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Abstract  67 

 68 

Purpose: Management of neovascular age-related macular degeneration (nAMD) has evolved 69 

over the last decade with several treatment regimens and different medications. This study 70 

describes the treatment patterns and, importantly, visual outcomes over ten years in a large 71 

cohort of patients.  72 

 73 

Design: Retrospective analysis of electronic health records from 27 National Health Service 74 

(NHS) secondary care healthcare providers in the UK.  75 

 76 

Participants: Treatment-naïve patients receiving at least three intravitreal anti-vascular 77 

endothelial growth factor (VEGF) injections for nAMD in their first six months of follow-up were 78 

included. Patients with missing data for age or gender and those aged less than 55 were 79 

excluded.  80 

 81 

Methods: Eyes with at least three years of follow-up were grouped by years of treatment 82 

initiation, and three-year outcomes were compared between the groups. Data were generated 83 

during routine clinical care between 09/2008 and 12/2018.  84 

 85 

Main outcome measures: Visual acuity, number of injections, number of visits. 86 

 87 

Results: A total of 15,810 eyes of 13,705 patients receiving 194,904 injections were included. 88 

Visual acuity (VA) improved from baseline during the first year, but dropped thereafter, resulting 89 

in loss of visual gains. This trend remained consistent throughout the past decade. Although an 90 

increasing proportion of eyes remained in the driving standard, this was driven by better presenting 91 

visual acuities over the decade. The number of injections dropped substantially between the first 92 

and subsequent years, from a mean of 6.25 in year 1 to 3 in year 2 and 2.5 in year 3, without 93 

improvement over the decade. In a multivariable regression analysis, final VA improved by 0.24 94 

letters for each year since 2008, and younger age and baseline VA were significantly associated 95 

with VA at three years.  96 

 97 

Conclusion: Our findings show that despite improvement in functional VA over the years, 98 

primarily driven by improving baseline VA, patients continue to lose vision after the first year of 99 

treatment, with only marginal change over the past decade. The data suggest that these results 100 

may be related to suboptimal treatment patterns, which have not improved over the years.  101 

Rethinking treatment strategies may be warranted, possibly on a national level or through the 102 

introduction of longer-acting therapies.  103 

 104 

 105 

 106 

 107 

 108 

 109 



Age-related macular degeneration (AMD) is a leading cause of severe and irreversible vision 110 

loss in older individuals worldwide. 1 The management of neovascular age-related macular 111 

degeneration (nAMD) has evolved over the last decade following the publication of the pivotal 112 

phase 3 trials MARINA and ANCHOR in 2006. 2,3 Their findings resulted in the adoption of 113 

ranibizumab, an anti-vascular endothelial growth factor (VEGF) inhibitor that inhibits all isoforms 114 

of VEGF-A. Global use of this treatment modality has become prevalent, resulting in a 115 

significant reduction in legal blindness and visual impairment due to AMD. 4  116 

 117 

Following the VIEW phase-3 trials' publication in 2012, 5 aflibercept was added to the treatment 118 

arsenal for nAMD, along with bevacizumab,6,7 which is used off-label. Most recently, 119 

brolucizumab has been introduced as a future treatment modality. 8  120 

 121 

Along with the availability of additional medications, the past decade has seen an evolution of 122 

treatment paradigms, shifting from monthly treatment in the pivotal trials 2,3 to pro re nata 123 

(PRN),6 extended interval fixed dosing and in recent years treat-and-extend (TAE), which may 124 

or may not follow an initial year of fixed dosing. 10 This shift may have resulted in a change to 125 

the mean number of annual injections.  126 

 127 

Despite the short-term improvement in visual acuity (VA) seen in the major clinical trials, real-life 128 

studies have shown that over the long term VA tends to decline, 11–13 a trend which was also 129 

seen in extensions of major clinical trials. 14–17 Visual loss over time in patients with nAMD may 130 

be related to suboptimal dosing, 11,16 macular atrophy 14,16,18,19 or subretinal fibrosis. 16,20 131 

A previous publication by our group showed a decline in vision below baseline after two years of 132 

therapy. It demonstrated the importance of baseline VA in determining potential gains in VA and 133 

what metrics may be necessary for judging what is considered a “good outcome” of therapy. 21 134 

