
Hujanen P, et al. BMJ Open Ophth 2023;8:e001328. doi:10.1136/bmjophth-2023-001328 1

Original research

Ten- year real- world outcomes of 
antivascular endothelial growth factor 
therapy in neovascular age- related 
macular degeneration using pro re 
nata regimen

Pekko Hujanen,1,2 Heikki Ruha,1,2 Eemil Lehtonen,1,2 Inka Pirinen,1,2 Heini Huhtala,3 
Anu Vaajanen,2 Ulla Syvänen,1 Anja Tuulonen,1 Hannele Uusitalo- Järvinen    1,2

To cite: Hujanen P, Ruha H, 
Lehtonen E, et al.  Ten- year 
real- world outcomes of 
antivascular endothelial 
growth factor therapy in 
neovascular age- related 
macular degeneration 
using pro re nata regimen. 
BMJ Open Ophthalmology 
2023;8:e001328. doi:10.1136/
bmjophth-2023-001328

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http:// dx. doi. 
org/ 10. 1136/ bmjophth- 2023- 
001328).

Received 1 May 2023
Accepted 1 August 2023

1Tays Eye Centre, Tampere 
University Hospital, Tampere, 
Finland
2Faculty of Medicine and Health 
Technology, Tampere University, 
Tampere, Finland
3Faculty of Social Sciences, 
Tampere University, Tampere, 
Finland

Correspondence to
Dr Hannele Uusitalo- Järvinen;  
hannele. uusitalo- jarvinen@ 
pirha. fi

© Author(s) (or their 
employer(s)) 2023. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Background/aims To analyse long- term outcomes of 
antivascular endothelial growth factor (anti- VEGF) therapy 
for the treatment of neovascular age- related macular 
degeneration (nAMD) using pro re nata (PRN) regimen in a 
single- centre clinical practice.
Methods All patients receiving intravitreal injection (IVI) 
for nAMD between 1 January 2008 and 31 December 
2020 were searched from electronic medical records. 
All 3844 treatment- naïve eyes of 3008 patients were 
included with a total of 50 146 IVIs (87% bevacizumab) 
administered. Main outcome measures were mean change 
in visual acuity (VA) from baseline, proportion of eyes 
within 15 letters of baseline, proportion of eyes with VA 
≥20/40 Snellen and ≤20/200 Snellen, number of annual 
visits and number of annual IVIs.
Results The mean baseline VA was 55 Early Treatment 
Diabetic Retinopathy Study (ETDRS) letters and the mean 
change in VA from baseline was +2, +2, ±0, –2, −2 and 
−4 ETDRS letters at year 1, 2, 3, 5, 7 and 10, respectively. 
Proportions of eyes within 15 letters of baseline were 88%, 
87%, 82%, 80%, 76% and 72% at the end of years 1, 2, 3, 
5, 7 and 10, respectively. The median number of annual IVI
was 6 at years 1–7 and 5 at year 10. The median number
of annual total visits was 10 at year 1, 9 at years 2–7 and
8 at year 10, respectively.
Conclusions VA was maintained short- term and long- 
term with anti- VEGF therapy using PRN treatment regimen.

INTRODUCTION
The efficacy of antivascular endothelial 
growth factors (anti- VEGFs) in neovascular 
age- related macular degeneration (nAMD) 
has been clearly demonstrated in randomised 
clinical trials (RCTs).1 2 In the pivotal RCTs, 
fixed monthly ranibizumab and bevacizumab 
injections, as well as fixed bimonthly afliber-
cept (after the first 3 monthly injections) 
resulted in visual acuity (VA) gain of 6–11 
Early Treatment Diabetic Retinopathy Study 
(ETDRS) letters at 2 years.3–6

In real- world, the fixed treatment regimens 
cause a substantial burden on patients and 
caregivers and may also lead to unnecessary 
treatments. To overcome these challenges, 
more flexible regimens such as pro re nata 
(PRN) and treat- and- extend (T&E) have 
been developed. Generally, the aim of the 
PRN regimen is to decrease the number of 
potentially unnecessary injections, whereas 
T&E regimen aims to decrease the number of 
potentially unnecessary clinic visits. However, 
both PRN and T&E regimens have their 
own shortcomings. PRN regimen requires 
monthly visits while T&E may lead to unnec-
essary injections and become complicated to 
implement in case of bilateral nAMD.

