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A B S T R A C T

Background

Age-related macular degeneration (AMD) is the most common cause of uncorrectable severe vision loss in people aged 55 years and older
in the developed world. Choroidal neovascularization (CNV) secondary to AMD accounts for most cases of AMD-related severe vision loss.
Intravitreous injection of anti-vascular endothelial growth factor (anti-VEGF) agents aims to block the growth of abnormal blood vessels
in the eye to prevent vision loss and, in some instances, to improve vision.

Objectives

• To investigate ocular and systemic eJects of, and quality of life associated with, intravitreous injection of three anti-VEGF agents
(pegaptanib, ranibizumab, and bevacizumab) versus no anti-VEGF treatment for patients with neovascular AMD

• To compare the relative eJects of one of these anti-VEGF agents versus another when administered in comparable dosages and regimens

Search methods

To identify eligible studies for this review, we searched the Cochrane Central Register of Controlled Trials (CENTRAL), which contains
the Cochrane Eyes and Vision Trials Register (searched January 31, 2018); MEDLINE Ovid (1946 to January 31, 2018); Embase Ovid (1947
to January 31, 2018); the Latin American and Caribbean Health Sciences Literature Database (LILACS) (1982 to January 31, 2018); the
International Standard Randomized Controlled Trials Number (ISRCTN) Registry (www.isrctn.com/editAdvancedSearch - searched January
31, 2018); ClinicalTrials.gov (www.clinicaltrials.gov - searched November 28, 2018); and the World Health Organization (WHO) International
Clinical Trials Registry Platform (ICTRP) (www.who.int/ictrp/search/en - searched January 31, 2018). We did not impose any date or
language restrictions in electronic searches for trials.

Selection criteria

We included randomized controlled trials (RCTs) that evaluated pegaptanib, ranibizumab, or bevacizumab versus each other or versus a
control treatment (e.g. sham treatment, photodynamic therapy), in which participants were followed for at least one year.
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Data collection and analysis

Two review authors independently screened records, extracted data, and assessed risks of bias. We contacted trial authors for additional
data. We compared outcomes using risk ratios (RRs) or mean diJerences (MDs). We used the standard methodological procedures expected
by Cochrane.

Main results

We included 16 RCTs that had enrolled a total of 6347 participants with neovascular AMD (the number of participants per trial ranged
from 23 to 1208) and identified one potentially relevant ongoing trial. Six trials compared anti-VEGF treatment (pegaptanib, ranibizumab,
or bevacizumab) versus control, and 10 trials compared bevacizumab versus ranibizumab. Pharmaceutical companies conducted or
sponsored four trials but funded none of the studies that evaluated bevacizumab. Researchers conducted these trials at various centers
across five continents (North and South America, Europe, Asia, and Australia). The overall certainty of the evidence was moderate to high,
and most trials had an overall low risk of bias. All but one trial had been registered prospectively.

When compared with those who received control treatment, more participants who received intravitreous injection of any of the three
anti-VEGF agents had gained 15 letters or more of visual acuity (risk ratio [RR] 4.19, 95% confidence interval [CI] 2.32 to 7.55; moderate-
certainty evidence), had lost fewer than 15 letters of visual acuity (RR 1.40, 95% CI 1.27 to 1.55; high-certainty evidence), and showed
mean improvement in visual acuity (mean diJerence 6.7 letters, 95% CI 4.4 to 9.0 in one pegaptanib trial; mean diJerence 17.8 letters,
95% CI 16.0 to 19.7 in three ranibizumab trials; moderate-certainty evidence) aPer one year of follow-up. Participants treated with anti-
VEGF agents showed improvement in morphologic outcomes (e.g. size of CNV, central retinal thickness) compared with participants not
treated with anti-VEGF agents (moderate-certainty evidence). No trial directly compared pegaptanib versus another anti-VEGF agent and
followed participants for one year; however, when compared with control treatments, ranibizumab and bevacizumab each yielded larger
improvements in visual acuity outcomes than pegaptanib.

Visual acuity outcomes aPer bevacizumab and ranibizumab were similar when the same RCTs compared the same regimens with respect
to gain of 15 or more letters of visual acuity (RR 0.95, 95% CI 0.81 to 1.12; high-certainty evidence) and loss of fewer than 15 letters of
visual acuity (RR 1.00, 95% CI 0.98 to 1.02; high-certainty evidence); results showed similar mean improvement in visual acuity (mean
diJerence [MD] -0.5 letters, 95% CI -1.5 to 0.5; high-certainty evidence) aPer one year of follow-up, despite the substantially lower cost
of bevacizumab compared with ranibizumab. Reduction in central retinal thickness was less among bevacizumab-treated participants
than among ranibizumab-treated participants aPer one year (MD -11.6 μm, 95% CI -21.6 to -1.7; high-certainty evidence); however, this
diJerence is within the range of measurement error, and we did not interpret it to be clinically meaningful.

Ocular inflammation and increased intraocular pressure (IOP) aPer intravitreal injection were the most frequently reported serious ocular
adverse events. Researchers reported endophthalmitis in less than 1% of anti-VEGF-treated participants and in no cases among control
groups. The occurrence of serious systemic adverse events was comparable across anti-VEGF-treated groups and control groups; however,
the numbers of events and trial participants may have been insuJicient to show a meaningful diJerence between groups (evidence of low-
to moderate-certainty). Investigators rarely measured and reported data on visual function, quality of life, or economic outcomes.

Authors' conclusions

Results of this review show the eJectiveness of anti-VEGF agents (pegaptanib, ranibizumab, and bevacizumab) in terms of maintaining
visual acuity; studies show that ranibizumab and bevacizumab improved visual acuity in some eyes that received these agents and were
equally eJective. Available information on the adverse eJects of each medication does not suggest a higher incidence of potentially vision-
threatening complications with intravitreous injection of anti-VEGF agents compared with control interventions; however, clinical trial
sample sizes were not suJicient to estimate diJerences in rare safety outcomes. Future Cochrane Reviews should incorporate research
evaluating variable dosing regimens of anti-VEGF agents, eJects of long-term use, use of combination therapies (e.g. anti-VEGF treatment
plus photodynamic therapy), and other methods of delivering these agents.

P L A I N   L A N G U A G E   S U M M A R Y

Anti-vascular endothelial growth factor for neovascular age-related macular degeneration

What is the aim of this review?
The aim of this Cochrane review was to compare treatment with anti-vascular endothelial growth factor (anti-VEGF) agents for neovascular
age-related macular degeneration (wet AMD). This review focuses on two questions: (1) whether using anti-VEGF agents is better than not
using them, and (2) which anti-VEGF agent works best.

Key messages
Anti-VEGF agents were better than no anti-VEGF agents or other types of treatment for patients with wet AMD. When studies compared
anti-VEGF agents, researchers found that ranibizumab and bevacizumab were similar in terms of vision-related outcomes and numbers of
adverse events among participants followed for at least one year. The major diJerence was cost, as bevacizumab was cheaper.

What was studied in this review?
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Wet AMD is a common cause of severe vision loss among people 55 years of age and older. The macula, located in the central retina in
the back of the eye, is important for vision. Wet AMD occurs when abnormal growth of blood vessels in the back of the eye damages the
macula. Wet AMD causes blurriness, darkness, or distortion in the center of the field of vision, thus reducing the individual's ability to read,
drive, and see faces.

Injection into the eye of medicines like pegaptanib, ranibizumab, and bevacizumab can help block abnormal growth of blood vessels in
the back of the eye. These drugs are known as anti-VEGF agents. We conducted this review to compare benefits and risks of treatment with
anti-VEGF agents versus treatment without anti-VEGF agents and to compare diJerent types of anti-VEGF agents.

What are the main results of the review?
We found 16 studies that enrolled a total of 6347 people with wet AMD. Six studies compared anti-VEGF agents against no anti-VEGF agent,
and ten studies compared bevacizumab versus ranibizumab. Drug companies conducted or sponsored four of the studies. Investigators
conducted the 16 studies at various centers on five continents (North and South America, Europe, Asia, and Australia); they treated people
and provided follow-up for at least one year.

APer one year, more people treated with any of the three anti-VEGF agents (pegaptanib, ranibizumab, or bevacizumab) had improved
vision, fewer had vision loss, and fewer were legally blind in the study eye when compared with people who did not receive anti-VEGF
agents. People treated with anti-VEGF agents also showed structural improvements in the eye, which doctors use to monitor the disease
and determine the need for more treatment. People who did not receive anti-VEGF agents did not show the same kind of improvement.

Treatment with ranibizumab or bevacizumab yielded larger improvements in vision compared with treatment with pegaptanib in trials
comparing anti-VEGF treatment against treatment not using anti-VEGF agents. Comparison of bevacizumab versus ranibizumab revealed
no major diJerences with respect to any vision-related outcomes. The major diJerence between the two agents was cost; bevacizumab
was cheaper.

Inflammation and increased pressure in the eye were the most common unwanted eJects caused by anti-VEGF agents. Investigators
reported endophthalmitis (infection in the inner part of the eye, which can cause blindness) in less than 1% of anti-VEGF-treated eyes and
observed no cases among those not treated with anti-VEGF agents. The occurrence of serious side eJects, such as high blood pressure and
internal bleeding, was low and was similar between anti-VEGF-treated groups and groups that did not receive anti-VEGFs. The number of
total side eJects was very small, so it is impossible to tell which drug may have caused the most harmful eJects.

How up-to-date is this review?
Cochrane researchers searched for studies that had been published up to January 31, 2018.

Anti-vascular endothelial growth factor for neovascular age-related macular degeneration (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Summary of findings: anti-VEGF treatment versus control

Anti-VEGF treatment versus control for neovascular age-related macular degeneration

Participant or population: people with neovascular age-related macular degeneration

Settings: clinical centers

Intervention: intravitreal injections of anti-VEGF agents (pegaptanib, ranibizumab, or bevacizumab)

Control: standard therapy at the time of the trial (sham injections, verteporfin photodynamic therapy with or without triamcinolone acetonide, or intravitreal injections of
pegaptanib)

Illustrative comparative risks* (95%
CI)

Assumed risk Corresponding
risk

Outcomes

Control Anti-VEGF treat-
ment

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Gain of 15 or
more letters vi-
sual acuity at 1
year

43 per 1000 179 per 1000
(99 to 322)

RR 4.19
(2.32 to 7.55)

2667
(6)

⊕⊕⊕⊝

Moderatea

 

Loss of fewer
than 15 letters
visual acuity at 1
year

599 per 1000 838 per 1000
(760 to 928)

RR 1.40

(1.27 to 1.55)

2667
(6)

⊕⊕⊕⊕
High

 

Mean change in
visual acuity at 1
year (number of
letters)

Mean change
across control
groups ranged
from a loss of 10
to 16 letters

See comment See comment 2508
(4)

⊕⊕⊕⊝

Moderateb

Owing to substantial statistical heterogeneity be-
tween pegaptanib and ranibizumab subgroups, we
did not combine data across subgroups

Mean change in visual acuity in pegaptanib groups
was on average 6.72 more letters gained (95% CI
4.43 letters to 9.01 letters); MD 6.72 (95% CI 4.43 to
9.01)

Mean change in visual acuity in ranibizumab
groups was on average 17.80 more letters gained
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(95% CI 15.95 letters to 19.65 letters); MD 17.80
(95% CI 15.95 to 19.65)

Mean change from baseline in visual acuity was
7.0 letters in bevacizumab group and -9.4 letters in
control group in 1 study. The second study report-
ed that participants in bevacizumab group gained
8 letters on average and participants in control
group lost 3 letters on average

Reduction in
central retinal
thickness at 
1 year

See comment See comment See comment See comment See comment We were unable to find data on central retinal
thickness in reports from the only trial comparing
pegaptanib with control and from any of the 3 in-
cluded trials comparing ranibizumab with control

Mean change was -91 μm in bevacizumab group
and -55 μm in control group in one study, and -113
μm in bevacizumab group and -72 μm in control
group in the other study

Mean change in
vision-related
quality of life

Mean change
across control
groups in vi-
sion-related qual-
ity of life scores
ranged from -3 to
2 points

Mean change
across control
groups in vi-
sion-related qual-
ity of life scores
ranged from 5 to
7 points

MD 6.69 (3.38
to 9.99)

1134
(2)

⊕⊕⊕⊝

Moderatea

Use of the NEI-VFQ questionnaire with a 10-point
difference considered clinically meaningful

Serious systemic
adverse events
at 
1 year

Range of 5 to 83
per 1000 for var-
ious systemic ad-
verse events

Range of 0 to 55
per 1000 for var-
ious systemic ad-
verse events

Range of RR
0.17 (0.01 to
4.24) to 2.08
(0.23 to 18.45)

2667
(6)

⊕⊕⊕⊝

Moderatec

 

Serious ocular
adverse events
at 
1 year

Range of 0 to 68
per 1000 for var-
ious ocular ad-
verse events

Range of 3 to 118
per 1000 for var-
ious ocular ad-
verse events

Range of RR
0.52 (0.03 to
8.25) to 2.71
(1.36 to 5.42)

2667
(6)

⊕⊕⊕⊝

Moderatec

 

*The basis for the assumed risk is estimated by the proportion with the event in the control group. The corresponding risk (and its 95% CI) is based on assumed risk in the
comparison group and the relative effect of the intervention (and its 95% CI).
Anti-VEGF: anti-vascular endothelial growth factor; CI: confidence interval; MD: mean difference; NEI-VFQ: National Eye Institute-Visual Functioning Questionnaire; RR: risk
ratio.

Grading of Recommendations Assessment, Development and Evaluation (GRADE) Working Group grades of evidence.
High certainty: further research is very unlikely to change our confidence in the estimate of effect.
Moderate certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
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Low certainty: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: we are very uncertain about the estimate.

aDowngraded (-1) owing to imprecision in the confidence interval.
bDowngraded (-1) owing to inconsistency in eJect between types of anti-VEGF agents.
cAdverse events downgraded to moderate quality as not all eligible trials reported all types of adverse events, and numbers were small (< 1%) for many specific adverse events.
 
 

Summary of findings 2.   Summary of findings: bevacizumab versus ranibizumab

Bevacizumab versus ranibizumab for neovascular age-related macular degeneration

Participant or population: people with neovascular age-related macular degeneration

Settings: clinical centers

Intervention: intravitreal injections of bevacizumab

Comparison: intravitreal injections of ranibizumab

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Ranibizumab Bevacizumab

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Gain of 15 or more
letters visual acuity
at 1 year

252 per 1000 239 per 1000
(204 to 282)

RR 0.95
(0.81 to 1.12)

3144
(8)

⊕⊕⊕⊕
High

 

Loss of fewer than 15
letters visual acuity
at 1 year

944 per 1000 944 per 1000
(926 to 963)

RR 1.00
(0.98 to 1.02)

3144
(8)

⊕⊕⊕⊕
High

 

Mean change in visual
acuity at 1 year (num-
ber of letters)

Mean change across
ranibizumab groups
ranged from gains of 3
to 8 letters

Mean change in visual acuity
in bevacizumab groups was
on average 0.58 fewer letters
gained (95% CI 1.55 fewer let-
ters to 0.40 more letters)

MD -0.6
(-1.6 to 0.4)

3190
(9)

⊕⊕⊕⊕
High

 

Reduction in central
retinal thickness at 
1 year

Mean reduction in cen-
tral retinal thickness
across ranibizumab
groups ranged from 30
to 182 μm

Mean reduction in central reti-
nal thickness in bevacizumab
groups was on average 11.61
μm less (95% CI 21.55 less to
1.66 less)

MD -11.6
(-21.6 to -1.7)

2693
(6)

⊕⊕⊕⊕
High

Three additional trials re-
ported no differences be-
tween groups for this out-
come; however, these da-
ta were not reported in
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formats that could be in-
cluded in meta-analysis

No problems in quali-
ty of life domains at 1
year

Range of 591 per 1000
to 861 per 1000 across
5 quality of life do-
mains

Range of 608 per 1000 to 828
per 1000 across
5 quality of life domains

Range of RR
0.96 (0.90 to
1.04) to 1.02
(0.89 to 1.17)

548
(1)

⊕⊕⊕⊝

Moderatea

Quality of life domains in-
cluded mobility, self-care,
usual activities, pain/dis-
comfort, anxiety/depres-
sion

Serious systemic ad-
verse events at 

1 yearb

156 per 1000 with at
least 1 serious sys-
temic adverse event

179 per 1000
(154 to 209)

RR 1.15
(0.99 to 1.34)

3365
(6)

⊕⊕⊕⊝

Moderatea

 

Serious ocular ad-
verse events at 
1 year

< 5 per 1000 < 5 per 1000 Range of RR
0.51 (0.05 to
5.62) to 7.05
(0.36 to 136.28)

Range 1670 to
2280
(2 to 3)

⊕⊕⊕⊝

Moderatea

Studies reported differ-
ent ocular adverse events.
One study reported only
that there was no differ-
ence between treatment
arms

*The basis for the assumed risk is estimated by the proportion with the event in the ranibizumab group. The corresponding risk (and its 95% CI) is based on assumed risk
in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; MD: mean difference; RR: risk ratio.

Grading of Recommendations Assessment, Development and Evaluation (GRADE) Working Group grades of evidence.
High certainty: further research is very unlikely to change our confidence in the estimate of effect.
Moderate certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: we are very uncertain about the estimate.

aQuality of life and adverse event outcomes downgraded to moderate quality as not all eligible trials reported these outcomes, and numbers of some adverse events were small
(< 1%).
bA Cochrane review on systemic safety of bevacizumab versus ranibizumab includes more complete data for this finding (Moja 2014). Please refer to Moja 2014 for the most
complete information on systemic safety for bevacizumab versus ranibizumab.
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B A C K G R O U N D

Description of the condition

Introduction

Age-related macular degeneration (AMD) is a progressive,
degenerative disease of the retina that occurs with increasing
frequency with advancing age. Two major types of AMD are
known; these are commonly referred to as non-neovascular
("dry") and neovascular ("wet") AMD. The non-neovascular type
is characterized by drusen (yellow spots under the retina),
pigmentary changes (redistribution of melanin within the retinal
pigment epithelium [RPE] under the retina and migration of
melanin into the retina), and geographic atrophy (loss of the RPE
and choriocapillaris).

This review is concerned with neovascular AMD and its treatment.
The hallmark of neovascular AMD is choroidal neovascularization
(CNV). Breaks in the RPE and in Bruch’s membrane allow
naturally occurring vessels in the choroid to grow aberrantly
into the subretinal space. These choroidal neovascular vessels
typically leak and bleed, causing exudative or hemorrhagic retinal
detachments. Without treatment, the process usually evolves into
a fibrous scar, which replaces the outer layers of the retina, the RPE,
and the choriocapillaris. The scarred retina has greatly diminished
visual capacity.

Epidemiology

AMD is a leading cause of irreversible vision loss among the
elderly in developed countries (Bourne 2014; Bunce 2006; Congdon
2004; Ghafour 1983; Hyman 1987; Leibowitz 1980; Tielsch 1994).
Although the non-neovascular type is much more common, the
neovascular form of AMD is responsible for most cases of severe
vision loss. The incidence of progression from non-neovascular
AMD to neovascular AMD is increased by the presence of numerous
large and confluent drusen in the macula, as well as by the presence
of pigment in the macula. Neovascular AMD occurs in only 10% of
people with AMD, yet 80% of those with severe visual loss (worse
than 20/200 Snellen acuity) have the neovascular form (Leibowitz
1980). Once neovascular disease develops in one eye, the risk of
developing neovascular disease in the other eye of the same person
is approximately 40% by five years (AREDS 2001; SST 20).

The overall prevalence of AMD, estimated in a meta-analysis of
studies from Australia, Europe, and the United States, was 1.47%
(95% confidence interval [CI] 1.38% to 1.55%) (Friedman 2004);
however, AMD increases in prevalence with advancing age, and
incidence is low among individuals younger than 50 years of
age. Thus, the burden of disease is greatest in regions where life
expectancy is highest. Among those aged 80 years or older, the
prevalence of neovascular AMD has been estimated to be 5.79%
(95% CI 4.72% to 7.01%) in the UK (Owen 2003), and 8.18% (95% CI
7.07% to 9.29%) in the United States (Friedman 2004).

No consistent evidence indicates that modifiable factors such
as lipid levels, blood pressure, light exposure, or alcohol intake
put people at greater risk of AMD. One notable exception is
smoking (Klein 2008; Mitchell 2002; Smith 1996). Elevated baseline
levels of inflammatory biomarkers such as C-reactive protein
have been found to be associated with the development of early
and late AMD in a large population-based cohort (Boekhoorn
2007). Furthermore, several studies have shown gene-environment

interactions of complement factor H with smoking and C-reactive
protein (Deangelis 2007; Haddad 2006; Schaumberg 2007; Seddon
2006). High doses of vitamins C and E, beta-carotene, and zinc
provide a modest protective eJect against progression to advanced
AMD among individuals with extensive drusen or in initially
unaJected fellow eyes with neovascular AMD (AREDS 2001; AREDS2
2013).