 135 

Although there are limited reports on long-term real-world treatment outcomes in patients with 136 

nAMD treated with anti-VEGF injections. 13,22–25, data on any change in outcomes over the years 137 

associated with the shift in treatment paradigms is lacking. 138 

 139 

This study aims to describe treatment outcomes over a time period spanning ten years of 140 

treatment of patients with nAMD with anti-VEGF inhibitors in a large cohort of patients from 27 141 

centers in the UK, to understand how treatment evolution may have affected patient outcomes. 142 

This information will help guide treatment strategies to optimize treatment delivery effectiveness 143 

and cost-effectiveness in clinical practice. 144 

 145 

METHODS 146 

 147 

Study Design and Inclusion Criteria 148 

Twenty-seven sites making extensive use of the Medisoft Electronic Medical Record (EMR) 149 
system (Medisoft Ltd, Leeds UK) to record ophthalmology treatments agreed to contribute 150 
electronic health record (EHR) data to studies of retinal diseases, including AMD. Data were 151 
recorded between 14/08/2006 and 12/12/2018. Length of follow-up varied depending on when 152 



the patient was first entered into the system and for how long the patient’s treatment and VA 153 
assessments were recorded. 154 

Population 155 

All patients recorded as receiving treatment for “neovascular AMD”, “wet age-related macular 156 
degeneration”, “age-related macular degeneration”, “suspected neovascular AMD” were 157 
included. Patients with missing data for age and gender were excluded. Patients who were not 158 
treatment-naïve at first entry into the EMR were excluded. Patients with a previous diagnosis of 159 
diabetic macular edema, proliferative diabetic retinopathy, or retinal vein occlusion at baseline 160 
were excluded from the analysis. The EMR used compulsory minimum data fields once anti-161 
VEGF treatment entry is initiated on the EMR system, hence the data-rich environment.  162 
Patients aged less than 55 years were excluded to ensure that all patients were indeed being 163 
treated for AMD. To further ascertain that only patients with AMD were included, patients who 164 
did not have at least three injections in their first six months of follow-up were excluded, as non-165 
AMD choroidal neovascularization (CNV) indications are often given as one injection followed 166 
by a PRN regimen. This was done to only include patients with loading injections, allowing for 167 
sufficient time to complete them in the case of unforeseen circumstances.  168 

 169 

Outcomes 170 

The key outcome measures extracted from the patient's EMR were: number of visits, treatment 171 
type, and ETDRS visual acuity. These cover the minimum recommended dataset outcome 172 
measures by the ICHOM group and are collected during routine clinical care, although no 173 
patient-reported outcomes are collected.26 174 

 175 

Analyses 176 

In order to assess the difference in outcomes over the years, eyes were grouped by years of 177 
treatment initiation, and three-year outcomes were compared between the groups. To that end, 178 
eyes were included if they had a follow-up of at least three years ± one month, and only this 179 
time period was compared between groups. Eyes and patients were sub-grouped according to 180 
the year when their treatment began, in groups of 2 years (i.e., 2008-2009 for eyes and patients 181 
whose treatment began during the years 2008-2009). To avoid a selection bias that may affect 182 
the results, a separate analysis was done, which included the same two-year grouping of 183 
patients without full three years of follow-up to explore if eyes lost to follow up early behave 184 
differently from those which were not. As the analysis was done to compare treatment trends 185 
over the years based on national guidelines, records prior to 1/9/2008 were excluded from that 186 
analysis, as the National Institute for Health and Care Excellence (NICE) approved the use of 187 
ranibizumab for AMD in the UK at the end of 8/2008. 188 

The baseline date was defined as the date of the first injection, and the date of the last follow-up 189 
was defined as the date of the last visual acuity (VA) measurement. Data on age (years) and 190 
ethnicity were extracted from the local patient administration system.  191 

To assess functional visual outcomes, “driving VA” and “blindness VA” were used. Driving VA 192 
was defined as visual acuity of 20/40 Snellen (70 ETDRS letters) or better, based on definitions 193 
of the Driver and Vehicle Licensing Agency (DVLA) in the UK. 27 Blindness VA was defined as 194 
20/200 Snellen (35 ETDRS letters) or worse, based on the sight impairment definitions of the 195 
UK Department of Health. 28 196 



