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Abstract

Background: To study the visual outcomes of neovascular AMD (nAMD)

treated with anti-vascular endothelial growth factor (VEGF) drugs at national

level.

Methods: Multicenter national database of nAMD eyes treated with anti-VEGF

intravitreal injections (ranibizumab, aflibercept, bevacizumab) in fixed

bimonthly (FB) or treat-and-extend (TAE) regimens. Demographics, visual acu-

ity (VA) in logarithm of the minimum angle of resolution (logMAR) ETDRS let-

ters at baseline and subsequent visits, number of injections and visits data were

collected using a validated web-based tool (Fight Retinal Blindness!).

Results: 1273 eyes (1014 patients) were included, 971 treatment naïve (TN) and

302 previously treated (PT). Baseline VA (mean ± SD) was 57.5 (±19.5) and 62.2

(±17) (p > 0.001), and 24 months final VA was 60.4 (±21.2) and 58.8 (±21.1)

(p = 0.326), respectively. Mean VA change at 12/24 months was +4.2/+2.9 let-

ters in TN eyes and +0.1/�3.4 letters in PT eyes (p < 0.001/p < 0.001). The per-

centage of ≥15 letters gainers/losers at 24 months was 24.8%/14.5% in TN, and

10.3%/15.7% in PT eyes. The median number of injections/visits at 12 months

was 7/9 in TN and 6/8 in PT (p = 0.002/p < 0.001) and at 24 months was 11/16

in TN and 11/14 in PT (p = 0.329/p < 0.001). Study drugs included ranibizumab

(39.5%), aflibercept (41.2%) and bevacizumab (19.3%).
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Conclusion: Independent, large-scale national audits are feasible if committed

health care professionals are provided with efficient information technology

systems to do them. The results described here represent an adequate measure-

ment of the quality of care delivered nationwide and benchmark the clinical

management of nAMD at a country level compared to other real-world inter-

national cohorts.
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1 | INTRODUCTION

There is a growing interest for anti-VEGF therapy out-
comes from routine clinical practice. In neovascular age-
related macular degeneration (nAMD), the broader criteria
for eligibility of treatment compared with randomised clin-
ical trials (RCT) and the potential for undertreatment may
result in lower visual gains.1 In the last decade, the evolu-
tion of treatment regimens such as fixed bimonthly
(FB) or treat-and-extend (TAE) have heavily influenced
the treatment guidelines worldwide.2 Meanwhile most of
the RCT employed monthly and bimonthly treatment regi-
mens, real world-studies transitioned from pro-re-nata
(PRN) approaches to the adoption of pro-active regimens
with TAE or FB injections, a paradigm shift that was
reflected in significant improvements in routine clinical
care outcomes.1 Recently, several trials have compared the
clinical outcomes of fixed dosing with TAE regimens, that
are being adopted by many physicians worldwide for its
potential to reduce the treatment burden while
maintaining an adequate control of the disease.3,4

In parallel, the advent and development of electronic
medical records (EMR) systems has allowed data from mul-
tiple centres to be collated.5–7 In the last decade, two EMR
systems and one online based-tool have reported valuable
information about real-world AMD clinical outcomes. The
use of a single EMR software was used in the
United Kingdom to create the AMD EMR dataset that pro-
vided data from over 22.000 patients.7 In the United States,
the Intelligent in Sight Registry (IRIS) gathered data from
over 14.000 nAMD patients.8 Finally, the Fight Retinal
Blindness (FRB!) registry has collated data from 7000
patients in Australia, New Zealand and Switzerland.9,10

These three approaches have provided the largest evidence
proof of real-world clinical outcomes of anti-VEGF thera-
pies, including visual outcomes, the optimum treatment reg-
imens, the results of switching drugs, the time to lesion
inactivation, the intercentre variability or the involvement
and outcomes of treated fellow eyes.1,5–7,10–13

However, very few studies have reported specifically
outcomes at a national level in an individual country. This
is a significant factor, as the environment in which anti-
VEGF therapy is applied varies considerably between
countries due to factors such as the presence of a public
national health service or a private practice system, treat-
ment access, drug reimbursement schemes and regulatory
issues that ultimately depend on national bodies, as well
as adherence to national colleges or clinical societies
guidelines.14,15 Very few national datasets have been publi-
shed on this topic in a multicentre setting, and most of
them were carried out in the PRN regimen era.16–20

In Spain, data about AMD real world outcomes are
scarce. There is only one previous multicentric report in the
PRN era in 2013, which clearly reported undertreatment in
a small series of 12 selected centres,21 and few small single
centre series that presented data with FB and TAE
regimens.22–25 For these reasons, no information is available
about the visual outcomes and treatment frequency
achieved with proactive regimens nationwide in Spain, as
no multicentric studies have been previously conducted in
routine clinical care.