As the population continues to age, a higher prevalence of this
disease is expected in the future, at least in certain populations.
A population-based survey estimated that AMD, as a contributing
cause of blindness, had increased worldwide from 4.4% (95% CI 4.0
to 5.1) in 1990 to 6.6% (95% CI 5.9 to 7.9) in 2010 (Bourne 2014).

Presentation and diagnosis

Neovascular AMD may aJect one eye or both eyes at the same
time or sequentially. Symptoms of neovascular AMD include
metamorphopsia (distortions while looking at objects), scotomata
(black or gray spots), and blurry vision. Depending upon the
location of the CNV and the quality of vision in the fellow eye,
individuals with AMD may be unaware of a change in visual acuity
or may note diJiculty when performing normal activities that
require good central vision, such as reading and writing, watching
television, driving, and recognizing faces. When AMD aJects only
one eye, visual loss may go undetected until monocular testing is
performed at a routine eye examination, or until chance occlusion
of the better eye is noted. Frequently, people are unaware that their
disturbed binocular vision is caused by changes in only one eye.

Neovascular AMD is diagnosed clinically with the help of imaging
such as optical coherence tomography (OCT) and fluorescein
angiography, which may be necessary to detect subtle exudation in
some individuals who have experienced a recent change in visual
acuity. At the onset of symptoms, fundus examination oPen reveals
subretinal exudation of fluid, lipid, or blood. OCT, a non-invasive
imaging modality, shows cross-sectional images of the retina,
RPE, and choroid. Some studies have defined the characteristic
appearance of diJerent stages of the disease process on OCT (Ting
2002; Van Kerckhoven 2001). The most characteristic findings on
OCT corresponding to a CNV lesion include areas of hyporeflectivity
under the retina that, in turn, correspond to subretinal fluid,
cystic hyporeflective changes consistent with macular edema, and
attenuation of the photoreceptor/choriocapillaris layer. CNV can be
seen in several characteristic patterns on fluorescein angiography.
Classic CNV is defined as an area of early hyperfluorescence with
increasing fluorescein leakage on late frames of the angiogram
(MPSG 1991). Occult CNV occurs in two diJerent patterns:
fibrovascular pigment epithelial detachment and late fluorescein
leakage from an undetermined source. Classic CNV typically has
well-demarcated borders, in contrast to the poorly demarcated
borders usually seen in occult CNV.

Another test - indocyanine green (ICG) angiography - may facilitate
evaluation of individuals with neovascular AMD, as it images the
choroidal circulation better than fluorescein angiography and may
show "hot" spots under the RPE that are amenable to treatment.
ICG angiography is particularly useful in the diagnosis of polypoidal
choroidal vasculopathy, a form of AMD that is most common among
Asian populations.

Anti-vascular endothelial growth factor for neovascular age-related macular degeneration (Review)
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Description of the intervention

Until the advent of anti-vascular endothelial growth factor
(VEGF) agents, treatments most frequently used for neovascular
AMD included thermal laser photocoagulation and verteporfin
photodynamic therapy (PDT). A Cochrane systematic review
concluded that laser photocoagulation eJectively slowed the
progression of neovascularization in non-subfoveal lesions
compared with observation alone (Virgili 2007). A Cochrane review
of verteporfin PDT concluded that PDT was eJective in preventing
clinically significant vision loss (Wormald 2007). However, neither
laser photocoagulation nor PDT oJered any significant chance for
vision improvement.

Over the past two decades, researchers have developed new drugs
for the treatment of patients with neovascular AMD. These drugs
target a protein in the body known as vascular endothelial growth
factor (VEGF), which stimulates the growth of abnormal blood
vessels in neovascular AMD through a process called angiogenesis;
the drugs block VEGF, leading to regression of abnormal blood
vessels. Antiangiogenic therapy currently is the most commonly
used treatment for neovascular AMD, particularly of subfoveal
neovascular lesions.

An example of an anti-VEGF antagonist is pegaptanib (Macugen,
a trademark of Eyetech/Pfizer, Inc.). Pegaptanib is a chemically
synthesized 28-base ribonucleic acid molecule. It is an aptamer
(foldable single-strand nucleic acid) that has the ability to change
its three-dimensional structure to fit a target protein, in this case
VEGF. By binding to VEGF, pegaptanib blocks and inactivates VEGF,
thus halting the process of neovascularization. The US Food and
Drug Administration (FDA) approved pegaptanib in December 2004
for the treatment of patients with neovascular AMD.

Ranibizumab, previously known as rhuFab-VEGF (Lucentis, a
trademark of Genentech, Inc.), is another example of an anti-VEGF
medication developed for ocular administration. It is a humanised
antibody fragment capable of binding to the VEGF protein to
prevent it from binding to its receptor, thus inhibiting angiogenic
activity. Ranibizumab was the first treatment for neovascular
AMD that oJered a realistic hope for vision improvement; it was
approved by the FDA in 2007.

Bevacizumab (Avastin, a trademark of Genentech, Inc.) is
a humanized monoclonal antibody against VEGF. It is the
larger parent molecule from which ranibizumab was derived.
Bevacizumab currently is approved for the treatment of patients
with conditions such as colorectal cancer, but it is widely used oJ-
label by ophthalmologists to treat neovascular AMD.

Aflibercept, previously known as VEGF Trap (Eylea, a trademark
of Regeneron Pharmaceuticals, Inc.), is another anti-VEGF agent;
the molecule serves as a VEGF decoy to inhibit the growth of new
blood vessels. The FDA approved aflibercept in 2011 for treatment
of neovascular AMD. Conbercept, a drug similar to aflibercept, has
been developed in China. Because the mechanism of action of
these types of drugs is slightly diJerent from that of the drugs
listed above (pegaptanib, ranibizumab, and bevacizumab), and
because they were introduced aPer the protocol for this review was
developed, we have not evaluated aflibercept or conbercept in this
review.

How the intervention might work

Angiogenesis is a complex process whereby interactions between
stimulatory and inhibitory factors result in new blood vessel
formation. These factors have been identified in CNV formation in
animal models and human tissue (Aiello 1994; Kvanta 1996; Lopez
1996). Antiangiogenic therapies work by blocking stimulatory
factors or by promoting inhibitory factors, thus disrupting the
formation of new vessels. Agents that block the activity of VEGF
(anti-VEGFs), a polypeptide with mitogenic eJects on endothelial
blood vessels, form one type of anti-angiogenic therapy. VEGF
antagonists have been shown to inhibit CNV in animal models.

In the past, the primary goal of both laser photocoagulation
and PDT was to prevent or delay further loss of visual acuity in
the treated eye. With the development of agents to counteract
VEGF, together known as anti-VEGF agents, the primary goal
of intravitreal injection of these agents is to retain or improve
visual acuity. Currently, anti-VEGF agents are administered most
commonly via monthly intravitreous injections or as needed aPer
three consecutive monthly injections.

Why it is important to do this review

Previous versions of this Cochrane review have documented the
eJectiveness of anti-VEGF agents in halting the loss of visual
acuity in a substantial fraction of treated eyes (Solomon 2014;
Vedula 2008). Further, intravitreal injections with ranibizumab led
to improved vision in about one-third of eyes - an improvement not
previously observed with other AMD treatments (Solomon 2014;
Solomon 2016). Since this Cochrane review was first published
in 2008, numerous studies have been conducted to evaluate the
safety and eJectiveness of various anti-VEGF agents, treatment
regimens, and combination therapies for treatment of patients
with neovascular AMD (Table 1). This review is restricted to
primary randomized controlled trials (RCTs) of anti-VEGF agents
versus no anti-VEGF treatment; and head-to-head (comparative
eJectiveness) RCTs of one anti-VEGF agent versus another. Studies
on dosage, diJerent treatment strategies, and anti-VEGF agents
combined with other treatments are outside the scope of this
review. The emphasis of this updated review is improvement in
visual acuity with treatment.

O B J E C T I V E S

• To investigate ocular and systemic eJects of, and quality of
life associated with, intravitreous injection of anti-VEGF agents
(pegaptanib, ranibizumab, and bevacizumab) versus no anti-
VEGF treatment for patients with neovascular AMD

• To compare the relative eJects of one of these anti-VEGF agents
versus another when administered in comparable dosages and
regimens

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included only RCTs in this review.

Types of participants

We included trials in which participants had neovascular AMD as
defined by study investigators.

Anti-vascular endothelial growth factor for neovascular age-related macular degeneration (Review)
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Types of interventions

We included studies that compared anti-VEGF treatment versus
another treatment, sham treatment, or no treatment. We did
not include studies that compared diJerent doses of one anti-
VEGF treatment against another, studies that included no control
or comparator group, or studies that used anti-VEGF agents in
combination with other treatments. We did not include studies
of aflibercept (VEGF Trap-Eye/EYLEA solution) or studies that
compared diJerent treatment schedules (e.g. monthly vs as needed
dosing), because other Cochrane reviews have evaluated these
interventions (Li 2016; Sarwar 2016).

Types of outcome measures

Primary outcomes

The primary outcome for this review was based on best-corrected
visual acuity (BCVA) at one-year follow-up. All included RCTs
randomized only one eye per participant (i.e. the study eye);
therefore we defined the primary outcome for the comparison of
treatments as the proportion of participants who gained 15 or
more letters (three lines) of BCVA in the study eye when BCVA was
measured on a visual acuity chart with a LogMAR scale.

Secondary outcomes

Visual acuity outcomes

• Proportion of participants who gained 15 or more letters of BCVA
in the study eye as measured at two-year follow-up

• Proportion of participants who lost fewer than 15 letters of visual
acuity at one year and at two years

• Proportion of participants who lost fewer than 30 letters of visual
acuity at one year and at two years

• Proportion of participants for whom blindness was avoided in
the study eye, defined as eyes with visual acuity better than
20/200 at one year and at two years

• Proportion of participants maintaining visual acuity, defined as
a gain of zero or more letters (i.e. no loss of BCVA from baseline)
at one year and at two years

• Mean change in visual acuity from baseline to one year and to
two years

Other secondary outcomes

• Contrast sensitivity, reading speed, or any other validated
measure of visual function as measured in the included studies

• Assessment of morphologic characteristics by fluorescein
angiography or OCT, including mean change in size of CNV, mean
change in size of total lesion, and mean change in central retinal
thickness (CRT)

• Quality of life measures, as assessed with any validated
measurement scale

• Economic data, such as comparative cost analyses

• Ocular or systemic adverse outcomes

Follow-up

We included only trials in which participants were followed for at
least one year. We also included outcomes at two-year follow-up
when these data were available.

Search methods for identification of studies

Electronic searches

The Cochrane Eyes and Vision Information Specialist conducted
systematic searches in the following databases for randomized
controlled trials and controlled clinical trials. This search included
no language or publication year restrictions. The date of the most
recent search was January 31, 2018.

• Cochrane Central Register of Controlled Trials (CENTRAL) (which
contains the Cochrane Eyes and Vision Trials Register) in the
Cochrane Library (searched January 31, 2018) (Appendix 1).

• MEDLINE Ovid (1946 to January 31, 2018) (Appendix 2).

• Embase Ovid (1980 to January 31, 2018) (Appendix 3).

• Latin American and Caribbean Health Sciences Literature
(LILACS) information database (1982 to January 31, 2018)
(Appendix 4).

• International Standard Randomized Controlled Trials Number
(ISRCTN) registry (www.isrctn.com/editAdvancedSearch;
searched January 31, 2018) (Appendix 5).

• US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov; searched January 31,
2018) (Appendix 6).

• World Health Organization International Clinical Trials Registry
Platform (www.who.int/ictrp; searched January 31, 2018)
(Appendix 7).

Searching other resources

We reviewed the reference lists of included trial reports and related
systematic reviews to identify additional potentially relevant trials.

We contacted pharmaceutical companies conducting or
sponsoring studies of anti-VEGF drugs to ask for information
about any ongoing or completed clinical trials not published.
One review author (SSV) handsearched abstracts from annual
meetings of the Association for Research in Vision &
Ophthalmology (ARVO) for the years 2006 and 2007 for
ongoing trials (http://files.abstractsonline.com/SUPT/163/1807/
PresentationTitle.htm; http://files.abstractsonline.com/
SUPT/163/1601/Presentation_Title_PDF_wlinks.htm; accessed
November 24, 2007). APer 2007, Cochrane Eyes and Vision
personnel handsearched conference abstracts reporting clinical
trials; the trial records identified are included in CENTRAL.
Another review author (KL) handsearched abstracts from the 2006
annual meeting of the European VitreoRetinal Society (http://
www.evrs.eu/2006-evrs-congress-cannes/; accessed November 27,
2012). If future updates of this review are performed, we will
consider handsearching abstracts for the following conferences
when they have not been searched by Cochrane Eyes and Vision:
ARVO; Macula Society; Retina Society; subspecialty meetings at the
American Academy of Ophthalmology meeting; American Society
of Retinal Surgeons; and European VitreoRetinal Society.

Data collection and analysis

Selection of studies

Two review authors independently evaluated the titles and
abstracts obtained through electronic searches. We classified each
record as "definitely relevant," "possibly relevant," or "definitely
not relevant"; a third review author resolved discrepancies. We
obtained full-text reports for all records assessed as "definitely

Anti-vascular endothelial growth factor for neovascular age-related macular degeneration (Review)
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relevant" or "possibly relevant." Two review authors independently
assessed the full-text reports and classified each study as
"include," "exclude," "awaiting classification," or "ongoing"; a
third review author resolved discrepancies. For trials identified by
handsearching of conference abstracts, a second review author
verified eligibility based on the stated criteria. We contacted study
authors to clarify any details necessary for a complete assessment
of relevance of the study. We documented studies excluded aPer
review of the full-text report and noted the reasons for exclusion.

Data extraction and management

Two review authors independently extracted study characteristics,
including details of study methods, participants, interventions,
outcomes, and funding sources, using data collection forms
developed specifically for this purpose. We contacted trial authors
for data on primary and secondary outcomes of individual trials
when this information was not clearly available from published
reports. We extracted data regarding visual acuity, adverse events,
and other outcomes for the two trials forming part of the VISION
2004 study from documents available on the FDA website. We
also extracted data from figures published in trial reports and
communicated with study authors to verify extracted data. One
review author entered data into Review Manager (Review Manager
5 2014), and a second review author verified the data entered.

Assessment of risk of bias in included studies

Two review authors assessed potential sources of bias in
trials according to methods set out in Chapter 8 of the
Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). We considered the following parameters: random
sequence generation and method of allocation concealment
before randomization (selection bias), masking of participants and
researchers (performance bias), masking of outcome assessors
(detection bias), rates of loss to follow-up and non-compliance as
well as failure to include in analyses all randomized participants
(attrition bias), reporting bias, and other potential sources of bias.
We judged each potential source of bias as conferring low risk,
unclear risk, or high risk of bias in each trial and contacted authors
of trial reports for additional information when study methods
needed to assess bias domains were described unclearly or were
not reported.

Measures of treatment e@ect

Data analysis was guided by Chapter 9 of the Cochrane
Handbook for Systematic Reviews of Interventions (Deeks 2011).
The primary outcome and many secondary outcomes for this
review relied on measurements of best-corrected visual acuity
(BCVA) of the study eye. We analyzed BCVA, measured on LogMAR
charts, as both dichotomous and continuous outcomes. We
calculated risk ratios (RRs) with 95% confidence intervals (CIs)
for dichotomous outcomes. Dichotomous visual acuity outcomes
included proportion of participants who gained 15 or more letters
(same as a gain of three or more lines) of visual acuity; proportion
of participants who lost fewer than 15 letters (fewer than three
lines) of visual acuity; proportion of participants who lost fewer
than 30 letters (fewer than six lines) of visual acuity; proportion
of participants not blind in the study eye (defined as visual acuity
better than 20/200); and proportion of participants who maintained
baseline visual acuity (gain of zero or more letters) in the study
eye. We calculated the mean diJerence (MD) between treatment

groups for mean change in BCVA from baseline to follow-up time as
a continuous visual acuity outcome.

Secondary outcomes related to visual function and morphology
of CNV also included both dichotomous and continuous
outcomes. We calculated risk ratios with 95% confidence intervals
for dichotomous outcomes, and mean diJerences with 95%
confidence intervals for continuous outcomes. We reported
contrast sensitivity outcomes, measured by Pelli-Robson charts,
both dichotomously (proportion of participants with a gain of
nine or more letters, three levels of contrast, on the chart) and
continuously (mean number of letters read correctly on the chart)
depending on available data. We calculated mean diJerences with
95% confidence intervals for near visual acuity and reading speed
outcomes when suJicient data were available.

Continuous morphologic outcomes included mean change in size
of CNV, mean change in total size of the neovascular lesion, and
mean change in CRT. We sought data for only one dichotomous
morphologic outcome: resolution of subretinal or intraretinal fluid
based on OCT evaluation.

We analyzed quality of life scores as continuous data. Because trials
that reported quality of life outcomes included in meta-analyses
used the same scale, we did not calculate standardized mean
diJerences.

We reported adverse events as risk ratios with 95% confidence
intervals when suJicient data were available. Otherwise, we
reported the numbers of participants who experienced adverse
events in both narrative and tabular form.

Unit of analysis issues

The unit of analysis was the individual (one study eye per
participant).

Dealing with missing data

We used multiple sources to identify relevant data for this review,
such as journal publications, conference abstracts, FDA documents,
and clinical trial registries. When data were unclear (e.g. numbers
were extracted from graphs or were derived from percentages),
we contacted study investigators for verification. When data
were missing, we contacted study investigators for additional
information. If we received no response within two weeks, we
attempted to contact them again. When we received no response
by six weeks aPer the first attempt, we used data as available.

For outcome data, we used data provided in trial reports or supplied
by primary investigators. We noted the number of participants with
missing data and statistical methods used in individual studies to
analyze data (e.g. available case analysis, last observation carried
forward). We did not impute missing outcome data for our analyses.

Assessment of heterogeneity

We assessed statistical heterogeneity based on the Chi2 test, the
I2 statistic, and the overlap of confidence intervals in forest plots.
We considered a Chi2 P value < 0.10 to represent significant
statistical heterogeneity, and an I2 statistic of 60% or more to
represent substantial statistical heterogeneity. We assessed clinical
and methodological heterogeneity among studies by comparing
study populations, interventions, and study methods.
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Assessment of reporting biases

We assessed selective outcome reporting for each study by
comparing outcomes specified in a protocol, research plan, or
clinical trial registry with reported results. When protocols, research
plans, or clinical trial registry records were not available, we
assessed selective outcome reporting based on outcomes specified
in the methods section of the study reports and on data collected
as specified in the study design. In future updates of this review,
when outcome data from 10 or more studies are included in a meta-
analysis, we will use a funnel plot to judge potential publication
bias.

Data synthesis

We performed statistical analyses using Review Manager 5 2014.
We did not combine studies in meta-analysis when we identified
clinical or methodological heterogeneity (e.g. diJerent anti-VEGF
agents, diJerent outcome time points); instead we analyzed
data by type of anti-VEGF agent and time point, or, when data
were not suJicient for meta-analysis, we provided a narrative
summary. We used a random-eJects model for all analyses.
When the I2 statistic was 60% or greater, suggesting substantial
statistical heterogeneity, we assessed the direction of treatment
eJects across studies and the overlap of confidence intervals to
determine whether meta-analysis was appropriate. We did not
adjust estimates of treatment eJects to account for the multiplicity
of outcomes considered in this review.

Subgroup analysis and investigation of heterogeneity

In the first published version of this review, we conducted subgroup
analyses of the primary outcome, as specified in the protocol,
by stratifying data according to the angiographic subtype of CNV,
using definitions adopted in the included trials (Vedula 2008).
Because we changed the primary outcome to a gain of 15 or more
letters of visual acuity for later versions of the review, and because
available data were insuJicient, we did not conduct these subgroup
analyses; if data by angiographic subtype of CNV become available
for inclusion in any future update to this review, we will include
these subgroup analyses. For this review update, we combined in
meta-analysis outcome data from trials that had compared any
anti-VEGF agent versus a control other than an anti-VEGF agent;
we presented the eJect estimates for individual anti-VEGF agents
(pegaptanib, ranibizumab, and bevacizumab) in subgroups.

Sensitivity analysis

In the first published version of this review, we conducted
sensitivity analyses to examine potential bias caused by missing
data for participants excluded aPer randomization or lost to follow-
up in analyses of the primary outcome. We analyzed the primary
outcome while assuming that (1) participants lost to follow-up had
lost 15 or more letters of visual acuity (worst-case analysis); and
(2) participants lost to follow-up did not lose 15 or more letters
of visual acuity at one-year follow-up (best-case analysis) (Vedula
2008). Because these analyses did not alter the conclusions of this
review, and because studies added in subsequent updates were
too small to aJect estimates of eJectiveness and safety, we did not
conduct sensitivity analyses for this version of the review and do
not believe they would be needed in a future update.