As a metric of assessing how well the fellow eye was treated in patients with bilateral 197 
involvement, we calculated the number of times an eye which was the worse eye at the 198 
beginning of a three-year follow-up became the better eye at the end of the three-year follow-up, 199 
suggesting that the eye that initially had nAMD ended up faring better than the fellow eye. 200 
 201 
We calculated the probability of death for each individual to account for mortality during the 202 
study period using the Office of National Statistics National Life Tables UK. Gender, age at 203 
baseline, and follow-up period were considered individually. 204 

Visual acuity measurement 205 

Visual acuity was measured as a part of routine clinical practice and recorded as an Early 206 
Treatment Diabetic Retinopathy Study (ETDRS) score, Snellen, or LogMar acuity measurement. 207 
All numerical measurements were converted to an ETDRS letter score using a standard 208 
algorithm. 29  A number of eyes were recorded as having baseline vision or vision at any visit of 209 
“counting fingers” (CF), “hand movements” (HM), “light perception” (LP), or ‘no light perception’ 210 
(NLP). For the analysis, these values were changed to 0 when calculating mean ETDRS scores. 211 

Change in treatment trends over the years 212 

Since patient data was anonymized, results are presented in the study without association with 213 
specific center outcomes. To assess treatment paradigm changes in each of the centers 214 
included in the study, the mean interval (in months, defined as the number of days divided by 215 
30) between injections was calculated for each of the three treatment years for each eye. This 216 
was used to calculate the mean treatment interval for each year for each of the centers. Finally, 217 
an analysis was done for the mean monthly interval for each of the first three years of treatment, 218 
for each site, at each year from 2008.  219 

Missing data points 220 

No imputation was done for missing data. 221 

Statistical analysis 222 

To compare the different yearly cohorts' outcomes, measurements of daily mean VA were 223 
plotted for each group for all patients over three years from baseline on Loess regression curves 224 
using the Plotnine library for Python (version 0.7.0). For outcome analysis, time from baseline 225 
was calculated in days.  226 

The effect of year of treatment initiation (modeled as a continuous variable, years from 227 
01/09/2008) on visual acuity at three years was assessed using a multivariable linear regression 228 
model, adjusting for baseline visual acuity, age, and sex. Cox regression survival analyses were 229 
performed for time to the following visual outcomes: 5, 10, and 15 letter gain/loss sustained over 230 
at least two consecutive visits, from baseline visual acuity.  231 

We estimated the loss to follow-up (LTFU) which could be attributed to deaths by calculating 232 
individual mortality rates adjusted for age at year of treatment initiation and gender, using period 233 
life expectancies from UK national life tables. 30 Data analyses were done in Python (version 234 
3.7.3), using the Pandas library (version 1.0.5) 41 and in R (version 4.0.2). 31 235 

 236 

Ethical approval 237 

Signed permission to analyze anonymized data was returned from the lead clinician and 238 
Caldicott guardian (the individual responsible for data protection in a National Health Service 239 



(NHS) trust) at each participating center. The study adhered to the Declaration of Helsinki. Fully 240 
anonymized data was extracted on 13/12/2018.  241 

 242 

RESULTS 243 

A total of 52,552 eyes of 43,256 patients receiving 533,433 injections for nAMD were identified.  244 
After removing patients who received anti-VEGF treatment prior to September 2008, those that 245 
received fewer than three injections in the first six months of treatment, those with a previous 246 
retinal vein occlusion, diabetic macular edema or proliferative diabetic retinopathy, and those 247 
with fewer than three years of follow-up, 15,810 eyes of 13,705 patients, receiving 195,104 248 
injections were included in the analysis (Figure 1). Of all patients, 2,105 (15.4%) had bilateral 249 
eye involvement. Drug information was missing for 22,700 (11.6%) injections. 250 
 251 
Baseline demographic data are presented in Table 1.  252 
 253 
 254 
Comparison of outcomes over time - Two-year stratification  255 
 256 
Data on three-year outcomes of eyes for which treatment started at different year clusters is 257 
presented in Table 2. The total number of injections remained roughly the same, with a slight 258 
increase in eyes initiating treatment in 2014-2015. An analysis of the number of yearly injections 259 
revealed a significant drop in year two and an additional slight drop in year three (Figure 2).  260 
 261 
The distribution of ranibizumab and aflibercept changed over the years, from 100% of 262 
ranibizumab injections in the 2008-2009 cohort, to twice as many aflibercept injections in the 263 
2014-2015 cohort (33.7% of injections ranibizumab and 66.3% aflibercept).  264 
 265 