The aim of this project is to collate a national dataset
of nAMD eyes treated with anti-VEGF drugs in Spain,
using an international consortium health outcomes mea-
surement (ICHOM)-compliant validated online web-
based tool, the FRB! nAMD module, to audit the clinical
outcomes at a national level and benchmark our perfor-
mance with other international studies.

2 | METHODS

2.1 | Study design, setting and ethics
approval

National, multicentre, observational study. The Spanish
drug agency (Agencia Española de Medicamentos y
Productos Sanitarios, AEMPS) classified the study as a
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prospective follow-up post-authorization study (EPA-SP)
(27th June 2018), and ethics approval was obtained from
the coordinating centre Institutional Review Board (IRB)
(HCB/2018/0123). All local approvals were obtained from
the local authorities (July 2019–March 2020). A total num-
ber of geographically diverse 28 hospitals were granted with
licences to use the online platform, data extraction was per-
formed by 26th April 2020 and data were delivered to the
analysis team by May 2020. The study adhered to the tenets
of the Declaration of Helsinki and followed the STROBE
checklist for reporting observational studies. All patients in
ongoing treatment provided their written informed consent.

2.2 | Variables

Analysis was restricted to eyes undergoing intravitreal ther-
apy with anti-VEGF drugs for nAMD (i.e., ranibizumab,
aflibercept, bevacizumab). Data entry was performed using
an electronic web-based online platform, the FRB! AMD
module.26 This electronic form has a structured dataset that
allows rapid pooling of the data fields collected, including
VA for each eye, choroidal neovascularization (CNV) lesion
activity and treatment details (i.e., drug) and complications.
Post-operative local and systemic complications fields were
also collected. Patient reported outcome measures (PROMs)
electronic questionaires were also available to participating
centres (not analysed in this report).

2.3 | Data sources/measurements

Demographics included age, sex, ethnicity and smoking
habit. Ocular data included phakic status, previous ocular
surgery, previous treatments and ocular comorbidities. The
best-measured VA was expressed as Early Treatment Dia-
betic Retinopathy Study (ETDRS) LogMAR letters at all
time points. Analysis for eyes with very low VA was under-
taken by substituting counting fingers (CF), hand move-
ment (HM), and perception of light (PL) with 2.0, 2.3, and
2.7, respectively.27 Eyes with previous vitrectomy surgery or
steroid injections were excluded. For subgroup analysis, we
defined two non-overlapping participant groups, “treatment
naïve” (TN) including eyes with no previous treatments for
nAMD, and “previously treated” (PT) including eyes that
received any previous intravitreal injection (i.e., previous
anti-VEGF treatment) prior to the baseline visit.

2.4 | Statistical methods

Baseline and demographic characteristics were summarised
with percentages for categorical variables, and mean,

standard deviation (SD), median, first and third quartiles
(Q1, Q3) for continuous variables. Observations began at the
first treatment visit and continued until the 12-month visit
(365 ± 30 days) or the last observed visit if they did not com-
plete 12 months of follow-up. Subgroup analysis (TN vs. PT
eyes) were performed with t-tests, Wilcoxon rank sum tests,
Chi-square tests and Fisher's exact tests, where appropriate.
Crude visual and anatomic outcomes used the last observa-
tion carried forward (LOCF) for non-completers.

Locally weighted scatterplot smoothing (LOESS) cur-
ves were used to visualise longitudinal trends in
VA. Additionally, generalised additive mixed effects
models were used to analyse longitudinal trends in VA
including data from non-completers (predicted VA).
Number of injections and visits were compared between
TN and PT eyes with generalised Poisson mixed models
with an offset for log days of follow-up. Kaplan–Meier
survival curves were generated for time to non-
completion and first physician grading of CNV inactivity.
Analysis was performed in R version 4.0.0 (cran.r-project.
org) utilising the glmmTMB (1.0.1) and mgcv (V1.8-31)
packages for generalised linear and generalised additive
mixed models, respectively. The survival (3.1-12) package
was used to generate the Kaplan–Meier curves.

3 | RESULTS

From 16 786 eyes included in the FRB system, 3053 eyes
were included in 28 participant centres in Spain and 1273
eyes (1014 patients) initiated treatment in the predefined
timeframe to allow 24 months of follow up (prior to
February 2018), being 971 eyes (76.2%) treatment naïve and
302 previously treated (23.7%) (Supporting information S1).
Participant centres were predominantly public (82.1%,
23/28). The treatment regimens used after the three-
monthly loading dose injections were FB and TAE. Demo-
graphics and clinical characteristics of study eyes are pres-
ented in Supporting information S2. Two study cohorts
were defined as per the completed follow up period,
12 months (n = 1148, 90.2%) and 24 months (n = 876,
68.8%). Subgroup analysis was performed by TN and PT
eyes in both study cohorts.