We planned to conduct sensitivity analyses to assess the impact
of studies graded as having high risk of bias on any parameter,

unpublished data only, or industry funding. APer assessing the
studies included and the data collected, we determined that these
analyses were not needed because studies within each meta-
analysis did not diJer on the basis of these factors.

"Summary of findings"

We prepared "Summary of findings" tables for each comparison
assessed in this review. These tables include relative and absolute
eJects for the following outcomes of interest at one-year follow-
up: (1) visual acuity gain of 15 or more letters, (2) visual acuity loss
of fewer than 15 letters, (3) mean change in visual acuity (number
of letters), (4) reduction in central retinal thickness, (5) quality of
life scores, (6) serious systemic adverse events, and (7) serious
ocular adverse events. We assessed the certainty of evidence for
all outcomes by using the GRADE classification system (GRADEpro
2014).

R E S U L T S

Description of studies

Results of the search

Electronic searches for the first published version of this review
(conducted in August 2005, October 2006, June 2007, and February
2008) yielded a total of 1407 titles and abstracts (Vedula 2008).
We selected 36 records for full-text review and identified five trials
described in 10 reports for inclusion in the review (ANCHOR 2006;
EOP 1003; EOP 1004; FOCUS 2006; MARINA 2006). We excluded
16 studies (24 reports) and added two studies identified by
handsearching of abstracts as awaiting classification. Table 1 lists
acronyms used to refer to many studies in this review.

We identified two concurrent randomized trials that used
individual participant data meta-analyses under the acronym
VISION (Gragoudas 2004) - EOP 1003 (an international trial) and
EOP 1004 (a North American trial). In the first published version of
this review, we assessed the data from these two trials separately
and analyzed them according to the original protocol of the
review. We obtained data for primary and secondary outcomes
for the two trials by accessing information available on the FDA
website and by contacting study authors. For the 2014 update of
this review (Solomon 2014), we considered the two trials as one
study (VISION 2004), and we collected new data from published
articles as available. We have summarized characteristics of the two
individual trials in Appendix 8 and Appendix 9.

For the 2014 update, we refined the eligibility criteria to
exclude studies in which researchers gave anti-VEGF treatment
in combination with other AMD treatments, and to include trials
that compared two anti-VEGF agents (i.e. head-to-head trials). A
separate Cochrane review will cover combination therapies for
AMD. Thus, in subsequent updates of the review, we did not include
FOCUS 2006, which compared ranibizumab plus PDT versus PDT
alone and was included in the first version of this review. Electronic
searches in September 2008, April 2011, February 2013, and March
2014 yielded 4827 unique records from bibliographic databases,
403 clinical trial registrations, and 19 additional records identified
by handsearching of conference abstracts. Of 153 reports from
potentially relevant records, we included 12 RCTs (reported in 108
records) and excluded 39 studies (reported in 45 records). We
excluded two additional studies from three records identified by
handsearching and included the remaining 16 records identified by
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handsearching as additional reports on the included studies. We
identified seven additional studies from the search of clinical trial
registries - one that was awaiting classification owing to insuJicient
information to determine eligibility, and six assessed as ongoing or
completed with results not yet published.

We updated the electronic searches on January 31, 2018, and
identified 2737 unique records (Figure 1). We excluded 2702 records
aPer screening titles and abstracts, and 21 records aPer reviewing
full-text reports. Of the 35 records not excluded, four pertained to
four newly included studies (BRAMD 2016; LUCAS 2015; SAVE-AMD
2017; Scholler 2014), 14 were reports from studies already included,

and three were from studies excluded earlier. We had classified
one newly included study as ongoing in the 2014 version of this
review. Two excluded studies had been labeled as ongoing in an
earlier version but were terminated before enrollment (GALATIR
2014; RATE 2011). Overall, we identified and included 16 eligible
studies and one ongoing study and excluded 65 studies aPer review
of the full-text reports. We have listed reasons for exclusion of each
of the 65 studies in the Characteristics of excluded studies table
and described the ongoing study in the Characteristics of ongoing
studies section. All but one included study had been documented
in a clinical trial register.

 

Figure 1.   Study flow diagram.

 
Included studies

Types of participants

This review included a total of 6347 participants from 16 RCTs;
the number of participants per trial ranged from 23 to 1208. In
14 of 16 trials, investigators reported that they had randomized
one eye per participant; this was unclear in 2 of 16 trials (SAVE-
AMD 2017; Scholler 2014). Countries in which the trials were
conducted spanned the globe: two studies were international
(ANCHOR 2006; VISION 2004); four were conducted in the United
States only (CATT 2011; MARINA 2006; PIER 2008; Subramanian
2010), three in Austria (MANTA 2013; Sacu 2009; Scholler 2014), two
in the United Kingdom (ABC 2010; IVAN 2013), and one each in
France (GEFAL 2013), India (Biswas 2011), the Netherlands (BRAMD
2016), Norway (LUCAS 2015), and Switzerland (SAVE-AMD 2017).

The 16 trials were similar in that all enrolled both men and women
50 years of age or older who had subfoveal CNV secondary to
AMD; BRAMD 2016 also enrolled participants with juxtafoveal or
extrafoveal CNV. The goal of SAVE-AMD 2017 was to compare the
eJects of anti-VEGF agents on neovascular and non-neovascular
AMD, with random assignment of participants in each cohort to
ranibizumab or bevacizumab. Among the included trials, reports
describe variation in types of eligible neovascular lesions (e.g.
predominantly classic CNV, minimally classic CNV, occult CNV),
lesion sizes, and baseline visual acuities of participants. A majority
of participants in most trials were women, but one trial enrolled a
greater number of men than women (Subramanian 2010).

All trials predefined visual acuity eligibility criteria for the study
eye of each participant. Six studies specified the most common
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criterion: study eye BCVA of 20/40 to 20/320 (Snellen equivalent) in
the study eye (ABC 2010; ANCHOR 2006; MANTA 2013; MARINA 2006;
PIER 2008; VISION 2004). BCVA eligibility ranges included somewhat
better visual acuity in CATT 2011 and LUCAS 2015 (20/25 to 20/320),
GEFAL 2013 (20/32 to 20/320), IVAN 2013 (20/320 or better), and
Scholler 2014 (20/40 to 20/320), but potentially worse visual acuity
in Sacu 2009 (20/40 to 20/800) and Subramanian 2010 (20/400
or better). In Biswas 2011, participants with a BCVA between 35
and 70 Early Treatment Diabetic Retinopathy Study (ETDRS) letters
were eligible, but study authors did not report the test distance. In
BRAMD 2016, participants with a BCVA between 20 and 78 ETDRS
letters were eligible.

Eight trials included only participants who had received no
previous treatment for CNV or AMD (Biswas 2011; CATT 2011;
IVAN 2013; LUCAS 2015; MANTA 2013; Sacu 2009; SAVE-AMD 2017;
Scholler 2014). The remaining trials included participants who had
received previous therapy for AMD, with certain restrictions as
to type of treatment (e.g. verteporfin PDT, intravitreal injections,
surgery), location of treatment, and time interval since last
treatment. Six trials enrolled participants with primary or recurrent
CNV in the study eye (ANCHOR 2006; BRAMD 2016; MARINA 2006;
PIER 2008; Subramanian 2010; VISION 2004), and one enrolled only
participants with primary CNV (ABC 2010).

Among seven studies that reported the type of neovascular lesion,
ANCHOR 2006 had the highest proportion of participants with
predominantly classic CNV (410/423; 97%). In ABC 2010, 25% of
131 participants had predominantly classic CNV; the remaining
75% had minimally classic or occult CNV. In VISION 2004, 26%
of 1208 participants had predominantly classic CNV, 36% had
minimally classic CNV, and 38% had occult CNV. PIER 2008 reported
proportions similar to VISION 2004, with 19% of 184 participants
having predominantly classic CNV, 38% having minimally classic
CNV, and 43% having occult CNV at baseline. In BRAMD 2016, 27%
had predominantly classic CNV, 16% had minimally classic CNV,
and 57% of 327 participants had occult CNV. Forty-four per cent of
120 participants had occult CNV in Biswas 2011. MARINA 2006 was
limited to participants with minimally classic or occult CNV and,
thus, included the greatest proportion of participants with occult
CNV (451/716; 63%).

Three studies that did not report neovascular lesion type described
the subfoveal component of the CNV lesion in the study population.
In CATT 2011 (1208 participants), 58% had CNV in the foveal
center, 27% had fluid in the foveal center, 8% had hemorrhage in
the foveal center, and 6% had other foveal center involvement.
The distribution was similar in IVAN 2013 (628 participants), in
which 54% of participants had CNV in the foveal center, 29% had
hemorrhage in the foveal center, and 13% had other foveal center
involvement. In LUCAS 2015 (431 participants with data), 69%
had CNV in the foveal center, 80% had fluid in the foveal center,
and 20% had hemorrhage in the foveal center. The three smallest
studies (Sacu 2009; SAVE-AMD 2017; Subramanian 2010), with 28,
23, and 28 participants, as well as GEFAL 2013 (501 participants)
and MANTA 2013 (321 participants), did not describe the type of
neovascularization nor the subfoveal component of the CNV lesion
in the study population.

Six trials specified lesion size as an inclusion criterion. Five trials
included participants with lesions of 12 disc areas (DAs) or smaller
(1 DA = 2.54 mm2, i.e. standard DA) (ABC 2010; BRAMD 2016; GEFAL

2013; MARINA 2006; PIER 2008), and one study set four DAs as the
maximum lesion size (Sacu 2009).

We have summarized in the Characteristics of included studies
table additional details about each trial included in this review.

Types of interventions

We have listed in Table 2 comparisons of interventions evaluated
by trials included in this review, and we summarize them
here. Among the 16 included trials, we focused on two main
comparisons of interventions: (1) anti-VEGF monotherapy versus
control, and (2) one anti-VEGF monotherapy versus a diJerent
anti-VEGF monotherapy. Of six studies that compared anti-VEGF
monotherapy versus control, one study evaluated three doses of
pegaptanib versus sham injection (VISION 2004), three studies
compared two doses of ranibizumab versus sham injections or
PDT (ANCHOR 2006; MARINA 2006; PIER 2008), and two studies
compared bevacizumab with other treatments for AMD (ABC 2010;
Sacu 2009). The remaining ten studies were head-to-head trials of
bevacizumab versus ranibizumab (Biswas 2011; BRAMD 2016; CATT
2011; GEFAL 2013; IVAN 2013; LUCAS 2015; MANTA 2013; SAVE-AMD
2017; Scholler 2014; Subramanian 2010).

Anti-VEGF monotherapy versus control

VISION 2004 investigators compared sham injections versus
intravitreous injections of pegaptanib at dosages of 0.3 mg, 1.0 mg,
and 3.0 mg given every six weeks over a 48-week period.

Three trials evaluated two diJerent doses of ranibizumab (0.3 mg
and 0.5 mg) (ANCHOR 2006; MARINA 2006; PIER 2008). Control
groups and the injection schedule for ranibizumab diJered among
the three trials. MARINA 2006 compared monthly intravitreal
injection of ranibizumab (for 12 months) with sham intravitreal
injections. Participants assigned to receive sham intravitreal
injections in MARINA 2006 were allowed verteporfin PDT whenever
the CNV lesions in the eyes became predominantly classic
CNV. ANCHOR 2006 compared monthly injections of ranibizumab
combined with sham PDT (for 24 months) versus verteporfin
PDT and sham intravitreal ranibizumab injections. PIER 2008
compared a regimen of monthly injection of ranibizumab for three
months followed by an injection every three months versus sham
intravitreal injections.

Two trials evaluated bevacizumab versus control. ABC 2010
compared a 1.25 mg dose of bevacizumab versus standard therapy,
which was determined by clinical evaluation and included 0.3 mg
pegaptanib, verteporfin PDT, or sham injection. Sacu 2009 (a small
trial) compared a 1 mg dose of bevacizumab versus verteporfin PDT
combined with intravitreal triamcinolone.

Bevacizumab versus ranibizumab

Ten trials compared bevacizumab for non-inferiority versus
ranibizumab. In addition to the primary comparison of the two
agents, CATT 2011 and IVAN 2013 compared monthly injections
of anti-VEGF agents with an "as-needed" regimen aPer three
initial injections of the assigned agent. Biswas 2011, GEFAL 2013,
MANTA 2013, and Subramanian 2010 used the latter treatment
regimen (a 0.5 mg dose of ranibizumab and a 1.25 mg dose of
bevacizumab) to compare the two anti-VEGF agents. BRAMD 2016
used a monthly injection schedule, and LUCAS 2015 used a "treat-
and-extend" protocol for both drugs. In Scholler 2014, investigators
did not specify the hypothesis and treated participants with an "as-
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needed" regimen aPer three initial injections of the assigned agent.
In SAVE-AMD 2017, researchers gave intravitreous injections aPer
the initial two injections PRN for the remainder of the one-year
follow-up period.

Types of outcome measures

Visual acuity

BCVA formed the basis of the primary outcome for all included
studies except Scholler 2014. The primary outcome for this review
- the proportion of participants who gained 15 or more letters
of BCVA at one-year follow-up - was the primary outcome for
the ABC 2010 included study and a secondary outcome for the
remaining 15 studies. The proportion of participants losing fewer
than 15 letters at one year was the primary outcome for the three
earliest studies (ANCHOR 2006; MARINA 2006; VISION 2004), and it
was a secondary outcome for 11 of the remaining 13 studies. The
primary outcome was mean change in visual acuity at one year for
eight studies (BRAMD 2016; CATT 2011; GEFAL 2013; LUCAS 2015;
MANTA 2013; PIER 2008; Sacu 2009; Subramanian 2010), and the
primary outcome was mean change in visual acuity at 18 months
for one study (Biswas 2011). Five of the remaining studies reported
mean change in visual acuity as a secondary outcome. The primary
outcome for IVAN 2013 was best-corrected distance visual acuity at
two-year follow-up; we did not analyze mean BCVA (as opposed to
mean change from baseline) as an outcome for this review.

Some included studies reported other visual acuity outcomes
relevant to this review. Five studies reported loss of fewer than
30 letters of visual acuity (ABC 2010; ANCHOR 2006; MARINA 2006;
Subramanian 2010; VISION 2004); eight studies reported BCVA
better than 20/200 (ANCHOR 2006; CATT 2011; GEFAL 2013; IVAN
2013; MARINA 2006; PIER 2008; Subramanian 2010; VISION 2004);
and four studies reported maintenance of visual acuity (defined
as a gain of zero or more letters) (ANCHOR 2006; Sacu 2009;
Subramanian 2010; VISION 2004). Investigators in included studies
reported several other visual acuity outcomes that we did not
consider in this review.

All studies measured visual acuity on a LogMAR scale, typically
using ETDRS charts. Each line on the ETDRS chart consists of
five letters; thus, a change of 15 letters approximates a three-line
change (0.3 LogMAR change) in visual acuity. Researchers reported
the outcome for visual acuity of 20/200 or better as the Snellen
equivalent.

Visual function

Five studies assessed visual function outcomes. ABC 2010 specified
contrast sensitivity and reading ability as secondary outcomes.
IVAN 2013 specified contrast sensitivity, near visual acuity, and
reading index outcomes as secondary outcomes. We identified one
conference abstract that reported contrast sensitivity outcomes for
ANCHOR 2006, MARINA 2006, and PIER 2008.

Eleven studies did not report visual function outcomes (Biswas
2011; BRAMD 2016; CATT 2011; GEFAL 2013; LUCAS 2015; MANTA
2013; Sacu 2009; SAVE-AMD 2017; Scholler 2014; Subramanian
2010; VISION 2004).

Morphologic outcomes

All studies included at least one measure related to morphologic
characteristics of neovascular lesions in study eyes. In many cases,

publications or conference abstracts did not provide suJicient
data for informative analysis of these outcomes. When possible,
we used data provided by primary investigators, or we asked
primary investigators to confirm data extracted from graphs in
study reports. We have not reported data derived from graphs
included in study reports unless we received confirmation of the
data from study investigators.

All studies except SAVE-AMD 2017 used fluorescein angiography
to monitor lesion activity; that study used OCT to monitor lesion
status. Six studies also used fundus photography (ANCHOR 2006;
GEFAL 2013; LUCAS 2015; MARINA 2006; PIER 2008; VISION 2004),
and two studies used ICG angiography (GEFAL 2013; Sacu 2009).
Six studies evaluated mean change in CNV size by fluorescein
angiography (ABC 2010; ANCHOR 2006; GEFAL 2013; MARINA
2006; PIER 2008; VISION 2004), and eight studies used fluorescein
angiography to evaluate mean change in the size of neovascular
lesions (ABC 2010; ANCHOR 2006; CATT 2011; IVAN 2013; MARINA
2006; PIER 2008; Scholler 2014; VISION 2004).

The earliest study included in the review did not use OCT for
assessment of subretinal characteristics of eyes with neovascular
AMD (VISION 2004). The next three studies, which were conducted
chronologically (ANCHOR 2006; MARINA 2006; PIER 2008), used
OCT to assess a subset of study participants. The 12 most recently
reported studies used OCT for all study participants and specified
at least one OCT measure as a primary or secondary outcome (ABC
2010; Biswas 2011; BRAMD 2016; CATT 2011; GEFAL 2013; IVAN 2013;
LUCAS 2015; MANTA 2013; Sacu 2009; SAVE-AMD 2017; Scholler
2014; Subramanian 2010). All studies that used OCT assessed
mean change in central retinal thickness (CRT) from baseline. We
considered central macular thickness, central foveal thickness, and
center point thickness as interchangeable terms for CRT.

Individual studies reported other morphologic outcomes, such as
area of CNV leakage and subretinal fluid, but we did not include
these outcomes in this review.

Quality of life outcomes

Four studies evaluated vision-specific quality of life using the 25-
item National Eye Institute-Visual Functioning Questionnaire (NEI-
VFQ) (ANCHOR 2006; MARINA 2006; PIER 2008; VISION 2004). The
NEI-VFQ, which was administered by an interviewer, relies on
patient-reported responses to specific visual function questions to
calculate overall and subscale scores, which can range from 0 to
100, with higher values representing better visual function.

In one study (IVAN 2013), participants completed the EuroQoL
Group health-related quality of life assessment (EQ-5D). The EQ-5D
converts participant responses to specific health questions using
scales of 1 to 3, on which 1 represents no health problems, 2
represents moderate health problems, and 3 represents extreme
health problems. Investigators then summarize scores for each
of the five subscale domains (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression) into a single index score
ranging from -0.59 to 1.00, with 1.00 representing no health
problems. Both the NEI-VFQ and the EQ-5D are validated tools that
can be used to assess quality of life outcomes.

The remaining studies either did not measure or have not reported
quality of life outcomes (ABC 2010; Biswas 2011; BRAMD 2016; CATT
2011; GEFAL 2013; LUCAS 2015; MANTA 2013; Sacu 2009; SAVE-AMD
2017; Scholler 2014; Subramanian 2010).
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Economic outcomes

Two studies included economic-related outcomes as prespecified
secondary outcomes. CATT 2011 evaluated annual costs associated
with each treatment group. IVAN 2013 evaluated cumulative
resource use and costs for each treatment group.

Adverse events

Seven studies reported individual ocular and non-ocular adverse
events up to one-year follow-up (ABC 2010; GEFAL 2013; LUCAS
2015; MANTA 2013; Sacu 2009; Scholler 2014; Subramanian 2010),
one study up to 18-month follow-up (Biswas 2011), five studies
up to five-year follow-up (ANCHOR 2006; CATT 2011; IVAN 2013;
MARINA 2006; PIER 2008), and one study up to seven-year follow-
up (VISION 2004). BRAMD 2016 investigators did not report ocular
adverse events but reported major systemic adverse events. SAVE-
AMD 2017 investigators reported that there was "no serious ocular
adverse event (e.g. endophthalmitis, retina detachment, and lens
damage)" during the 12-month follow-up period.

Excluded studies

We excluded 65 studies aPer completing full-text assessments: 23
studies were not RCTs; 13 followed participants for less than one

year; nine were dose-response studies that included no control
or comparator arm; six compared combination therapies in which
treatment groups received the same anti-VEGF therapy; two did not
administer anti-VEGF agents via intravitreous injection; one did not
include participants with neovascular AMD; ten evaluated agents
that were not eligible for this review (aflibercept, brolucizumab,
and pazopanib eye drops); one did not report any outcome
targeted for this review; and two potentially relevant studies were
terminated before enrollment.

See Characteristics of excluded studies.

Risk of bias in included studies

We have provided assessments of risks of bias for each included
study at the end of each respective Characteristics of included
studies table. When we needed unpublished information to assess
the risk of bias for any given parameter, we contacted primary
investigators for additional information. We have documented
these instances together with investigators' responses in the
Characteristics of included studies table. Figure 2 summarizes "Risk
of bias" assessments for all 16 studies.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Overall, the included studies were at low risk of selection bias.
Reports from 14 of the 16 studies described methods of random
sequence generation that we judged to confer low risk of bias;
SAVE-AMD 2017 investigators and Subramanian 2010 did not
describe the methods used in suJicient detail for us to assess risk
of bias in this domain. Six studies used dynamic randomization,
the method used most commonly for random sequence generation
(ABC 2010; ANCHOR 2006; BRAMD 2016; MARINA 2006; PIER 2008;
VISION 2004). Four studies used permuted block randomization
designs (CATT 2011; IVAN 2013; LUCAS 2015; MANTA 2013),
three used random number tables or lists (Biswas 2011; GEFAL
2013; Scholler 2014), and one reported only use of a computer-
randomized schema (Sacu 2009).

