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ABSTRACT
Background/aims To identify predictive markers for
the outcomes of anti-vascular endothelial growth factor
therapy for neovascular age-related macular
degeneration (nAMD).
Methods AURA was a retrospective, observational,
multicentre study that monitored the 2-year outcomes
following intravitreal ranibizumab treatment in patients
with nAMD. Using stepwise regression analysis, we
evaluated the association between visual acuity
outcomes, baseline characteristics and resource
utilisation in order to determine which variables are
significantly linked to outcomes in AURA. We also
examined the relationship between visual acuity
outcomes and number of injections received.
Results Analyses were performed using data from
year 1 (n=1695) and year 2 completers (n=1184).
Logistic analysis showed that baseline visual acuity score,
age at start of therapy, number of ophthalmoscopies and
optical coherence tomography (OCT) (combined) and
number of injections (ranibizumab) were significant
(p<0.05) prognostic factors for vision maintenance (loss
<15 letters) or vision gain (≥15 letters). Patients who
received >7 injections (in 1 year) or >14 injections (over
2 years) gained more letters and demonstrated greater
vision maintenance (loss of <15 letters) than patients
who received fewer injections. There was a significant
(p<0.05) association between number of injections and
national reimbursement schemes and OCT.
Conclusions A number of factors that are predictive of
treatment outcomes in a real-life setting were identified.
Notably, the decline of treatment benefits may be linked
to number of injections and a failure to visit clinicians
and receive OCT as required. These findings may be
helpful in guiding ophthalmologist treatment decisions
under limited time and financial constraints.
Trial registration number NCT01447043.

INTRODUCTION
By 2040, approximately 288 million adults world-
wide will have age-related macular degeneration
(AMD).1 Although it is linked to ageing, the devel-
opment of neovascular AMD (nAMD) is also asso-
ciated with vascular endothelial growth factor
(VEGF).2 3 Upregulation of VEGF is implicated in
neovascularisation, vascular leakage, vitreous haem-
orrhage and ultimately blindness.4 Increased under-
standing of the VEGF pathway in nAMD has led to
the development and widespread use of anti-VEGF
agents, including ranibizumab.

Ranibizumab was approved for the treatment of
nAMD based on the findings from two key
studies.5 6 Both studies employed a monthly dosing
regimen, which can be difficult to implement in
clinical practice. Alternative ranibizumab strategies
have been investigated but have shown variable effi-
cacy compared with monthly dosing.7–14 It is there-
fore important to monitor the outcomes that might
occur with real-life use of ranibizumab. In AURA (a
retrospective non-interventional study to assess the
effectiveness of existing Anti-vascUlar endothelial
growth factor (anti-VEGF) treatment Regimens in
patients with wet Age-related macular degeneration
(AMD)), a retrospective, observational study,
patients with nAMD were diagnosed and treated
with ranibizumab by their own physicians in
accordance with their usual practice. The mean
increase in visual acuity gains after treatment initi-
ation (+4.1 letters at day 120) was not maintained;
visual acuity decreased to +2.4 letters at year 1 and
to +0.6 letters at year 2. The mean number of
injections received also decreased from 5.0 (year 1)
to 2.2 (year 2), and there were wide variations
between countries.15 16

The aim of this regression analysis of the AURA
results was to explore the association between the
visual acuity outcomes, baseline characteristics and
resource utilisation to determine which variables
were significantly linked to ranibizumab treatment
outcomes. We also examine the relationship
between visual acuity outcomes based on the
number of injections given over the 2-year period.
It is hoped that these analyses will provide a valu-
able insight into factors affecting treatment out-
comes in real-life settings.

METHODS
Study design and participants
AURA was conducted in eight countries (Canada,
France, Germany, Ireland, Italy, the Netherlands, the
UK and Venezuela)15 from January 2009 to October
2012 (end of data collection). The primary objective
of AURAwas to monitor the changes in visual acuity
during the first year (until day 360) and second year
(until day 720) after the start of ranibizumab treat-
ment in real-life, clinical practice settings.
Patients who were diagnosed with nAMD and

