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ABSTRACT

Background: The 96 weeks’ assessment from
the VIEW studies provided insights into the
long-term efficacy of intravitreal aflibercept
(IVT-AFL) in neovascular age-related macular
degeneration (nAMD) and demonstrated that it
was possible to maintain long-term outcomes
while moving from a fixed bimonthly regimen
in Year 1 to a variable dosing regimen in Year 2.

The aim of this analysis was to perform a liter-
ature review and meta-analysis assessing the use
of IVT-AFL and real-world outcomes in treat-
ment-naı̈ve patients with nAMD treated with
IVT-AFL for 2 years, as per label.
Methods: A literature review and meta-analysis
were performed to provide an overview of the
baseline characteristics of the population, the
2-year outcomes, the associated treatment bur-
den, and safety.
Results: Eleven publications providing data
from patients with nAMD who had treatment
initiated with IVT-AFL between 2012 and 2016
were identified. The mean baseline age of
patients was 78.62 years, with a baseline best-
corrected visual acuity (BCVA) of 57.73 Early
Treatment Diabetic Retinopathy Study (ETDRS)
letters. Patients reported a mean BCVA at
2 years of 62.55 ETDRS letters, with 47.39% of
patients having a BCVA C 70 ETDRS letters.
Mean gain in BCVA versus baseline was ? 4.49
ETDRS letters for the combined population
(? 5.91 letters for patients treated with a treat-
and-extend regimen). Over the 2 years of the
study, patients received an average of 12.34
injections, with a reduction in injections in
Year 2 versus Year 1. The qualitative assessment
of the safety data suggested that no new safety
signals were identified.
Conclusion: Patients treated with IVT-AFL
reported significant gains in visual acuity versus
baseline after 2 years. The evidence identified
indicates that the visual gains achieved during
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the first year of treatment are maintained
through the second year and that these were
achieved with a reduction in the mean number
of IVT-AFL injections administered in Year 2 of
treatment.

Keywords: Age-related macular degeneration;
Intravitreal aflibercept; Patient outcomes; Real-
world outcomes; Treatment burden

Key Summary Points

The 96 weeks’ assessment of the VIEW
studies provided insights regarding the
long-term efficacy of intravitreal
aflibercept (IVT-AFL) in the treatment of
neovascular age-related macular
degeneration (nAMD) and demonstrated
that it was possible to maintain long-term
outcomes while moving from a fixed
bimonthly regimen in Year 1 to a variable
dosing regimen in Year 2 in a clinical trial
setting.

Because clinical trial treatment protocols
and clinical trial results may not always be
replicable in real-world settings, our
objective was to conduct a systematic
literature review and meta-analysis of the
published evidence describing 2-year
outcomes in treatment-naı̈ve patients
with nAMD treated with IVT-AFL.

The aim of the analysis was to describe the
characteristics of the population treated
with IVT-AFL in routine clinical practice,
the IVT-AFL treatment approaches used,
and how key patient relevant outcomes,
such as change in visual acuity (VA)
evolved.

The analysis showed that, after 2 years,
patients treated with IVT-AFL reported
significant gains in VA versus baseline.
The evidence identified shows that it was
possible to achieve good long-term
outcomes with IVT-AFL in clinical
practice and maintain the VA gains
achieved during the first year of treatment
in the second year.

Patients were primarily treated using
proactive treatment approaches that
included fixed bimonthly regimens in
Year 1 and variable dosing regimens in
Year 2; as well as treat-and-extend
posologies. In most cases, the injection
frequency decreased significantly from
Year 1 to Year 2 without compromising
the patients’ VA.

A qualitative assessment of the safety data
reported in the literature suggests that
there were no new safety signals identified
during the studies and very few adverse
events were identified.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14510706.

INTRODUCTION

Age-related macular degeneration (AMD) is a
leading cause of visual impairment and blind-
ness worldwide [1]. Most of the AMD-related
blindness that occurs is associated with the
neovascular (or ‘‘wet’’) form of AMD (nAMD)
[2]. Anti-vascular endothelial growth factor
(anti-VEGF) agents have been demonstrated to
be efficacious and safe treatment options for
managing patients with nAMD [3–6] and have
changed the treatment paradigm of the disease
[7]. Anti-VEGF agents are currently considered
to be a preferred option for managing patients
with nAMD [7] and set the benchmark for all
new treatment options in nAMD. The VIEW 1 &
2 studies assessed the efficacy and safety of
intravitreal aflibercept (IVT-AFL) in nAMD and
established that a regimen comprising fixed-
interval treatment with IVT-AFL during the
Year-1 interval was non-inferior to the monthly
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intravitreal ranibizumab regimen [5, 6]. The
short-term efficacy and safety of the bimonthly
regimen with IVT-AFL was well established in
the pivotal trials [5, 6], and the 2-year data from
the VIEW studies provided the first insights into
the long-term efficacy of IVT-AFL in nAMD [6],
demonstrating that it was possible to maintain
the visual acuity (VA) gains achieved in the first
year of treatment while moving from a fixed
bimonthly regimen to a modified quarterly
dosing regimen [6].