Investigators in 12 of the 16 trials reported adequate allocation
concealment. For Biswas 2011, the report was unclear as to whether
the randomization sequence, determined by random numbers
tables generated before study enrollment, was concealed or was
made available to study investigators. PIER 2008 did not describe
how assignments were allocated, and we were unable to make
an assessment by using only available information. Eight studies
employed a third party or a central co-ordinating center (ABC 2010;
ANCHOR 2006; GEFAL 2013; LUCAS 2015; MANTA 2013; MARINA
2006; Sacu 2009; Subramanian 2010), and four studies used a
computer-based portal for allocation concealment (BRAMD 2016;
CATT 2011; IVAN 2013; VISION 2004).

Communication with investigators from Biswas 2011, PIER 2008,
SAVE-AMD 2017, and Subramanian 2010 yielded no additional
information about methods used to assess risks of selection bias
(email communication).

Masking (performance bias and detection bias)

We judged most of the included studies to be at low risk of
performance bias and detection bias. Only one study was an
open-label study that employed no form of masking (Sacu 2009).
CATT 2011 initially masked participants to the drug (not to the
injection protocol), but participants may have become aware
of treatment assignments through billing records. Biswas 2011,
SAVE-AMD 2017, and Scholler 2014 did not report whether study
participants were masked. Biswas 2011 and CATT 2011 masked
personnel and outcome assessors. The remaining 11 studies
masked study participants, personnel (other than personnel
directly administering treatment), and outcome assessors; thus,
we assessed these studies as being at low risk of performance
bias and detection bias. Investigators in studies that compared
intravitreous injections versus no injections most commonly used
sham injections when participants were not assigned or did not
require an injection. In head-to-head studies of ranibizumab versus
bevacizumab, researchers masked participants to their assigned
treatment group. To minimize detection bias, study investigators
who were involved in assessing outcomes were separate from
treating physicians and were masked to treatment groups, with
the exception of Sacu 2009, which provided no masking. SAVE-AMD
2017 and Scholler 2014 provided no information on masking of
study participants, study personnel, or outcome assessors.

Incomplete outcome data

In all 16 trials, few participants missed the follow-up examination
specified as the primary time for assessing the study's primary

outcome or were not treated in accord with the randomized
treatment assignment. In nine trials, rates of loss to follow-up at
primary follow-up visits were less than 15%; BRAMD 2016, GEFAL
2013, LUCAS 2015, MANTA 2013, SAVE-AMD 2017, and Subramanian
2010 had 16% to 25% of participants with missing outcome data.
Losses to follow-up were evenly balanced between treatment
groups in the included studies.

Eight trials included in this review analyzed the data using methods
designed to overcome, in part, loss of information due to missed
follow-up examinations. Seven of these eight trials used the last
observation carried forward method to impute missing data (ABC
2010; ANCHOR 2006; BRAMD 2016; MANTA 2013; MARINA 2006; PIER
2008; VISION 2004), and the eighth trial did not report the method
used to impute data for one participant with missing data (Sacu
2009). The remaining eight trials reported available case data and
included in the analysis only participants with data: 87% in Biswas
2011, 91.5% in CATT 2011, 81% in GEFAL 2013, 89% in IVAN 2013,
84% in LUCAS 2015, 81% in SAVE-AMD 2017, 83% in Scholler 2014,
and 79% in Subramanian 2010. Investigators in all trials reported
that they had analyzed data for participants by assigned treatment
arms. Analyses using simple imputation methods or available case
data assume that participants are lost to follow-up at random; bias
may be introduced when this assumption is not true, with greater
risk of bias associated with higher rates of missing data.

Selective reporting

With the exception of Biswas 2011, we identified design articles,
protocols, or clinical trial registrations for 15 of the included
studies. We judged 11 of these 15 trials to be free of reporting
bias on the basis of consistency between study outcomes defined
in protocols and clinical trial registrations and those reported in
study results papers. Researchers did not specify quality of life
outcomes, and we identified no report on quality of life findings
from Subramanian 2010. We found no data on reading ability
outcomes, which ABC 2010 specified as secondary outcomes.
Published articles on one-year and two-year results did not report
findings for three outcomes specified in the protocol for IVAN 2013:
treatment satisfaction, survival free from treatment failure, and
exploratory (serum) analysis. DiJerences in outcomes between trial
registration and published one-year results of GEFAL 2013 included
the following: diJerences in details of outcome specifications (e.g.
eJicacy of treatments vs proportion of participants with a gain of
15 or more letters of visual acuity); outcomes specified in the trial
register but not reported in publications; and an outcome that was
not mentioned in the trial registration document.

Other potential sources of bias

We considered various other aspects of trial design and reporting,
trial sponsorship, and financial interests of investigators as other
potential sources of bias.

Pharmaceutical companies marketing the study drugs under
investigation sponsored ANCHOR 2006, MARINA 2006, PIER 2008,
and VISION 2004, and submitted data from these trials to the FDA
to obtain approval for ranibizumab and pegaptanib. In addition,
pharmaceutical company sponsors had important roles in trial
design, analysis, and reporting. Some investigators from other
trials reported that they received trial agents or financial support
from pharmaceutical companies; however, because the companies
did not directly sponsor these trials, we did not judge them to be
at risk of bias for this domain (CATT 2011; GEFAL 2013; IVAN 2013;
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Scholler 2014). We observed no other potential sources of bias for
the remaining eight studies.

E@ects of interventions

See: Summary of findings for the main comparison Summary of
findings: anti-VEGF treatment versus control; Summary of findings
2 Summary of findings: bevacizumab versus ranibizumab

We conducted meta-analyses of results through comparisons of
treatments by combining diJerent doses and regimens of the same
drug evaluated in individual trials (Table 2). Forest plots presented
in this review for visual acuity outcomes show that eJect estimates
to the right of the vertical line of the forest plots (i.e. risk ratios > 1
and mean diJerences > 0) favor the test treatment defined for the
comparison.

Anti-VEGF monotherapy versus control

Six studies that had enrolled 2690 participants compared an anti-
VEGF monotherapy versus no anti-VEGF treatment. Overall, we
rated the risk of bias as low among the six studies. Pharmaceutical
companies funded four studies (ANCHOR 2006; MARINA 2006; PIER
2008; VISION 2004). All six studies followed participants for at least
one year aPer enrollment.

One study, comprising two individual RCTs, compared three
doses of intravitreal pegaptanib (0.3 mg, 1.0 mg, and 3.0 mg)
versus a sham injection control (VISION 2004). The study, which
was conducted at 117 international centers, enrolled 1208 adult
participants (50 years of age or older) with subfoveal CNV
lesions secondary to AMD. The pegaptanib groups included
904 participants, and the sham injection group included 304.
At one-year follow-up, follow-up analyses included 1186 (98%)
participants, and investigators re-randomized according to their
original treatment assignment 1053 (87%) who remained in the
study. Researchers re-randomized participants in the pegaptanib
groups to continue current treatment or to discontinue treatment
and participants in the sham group to continue with sham
injections, discontinue sham injections, or receive one of the
three study doses of pegaptanib. Study follow-up continued for
one year aPer re-randomization, and study authors analyzed
participants in three cohorts: those who continued with their
original assignments, those who discontinued treatment, and
those who received sham injections during the first year then
pegaptanib during the second year. In total, two-year analysis
included 1053 (87%) participants; however, we could not analyze

the two-year data because they reflect changes from year 1 to year
2 rather than from baseline to year 2.

Three studies comprising a total of 1323 participants compared two
doses of intravitreal ranibizumab (0.3 mg and 0.5 mg) versus sham
or control treatment. In ANCHOR 2006, 280 participants received
ranibizumab and 143 received verteporfin PDT therapy. Study
personnel administered injections monthly and administered
verteporfin PDT therapy on day 0 and as needed at visits at
months 3, 6, 9, and 12. In MARINA 2006, 478 participants received
ranibizumab and 238 received sham injections, all of which were
administered on a monthly basis. In PIER 2008, 121 participants
received ranibizumab and 63 received sham injections monthly for
the first three months, then every three months. During the second
year of PIER 2008, participants in the 0.3 mg ranibizumab and
sham-treated groups crossed over to receive 0.5 mg ranibizumab.
At one-year follow up, investigators excluded from analyses two
participants - one in ANCHOR 2006 and one in PIER 2008. Analysis
included remaining study participants, and researchers imputed
missing data by using the last observation carried forward method.

Two studies of 159 total participants compared intravitreal
bevacizumab injections with control treatment. In ABC 2010,
131 participants received 1.25 mg intravitreal bevacizumab
(65 participants) or standard therapy consisting of pegaptanib
injections (38 participants), verteporfin PDT (16 participants), or
sham injections (12 participants). In Sacu 2009, 28 participants
received 1.0 mg intravitreal bevacizumab (14 participants) or
verteporfin PDT with 4 mg intravitreal triamcinolone acetonide
(14 participants). In both studies, investigators administered
intravitreal bevacizumab as needed aPer the first three scheduled
injections.

(1) Visual acuity

(a) Gain of 15 or more letters of visual acuity

At one year, more participants in the anti-VEGF group than in the
control group had a gain of 15 or more letters of visual acuity. The
risk ratio for combined anti-VEGF versus control groups was 4.19
(95% CI 2.32 to 7.55), that is, eyes treated with an anti-VEGF agent
4 times as oPen gained 15 or more letters of vision than control
eyes. Assessment of eJect by type of anti-VEGF agent revealed that
the direction of eJect consistently favored anti-VEGF treatment
(Analysis 1.1; Figure 3). We graded the certainty of evidence for the
outcome as moderate, aPer downgrading for imprecision (-1).
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Figure 3.   Forest plot of comparison: 2 Ranibizumab versus control, outcome: 2.1 Gain of 15 or more letters visual
acuity at 1 year.

 
At two years, data were available from only the three ranibizumab
trials. The proportion of participants who were treated with
ranibizumab and had gained 15 or more letters at two years was
nearly six times the proportion of those treated with control who

gained 15 or more letters (RR 5.77, 95% CI 3.38 to 9.84; Analysis
1.2; Figure 4). We graded the certainty of evidence for the two-year
outcome also as moderate, again downgrading for imprecision (-1).

 

Figure 4.   Forest plot of comparison: 2 Ranibizumab versus control, outcome: 2.2 Gain of 15 or more letters visual
acuity at 2 years.
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(b) Loss of fewer than 15 letters of visual acuity

At one year, a greater proportion of participants treated with an
anti-VEGF agent lost fewer than 15 letters of visual acuity in the
study eye compared with those treated with control. Participants
were estimated to be 1.40 times more likely not to lose 15 or more
letters of visual acuity when treated with an anti-VEGF agent than
with sham or control therapy (RR 1.40, 95% CI 1.27 to 1.55; Analysis
1.3). Although we observed statistical heterogeneity among the
trials (I2 = 62%), eJect estimates of individual trials were in the same
direction, and confidence intervals of individual trials overlapped
one another. We graded the certainty of evidence for this outcome
as high, upon finding no reason to downgrade.

At two years, data were available for only the three ranibizumab
trials. The beneficial eJect of ranibizumab for this outcome
persisted at a similar magnitude when compared with control
therapy. Sixty per cent more participants treated with ranibizumab
lost fewer than 15 letters of visual acuity at two-year follow-up
as participants in control groups (RR 1.62, 95% CI 1.32 to 1.98;
Analysis 1.4). We observed substantial statistical heterogeneity in
the analysis comparing ranibizumab with control (I2 = 78%; P value
for Chi2 test of homogeneity = 0.01); however, confidence intervals
among individual studies overlapped, and eJect estimates were
in the same direction. Heterogeneity may have been attributable
to the fact that the control group in ANCHOR 2006 received an
active treatment (verteporfin PDT therapy) but control eyes in
MARINA 2006 and PIER 2008 received sham injections. We graded
the certainty of evidence for this outcome as high, as we found no
reason to downgrade.

(c) Loss of fewer than 30 letters of visual acuity

At one year, four trials reported this outcome (ABC 2010; ANCHOR
2006; MARINA 2006; VISION 2004), and two trials did not report this
outcome (PIER 2008; Sacu 2009). The risk ratio for combined anti-
VEGF groups versus the control group was 1.12 (95% CI 1.06 to 1.19),
indicating that 12% (95% CI 6% to 19%) fewer eyes treated with
an anti-VEGF agent than eyes treated with control lost 30 or more
letters of visual acuity (Analysis 1.5). Estimates from the included
studies revealed statistical heterogeneity (I2 = 73%); however, eJect
estimates of individual trials showed the same direction, and
confidence intervals of individual trials overlapped one another,
except for ABC 2010. We graded the certainty of evidence for this
outcome as high, with no reason to downgrade.

The ranibizumab treatment eJect for this outcome persisted
through two years, and fewer participants treated with
ranibizumab in two trials lost 30 or more letters (16/757; 2%)
than participants given control treatment (77/381; 20%). When
comparing ranibizumab groups versus controls, we estimated a
22% benefit of ranibizumab with respect to loss of fewer than 30
letters of visual acuity aPer two years (RR 1.22, 95% CI 1.15 to 1.29;
Analysis 1.6). We graded the certainty of evidence for this outcome
as high, upon finding no reason to downgrade. No study reported
this outcome for two years for bevacizumab or pegaptanib.

(d) Prevention of blindness in the study eye (visual acuity better than
20/200)

At one year, four trials reported this outcome (ANCHOR 2006;
MARINA 2006; PIER 2008; VISION 2004). Treatment with pegaptanib
or ranibizumab resulted in fewer blind study eyes at one-year

follow-up; the summary eJect estimate (risk ratio) for visual acuity
better than 20/200 was 1.58 (95% CI 1.34 to 1.86) for the two
anti-VEGF agents compared with control (Analysis 1.7). Although
point estimates and confidence intervals of individual studies
showed some degree of overlap, we noted a substantial amount
of statistical heterogeneity for this outcome (I2 = 73%). Neither
bevacizumab trial reported data suJicient for analysis; Sacu 2009
did not report blindness, and authors of the ABC 2010 trial reports
noted that more participants in the bevacizumab group than in
the control group had visual acuity of 20/200 or better at one year.
At two years, based on comparison of the combined ranibizumab
groups with control intervention groups, we again estimated that a
substantially greater proportion of study eyes of participants in the
ranibizumab groups had visual acuity better than 20/200 than those
in the control group (RR 1.73, 95% CI 1.52 to 1.98; Analysis 1.8). We
graded the certainty of evidence for this outcome as high both at
one year and at two years, finding no reason to downgrade.

(e) Maintenance of visual acuity

At one year, data on maintenance of visual acuity were available
from only three trials that had compared anti-VEGF treatment with
a control intervention (ANCHOR 2006; Sacu 2009; VISION 2004);
three trials did not report this outcome (ABC 2010; MARINA 2006;
PIER 2008). Twice as many participants treated with an anti-VEGF
agent maintained visual acuity in the study eye (i.e. visual acuity
at follow-up was the same as or better than at baseline) compared
with participants in the control group; the risk ratio was 1.98 (95%
CI 1.31 to 3.00; Analysis 1.9). At two years, the corresponding eJect
estimate from ANCHOR 2006 was 2.71 (95% CI 2.08 to 3.54; Analysis
1.10). We graded the certainty of evidence for this outcome at both
time points as high, upon finding no reason to downgrade.

(f) Mean change in visual acuity

At one year, data for mean change in visual acuity from baseline
were available for analysis from four trials that had compared anti-
VEGF treatment with a control intervention (ANCHOR 2006; MARINA
2006; PIER 2008; VISION 2004). Owing to significant heterogeneity
(I2 = 98%), we did not pool data from pegaptanib and ranibizumab
trials. The mean diJerence in mean change in visual acuity from
baseline between the pegaptanib group and the sham group was
6.7 letters (95% CI 4.4 to 9.0) when measured on an ETDRS chart
placed at 2 meters; thus, eyes treated with pegaptanib lost on
average 6.7 letters fewer than sham-treated eyes (Analysis 1.11).
On the logMAR scale, 0.10 logMAR unit corresponds to one line
(five letters) on the visual acuity chart. Thus, the mean diJerence
between pegaptanib and sham groups was equivalent to 0.13
logMAR units, that is, the mean change in visual acuity was better in
the pegaptanib groups than in the sham group by 0.13 logMAR unit.
At one year, participants treated with ranibizumab also read more
letters on ETDRS charts placed at 4 m than participants treated
with control. Participants treated with ranibizumab were able to
read 18 more letters at one-year follow-up (mean diJerence [MD]
17.8, 95% CI 16.0 to 19.6; Analysis 1.11). Available data from the
bevacizumab studies were insuJicient for analysis of the diJerence
in mean changes in visual acuity between treatment groups. In ABC
2010, the mean change from baseline in visual acuity was 7.0 letters
in the bevacizumab group and -9.4 letters in the control group at
one-year follow-up. This equates to a mean diJerence of 16.4 letters
(more than three lines of visual acuity); however, we were unable to
compute the standard error (SE) of the mean using the information
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available. Sacu 2009 reported a statistically significant diJerence
between groups at one year, when participants in the bevacizumab
group had gained eight letters on average and participants in
the control group had lost three letters on average. We graded
the certainty of evidence for this outcome as moderate, aPer
downgrading for inconsistency (-1).

At two years, participants treated with ranibizumab were able to
read 20 more letters (0.4 logMAR unit) compared with participants
given control treatment (MD 20.1, 95% CI 18.1 to 22.2; Analysis
1.12). We graded the certainty of evidence for this outcome as high,
finding no reason to downgrade.

(2) Visual function

Sacu 2009 and VISION 2004 did not report visual function outcomes.
The ranibizumab trials did not specify visual function outcomes
as outcomes of interest (ANCHOR 2006; MARINA 2006; PIER 2008);
however, we identified one conference abstract that discussed
contrast sensitivity outcomes among participants from these
trials (see Korobelnik 2006 under ANCHOR 2006). Investigators
reported no between-group comparisons for contrast sensitivity as
measured by Pelli-Robson charts, but the abstract author reported
that participants in the ranibizumab groups had statistically
significant increases of two to four letters (i.e. approximately one
contrast level) aPer one year. Participants in the control groups lost
an average of three letters (i.e. one contrast level) at one year. The
mean diJerence when ranibizumab was compared with control was
six letters (i.e. two contrast levels on the Pelli-Robson chart), as
determined on the basis of data extracted from the abstract.

ABC 2010 reported outcomes for contrast sensitivity measured
with Pelli-Robson charts. At one year, the diJerence observed
between bevacizumab and control groups in terms of a gain of 15
or more letters (i.e. five levels of contrast) of contrast sensitivity
was uncertain (RR 2.03, 95% CI 0.39 to 10.71); however, a greater
proportion of participants in the bevacizumab group (23/65)
compared with the control group (10/66) gained six or more letters
(i.e. two levels of contrast) of contrast sensitivity (RR 2.34, 95% CI
1.21 to 4.51). Also, five times as many participants in the control
group lost six or more letters (two contrast levels) of contrast
sensitivity compared with participants in the bevacizumab group
(RR 0.22, 95% CI 0.07 to 0.72). We graded the certainty of evidence
for visual function as low, aPer downgrading for imprecision (-1)
and inconsistency (-1). Although the published protocol for ABC
2010 also listed reading ability (including maximum reading speed,
critical print size, and reading acuity) measured with Minnesota
Reading Charts as a secondary outcome for the study, we found no
report of results for this outcome.

(3) Morphologic outcomes

(a) Mean change in size of CNV

Available information was insuJicient for analysis of the mean
change in size of CNV in VISION 2004; however, study investigators
provided data that allowed us to evaluate mean CNV size at one-
year follow-up. Given that baseline CNV sizes were comparable
among all study participants, the diJerence in mean size of CNV
between study groups at one year was used to estimate the
treatment eJect. Researchers measured total CNV sizes as numbers
of standard disc areas (DAs). Pegaptanib treatment, across all doses
studied, resulted in a lower final mean CNV size compared with that
of the sham group at the one-year follow-up examination (MD 0.92

DAs, 95% CI 0.42 to 1.42; Analysis 1.13). We considered a diJerence
in the size of CNV of one or more DAs as a clinically meaningful
diJerence. We graded the certainty of evidence for this outcome as
moderate, aPer downgrading for imprecision (-1).

ABC 2010 reported the median change in the size of CNV. At
54 weeks, the size of CNV regressed by 0.88 mm2 (interquartile
range [IQR], reduction of 4.08 mm2 to increase of 0.40 mm2) in
the bevacizumab-treated group compared with 0.27 mm2 (IQR,
reduction of 2.58 mm2 to increase of 1.24 mm2) in the control group.