The ratio between visits and injections remained approximately the same, with some decrease 266 

in eyes starting treatment in 2014-2015. Both baseline and last-visit VA increased over the 267 

years. The change in mean visual acuity throughout the three-years follow-up is presented in 268 

Figure 3.  269 

 270 

The proportion of worse eyes becoming better eyes (calculated on a patient-level) was 4.1%, 271 

4.4%, 4.9%, 3.5% for each yearly cohort, respectively.  272 

 273 

To determine the effect of baseline visual acuity on the change in visual acuity over the years, 274 
baseline visual acuity was stratified and plotted for each of the cohorts (Figure 4). For baseline 275 
VA of 0-69 letters, there was a trend of vision gain followed by vision loss, with a longer period 276 
of gain for poorer baseline VA. For baseline VA of 70 letters or more, VA worsened over time. 277 
There was not much difference in the trend between the cohorts. However, eyes with baseline 278 
VA of 0-24 did significantly better if their treatment started in 2008-2009. 279 

 280 

Alternative analysis of two-year stratification without dropping eyes with insufficient follow-up 281 

A similar, separate analysis was done, which included eyes that did not have full three years of 282 
follow-up, i.e., eyes without a full three-year follow-up were not dropped (‘No-drop analysis’). 283 
(Table 1S, Figure 1S, available at http://www.aaojournal.org). As could be expected, the number 284 
of injections and visits was smaller in this analysis. The other parameters were roughly similar - 285 

http://www.aaojournal.org/


baseline and last visit VA were worse by 1-4 letters in the no-drop analysis. The visual acuity 286 
trend over time remained the same.  287 

 288 

 289 

 290 

 291 
Linear regression analysis 292 

In a univariable analysis, VA at three years improved on average by 0.51 letters for each 293 
successive year from 1st September 2008. In a multivariable analysis, the improvement was 294 
only 0.24 per year. Younger age and baseline VA were also significantly associated with better 295 
VA at three years. In a multivariable analysis, these findings remained significant. Sex was not 296 
significantly associated with a difference in VA at three years (Table 3).  297 

As better baseline visual acuity and a younger age were found to be associated with better VA 298 
at three years, a separate analysis was done to rule out a higher number of injections as the 299 
reason for these findings. While there was a small trend, there was no evidence for a 300 
substantially bigger number of injections for eyes with better baseline VA. The mean number of 301 
injections over 3 years was 8.9 ± 5.8, 10.9 ± 6, 12.1 ± 6, 12.9 ± 6, and 12.9 ± 6.2, for the 0-24, 302 
25-39, 40-54, 55-69, and 70-84 baseline VA, respectively. There was also no evidence of a 303 
higher number of injections for younger age groups. The mean number of injections over three 304 
years was 11.4 ± 7, 12.7 ± 6.8, 12.9 ± 6.9, 13.1 ± 6.5, 12.6 ± 6.2, 12.1 ± 5.9, 11.7 ± 5.7, 11 ± 305 
5.4, 11.2 ± 5.6 for consecutive age groups of five years starting at age 55 and ending at 100.  306 

 307 

Survival analyses 308 

Multivariate cox regression models showed older age and higher baseline visual acuity to be 309 
associated with a loss of 5, 10, and 15 letters (p<0.001). In contrast, younger age and poorer 310 
baseline visual acuity were associated with a gain of 5, 10, and 15 letters (p<0.001). Male sex 311 
was associated with 15-letter loss. Eyes treated more recently were slightly less likely to lose 312 
ten letters at three years (p=0.038) (Figure 5, figures 2S-9S available at 313 
http://www.aaojournal.org).  314 