given ranibizumab by their physician from 1
January 2009 to 31 August 2009 were eligible, and
those who had >1 postbaseline assessment of
visual acuity were analysed (efficacy analysis set).
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Patients with follow-up data for at least 1 and 2 years after the
first injection (first-year and second-year completers) were also
documented. Patients who switched to bevacizumab or pegapta-
nib also remained in the study. The mean change in visual acuity
was measured using Early Treatment Diabetic Retinopathy
Study letters or Snellen, and was converted to a standardised
visual acuity score (letter count). The conversion chart used is
provided in the online supplementary table S1 for the primary
manuscript.15 To account for missing data, mean change in
visual acuity was evaluated using a last observation carried
forward approach (unadjusted observational data were also
recorded for comparison), and the statistical analysis was
descriptive. Approval from the relevant independent ethics com-
mittees or institutional review boards was received, and written
consent was obtained from each patient.

Objectives
The aims of this article are (1) to explore the association
between the visual acuity outcomes (defined as difference in
letter count, and gain or loss of letters at years 1 and 2), base-
line characteristics and resource utilisation in AURA to deter-
mine which variables are significant predictors of ranibizumab
treatment outcomes, and (2) to examine the relationship
between visual acuity outcomes based on the number of injec-
tions given over the 2-year period.

Analyses
Regression analyses were performed using StataCorp LP 2007
(Stata Statistical Software: Release V.10, StataCorp LP, College
Station, Texas, USA) with the dataset and patient records from
the AURA study, which provided information on demography,
medical history, injections and visits. Continuous variables
(listed in online supplementary table S1) were reported with
mean and SD, 95% CIs and p values. CIs were estimated based
on the assumption that data were normally distributed.
Categorical variables (listed in online supplementary table S1)
were reported as actual values or dummies (eg, for the variable
‘sex’, the values were 1 for male and 2 for female).

The association between the mean change in visual acuity
score (letter count) at years 1 and 2 and the AURA dataset vari-
ables was analysed using univariate regression analysis (data not
shown). The variables that were significantly associated (at the
5% significance level) with mean change in letter count were
also tested for correlation using the Pearson’s correlation test
and for normality using distributional diagnostic plots (continu-
ous variables only) prior to further analysis using stepwise multi-
variate regression. Logistic regression analysis was used to
identify the variables that were determinants of vision mainten-
ance (patients who lost <15 letters at years 1 and 2) and vision
gain (patients who gained ≥15 letters at years 1 and 2) (see
online supplementary figure S1).

The relationship between the number of injections (<5, 5–7
and >7 injections during year 1 for year 1 completers and <10,
10–14 and >14 injections during the 2-year period for year 2
completers) and subsequent treatment outcomes was also
assessed. Tests for differences between injection subgroups were
performed using either analysis of variance (for continuous vari-
ables that were normally distributed) or χ2 test (for categorical
variables).

RESULTS
Participants
A total of 2227 patients were included in the efficacy analysis
set. The numbers of year 1 and year 2 completers were 1695

and 1184, respectively. Of patients included in the efficacy ana-
lysis set (n=2227), a total of 713 ended the study before the
last documented visit; the main reason for this was permanent
discontinuation of anti-VEGF agent in 349 (15.7%) patients,
which was due to stable disease (n=110), treatment failure
(n=81), fibrosis/atrophic/scarring (n=31), ocular adverse event
(n=11), patient decision (n=14), cost (n=7), systemic adverse
event (n=1), death (n=1) and missing/other (n=93).

Many patients received fewer than five injections during year
1 (42.1%; n=714/1695) and fewer than 10 injections during
the 2-year period (58.9%; n=697/1184). There were statistically
significant differences between injection subgroups in terms of
age and baseline visual acuity. The proportion of patients
treated under national reimbursement schemes was significantly
higher in the group of patients who received >7 injections
during year 1 or >14 injections over the 2-year period (table 1).

