injections would be planned if 
inactivity phase remained. Re-injection of 4-weekly inter-
val would be resumed at any stage with evidence of dis-
ease reactivation, and “T&E” module reapplied. All 
patients had an opportunity to have a “proper” face-to- 
face appointment with a clinician every 6 months.

Aflibercept Fixed protocol: commenced with three 
intravitreal injections of Aflibercept at 4-weekly interval 
(loading doses), followed by further four injections 2 
monthly over the first treatment year (equivalent to receiv-
ing 7 fixed injections in the first year). In the second year, 
patients were treated with Aflibercept as per the same 
T&E protocol detailed previously. Clinic review/assess-
ment was planned 2 monthly.

Our local departmental policy was to discharge patients 
who had not received any injection for the last 12 months 
either because of disease stability or deemed no further 
treatment benefit gain due to establishment of irreversible 
structural fovea damage/scarring.

Ethics and Statistical Analysis
This retrospective cohort was conducted at Birmingham & 
Midland Eye Centre, Birmingham, United Kingdom with 
the ethical approval from the Institutional Review Board 
(Sandwell and West Birmingham Research and 
Development review board) in accordance with the 
“Good Clinical Practice” regulations in the United 
Kingdom and adhered to the tenets of the Declaration of 
Helsinki. Informed written consents were obtained from 
all patients for investigations and treatment procedures, as 
part of the routine and standard clinical care in our real- 
world clinical practice. All statistical analyses were per-
formed using Microsoft Excel Professional Plus 2016 

(Microsoft Corporation, Redmond, WA, USA) or IBM 
SPSS software (SPSS Inc., Chicago, IL, USA). All VA 
measurements, Snellen and logMAR (logarithm of the 
minimum angle of resolution) units were converted into 
ETDRS (Early Treatment Diabetic Retinopathy Study) 
letter score for statistical analysis.

Distribution of data sets was evaluated using the 
Shapiro–Wilk test. All normally distributed data were 
represented as mean ± standard deviation (SD) and non- 
normally distributed data were expressed as median [inter-
quartile range (IQR)].

Difference in the cohort average VA and CRT for each 
of the 3 groups was compared using a Mann–Whitney 
U-test. Difference in average VA within each cohort at 
different time points was compared using the Wilcoxon 
signed rank test.

Last observation carried forward (LOCF) analysis was 
performed in our study in order to reduce attrition bias. 
LOCF was a concept used in other published literature of 
similar interest where the last recorded episode of VA and 
CRT (in Year-2, before 24-month in our study) was applied in 
final data analyses for patients who had incomplete Year-2 
data due to missed last follow-up visits for various reasons.9

Results
We identified a total of 261 eyes, 241 patients, newly 
diagnosed with nAMD who commenced intravitreal anti- 
VEGF treatment between December 2015 and 
December 2016. Having excluded patients who did not 
complete the initial anti-VEGF loading phase and early 
exit of treatment protocols (in Year-1), this cohort included 
249 eyes of 230 patients with mean age balanced across all 
three groups: 79.9 ± 8.8 years in Ranibizumab-PRN, 79.7 
± 7.4 years in Ranibizumab-T&E, and 79.0 ± 7.1 years in 
Aflibercept-Fixed group.

Figure 2 depicts distribution of patient numbers in each 
three treatment protocols: a total of 121 eyes (114 patients) 
in Ranibizumab-PRN group, 65 eyes (60 patients) in 
Ranibizumab-T&E, and 63 eyes (56 patients) in 
Aflibercept-Fixed group. The chart also showed the pro-
portion of patients who had completed the 2-year follow- 
up and those who missed the last follow-up clinics 
accounting for LOCF numbers of each subgroup: 49/121 
eyes (40%) in PRN Ranibizumab-PRN, 13/65 eyes (20%) 
in Ranibizumab-T&E, and 11/63 eyes (17%) in 
Aflibercept-Fixed group.
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Visual Acuity Analysis
Table 1A shows visual acuity results of each treatment group at 
various time points leading to 24 months. Ranibizumab-PRN 
and Aflibercept-Fixed groups shared a similar low baseline 
median VA (ETDRS letters) of 53.9 letters and 54.9 letters 
respectively, whilst baseline VA for Ranibizumab-T&E was 
higher: 61.1 letters. However, at 24 months, Ranibizumab- 
PRN group failed to achieve gaining only +1 letter, whereas 
Aflibercept-Fixed and Ranibizumab-T&E groups, although 
they started off from different baseline VA, had managed to 
achieve the same final VA of 65.1 letters (Figure 3A). Hence 
concluding Aflibercept-Fixed had the highest VA gain of +10.2 
letters compared to +4.0 letters gain by Ranibizumab-T&E 
group.