 315 

Functional visual acuity outcomes - two-year cohorts 316 
 317 
Analysis of driving VA and blindness VA (as calculated on a patient-level) for each of the 318 
cohorts is presented in Table 4 and Figure 6.   319 
 320 
The proportion of patients with driving VA at baseline and last visit increased over the years, 321 
with 57% of patients having driving VA at the end of three years for patients who started 322 
treatment in 2014-2015 compared with 46.5% in those with starting year 2008-2009. There was 323 
not much difference in that proportion between baseline and last visit over the years. The 324 
proportion of patients with blindness VA at baseline decreased over the years (from 7% in 2008-325 
2009 to 4.2% in 2014-2015). Despite that, the proportion of patients with blindness VA at last 326 
follow-up decreased only marginally over the years and was always higher than that at baseline 327 
(roughly twice as much).  328 
 329 

http://www.aaojournal.org/


 330 

Treatment paradigm changes over the years  331 
 332 
The average monthly interval for each treatment year, based on the year of treatment initiation, 333 
is presented in Table 5. The monthly interval between injections remained similar for the first 334 
year of treatment over the years. There was a mild decrease in the interval over the years in the 335 
second and third years of treatment (from 4 to 3.6 months, and from 4.8 to 4.1 months, 336 
respectively). 337 
 338 
 339 
LTFU and mortality 340 
 341 
We included 38,481 patients in the LTFU and mortality analysis (8 patients were excluded from 342 
the total due to the gender being unspecified). A total of 21,376 (55.6%) patients were LTFU 343 
during the study period and mortality could have accounted for 59% of these. The LTFU during 344 
the 2018 follow-up period could be explained by deaths. Figure 10S (available at available at 345 
http://www.aaojournal.org) shows the LTFU and expected deaths distribution by follow-up 346 
period among males and females. 347 

 348 

Discussion 349 

 350 
In this study, we analyzed ten years of data to assess whether treatment patterns have changed 351 
over the years and how they affected treatment outcomes. Our results show that over time 352 
patients gained vision initially but experienced vision loss in the second and third years of 353 
treatment, a trend which did not change over time. Although more eyes ended with driving VA at 354 
three years over time, and linear regression showed a slightly higher chance of improved visual 355 
outcomes year-on-year, analysis of treatment patterns reveals that there is room for 356 
improvement. The number of injections in the second and third year remained relatively low 357 
over the last decade, likely accounting for the decrease in visual acuity over time, at least in 358 
part.  359 
 360 
Visual acuity in our overall cohort improved over most of the first year but decreased thereafter, 361 
resulting in loss of visual gains. This is also reflected in the functional VA outcomes, with the 362 
percentage of eyes with blindness VA at the end of three years decreasing only marginally. 363 
These results seem to be related to several factors.  364 
 365 
First, baseline visual acuity. As seen in Figure 4, eyes with worse baseline VA gained more 366 
vision, which was sustained over a longer period of time. This was confirmed in a Cox 367 
regression. This phenomenon was previously reported by our group. 21,32 Of interest, although 368 
Cox regression showed a higher chance of vision loss over three years of treatment, linear 369 
regression analysis indicated that eyes with better VA at baseline tended to have better final 370 
visual outcomes at three years. In contrast, eyes with worse VA at baseline, although having a 371 
higher chance of visual gain over the years, ended up with worse absolute VA at three years. 372 
This is in line with a recent publication by Ho et al., 33 which included 162,902 eyes from the 373 
American Academy of Ophthalmology’s Intelligent Research in Sight (IRIS) Registry. Eyes with 374 
better baseline VA tended to lose some vision during the two-year study follow-up time, while 375 
those with poorer baseline VA were more likely to gain vision. However, overall those with 376 
baseline VA >= 6/12 were more likely to maintain 6/12 or better VA at two years, supporting 377 
previously reported benefits of early initiation of treatment. 32,34 378 