3.1 | Visual acuity outcomes

Visual outcomes in both study cohorts are presented in
Table 1 and Figure 1. In the 12 months completers
cohort, mean baseline and final VA (mean ± standard
deviation, SD) was 57.7 ± 19.6 and 60.9 ± 20.3 letters,
respectively, with significant differences between TN and
PT eyes at baseline VA (56.6 ± 20.1 vs. 61.2 ± 17.5,
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p < 0.001) but not at 12 months VA (60.8 ± 20.8 vs. 61.3
± 18.5, p = 0.702). Mean VA change (mean, 95% confi-
dence interval, CI) was +3.2 letters in the overall cohort

(95% CI +2.2, +4.1), again with significant differences
between TN (+4.2 letters, 95% CI +3, +5.3) and PT eyes
(+0.1 letters, 95% CI �1.4, +1.5; p < 0.001). At

TABLE 1 Clinical outcomes of study eyes

Time point Outcome All eyes Pre-treated Treatment-naive p Value

12 months Completers, n (%) 1148 (90.2%) 275 (91.1%) 873 (89.9%)

Baseline VA

Mean (SD) 57.7 (19.6) 61.2 (17.5) 56.6 (20.1) <0.001

Final VA

Mean (SD) 60.9 (20.3) 61.3 (18.5) 60.8 (20.8) 0.702

VA <35, %

Baseline/% final 15.4%/13.6% 10.9%/12% 16.8%/14.1%

VA ≥70, %

Baseline/% final 35.2%/45.5% 42.9%/43.6% 32.8%/46%

VA change

Mean (95% CI) 3.2 (2.2, 4.1) 0.1 (�1.4, 1.5) 4.2 (3, 5.3) <0.001

VA change, % loss/% gain

≥5 letters 24.7%/43.6% 26.5%/30.2% 24.2%/47.8% 0.32/<0.01

≥10 letters 15.2%/29.4% 15.6%/17.1% 15.1%/33.2% 0.78/<0.01

≥15 letters 11.2%/20.4% 10.9%/9.5% 11.3%/23.8% 1.0/<0.01

Active visits, % 55.8% 59.8% 54.4% 0.004

Injections, median (Q1, Q3) 7 (5, 8) 6 (5, 8) 7 (6, 8) 0.002

Bevacizumab, % 23.8% 14% 26.7%

Ranibizumab, % 39.1% 38.7% 39.3%

Aflibercept, % 37.1% 47.2% 34.1%

Visits, median (Q1, Q3) 9 (8, 11) 8 (7, 11) 9 (8, 11) <0.001

24 months Completers, n (%) 876 (68.8%) 223 (73.8%) 653 (67.3%)

Baseline VA

Mean (SD) 58.7 (19) 62.2 (17) 57.5 (19.5) <0.001

Final VA

Mean (SD) 60 (21.1) 58.8 (21.1) 60.4 (21.2) 0.326

VA ≤35, %

Baseline/% final 14%/15.5% 10.3%/16.6% 15.3%/15.2%

VA ≥70, %

Baseline/% final 37.2%/45.4% 44.4%/40.8% 34.8%/47%

VA change

Mean (95% CI) 1.3 (0.1, 2.5) �3.4 (�5.6, �1.2) 2.9 (1.5, 4.4) <0.001

VA change, %

Loss/% gain

≥5 letters 31.2%/40.6% 38.1%/26.9% 28.8%/45.3% <0.01/<0.01

≥10 letters 21.1%/26.9% 24.7%/14.3% 19.9%/31.2% 0.10 /<0.01

≥15 letters 14.8%/21.1% 15.7%/10.3% 14.5%/24.8% 0.64/<0.01

Active visits, % 55% 58.2% 53.9% 0.057

Injections, median (Q1, Q3) 11 (9, 14) 11 (9, 14) 11 (8, 14) 0.329
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TABLE 1 (Continued)

Time point Outcome All eyes Pre-treated Treatment-naive p Value

Bevacizumab, % 19.3% 10.3% 22.3%

Ranibizumab, % 39.5% 36.3% 40.5%

Aflibercept, % 41.2% 53.5% 37.2%

Visits, median (Q1, Q3) 15 (13, 20) 14 (12, 18) 16 (13, 20) 0.001

Note: Visual outcomes, number of injections, number of visits and percentage of visits with active lesions at 12 and 24 months for all eligible eyes, treatment-

naïve and pre-treated eyes completing 12 and 24 months of treatment, respectively. p Values are comparing pre-treated and treatment-naïve eyes. Significant p
values are highlighted in bold.
Abbreviations: CI, confidence interval; Q1, first quartile (25th percentile); Q3, third quartile (75th percentile); SD, standard deviation; VA, visual acuity.