Table 1B shows subgroup VA analyses giving the 
opportunity to compare the true VA results in patients 
who had completed full 24-months follow-up against the 
results inclusive of LOCF. The sub-analysis on final VA 
was notably different in Ranibizumab-PRN group only 
where there was an increase of +4.7 letters in “analysis- 
without-LOCF” versus +1 letters in the “cohort analysis 
inclusive of LOCF”. There was no such difference 
observed in either Ranibizumab-T&E nor Aflibercept- 
Fixed sub-analysis, proportionated to the smaller LOCF 
numbers in these two groups.

Anatomical Outcomes
All three treatment protocols showed a significant reduc-
tion of median CRT over 24 months from baseline 349 µm 

to 266 µm in Ranibizumab-PRN, 380 µm to 265 µm in 
Ranibizumab-T&E, and 352 µm to 237 µm in Aflibercept 
group (Figure 3B). Aflibercept-Fixed achieved better final 
CRT as compared to the other groups.

Figure 4A shows proportions of patients achieving 
different visual strata of interest for each treatment group 
at different time points. At the post-loading visit, the 
proportion of patients that achieved the best visual stratum 
(≥75 letters, Snellen equivalent of 6/9 or better) had 
increased in all groups to 14.7% (Ranibizumab-PRN), 
27.4% (Ranibizumab-T&N), and 25.8% (Aflibercept- 
Fixed), which was similar to the 24 month result of 
15.7%, 29.2%, and 22.2% respectively. The worse visual 
strata (<25 letters) was involved in all three groups at 24 
months but was not in the initial baseline of Ranibizumab- 
T&E and Aflibercept-Fixed groups.

The largest percentage of patients gaining ≥15 letters at 
24-months was in Aflibercept-Fixed group (27.0%), com-
pared to 21.5% in Ranibizumab-T&E, and 15.7% in 
Ranibizumab-PRN. In contrast, Ranibizumab-T&E group 
had the lowest percentage of patients losing ≥15 letters at 
24 months (12.3%) compared to the Aflibercept-Fixed 
(19.0%) and Ranibizumab-PRN (19.8%) groups (Figure 4B).

Treatment Exposure
Figure 5 recorded the mean number of injections performed 
for each treatment group over 24 months: lowest total of 6 in 
Ranibizumab-PRN, highest 15 in Ranibizumab-PRN, and 12 
in Aflibercept-Fixed group. Sub-analysis per year showed 
Ranibizumab-T&E group required 9 [IQR 8–10] injections 

Figure 2 Flow diagram detailing patient recruitment numbers for the three different treatment regimens in terms of patients completing 2-year follow-up and patients of last 
observation carried forward (LOCF). 
Abbreviations: nAMD, neovascular age-macular degeneration; PRN, pro re nata; T&E, treat and extend; FU, follow-up; LOCF, last observation carried forward.
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in Year-1, 6 [IQR 3–8] in Year-2; Aflibercept-Fixed group 
had 7 [IQR 7–7] injections in Year-1, 5 [IQR 3–7] in Year-2, 
and Ranibizumab-PRN group had significantly less: 5 [IQR 
3–7] injections in year-1, only 1 [IQR 0–5] injection in 
Year-2.

