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Purproses. To compare the effects of aflibercept and other anti-vascular endothelial growth
factor (anti-VEGF) medications on both functional and anatomical outcomes for treatment-
naive neovascular age-related macular degeneration (nAMD) in the real world.

MEeTHODS. A systematic review and meta-analysis of observational comparative studies.

Resurts. A total of 18 studies remained after literature selection and quality assessment of
1697 studies. The most common aflibercept treatment regimen was three monthly injections
followed by pro re nata (PRN). Aflibercept and ranibizumab had similar effects in 2-year
treatment. At 3, 6, 12, and 24 months, the differences in the logarithm of minimum angle of
resolution (IogMAR) decrease in aflibercept and ranibizumab groups were 0.00 (95%
confidence interval [CI]: —0.03 to 0.02); 0.01 (95% CI: —0.02 to 0.05); —0.03 (95% CI: —0.07
to 0.01); and -0.06 (95% CI: —0.30 to 0.17), respectively; the differences in decrease of
central retinal thickness (CRT) were 3.25 um (95% CI: —15.03 to 21.53); 7.89 um (95% CI:

—31.91 to 47.69); 2.89 um (95% CI: —18.33 to 24.11); and —2.42 pm (95% CL: —77.87 to
73.03), respectively. However, aflibercept was significantly more effective in patients with
initial reduced visual acuity (JogMAR >0.6 or <55 letters; P = 0.001). In the first year,
treatment frequency was not significantly different for aflibercept and ranibizumab, but
aflibercept required fewer injections than ranibizumab with PRN regimen (mean —0.90; 95%
CI: —1.80 to 0.00).

Concrusions. Aflibercept has comparable effects with ranibizumab for treatment-naive nAMD
in the real world, and may be more effective for patients with initial lower visual acuity.
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Visual impairment is a public health problem that affects
patient functional status and quality of life."* Blindness or
vision impairment is among the top 10 disabilities in the United
States according to Centers for Disease Control and Prevention
(CDO)."?

Among all causes of visual impairment, age-related macular
degeneration (AMD) is a leading cause of adult blindness in
industrialized countries.® AMD is a degenerative disease of the
central portion of the retina (the macula), and may cause loss of
central vision.” There are two types of AMD: atrophic (dry) and
neovascular (wet or exudative) AMD (nAMD).” nAMD is
characterized by growth of abnormal vessels into the subretinal
space, and consequent fluid and/or blood beneath the retina.>”
7 Although less common than dry AMD, nAMD usually
progresses rapidly, can cause severe vision loss or even
blindness and accounts for 80% of all cases of severe visual
loss or blindness due to AMD.>’ Therefore, it is essential to
determine efficient solutions to prevent and treat nAMD.
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Vascular endothelial growth factor (VEGF) is a protein that
plays a role in stimulating abnormal blood vessel growth and
neovascularization.® For this reason, anti-VEGF medications can
limit progression of nAMD or reverse visual loss.” Currently, the
most commonly used anti-VEGF drugs are intravitreal ranibizu-
mab (Lucentis; Genentech, Inc., San Francisco, CA, USA);
bevacizumab (Avastin, Genentech, Inc.); and aflibercept (Eylea;
Bayer HealthCare, Inc., and Regeneron Pharmaceutical, Inc.).
Both ranibizumab and bevacizumab inhibit VEGF-A,'>!! and
were introduced in the mid-2000s."? However, bevacizumab
has not been approved by the Food and Drug Administration
(FDA) for AMD treatment.'? Aflibercept was approved to treat
nAMD by FDA in 2011 and by the European Commission in
2012."*™ In contrast to ranibizumab and bevacizumab,
aflibercept is a recombinant fusion protein that inhibits
VEGF-A, VEGF-B, and placental growth factor (PlGF).lS’16
Furthermore, while both ranibizumab and bevacizumab usually
require monthly injections, or as needed based on a monthly
assessment of disease activity, aflibercept usually requires less-
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frequent injections.'”'® Currently, there are three regimens for

aflibercept injections in clinical practice: fixed dosing accord-
ing to the labelling, pro re nata (PRN), and treat-and-extend.
PRN implies patients are only treated when deemed necessary
by the clinician; and “treat and extend” means the interval
between treatments is lengthened iteratively if there is no
recurrent exudation.'®?° The labeled regimen for aflibercept in
nAMD treatment is three initial 4-weekly (monthly) loading
doses, followed by injections once every 8 weeks (2
months).?!