http://www.aaojournal.org/


 379 
Anatomical changes may also explain the trend of vision loss seen in our cohort over time. 380 
Although we did not examine the effect of such changes on outcomes in this study, they were 381 
reported in several studies. In the SEVEN-UP study, poor visual outcome was mostly correlated 382 
with an increased area of macular atrophy. 16 In the IVAN trial, less than a third of eyes 383 
developed marked macular atrophy by the end of the second year, with worse VA outcomes 384 
compared to eyes without intralesional macular atrophy. 19 In the long-term follow-up extension 385 
to the CATT study, the proportion of patients with an abnormally thin retina was 22% at the end 386 
of year 2, rising to 36% at year five and the prevalence of geographic atrophy grew from 20% to 387 
41%, respectively. 14   388 
 389 
Most importantly, the reason for the decline in VA after the first year in our study might be 390 
related to the number of injections, which was lower in the second and third year consistently 391 
over the years (Table 2 Figure 2). That is despite a minor decrease in the interval between 392 
injections over the years in years 2 and 3 (Table 5). The pivotal clinical trials suggested that a 393 
much higher number of annual injections (12 in ANCHOR and MARINA trials, 2,3 7.5 in VIEW 1 394 
and VIEW 2, 5 6.3-7 in CATT (estimation based on 12.6 for ranibizumab and 14.1 for 395 
bevacizumab treatment arms at two years) may be protective against medium-term visual acuity 396 
decline on average. 35 Our results show that, consistently, the number of injections in year 1 397 
was almost optimal, partially resulting from mandatory loading injections at the beginning of that 398 
year. Indeed, the data shows that, across all centers, the mean interval between injections in 399 
that year was 1.5 months, across all time points. The number of injections halved or more in the 400 
second and third year, as reflected by the substantially longer monthly interval.  401 
 402 
While we do not believe the visual outcomes in this study are the result of a shift in the 403 
prominent anti-VEGF drug as reflected in Table 2, as ranibizumab and aflibercept have been 404 
shown to have similar efficacy,5 that shift may have resulted in a change to the treatment 405 
patterns which might have affected the number of injections. In preparing this manuscript, we 406 
first attempted to gain information on treatment patterns in the different centers by conducting a 407 
survey. Although only partial data was gained (due to difficulty in the exact recalling of treatment 408 
patterns), some patterns emerged. For ranibizumab, treatment consisted of loading injections 409 
followed by PRN, and in some centers, TAE in later years. For aflibercept (treatment with which 410 
started in 2013 following NICE approval in most centers), treatment was based on the year of 411 
treatment. In the first year, most centers would administer bimonthly injections following loading 412 
injections. In subsequent years there was a more mixed pattern, including PRN, bimonthly, and 413 
TAE. Our numbers suggest that the majority were probably treated as PRN after year 1, as 414 
bimonthly injections would have resulted in 6 monthly injections and TAE between 4-12 (based 415 
on activity). Based on the PrONTO study, we would expect about 4.5 annual injections for a 416 
PRN regimen. 9 Our analysis of the visits/injections ratio supports this assumption (Table 2). In a 417 
purely TAE treatment regimen, it would be ideally 1, as it would be in a purely monthly or bi-418 
monthly treatment regimen, while PRN would drive the number up. In reality, patients may come 419 
back for non-scheduled visits or other non-nAMD disorders, resulting in a higher ratio for TAE 420 
regimens, which is poorly reported in TAE publications. For example, a previous study reported 421 
a ratio of 1.2. 36  Although the ratio decreased over the years in our study, it is far from 1 422 
(reaching 2 for the latest cohort). The data on treatment interval over the years (Table 5) also 423 
supports this conclusion. Although some improvement was observed over the years, the mean 424 
interval is too high for optimal outcomes.  425 
 426 
Several factors might explain the decline in the number of injections over the years. First, 427 
compliance, both by the patient and by the treating clinician. It is possible that after the first year 428 
of treatment, clinicians feel less pressured to inject frequently (given the optimal results), 429 