We were unable to identify and extract any data on mean
change in size of the CNV from any of the three included trials
comparing ranibizumab with control interventions (ANCHOR 2006,
MARINA 2006, PIER 2008), and from one of the trials comparing
bevacizumab with control interventions (Sacu 2009).

(b) Mean change in size of lesion

Available information was insuJicient to estimate mean change in
size of the total subfoveal lesion with pegaptanib; however, study
investigators provided data that allowed us to analyze mean size
of the lesion at one-year follow-up. Pegaptanib treatment resulted
in smaller mean lesion size at one-year follow-up compared with
sham treatment (MD 0.86 DAs, 95% CI 0.35 to 1.37; Analysis 1.14).
We graded the certainty of evidence for this outcome as moderate,
aPer downgrading for imprecision (-1).

Data for the mean change in size of the total subfoveal lesion were
available from two of the three included trials that had compared
ranibizumab with control interventions (ANCHOR 2006; PIER 2008).
The mean reduction in lesion size was greater by 2.34 DAs (95%
CI 1.88 to 2.81) among participants treated with ranibizumab
compared with participants treated with control interventions aPer
one year (Analysis 1.15). At two years, this eJect persisted in
ANCHOR 2006 (MD 2.44, 95% CI 1.87 to 3.00) but not in PIER 2008
(MD 0.59, 95% CI -0.55 to 1.73; Analysis 1.16). Owing to substantial
statistical heterogeneity (I2 = 88%) and diJerences between control
groups in the two trials during the second year of follow-up,
we did not combine these study findings in a meta-analysis. We
graded the certainty of evidence for the outcome as moderate, aPer
downgrading for inconsistency (-1).

ABC 2010 reported median change in subfoveal lesion size. At 54
weeks, the size of the total subfoveal lesion regressed by 0.03
mm2 (IQR, reduction of 1.88 mm2 to increase of 2.63 mm2) in
the bevacizumab-treated group and increased by 2.33 mm2 (IQR,
reduction of 0.06 mm2 to increase of 6.44 mm2) in the control group.

MARINA 2006 and Sacu 2009 did not report this outcome.

(c) Mean change in CRT

VISION 2004 did not use OCT and did not measure CRT outcomes.
We were unable to find data on CRT in reports from any of the
three included trials that had compared ranibizumab with control
interventions (ANCHOR 2006; MARINA 2006; PIER 2008).

In ABC 2010, the mean change in CRT aPer 54 weeks was -91 μm in
the bevacizumab group and -55 μm in the control group (P = 0.08).
In Sacu 2009, the mean change in CRT by 12 months was -113 μm
in the bevacizumab group and -72 μm in the control group (P = 0.8;
analysis of variance [ANOVA]). Investigators reported no measures
of variability for these outcomes, precluding meta-analysis.
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(4) Quality of life outcomes

One of the two trials from VISION 2004 (EOP 1004) and the three
ranibizumab trials measured vision-related quality of life using the
NEI-VFQ questionnaire (ANCHOR 2006; MARINA 2006; PIER 2008).
Two trials provided suJicient data for inclusion in a meta-analysis
(ANCHOR 2006; MARINA 2006). Investigators in both studies
considered a 10-point change in scores as clinically meaningful.
We did not extract the limited data available from PIER 2008
because investigators presented data in the full-text articles only as
graphs, and information provided in the conference abstracts was
insuJicient for inclusion in our analysis. Correspondence with trial
investigators yielded no additional data. VISION 2004 reported that
treatment with pegaptanib was associated with better scores on
the NEI-VFQ questionnaire, specifically for distance vision and role
limitation domains. However, investigators did not report standard
deviations for scores; thus we could not include these data in our
meta-analysis.

At one year, overall vision-related quality of life improved more
oPen among participants in ranibizumab groups than among those
in control groups (MD 6.7, 95% CI 3.4 to 10.0). The mean diJerence
was greater in MARINA 2006 (MD 8.2, 95% CI 6.0 to 10.4) than
in ANCHOR 2006 (MD 4.8, 95% CI 1.7 to 7.9). This diJerence
between the two trials may have occurred because participants in
the control group in ANCHOR 2006 received an active treatment
(verteporfin PDT therapy). Three subscale domains of the NEI-VFQ
questionnaire in which participants in ranibizumab groups showed
approximately a 10-point greater improvement at one-year follow-
up compared with participants in control groups were distance
vision activities, vision-related dependency, and driving ability
(Analysis 1.17). The I2 statistic for subscale analyses ranged from 0
to 91%, possibly due to diJerent eJects among control groups. We
graded the certainty of evidence for quality of life outcomes at one
year as moderate, aPer downgrading for imprecision (-1).

At two years, overall vision-related quality of life improved more
oPen among participants in ranibizumab groups than among those
in control groups (MD 8.6, 95% CI 3.3 to 14.0). Similar to one-
year results, the mean diJerence was greater in MARINA 2006 (MD
11.2, 95% CI 8.8 to 13.5) than in ANCHOR 2006 (MD 5.7, 95% CI 2.0
to 9.4). Subscale domains of the NEI-VFQ questionnaire in which
participants in ranibizumab groups showed greater improvement
at two-year follow-up compared with those in control groups
were consistent with those identified at one year (Analysis 1.18).
The I2 statistic for subscale analyses ranged from 0 to 87%,
reflecting greater comparative diJerences between treatment and
sham control groups in MARINA 2006 than between treatment and
active control groups in ANCHOR 2006. For six subscales, mean
diJerences diJered by approximately 10 or more points between
ranibizumab and control groups: near vision activities, distance
vision activities, vision-related dependency, driving ability, mental
health, and general vision (Analysis 1.18). We graded the certainty
of evidence for quality of life outcomes at two years as moderate,
aPer downgrading for imprecision (-1).

ABC 2010 and Sacu 2009 did not assess quality of life outcomes.

(5) Economic outcomes

We found no report of economic outcomes from ABC 2010,
Sacu 2009, or VISION 2004. We found no data on economic
outcomes when ANCHOR 2006, MARINA 2006, and PIER 2008
directly compared ranibizumab with controls. Data from MARINA

2006 yielded estimates of the cost of treatment with ranibizumab
at USD 27,004 for the first year and USD 26,417 for the second year;
investigators did not report data for the control group (Brown 2008).

(6) Adverse events

We have reported adverse events separately by type of anti-VEGF
agent because investigators of diJerent trials reported diJerent
types of adverse events.

(a) Pegaptanib versus control

VISION 2004 reported ocular and systemic adverse events.
Participants in the pegaptanib groups experienced an ocular
adverse event nearly four times as oPen (RR 3.84, 95% CI 0.91 to
16.20) and were estimated to be 1.25 times as likely to have a
serious systemic adverse event (RR 1.25, 95% CI 0.93 to 1.70) as
participants in the control group. We have presented results for
the most frequent adverse events in Table 3. Although uncommon,
12 eyes treated with pegaptanib injections for one year developed
endophthalmitis compared with no cases in control eyes. Because
of the small number of events, risk estimates for individual adverse
events are imprecise. We graded the certainty of evidence for ocular
and systemic adverse events as moderate, aPer downgrading for
imprecision (-1).

(b) Ranibizumab versus control

Of the three ranibizumab trials (ANCHOR 2006; MARINA 2006;
PIER 2008), ANCHOR 2006 and PIER 2008 reported ocular and
systemic adverse events at one-year follow-up (Table 4), and all
three studies at two-year follow up (Table 5). At both one-year and
two-year follow-up, small numbers of participants had experienced
ocular adverse events, such as endophthalmitis, uveitis, retinal
detachment, and retinal or vitreous hemorrhage, and non-ocular
adverse events, such as myocardial infarction, stroke or cerebral
infarction, ischemic cardiomyopathy, and death (< 1% of total
participants). Because of the small number of events, risk estimates
for these adverse events are imprecise.

With respect to ocular adverse events, cataract developed in study
eyes treated with ranibizumab more oPen than in eyes treated with
control at both one-year (RR 1.48, 95% CI 0.83 to 2.66) and two-
year follow-up (RR 1.25, 95% CI 0.94 to 1.66). Elevated intraocular
pressure (IOP), defined as an increase of 30 mmHg or more, was
observed more oPen in eyes in the ranibizumab groups than in eyes
in the control groups by both one-year (RR 2.22, 95% CI 0.99 to
4.98) and two-year follow-up (RR 4.81, 95% CI 2.63 to 8.81). Ocular
inflammation, graded from trace (1+) to 4+, also occurred more
oPen in eyes in the ranibizumab groups than in eyes in the control
groups at both one-year (RR 2.71, 95% CI 1.36 to 5.42) and two-
year follow-up (RR 3.91, 95% CI 1.89 to 8.09). Two eyes during the
first year of ranibizumab injections and six more eyes during the
second year developed endophthalmitis compared with no cases in
control eyes. We graded the certainty of evidence for ocular adverse
events as moderate, aPer downgrading, because not all eligible
trials reported all types of adverse events and because numbers
were small (< 1%) for many specific adverse events (-1).

With respect to non-ocular adverse events, participants in
ranibizumab groups less oPen experienced treatment-emergent
hypertension than participants in control groups at one-year
follow-up (RR 0.67, 95% CI 0.36 to 1.24); however, at two-year
follow-up, risk was similar in the ranibizumab and control groups
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(RR 0.96, 95% CI 0.73 to 1.25). Non-ocular hemorrhage occurred
more oPen among participants in ranibizumab groups than among
those in control groups at both one-year (RR 1.90, 95% CI 0.78
to 4.62) and two-year follow-up (RR 1.64, 95% CI 1.05 to 2.55).
We graded the certainty of evidence for systemic adverse events
as moderate, aPer downgrading, because not all eligible trials
reported all types of adverse events and because numbers were
small (< 1%) for many specific adverse events (-1).

(c) Bevacizumab versus control

ABC 2010 reported serious ocular and non-ocular adverse events
among 65 bevacizumab-treated participants and 66 control
participants. Serious ocular events that aJected at least one
study participant included uveitis (two bevacizumab participants;
one control participant), rhegmatogenous retinal detachment
(no bevacizumab participant; one control participant), vitreous
hemorrhage (one bevacizumab participant; no control participant),
and ocular inflammation (eight bevacizumab participants; four
control participants). Investigators reported no instances of
presumed endophthalmitis, retinal tear, or lens damage in either
group. Three participants experienced a non-ocular adverse event:
myocardial infarction (bevacizumab group), death due to vascular
cause (bevacizumab group), or non-ocular hemorrhage reported as
serious (control group).

Sacu 2009 reported no occurrence of severe ocular or systemic
events during the study period. We graded the certainty of evidence
for ocular and systemic adverse events for bevacizumab as low; we
downgraded for imprecision (-2).

Bevacizumab versus ranibizumab

Ten trials directly compared intravitreous injections of
bevacizumab with ranibizumab. These studies included a total of
3657 participants. The largest study randomized 1208 participants
in a 2 × 2 factorial design (two drugs administered in two injection
schedules) to receive 1.25 mg intravitreal bevacizumab or 0.5 mg
intravitreal ranibizumab on a monthly or as-needed basis (CATT
2011). Participants in the as-needed injection groups received the
first three injections monthly, followed by an injection whenever
treatment was needed, as determined by monthly examinations.
APer one year of treatment, participants in the groups treated
monthly were re-randomized to continue treatment on a monthly

basis or to change to treatment as needed. Participants in the
as-needed groups remained on their original assignments, and
all participants were followed for another year. IVAN 2013, with
628 participants, included four treatment groups similar to those
in the CATT study: 1.25 mg intravitreously injected bevacizumab
monthly, 0.5 mg intravitreously injected ranibizumab monthly, 1.25
mg intravitreously injected bevacizumab as needed, and 0.5 mg
intravitreously injected ranibizumab as needed. Participants in as-
needed dosing groups received the first three injections monthly,
followed by three consecutive monthly treatments whenever
treatment was needed. The treatment period lasted two years. Six
of the eight smaller studies randomized participants to receive 1.25
mg intravitreal bevacizumab or 0.5 mg intravitreal ranibizumab
on a monthly basis (BRAMD 2016), or on an as-needed basis
(GEFAL 2013; LUCAS 2015; MANTA 2013; Subramanian 2010), for
one year or 18 months (Biswas 2011). We combined 18-month data
from Biswas 2011 with 12-month data from the other trials. Two
small studies randomized participants to an as-needed treatment
regimen following two and three injections, respectively, given at
monthly intervals (SAVE-AMD 2017; Scholler 2014).

For data analyses in this section, we combined groups given
the same drug type regardless of injection regimen. Thus the
bevacizumab and ranibizumab groups included both monthly and
as-needed injection schedules. Risk of bias in most domains was
low among these studies, and none were funded by pharmaceutical
companies. At one-year follow-up, investigators provided data for
the primary outcome for 3164 (88%) of 3657 participants.

(1) Visual acuity

(a) Gain of 15 or more letters of visual acuity

At one-year follow-up, investigators provided analyzable data
for the primary outcome of this review for 3144 (86%) of 3657
participants. Overall, the proportion of participants who gained 15
or more letters of visual acuity at one year was not statistically
significantly diJerent between bevacizumab- and ranibizumab-
treated groups (RR 0.95, 95% CI 0.81 to 1.12; Analysis 2.1; Figure
5). Individual confidence intervals for seven of the eight trials
crossed unity, and all confidence intervals overlapped. We graded
the certainty of evidence for this outcome as high, with no reason
to downgrade.
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Figure 5.   Forest plot of comparison: 4 Bevacizumab versus ranibizumab, outcome: 4.1 Gain of 15 or more letters
visual acuity at 1 year.

 
At two years, data were available for 1030 (85%) of 1208 participants
in CATT 2011, and for 517 (82%) of 628 participants in IVAN 2013.
Results were consistent with one-year outcomes in terms of the
eJect estimate and confidence intervals when we compared the
proportion of participants who gained 15 or more letters of visual
acuity between ranibizumab- and bevacizumab-treated groups
(RR 0.84, 95% CI 0.64 to 1.11; Analysis 2.2; Figure 6). When we
analyzed only the 778 participants who remained in their originally

randomized groups in CATT 2011 (i.e. excluding participants who
were switched to a diJerent treatment regimen aPer one year),
summary results were unchanged (RR 0.84, 95% CI 0.64 to 1.11). The
I2 statistics for these analyses were at or about 50%, indicating a
diJerence in magnitude but not in direction of the treatment eJect
estimated based on data from CATT 2011 and IVAN 2013. We graded
the certainty of evidence for this outcome as high, finding no reason
to downgrade.

 

Figure 6.   Forest plot of comparison: 4 Bevacizumab versus ranibizumab, outcome: 4.2 Gain of 15 or more letters
visual acuity at 2 years.

 
(b) Loss of fewer than 15 letters of visual acuity

At one-year follow-up, the overall estimated eJect (risk ratio) for
loss of fewer than 15 letters of visual acuity was 1.00 (95% CI 0.98
to 1.02) when we compared participants treated with bevacizumab
and those treated with ranibizumab (Analysis 2.3). Confidence
intervals for all eight individual studies also crossed the line of
equality. These results suggest no meaningful clinical or statistical
diJerence between the two anti-VEGF agents in terms of loss of
fewer than 15 letters of visual acuity aPer one year of treatment. We

graded the certainty of evidence for this outcome as high, with no
reason to downgrade.

At two-year follow-up, the relative treatment eJect between the
two drugs was almost identical to the relative eJect at one
year when researchers analyzed participants on the basis of their
original randomization (RR 0.97, 95% CI 0.94 to 1.00) or those who
remained in their originally randomized groups (RR 0.98, 95% CI
0.94 to 1.01; Analysis 2.4). We also graded the certainty of evidence
for this outcome as high.
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(c) Loss of fewer than 30 letters of visual acuity

No participant in Subramanian 2010 lost 30 or more letters of
visual acuity during the one-year study period. In Scholler 2014, one
participant in each group was reported to have lost fewer than 30
letters of visual acuity (RR 1.3, 95% CI 0.09 to 19.53). The other trials
did not report this outcome, likely because of the low risk of losing
15 or more letters of BCVA..

(d) Prevention of blindness in the study eye (visual acuity better than
20/200)

Four trials reported the proportion of participants with visual
acuity better than 20/200 as an outcome (CATT 2011; GEFAL 2013;
IVAN 2013; Subramanian 2010), but six trials did not (Biswas 2011;
BRAMD 2016; LUCAS 2015; MANTA 2013; SAVE-AMD 2017; Scholler
2014).

At one-year follow-up, the proportion of participants with visual
acuity of the study eye better than 20/200 was neither clinically nor
statistically significantly diJerent when we compared participants
treated with bevacizumab and those treated with ranibizumab
(RR 0.98, 95% CI 0.96 to 1.01; Analysis 2.5). Results showed no
statistically significant heterogeneity among studies (I2 = 0%), and
all confidence intervals for these four individual studies crossed the
line of unity. We graded the certainty of evidence for this outcome
as high, finding no reason to downgrade.

At two years, results were consistent with one-year outcomes, in
that CATT 2011 and IVAN 2013 investigators observed no significant
diJerence in the proportion of participants with visual acuity
of the study eye better than 20/200 between bevacizumab- and
ranibizumab-treated groups (RR 1.00, 95% CI 0.95 to 1.06; Analysis
2.6). When we analyzed only the 778 participants in CATT 2011 who
remained in their originally randomized groups, we found similar
results (RR 1.01, 95% CI 0.95 to 1.06). Evidence shows moderate
statistical heterogeneity between CATT 2011 and IVAN 2013 for
these analyses (I2 > 40%), possibly due to the precision of individual
study eJect estimates. We graded certainty of evidence for this
outcome as high, finding no reason to downgrade.

(e) Maintenance of visual acuity

BRAMD 2016, CATT 2011, GEFAL 2013, IVAN 2013, LUCAS 2015,
MANTA 2013, SAVE-AMD 2017, and Scholler 2014 did not report
maintenance of visual acuity. In Subramanian 2010, 10 of 15
(67%) participants maintained baseline visual acuity aPer one year
of treatment with bevacizumab and 6 of 7 (86%) participants
maintained baseline visual acuity aPer one year of treatment with
ranibizumab (RR 0.78, 95% CI 0.49 to 1.24). We graded the certainty
of evidence for this outcome as moderate, aPer downgrading for
imprecision (-1).

Biswas 2011 reported diJerent cut-points for change in visual
acuity at 18-month follow-up. In the bevacizumab group, 16 (32%)
participants gained more than five letters, 30 (60%) did not change
more than five letters, and four (8%) lost more than five letters
of visual acuity. In the ranibizumab group, 18 (33%) participants
gained more than five letters, 30 (56%) did not change more than
five letters, and six (11%) lost more than five letters of visual acuity.

(f) Mean change in visual acuity

At one year, the mean diJerence in mean change in visual acuity
between bevacizumab and ranibizumab groups was less than one

ETDRS letter (MD -0.5, 95% CI -1.5 to 0.4; Analysis 2.7). Confidence
intervals for all nine individual studies crossed the line of no
diJerence. The I2 statistic was 0%. The SAVE-AMD 2017 investigators
reported only that they found no diJerence in mean BCVA between
eyes treated with bevacizumab or ranibusumab as combined
improvement of 4.1 lines (20 letters).

IVAN 2013 reported data for mean change from baseline in visual
acuity at two years; CATT 2011 reported data for only the 778
participants who remained in their originally randomized groups.
The mean diJerence between bevacizumab and ranibizumab
groups was less than two ETDRS letters (MD -1.2, 95% CI -2.8 to 0.5;
Analysis 2.8). We graded the certainty of evidence for this outcome
as high, with no reason to downgrade.

(2) Visual function

Only one of the ten trials that compared bevacizumab with
ranibizumab reported visual function outcomes (IVAN 2013). At
one year, participants in the ranibizumab and bevacizumab groups
were comparable with regard to mean letters of contrast sensitivity
(adjusted MD 0.2 letters, that is, less than one 3-letter segment on
the Pelli-Robson chart, 95% CI -0.5 to 0.9) and reading index (MD
-5.53, 95% CI -14.59 to 3.54). Participants in the ranibizumab group
had slightly better (8%) near LogMAR visual acuity than those in the
bevacizumab group (adjusted geometric mean ratio 0.92, 95% CI
0.84 to 1.00; P = 0.058).

At two-year follow-up, results for visual function outcomes
were similar to those obtained at one year. Participants in the
ranibizumab and bevacizumab groups were comparable with
regard to mean letters of contrast sensitivity (adjusted MD 0.21,
95% CI -0.62 to 1.04) and reading index (MD -1.34, 95% CI -8.29
to 5.61). Participants in the ranibizumab group had slightly better
(6%) near LogMAR visual acuity than those in the bevacizumab
group (adjusted geometric mean ratio 0.94, 95% CI 0.85 to 1.04). We
graded the certainty of evidence for these outcomes at one and two
years as high, finding no reason to downgrade.