The evidence from the randomized clinical
trials was supplemented with real-world evi-
dence describing the short-term effectiveness
and safety of the proactive bimonthly regimen
with IVT-AFL [8–12]. A study by Talks et al. [8]
provided the first insight into the real-world
effectiveness of IVT-AFL in treatment-naı̈ve
patients with nAMD. The implementation of a
‘‘VIEW-like’’ treatment regimen of three con-
secutive initial monthly doses followed by a
bimonthly regimen helped to significantly
improve patients’ VA, with mean gains in VA at
Week 52 being comparable to the VA gains
observed in the randomized trials [8]. Compre-
hensive literature reviews and meta-analysis of
real-world data support the findings and con-
clusions of the individual studies and charac-
terize the value of the proactive bimonthly
regimen with IVT-AFL in clinical practice
[13–15]. Researchers, including Eleftheriadou
et al. [16], have provided insights into the
2-year effectiveness of IVT-AFL in a population
that was primarily treated with the fixed
bimonthly treatment approach in Year 1 and
with a variable dosing regimen in Year 2 of
treatment. The implementation of a variable
dosing regimen with IVT-AFL in Year 2 reduced
the injection frequency without compromising
the patient’s VA gains [16]. Evidence describing
the 2-year use and 2-year effectiveness of IVT-
AFL in nAMD has increased significantly over
the past few years, and there is value in per-
forming a review of 2-year outcomes in treat-
ment-naı̈ve patients with nAMD. The aim of
this analysis was to conduct a literature review
and meta-analysis of the published evidence
describing 2-year outcomes in treatment-naı̈ve
patients with nAMD who were treated with IVT-
AFL in clinical practice.

METHODS

A literature review and meta-analysis were per-
formed to provide a comprehensive overview of
the population treated with IVT-AFL, including
baseline characteristics, 2-year outcomes, asso-
ciated treatment burden, and overall safety.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Literature Review

A literature search identified publications of
observational studies describing the 2-year use
of IVT-AFL in treatment-naı̈ve patients with
nAMD. The search strategy that was the basis
for the literature review included a variety of
synonyms for nAMD and IVT-AFL (Electronic
Supplementary Material [ESM] Digital Content
1). The search was conducted in the MEDLINE�

database using ProQuest. The search string
considered Medical Subject Headings (MeSH)
terms and search syntax aiming to search in the
title or abstract and free text, using quotation
marks and Boolean operators. The search date
for the literature was 8 July 2019 and studies
published earlier were included.

Study Selection and Data Extraction

The literature review targeted observational
studies with a prospective or retrospective study
design describing the use of IVT-AFL in treat-
ment-naı̈ve patients with nAMD. Studies had to
report a minimum follow-up period of 2 years
and had to enroll at least 40 patients/eyes (see
ESM Digital Content 1 for full inclusion and
exclusion criteria). Studies were selected based
on population, intervention, comparator, out-
comes, and study design (PICOS) criteria [17].
Title, abstract, and full-text screening were per-
formed by one reviewer. Inclusion and exclu-
sion per stage was reported according to a
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow
chart [18]. The data extraction template was
developed considering various aspects of the
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Meta-Analyses and Systematic Reviews of
Observational Studies (MOOSE) guidelines [19].
The authors referred to the PRISMA [18] and
MOOSE [19] guidelines for guidance and sup-
port at different stages of the analysis but did
not adhere to all of the recommendations and
activities described in the guidelines. Study
duplicates were also removed (e.g., if there was
more than one publication describing the same
population or overlapping populations, only
one was selected).