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ Short- term efficacy of antivascular endothelial

growth factor (anti- VEGF) therapy in neovascular
age- related macular degeneration (nAMD) using
fixed, pro re nata (PRN) and Treat and Extend reg-
imens has been clearly demonstrated in several
randomised clinical trials. However, long- term out-
comes of anti- VEGF therapy have been scarcely
reported.

WHAT THIS STUDY ADDS
⇒ This study evaluates 10- year outcomes of anti- VEGF 

therapy for nAMD using PRN treatment regimen in
real- world clinical practice. The study demonstrates
that visual acuity was maintained up to 10 years
with a median of 6 annual intravitreal injections and
3–4 annual non- injection visits.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY
⇒ The present study demonstrates that visual acuity

can be maintained long- term with anti- VEGF therapy 
using PRN treatment regimen in real- world clinical
practice.
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A Cochrane review including 15 RCTs and investigating 
the effects of fixed monthly, PRN and T&E treatment 
regimens in newly diagnosed nAMD showed +8 letters 
mean change in VA in fixed monthly regimen at 1 year.2 
Compared with fixed monthly regimen, the mean differ-
ence in VA change for the standard PRN regimen was 
−1.7 letters favouring monthly injections, and the mean
difference in VA change for T&E regimen was +0.5
letters. Since the Cochrane review, the first and only RCT
to date, comparing directly the efficacy of T&E and PRN
regimens for nAMD was released.7 This RCT found that
T&E ranibizumab were non- inferior to PRN in treatment
naïve nAMD at 12 months (+6.4 vs +8.0 letters in T&E vs
PRN arms, respectively).7

Regardless of treatment regimen, the challenge lies in 
the applicability of RCT outcomes in real- life settings. The 
outcomes in ideal and selected RCT settings differ from 
the outcomes in real- world practices which include more 
diverse patients with extensive comorbidities compared 
with the tight and selected RCT samples. Real- world data 
(RWD) are required for the assessment of everyday effec-
tiveness of anti- VEGF therapy. In addition, RWD provide 
an opportunity to assess long- term outcomes compared 
with relatively short- term RCTs and when comparing 
outcomes between volume- based fee for- service systems 
and value- based systems.8

The present study describes 10- year outcomes of nAMD 
treated eyes with anti- VEGF intravitreal injections (IVIs) 
in routine clinical practice using PRN treatment regimen.

MATERIALS AND METHODS
This is a single- centre, retrospective study conducted in 
Tays Eye Centre, Tampere University Hospital, Finland, 
which is responsible for organising all public eye care 
services for 500 000 inhabitants living in Pirkanmaa Well- 
being Service County. The study was approved by the 
Tays Research Services (number R21519/2021) and was 
conducted in accordance with the Declaration of Helsinki. 
As patient identifiers were removed completely after 
the data collection, the ethics committee of Pirkanmaa 
Hospital District determined that formal ethics approval 
was not required. Patients or the public were not involved 
in the design, or conduct, or reporting of our research.

The anti- VEGF treatment protocol followed a PRN 
regimen initiating treatment with a loading dose of 3 
monthly anti- VEGF IVIs, after which the outcome was 
assessed. In case of inadequate therapeutic response or 
disease reactivation, treatment was continued with cycles 
of three injections. The treatment criterion was VA ≥0.1 
and active disease. Patients were discharged to home 
monitoring after inactive disease period of 6–12 months. 
Nevertheless, treating ophthalmologists were allowed to 
deviate from the protocol based on their own clinical 
judgement.

Over the follow- up years 2008–2020, the treatment 
protocol underwent several changes. First, injection 
and/or monitoring visits occurred every 6–8 weeks until 
November 2011, and then every 4–6 weeks thereafter. 