(3) Morphologic outcomes

(a) Mean change in size of CNV

One study reported mean change in size of CNV from baseline
(GEFAL 2013). At one year, results showed no diJerences between
bevacizumab (156 participants) and ranibizumab (144 participants)
groups (MD 0.00 DAs, 95% CI -0.32 to 0.32). We graded the certainty
of evidence for this outcome as high, upon finding no reason to
downgrade.

(b) Mean change in size of lesion

Two of the eight studies reported the outcome of change in total
lesion size. We considered a diJerence of one or more DAs as a
clinically meaningful diJerence.

In CATT 2011, the mean change in lesion size was similar in the
bevacizumab (479 participants) and ranibizumab (509 participants)
groups at one year (MD 0.20 optic DAs, 95% CI -0.09 to 0.49). Among
the 778 participants who remained in their originally randomized
groups through two years, participants in the bevacizumab groups
(341 participants) showed larger increases in lesion size compared
with those in the ranibizumab groups (360 participants) (MD 1.37
mm2, 95% CI 0.39 to 2.36).
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In IVAN 2013, the median change in lesion size aPer one year of
treatment was similar in the bevacizumab (median -1.79 DAs, IQR
-5.18 to 0.00) and ranibizumab (median -1.92 DAs, IQR -4.81 to -0.01)
groups. APer two years, the median change in lesion size was -1.86
DAs (IQR -5.51 to 0.16) in the bevacizumab group and -0.96 DAs (IQR
-4.29 to 0.39) in the ranibizumab group.

Biswas 2011, BRAMD 2016, GEFAL 2013, LUCAS 2015, MANTA 2013,
and Subramanian 2010 did not report mean change in lesion size
in DAs. MANTA 2013 reported that "no significant diJerence was
observed in terms of lesion size between the two groups (P = 0.55)."
We graded the certainty of evidence for mean change in lesion size
as moderate, upon downgrading for lack of analyzable data from
two trials reporting this outcome (-1).

(c) Mean change in CRT

Nine of the ten trials reported on mean change in CRT at one year.
Participants treated with bevacizumab showed less reduction in
CRT compared with those treated with ranibizumab in six trials
(MD -11.6 μm, 95% CI -21.6 to -1.7; Analysis 2.9). This diJerence
is not considered to be clinically meaningful, as it falls within the
typical range of measurement error. Subramanian 2010 reported a
mean change of -50 μm in the bevacizumab group and -91 μm in
the ranibizumab group at one year. Neither MANTA 2013 nor SAVE-
AMD 2017 nor Scholler 2014 investigators reported mean change
in CRT by treatment group. MANTA 2013 investigators stated that
"diJerences were not significant between the groups (P = 0.81)."
SAVE-AMD 2017 investigators reported for the combined treatment
groups that CRT changed from 401.5 μm at baseline to 310 μm aPer
one year, and that "no significant diJerence was observed between
both [sic] drugs." Similarly, Scholler 2014 reported that "The mean
CRT did not diJer significantly between groups (p=0.088 aPer 12
months)."

At two years, the finding of no or a trivial diJerence persisted
only among study participants who remained in their originally
randomized groups in CATT 2011 and IVAN 2013. Participants in
the bevacizumab groups showed only slightly less reduction in CRT
compared with those in the ranibizumab groups (MD -12.4 μm, 95%
CI -33.8 to -9.0; Analysis 2.10). We graded the certainty of evidence
for this outcome at both one and two years as high, with no reason
to downgrade.

(4) Quality of life outcomes

IVAN 2013 evaluated quality of life among trial participants using
the EQ-5D.

At one-year follow-up, the median (IQR) EQ-5D summary score
was the same for bevacizumab- and ranibizumab-treated groups
(median 0.85, IQR 0.73 to 1.00). The number of participants who
reported "no health problems" for each of the five subscale
domains was similar between groups (Analysis 2.11).

At two-year follow-up, the median (IQR) EQ-5D summary score was
the same as at one-year follow-up (median 0.85, IQR 0.73 to 1.00)
in bevacizumab- and ranibizumab-treated groups. The number of
participants who reported "no health problems" for each of the five
subscale domains was similar in the two groups (Analysis 2.12).

The remaining nine studies did not report quality of life outcomes
(Biswas 2011; BRAMD 2016; CATT 2011; GEFAL 2013; LUCAS 2015;
MANTA 2013; SAVE-AMD 2017; Scholler 2014; Subramanian 2010).

We graded the certainty of evidence for quality of life as moderate,
aPer downgrading for absence of data from other trials (-1).

(5) Economic outcomes

Three studies included economic-related outcomes as prespecified
secondary outcomes. CATT 2011 evaluated annual costs associated
with each treatment group in USD. IVAN 2013 evaluated cumulative
resource use and costs for each treatment group in GBP. GEFAL 2013
prespecified medicoeconomic outcomes as secondary outcomes
of interest; however, GEFAL 2013 investigators had published
no results for economic outcomes by the time this review was
prepared.

In the first year of treatment in CATT 2011, the average annual
cost of treatment per participant was USD 490 in the bevacizumab
groups (USD 595 when treated monthly and USD 385 when
treated as needed) compared with USD 18,590 (USD 23,400 when
treated monthly and USD 13,800 when treated as needed) in the
ranibizumab groups. For the 778 participants who remained in their
originally randomized groups, the average cost of two years of
treatment was USD 860 per participant in the bevacizumab groups
(USD 1170 when treated monthly and USD 705 when treated as
needed) and USD 31,805 per participant in the ranibizumab groups
(USD 44,800 when treated monthly and USD 25,200 when treated
as needed).

In IVAN 2013, the average total cost of treatment per participant
for the first year was GBP 1580 in the bevacizumab groups
(GBP 1654 when treated monthly and GBP 1509 when treated
as needed) compared with GBP 8035 in the ranibizumab groups
(GBP 9656 when treated monthly and GBP 6398 when treated as
needed). These values corresponded to approximately USD 2500
and USD 12,700 for the bevacizumab and ranibizumab groups,
respectively (based on an average exchange rate of 1.58 for years
2010 to 2011). The mean diJerence was GBP 8001 (SE 113) when
monthly treatment with ranibizumab versus bevacizumab was
compared, and GBP 4889 (SE 184) when as-needed treatment
with ranibizumab versus bevacizumab was compared. IVAN 2013
reported economic outcomes at two-year follow-up.

(6) Adverse events

Although all ten trials provided information related to adverse
events, data reported varied by study regarding the types and
specificity of adverse events.

At one year, investigators from four trials reported no serious ocular
events (Biswas 2011; MANTA 2013; SAVE-AMD 2017; Subramanian
2010). Minor adverse events reported from three of these trials
included subconjunctival hemorrhage, increased IOP, transient
postinjection pain, and mild ocular inflammation; investigators did
not report the numbers of participants who experienced these
adverse events. No case of endophthalmitis or retinal detachment
was reported from the four trials. In CATT 2011, GEFAL 2013,
IVAN 2013, and LUCAS 2015, less than 1% of participants had
endophthalmitis, retinal detachment, retinal pigment epithelial
tear, traumatic cataract, or uveitis (Table 6). Scholler 2014 reported
two eyes with subretinal bleeding, both treated with ranibizumab.
BRAMD 2016 did not mention ocular adverse events. As a result
of the small numbers of events, risk estimates for these adverse
events are imprecise. We graded the certainty of evidence for ocular
events as moderate, aPer downgrading for imprecision (-1).
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Biswas 2011 did not assess systemic adverse events. At one year,
Subramanian 2010 reported no serious systemic adverse events.
Scholler 2014 reported a transient ischemic attack in one patient
but did not specify the treatment assignment for participants.
SAVE-AMD 2017 investigators reported three thromboembolitic
events but did not report the anti-VEGF agent given to those
participants, nor whether cases were in the neovascular AMD or
non-neovascular AMD cohort. The remaining six trials reported that
18% of participants in the bevacizumab groups versus 16% in the
ranibizumab groups experienced at least one serious adverse event
(RR 1.15, 95% CI 0.99 to 1.34) (BRAMD 2016; CATT 2011; GEFAL
2013; IVAN 2013; LUCAS 2015; MANTA 2013). Mortality from any
cause was approximately 2% in the bevacizumab and ranibizumab
groups during the first year of follow-up (RR 1.10, 95% CI 0.66
to 1.83). Less than 1% of participants experienced myocardial
infarction, stroke or cerebral infarction, transient ischemic attack,
or a venous thrombotic event (Table 6). Rates were comparable
between bevacizumab and ranibizumab groups with respect to
cardiac disorders (RR 0.84, 95% CI 0.57 to 1.23), neoplasms (RR 0.99,
95% CI 0.61 to 1.61), and nervous system disorders (RR 1.14, 95% CI
0.68 to 1.93). Investigators reported more gastrointestinal disorders
(RR 1.76, 95% CI 0.99 to 3.14), infections (RR 1.42, 95% CI 0.93 to
2.17), injuries and procedural complications (RR 1.27, 95% CI 0.78
to 2.06), and surgical or medical procedures (RR 1.41, 95% CI 0.88 to
2.27) in the bevacizumab groups than in the ranibizumab groups at
one year. We graded the certainty of evidence for systemic adverse
events as moderate, aPer downgrading for imprecision (-1).

At two years, data for ocular and systemic adverse events were
available for CATT 2011 and IVAN 2013. Less than 1% of participants
were reported to have had endophthalmitis, retinal detachment,
retinal pigment epithelial tear, traumatic cataract, or uveitis (Table
7). As a result of the small numbers of events, risk estimates for
these adverse events are imprecise. In the bevacizumab groups,
36% of participants had at least one serious adverse event
compared with 30% in the ranibizumab groups (RR 1.20, 95%
CI 1.05 to 1.37). Mortality from any cause was 6% and 5% in
the bevacizumab and ranibizumab groups, respectively (RR 1.12,
95% CI 0.76 to 1.65). In all, 2% or fewer participants experienced
myocardial infarction, stroke or cerebral infarction, a venous
thrombotic event, or a transient ischemic attack (Table 7). As with
one-year outcomes, investigators reported more gastrointestinal
disorders (RR 2.74, 95% CI 1.49 to 5.02), infections (RR 1.37, 95%
CI 0.96 to 1.95), and injuries and procedural complications (RR
1.33, 95% CI 0.86 to 2.05) in the bevacizumab groups than in the
ranibizumab groups, and reported more cardiac disorders in the
bevacizumab groups than in the ranibizumab groups at two years
(RR 1.25, 95% CI 0.92 to 1.71). Rates were comparable between
bevacizumab and ranibizumab groups with respect to neoplasms
(RR 0.98, 95% CI 0.63 to 1.53), nervous system disorders (RR 1.06,
95% CI 0.70 to 1.60), and surgical or medical procedures (RR 0.91,
95% CI 0.44 to 1.84). We graded the certainty of evidence for
ocular and systemic adverse events at two years as moderate, aPer
downgrading for imprecision (-1).

D I S C U S S I O N

Summary of main results

Most of the 16 trials included in this systematic review were of good
methodological quality. The six trials of anti-vascular endothelial
growth factor (VEGF) monotherapy versus control demonstrated
the beneficial eJect of anti-VEGF therapy on visual acuity in the

management of neovascular age-related macular degeneration
(AMD). Participants treated with any anti-VEGF agent featured in
these trials - pegaptanib (one trial), ranibizumab (three trials),
or bevacizumab (two trials) - more oPen gained or maintained
visual acuity at one year and less oPen lost visual acuity compared
with participants who received no anti-VEGF agent. Stability of
visual acuity at one year was achieved more oPen in an anti-VEGF
treatment group than in a control group not treated with anti-VEGF
agents. The safety profile of anti-VEGFs, as reported in the included
studies, was acceptable.

Functional outcomes (e.g. visual acuity) correlated with quality
of life outcomes, when reported, and anatomic outcomes (e.g.
lesion size, retinal thickness).across trials. Participants treated
with pegaptanib showed a decrease in the size of the choroidal
neovascular complex with less leakage observed on fluorescein
angiography than in participants treated with sham injections.
Bevacizumab- and ranibizumab-treated participants experienced
reductions in central retinal thickness (CRT) as measured by optical
coherence tomography (OCT) compared with control participants.

Investigators more oPen reported improvement in vision-specific
quality of life in anti-VEGF-treated groups than in control groups,
as well as improved scores on the National Eye Institute-Visual
Functioning Questionnaire (NEI-VFQ) scale with both pegaptanib
and ranibizumab compared with control. Cost utility analysis,
based on data from one trial and standardized utilities of degree of
visual loss, compared ranibizumab with pegaptanib and revealed
that ranibizumab was associated with better quality of life when
compared with pegaptanib (Brown 2008). Data on visual function
(e.g. contrast sensitivity) and treatment costs were sparse in these
trials.

We found only one small trial that performed a head-to-head
comparison of pegaptanib (n = 18) versus bevacizumab (n =
13), which we excluded because participants were followed for
only six months (Schmid-Kubista 2011). Investigators reported
improved best-corrected visual acuity (BCVA) with bevacizumab
compared to pegaptanib. Ten head-to-head trials compared
bevacizumab versus ranibizumab. At one-year and two-year follow-
up, visual acuity outcomes were comparable for bevacizumab
and ranibizumab, clinically and statistically, although confidence
intervals for some outcomes reported by individual studies
indicated some uncertainty regarding true eJects. In terms of
other measures of visual function, one trial showed better near
LogMAR visual acuity among participants in the ranibizumab group
than among those in the bevacizumab group at one-year follow-
up; this eJect had diminished at two-year follow-up. At one-year
and two-year follow-up, researchers noted no clinically meaningful
diJerences in reduction of CRT between bevacizumab-treated and
ranibizumab-treated participants. Participant responses to quality
of life questionnaires were comparable between treatment groups.
Researchers reported a small number of ocular adverse events for
both bevacizumab and ranibizumab groups (< 1%) across all trials.
However, endophthalmitis rates were higher with injection of anti-
VEGF agents than with intravitreal surgery, except when estimates
were based on numbers of injections given rather than on numbers
of eyes treated. Individuals with AMD and their ophthalmologists
must be aware of this small but serious risk. At both one-year and
two-year follow-up, fewer participants in the ranibizumab groups
experienced any serious systemic adverse events compared with
those in the bevacizumab groups.
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Overall completeness and applicability of evidence

We conducted this review to investigate eJects on vision and
quality of life associated with intravitreous injections of anti-VEGF
agents for treatment of patients with neovascular AMD versus
sham treatment or a diJerent anti-VEGF agent administered at
comparable dosages and regimens. In this review, we included
only randomized controlled trials (RCTs), each with a minimum
follow-up of one year. The primary outcome for this review was the
proportion of participants who gained 15 or more letters of BCVA
by one-year follow-up examination. Secondary outcomes included
other visual acuity outcomes at one-year and two-year follow-up,
visual function outcomes, morphologic characteristics assessed
by fluorescein angiography or OCT, ocular and systemic adverse
outcomes, cost outcomes, and quality of life. We used multiple
sources to identify relevant data for this review - not only journal
publications, but also conference abstracts, FDA documents, and
descriptions in clinical trial registries, when available. When data
were unclear or were missing, we contacted study investigators to
request clarification or information.

This review ultimately included representative and applicable
outcomes data from 6347 participants enrolled in 16 trials
conducted in various countries that included both men and women
aged 50 years or older with subfoveal choroidal neovascularization
(CNV) secondary to AMD. Approximately half of the included trials
reported the type of neovascular lesion, and all lesion types
(predominantly classic CNV, minimally classic CNV, and occult CNV
only) were represented among these trials. All studies included at
least one measure related to morphologic characteristics of study
eyes, with fluorescein angiography used in 15 studies and OCT used
in all but the earliest of these RCTs.

The earliest RCTs of anti-VEGF agents incorporated in this review
individually and collectively established a new paradigm for
management of neovascular AMD, particularly for lesions under or
near the fovea, and validated administration of intravitreal anti-
VEGF therapy in aJected individuals with clinical profiles similar to
those of participants enrolled in these trials. Reported outcomes
related to visual acuity gains, stability of visual acuity at one
year, decreased risk of significant visual acuity loss, and low rates
of ocular and systemic adverse events are mirrored in real-life
clinical encounters when anti-VEGF agents are used to manage
neovascular AMD in the retina specialist's oJice (Carneiro 2012;
Gillies 2014; Holz 2013; Rasmussen 2014). As observed in the clinical
trials incorporated into this review, morphologic changes in the
CNV lesion complex, with regard to decreased size on fluorescein
angiography, decreased leakage on fluorescein angiography, and
decreased CRT on OCT, also have been observed to occur in clinical
practice among individuals given intravitreous anti-VEGF therapy
for neovascular AMD (Carneiro 2012).

With completion and reporting of ten head-to-head trials of
bevacizumab versus ranibizumab, and the finding of little or
no diJerence in outcomes between the two drugs, the primary
consideration for the ophthalmologist and the individual with
AMD has been the choice of anti-VEGF agent. Issues include costs,
availability, and quality control of the preparation of bevacizumab
for intravitreal injection. Issues as yet unresolved include optimal
frequency with which anti-VEGF agents should be injected into
aJected eyes, length of calendar time over which anti-VEGF agents
must be injected to maintain the benefits seen with two-year
outcomes, and long-term ocular and systemic eJects of these

treatments. These issues have been or will be addressed in other
systematic reviews prepared by Cochrane reviewers and others.

Quality of the evidence

In addition to inclusion of only RCTs in this review, two review
authors assessed potential sources of bias in these trials according
to methods established by Cochrane. We assessed the certainty of
evidence for most outcomes in this review as moderate to high on
the basis of consistency of findings across trials and proper trial
design. Parameters considered in risk of bias assessment included
selection bias, performance bias, detection bias, attrition bias, and
reporting bias; we graded each potential source of bias as low risk,
unclear risk, or high risk. Overall, we found the included studies
to be at low risk for most categories of bias. In most trials, few
participants missed the primary outcome examination or were
not treated per protocol assignment. In nine trials, proportions of
participants lost to follow-up at primary follow-up visits were less
than 15%, despite the age of participants and the death of some.
Although not the best method that can be used to account for
missing data, seven trials used the last observation carried forward
method to impute missing data. We identified design publications,
protocols, or clinical trial registration for 15 of the 16 included
studies. We judged nine of these 15 trials to be free of reporting
bias on the basis of consistency between study outcomes as defined
in the protocols and clinical trial registers and reported in study
publications to date.

In retrospect, we should not have included ABC 2010 in this review
because the "standard care" control arm included pegaptanib,
which was approved for intravitreous injection by the Naational
Health Service at the time the trial commenced. We elected to retain
ABC 2010 in the current updated review for consistency with earlier
versions of this systematic review.

We considered various other aspects of trial design, reporting,
and financial support as potential sources of bias. Pharmaceutical
companies that marketed the study drugs under investigation
sponsored four of 16 trials - one study of pegaptanib and three
studies that compared ranibizumab with control. In addition,
pharmaceutical company sponsors had important roles in design,
analysis, and reporting of these trials, and some investigators
reported that they had financial relationships with the company
that manufactured the study drug.

Potential biases in the review process

For this review, we conducted broad electronic searches for studies
and imposed no date or language restrictions to minimize potential
biases in the study selection process. We followed standard
Cochrane review methods. The outcomes evaluated in the review
were those commonly specified for RCTs examining treatments for
neovascular AMD.

Agreements and disagreements with other studies or
reviews

Whether assessed by systematic, comprehensive reviews, such
as this one, or by more traditional, clinical reviews, anti-VEGF
compounds for treatment of patients with neovascular AMD appear
to be eJicacious and safe (Ip 2008; Mitchell 2011; Schmucker 2010;
Schmucker 2012). Beneficial eJects of pegaptanib, ranibizumab,
and bevacizumab are evident in terms of the proportion of
participants with stabilization or small losses of BCVA. Ranibizumab
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and bevacizumab additionally resulted in a greater proportion
of participants with improved BCVA aPer one and two years of
injections. In independent studies and comprehensive reviews;
eJects on visual acuity have been consistent with morphologic
changes in the size and composition of the CNV lesion complex,
as well as with the observed change in CRT on OCT following
treatment with these agents. In general, considerations of costs
were limited in the trials included in this systematic review;
additional analyses indicating a favorable cost/utility ratio for
anti-VEGF agents versus control or no treatment were cited in
research using RCTs and observational data (Cohen 2008; Earnshaw
2007; Fletcher 2008; Hernandez-Pastor 2008; Javitt 2008; Wolowacz
2007). Economic analyses have documented the lower cost of
bevacizumab compared with ranibizumab in achieving the same
benefits (RaPery 2007; Stein 2014). A separate Cochrane review that
specifically evaluated the systemic safety of bevacizumab versus
ranibizumab also found no clinically or statistically significant
diJerences between intravitreal injection of the two drugs aPer two
years of follow-up with respect to death or overall serious systemic
adverse events (Moja 2014).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The results of this review indicate the eJectiveness of three anti-
VEGF agents (pegaptanib, ranibizumab, and bevacizumab) in terms
of stability or improvement in visual acuity aPer one year and two
years of treatment. Ranibizumab and bevacizumab have resulted
in improved visual acuity in a sizable fraction of treated eyes.
The beneficial eJects of these anti-VEGF agents with respect
to visual acuity are consistent with their eJects on changes in
lesion size as evaluated on fluorescein angiography and by OCT.
Available information on adverse eJects of each medication does
not suggest a substantially higher incidence of potentially vision-
threatening complications with intravitreal injection compared
with control interventions; however, this review may not be
suJiciently powered to detect rare safety outcomes. We found
no trials that had compared pegaptanib directly with either
ranibizumab or bevacizumab for 12 months or longer.