Variables of Interest and Statistical
Analyses

The meta-analysis used aggregate data from the
studies identified in the literature review and
followed a similar approach as that of a previous
meta-analysis assessing real-world effectiveness
of anti-VEGF [20]. Variables of interest included
patient baseline characteristics (defined as
baseline best-corrected VA [BCVA] and age at
baseline), 2-year outcomes (defined as BCVA
change from baseline to Year 2, percentage of
patients achieving a VA C 70 Early Treatment
Diabetic Retinopathy Study [ETDRS] letters at
Year 2, and VA at Year 2), treatment burden
(defined as mean number of injections over the
2 years of treatment), and safety (any drug-
related event reported in the publications). If
sufficient data were available, subgroup analysis
was conducted, considering study design
(prospective non-interventional vs. retrospec-
tive non-interventional), country/region, and
treatment approach (proactive bimonthly fol-
lowed by variable dosing regimen vs. other). To
account for possible heterogeneity in outcome
between studies, a random-effects model in
addition to a fixed-effects model was used to
produce estimates for all variables of interest.
When necessary, data from individual studies
were converted to the units of interest (e.g.,
ETDRS letters is the unit of interest for mea-
suring the change in VA; ESM Digital Content
2). When studies did not report the standard
errors necessary for the meta-analysis, these
values were imputed via the multivariate
imputation by chained equations (MICE) algo-
rithm [21]. Multiple imputation was used; as

such, the confidence interval (CI) considers the
uncertainty of imputation. Heterogeneity was
measured using the I2 statistic [22]. The meta-
analyses were performed using the metafor
package [23] and the MICE algorithm with the
software environment R (R Foundation for Sta-
tistical Computing, Vienna, Austria). Outcomes
are reported as means (with 95% CI).

Meta-Regression

To assess the potential heterogeneity associated
with pooled estimates from the meta-analysis, a
meta-regression was conducted for each afore-
mentioned outcome using region and study
design as covariates. Additionally, meta-regres-
sions were assessed if there were associations
between 2-year outcomes with IVT-AFL (VA
change from baseline to Year 2) and other
covariates: region; VA at baseline; age at base-
line; central retinal thickness (CRT) at baseline;
mean number of injections in Year 1; and mean
number of injections over the 2 years. The
meta-regression investigated each of these
covariates separately per regression.

RESULTS

Literature Review

The results of the literature review are presented
in Fig. 1. A total of 823 publications were iden-
tified in the initial search. After screening for
title and abstract, 63 publications were eligible
for full-text review. After a full-text review, 17
publications were selected for data extraction.
During the data extraction, six of the 17 publi-
cations were excluded (due to \ 40 patients,
overlapping populations, and lack of data
availability), leaving 11 publications [24–34]
(Table 1). These 11 publications report real-
world data for patients who initiated treatment
with IVT-AFL between 2012 and 2016 [25–34].
Study sizes ranged from 40 patients/eyes [32] to
2506 patients/eyes [27], with some studies
reporting subpopulations [27, 30, 31]. The
publications described outcomes achieved fol-
lowing a fixed bimonthly (every 8 weeks)
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regimen in Year 1 and a variable regimen in
Year 2 (2q8), using treat-and-extend (T&E) and
pro re nata (PRN; as needed) regimens (Table 1).

Patients’ Baseline Characteristics

Patients’ baseline age ranged between 75.1 years
[30] and[90 years [27, 33]. The pooled analysis
estimated a mean age of 78.62 years (95% CI
76.18–81.07; I2 96.55%) for the combined pop-
ulation (random-effects estimate; Table 2). No
clinically significant differences in baseline age
were observed between the combined popula-
tion and the subgroup analysis (random-effects
estimate; Table 2). BCVA ranged between 52.5
ETDRS letters [27] and 75.0 ETDRS letters [30],
with the majority of the studies reporting
patients with a mean baseline VA of \ 60.00
ETDRS letters [24, 25, 27, 28, 31–34]. The

pooled analysis estimated a mean baseline
BCVA of 57.73 ETDRS letters (95% CI
54.23–61.24; I2 93.52%) for the combined pop-
ulation (Table 2). When compared with the
combined population, patients included in
studies that implemented T&E regimens had a
higher mean baseline BCVA of 60.21 ETDRS
letters (95% CI 54.87–65.56; I2 82.16; random-
effects estimate; Table 2). The evidence identi-
fied in the literature review only allowed for a
subgroup analysis assessing the characteristics
of the European-based studies versus the com-
bined population. No clinically significant dif-
ferences for the baseline BCVA were identified
between the combined population and the
population included in the European studies
(Table 2). Due to the limited number of
prospective studies [30], the analysis focusing
on addressing prospective or retrospective

Fig. 1 PRISMA flow diagram. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses, SLR
systematic literature review
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studies had limited validity; therefore, this is
not reported. The previously mentioned limi-
tations for the subgroup analysis assessing
potential differences in the populations based
on study design and region were also present for
the effectiveness and treatment burden analysis.