Systematic reviews and meta-analyses of randomized clinical
trials (RCTs) have shown comparable efficacy between
aflibercept and other anti-VEGFs (e.g., ranibizumab) for
nAMD, "% However, treatment outcomes in routine practice
may be different from that in RCTs. The first reason is that
study populations in RCTs are highly selected, and may not be
representative of real-world patients.?”> Additionally, patients in
the community clinical setting may receive dosing and/or
regimens that are different from the ones recommended in the
product’s label.2® Therefore, it is not automatically clear to
what extent the study results from RCTs can be replicated in
routine clinical practice.”> The objective of this study was to
provide synthesized evidence about the effects of aflibercept
on visual acuity and central retinal thickness (CRT) compared
to other anti-VEGFs in routine practice based on observational
studies.

METHODS

Search Strategy

A systematic literature search in PubMed and Embase databases
was conducted by one reviewer (YZ) in July 2017. The
combined use of keywords and medical subject headings
(MeSH) were applied to find relevant studies. Detailed
information about search terms is in Supplementary Table S1.
Available studies from January 2011 through July 2017 were
examined. Reference lists of related articles were hand-
searched for additional studies.

Inclusion and Exclusion Criteria

This review and meta-analysis was based on evidence from
observational studies—studies in which researchers simply
observe treatments and outcomes rather than influencing or
interfering with treatment assignment; RCTs were excluded.
Only published peer-reviewed journal articles with full text
available were considered. Conference papers/abstracts, pro-
posals, editorials, letters to authors, reviews, notes, commen-
taries, and news were not included in the review.

Most systematic reviews and meta-analyses of RCTs on this
topic have been conducted among treatment-naive patients
with comparison group(s). In this study, articles were
considered only if they compared the functional or anatomic
outcomes between aflibercept monotherapy and other anti-
VEGF(s) (ranibizumab or/and bevacizumab) among nAMD
patients with no previous therapy. In addition, journal articles
were included if they met the following criteria: 1) published
in English; 2) conducted among humans; and 3) had relatively
large sample size (>20 eyes); 4) were not case reports; and 5)
patient follow-up was at least 3 months.

A stepwise review process (title review, abstract review,
and full text review) was conducted to exclude irrelevant
studies. This review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement and
Meta-analysis of Observational Studies in Epidemiology
(MOOSE) criteria.?”?®
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Outcome Measures

This study evaluated both functional and anatomic effects of
aflibercept compared to other anti-VEGF(s) as the primary
outcome. The functional outcome was assessed by mean
changes in best-corrected visual acuity (BCVA) from baseline to
different time points of follow-up, as measured in logarithm of
minimum angle of resolution (JogMAR). Visual acuity measured
in other units, such as Early Treatment Diabetic Retinopathy
Study (ETDRS) letters or Snellen fraction, were converted into
logMAR based on validated conversion methods.?*® The
anatomic outcome was estimated based on mean changes in
CRT on spectral-domain ocular coherence tomography (SD-
OCT). The number of injections was also compared based on
available information from original articles. Additionally, this
study also had the effects of aflibercept compared to
pretreatment as the secondary outcome.

Quality Assessments

The Newcastle-Ottawa quality assessment scale was used to
assess the quality of studies that met the inclusion criteria.>!
One study could achieve a maximum of nine points based on
the eight items on the scale. Additionally, baseline character-
istics; study population (inclusion/exclusion criteria); possible
differences in treatment assignments; differences in outcome
measurements, and time of follow-up were also compared
among studies. Two reviewers (YZ, CC) performed the quality
assessments independently. Thereafter differences in quality
assessment were resolved via discussion. Another author (MS)
helped with the clarification and resolutions of the disagree-
ment in quality assessment of studies.

Data Abstraction

Study title, author(s), publication year, country(s)/region(s) of
study, indication(s) for medications, study design, regimen and
dosage, sample size, characteristics of study population, main
outcome measure(s), and key findings were extracted by one
reviewer (YZ). Authors of articles were contacted if there was
unclear or incomplete information.

Data Synthesis and Analysis

Reported mean change in BCVA and CRT before and after
treatment with standard deviation (SD) or 95% confidence
intervals (CIs) was used in the meta-analysis. If one study did
not report SD or 95% CI, P values were used to calculate SD if
the sample size was large enough (1 > 60).%? Otherwise, for
studies with relatively small sample size (z < 60), and both SD
and 95% CI missed, correlation coefficients before and after
treatments calculated based on other included studies were
used to estimate the SDs of mean change in this study.®’
Sensitivity analyses with different values of correlation
coefficients were performed.

Heterogeneity of studies were evaluated by the F test.
Models (fixed effect or random effect) were selected based on
the I test results. Publication bias was evaluated with funnel
plots. We used RStudio (version 0.98.1091; https://www.rstu
dio.com/products/RStudio, in the public domain) and Review
Manager (version 5.3.; Cochrane, London, UK) were used for
data imputation and analysis, respectively.