Identification of prognostic factors associated with visual
acuity outcomes
The variables that were significantly (p<0.05) associated with
letters gained at year 1 in the stepwise multivariate analysis
(table 2A) included baseline visual acuity score (coefficient:
−0.35), age at start of therapy (−0.27), switching to other treat-
ments (−4.45) and number of ophthalmoscopies and optical
coherence tomography (OCT) (0.28), which were combined, as
neither alone would be representative as the most common diag-
nostic and monitoring tool across all countries. These factors
explained 16% of the variation in the dependent variable
(letters gained at year 1) based on 1329 observations. Baseline
visual acuity score (−0.42), age (−0.28), number of ophthalmos-
copies and OCT (0.13) and injections (ranibizumab) (0.32) were
significantly (p<0.05) associated with letters gained at year 2
(table 2B), and explained 21% of the variation in the outcome
(based on 968 observations). There was a positive coefficient
between number of ophthalmoscopies and OCT or injections
(ranibizumab) and letters gained, which suggests that there was
a direct linear relationship between them up to the 2-year
period cut-off. There was a strong negative effect of switching
to other treatments on early letters gained. Age and visual
acuity score were slightly negative, which is suggestive of a nega-
tive effect of increasing age or initial letter score.

The results of the logistic regression analysis were similar in
that baseline visual acuity score (coefficient: 0.97), age at start
of therapy (0.97), number of ophthalmoscopies and OCT
(1.03) and injections (ranibizumab) (0.94) were all found to be
prognostic factors that significantly (p<0.05) impacted vision
maintenance (loss of <15 letters) at year 1 (table 3A), but
switch to other treatments was not significant in this model.
Age, baseline visual acuity score and number of ophthalmosco-
pies and OCT were also significantly (p<0.05) associated with
vision maintenance at year 2 (table 3B), but injections (ranibizu-
mab) did not achieve significance at year 2. Reimbursement type
did not achieve statistical significance at year 1 or year 2, which
may have been due to the large CIs reflecting wide standards in
clinical practice. A similar limitation was observed when
country was included; the CIs were extremely wide.

Age at start of therapy (0.97), baseline visual acuity score
(0.95) and number of ophthalmoscopies and OCT (1.03) were
significantly (p<0.05) associated with vision gain (gain of ≥15
letters) at year 1, but injections (ranibizumab) failed to achieve
significance (table 4A). Age and baseline visual acuity score were
significantly (p<0.05) associated with vision gain at year
2. Injections (ranibizumab) were also significant in this model,
but number of ophthalmoscopies and OCT was not (table 4B).
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Reimbursement type and country were not significant with
respect to vision gain. The effect of injections (ranibizumab)
(ie, significant for vision maintenance at year 1 and vision gain
at year 2) may reflect the importance of injections for predicting
letter gains later in the course of treatment.

Association between number of injections and visual acuity
outcomes
The proportion of patients who gained ≥15 letters increased
with the number of injections given for the year 1 completers
(13% (<5 injections), 20% (5–7 injections) and 26% (>7 injec-
tions); p<0.01), and for the year 2 completers (17% (<10
injections), 20% (10–14 injections) and 35% (>14 injections);

p<0.001) (figure 1). Year 1 completers who received >7 injec-
tions gained more letters than those with fewer injections: 4.7
versus 2.9 letters (5–7 injections) and 1.7 letters (<5 injections)
(p<0.05). Year 2 completers who received >14 injections also
gained more letters: 7.5 versus 1.5 letters (10–14 injections)
and 0.0 letters (<10 injections) (p<0.001). Similarly, the pro-
portion of patients who lost <15 letters was 48% (<5 injec-
tions) compared with 62% (5–7 injections), and 63% (>7
injections) for the year 1 completers, and 52% (<10 injections),
61% (10–14 injections) and 67% (>14 injections) (p<0.05) for
the year 2 completers.

The mean number of ophthalmoscopies and OCT and clinic
(treatment) visits was higher in year 1 completers who received

Table 1 Patient characteristics for year 1 and year 2 completers according to number of ranibizumab injections received during year 1
(<5, 5–7, >7 injections) and over the 2-year period (<10, 10–14, >14 injections)

Year 1 Year 2

Injections <5 5–7 >7 All <10 10–14 >14 All

Patients, n 714 621 360 1695 697 298 189 1184
Age at start of therapy (%),§
<65 years 8 6 9 8† 8 5 10 7*
≥65–<75 years 20 26 29 24† 21 27 30 24*
≥75 years 70 66 60 67† 70 66 58 67*

Age (years), mean 77.4 76.9 76.0 76.9* 77.3 77.2 75.6 77*
Sex, %
Male 37 38 39 38 36 39 42 38
Female 63 62 61 62 64 61 58 62