2-Year Outcomes with IVT-AFL

The BCVA at 2 years varied between 52.0 ETDRS
letters [27] and 78.0 ETDRS letters [30] (Table 1).
The pooled analysis estimated a mean BCVA of
62.55 ETDRS letters (95% CI 58.06–67.05) for
the combined population at 2 years (random-
effects estimate; Table 2). When compared with
the combined population, patients included in

Table 1 Summary of studies identified in the literature review and included in the meta-analysis

Study Patients/
eyes (N)

Baseline
age
(years)

Baseline
BCVA
(ETDRS
letters)

Treatment
regimena

IVT-AFL
injections
(at
2 years)

BCVA
2 years
(ETDRS
letters)

Patients with
BCVA ‡ 70
ETDRS
letters (%)

D BCVA
vs. baseline
(ETDRS
letters)

Almuhtaseb

[24]b
1083 82.00 56.30 2q8/PRN – 59.10 – ? 2.80

Augsburger

[25]c
419 79.80 55.00 T&E – – – –

Barthelmes

[26]

123 77.20 61.40 T&E 13.60 67.40 58.00% ? 6.00

Chatziralli

[27]d
2506 \ 90 56.30 2q8 – 58.40 – ? 2.10

228 [ 90 52.80 2q8 – 52.00 – - 0.80

Eleftheriadou

[28]

131 80.60 54.40 2q8 12.00 60.80 38.90% ? 6.40

Garweg [29] 106 79.00 62.40 T&E 11.70 62.50 – ? 0.50

Matsumoto

[30]d
44e 71.50 72.00 T&E 12.39 78.00 – ? 6.00

18e 75.70 53.50 T&E 14.12 62.50 – ? 9.00

Mekjavić

[31]d
105 77.30 57.90 T&E 14.50 64.80 43.5% ? 7.00

33 76.30 62.40 2q8/PRN 10.30 63.20 51.50% ? 1.20

Siempsis [32] 40 – 52.50 2q8 9.40 56.70 – ? 4.20

Subhi [33] 49 – 50.00 PRN 6.70 – – ? 3.40

Traine [34] 173 79.90 59.80 T&E 11.10 65.50 – ? 5.70

2q8 fixed bimonthly (every 8 weeks) in Year 1 and variable in Year 2, BCVA best-corrected visual acuity, ETDRS Early
Treatment Diabetic Retinopathy Study, IVT-AFL intravitreal aflibercept, PRN pro re nata (as needed), T&E treat and
extend
a As indicated in the original publication
b The mean number of injections in Year 1 was not reported, only mean number in Year 2
c Mean injection and BCVA were not reported at 2 years
d For the pooled analysis, the weighted mean was considered
e Population with typical age-related macular degeneration (AMD) with classic choroidal neovascularization and popula-
tion with typical AMD and occult choroidal neovascularization
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studies that implemented T&E regimens repor-
ted a higher mean BCVA at 2 years of 67.19
ETDRS letters (95% CI 59.44–74.55, I2 76.89;
random-effects estimate; Table 2). The percent-
age of patients with BCVA C 70 ETDRS letters at
2 years varied between 38.90% [28] and 58.00%
[31], with all studies reporting an increase in the
number of patients with BCVA C 70 ETDRS
letters versus baseline. The pooled analysis
estimated a mean percentage of patients with

BCVA C 70 ETDRS letters at 2 years of 47.39%
(95% CI - 1.16 to 95.95; I2 99.87%; random-
effects estimate; Table 2). No clinically signifi-
cant differences were identified between the
combined population and the population
included in the European studies for the mean
gain in BCVA at Year 2 (Table 2).

Mean gains in VA after 2 years of IVT-AFL
ranged from - 0.80 ETDRS letters [27] to ? 9.00
ETDRS letters [30], with four studies reporting

Table 2 Pooled estimates for patient baseline characteristics, long-term (2-year) outcomes, and treatment burden with IVT-
AFL

Pooled estimates Fixed-effects estimate
(95% CI)

Random-effects estimate
(95% CI)

I2

(%)
Moderator
R2

N

Baseline age, overall (years) 80.36 (79.81–80.91) 78.62 (76.18–81.07) 96.55 8

Baseline age—region 79.30 (78.16–80.44) 78.99 (76.10–81.89) 81.49 65.22 4

Baseline age—T&E studies 78.62 (77.66–79.58) 77.44 (73.33–81.56) 95.65 – 3

Baseline BCVA, overall (ETDRS

letters)