Since anti-VEGF agents were introduced into clinical practice,
ophthalmologists have observed among their patients with
neovascular AMD that individual patients respond diJerently to
diJerent agents, and that tolerance for individual anti-VEGF agents
develops in some patients with prolonged use. Thus, access to
multiple agents may oJer the patient the best chance for a
good visual acuity outcome. However, we did not address these
issues in this review and, thus, cannot make an evidence-based
recommendation.

At the time of preparation of this review, bevacizumab remains
an oJ-label therapy for patients with neovascular AMD. The
manufacturer (Genentech) that produces both bevacizumab and
ranibizumab has not submitted bevacizumab for approval as
treatment for AMD. Bevacizumab is a significantly less expensive
treatment option, so perhaps it would compete with the company's
more costly and FDA-approved ophthalmic anti-VEGF agent,
ranibizumab. Thus, trials comparing functional, anatomic, vision-
specific quality of life, as well as cost utility outcomes, between
bevacizumab and ranibizumab ultimately may have no eJect on
the treatment of individuals with neovascular AMD if oJ-label
therapy with bevacizumab were proscribed. The US Centers for

Medicare and Medicaid (CMS) and other national health agencies
currently cover the cost of bevacizumab for ophthalmic use
in hospital outpatient settings; however, other national health
agencies do not include oJ-label use of bevacizumab in their
coverage (CMS 2014; Cohen 2014).

Implications for research

Use of anti-VEGF agents for treatment of AMD has become part of
standard clinical practice; however, certain issues regarding their
use remain. Several factors encourage evaluation of the eJicacy
of alternative and less-frequent dosing regimens with anti-VEGF
compounds. These include lingering concerns about ocular and
systemic toxicity, convenience for individuals with AMD and their
physicians associated with fewer intravitreal injections, and costs
of treatment. Research to evaluate long-term use of anti-VEGF
agents should consider both eJects of the drugs on vision and long-
term eJects of multiple injections over time. It remains unclear
how one can best evaluate these eJects, as RCTs to identify rare
events during long follow-up periods are diJicult to conduct and
finance. Some of the RCTs included in this review have provided
data for up to seven years of follow-up (Rofagha 2013); however,
these follow-up data are observational, were not included in the
trial protocols, and include only a subset of originally enrolled
participants. CATT 2011 received funding from the US National Eye
Institute to continue follow-up of participants enrolled in that trial
so investigators could document long-term positive and negative
eJects of intravitreous injections of ranibizumab and bevacizumab;
five year outcomes have been reported for the trial cohort.

Use of anti-VEGF agents in combination with other neovascular
AMD treatments, such as verteporfin photodynamic therapy (PDT)
or intravitreal steroids, is an important and active area of research
because acceptance of anti-VEGF therapy may make it unethical to
conduct trials without providing this treatment to all participants
with neovascular AMD. The goal of combination treatments would
be to improve vision and quality of life even further than is
achievable with anti-VEGF agents alone, and perhaps to reduce
the number of intravitreal injections needed. Research also is
needed to evaluate methods of delivering these agents other
than intravitreally. Vehicles already under development include
implants and refillable reservoirs (de Juan 2013).

Based on our review, only one or more very large randomized
trials with findings that diJer substantially from those reported by
trials already completed would be required to modify or reverse
our conclusions that (1) intravitreous injection of pegaptanib,
ranibizumab, and bevacizumab has beneficial eJects on best-
corrected visual acuity in eyes with neovascular age-related
macular degeneration, and (2) ranibizumab and bevacizumab have
equivalent safety and eJectiveness in such eyes. Thus, we do not
anticipate a need for future updates to this systematic review.
Future reviews are expected to address the eJects of newer agents
and other approaches for treating eyes with neovascular age-
related macular degeneration.
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Characteristics of included studies [ordered by study ID]

 

Methods Number randomized (total and per group): 131 participants randomly assigned to study treatment:
65 to intravitreal bevacizumab and 66 to "standard treatment." Standard treatment included intravit-
real pegaptanib injections (n = 38), PDT with verteporfin (n = 16), or sham injection (n = 12)

Exclusions after randomization: none

Number analyzed (total and per group): 131 total participants: 65 bevacizumab and 66 standard
treatment

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: bevacizumab group: 1 participant died; standard treatment group: 3 participants
withdrew from the trial and chose to have alternative treatment, and 1 participant withdrew owing to
pain of treatment

Compliance: limited information given: "more than 90% of patients in each group (overall 96%) were
receiving treatment at the last treatment visit (48 weeks) and were followed up to week 54"

Intention-to-treat analysis: yes; using last observation carried forward for 1 participant in bevacizum-
ab group and 4 in standard treatment group

Reported power calculation: yes; sample of 130 participants to provide power of 82% to detect or rule
out a difference of 25% to 67% in outcome rates at P < 0.05

Study design comment: "standard treatment" was not uniform; it was decided for each participant
before randomization based on eligibility for NHS coverage of treatments at the time

Participants Country: UK (London, England)

Age: mean in bevacizumab group was 79 years and in standard treatment group was 81 years

Gender (per cent): 80/131 (61%) women and 51/131 (39%) men

Inclusion criteria: age 50 years or older; primary subfoveal CNV lesion in study eye secondary to AMD;
occult CNV lesions required evidence of "disease progression," based on deteriorating VA, subretinal or
intraretinal blood, or increase in lesion size; evidence of central macular thickening assessed by OCT;
lesion in study eye with total size < 12 optic disc areas for minimally classic or occult lesions; area of fi-
brosis < 25% of total lesion area; area of subretinal blood < 50% of total lesion area; no more than 5400
microns in greater linear dimension for predominantly classic lesions; BCVA of 20/40 to 20/320 on ET-
DRS chart; no permanent structural damage to central fovea

Exclusion criteria: surgery or other treatment in study eye; participation in any other clinical trial of
anti-angiogenic agents or (within previous month) of investigational drugs; primarily hemorrhagic le-
sion; coexisting ocular disease; premenopausal women not using adequate contraception; current
treatment for active systemic infection; history of cardiac event (myocardial infarction, unstable angi-

ABC 2010 
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na) or cerebrovascular event in preceding 6 months; history of allergy to fluorescein; inability to obtain
fundus photographs or fluorescein angiograms of sufficient quality to be analyzed and graded; inability
to comply with study or follow-up procedures

Equivalence of baseline characteristics: yes

Diagnoses in participants: 3/4 (75% of bevacizumab group and 76% of standard treatment group) had
"minimally classic-occult" CNV; remainder of participants had predominantly classic CNV

Interventions Intervention 1: bevacizumab: 3 initial injections every 6 weeks (1.25 mg in 0.05 mL per injection). "Af-
ter the first three injections, investigators masked to treatment allocation used standardized criteria to
decide whether to give further injections... Patients could therefore receive between three and nine in-
jections over a total of 54 weeks." PRN after first 3 injections

• "...patients randomized to bevacizumab received sham treatments [sham injections] if they did not
require intravitreal treatment at that visit (weeks 18 to 48), according to standardized criteria for re-
treatment"

• "Participants who were randomized to bevacizumab in whom the usual treatment would have been
photodynamic therapy...received placebo photodynamic therapy"

Intervention 2: standard treatment group: 1 of 3 treatment options decided for each participant be-
fore randomization based on eligibility for NHS coverage of treatments

• Intravitreal pegaptanib injections (0.3 mg to 0.09 mL) intravitreally every 6 weeks for a year; "nine
injections in 54 weeks"

• Verteporfin photodynamic therapy with sham intravitreal injection; "patients received initial treat-
ment at baseline, with further treatment based on criteria outlined in the pivotal phase III studies"

• Sham intravitreal injection every 6 weeks for a year

Follow-up

Planned length: 54 weeks

Actual length: 96% followed to week 54

Frequency of assessments for retreatment: 6-week intervals

Outcomes Primary outcome, as defined: proportion of participants gaining 15 or more letters of BCVA at 1 year
(54 weeks), as measured on an ETDRS chart
Secondary outcomes, as defined: proportions of participants gaining 10 or more letters of BCVA at
6 months and 1 year (54 weeks), and proportions of participants gaining 5 or more letters of BCVA at 6
months and 1 year (54 weeks), as measured on an ETDRS chart; proportion with stable vision (defined
as loss of < 15 letters); mean change in VA at 12 months; mean change in macular thickness from base-
line to 6- and 12-month examinations; contrast sensitivity (Pelli-Robson charts), unspecified outcome
definition and time; reading ability (maximum reading speed, critical print size, and reading acuity) us-
ing Minnesota Reading cards; unspecified outcome definition and time
Adverse events

Intervals at which outcomes assessed: 1 week (safety visit); 6, 12, 18, 24, 30, 36, 42, 48 weeks (treatment
or assessment for treatment); 1 year (54 weeks)

Notes Full study name: The Avastin (bevacizumab) for Choroidal Neovascularization (ABC) Trial

Trial registration: ISRCTN83325075

Funding sources: special trustees of Moorfields Eye Hospital; Department of Health, through an award
by the National Institute for Health Research to Moorfields Eye Hospital NHS Foundation Trust and UCL
Institute of Ophthalmology for a Specialist Biomedical Research Centre for Ophthalmology; additional
support from the National Eye Research Centre, Bristol

Declarations of interest: "The authors who work at Moorfields Eye Hospital have no financial gain
from this endeavour, and no patents or patent applications with regard to bevacizumab are owned by
the authors or Moorfields Pharmaceuticals"; "The pharmaceutical division at Moorfields (Moorfields
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Pharmaceuticals) is involved in the repackaging of bevacizumab for intraocular use for sale to other in-
stitutions"; various authors reported being on advisory boards for Novartis, Pfizer, GSK, MSD, and/or Al-
lergan; receiving research grants for investigator sponsored trials, money, travel grants, and/or lecture
fees from Novartis; and/or being a shareholder of a software company that has business links with No-
vartis and Pfizer

Study period: August 2006 to November 2008 (enrollment August 2006 to November 2007)

Reported subgroup analyses: by type of neovascular lesion (minimally classic/occult; predominantly
classic); type of standard treatment
Contacting study investigators: trial authors contacted; no additional information provided for this
review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Patients were allocated to treatment groups by minimisation - a dynamic
process"

Allocation concealment
(selection bias)

Low risk "The trial manager telephoned the clinical trials unit to obtain a treatment al-
location"

Masking of participants
(performance bias)

Low risk "To maintain masking, patients randomized to bevacizumab received sham
treatments if they did not require intravitreal treatment at that visit"

Participants also received placebo PDT therapy if in the bevacizumab group;
"care was taken to ensure that the intravenous infusion pump and line were
covered as the active verteporfin solution is green while the placebo infusion is
a clear solution"

Masking of study person-
nel (performance bias)

Low risk Treating physicians were not masked; however, "investigators masked to
treatment allocation used standardised criteria to decide whether to give fur-
ther injections" in the bevacizumab group

Masking of outcome as-
sessment (detection bias)

Low risk "We assured outcome assessors were masked to treatment allocation by the
use of a standard operating procedure that kept the outcome assessors out of
contact with treating physicians and unable to obtain access to the treatment
allocation"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Four participants in the standard treatment group and 1 participant in the
bevacizumab group were without 54-week VA outcome data. Intent-to-treat
analysis was followed using last observation carried forward for missing data

Selective reporting (re-
porting bias)

Unclear risk Study outcomes were published in a design and methods paper. We identified
published results for these outcomes, with the exception of outcomes related
to reading ability (maximum reading speed, critical print size, and reading acu-
ity)

Other bias Low risk The standard therapy group did not receive the same intervention (PDT, pe-
gaptanib injection, or sham injection)

ABC 2010  (Continued)

 
 

Methods Number randomized (total and per group): 423 participants randomly assigned to study treatment:
140 to 0.3 mg ranibizumab, 140 to 0.5 mg ranibizumab, and 143 to verteporfin PDT
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Exclusions after randomization: 3 participants in the 0.3 mg ranibizumab group did not receive treat-
ment after randomization: 1 because of participant's decision and 2 based on physician's decision

Number analyzed (total and per group): 422 total participants: 140 in 0.3 mg ranibizumab group, 139
in 0.5 mg ranibizumab group, and 143 in verteporfin PDT group

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: 10 in 0.3 mg ranibizumab group, 5 in 0.5 mg ranibizumab group, and 10 in
verteporfin PDT group; reasons included death, adverse events, loss to follow-up, participant's deci-
sion, physician's decision, and participant non-compliance

Compliance: limited information given: "more than 90% of patients in each group (91.5% overall) were
receiving treatment at 12 months"

Intention-to-treat analysis: yes; using last observation carried forward for missing data

Reported power calculation: yes; sample of 426 participants to provide power of 96% to detect or rule
out differences in proportions of participants losing fewer than 15 letters at 12 months, assuming 67%
of participants in the PDT control arm and 84% in the ranibizumab arms will have that outcome (α ≤
0.05)

Study design comment: randomization stratified by study center and baseline visual acuity

Participants Country: USA, France, Germany, Hungary, Czech Republic, and Australia (83 study centers)

Age: mean (range) was 77 years (54 to 97) in 0.3 mg ranibizumab group, 76 years (54 to 93) in 0.5 mg
ranibizumab group, and 78 years (53 to 95) in verteporfin PDT group

Gender (per cent): 211/423 (50%) women and 212/423 (50%) men

Inclusion criteria: age 50 years or older; subfoveal CNV lesion secondary to AMD determined indepen-
dently on the basis of fluorescein angiography and fundus photography to be predominantly classic in
composition and suitable for treatment with verteporfin PDT; ≤ 5400 microns in greater linear dimen-
sion; BCVA of 20/40 to 20/320 Snellen using equivalent ETDRS charts; no permanent structural dam-
age to central fovea; participants with juxtafoveal or extrafoveal photocoagulation in the study eye
more than 1 month before day 0 and prior verteporfin PDT in the non-study eye more than 7 days be-
fore study day 0 were included

Exclusion criteria: surgery or other treatment in study eye; treatment with verteporfin PDT in the non-
study eye less than 7 days preceding study day 0; participation in any other clinical trial of anti-angio-
genic agents or (within previous month) of investigational drugs; subretinal hemorrhage in study eye
50% or more of lesion area; subfoveal fibrosis or atrophy in study eye; coexisting ocular disease; pre-
menopausal women not using adequate contraception; current treatment for active systemic infec-
tion; history of other disease, metabolic dysfunction, or physical examination or laboratory finding
giving reasonable suspicion of a condition that contraindicates use of an investigational drug or that
might affect interpretation of results of the study or might place the participant at high risk for com-
plications; history of allergy to fluorescein; inability to obtain fundus photographs or fluorescein an-
giograms of sufficient quality to be analyzed and graded; inability to comply with study or follow-up
procedures

Equivalence of baseline characteristics: a slightly higher percentage of participants in 0.3 mg
ranibizumab group were aged 75 to 84 years (60%, compared with 45.7% in 0.5 mg group and 51.7% in
verteporfin PDT group)

Diagnoses in participants: 410/423 (97%) had predominantly classic CNV (> 95% of each treatment
group); 12/423 (3%) had minimally classic CNV; and 1/423 (0.2%) had occult with no classic CNV

Interventions Intervention 1: 0.3 mg ranibizumab monthly intravitreal injections plus sham verteporfin PDT (intra-
venous infusion of saline followed by laser irradiation of macula), need for retreatment based on as-
sessment of fluorescein angiograms at 3-month intervals
Intervention 2: 0.5 mg ranibizumab monthly intravitreal injections plus sham verteporfin PDT when
needed for retreatment, as above
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Intervention 3: sham intravitreal injection plus active verteporfin PDT (laser irradiation of macula fol-
lowing intravenous administration of verteporfin)
Ranibizumab was injected into the study eye at monthly intervals (ranging from 23 to 37 days) for a to-
tal of 12 injections in the first year beginning on day 0. Verteporfin or sham verteporfin PDT was admin-
istered on day 0 and then if needed on the basis of investigators' evaluation of angiography at month 3,
6, 9, or 12
Follow-up

Planned length: 2 years

Actual length: 2 years

Frequency of assessments for retreatment: 3-month intervals for PDT and sham PDT

Outcomes Primary outcome, as defined: proportion of participants losing fewer than 15 letters from baseline vi-
sual acuity in the study eye at 12 months
Secondary outcomes reported: proportion of participants gaining 15 or more letters from baseline;
proportion of participants with a Snellen equivalent of 20/40 or better; proportion of participants with
a Snellen equivalent of 20/200 or worse; mean change from baseline (letters over time); mean change
from baseline to month 12 in size of the classic CNV component and total area of leakage from CNV
Exploratory efficacy endpoints: loss of 30 or more letters of visual acuity, mean changes in area of
CNV and area of the entire lesion
Safety assessments: IOP measurement before and 50 to 70 minutes after each study treatment, ocu-
lar and non-ocular adverse events, changes and abnormalities in clinical laboratory parameters and vi-
tal signs, and immunoreactivity to ranibizumab
Quality of life indicators
Intervals at which outcomes were assessed: "at regularly scheduled study visits"; at 12 and 24 months;
angiography evaluation was performed at months 3, 6, 9, and 12

Notes Full study name: Anti-VEGF Antibody for the Treatment of Predominantly Classic Choroidal Neovascu-
larization in Age-Related Macular Degeneration (ANCHOR) Trial

Trial registration: NCT00061594

Funding sources: Genentech, USA, and Novartis Pharma, Switzerland

Declarations of interest: several authors reported that they received consulting fees from Genentech,
Eyetech, Novartis, Allergan, Alcon, Thea, Alimera, Oxigene, Genzyme, iScience, ISTA, Regeneron, Ther-
agenics, VisionCare, and/or Jerini; lecture fees from Genentech, Eyetech, Novartis, Allergan, Pfizer, Al-
con, Thea, and/or Jerini; grant support from Alcon, Acuity Pharmaceuticals, Allergan, Alimera, Eyetech,
Pfizer Novartis, Genentech, Eli Lilly, Oxigene, or the Diabetic Retinopathy Clinical Research network;
and/or that they had an equity interest in Pfizer or were full-time employees of Genentech, held an eq-
uity interest in the company, and had received stock options

Study period: May 2003 to September 2006

Reported subgroup analyses: analyses of visual acuity outcome by baseline age, visual acuity, and
CNV lesion type reported and specified as retrospective analyses in Kaiser 2007 (referenced under AN-
CHOR 2006)
Contacting study investigators: trial authors were contacted and contributed information for this re-
view

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A dynamic randomization method was used, stratified by study center and vi-
sual acuity scores on day 0 (< 45 letters vs ≥ 45 letters)
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"Dynamic randomization, a generalization of the hierarchical method pro-
posed by Signorini, et al (1993)" (email communication with Genentech, dated
24 October 2007)

Allocation concealment
(selection bias)

Low risk "A centralized IVRS was used to conduct the randomization. Participants,
study site personnel, and Sponsors’ personnel were masked to the treatment
assignment throughout the study, except for the injecting physician, designat-
ed unmasked site personnel, and Sponsors’ drug accountability monitors" (e-
mail communication with Genentech, dated 24 October 2007)

Masking of participants
(performance bias)

Low risk "To maintain masking, patients who had received saline as well as those who
had received verteporfin were instructed to follow exposure-to-light-precau-
tions after PDT administration according to the verteporfin package insert"

"An empty, needle-less syringe was used for sham injections, with pressure ap-
plied to the anesthetized and prepared eye at the site of a typical intravitreal
injection. Pre- and post-injection procedures (described previously) were iden-
tical for ranibizumab and sham injections"

Masking of study person-
nel (performance bias)

Low risk "The 'injecting' ophthalmologist administering the study treatments was un-
masked. All other study site personnel (except those assisting with study treat-
ment administration), patients, and central reading center personnel were
masked to treatment assignment"

Masking of outcome as-
sessment (detection bias)

Low risk "Double masking of treatment assignment necessitated at least two investiga-
tors per study site: an unmasked 'injecting' ophthalmologist to administer the
study treatments and a masked 'evaluating' ophthalmologist to perform study
assessments"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk "Efficacy analyses were performed on an intent-to-treat basis (including all
randomized patients and according to the treatment group to which they were
assigned) using a last-observation-carried-forward method to impute missing
data (primary analysis) and using observed data (exploratory sensitivity analy-
sis)"

Selective reporting (re-
porting bias)

Low risk We did not have access to the protocol. However, primary and secondary out-
comes reported to the FDA were reported in the publication with no changes