Reimbursement type (%),§,¶
Individual 12 12 5 11‡ 10 7 2 8‡
National standard 67 72 85 73‡ 70 78 88 75‡
Separate contract 3 0 0 1‡ 2 1 0 1‡
Independent 14 10 7 11‡ 13 10 5 11‡
Patient 0 0 0 0‡ 0 0 0 0‡
Other 1 0 0 1‡ 1 0 1 1‡

Baseline visual acuity score, mean 58.3 57 54.1 56.9† 57.7 58.5 53 57.2†

*p<0.05; †p<0.01; ‡p<0.001 between groups (p value was derived from analysis of variance for continuous variables and χ2 test for categorical variables).
§Data missing for some patients.
¶Reimbursement granted for patient independently of how often treatment was provided.

Table 2 Multivariate analysis to determine the prognostic effects of selected variables* on letters gained from baseline at (A) year 1 and (B)
year 2 (only significant variables are shown)

Coefficient SE Lower 95% CI Upper 95% CI p Value

(A) Variables (year 1)†
Switching to other treatments −4.45 1.72 −7.82 −1.07 0.010
Age at start of therapy −0.27 0.05 −0.37 −0.16 <0.001
Baseline visual acuity score −0.35 0.02 −0.39 −0.30 0.000
Number of ophthalmoscopies and OCT (combined) 0.28 0.06 0.16 0.40 <0.001
Constant 40.33 4.51 31.48 49.17 <0.001

(B) Variables (year 2)‡
Number of injections (ranibizumab) 0.32 0.11 0.12 0.53 0.002
Number of ophthalmoscopies and OCT (combined) 0.13 0.04 0.05 0.21 0.001

Age at start of therapy −0.28 0.07 −0.41 −0.15 <0.001
Baseline visual acuity score −0.42 0.03 −0.48 −0.36 <0.001
Constant 41.32 5.86 29.83 52.81 <0.001

*The selected variables were the ones that were significantly associated with letters gained in the univariate regression analysis, including those that were tested using Pearson’s
correlation test and those that were tested for normality (continuous variables only), but only those that remained significant in the multivariate analysis are shown.
OCT, optical coherence tomography.
†Number of observations of the analysis was 1329; F-value: 64.31; R2=0.16.
‡Number of observations of the analysis was 968; F-value: 63.02; R2=0.21.
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more injections (see online supplementary figure S2a). Mean
number of OCTwas 4.4 (<5 injections), 5.6 (5–7 injections) and
6.2 (>7 injections) (p<0.001), and mean number of ophthal-
moscopies was 4 (<5 injections), 5.4 (5–7 injections) and 5.7

(>7 injections) (p<0.001). The mean number of clinic visits was
3.5, 6.2 and 9.5 (p<0.001), respectively, for the year 1 comple-
ters. In contrast, monitoring visits, and use of indocyanine green
angiography or fluorescein angiography decreased with
increased injection frequency. Similar findings were observed

Table 4 Logistic regression to determine the prognostic effects of
selected variables on vision gain (gain of ≥15 letters) at (A) year 1
and (B) year 2

Coefficient SE
Lower
95% CI

Upper
95% CI p Value

(A) Variables (year 1)
Country
Canada 0.61 0.82 0.05 8.44 0.72
France 0.56 0.75 0.04 7.65 0.67
Germany 0.35 0.47 0.03 4.91 0.44
Ireland 0.49 0.72 0.03 8.69 0.63
Italy 0.76 1.01 0.06 10.34 0.84
The Netherlands 0.99 1.32 0.07 13.49 0.99
UK 0.76 1.02 0.06 10.52 0.84

Reimbursement type*
Individual 1.16 0.48 0.52 2.59 0.73
National standard 0.92 0.27 0.51 1.65 0.78
Separate contract 3.32 3.09 0.54 20.55 0.20
Unknown 2.05 2.80 0.14 29.72 0.60
Other 1.16 0.48 0.52 2.59 0.73

Age at start of therapy 0.97 0.01 0.95 0.99 0.001
Baseline visual acuity
score

0.95 0.00 0.94 0.96 0.000

Number of injections
(ranibizumab)

1.05 0.04 0.99 1.12 0.12

Switch to other
treatments

0.91 0.32 0.46 1.80 0.79

Number of
ophthalmoscopies and
OCT (combined)