56.58 (55.99–57.18) 57.73 (54.23–61.24) 93.52 10

Baseline BCVA—region 58.59 (56.37–60.81) 57.41 (50.53–64.29) 89.92 40.08 5

Baseline BCVA—T&E studies 59.90 (57.77–62.04) 60.21 (54.87–65.56) 82.16 – 5

VA after 2 years (ETDRS letters) 60.95 (60.01–61.89) 62.55 (58.06–67.05) 93.93 9

VA after 2 years—region 62.97 (58.87–67.06) 61.71 (50.47–72.95) 90.58 52.35 4

VA after 2 years—T&E studies 66.34 (62.95–69.72) 67.19 (59.48–74.55) 76.89 – 4

Change in VA vs. baseline (ETDRS

letters)

2.70 (0.55–4.85) 4.49 (2.47–6.50) 77.12 9

Change in VA—region 4.57 (- 2.31 to 11.46) 4.10 (- 3.19 to 11.39) 68.62 0.11c 4

Change in VA—T&E studies 5.91 (3.21–8.57) 5.91 (3.25–8.57) 0.00 – 4

Patients with VA[ 70 ETDRS

letters (%)a
47.42 (45.64–49.20) 47.39 (- 1.16 to 95.95) 99.87 3

No. IVT-AFL injections after 2

yearsb
12.59 (12.11–13.07) 12.34 (10.47–14.22) 94.37 6

IVT-AFL injections—T&E

studies

13.59 (11.76–15.42) 13.59 (11.76–15.45) 0.00 – 3

CI Confidence interval, VA visual acuity
a Insufficient data points to provide pooled estimate for region, retrospective studies, or T&E studies independently
b Insufficient data points to provide pooled estimate for region independently
c Estimated from a meta-regression with intercept, UK, and Europe as covariates (N same as the overall analysis)
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mean gains of C 6 ETDRS letters [26, 28, 30, 31]
(Table 1). The pooled analysis estimated a mean
change in BCVA versus baseline of 4.49 ETDRS
letters (95% CI 2.47–6.50; I2 77.12%; random-
effects estimate; Table 2). The 2-year VA gains
for the individual studies and the combined
population are presented in Fig. 2. When com-
pared with the combined population, patients
included in studies that implemented T&E reg-
imens reported a higher gain in VA at 2 years of
? 5.91 letters (95% CI 3.25–8.57, I2 - 0.00)
(random-effects estimate; Table 2).

Treatment Burden with IVT-AFL

The mean number of injections with IVT-AFL
over 2 years varied depending on the treatment
regimen (Table 1). Patients on a PRN regimen
received a mean of 6.7 injections over the
2 years [33] and patients on 2q8 received
between 9.9 and 12.0 injections [32, 34]. Injec-
tion frequency ranged between 10.5 [29] and
13.8 [30] for the patients on T&E regimens. The
analysis of the individual studies indicates that
the injection frequency decreased from Year 1
(between 7.2 injections [28] and 8.4 injections
[31]) to Year 2 (between 2.5 injections and 6.1
injections [31]) in patients treated following
2q8 or T&E regimens. The pooled analysis esti-
mated that patients received a mean of 12.34
injections (95% CI 10.47–14.22; I2 94.37%;

random-effects estimate; Table 2) over 2 years.
When compared with the combined popula-
tion, patients included in studies that imple-
mented T&E regimens received a higher mean
of 13.59 injections (95% CI 11.76–15.45, I2 0.00;
random-effects estimate; Table 2).

2-Year Safety

When assessing 2-year safety, several limitations
were identified. Few of the publications identi-
fied in the literature review included a safety
assessment and those that included safety data
primarily only provided a qualitative descrip-
tion (Table 3). Considering this lack of infor-
mation, it was not possible to complete a formal
meta-analysis on safety and provide pooled
estimates. The assessment of the 2-year safety
was therefore primarily based on the qualitative
assessments made by the original study teams
(Table 3).

Meta-regression Analysis

The meta-regression did not identify any sta-
tistically significant association between the
variables analyzed (region, baseline BCVA and
age, baseline CRT, mean number of injections
over the 2 years, and mean number of injections
in the first year of treatment) and 2-year out-
comes with IVT-AFL (Table 4). There was a

Fig. 2 Forest plot describing 2-year outcomes with IVT-
AFL in nAMD (mean VA gains at Year 2; 95% CI). CI
Confidence interval, ETDRS Early Treatment Diabetic

Retinopathy Study, IVT-AFL intravitreal aflibercept,
nAMD neovascular age-related macular degeneration, VA
visual acuity
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Table 3 Qualitative description of the 2-year safety with IVT-AFL in treatment-naı̈ve patients with neovascular AMD

Study Safety assessment

Almuhtaseb

[24]

No safety assessment included

Augsburger

[25]

No safety assessment included

Barthelmes

[26]

‘‘Over the course of the study period, 10 adverse events resulting from 2415 injections were observed in all

eyes, including non-completers and switchers: 2 eyes had hemorrhage reducing best-corrected visual

acuity by 0.15 letters, and 3 eyes had retinal pigment epithelium tears.’’