FIGURE 1 Visual outcomes at 24 months. Mean visual acuity (Top-left). Locally weighted scatterplot smoothing (LOESS) regression

curve of mean visual acuity over 24 months of treatment for all 24-month completers (overall), treatment-naïve eyes, and previously treated

eyes. Treatment-only visits were excluded from the model. Distribution of eyes by visual acuity levels and subgroup analysis by naïve and

previously treated eyes cohorts (Top-right). Hybrid boxplot of visual outcomes at 24 months for all 24-month completers (overall), treatment-

naïve eyes, and previously treated eyes. The whiskers represent the 25th and 75th quartiles plus or minus the interquartile range. Each dot

represents an individual eye. Predicted visual acuity (bottom-left) and visual acuity change (bottom-right). Longitudinal generalised additive

models for predicted visual acuity (A) and predicted visual acuity change (B) over 24 months of treatment for all eyes (overall), treatment-

naïve eyes, and pre-treated eyes. Models included longitudinal data from completers and non-completers. Treatment-only visits were

excluded from the model. The predicted mean (95% CI) change in visual acuity at 24 months when data from completers and non-

completers were included was +0.9 (�0.1, 2.0) letters overall, +2.4 (1.3, 3.5) letters for treatment-naïve eyes, and �3.4 (�5.4, �1.4) letters for

previously treated eyes
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12 months, the percentage of 15-letters gainers/losers
was 20.4%/11.2% in the overall cohort, 23.8%/11.3% in TN
and 9.5%/10.9% in PT eyes.

In the 24 months completers cohort, mean baseline
and final VA was 58.7 ± 19.0 and 60.0 ± 21.1, with signif-
icant differences between TN and PT eyes in baseline VA
(57.5 ± 19.5 vs. 62.2 ± 17.0, p < 0.001) but not in final
VA. Figure 1 shows the mean VA regression curve over
24 months (top left), and the distribution of eyes at base-
line and at 24 months for the overall, TN and PT cohorts
(top right). Mean VA change at 24 months was +1.3 let-
ters (95% CI +0.1, +2.5) in the overall cohort, and signifi-
cant differences were observed between TN (+2.9 letters,
95% CI +1.5, +4.4) and PT eyes (�3.4 letters, �5.6, �1.2;
p < 0.001). At 24 months, the percentage of 15-letters
gainers/losers was 21.1%/14.8% in the overall cohort,
24.8%/14.5% in TN and 10.3%/15.7% in PT eyes.

Finally, longitudinal generalised additive models
were created to estimate the predicted VA and VA
change over 24 months for the overall, TN and PT eyes
cohorts, including data from completers and non-
completers (Figure 1, bottom left and bottom right). In
this analysis, the mean VA change in visual acuity at
24 months was +0.9 letters (95% CI �0.1, 2.0) in the
overall cohort, +2.4 (95% CI 1.3, 3.5) letters for TN eyes,
and �3.4 letters (95% CI �5.4, �1.4) letters for PT eyes.

3.2 | Number of injections, number of
visits, lesions activity and study drugs

In the 12 months completers cohort, the median (Q1,
Q3) number of injections was seven injections5,8 in the
overall cohort and was significantly greater in TN eyes
(76,8) than PT eyes (65,8; p = 0.002). Similarly, the
median (Q1, Q3) number of visits was 98,11 in the overall
cohort and was significantly greater in TN eyes (98,11)
compared to PT eyes (87,11; p < 0.001).

In the 24 months completers cohort, the median (Q1,
Q3) number of injections was 119,14 injections in the overall
cohort and no differences were observed between TN
(118,14) and PT eyes (119,14; p = 0.329). The median (Q1,
Q3) number of visits was 15,13,20 with significant differences
between TN (1613,20) and PT (1412,18) eyes (p < 0.001).

The percentage of visits with active lesions at 12/
24 months was 55.8%/55%, and this was significantly lower
in TN versus PT eyes at 12 months (54.5% vs. 59.8%,
p = 0.004) but not at 24 months (53.9% vs. 58.2%,
p = 0.057). The median time to first grading of lesion inac-
tivity was 117 days (IQR 191), with no significant differences
between TN eyes and PT eyes. No differences were observed
in the survival analysis of time to first grading of lesion inac-
tivity (Supporting information S3).

3.3 | Outcomes for non-completers

There were 397 eyes (31.2%) that did not complete
24 months follow up, of which 318 eyes were TN (32.7%)
and 79 eyes were PT eyes (23.2%). The median follow up
of non-completers was 425 days (IQR 292) (Supporting
information S4), and at the time of dropout these eyes
received a median number of seven injections (IQR 5) and
a median number of nine visits (IQR 5). The mean (±SD)
baseline and final VA of these eyes was 50.8 ± 23.8 and
50.6 ± 28.3, with a mean VA change of �0.1 letters (95%
CI �2.1, +1.8). The most frequent physician-reported rea-
sons for study drop out prior to completing 24 months of
follow up were patient deceased (n = 14, 3.5%), further
treatment considered futile (n = 74, 18.6%), medically con-
traindicated treatment (n = 7, 1.8%), patient declining
treatment (n = 11, 2.8%), patients going to another doctor
(n = 5, 1.3%), treatment considered successful (n = 56,
14.1%) and unknown reason (n = 230, 57.9%). A descrip-
tion of the clinical outcomes of non-completers is detailed
in Supporting information S5.