Discussion
The published clinical outcomes on modified treatment 
regimens are commonly based on either PRN or T&E 
treatment regimens.4–6 Recently, several real-world studies 
comparing regimens10–13 and comparing different anti- 
VEGF14,15 have also been published. The heterogeneity 
and diversity of these studies complicate results’ 

comparison and interpretation, especially when published 
data were generated from multiple institutes10,14 with very 
varied treatment access and at different time points.11–13,15

Our cohort provided direct comparative results of three 
different anti-VEGF treatment regimens for nAMD 
patients based on a single-center real-world clinical prac-
tice. We report VA improvement from all three different 
treatment regimens with Aflibercept-Fixed-dosing and 
Ranibizumab-T&E regimens achieving similar VA-gain 
superior to Ranibizumab-PRN regimen. However, 
Aflibercept-Fixed-dosing was comparatively more effi-
cient in dosing frequency compared to Ranibizumab- 
T&E. Interestingly, although they started with different 

Table 1 Evaluation of Visual Acuity Over 24 Months of the Three Treatment Protocols: Ranibizumab-PRN; Ranibizumab-T&E, and 
Aflibercept-Fixed

(A) Changes in Median ETDRS Letter Score and Vision-Gain for Each Treatment Protocol at Different Time-Points Over 24- 
Months

Median ETDRS Letter Score (IQR)

Baseline Post-Loading 6-Months 12-Months 18- 
Months

24-Months

Ranibizumab  

PRN

53.9  

(35.0–65.1)

54.9  

(35.0–70.0)

54.9  

(35.0–70.0)

54.9  

(35.0–70.0)

54.9  

(35.0–70.0)

54.9  

(34.0–70.0)

VA-gain from baseline +1 letter +1 letter +1 letter +1 letter +1 letter

Ranibizumab  

T&E

61.1  

(46.1–70.0)

65.1  

(53.0–75.1)

65.1  

(46.1–76.2)

69.9  

(51.0–76.0)

65.1  

(54.9–75.2)

65.1  

(49.0–76.2)

VA gain from baseline +4 letters +4 letters +8.8 letters +4 letters +4 letters

Aflibercept  
Fixed

54.9  
(45.0–67.0)

61.1  
(48.0–75.0)

61.1  
(46.0–75.0)

61.1  
(49.0–74.0)

61.1  
(45.0–75.0)

65.1  
(40.0–72.0)

VA gain from baseline +6.2 letters +6.2 letters +6.2 letters +6.2 letters +10.2 letters

(B) Comparison of Changes in Median ETDRS Letter Score for Sub-Groups: Patients Completed 24-Months Follow-Up versus 
Cohort Total Inclusive of Last Observation Carried Forward Analysis (LOCF)

Median ETDRS Letter Score

Number of Eyes Baseline Post- 

Loading

6 Months 12 

Months

18 

Months

24 Months

Ranibizumab  

PRN

Analysis included LOCF 121 53.9 54.9 54.9 54.9 54.9 54.9

Analysis without LOCF 72 54.9 61.1 54.9 61.1 59.6 59.6

Ranibizumab  
T&E

Analysis included LOCF 65 61.1 65.1 65.1 69.9 65.1 65.1

Analysis without LOCF 52 61.1 68.2 65.1 69.9 65.1 65.1

Aflibercept  

Fixed

Analysis included LOCF 63 54.9 61.1 61.1 61.1 61.1 65.1

Analysis without LOCF 52 57.5 62.9 61.1 63.5 61.1 65.0

Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; IQR, interquartile range; PRN, pro re nata.
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baseline VA, both Aflibercept-Fixed-dosing and 
Ranibizumab-T&E regimens achieved the same level of 
VA (65 letters) at 24 months (Table 1, Figure 3A). Indeed, 
Aflibercept-Fixed-dosing had a lower baseline visual 
acuity (54.9 letters) than the Ranibizumab-T&E group 
(61.1 letters), which could account for the apparent greater 
difference in VA-gain. However, the efficacy of 
Aflibercept-Fixed-dosing cannot be denied when 
Ranibizumab-PRN group, which shared the same low 
baseline VA (with Aflibercept-Fixed), failed to achieve 
the same final VA level gaining only one letter (Table 
1A). An interesting spike of VA gain was noted in the 
Aflibercept-Fixed group at 24 months and for 
Ranibizumab-T&E group at 12 months (Figure 3A). This 
could be due to the fact that some of our retrospective VA 