Chatziralli [27] No safety assessment included

Eleftheriadou

[28]

No safety assessment included

Garweg [29] No safety assessment included

Matsumoto

[30]

‘‘None of our subjects experienced severe adverse events, such as cerebral infarction, myocardial infarction,

infectious endophthalmitis, and rhegmatogenous retinal detachment.’’

Mekjavić [31] ‘‘The following ocular-specific AEs were observed: endophthalmitis (n = 1, severe; treated with

vitrectomy and intravitreal antibiotics); non-infectious inflammation (n = 1, severe; treated with local

corticosteroids for several days); dehiscence of conjunctiva on the injection site (n = 2, both mild;

treated with local antibiotic ointment for a few days). Vitreous opacities (bubbles) were anecdotally

reported and considered mild. Precise numbers were not tabulated.’’

Siempsis [32] In terms of safety, there were no cases of endophthalmitis reported in our cohort during the study period

Subhi [33] No safety assessment included

Traine [34] No safety assessment included

AE adverse event

Table 4 Meta-regression analysis—impact of different variables on 2-year outcomes with IVT-AFL

Variable Intercept (95% CI) Random-effects estimate (95% CI) I2 (%) N Moderator
R2

Region 6.39 (1.57–11.21) Europe: - 2.30 (- 8.37 to 3.77) 71.50 9 0.11

UK: - 2.54 (- 8.60 to 3.52)

Baseline BCVA - 0.96 (- 30.49 to 28.56) 0.09 (- 0.41 to 0.60) 76.59 9 0.12

Baseline age 22.16 (- 79.34 to 123.65) - 0.22 (- 1.52 to 1.09) 58.46 6 13.30

Baseline CRT 14.44 (- 24.69 to 53.56) - 0.03 (- 0.13 to 0.08) 59.56 5 100.00

Injections (2 years) - 3.58 (- 32.08 to 24.92) 0.69 (- 1.54 to 2.93) 52.78 6 10.19

Injections (1st year) - 12.23 (- 97.51 to 73.04) 2.24 (- 8.58 to 13.07) 55.60 6 0.35

CRT Central retinal thickness
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numerically positive association between 2-year
outcomes with IVT-AFL and the number of
injections administered in the first year
(Table 4). However, this did not reach statistical
significance.

DISCUSSION

This analysis aimed to review and summarize
evidence from observational studies describing
real-world 2-year outcomes with IVT-AFL in
nAMD. The analysis summarized data from
treatment-naı̈ve patients with nAMD who ini-
tiated treatment with IVT-AFL between 2012
and 2016, providing an overview of clinical
practice experience with IVT-AFL in different
geographic locations and multiple populations.

The data identified in the literature review
describe 2-year outcomes with IVT-AFL prior to
the landmark ALTAIR study [35] and the inclu-
sion of the T&E posology in the IVT-AFL label,
in which, after the three initial monthly doses,
the 2-month injection interval can be increased
by 2- or 4-week intervals to maintain stable vi-
sual and/or anatomic outcomes [36]. The anal-
ysis provides an overview of clinical practice
and outcomes at a time when the initial IVT-
AFL label (three initial monthly doses followed
by a fixed bimonthly regimen in the first year
and variable regimen in the second year) was
the primary treatment approach. The data
identified did not allow for characterization of
the impact associated with the implementation
of the IVT-AFL T&E label, whereby the 2-month
injection interval can be increased by 2- or
4-week intervals to maintain stable visual and/
or anatomic outcomes.

Despite not having an approved T&E posol-
ogy in the label at the time (2012–2016), and
despite the scarce evidence from randomized
clinical trials describing the efficacy of T&E
regimens with IVT-AFL, the literature review
identified real-world data describing 2-year
outcomes in patients treated with IVT-AFL
using flexible regimens and T&E approaches
[25, 26, 29–31, 34]. The studies identified in the
literature review do not reflect the current IVT-
AFL T&E label [36], nor do they follow the
learnings from the ALTAIR study [37], in which

injection intervals were extended by 2- or
4-week intervals.