Second, the majority of IVIs were administered by nurses 
instead of physicians starting in 2010. Third, bevacizumab 
was introduced in 2009 and was the most used anti- VEGF 
agent from 2009 to 2020. Finally, aflibercept was intro-
duced in 2014 and the practise of dividing aflibercept vial 
into three pre- filled syringes initiated in 2016, allowing 
for a greater number of injections at a lower cost.9

The electronic medical records (EMRs) of Tays Eye 
Centre were searched for all patients with an ICD- 10 
code for nAMD (H35.31 in International Classification of 
Diseases, 10th revision) and ≥1 code for intravitreal injec-
tion (CKD05) between 1 January 2008 and 31 December 
2020. The study was restricted to treatment- naïve eyes. 
Exclusion criteria were treatment initiation before 2008, 
anti- VEGF injection for other reasons than nAMD, and 
use of laser photocoagulation, photodynamic therapy 
or intravitreal steroids. Eyes without baseline VA were 
excluded from visual outcome analysis. Eyes that started 
treatment in 2020 were excluded from 1- year lost to 
follow- up analysis, and eyes that started treatment in 
2019–2020 were excluded from 2- year lost to follow- up 
analysis. Corresponding exclusions were applied to the 3, 
5, 7 and 10- year lost to follow- up analyses.

Data collected from EMR included age, gender, VA at 
the time of diagnosis and during follow- up visits, dates 
of IVIs and monitoring visits, the anti- VEGF compound 
used and date of death. The data were collected from 
the date of nAMD diagnosis until the end of treatment 
and/or monitoring, or until 31 December 2020. VA was 
measured using Snellen chart and refraction, habitual 
correction, pinhole or a combination, or by using Nidek 
AR‐360A autorefractometer (Nidek Co., LTD, Gama-
gori, Aichi, Japan) since 2011. Snellen VA was converted 
into ETDRS letters using the formula 85+50*log(Snellen 
fraction).10 Very low VA measurements were analysed by 
substituting counting fingers with 3 ETDRS letters, hand 
movements with two letters and light perception with one 
letter.11

If both eyes were diagnosed with nAMD on the same day, 
the eye labelled as the first eye and the second eye were 
randomly selected. The data were manually collected and 
meticulously checked for manual input errors during the 
data analysis period. In addition, a systematic screening 
for input errors and missing data was executed before 
statistical analysis. All eyes, the first and second treated 
eyes were analysed separately to describe data as compre-
hensively as possible without leaving anything out (online 
supplemental tables 1–4).

In accordance with the International Consortium for 
Health Outcomes Measurement (ICHOM) recommen-
dations,12 the outcome measures included the mean 
change in VA from baseline, proportion of eyes gaining 
≥5 letters, and proportion of eyes with stable vision 
(within 15 letters of baseline), VA ≥20/40 Snellen and 
VA ≤20/200 Snellen. Furthermore, outcome measures 
included baseline characteristics such as age, gender and 
mean baseline VA, as well as the number of annual visits 
and the number of annual IVIs for each treatment year. 

https://dx.doi.org/10.1136/bmjophth-2023-001328
https://dx.doi.org/10.1136/bmjophth-2023-001328


3Hujanen P, et al. BMJ Open Ophth 2023;8:e001328. doi:10.1136/bmjophth-2023-001328

Open access

The study also recorded the rate of second eye involve-
ment, the rates and reasons for ending treatment, as well 
as losses of follow- up and the number of different anti- 
VEGF compounds used.

All statistical analyses were conducted using SPSS V.27 
(IBM Corp., Armonk, New York, USA). One- way analysis 
of covariance (ANCOVA) was conducted with VA change 
as the dependent variable and 10 or more IVIs in the first 
treatment year group (0/1) as the independent variable. 
Baseline VA was included as a covariate in the analysis 
to account for its potential influence on VA change. A p 
value of ≤0.05 was considered statistically significant.

Snellen VA values were converted into ETDRS letters 
and treated as a continuous variable. To account for 
missing VA data, Last- Observation- Carried- Forward 
(LOCF) analysis was used (online supplemental table 6). 
When VA data were not available at the time of decision 
for treatment, the baseline VA was imputed from a prior 
visit within 1 month.

RESULTS
The study included 3844 eyes of 3008 patients with 
nAMD, of whom 836 (28%) had second eye involvement 
during the study period. Baseline demographics are 
summarised in table 1 for all treated eyes and in online 
supplemental table 1 for the first and second treated eyes. 
The overall median baseline age for all treated eyes was 
80 years with 69% female patients. Sixty- four eyes (1.7%) 
had unknown baseline VA and were excluded from VA 
outcome analysis. The remaining 3780 eyes had mean 

baseline VA (SD) of 55 (±20) letters for all treated eyes, 
54 (±21) letters for the first and 59 (±19) letters for the 
second eye involved (online supplemental table 1). The 
mean baseline VA was higher for those who continued 
treatment for more than 1 year (table 1, online supple-
mental tables 1 and 2).