4 | DISCUSSION

This is the largest nAMD study ever conducted in Spain
to evaluate the clinical outcomes of anti-VEGF therapy at
a national level. The baseline characteristics, visual out-
comes, number of injections and number of visits
reported in this study provide a realistic estimation of
how nAMD is managed in our country. The results
described here are comparable to other real-world inter-
national cohorts and represent an adequate measurement
of the quality of care delivered nationwide in the partici-
pant centres.

The visual outcomes reported in this series are in line
with other national cohorts that evaluated pro-active
treatment regimens such as TAE or FB, and although
direct comparisons cannot be made, overall are better
than those reported in routine clinical care in the PRN
era, especially in treatment naïve eyes (Tables 2 and
3),7,10,15,28–32 and clearly worse than the TAE randomised
clinical trials (Table 4).3,33–38 In the UK national AMD
dataset, PRN regimens produced worse visual acuity out-
comes with a lower number of injections but a greater
number of visits at both 12 and 24 months (+2/�2 let-
ters, 5.7/9.4 injections and 9.2/17.4 visits).5 Most other
national cohort data have been reported as 12 months
outcomes of PRN regimens. In Germany, the WAVE
study16 reported worse visual gains (+0.02 vs. +3.2 letters
in our 12-month cohort) with fewer injections (4.34
vs. 7). The LUMIERE17 and TWIN18 studies from France
reported similar VA gains (+3.2 and +4.3) again with
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TABLE 2 Summary of national AMD datasets clinical outcomes (cohorts with n > 100 eyes)—12 months results

Studies Year Country Drug type Regimen Eyes Centers N
Baseline
VA

VA
gain Injections Visits Follow-up

12 months

LUMIERE
study—Cohen
et al.

2013 France RBZ PRN TN + PT 7 551 53.2 +3.2 5.1 8.6 12 months

UK-EMR—Tufail
et al.

2014 UK RBZ PRN TN 14 8598 55 +2 5.7 9.2 12 months

Swedish MR—
Westborg et al.

2014 Sweden RBZ/AFB PRN TN + PT - 3509 62.0 +1.9 6.1 - 12 months

UK-EMR—Talks
et al.

2015 UK AFB F TN 14 1840 53.7 +5.1 7 7.3 12 months

TWIN study—
Souied et al.

2015 France RBZ PRN TN + PT - 881 56.8 +4.3 5.6 7.4 12 months

AURA study**—
Holz et al.

2016 All countries RBZ PRN TN - 1695 55.4A +2.4 5.4 5.8 12 months

France - 340 56.0 +0.8 4.6 4.9

Germany - 232 52.9 +1.1 4.8 5.1

Canada - 149 47.2 +3.2 6.8 7.7

UK - 396 55.0 +6.0 5.9 6.2

Italy - 272 65.5 0 4.0 4.2

Netherlands - 258 50.1 +3.8 6.8 7.1

WAVE study—
Finger et al.

2017 Germany RBZ PRN TN + PT 274 3470 53 +1* 4.3 - 12 months

Jaki-Mekjavi�c
etal

2018 Slovenia AFB T&E TN 4 115 57.9 +6.5 8.4 8.8 12 months

LUMINOUS
study—Holz
et al.

2019 All countries RBZ PRN TN - 3379 51.9 +3.1 5.0 8.8 12 months

Russia 20 382 42.1 +1.6 2.7 -

Poland 15 298 46.5 +3.0 4.0 -

Canada 18 376 48.3 +2.5 7.5 -

Germany 18 128 53.3 +2.3 5.2 -

Australia 21 158 52.9 +4.5 8.7 -

UK 49 746 56.3 +2.7 5.5 -

Slovakia 12 293 56.6 +2.5 5.6 -

Japan 91 406 57.6 +6 0 4.0 -

SIERRA-AMD—
Khanani et al.

2020 USA RBZ/AFB/
BEV

F/T&E TN + PT 58 32840 53.1 +1.1 7.6 9.2 12 months

In-EYEC trial—
Lopez-Galvez
et al.