RESULTS

Literature Search

In the literature search, 603 and 1094 studies published in
English since January 2011 were identified in PubMed and
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1,697 citations were identified from
PubMed (603) and Embase (1,094)
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A 4

A 4

323 duplicates

1,374 for titles review

755 unrelated to the study topic

Y

819 for abstract review

723 unrelated to the study topic

96 for full-text review

17 articles added from hand searching

95 excluded:

15: No monotherapy of aflibercept
12: No comparison group

14: Small sample size

23: No related health outcome

8: Not treatment naive

A

A\ 4

13: RCTs

4: Reviews

2: Study among patients with
endophthalmitis or inflammatory
response

2: Simulation models rather than
real world data

1: case reports

18 articles remained for quality assessment

1: editorial

Ficure 1. PRISMA flow diagram of study selection.

Embase, respectively. After checking for duplications, 1374
studies were kept for stepwise review. Of these studies, 96
articles that were relevant to the study topic remained for full-
text review. An additional 17 studies were identified via manual
search. Finally, after full-text review of these 113 articles, 18
studies met inclusion criteria.'’>¥™7 The literature search
process is summarized in Figure 1.

The quality score of the 18 remaining articles ranged from 5
to 9. One study (Dirani et al.59) was graded a score of 5, which
was a relatively lower score compared to the other studies. In
that study, there was a lack of baseline comparison across study
groups and no detailed description about data source, even
though anatomic outcomes were measured based on SD-OCT
imaging. After contacting the author, it was clarified that the
data came from “hospital files and multimodal imaging.”
Quality assessments of these 18 studies are available in
Supplementary Table S2.

Study Characteristics

All included studies were retrospective observational cohort
studies. In total, there were 6779, 6054, and 217 eyes included
in aflibercept, ranibizumab, and bevacizumab groups, respec-
tively. Eight studies were conducted in Asia (four in Korea and

four in Japan); six were conducted in Europe (United
Kingdom, Switzerland, and Denmark); three in the United
States; and another one in Australia. The treatment indications
varied, although nAMD was the common main indication.
Fifteen studies compared the effects of aflibercept and
ranibizumab, two studies had both ranibizumab and bevacizu-
mab as comparison drugs, and one study had bevacizumab as
comparison. The mean age in aflibercept group ranged
between 65 and 91 years, and the proportion of females
varied from 6.9% to 73.6%. Most studies demonstrated
comparable baseline characteristics in terms of BCVA and/or
CRT among comparison groups.11’54’36’3‘7‘40‘42’45’48’50 Study
characteristics are summarized in Tables 1 and 2. Follow-up
time varied from 3 to 24 months, and a majority of studies (12,
66.7%) had a 1-year follow up after drug initiations. The most
common treatment regimen was initial monthly injections of
aflibercept for 3 months followed by PRN. Detailed informa-
tion about follow-up and regimen is summarized in Table 3.
Some necessary data for meta-analysis was missing in
comparing the effects of aflibercept and bevacizumab in two
articles.'>° Consequently, these two studies were included in
the systematic review but not in the meta-analysis. For the
same reason, we did not compare the effects of aflibercept and
bevacizumab in the meta-analysis because only two studies>®>1
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Tasie 1. Summary of Studies Included in the Systematic Review and Meta-Analysis
Treatment
Study ID Country Indication Study Design Data Source Comparison Anti-VEGF(s)

Au et al.>* UsS nAMD with fvPEDs Retrospective cohort Medical recordst Ranibizumab and Bevacizumab
Balaskas et al. ¥ UK nAMD with PED Retrospective cohort Not stated Ranibizumab

Cho et al.*! South Korea nAMD (PCV) Retrospective cohort Medical records Ranibizumab

Dirani et al.*’ Switzerland nAMD with PED Retrospective cohort Not stated Ranibizumab

Garweg et al. % Switzerland nAMD Retrospective cohort Medical records Ranibizumab

Gillies et al. %4 Australia nAMD Retrospective cohort Registry Ranibizumab

Hata et al.>® Japan nAMD (w/o CVH) Retrospective cohort Medical records Ranibizumab

Inoue et al.®’ Japan nAMD (typical and PCV) Retrospective cohort Not stated Ranibizumab

Kano et al.®© Japan nAMD (Occult CNV) Retrospective cohort Medical records Ranibizumab

Kim et al.*® South Korea nAMD (no PCV) Retrospective cohort Not stated Ranibizumab

Lee et al.®® UK nAMD Retrospective cohort Medical records Ranibizumab

Lotery et al.?? UsS nAMD (w/o PED) Retrospective cohort Medical records Ranibizumab

Miyamoto et al.>% Japan nAMD Retrospective cohort Medical records Ranibizumab

Park et al. > South Korea nAMD Retrospective cohort Not stated Ranibizumab and Bevacizumab
Rasmussen et al.*? Denmark nAMD Retrospective cohort ~ Medical records Ranibizumab

Selid et al.''* UsS nAMD Retrospective cohort Medical records Bevacizumab

Subhi et al.*® Denmark nAMD Retrospective cohort Medical records Ranibizumab

Yun et al.>® South Korea nAMD (no PCV) Retrospective cohort Medical records Ranibizumab

CNYV, occult choroidal neovascularization; CVH, choroidal vascular hyperpermeability; fvPED, fibrovascular pigment epithelial detachment;

nAMD, neovascular age-related macular degeneration; PCV, polypoidal choroidal vasculopathy; UK, United Kingdom; US, United States.