Of 50 146 IVIs administered, bevacizumab was used in 
43 394 (87%), ranibizumab in 813 (2%) and aflibercept 
in 5850 (12%) injections.

Changes of VA from baseline at 1, 2, 3, 5, 7 and 10 
years were analysed for eyes that completed respective 
follow- up time. The mean increase in VA from baseline 
was +2 letter at year 1, where after it gradually declined 
to the baseline level at year 3 and to –4 letters at year 10 
(figure 1A). The mean change of VA from baseline was 
slightly better in the first treated eye compared with the 
second treated eye (online supplemental table 2).

To study the role of baseline VA on visual outcomes, 
mean change in VA was evaluated in subgroups of eyes 
with baseline VA of ≤35, 36–59, 60–69 and ≥70 ETDRS 
letters. The largest benefit was seen in patients with low 
baseline VAs (figure 1B).

The proportion of eyes with good baseline VA (VA ≥70 
ETDRS letters) increased at year 1 following a gradual 
decline to baseline level at year 10. Proportion of eyes 
with poor VA (VA ≤35 ETDRS letters) decreased from 
baseline to year 1 and remained at the same level up to 7 
years where after it increased back to the baseline level by 
year 10 (figure 1B).

Table 1 Baseline characteristics of patients and eyes

Baseline

Patients and eyes with completed follow- up years

1 2 3 5 7 10

Patients, n 3008 1964 1219 797 349 158 33

Age, years

 Median 80 79 79 78 77 77 77

 IQR 74–85 74–84 73–84 73–83 72–81 72–81 73–81

 Range 50–101 52–101 52–97 54–97 54–93 56–92 60–92

Females, n 2032 1342 822 543 240 111 23

 % 68 68 67 68 69 70 70

All eyes, n 3844 2553 1615 1055 469 194 43

Baseline VA, mean 55 59 61 62 63 62 61

 SD 20 17 16 16 14 16 16

Eyes with VA ≤35 
ETDRS letters, n

452 142 66 40 11 7 2

 % 12 6 4 4 2 4 5

Eyes with VA ≥70 
ETDRS letters,† n

744 773 403 281 133 56 12

 % 20 22 25 27 28 29 28

*Snellen equivalent ≤20/200 Snellen.
†Snellen equivalent ≥20/40 Snellen.
ETDRS, Early Treatment Diabetic Retinopathy Study; VA, visual acuity.
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Figure 1 Change in visual acuity from baseline in patients with nAMD treated with anti- VEGF therapy. The graphs shows 
visual acuity at 1, 2, 3, 5, 7 and 10 years (solid lane) after the anti- VEGF treatment was started (A). The baseline visual acuity 
(dotted line) is shown in each follow- up point for eyes which completed the respective follow- up time. Change in acuity in 
ETDRS letters is boxed above the lines and number of eyes is reported below the x- axis (A). Change in visual acuity stratified 
by baseline visual acuity and proportion of eyes with VA ≤35, 36–<60, 60–<70 and ≥70 ETDRS letters at years 1, 2, 3, 5, 7 
and 10 (B). Anti- VEGF, antivascular endothelial growth factor; ETDRS, Early Treatment Diabetic Retinopathy Study; nAMD, 
neovascular age- related macular degeneration; VA, visual acuity.
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Proportion of eyes gaining ≥5 letters and eyes with stable 
vision (within 15 letters of baseline) at 1, 2, 3, 5, 7 and 10 
years were analysed for eyes that completed respective 
follow- up time. Results are illustrated in table 2.

We also analysed visual outcomes in a subgroup of 
eyes with ≥10 annual IVIs at treatment year 1 (n=62). In 
this subgroup, the mean change in VA appeared to be 
better: +6, +7, +7, +8 and +1 letters at years 1, 2, 3, 5 and 
7 compared with +2, +2, ±0, –2 and −2 in all eyes respec-
tively. The baseline VA for the eyes completing 1- year, 
2- year, 3- year, 5- year and 7- year follow- up and receiving
≥10 injections during first treatment year was 57 (n=62),
58 (n=45), 57 (n=31), 56 (n=17) and 56 (n=9 eyes)
whereas baseline for all eyes completing 1- year, 2- year,
3- year, 5- year and 7- year follow- up was 59, 61, 62, 63 and
62. After adjusting the effect of baseline VA, the change
in mean VA at year 1, 2, 3, 5 and 7 was not statistically
significant between the eyes receiving ≥10 IVIs compared
with eyes receiving <10 IVIs during the first treatment
year using one- way ANCOVA (F 0.01–3.35 [df 1], p=0.07–
0.92).