2020 Spain RBZ PRN TN 31 104 56.7 +7.3 7.4 13.6 12 months

FB 103 59.2 +7.0 7.6 8.6

T&E 99 54.8 +6.7 9.3 10.4

THIS STUDY—
FRB Spain
(Zarranz-
Ventura et al.
2022)

2022 Spain RBZ/AFB/
BEV

F/T&E TN + PT 28 1148 57.7 +3.2 7B 9B 12 months

TN 873 56.6 +4.2 7 9

PT 275 61.2 +0.1 6 8

Note: *Converted from LogMAR scale, **AURA was conducted in eight countries: France, Germany, Canada, UK, Italy, the Netherlands, Ireland and
Venezuela. The last two are not included in the table as per their national cohort size (n < 100 eyes), Abaseline VA in the overall cohort, B median, C the In-
EYE Trial is not a routine clinical care study, it is a national clinical trial included in the table for outcome comparison purposes].
Abbreviations: AMD, age-macular degeneration; AFB, aflibercept; F, fixed; TN, treatment naïve; PRN, pro-re-nata; PT, previously treated; RBZ, ranibizumab;

RL, real-life; T&E, treat-and-extend; VA, visual acuity.
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fewer injections (5.1 and 5.6) and visits (8.6 and 7.4) com-
pared to our study (nine visits). The VA gains of patient
cohorts may vary depending on the baseline VA and do
not necessarily represent the quality of care delivered.
Interestingly, the baseline VA observed in our cohort was
higher than most of these series, which may reflect fewer
delays in detecting and treating the disease, as well as less
potential for VA gain due to a ceiling effect. In any case,
the number of injections and visits reflect a less aggres-
sive approach to treatment than the proactive regimen
followed in our study cohort.

Our data are consistent with the few national reports
of outcomes of proactive treatment regimens. Similar
visual gains were observed at 12 and 24 months with a
FB regimen in a national cohort study from the UK (+5.1
vs. +3.2 and +2.3 vs. +1.3 letters) with the same number
of injections (7 vs. 7 and 11.3 vs. 11) and fewer visits (7.3
vs. 9 and 12 vs. 15).7 In Australia, a TAE approach
achieved better visual gains (+5.3 letters) with a higher

number of injections and visits (13 and 14.6, respectively)
at 24 months.10A recent report in the USA revealed worse
visual outcomes (�1.3 letters) with more injections (14.3)
and visits (17.5) at 24 months in a cohort of eyes predom-
inantly treated with FB injections.39The apparently medi-
ocre outcomes reported in the U.S. study, which had by
far the largest numbers, may be affected by low-data
quality with only 2/3 of eyes having an identifiable mea-
surement of starting VA and a 1-year dropout rate of
nearly 50%. These variations in outcomes from different
regions may be related to differences in baseline VA,
sample size and organisational issues including access to
treatment in the different centres and countries. Overall,
most of these series with these regimens report similar
visual outcomes, generally with a greater number of
injections and lower number of visits in TAE compared
with FB regimens. Consistently with these consider-
ations, the outcomes reported in this study suggest ade-
quate management of nAMD nationwide in Spain in

TABLE 4 Summary of treatment and extend regimen randomized clinical trials results in age-related macular degeneration at 12 and 24

months

Studies Year Drug type Treatment regimen Eyes N Baseline VA VA gain Injections Visits

12 months results

TREX—Wykoff et al. 2015 RBZ Monthly vs. TAE TN 60 60.5A +9.2 vs. +10.5 13.0 vs. 10.1 -

TREND—Silva et al. 2018 RBZ Monthly vs. TAE TN 650 60.6 vs. 59.5 +7.9 vs. +6.9 11.1 vs. 8.7 -

CANTREAT—Kertes
et al.

2019 RBZ Monthly vs. TAE TN 526 59.5 vs. 58.9 +6.0 vs. +8.4 11.8 vs. 9.4 -

ALTAIR—Ohji et al. 2020 AFB TAE with 2 weeks
vs. 4 weeks adjustments

TN 246 54.8 vs. 55.3 +9.0 vs. +8.4 7.2 vs. 6.9 -

ARIES—Mitchell et al. 2021 AFB TAE with 2 weeks vs.
8 weeks adjustments

TN 271 60.2 vs. 61.3 +7.8 vs. +10.2 7.1 vs. 8.0 -

THIS STUDY—FRB
Spain
(Zarranz-Ventura
et al. 2022)

2022 RBZ/
AFB/BEV

Two monthly
fixed/TAE

TN + PT 1148 57.7 +3.2 7B 9B

24 months results

TREX—Wykoff et al. 2016 RBZ Monthly vs. TAE TN 50 60.0A +10.5 vs. +8.7 25.5 vs. 18.6 -

CANTREAT—Kertes
et al.

2020 RBZ Monthly vs. TAE TN 466 59.4 vs. 59.6 +6.0 vs. +6.8 23.5 vs. 17.6 -

ALTAIR—Ohji et al. 2020 AFB TAE with 2 weeks vs.
4 weeks adjustments

TN 246 54.8 vs. 55.3 +7.6 vs. +6.1 10.4 vs. 10.4 -

ARIES—Mitchell et al. 2021 AFB TAE with 2 weeks vs.
8 weeks adjustments

TN 210 60.2 vs. 61.3 +4.3 vs. +7.9 12 vs. 13 -

THIS STUDY—FRB
Spain
(Zarranz-Ventura
et al. 2022)

2022 RBZ/
AFB/BEV

Two months fixed/TAE TN + PT 876 58.7 +1.3 11A 15A

Note: ABaseline VA in the overall cohort, Bmedian.