“fixed-time” reading-points coincided at around 4 weeks 
post-injection (most likely within “efficacy period”) whilst 
some VA readings fell at a much longer post-injection 
period. In addition, as this was a retrospective real-world 
cohort, unconscious selection bias when initiating treat-
ment was a possibility, based on the treating clinician’s 
preference and disease category, for example Aflibercept 
might be the preferred anti-VEGF agent for treating vas-
cularized retinal pigment epithelial detachments.

Our study corroborates other real-world studies speci-
fically comparing T&E versus PRN confirming a superior 
outcome of T&E over PRN regimens.10–13 In the earlier 
years of modifying and adopting various treatment regi-
mens, PrONTO study as the extension of pivotal clinical 
trial on Ranibizumab monotherapy did demonstrate the 

Figure 3 Comparing visual acuity (VA) and central retinal thickness (CRT) changes at different time points over 24 months of three different anti-VEGF treatment protocols. 
(A) VA analysis: Aflibercept-Fixed group achieved the highest VA-gain, but shared the same final VA as Ranibizumab-T&E at 24 months. (B) CRT analysis: each group achieved 
a significant CRT reduction.
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efficacy of Ranibizumab-PRN dosing regimen based on 
disease activity, reporting slightly higher +11.1 letters VA- 
gain and average of 9.9 injections over this time at 24 
months as an alternative to the initially suggested monthly 
dosing regimen.4 Similarly, the VIEW 1 and 2 studies 
found non-inferiority of Aflibercept fixed 2-monthly dos-
ing in comparison with monthly Ranibizumab.7 The popu-
larity of T&E regimen later emerged when the TREND 
study reported noninferior results for Ranibizumab T&E 
versus monthly regimens (6.2 letters gain versus 8.1 let-
ters) at 12 months5 and in TREX-AMD study comparing 
Ranibizumab T&E versus monthly regimens which 
reported statistically insignificant greater VA gain of 
+10.5 letters vs +8.7 letters respectively at 24-months 
follow-up.6

In the large audit based on real-world Electronic- 
Medical-Record data (EMR) published by UK Aflibercept- 
Users-group from 17 centers with patients receiving 
a similar Aflibercept-fixed-dosing regimen, they reported 
significantly less VA gain of +2.8 letters at 24 months (vs 

+10.2 letters gain in our study), also achieving a lower 
final mean VA of 59.1 letters (vs +65.1 letters in our 
study).15 In comparison to injection frequency, whilst 
both studies committed to applying the same number of 
fixed dosing of 7-injections in year-1, Aflibercept UK 
EMR group reported a lower mean 3.7 injections in year- 
2 compared to our 5 injections.15 This could be due to the 
difference in Year-2 injection protocol where we kept 
a T&E approach in year-2 for Aflibercept-Fixed group 
whilst their results were based on varied Year-2 protocols 
used by 17 UK- 
centers. In summary, the comparatively favorable results 
from Aflibercept-fixed-dosing group in our cohort could 
be attributed to our lower baseline VA (hence potential 
scope of higher VA gain), and demonstrated that “Treat & 
Extend” approach in Year-2 may be a more effective path-
way in maintaining higher final visual outcome in this 
patient group.

In comparing efficacy of anti-VEGF agents, several 
real-world studies reported non-inferiority of Afilbercept 

A(i) A(ii)

A(iii) B

Figure 4 Comparison of visual acuity changes of the three different treatment protocols over 24 months. (A) Sub-analysis of four different visual strata of each group at 
different time points. (B) Comparing visual stability of each group gaining or losing ≥15 letters at 24 months.
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compared to Ranibizumab.14–16 Our cohort however 
showed both Aflibercept-Fixed and Ranibizumab-T&E 
achieved the same VA outcomes, clearly more superior 
to Ranibizumab-PRN group, suggesting that the relevance 
and importance might lie in dosing regimen rather than 
anti-VEGF choice. In particular, our Aflibercept-Fixed 
protocol had also incorporated T&E approach in Year-2 
as in the Ranibizumab-T&E protocol.