* Study is only included in systematic review, but not in meta-analysis.

T Information from authors of studies.

provided complete information. Another study43 had clinical
data reported in median and interquartile range because of
nonnormal distribution. Therefore, this study was also only
included in the systematic review rather than in the meta-
analysis.

Visual Acuity

Seventeen studies reported changes in BCVA before and after
injections, and 16 studies compared changes in BCVA between
aflibercept and ranibizumab treatment groups. All studies had
consistent findings of improved visual acuity for patients after
initial aflibercept injections, but the treatment effects were not
consistent in the later phase of follow-up (after 1 year). Figure
2A shows the estimated changes in BCVA at different time
points of follow-up.

Effects of aflibercept and ranibizumab on visual acuity were
compared at different time points of follow-up. Figure 3 shows
the two anti-VEGF drugs had similar effects at 3, 6, 12, and 24
months of follow-up (mean differences in logMAR change of
0.00, 95% CI: —0.03 to 0.02; 0.01, 95% CI: —0.02 to 0.05; —0.03,
95% CL: —0.07 to 0.01; and —0.06, 95% CL: —0.29 to 0.17,
respectively).

To detect the possible impact of age, baseline BCVA, region
or ethnicity, and treatment regimen on the treatment effects of
visual acuity, subgroup analyses based on 12-month treatment
outcomes were performed. The results in Table 4 demonstrat-
ed that aflibercept and ranibizumab had comparable effects in
spite of having different age groups, study areas, or treatment
regimens. However, aflibercept was superior to ranibizumab in
the worse BCVA group (IogMAR >0.6, equivalent to approx-
imately <55 ETDRS letters), with a mean difference in logMAR
change of —0.06 (95% CI: —0.10 to —0.03). In addition, although
comparable to ranibizumab, aflibercept received in routine
practice was not helpful in improving visual acuity for older
patients (>75 years old), with relatively better baseline BCVA
(logMAR <0.6), or in the United States.

There was variation in the subtypes of nAMD (e.g.,
polypoidal choroidal vasculopathy [PCV]) that patients in the
studies were diagnosed with. Hence, subgroup analysis was

also performed to better understand the treatment effects for
these subtypes. There was no significant difference between
aflibercept and ranibizumab for typical nAMD, PCV, or nAMD
with Eigment epithelial detachment (PED; Table 4). Only one
study®® explored the treatment effects of aflibercept and
ranibizumab on occult choroidal neovascularization (CNV),
and concluded that the improvement in BCVA was significantly
higher in the ranibizumab group compared to that in the
aflibercept group after 3-month treatments (P = 0.02).

According to the three studies comparing treatment
outcomes of aflibercept and bevacizumab, both medications
helped improve visual acuity, and their treatment effects were
similar through the treatment course from 3 to 12 months.
However, one study'' identified that the proportion of patients
getting improvement in visual acuity (logMAR gain >0.3) was
greater in the aflibercept treatment group at 6 months follow-
up (P =0.05).

Central Retinal Thickness

Of all included studies, 12 studies reported the treatment
outcomes of CRT, 11 compared the effects of aflibercept and
ranibizumab, and 3 compared the effects of aflibercept and
bevacizumab. All studies reported decreased CRT after
aflibercept injections. Figure 2B shows the estimated changes
in CRT across follow-up of 2 years.

Aflibercept and ranibizumab had comparable effects in
reducing CRT during a treatment course of 24 months. Figure 4
shows that the differences in CRT decrease at 3, 6, 12, and 24
months after aflibercept and ranibizumab injections were 3.25
pm (95% CI: —15.03 to 21.53); 7.89 pm (95% CLI: —31.91 to
47.69); 2.89 pm (95% CI: —18.33 to 24.11); and —2.42 pm (95%
CI: —77.87 to 73.03), respectively.