Abbreviations: AMD, age-macular degeneration; AFB, aflibercept; TN, treatment naïve; PT, previously treated; RCT, randomized clinical trial; RBZ,
ranibizumab; TAE, treat-and-extend; VA, visual acuity.
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terms of visual outcomes, number of injections and num-
ber of visits, and highlight the superior visual outcomes
achieved with proactive TAE and FB regimens compared
with previous reports of the outcomes of PRN regimens
in real-world practice.5,21

The barriers for implementation of proactive regi-
mens in routine clinical care have been thoroughly des-
cribed.1,40,41A recent Spanish report identified healthcare
overload, lack of human resources, healthcare coordina-
tion issues and prolonged waiting times to receive intra-
vitreal therapy.42 Organisational problems, confusion
over scheduling and healthcare resource availability were
also identified as potential roadblocks for implementing
proactive treatment regimens in real-world scenarios.
Measures directed to solve administrative and managerial
issues can be effectively implemented in single centres, as
described in recent reports with adequate results, the
challenge is to scale these measures nationwide in a mul-
ticentre setting.22–25 This may be one of the reasons why
real world multicentric studies underperform compared
to clinical trials even with fixed regimens (i.e., +5.1
vs. +8.4 letters at 12 months in the UK aflibercept
cohort).7 Consistent with this, a recent Spanish clinical
trial that compared the efficacy of different treatment reg-
imens also found greater visual gains than we have pres-
ented here.4

The collation of large national datasets has been pos-
sible due to the development of adequate information
technology tools, such as EMR softwares or online web-
based tools, being systems that present considerable dif-
ferences between them. EMR systems need local struc-
tural support, are most costly and often require the
installation of a software package locally in the centres,
which ultimately needs to be linked to the general hospi-
tal EMR used by other specialties outside ophthalmology.
This often represents a roadblock for implementation, as
the boards of many centres adopt different EMRs. Ulti-
mately, this duplication of EMRs can often be solved with
specially designed interfaces to link and integrate data
between both softwares, but this commonly requires
additional funding representing an extra problem for the
international expansion of these systems, especially in
countries which are transitioning to EMR. Conversely,
web-based systems are easier to implement internation-
ally as only an internet connection is required, with the
disadvantages of requiring manual entry of data or the
previously discussed export interfaces for automated data
entry in the system. The implementation of the FRB! sys-
tem in Spain has been possible because it allows data
entry using an internet connection without requiring
installation of EMR software.

This study has a number of strengths and limita-
tions. The large sample size, the collection of an

ICHOM-compliant standardised minimum dataset
using a web-based tool, the reflection of routine clinical
care and the large number of centres are the strengths
of this study. Its weaknesses include the use of off label
medications in a fifth of the sample (19.3% bevacizumab
in 24 months completers), and the loss to follow up of
significant numbers of patients over time (9.8% at
12 months, 31.2% at 24 months). Whereas the first item
reflects the local policies of some of the participating
centres, the second is inevitable in a real-world clinical
setting especially for studies over several years. Most
other national studies have only reported 12-month out-
comes. For this reason, to allow comparisons with other
countries we present the clinical outcomes disclosed in
two cohorts for 12- and 24-months completers, to
benchmark our results internationally. A detailed analy-
sis of the clinical outcomes of the non-completers cohort
has been included (Supporting information S5). In this
cohort, the median number of injections and visits at
12 months were consistent with the overall cohort
(7 and 9, respectively), suggesting that the reasons for
dropping out appear unrelated to the course of the
treated disease.

In conclusion, this study, the largest ever conducted
in Spain in nAMD, provides valuable data at a national
level on routine clinical care. It demonstrates that inde-
pendent high quality, large-scale national audits are fea-
sible if committed health care professionals are provided
with efficient IT systems to do them. The results reported
in this study reflect an adequate management nationwide
and benchmark the quality of care dispensed in the par-
ticipating centres. This data is helpful to guide discus-
sions on service delivery and support the implementation
of measures directed to reduce the barriers to providing
adequate, proactive treatment of nAMD in routine clini-
cal practice.
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APPENDIX 1

FIGHT RETINAL BLINDNESS SPAIN users group
(by center: Principal investigator and collaborators)

1. Hospital Clínic de Barcelona, Barcelona: Javier
Zarranz‐Ventura, Alba Parrado‐Carrillo, Marc
Figueras‐Roca, Aina Moll‐Udina, Jordi Izquierdo‐
Serra, Carolina Bernal‐Morales, Socorro Alforja,
Ricardo P. Casaroli‐Marano

2. Fundació Privada Hospital Asil Granollers,
Granollers: Laura Sararols‐Ramsay, Gabriel
Londoño, Maximiliano Olivera, Karim Bañon, Cyn-
thia Rethati