The number of annual intravitreal anti- VEGF injec-
tions and non- injection visits at 1, 2, 3, 5, 7 and 10 years 
are described in table 3. There was a shift towards higher 
frequency of treatments during the study period as the 
median annual number of IVIs administered during the 
first year increased gradually from 5 in 2008 to 7 in 2017–
2019 and the frequency annual of non- injection visits 
during first treatment year increased from 3 in 2008–2011 

to 4 in 2012–2019, respectively (online supplemental 
tables 3 and 4).

To find out if higher number of injections leads to 
a better VA outcome during long- term treatment, we 
decided to compare our outcomes to other studies 
with 7- year and 10- year follow- up.13–19 Mean cumulative 
number of injections, baseline VA, final VA and change 
in VA from baseline with Pearson correlates are shown in 
table 4. A positive correlation with cumulative number of 
injections and VA change from baseline as well as final VA 
was observed. Although correlation appeared to be clear, 
especially with 10- year follow- up studies, no statistical 
significance was observed (p=0.14–0.97, two- tail sig.).

Percentages of eyes lost to follow- up were 26%, 47%, 
61%, 76%, 86% and 92% by the treatment years 1, 2, 
3, 5, 7 and 10, respectively (online supplemental tables 
1–5). Total of 2559 eyes were lost to follow- up, of which 
1121 eyes (44%) due to poor treatment result, 662 eyes 
(26%) due to inactivation of disease, 251 eyes (10%) due 
to poor general health, 221 eyes (9%) due to other or 
unknown reason, 187 eyes (7%) due to patient declined 
treatment and 117 eyes (5%) due to patient death within 
1 month of last visit.

DISCUSSION
This retrospective study including all IVI treated eyes in 
Tays Eye Centre in 2008–2020 shows that the anti- VEGF 
treatment for nAMD using PRN regimen and mostly 

Table 2 Eyes with stable vision (visual loss >15 letters) and gain of ≥5 letters

Patients and eyes with completed follow- up years

1 2 3 5 7 10

n (%) n (%) n (%) n (%) n (%) n (%)

Eyes with stable vision 2243 (88) 1402 (87) 866 (82) 377 (80) 148 (76) 31(72)

Eyes gaining ≥5 letters 967 (38) 610 (38) 362 (34) 152 (32) 69 (36) 16 (37)

Eyes total 2553 1615 1055 470 194 43

Table 3 Median number (MD) of annual and mean number of cumulative intravitreal anti- VEGF injections and non- injection 
visits stratified by year completed

Patients and eyes with completed follow- up years

1 2 3 5 7 10

MD (IQR) MD (IQR) MD (IQR) MD (IQR) MD (IQR) MD (IQR)

Intravitreal injections/
year

6 (5–8) 6 (3–7) 6 (3–7) 6 (4–7) 6 (3–7) 5 (2–7)

Visits/year 4 (3–4) 3 (2–4) 3 (2–4) 3 (2–4) 3 (2–4) 3 (2–4)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Cumulative IVI count 6.2 (2.1) 12 (4.1) 17 (5.7) 28 (8.9) 39 (12) 54 (17)
Cumulative visit 
count†

3.8 (1.2) 7.0 (2.0) 10 (2.6) 16 (3.9) 22 (4.8) 29 (5.6)

*At the end of each year.
†Non- injection visit.
anti- VEGF, antivascular endothelial growth factor; IVI, intravitreal injection.
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bevacizumab (87%) stabilised VA for 10 years in real- life 
setting in patients not lost to follow- up.

Although VA was maintained, the initial gain in VA 
observed in our study was lower than that reported 
in clinical trials with fixed monthly treatment and/or 
monitoring.11 20 However, the short- term visual outcome 
was in accordance with several previous real- life studies 
with similar number of yearly IVIs at year 116 20–26 and 
at year 2.26–28 Real- world studies with higher total injec-
tion count at year 1 (≥7 injections)23 29 and year 2 (≥13 
injections)23 30 31 have yielded slightly higher visual gains. 
However, not only the injection frequency but also the 
baseline characteristics of study population may affect 
the VA outcomes. In the studies with higher injection 
frequency, the baseline VA was lower compared with our 
study, which may have contributed to larger VA gains.