Subgroup analysis in Table 4 shows that aflibercept was
effective in reducing CRT based on the meta-analysis,
regardless of age, baseline visual acuity, study areas, treatment
regimens, or subgroups of nAMD. The two drugs were also
demonstrated to have comparable treatment effects across
these different subgroups. However, one study with patients
with occult CNV concluded that aflibercept decreased CRT
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TaBii 3. Treatment Regimens and Follow-Up Periods
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Bevacizumab
Aflibercept Treatment Treatment
Study ID Follow-Up, mo Regimen Ranibizumab Treatment Regimen Regimen

Au et al. > 1,3,6,12 PRN (2 mg) PRN (0.5 mg) PRN (1.25 mg)

Balaskas et al.*? 3,12 3 monthly injections+ 4 3 monthly injections + PRN Not stated
bimonthly injections

Cho et al.*! 12 3 monthly injections (2 mg) 3 monthly injections (0.5 mg) + PRN Not stated
+ PRN

Dirani et al.*’ 3 3 monthly injections 3 monthly injections Not stated

Garweg et al. 4 4,12, 24 treat and extend (3 monthly treat and extend (3 monthly injections Not stated
injections initially) initially)

Gillies et al.* 1,2,3,4,5,6, 12 Monthly, PRN, or treat and Monthly, PRN, or treat and extend Not stated
extend

Hata et al.*® 3 monthly injections (2 mg) 3 monthly injections (0.5 mg) Not stated

Inoue et al.®’ 12 3 monthly injections (2 mg) 3 monthly injections (0.5 mg) + PRN Not stated
+ PRN

Kano et al.*° 6 3 monthly injections (2 mg) 3 monthly injections (0.5 mg) + PRN Not stated
+ bimonthly injections

Kim et al.®> 12 3 monthly injections (2 mg) 3 monthly injections (0.5 mg) + PRN Not stated
+ PRN

Lee et al.*® 1,2,3,...12 Fixed dosing or treat and Three injections + PRN Not stated
extend

Lotery et al. ¥’ 3,6, 12 Not stated Not stated Not stated

Miyamoto et al.>° 3,6,9, 12 3 monthly injections + PRN 3 monthly injections + PRN Not stated
or bimonthly regimen

Park et al.>° 3,6, 12 3 monthly injections (2 mg) 3 monthly injections (0.5 mg) + PRN 3 monthly injections

+ PRN
Rasmussen et al.*? 12
3 months + PRN

Selid et al.'! 3,6,9,12 2.00 mg/0.05 mL

Subhi et al.*® 4,8, 12,16, 20,24 3 monthly injections (0.05
mL) + PRN

Yun et al.>® 3 3 monthly injections (2 mg)

Monthly injections (2 mg) for

(1.25 mg) + PRN

Monthly injections (0.5 mg) for 3 months Not stated
+ PRN
Not stated 1.25 mg/0.05 mL
3 monthly injections (0.05 mL) + PRN Not stated
3 monthly injections (0.5 mg) Not stated

OCT, ocular coherence tomography; mo, month; PRN, pro re nata.

more significantly than ranibizumab after 3 months of initial
treatments.