patients may tire of the frequent injections, or both. Due to the suggested relationship between 430 
the number of injections over the years and the change in vision over that period, our results 431 
suggest that adherence to more frequent injections should be encouraged. A more uniform 432 
policy may help to achieve this goal.  433 
 434 
The low number of annual injections revealed in our study is not unique. A study by Gillies et al. 435 
reported 10-year outcomes in two cohorts with nAMD - Australia and New Zealand (ANZ) and 436 
Switzerland. 22 The median number of injections in the first three years of treatment in the ANZ 437 
cohort was 7, 4, 4, respectively, and in the Swiss cohort, it was 6, 3, and 2. Accordingly, VA 438 
remained at least five letters above the baseline level for five years in the ANZ cohort, whereas 439 
the mean VA in the Swiss cohort dropped from the baseline level during the second year and 440 
thereafter. This suggests that four injections per year may lead to better outcomes than three if 441 
all other factors were identical. However, the two populations were also treated differently (TAE 442 
in ANZ vs. PRN in Switzerland, according to the data), which, apart from other inherent 443 
differences between the populations, might explain the results. Another study, by Haddad et al., 444 
23 included 132 eyes treated for nAMD in a general ophthalmology clinic in rural France and 445 
followed up for at least five years. Of note, 97/132 eyes were previously treated. Treatment was 446 
given according to a PRN regimen following an initial loading dose. The mean number of 447 
injections for the first three years of treatment was 4.61, 2.98, and 3.14, respectively. Although 448 
exact numbers are not given, interpretation of the plot reveals that, among treatment-snaïve 449 
eyes, most improvement in visual acuity occurred during the first three months (loading phase), 450 
followed by a plateau for another three months, and then a decline in vision. Although direct 451 
comparisons are impossible, the difference between this and our study suggests that more 452 
injections are needed in the first year to achieve optimal benefit from treatment. Finally, pre-453 
published data by MacCumber et al.,37 which included 33,601 eyes from the IRIS registry, 454 
showed that, during a follow-up period of two years, the mean number of injections per eye was 455 
5.6 in year 1 and 5 in year 2. The figures are even lower than those in our study for the first 456 
year, and overall represent fewer annual injections than would be expected with adherence to 457 
TAE injection protocols.  458 
 459 
In a linear regression analysis, we found that better baseline VA was related to better VA at 460 
three years, as previously mentioned. A separate analysis showed that the number of injections 461 
could not explain this finding, as it was not substantially different between baseline VA groups. 462 
Year of treatment initiation was associated with better final VA, although to a minimal degree 463 
(0.24 letters per year). In addition, younger age was associated with better vision (in a 464 
multivariate analysis, 3.5 letters were found to be lost over three years of follow-up for every ten 465 
years of age). This was also found in the Cox regression, which showed that older age was 466 
associated with vision loss, whereas younger age was associated with vision gain. A separate 467 
analysis ruled out a higher number of injections as a reason for this finding. Explanations might 468 
include frailty or comorbidities, which could lead to missed appointments. It could also lead to 469 
clinicians' decision to choose a longer treatment interval for older patients who find it difficult to 470 
travel. However, our findings suggest the older population is more at risk of vision loss, and it 471 
seems that more injections, rather than fewer, should be encouraged in this subgroup. Finally, it 472 
is possible that some of the anatomical processes seen in nAMD, such as atrophy or scarring, 473 
are age-related, possibly related to the aging RPE choriocapillaris response, but further studies 474 
are needed on that. 475 
 476 
Our study has several limitations. Although only patients with AMD at the time of treatment 477 
commencement were included, we did not assess for evolution of other conditions (including 478 
diabetic macular edema, proliferative diabetic retinopathy, or retinal vein occlusion) during the 479 
follow-up period. Our analysis showed that 55.5% of patients were LTFU during the study 480 