1.03 0.02 1.00 1.07 0.05

(B) Variables (year 2)
Country
Canada 0.67 0.83 0.06 7.55 0.75
France 0.65 0.80 0.06 7.18 0.73
Germany 0.93 1.16 0.08 10.72 0.96
Ireland 0.67 0.94 0.04 10.44 0.78
Italy 0.98 1.21 0.09 11.02 0.99
The Netherlands 1.22 1.49 0.11 13.34 0.87
UK 0.82 1.01 0.07 9.22 0.87

Reimbursement type†
Individual 0.43 0.21 0.17 1.11 0.08
National standard 0.70 0.22 0.37 1.31 0.27
Unknown 0.30 0.31 0.04 2.26 0.25
Other 3.25 4.11 0.27 38.66 0.35

Age at start of therapy 0.96 0.01 0.94 0.98 0.000
Baseline visual acuity
score

0.95 0.01 0.94 0.96 0.000

Number of monitoring
visits

1.00 0.02 0.96 1.04 1.00

Number of injections
(ranibizumab)

1.05 0.02 1.00 1.09 0.03

Number of
ophthalmoscopies and
OCT (combined)

1.01 0.01 0.99 1.03 0.23

*‘Patient’ category dropped and two observations not used.
†‘Separate contract’ category dropped and seven observations not used; ‘patient’
category dropped because of colinearity.
OCT, optical coherence tomography.

Table 3 Logistic regression analysis to determine the prognostic
effects of selected variables on vision maintenance (loss of <15
letters) at (A) year 1 and (B) year 2

Coefficient SE
Lower
95% CI

Upper
95% CI p Value

(A) Variables (year 1)
Country
Canada 1.25 1.32 0.16 9.85 0.83
France 0.71 0.74 0.09 5.42 0.74
Germany 0.78 0.82 0.10 6.12 0.82
Ireland 1.66 1.86 0.19 14.91 0.65
Italy 0.91 0.94 0.12 6.91 0.93
The Netherlands 1.22 1.27 0.16 9.40 0.85
UK 1.21 1.27 0.15 9.43 0.86

Reimbursement type
Individual 0.71 0.23 0.38 1.33 0.28
National standard 0.79 0.19 0.49 1.26 0.32
Separate contract 0.40 0.31 0.09 1.82 0.23
Patient 0.73 1.28 0.02 22.90 0.86
Unknown 1.41 0.89 0.41 4.87 0.59
Other 0.57 0.62 0.07 4.73 0.60

Age at start of therapy 0.97 0.01 0.95 0.98 <0.001
Baseline visual acuity
score

0.97 0.00 0.96 0.98 <0.001

Number of injections
(ranibizumab)

0.94 0.03 0.88 0.99 0.03

Switch to other
treatments

0.86 0.23 0.51 1.44 0.56

Number of
ophthalmoscopies and
OCT (combined)

1.03 0.02 1.00 1.06 0.03

(B) Variables (year 2)
Country
Canada 0.59 0.64 0.07 5.03 0.63
France 0.86 0.92 0.11 7.02 0.89
Germany 0.60 0.66 0.07 5.16 0.65
Ireland 0.96 1.17 0.09 10.52 0.97
Italy 0.98 1.05 0.12 8.04 0.99
The Netherlands 1.51 1.64 0.18 12.60 0.70
UK 1.17 1.28 0.14 9.97 0.89

Reimbursement type*
Individual 0.88 0.34 0.41 1.88 0.74
National standard 0.74 0.21 0.43 1.29 0.29
Separate contract 0.10 0.11 0.01 0.93 0.04
Unknown 0.63 0.53 0.12 3.23 0.58
Other 0.42 0.48 0.04 3.94 0.45

Age at start of therapy 0.96 0.01 0.94 0.98 <0.001
Baseline visual acuity
score

0.97 0.01 0.96 0.97 <0.001

Number of monitoring
visits

0.97 0.02 0.94 1.01 0.13

Number of injections
(ranibizumab)

1.00 0.02 0.97 1.04 0.85

Number of
ophthalmoscopies and
OCT (combined)

1.02 0.01 1.00 1.04 0.02

*Reimbursement patient category dropped because of colinearity.
OCT, optical coherence tomography.
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in year 2 completers (see online supplementary figure S2b).
Mean number of OCT was 9.6 (<10 injections), 12.6 (10–14
injections) and 12.7 (>14 injections) (p<0.001). Mean number
of ophthalmoscopies was 8.3 (<10 injections), 10.4 (10–14
injections) and 10.7 (>14 injections) (p<0.001). Mean number
of clinic visits was 6.2, 12.4 and 18.5 (p<0.001).