According to the three studies comparing the treatment
effects of aflibercept and bevacizumab, the two medications
had no significant differences in reducing CRT overall.
However, aflibercept appeared to reduce CRT more quickly
than bevacizumab in one study.z'6
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Included studies had different treatment frequency because of
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Ficure 2. Changes in (A) BCVA (IogMAR) and (B) CRT after aflibercept treatment. BCVA, best-corrected visual acuity; CL, confidence limit; CRT,
central retinal thickness; logMAR, logarithm of minimum angle of resolution; mo, months.
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Aflibercept Ranizibumab Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Au 2016 -0.03 0.421 34 0 0.421 24 1.3% -0.03 [-0.25, 0.19] —
Dirani 2015 -0.174 0.166 48 -0.124 0.202 67 10.1% -0.05[-0.12, 0.02] -
Garweg 2017 -0.094 0.218 106 -0.117 0.259 47 7.1% 0.02 [-0.06, 0.11] B
Hata 2014 -0.09 0.17 83 -0.05 02 133 15.1% -0.04 [-0.09, 0.01] ]
Inoue 2016 -0.11 0.268 101 -0.1 0.292 99 8.1% -0.01[-0.09, 0.07] T
Kano 2015 -0.02 0.125 29 -0.085 0.104 74  14.6% 0.07 [0.01, 0.12] -
Kim 2016 -0.26 0.31 21 -024 0.36 30 1.7% -0.02 [-0.20, 0.16] ]
Lotery 2017 -0.025 0.23 4300 -0.03 0.218 3350 35.3% 0.00 [-0.01, 0.02] [ ]
Subhi 2017 -0.11 0.314 49 -0.024 0.32 57 3.8% -0.09 [-0.21, 0.03] - 1
Yun 2016 -0.18 0.214 21 -0.17 0.315 33 2.9% -0.01[-0.15, 0.13] - 1
Total (95% ClI) 4792 3914 100.0% -0.00 [-0.03, 0.02]
e 2= . 2 = = - - 12 = 349 u t T t t
?etizrfogeneltyl.l T?fu : 2(_)00, ggl o _13.5:, df =9 (P =0.14); I?=34% 05 0,25 0 055 05
est for overall effect: Z = 0.26 (P = 0.79) Favours [Aflibercept] Favours [Ranibizumab]
A
Aflibercept Ranizibumab Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Au 2016 -0.07 0.515 34 0.01 0515 27 2.0% -0.08 [-0.34, 0.18]
Inoue 2016 -0.12 0.272 101 -0.1 0.3035 99 16.3% -0.02 [-0.10, 0.06] T
Kano 2015 0.009 0.127 27 -0.064 0.199 71 21.2% 0.07 [0.01, 0.14] —
Lotery 2017 -0.014 0.256 4300 -0.02 0.254 3350 60.5% 0.01 [-0.01, 0.02]
Total (95% ClI) 4462 3547 100.0% 0.01 [-0.02, 0.05]
ity 2 — . 2= - - . 12 = 3R t t t + t
?et(te;ogeneltyl.l T?fu : g.(_)oo, ;:;. A _4;52,6df 3 (P =0.20); I2= 36% o5 Y 0 oo o
est for overall effect: Z = 0.74 (P = 0.46) Favours [Aflibercept] Favours [Ranibizumab]
B
Aflibercept Ranizibumab Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Au 2016 0.03 0.502 30 0.1 0.502 21 1.7% -0.07 [-0.35, 0.21]
Cho 2016 -0.19 0.443 38 -0.17 0.541 60 3.3% -0.02 [-0.22, 0.18]
Garweg 2017 -0.077 0.296 106 -0.087 0.311 47 8.3% 0.01[-0.10, 0.12] [
Gillies 2016 -0.098 0.339 146 -0.078 0.324 124 11.3% -0.02 [-0.10, 0.06] - 1
Inoue 2016 -0.12 0.28 101 -0.07 0.32 99 10.8% -0.05[-0.13, 0.03] - 1
Kim 2016 -0.15 0.26 21 -014 0.32 30 4.6% -0.01[-0.17, 0.15] -
Lee 2017 -0.122 0.313 942 -0.032 0.345 942 19.3% -0.09 [-0.12, -0.06] -
Lotery 2017 0.004 0.294 4300 0.006 0.296 3350 21.2% -0.00 [-0.02, 0.01] b
Park 2016 -0.2 0.626 74 -0.187 0.724 87 3.0% -0.01[-0.22, 0.20]
Rasmussen 2017 -0.121 0.706 527 -0.13 0.824 616 10.1% 0.01[-0.08, 0.10] -
Subhi 2017 -0.078 0.346 49  0.01 0.327 57 6.4% -0.09 [-0.22, 0.04] I
8 Total (95% CI) 6334 5433 100.0% -0.03 [-0.07, 0.01] ‘
c Heterogeneity: Tau? = 0.00; Chi2 = 30.50, df = 10 (P = 0.0007); I2 = 67% t t f !
o) o A 05 025 0 0.25 0.5
e} Test for overall effect: Z = 1.63 (P = 0.10) Favours [Aflibercept] Favours [Ranibizumab]
n c
©
>
R
> Aflibercept Ranibizumab Mean Difference Mean Difference
05 Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
> Garweg 2017 -0.007 0.358 106 -0.059 0.326 47 53.7% 0.05[-0.06, 0.17]
87 Subhi 2017 -0.068 0.486 49 0.116 0.4 57 46.3% -0.18 [-0.36, -0.01] —
g Total (95% Cl) 155 104 100.0% -0.06 [-0.29, 0.17]
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_CCU Test for overall effect: Z = 0.49 (P = 0.63) Favours [Aflibercept] Favours [Ranibizumab]
proer]
<
S P
() Ficure 3. Differences in BCVA (logMAR) changes between aflibercept and ranibizumab treatment at (A) 3, (B) 6, (C) 12, and (D) 24 months. BCVA,
= best-corrected visual acuity; logMAR, logarithm of minimum angle of resolution.
—
©
2 aflibercept and ranibizumab were 6.39 (95% CI: 5.76-7.03) and injections during a 1-year treatment course varied from 4.3 to
— p ) g 24
8 6.56 (95% CI. 5.97-7.14). Five studies with three monthly 5.9, and ranibizumab required 4.5 to 8.37 injections. Afliber-
>  injections followed by PRN regimen provided number of drug cept required fewer injections than ranibizumab, with a mean
C

injections at 12 months.>®3741:4245 The number of aflibercept difference of —0.90 (95% CI: —1.80 to 0.00; Table 4).
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Aflibercept Ranibizumab Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Au 2016 -44.13 86.69 34 -5218 86.69 24  16.3% 8.05 [-37.25, 53.35] I
Garweg 2017 -131.24 156.43 106 -136.65 163.15 47  10.9% 5.41[-49.93, 60.75]
Hata 2014 -142.2 136.2 83 -146.4 169.3 133 19.8% 4.20 [-36.87, 45.27] D
Inoue 2016 -97 123.077 101 -122 1293 99 27.3% 25.00[-10.00, 60.00] I
Kano 2015 -78 125 29 -52 115 74 121% -26.00 [-78.50, 26.50] I
Kim 2016 -139.9 166.54 21 -161.5 241.73 30 2.7% 21.60 [-90.45, 133.65]
Subhi 2017 -148 132.143 49 -114 157.93 57 11.0% -34.00[-89.23, 21.23] N
Total (95% CI) 423 464 100.0%  3.25[-15.03, 21.53] ?