As our study is based on real-world data, it is in our 
interest to provide sub-analysis taking into account some 
“missing real-world data” to deliberate its effect on final 
results. Herein, we included separate LOCF analysis to 
compensate for missing data, thereby minimizing attrition 
bias. The impact of applying LOCF was also reported by 
Frennesson and Nilsson.9 In our cohort, the results’ differ-
ence was only evident in Ranibizumab-PRN group which 
had a significantly higher number of patients (40%) who 
ceased clinic attendance before 24 months. Sub-analysis 
on VA gain in Ranibizumab-PRN group showed a greater 
difference of +4.7 letters in patients who “completed-24- 
months” versus +1 letter gain when LOCF analysis was 
applied (Table 1B). This finding confirms a potential over- 
estimation of VA-gain without applying LOCF analysis, or 
indeed a potential under-estimation of VA gain when ana-
lysis included LOCF patients. However, we were glad to 

report no similar discrepancy in VA results in the 
Ranibizumab-T&E and the Aflibercept-Fixed dosing 
groups in sub-analyses, as the patients lost-to-follow-up 
(LOCF) in these groups were relatively few (Figure 3B). 
In our cohort analysis, we hence provided the benefits to 
readers in further understanding the impact of LOCF and 
missing data which bear closer relevance in reflecting real- 
world clinical results.

With such an array of potential treatment options, it can 
be difficult to counsel patients on choice of anti-VEGF agent 
and advise on which treatment regimen to follow. In a real- 
world clinical practice, the decision very often lies with 
patient’s preference and the capacity of the treatment center 
to deliver the chosen treatment regimen. For example, fixed- 
dosing and TE regimens have the advantage to patients with 
predictable hospital visits, whereas PRN approach limits to 
active-disease-injection only, hence avoiding the unneces-
sary risk of exposure to serious complications related to 
intravitreal injections. As the long-term benefits of intravi-
treal anti-VEGF treatment with T&E approach are increas-
ingly recognized to achieve relatively superior functional 
outcomes, it could also serve as the likely choice to meet 
treatment demand and to improve service capacity compared 
to any other treatment regimen tested. Supported by our 
cohort data, it is not a surprise that T&E concept has recently 

Figure 5 Frequency of intravitreal injections per year recorded for each treatment regimen group. 
Abbreviations: R-PRN, Ranibizumab-PRN; R-T&E, Ranibizumab-T&E; A-Fixed, Aflibercept-Fixed.
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been approved as a recognized license extension for 
Aflibercept protocol in the UK.17

Our study has some limitations. Our real-world results 
were based on retrospective data collection with no best- 
corrected visual acuity recording at each clinic visit, and 
inconsistency of VA being recorded with two different meth-
ods (Snellen and LogMAR) and later conversion to ETDRS 
letters for analysis. There would have been selection bias in 
choosing the treatment protocol as this was not randomized as 
in a clinical trial but merely based on patients’ and clinicians’ 
discretion and preference. Despite this, our cohort data were 
the first to present comparative results of three different treat-
ment regimens based on one single center providing the 
advantage of consistent results from uniform treatment proto-
cols, eliminating data variation and interpretation difficulty 
generated from multiple study centers of different time points 
using different treatment regimens.10–15

In conclusion, we compared three commonly adopted 
anti-VEGF treatment regimens for patients diagnosed with 
nAMD based on a single center clinical practice. Our 
results confirmed the better efficacy of Aflibercept-Fixed 
and Ranibizumab-T&E regimens and T&E was more effi-
cient than PRN regimen when considering Ranibizumab 
therapy. Our cohort of long-term results in a real-world 
practice could further aid clinicians to consolidate deci-
sion-making in choosing the best-suited treatment regimen 
for individual patients during consultation.
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