In our study, there was no statistically significant differ-
ence in VA gain between the eyes that received ≥10 IVI 
and those that received <10 IVI during the first treatment 
year after adjusting for the effect of baseline VA. This may 
suggest that some eyes gain VA with less frequent injec-
tions while some eyes need more frequent injections. 
Using PRN treatment regimen with frequent visits it is 
possible to find the eyes which need more frequent injec-
tions. This is in accordance with other studies, where 
PRN was non- inferior compared with fixed treatment 
regimen.2

The baseline VA is known to correlate negatively with 
the gains in VA due to ceiling effect which has been 

shown in several previous analyses.14 21 23 25 32 To address 
this issue, the ICHOM working group suggested evalu-
ating the proportion of eyes with stable, poor and good 
vision. The LUMINOUS study22 reported that 89% of 
eyes retained stable vision (<15 letter visual loss from 
baseline) at year 1 using ranibizumab, while Liew et al21 
reported that 91% of eyes retained stable vision at year 
1. Arnold et al30 reported that 91% of eyes avoided ≥15
letter vision loss at year 2. These findings are consis-
tent with our study, which found that 88% and 87% of
eyes retained stable vision at years 1 and 2, respectively.
Furthermore, Arnold et al30 reported that the proportion
of eyes with good VA (VA ≥20/40 Snellen) increased from 
27% at baseline to 45% at year 2 and the proportion of
eyes with poor VA (VA ≤20/200 Snellen) decreased from
13% at baseline to 11% at year 2. In contrast to these
results, we found an increase in proportion of good VA
from 25% at baseline to 32% at year 2 and an increase in
the proportion of eyes with poor VA from 4% at baseline
to 5% at year 2.

The use of proportions of eyes with stable, poor or 
good vision as a benchmark has certain limitations. First, 
there may be substantial variations in treatment proto-
cols, resulting in skewed distributions of eyes with good 
and poor VA at baseline. For instance, the inclusion 
criteria for treatment may be more stringent in some 
clinics, leading to a lower proportion of eyes with poor 
VA at baseline, as is the case in our study. Second, the loss 
of eyes to follow- up may drastically skew the distribution; 

Table 4 Real- world studies with 7- year or 10- year follow- up with correlation of mean number of total injections given, 
baseline visual acuity, final visual acuity and change in visual acuity

Baseline VA (ETDRS 
letters, mean)

Mean change in VA 
(ETDRS letters, mean)

Mean total number of 
injections

Final VA (ETDRS 
letters, mean)

Studies with 7- year follow- up

 This study, 7- year follow- up (n=194) 62 –1.8 38.9 60.2

 Rofagha et al13 SEVEN- UP (n=65) 54.3 –8.6 34.6 45.7

 Gillies et al14 (n=131) 61 –2.7 36 58.3

 Berg et al15 (n=40) 62.6 –0.9 45 61.7

 Westborg et al16 (n=322) 54.3 –1 21.4 53.3

 Brynskov et al17 (n=288) 63 –3.3 30.9 59.7

 Pearson correlate 0.18† 0.43*

 P value (two- tail sig.) 0.97 0.40

Studies with 10- year follow- up

 This study, 10- year follow- up (n=43) 61 –4.3 53.8 56.7

 Gillies et al18 2019 ANZ (n=132) 60.7 –0.9 53 59.8

 Gillies et al 2019 SWI (n=37) 61.6 –14.9 42 46.7

 Chandra et al19 (n=149) 59.5 –2.1 52.2 57.4

 Brynskov et al17 (n=74) 61.5 –5 42.9 56.5

 Pearson correlate 0.76* 0.72†

 P value (two- tail sig.) 0.14 0.17

*Pearson correlation of mean change in VA and mean total number of injections.
†Pearson correlation of final VA and mean total number of injections.
ANZ, New Zealand; ETDRS, Early Treatment Diabetic Retinopathy Study; SWI, Switzerland; VA, visual acuity.
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for example, if eyes with the worst VA are released from 
routine check- ups, the distribution may be skewed 
towards eyes with better vision. The ICHOM criteria do 
not provide recommendations on how to statistically 
manage the effect of lost eyes when benchmarking visual 
outcomes.