Heterogeneity: Chi? = 4.58, df = 6 (P = 0.60); I = 0%
Test for overall effect: Z = 0.35 (P = 0.73)

A

~100

50 0

50

100

Favours [Aflibercept] Favours [Ranibizumab]

Aflibercept Ranibizumab Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Au 2016 -50.95 93.2 34 -34.74 932 27 41.5% -16.21[-63.30, 30.88] ———
Inoue 2016 -97 110.169 101  -122 1293 99 585%  25.00([-8.32, 58.32] —a—
Total (95% ClI) 135 126 100.0% 7.89 [-31.91, 47.69] ’
ity 2 = . Chi2 = - - .12 = 499 t t t t t

?etfl;ogeneltyl.l T?fu : ;11_660:13,9C2|_ 017.36, df =1 (P =0.16); I> = 49% 100 50 0 5 100

est for overall effect: Z = 0.39 (P = 0.70) Favours [Aflibercept] Favours [Ranibizumab]

B
Aflibercept Ranibizumab Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Au 2016 -43.1 91.63 30 -63.66 91.63 21 17.2% 20.56 [-30.54, 71.66] -

Cho 2016 -184  317.39 38 -162  362.34 60  2.4% -22.00[-158.34, 114.34]

Garweg 2017 -125.68 149.44 106 -140.21 127.89 47 21.0% 14.53 [-31.80, 60.86] T

Inoue 2016 -95 113 101 -103 130 99 39.4% 8.00 [-25.78, 41.78] -

Kim 2016 -122.9 146.304 21 -139.6 208.947 30 4.7% 16.70[-80.80, 114.20]

Park 2016 -217.88 567.405 74 -171.87 485.31 87 1.7% -46.01[-210.67, 118.65]

Subhi 2017 -142 137.5 49 -95 165.634 57 13.5% -47.00[-104.72, 10.72] e —

Total (95% CI) 419 401 100.0% 2.89 [-18.33, 24.11] ?

Heterogeneity: Chi2 = 4.20, df = 6 (P = 0.65); 12 = 0% _2=00 _1400 5 160 2(’)0

Test for overall effect: Z =0.27 (P = 0.79)

Favours [Aflibercept] Favours [Ranibizumab]

Aflibercept Ranibizumab Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Garweg 2017 -137.28 151 106 -171.38 155.57 47 526%  34.10[-18.86, 87.06] T
Subhi 2017 -141 157.143 49 -98 175.264 57 47.4% -43.00[-106.29, 20.29] —
Total (95% CI) 155 104 100.0% -2.42[-77.87,73.03]

Heterogeneity: Tau? = 2085.75; Chi? = 3.35, df = 1 (P = 0.07); I> = 70%
Test for overall effect: Z = 0.06 (P = 0.95)

Ficure 4. Differences in CRT changes between aflibercept and ranibizumab treatment at (A) 3, (B) 6, (C) 12, and (D) 24 months. CRT, central

retinal thickness.

Besides treatment regimens, number of injections also
differed across other subgroups. One study conducted among a
very old patient population (>90 years) reported a smaller
number of aflibercept injections during 24 months (—1.20, 95%
CL: —2.33 to 0.00).*® However, slightly more aflibercept
injections were used compared to ranibizumab among patients
with better baseline BCVA (I1ogMAR <0.6) and patients in the
United States, with differences in number of injections of 0.28

D

(95% CI: 0.18-0.39) and 0.30 (95% CI: 0.19-0.41), respectively

(Table 4).

DISCUSSION
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Aflibercept has been a treatment option for nAMD since 2011.

To our knowledge, this is the first meta-analysis analyzing the
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comparative effectiveness of aflibercept and other anti-VEGFs
for treatment-naive nAMD based on observational comparative
studies.

The results showed that aflibercept helped improve BCVA
and decrease CRT in routine clinical practice. Treatment
indications, follow-up time, and regimens varied across studies.
However, the included studies consistently reported the
effectiveness of aflibercept in clinical practice. Compared to
ranibizumab and bevacizumab, aflibercept had similar treat-
ment effects on functional and anatomical outcomes. These
finding were consistent with previously published meta-
analyses of RCTs. 2%

Interestingly, in patients with lower BCVA (logMAR > 0.6),
aflibercept may lead to significantly better visual outcome than
ranibizumab (P = 0.001). In the large comparative Diabetic
Retinopathy Clinical Research Network protocol T study of
patients with treatment-naive diabetic macular edema, afliber-
cept was also shown to be superior to ranibizumab and
bevacizumab in the subgroup of patients with lower baseline
visual acuity.’’ Potentially a similarly differential effect of
aflibercept is at play in CNV.