DISCUSSION
The effectiveness of ranibizumab observed in AURA15 was sig-
nificantly lower than that achieved in clinical (although not
observational) studies that employed fixed monthly treatment or
an individualised (pro re nata) regimen based on fixed monthly
monitoring visits. In the Comparison of AMD Treatment Trial
(CATT), the mean change in visual acuity was +6.8 letters at
year 1 and +6.7 letters at year 2 with ranibizumab pro re nata,
and the mean number of injections was 12.6 over the 2-year
period.12

In the current analysis, patients who received >7 injections in
year 1 or >14 injections over 2 years gained more letters and
demonstrated greater vision maintenance (loss of <15 letters)
than patients who received <5 or 5–7 injections in year 1 or
<10 or 10–14 injections over 2 years. Of particular interest was
the significant association between higher number of injections
and national reimbursement schemes and use of OCT, and also
the increase in the number of clinic (treatment) visits compared
with a decrease in the number of monitoring visits over the
same timeframe.

Baseline visual acuity score, age at start of therapy, number of
ophthalmoscopies and OCT (combined) and ranibizumab injec-
tions were shown to be prognostic factors associated with treat-
ment outcomes. The results from these analyses support the
findings from the PIER study, which found that visual tests such
as OCT were predictive of treatment success following

ranibizumab use.17 It is possible that a number of other poten-
tial factors, which were not included in this analysis, could also
affect the outcome, including comorbidities (particularly depres-
sion), poor access to treatments and facilities and limited trans-
port to clinic visits—which could be linked to age.

Although no individual country was associated with a signifi-
cant effect for visual acuity outcomes in the logistic regression
models (possibly due to wide CIs as a result of numerous
centres being included from each country), the UK did achieve
the highest visual acuity benefits at year 1 (6.0) and year 2 (4.1).
The mean numbers of all visits were 10.4 (year 1) and 8.0 (year
2), and the mean numbers of injections were 5.8 (year 1) and
3.2 (year 2).15 16 It is possible that more timely monitoring, free
access to National Health Service monitoring (which also
includes OCT) and treatment, and high-quality control by
payers (ie, adherence to protocols for frequent monitoring)
could account for the UK situation. Some of these external
factors were not considered in this analysis.

The analysis is also subject to a number of other limitations. It
was unclear whether the better outcomes in patient receiving
more injections was due to increased injection frequency or
other factors that were also significantly different among the
groups, such as baseline visual acuity score and age. Regression
analysis methods (based on observational data) are also asso-
ciated with a number of limitations. The models use a number of
assumptions, including no adjustment for change in factors such
as OCT usage since AURA was undertaken. The data were
recorded from 2009 to 2012, when the risks of underdosing
were not as well understood as they are today, and this may affect
the extrapolation of the results. They are still relevant for coun-
tries and practices that still have limited resources for regular
monitoring and injections; however, some countries may employ
better regimens due to increased awareness of the risk of under-
treatment, including the wider use of treat-and-extend regimens
aimed at reducing the number of visits, which may improve
adherence and, thus, outcomes. Combining the ophthalmoscopy
and OCT data has limitations, as monitoring with ophthalmos-
copy is not a primary measure for helping with retreatment deci-
sions, but this was done because of differences in the most
common diagnostic used by country. There may also be bias in
patients who were enrolled in the study (towards responders);
however, discontinuation resulted from a number of factors seen
in routine clinical practice. Although there is a lack of adequate
adjustment for multicollinearity, it is a robust method, and we
have employed a stepwise approach, taking into consideration
any correlation and adjustment for distribution of data.

In conclusion, a number of factors that may be predictive of
treatment outcomes, in a real-life setting, were identified,
including age, baseline visual acuity score, number of injections
and regular monitoring. This analysis also suggests that a com-
promised treatment regimen, in which patients are not
adequately monitored and do not receive individually optimised
treatment, will result in inferior treatment outcomes and, hence,
impact the effective management of nAMD.
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