No long- term RCT data are available for treatment 
outcomes with ≥5 years of follow- up. However, several 
real- world studies with long follow- up time have been 
published recently. Gillies et al14 reported +0.7 letter 
change from baseline VA of 60 letters, Chandra et al33 
reported −2.9 letter change from baseline VA of 58 letters 
with mean of 24 injections and Zhu et al34 reported −2.4 
letter change from baseline VA of 54 letters with mean of 
31 injections at year 5. These findings are similar to ours 
with −2 letter change from baseline VA of 63 letters with 
mean of 28 injections at year 5.

A recent review of 5- year nAMD treatment outcomes 
showed a positive correlation between number of injec-
tions administered and VA change from baseline.35 When 
we analysed outcomes from our study and other 7- year 
and 10- year follow- up studies, we also found a positive 
correlation between cumulative number of injections and 
final VA and change in VA from baseline, although this 
finding did not reach statistical significance due to small 
number of studies with ≥7- year follow- up. There were 
two 10- year studies, with similar number injection (42.9 
vs 42) and baseline VA (61.5 vs 61.6), but significantly 
different outcomes (−5 letters vs −14.9 letters). The study 
with more consistent injection rate with mean of 5.4 
injections in the first year followed by 4.0–4.3 injections/
year demonstrated better VA outcome compared with 
study with median of 6 injections in the first year followed 
by 2–3 injection/year in years 2–7 and 3–5 injection/year 
in years 8–10. This indicates that VA is maintained more 
likely if injections are given evenly.

Drop- out percentage was high in our study as observed 
in other real- world studies. There is no clear consensus 
how to address missing data especially when comparing 
interventions.11 Treatment outcomes may be skewed 
if complete case analysis is used and patients who do 
better are enriched in analysis when patients with poor 
treatment result are removed from data. Differences in 
treatment protocols between clinics may explain differ-
ences in drop- out rates reported in real- world studies, for 
example, treatment and patient observation can carry 
on longer with poor VA in some clinics, whereas treat-
ment would be stopped in other clinics with same VA 
and patient is thus lost to follow- up. Protocols also differ 
in how long patients are observed after inactivation of 
disease.

The strength of this real- world study is to transparently 
expose all our long- term outcomes of nAMD treatments to 
be compared with other RWD sets. Since Tays Eye Centre 
is the only clinic providing nAMD treatment for popula-
tion living in hospital serving area, the study population 
is highly non- selected in terms of comorbidities, age and 
socioeconomic status, and represent mainly Caucasian 

population. Treatment protocol has remained PRN over 
the follow- up time. It is extremely important to clearly 
report the number and reasons of dropouts to enable 
and promote comparisons of all outcomes between units 
and countries. Therefore, the baseline features of 1- year, 
2- year, 3- year, 5- year, 7- year and 10- year completers were
described separately. The data were manually collected
and rigorously checked for input errors to make data as
robust as possible.

Limitations of this report are related to the nature of 
any real- world settings like high drop- out rates and selec-
tion bias of patients with longer follow- up time which are 
obviously related to the high median age (80 years) of 
the treated patients. There were only 43 eyes with the 
10- year follow- up (8% of those able to complete this
follow- up), which may affect the generalisability of the
10- year VA outcomes. VA at end of observed year was
generated using LOCF method and therefore observa-
tions may slightly overestimate VA since the trend of VA
is generally declining over time. Not all baseline patient
characteristics recommended by ICHOM working group
were collected to enable assessment of baseline risk
factors such as smoking status, VA in both eyes, type of
macular degeneration, presence of geographic atrophy,
subretinal fibrosis or pigment epithelial detachment and
ocular comorbidities.

Overall, VA gains were most beneficial in eyes with 
lower baseline VA and mean VA was maintained long- term 
with PRN regimen if patient adherence was sufficient. 
Further investigation is needed to define optimal real- 
world treatment regimen which is personalised to patient 
baseline characteristics. Additionally, there is a need to 
address and develop statistical methods to analyse RWD 
as well as reporting protocols to promote (inter)national 
comparability of outcomes, especially with increase of 
continuous structured data collection using electronic 
health records.8 36
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