Our analysis showed that, after 2 years,
patients treated with IVT-AFL report significant
gains in VA versus baseline. The pooled analysis
(all studies) estimated a mean gain in VA versus
baseline of ? 4.49 ETDRS letters for the com-
bined population. The subanalysis of the studies
describing patients treated using flexible T&E
regimens estimated a higher gain in VA versus
baseline, with a mean gain of ? 5.91 ETDRS
letters. Mean VA after 2 years was 62.55 ETDRS
letters for the combined population, with
47.39% of the patients reporting a BCVA C 70
ETDRS letters. The results of the pooled analysis
and the T&E subanalysis provide additional
evidence that a proactive treatment approach
with IVT-AFL in clinical practice significantly
improves a patient’s visual acuity versus
baseline.

The mean gain in VA registered in clinical
practice for the combined population at 2 years
was lower than the mean gain registered at
Week 96 in the VIEW studies (? 4.49 vs. ? 7.60
ETDRS letters in VIEW [5]), but the mean gain
in VA for the T&E group was of a similar mag-
nitude to the outcomes registered in the VIEW
trials (? 5.91 vs. ? 7.60 ETDRS letters in VIEW
[5]). Although the mean gains in VA observed in
clinical practice are significant, there are differ-
ences versus the mean gains observed in ran-
domized trials.

When reviewing the baseline characteristics
of the real-world population and the clinical
trial population, we observed that the real-
world patients were older (78.62 vs. 75.80 years,
respectively) and had a higher baseline VA
(57.73 vs. 53.60 ETDRS letters, respectively).
The analysis did not provide a pooled estimate
for lesion type or size, but from studies, such as
that of Barthelmes et al. [26], we know that
some of the real-world populations reported
significant differences in the size and type of
lesions (59% occult lesions in the real world vs.
37.6% in the clinical trial population). The
analysis did not quantify how the different
baseline characteristics impacted the mean VA
gain in the real-world population and to what
extent the older population, the higher baseline
VA, and the higher proportion of patients with
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occult lesions justify the lower mean gains in
VA observed in clinical practice.

A previous meta-analysis has assessed 2-year
real-world data with other anti-VEGF agents
[30]. In a meta-analysis of ranibizumab real-
world studies, Kim et al. [20] estimated a mean
gain in VA after 1 and 2 years of treatment with
ranibizumab. After 2 years of treatment with
ranibizumab, the mean gain in VA ranged from
? 1.2 to ? 3.4 ETDRS letters for the overall
population [30]. The mean gain estimated by
Kim et al. [20] was lower than the mean gain
estimated by the authors for patients treated
with IVT-AFL (? 4.49 ETDRS letters for the
combined population). Patient baseline char-
acteristics were similar in both studies (mean
baseline age of 78.8 years and mean baseline VA
of 53.6 ETDRS letters in the ranibizumab-treated
patients) [20], but ranibizumab was primarily
used following reactive treatment approaches
such as PRN [20]. This contrasts with the IVT-
AFL studies that primarily report proactive
treatment approaches [27, 33]. The authors are
not aware of any publication assessing the rel-
ative effectiveness of IVT-AFL versus ranibizu-
mab at 2 years using real-world data. In that
context, and to minimize any bias associated
with naı̈ve comparisons of different meta-
analyses, we focus only on reporting the mean
VA gains for the combined population and defer
any conclusions on relative effectiveness for
future research.

The evidence identified in the literature
review indicates that it was possible to achieve
good 2-year outcomes with IVT-AFL in clinical
practice and to maintain the VA gains achieved
during the first year of treatment in the second
year [24, 26, 28, 30–34]. This was achieved by
moving from the proactive bimonthly regimen
to a variable dosing regimen and with a signif-
icant reduction in the number of IVT-AFL
injections in Year 2 [24, 26, 28, 30–34]. A pub-
lished meta-analysis of real-world outcomes
with IVT-AFL estimated mean VA gains after
1 year at between ? 5.97 ETDRS letters [13] and
? 5.30 ETDRS letters [15]. Our analysis esti-
mated a mean gain after 2 years of ? 4.49
ETDRS letters. A naı̈ve comparison of the 1-year
and 2-year meta-analyses suggests that the

outcomes achieved during the first year with
IVT-AFL are sustained over the second year.