Aflibercept is expected to have a long duration of effect,
and consequently reduce treatment burden. Based on the five
included studies with a PRN regimen in this meta-analysis,
aflibercept required 0.9 fewer injections than ranibizumab
during one year. Given the comparative effect of the two drugs
with a PRN regimen on BCVA and CRT, this reduced number of
injections may indicate that similar treatment effects can be
obtained with less-frequent aflibercept injections. However, to
better understand the treatment patterns of anti-VEGFs in the
real world, the healthcare system, patient treatment prefer-
ences, and metrics need to be taken into account in order to
determine the number of injections.

First, anti-VEGF choice and treatment frequency may vary
across countries. For example, different from study results of
Rasmussen et al.** that aflibercept was associated with fewer
reinjections, studies in the United States and Switzerland found
that aflibercept and ranibizumab had similar treatment patterns
and number of injections.sz'54

Second, some patients may prefer frequent physician visits
and reinjections to control their symptoms. Mueller et al.,>”
found out that patients in their study did not have strong
preference toward any treatment scheme. The authors
concluded that in order to improve their visual acuity, patients
were receptive to receiving high treatment burden with
regular intravitreal injections at short intervals.>> Obviously,
the real-world management of patients with nAMD originates
from shared decision making between physician and patient
preferences.% Consequently, the expected difference in
injection frequency between aflibercept and other anti-VEGFs
might not be reflected in routine practice.

Third, there were inconsistencies in the recording method
of number of injections across studies. Studies provided
number of injections but did not make clear explanations
about what these numbers meant. Patients may be lost to
follow-up because of lack of treatment response, disease
inactivity, and death or other severe disease. It was difficult to
determine what these reported numbers actually specified.
Therefore, the estimated number of injections in our meta-
analysis may be inaccurate.

We detected possible publication bias of the comparative
treatment effects with funnel plots (Supplementary Figs. S3,
$4). Supplementary Figure S3C shows that there could be some
publication bias for the estimates of aflibercept effects on
BCVA compared to ranibizumab at 12 months. Thus, more
high-quality studies need to be performed to validate our
findings.

IOVS | November 2017 | Vol. 58 | No. 13 | 5625

Among the 18 included studies, BCVA was not confirmed in
two studies, and best uncorrected or pinhole visual acuity
were used for analysis.44’47 In another study, patients with
discontinued treatment during 1 year were included into
analysis.42 Therefore, sensitivity analysis about changes in
visual acuity and treatment frequency were conducted with
the exclusion of these three studies. According to the
sensitivity analysis results, aflibercept had more effective
functional outcomes than ranibizumab in 12 months (differ-
ence in logMAR changes: —0.08; 95% CI: —0.10 to —0.05) with
similar treatment frequency (difference in injection numbers:
—0.24; 95% CL: —1.46 to 0.98). Additionally, the findings in
Supplementary Table S5 indicate aflibercept had effective
functional outcome for patients with better baseline BCVA
(logMAR <0.6).

There were two main limitations to this study. First, a single
reviewer performed the literature search and data abstraction,
resulting in a potential for subjective bias. However, all steps in
this process can be reproduced from the PRISMA flow
diagram. Second, only studies that included comparison
treatment group(s) were included in our review and analysis.
The inclusion criteria and control-matching algorithms that
were used in the comparative studies have the potential to
induce bias while comparing outcomes to baseline, as the
control-matching algorithms may try to balance pretreatment
characteristics (e.g., age and baseline BCVA). Thus, we
emphasize that the primary outcome of this meta-analysis is
the comparison of aflibercept to other anti-VEGF agents, and
that the comparison of aflibercept to baseline is a secondary
outcome that may have the limitations mentioned. This study
only provides evidence about anti-VEGF selection, and does
not demonstrate the treatment effects of aflibercept versus no
treatment. However, anti-VEGFs have been the mainstay of
treatment for nAMD since the mid-2000s, so the main clinical
concern is which initial anti-VEGF drug to select. Previous
reviews and analyses® ~>° have verified the effects of afliber-
cept for persistent or resistant nAMD, yet, our study provides
additional evidence about the effects for newly diagnosed
patients.

In summary, this review and meta-analysis provides
synthesized evidence about effects of aflibercept for treat-
ment-naive nAMD in the real world. The study results revealed
that aflibercept is a treatment option given its comparable
effects as other anti-VEGFs, and may be superior in patients
with lower visual acuity. Future study is needed to evaluate the
long-term effects of aflibercept.
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