3. Hospital Universitario Miguel Servet, Zaragoza:
Pilar Calvo, Jorge Sánchez, Martín Puzo, Oscar Ruiz‐
Moreno

4. OSI Araba, Vitoria: Gonzaga Garay‐Aramburu,
Arantza Larrauri‐Arana, Angela Gómez‐Moreno,
David Rodríguez‐Feijoo, Enrique Diaz‐de‐Durana‐
Santa‐Coloma, Maialen Aldazabal‐Echeveste, Zuriñe
del‐Barrio‐Lopez‐de‐Ipiña, Irene Herrero‐Díaz

5. Hospital Universitario Vall de Hebrón, Barce-
lona: José García‐Arumí, Helena Brosa, Laura
Sánchez‐Vela, Miguel Angel Zapata

6. Hospital Universitario Príncipe de Asturias,
Madrid: Carolina Arruabarrena, Rafael Montejano‐
Milner, Fernando de Aragón

7. Hospital de Conxo, Santiago de Compostela:
Maximino José Abraldes López‐Veiga, María Lidia
Gómez Conde, María José Rodríguez‐Cid, María
Isabel Fernández Rodríguez, Pablo Almuiña
Varela

8. Hospital Universitario del Henares, Madrid:
Ana Fernández‐Hortelano, Jesús Zarallo‐Gallardo,
Rosario Cobo‐Soriano, Inmaculada Lozano‐Escobar,
Paula Moreno‐Martín.

9. Hospital Universitario Puerta del Hierro,
Madrid: Jose Mª Ruiz Moreno, Rocío Vega‐
González, María García Zamora, Ignacio Flores‐
Moreno

10. Hospital Universitari Germans Trias i Pujol,
Badalona: Xavier Valldeperas, Laura Broc‐Iturralde,
Ferran Vilaplana Mira, Sandra Gómez Sánchez,
Pamela Campos Figueroa

11. Hospital Dos de Maig, Barcelona: Jose Juan
Escobar‐Barranco, Manel Fernandez‐Bonet, Begoña
Pina‐Marín

12. Hospital de Torrevieja, Alicante: Eva Salinas
Martínez

13. Hospital Universitario de La Princesa, Madrid:
Jacobo González Guijarro, Muxima Acebes García,
Sonia Aparicio Sanchís, Jonathan Cacelliere
Fernández, Marta Belmonte Grau

14. Hospital Clinico Universitario Lozano Blesa,
Zaragoza: Francisco Javier Ascaso Puyuelo, Ana
Honrubia Grijalbo, Ana Boned Murillo, María Dolo-
res Díaz Barreda, Guillermo Pérez Rivasés, Ismael
Bakkali El Bakkali

15. Clínica Oftalvist Valencia, Valencia: Roberto
Gallego‐Pinazo, Marta Cholbi, Rosa Dolz‐Marco

16. Hospital Universitario Ramón y Cajal, Madrid:
Marta S. Figueroa, Esther Ciancas, Julio José
Gonzalez‐López

17. Hospital Universitario del Vinalopo, Alicante:
Cesar Azrak Haskour, Alvaro Piñero Sánchez

18. Hospital Universitario Fundación Jiménez Díaz,
Madrid: Nélida Muñoz Sanz, Ester Carreño, Nestor
Ventura

19. Centro de Ojos de La Coruña, A Coruña: Pablo
Carnota‐Méndez, Carlos Méndez‐Vázquez, Carlos
Torres‐Borrego

20. Villoria Clinic, Pontevedra: Daniel Velázquez‐
Villoria

21. Clinica Universidad de Navarra, Pamplona:
Alfredo García‐Layana, Manuel Saenz de Viteri,
Elena Alonso

22. Hospital San Juan de Dios del Aljarafe, Sevilla:
Luis J. Castillón Torre, Pablo Catalán Muñoz, María
Eugenia Tena Sempere, María de Fátima Álvarez
Gil, Purificación Piñas García, María Eugenia
Mantrana Bermejo

23. Hospital Punta de Europa, Cádiz: Francisco Javier
Lavid de los Mozos

24. Hospital Universitario La Paz, Madrid: Mónica
Asencio Duran

25. Hospital Universitario de Bellvitge, Hospitalet
del Llobregat: Lluis Arias‐Barquet, Estefanía Cobos
Martín, Daniel Lorenzo Parra

26. Hospital do Meixoeiro, Vigo: Marta Rodríguez‐
Núñez, Ana Campo Gesto

27. Clínica Rementería, Madrid: Jesús Pareja Esteban,
María del Pilar Ruiz del Tiempo

28. Hospital Universitario Virgen del Rocio, Sevilla:
Mariano Rodríguez‐Maqueda, María Angeles
Espiñeira Periñan, Magdalena Sotomayor Toribio
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