A mean injection frequency of 12.34 injec-
tions over 2 years calculated in this study is
consistent with the initial IVT-AFL label (3 ini-
tial monthly doses followed by a fixed
bimonthly regimen in the first year and a vari-
able regimen in the second year), and in line
with what was reported in the VIEW 96-week
assessment (11.2 injections) [7]. When assessing
the differences in injection frequency, it is
important to take into consideration that the
VIEW studies reported the mean number of
injections at 96 weeks [7], whereas the obser-
vational studies reported the mean number of
injections at 2 years (104 weeks). The analysis of
the individual studies confirms that the injec-
tion frequency decreased from Year 1 (between
7.2 injections [28] and 8.4 injections [31]) to
Year 2 (between 2.5 injections and 6.1 injec-
tions [31]) in patients treated following the
initial label or the early T&E regimens. When
compared with the combined population,
patients treated with T&E regimens reported a
higher mean injection frequency of 13.59
injections over 2 years. The higher number of
injections could be driven by how T&E was
defined and implemented. Most studies defined
similar anatomic criteria for extending the
interval (absence of intraretinal fluid or absence
of both intraretinal and subretinal fluid) but
took different approaches to the initial monthly
doses and the extension. Two of the studies
used a T&E approach similar to the current label
[29, 34], administering the three monthly ini-
tial doses and extending the injection interval
by 2 weeks to a maximum of 14 weeks, with
patients receiving (on average) 11.1 and 10.5
injections, respectively. In other studies, the
injection interval was extended by 2 weeks, but
the maximum injection interval was limited to
12 weeks, with patients receiving an average of
13.8 injections [30]. A study that reported a
higher mean number of injections, 14.5 injec-
tions over 2 years [31], considered an approach
whereby patients received monthly injections
until the macula became dry, and afterwards
the injection interval was extended by 2 weeks
up to a maximum of 14 weeks. In the ALTAIR
study [35], after the three consecutive monthly
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doses, the injection intervals were extended by
2 and 4 weeks to a maximum of 16 weeks,
reducing the mean number of injections to 10.5
over 2 years. Further research is warranted to
determine the outcomes associated with the
implementation of an ALTAIR-like [35]
approach in clinical practice and the impact
associated with the new T&E label.

Few studies reported 2-year safety data: Bar-
thelmes et al. [26] reported ten adverse events
after administering 2415 injections; Matsumoto
et al. [30] reported no severe adverse events;
Mekjavić et al. [31] reported four ocular-specific
adverse events (endophthalmitis, non-infection
inflammation, and dehiscence of conjunctiva
on the injection site); and Siempsis et al. [32]
did not report any cases of endophthalmitis.
The qualitative assessment of the conclusions
provided by the authors of the individual stud-
ies suggests that there were no new safety sig-
nals identified during the studies and very few
adverse events were reported; however, the data
reported did not allow us to complete a formal
meta-analysis and to provide a pooled estimate
of the 2-year safety associated with the use of
IVT-AF. The absence of comprehensive report-
ing of adverse events is a limitation and should
be considered in future research.

The analysis identified a high heterogeneity
(I2) that is indicative of high between-study
variation. In this situation, it is recommended
to focus on the random-effects estimate rather
than the fixed-effects estimate [37]. Both esti-
mates are reported for completeness, but in the
Results section of this article, only the random-
effects estimate is described. The aim of the
meta-regression analysis was to identify how
key variables, such as patient baseline charac-
teristics (age, baseline BCVA, and CRT) and
injection frequency, are associated with 2-year
outcomes with IVT-AFL. However, there were
limited data to conduct these analyses (due to a
limited number of studies and data reported).
Further research is warranted to confirm or
refute the results of the meta-regression.

There are limitations associated with this
analysis. The literature review was conducted
with the MEDLINE� database using ProQuest
and did not include other data sources.
Although MEDLINE� has extensive coverage

and is commonly used, not including other
databases is a limitation of the analysis. The
literature search was conducted in July 2019
and may not capture more recent publications
describing 2-year outcomes with IVT-AFL. The
data used originate primarily from retrospective
studies that have an associated bias and are
associated with increased imprecision, incom-
plete follow-up, and recall bias [38, 39]. There
was an attempt to reduce publication bias [40]
and uncertainty associated with small sample
sizes [41] by excluding studies that reported
\ 40 patients/eyes from the meta-analysis. The
choice to set the cutoff at 40 patients was arbi-
trary and defined by the authors, as there is no
formal reference that can be used to define what
constitutes a ‘‘small sample size’’ study. Another
limitation of this analysis is that only 11 studies
were identified, which is low for assessing inter-
study differences in a meta-analysis. It should
be considered that this low number of studies
was the result of strict selection criteria that
aimed to reduce bias that is traditionally asso-
ciated with meta-analyses using real-world
research (e.g., imprecision, publication bias,
etc.). Furthermore, the analysis was based on
aggregate (mean) data and not patient-level
data, which are not free from ecological bias.

CONCLUSION

Patients treated with IVT-AFL reported signifi-
cant 2-year gains in VA versus baseline. The
evidence indicates that the visual gains
achieved during the first year of treatment are
maintained through the second year. This out-
come was achieved with a significant reduction
in the mean number of IVT-AFL injections
administered in Year 2 of treatment.
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