period, with mortality accounting for only about 60% of these cases, leaving roughly 22% of the 481 
study population LTFU for other reasons, which may have led to some bias in our results. This 482 
attrition rate is expected in this elderly cohort and is similar to that found in longitudinal studies 483 
in other disease areas. 38 When comparing cohorts, missing data may influence the 484 
comparisons. Ascertaining whether the data are missing at random or not is problematic. We, 485 
therefore, explored the data in multiple ways: a) Loess regression curves on eyes that had 486 
complete follow up. Loess regression curves allow for easier comparison to historical clinical 487 
trial and real-world outcomes data, 21,39 but would be prone to bias if the pattern of loss to follow 488 
up was different in each of the year cohorts compared.  b) A comparison was made for eyes 489 
that did not have full three years of follow-up (“no-drop analysis”), i.e., eyes without a full three-490 
year follow-up were not dropped (Online supplementary Table 1, Figure 1) to see if this affected 491 
the conclusions. c) Kaplan-Meier curves handle missing data by censoring events, allowing less 492 
biased comparisons for dichotomous outcomes (i.e., tightly censored events such as time to 15-493 
letter-loss or sight impairment or blindness). 4,40 However, this does not allow for comparison to 494 
historical data and is not the convention. Although our group has previously advocated the 495 
importance of binocular functional outcomes related to blindness as an impactful way of 496 
reporting real-world data that is robust to missingness, it is not as easy to relate to by clinicians. 497 
Hence we have reported both approaches. d) Given the age of the patients, we explored what 498 
proportion of the loss to follow up could be explained by mortality using Life Tables. 499 
 500 
 501 
In conclusion, our findings suggest that, while some parameters, such as driving VA and the 502 
linear regression results, show that patients' visual outcomes have improved year-on-year over 503 
the last decade, that is in part driven by initiating treatment at better starting acuities, the 504 
majority of the data shows otherwise. Despite an initial gain of vision, patients lose vision after 505 
the first year at a similar rate. Our study shows that real-life treatment patterns are far from ideal 506 
after the first year of treatment, a trend which has improved only marginally over the years, as 507 
reflected in treatment intervals. Previous studies have shown this to be a global rather than an 508 
isolated problem. These results suggest that a change in treatment strategy is needed, possibly 509 
on a national level or through the introduction of longer-acting therapies, if these outcomes are 510 
to be improved.   511 
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Figure legends 628 
 629 
Figure 1 - Consolidated Standards of Reporting Trials-style diagram showing the patients 630 
included in the study. VEGF = vascular endothelial growth factor. nAMD = neovascular age-631 
related macular degeneration. EMR = Electronic medical records.  632 
 633 
Figure 2  - Change in the number of injections over the years. The horizontal axis represents 634 
the cohorts based on the year of treatment initiation, and the vertical axis the number of 635 
injections in each of the years (represented by the different bar colors).  636 

Figure 3 - Loess regression curves of visual acuity over three years of follow-up, for eyes with 637 

full three years of follow-up, stratified by year of first treatment. ETDRS - Early Treatment 638 
Diabetic Retinopathy Study.  639 

Figure 4 - Loess regression curves of visual acuity over three years of follow-up, for eyes with 640 

full three years of follow-up, stratified by baseline visual acuity (VA). 641 

Figure 5 - a and b) Forest plots portraying the effect of age, gender, years from 2008, and 642 
baseline visual acuity on loss or gain of 15 letters, respectively. c and d) Kaplan-Meier curves 643 
for loss or gain of 15 letters, respectively, stratified by year of treatment initiation and baseline 644 
visual acuity.    645 

Figure 6 - Functional visual acuity outcome measures over three years for eyes with three 646 

years of follow-up stratified by years of treatment initiation. VA = visual acuity. SI = sight-647 

impaired.  648 

 649 

Figure 1 supplementary - Daily mean visual acuity over three years of follow-up, for eyes with 650 
and without full three years of follow-up (No-drop analysis), stratified by year of first treatment.  651 

Figures 2 supplementary - Forest plots portraying the effect of age, gender, years from 2008, 652 
and baseline visual acuity on gain of 5 letters 653 

Figures 3 supplementary - Forest plots portraying the effect of age, gender, years from 2008, 654 
and baseline visual acuity on loss of 5 letters 655 

Figures 4 supplementary - Forest plots portraying the effect of age, gender, years from 2008, 656 
and baseline visual acuity on gain of 10 letters 657 

Figures 5 supplementary - Forest plots portraying the effect of age, gender, years from 2008, 658 
and baseline visual acuity on loss of 10 letters 659 

Figure 6 supplementary - Kaplan-Meier curves for gain of 5 letters, stratified by year of 660 
treatment initiation and baseline visual acuity.    661 

Figure 7 supplementary - Kaplan-Meier curves for loss of 5 letters, stratified by year of 662 
treatment initiation and baseline visual acuity.    663 

Figure 8 supplementary - Kaplan-Meier curves for gain of 10 letters, stratified by year of 664 
treatment initiation and baseline visual acuity.    665 

Figure 9 supplementary - Kaplan-Meier curves for loss of 10 letters, stratified by year of 666 
treatment initiation and baseline visual acuity.    667 



Figure 10 supplementary - Losses to follow-up (LTFU) and expected deaths by follow-up 668 
period and gender. A comparison of the size of the cohort according to the follow-up period, the 669 
LTFU and expected deaths are shown in the left histograms. The right stacked bar plots show 670 
the proportion of expected deaths among the LTFU.  A, male cohort. B, female cohort. 671 
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