Other bias Unclear risk Sponsored by Genentech and Novartis Pharma

ANCHOR 2006  (Continued)

 
 

Methods Number randomized (total and per group): 120 participants randomly assigned to study treatment:
60 in bevacizumab group and 60 in ranibizumab group

Exclusions after randomization: none

Number analyzed (total and per group): 104 total participants who completed 18 months of fol-
low-up: 50 in bevacizumab group and 54 in ranibizumab group

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: 16 participants by 18 months: reasons for losses to follow-up not reported (10 in
bevacizumab group, 6 in ranibizumab group)

Compliance: 104/120 participants completed the 18-month study

Intention-to-treat analysis: no; 16 participants enrolled and randomized were not included in analy-
sis
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Reported power calculation: no; "aimed to enroll a total of 120 patients...this number was arrived at
by the investigators after considering the sample size of the available literature of relevant studies"

Study design comment: see "Risk of bias" table regarding randomization logistics

Participants Country: 2 study centers in Kolkata, India

Age: not reported for 120 enrolled participants (mean 64.4 years in analyzed bevacizumab group; mean
63.5 years in analyzed ranibizumab group)

Gender (per cent): not reported for 120 enrolled participants (28/50 [56%] men and 22/50 [44%]
women in analyzed bevacizumab group; 22/54 [41%] men and 32/54 [59%] women in analyzed
ranibizumab group)

Inclusion criteria: age 50 years or older; presence of subfoveal or juxtafoveal CNV of any type; active
leakage pattern; baseline BCVA between 35 and 70 ETDRS letters; baseline central macular thickness ≥
250 μm, as measured by OCT

Exclusion criteria: previous treatment for CNV in either eye; macular scarring; any coexisting other oc-
ular disease or pathology; monocular patients; history of ocular surgery within 6 months of enrollment;
history of cerebrovascular accident and myocardial infarction

Equivalence of baseline characteristics: gender imbalance between analyzed groups

Diagnoses in participants: all with subfoveal or juxtafoveal CNV; 22/50 participants with occult CNV in
bevacizumab group and 24/54 participants with occult CNV in ranibizumab group

Interventions Intervention 1: 1.25 mg intravitreal bevacizumab every month for first 3 months; retreatment after-
ward based on OCT or VA changes
Intervention 2: 0.5 mg intravitreal ranibizumab every month for first 3 months; retreatment afterward
based on OCT or VA changes
Length of follow-up

Planned: 18 months

Actual: 18 months

Outcomes Primary outcomes, as defined: "changes in BCVA and CMT from baseline (month 0) to month 18"
Secondary outcomes, as reported: blood pressure measurements; reports of unusual extremity pain
Adverse events

Intervals at which outcome assessed: monthly through 18 months

Notes Trial registration: not reported

Funding sources: reported "nil"

Declarations of interest: "none declared"

Study period: April 2007 to April 2009

Reported subgroup analyses: for participants with predominantly classic CNV

Contacting study investigators: trial authors contacted; no additional information provided for this
review

Risk of bias

Bias Authors' judgement Support for judgement
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Random sequence genera-
tion (selection bias)

Low risk "Using random numbers tables, 60 numbers were randomly picked up from
1 to 120 and assigned to group A while the remaining sixty numbers were as-
signed to group B"

Allocation concealment
(selection bias)

Unclear risk "...randomization of the 120 numbers into two groups was done before initia-
tion of enrolment itself. Upon initiation of enrollment, the patients were num-
bered sequentially based on the serial order of enrolment in the study. De-
pending on the enrolment number, the patients were automatically assigned
to either group A or B based on the prior randomization of number 1-120 into
two equal groups using random number tables"

Masking of participants
(performance bias)

Unclear risk Masking of participants not reported

Masking of study person-
nel (performance bias)

Low risk "The injections were given...by the investigators, who were blinded to the type
of injection"

Masking of outcome as-
sessment (detection bias)

Low risk "All assessors were masked to the group of patients they were following up"

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Sixteen (13%) participants lost to follow-up were excluded from analyses: 10 in
the bevacizumab group and 6 in the ranibizumab group

Selective reporting (re-
porting bias)

Unclear risk No protocol nor clinical trial registration was identified for this study. Out-
comes were reported for stated outcomes in the Methods section of the pub-
lished report; however, only P values were reported for between-group com-
parisons, and no standard deviation or variance measures were reported for
continuous outcomes

Other bias Low risk None observed

Biswas 2011  (Continued)

 
 

Methods Number randomized (total and per group): 332 participants randomly assigned to study treatment:
166 in bevacizumab group and 166 in ranibizumab group

Exclusions after randomization: 5 participants in bevacizumab group excluded because they did not
receive allocated treatment and dropped out after first injection

Number analyzed (total and per group): 327 participants (161 in bevacizumab group and 166 in
ranibizumab group) for all outcomes at 12 months; as participants who were lost to follow-up, their last
observation was carried forward

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: 63 participants discontinued intervention owing to adverse events or refusal to
continue treatment (34 in bevacizumab group and 29 in ranibizumab group)

Compliance: 17 participants switched to other treatment owing to a drop in visual acuity, according to
the protocol (9 in bevacizumab group and 8 in ranibizumab group)

Intention-to-treat analysis: no; not all participants enrolled and randomized were included in the
analyses

Reported power calculation: yes; sample of 153 participants per group for power of 80% to conclude
non-inferiority (< 4 letters difference between drugs) at P < 0.05
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Unusual study design: "the patient was labeled as a poor-responder and treatment was changed to
the other drug, if at any visit after the third injection there was a drop in BCVA of more than 10 letters
compared to baseline and there was clear evidence of active CNV or leakage by qualitative SD-OCT
and/or FA assessment or at least two of the following signs of leakage on OCT; central retinal thickening
>300 micron (CRT), intraretinal cysts or subretinal fluid any time after the third injection"

Participants Country: Netherlands

Age: mean was 79 years in the bevacizumab group and 78 years in ranibizumab group

Gender (per cent): 72/161 (45%) men and 89/161 (55%) women in bevacizumab group and 73/166
(44%) men and 93/166 (56%) women in ranibizumab group

Inclusion criteria: "patients 60 years of age or higher; patients with primary or recurrent sub-, juxta-
or extrafoveal CNV secondary to AMD, including those with RAP, that may benefit from anti-VEGF treat-
ment in the opinion of the investigator; patients with primary or recurrent sub-, juxta- or extrafoveal
CNV secondary to AMD, including those with RAP, that may benefit from anti-VEGF treatment in the
opinion of the investigator; the total area of CNV (including both classic and occult components) en-
compassed within the lesion must be more or equal to 30% of the total lesion area; the total lesion area
should be < 12 disc areas; a best corrected visual acuity (BCVA) score between 78 and 20 letters (ap-
proximately 0.63–0.05 Snellen equivalent) in the study eye"

Exclusion criteria: "Ocular treatment with anti-angiogenic drugs in the last 2 months or triamcinolone
in the last 6 months; laser photocoagulation (juxtafoveal or extrafoveal) in the study eye within one
month preceding baseline; patients with angioid streaks or precursors of CNV in either eye due to other
causes, such as ocular histoplasmosis, trauma, or pathologic myopia; spherical equivalent of refractive
error in the study eye demonstrating more than 8 diopters of myopia; cataract extraction within three
months preceding baseline; IOP >25 mm Hg; active intraocular inflammation in the study eye; vitreous
haemorrhage obscuring view of the posterior pole in the study eye; presence of a retinal pigment ep-
ithelial tear involving the macula in the study eye; subretinal haemorrhage in the study eye if the size of
the haemorrhage is > 70% of the lesion; subfoveal fibrosis or atrophy in the study eye; history of hyper-
sensitivity or allergy to fluorescein; inability to obtain fundus photographs, fluorescein angiograms or
OCT’s of sufficient quality to be analyzed and graded by the Central Reading Centre; systemic disease
with a life expectancy shorter than the duration of the study; inability to adhere to the protocol with re-
gard to injection and follow-up visits; legally incompetent adult; refusal to give written informed con-
sent"

Equivalence of baseline characteristics: yes

Diagnoses in participants: 27% had predominantly classic CNV; 16% had minimally classic CNV; and
57% had occult CNV

Interventions Intervention 1: monthly injections (window, 30 ± 7 days) with 1.25 mg of bevacizumab

Intervention 2: monthly injections (window, 30 ± 7 days) with 0.5 mg ranibizumab.

Length of follow-up

Planned: 1 year

Actual: 1 year

Outcomes Primary outcome, as defined: change in BCVA in the study eye from baseline to 12 months assessed
with ETDRS-like visual acuity charts at an initial distance of 4 meters
Secondary outcomes, as defined: proportion of participants with loss of BCVA < 15 letters from base-
line at 12 months (responders); proportion of participants with loss or gain of BCVA < 15 letters from
baseline at 12 months (stabilizers); proportion of participants with loss of 15 or more letters of BCVA
from baseline at 12 months (losers); proportion of participants with gain of 15 or more letters of BCVA
from baseline at 12 months (gainers); absolute and percentage changes in CRT, as measured by SD-OCT
at 4 and 12 months, as determined by the Study Reading Centre at the AMC; proportion of dropouts be-
fore final 12-month assessments; proportion of switchers after third injection; occurrence of (serious)
adverse events during 12 months of the study and costs of the 2 treatments
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Intervals at which outcome assessed: monthly through 12 months

Notes Full study name: Comparison of Bevacizumab (Avastin) and Ranibizumab (Lucentis) in Exudative Age-
related Macular Degeneration

Trial registration: NTR1704

Funding sources: "this work was funded by The Netherlands Organisation for Health Research and De-
velopment (http://www.zonmw.nl/en/) (r.s.). This study was supported by Dutch health insurance com-
panies. The funders had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript" (page 1)

Declarations of interest: "the authors have declared that no competing interests exist" (page 1)

Study period: enrollment January 2009 to December 2011

Reported subgroup analyses: yes; treatment-naive participants or participants with a history of treat-
ment

Contacting study investigators: trial authors not contacted as data were available in published re-
ports

Trial registration number: NTR1704 (Trialregister.nl)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk “The randomisation list was created in a 1:1 ratio by the TENALEA Clinical Trial
Data Management System”

Allocation concealment
(selection bias)

Low risk “Upon randomization of a patient, an automatized email notification contain-
ing the allocation result was sent to the site's pharmacy keeping the investiga-
tor and trial personnel blinded from treatment allocation”

Masking of participants
(performance bias)

Low risk Triple-masked study; “Syringes were only labelled with the patient identifica-
tion number”; “Besides the identical syringes, masking was also ensured by
the fact that the ophthalmologists who performed the injections did not take
part in interpretation of any data or patient assessment”; “The randomization
list was imported into the data management system Oracle Clinical. Upon ran-
domization of a patient, an automatized email notification containing the allo-
cation result was sent to the site's pharmacy, keeping the investigator and trial
personnel blinded from treatment allocation”

Masking of study person-
nel (performance bias)

Low risk Triple-masked study; “Syringes were only labelled with the patient identifica-
tion number”; “Besides the identical syringes masking was also ensured by
the fact that the ophthalmologists who performed the injections did not take
part in interpretation of any data or patient assessment”; “The randomization
list was imported into the data management system Oracle Clinical. Upon ran-
domization of a patient, an automatized email notification containing the allo-
cation result was sent to the site's pharmacy keeping the investigator and trial
personnel blinded from treatment allocation"

Masking of outcome as-
sessment (detection bias)

Low risk Triple-masked study; “Syringes were only labelled with the patient identifica-
tion number”; “Besides the identical syringes masking was also ensured by
the fact that the ophthalmologists who performed the injections did not take
part in interpretation of any data or patient assessment”; “The randomization
list was imported into the data management system Oracle Clinical. Upon ran-
domization of a patient, an automatized email notification containing the allo-
cation result was sent to the site's pharmacy keeping the investigator and trial
personnel blinded from treatment allocation”
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Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 5/332 (1.5%) participants were excluded from the study, all in the bevacizum-
ab group. At 12 months, 63 participants did not have outcome data; last obser-
vation carried forward method was used to impute missing data for these 63
participants (34/161 in bevacizumab group and 29/166 in ranibizumab group)

Selective reporting (re-
porting bias)

Low risk Primary and secondary outcomes specified a priori for 1-year follow-up were
reported

Other bias Low risk None observed

BRAMD 2016  (Continued)

 
 

Methods Number randomized (total and per group): 1208 participants randomly assigned to study treatment;
number of participants randomized per group not reported

Exclusions after randomization: 1 study center (23 participants) was excluded owing to protocol vio-
lations

Number analyzed (total and per group): 1105 total participants: 265 in bevacizumab monthly group,
284 in ranibizumab monthly group, 271 in bevacizumab as needed group, and 285 in ranibizumab as
needed group

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: 80 total participants: 21 in bevacizumab monthly group (4 died and 17 with miss-
ing data), 17 in ranibizumab monthly group (4 died and 13 with missing data), 29 in bevacizumab as
needed group (11 died and 18 with missing data), 13 in ranibizumab as needed group (5 died and 8 with
missing data)

Compliance: limited information given: mean of 11.9 treatments given for bevacizumab monthly
group, and mean of 11.7 treatments given for ranibizumab monthly group

Intention-to-treat analysis: no; 103 participants enrolled and randomized were not included in the
analyses

Reported power calculation: yes; sample of 277 participants per group for power of 90%

Study design comment: non-inferiority design, 4 arms, 6 pairwise comparisons planned; at 1 year, par-
ticipants in monthly dose treatment groups were re-randomized to continue with monthly injections or
switch to as-needed injections of the same treatment drug

Participants Country: USA

Age: mean was 80 years in bevacizumab monthly group, 79 years in ranibizumab monthly group, 79
years in bevacizumab as needed group, and 78 years in ranibizumab as needed group

Gender (per cent): 732/1185 (61.8%) women and 453/1185 (38.2%) men

Inclusion criteria: age 50 years or older; 1 study eye per participant with untreated active CNV due to
AMD (based on presence of leakage as seen by fluorescein angiography and of fluid as seen by OCT); VA
of 20/25 to 20/320 on electronic visual acuity testing

Exclusion criteria: fibrosis or atrophy in center of fovea in the study eye; CNV in either eye due to oth-
er causes; retinal pigment epithelial tear involving the macula; any concurrent intraocular condition in
the study eye (e.g. cataract, diabetic retinopathy) that, in the opinion of the investigator, could require
medical or surgical intervention or contribute to VA loss during 3-year follow-up period; active or recent
(within 4 weeks) intraocular inflammation; current vitreous hemorrhage in study eye; history of rheg-
matogenous retinal detachment or macular hole; active infectious conjunctivitis, keratitis, scleritis, or
endophthalmitis; spherical equivalent > 8 diopters; intraocular surgery (including cataract surgery) in
study eye within 2 months; uncontrolled glaucoma; participants unable to be photographed to docu-
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ment CNV owing to known allergy to fluorescein dye, lack of venous access, or cataract obscuring the
CNV; premenopausal women not using adequate contraception; pregnancy or lactation; history of oth-
er disease, metabolic dysfunction, physical examination finding, or clinical laboratory finding giving
reasonable suspicion of a disease or condition that contraindicates use of an investigational drug, or
that might affect interpretation of study results or render the individual at high risk for treatment com-
plications; current treatment for active systemic infection; uncontrolled concomitant disease such as
cardiovascular disease; nervous system, pulmonary, renal, hepatic, endocrine, or gastrointestinal dis-
orders; history of recurrent significant infection or bacterial infection; inability to comply with study or
follow-up procedures

Equivalence of baseline characteristics: slightly higher percentage of participants in bevacizumab
monthly group had history of transient ischemic attack (8.7% vs 4% in ranibizumab monthly group, 4%
in ranibizumab as-needed group, and 6.3% in bevacizumab as-needed group)

Diagnoses in participants: 688/1185 (58%) had active neovascular AMD with CNV in foveal center;
315/1185 (27%) had fluid in foveal center; 93/1185 (8%) had hemorrhage in foveal center; 71/1185 (6%)
had other foveal center involvement; and 18/1185 (1.5%) had no CNV or not possible to grade

Interventions Intervention 1: 1.25 mg per 0.05 mL intravitreal bevacizumab injections on a fixed schedule of every 4
weeks for 1 year; at 1 year, re-randomization to bevacizumab every 4 weeks or as needed

Intervention 2: 0.5 mg intravitreal ranibizumab injections on a fixed schedule of every 4 weeks for 1
year; at 1 year, re-randomization to ranibizumab every 4 weeks or as needed
Intervention 3: 1.25 mg intravitreal bevacizumab as needed for 2 years
Intervention 4: 0.5 mg intravitreal ranibizumab as needed for 2 years
Length of follow-up

Planned: 12 months for primary analysis; 24 months for secondary analyses, with modifications to 2 in-
tervention arms, as described above

Actual: 12 months for primary analysis; 24 months for secondary analyses

Outcomes Primary outcome, as defined: change in visual acuity from baseline at 12 months with a non-inferiori-
ty margin of 5 letters
Secondary outcomes: proportion of eyes with 15-letter change, number of injections, OCT measured
change in foveal thickness, change in lesion size on OCT and also on fluorescein angiography, incidence
of ocular and systemic adverse events, annual drug cost
Intervals at which outcomes were assessed: weeks 4, 12, 24, 36, and 52 during first year for visual
acuity; weeks 4, 8, 12, 24, and 52 for changes on OCT

Notes Full study name: Comparison of Age-related Macular Degeneration Treatment Trials

Trial registration: NCT00593450

Funding: National Eye Institute, National Institutes of Health, USA
Declarations of interest: 1 investigator reported receiving consulting fees from GlaxoSmithKline and
other consulting fees from Neurotech and SurModics

Study period: accrual February 2008 through December 2009; follow-up through December 2011

Reported subgroup analyses: none, but risk factors for 2-year VA outcomes have been reported (Ying
2015 under CATT 2011)

Contacting study investigators: trial authors not contacted as data were available in published re-
ports

Risk of bias

Bias Authors' judgement Support for judgement
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Random sequence genera-
tion (selection bias)

Low risk "Patients were randomly assigned to 1 of 4 study groups. Randomization
schedules were stratified according to clinical center with the use of a permut-
ed-block method with randomly chosen block sizes"

Allocation concealment
(selection bias)

Low risk Web-based data entry system was used to allocate participants to treatment
groups

Masking of participants
(performance bias)

Unclear risk Initially, participants were masked to which drug they received, but not to the
treatment schedule. Study investigators noted that "insurance and billing doc-
uments specified ranibizumab but not study-supplied bevacizumab. There-
fore, patients may have learned or deduced their assigned drug from these fi-
nancial documents"

Masking of study person-
nel (performance bias)

Low risk Physicians were masked to drug but not to injection schedule. Physicians were
uninvolved in visual acuity testing and in secondary outcome assessments

Masking of outcome as-
sessment (detection bias)

Low risk Electronic Visual Acuity system (computerized testing) was used for primary
outcome. Retinal center personnel were masked. Adverse event reporting was
unmasked, but medical monitor who evaluated serious adverse events was
masked

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 103/1208 (8.5%) participants randomized were not included in 1-year analysis.
At 2 years, outcomes were not available for all participants by their originally
assigned treatment groups

Selective reporting (re-
porting bias)

Low risk Primary and secondary outcomes specified a priori for 1-year follow-up were
reported

Other bias Low risk None observed

CATT 2011  (Continued)

 
 

Methods Number randomized (total and per group): 501 participants randomly assigned to study treatment:
255 in bevacizumab group and 246 in ranibizumab group

Exclusions after randomization: 16 participants excluded because they received no injection (9 in be-
vacizumab group and 7 in ranibizumab group)

Number analyzed (total and per group): 485 participants (246 in bevacizumab group and 239 in
ranibizumab group) for safety analysis at 1 year; 404 participants (207 in bevacizumab group and 197
in ranibizumab group) for analysis on visual acuity at 1 year; most data analyzed for 374 participants
(191 in bevacizumab group and 183 in ranibizumab group) with available baseline BCVA data, at least
10 months of follow-up, and did not have major deviations from study protocol

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: 81 total participants: 39 in bevacizumab group and 42 in ranibizumab group; ad-
ditional 30 participants (16 in bevacizumab group and 14 in ranibizumab group) excluded from most
analyses owing to protocol violations

Compliance: 374/501 participants completed the study without major protocol violations

Intention-to-treat analysis: no; not all participants enrolled and randomized were included in analy-
ses

Reported power calculation: yes; sample of 200 participants per group for power of 90% to detect 15
letter changes in BCVA

GEFAL 2013 
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Study design comment: non-inferiority design

Participants Country: France (38 study centers)

Age: mean age for 374 participants without major protocol violations was 79 years

Gender (per cent): 248/374 (66%) women and 126/374 (34%) men

Inclusion criteria: age 50 years or older; active subfoveal neovascular AMD (1 study eye eligible in bi-
lateral cases); lesion size < 12 disk areas; recent development of lesion in cases of occult neovessels;
BCVA of 20/32 to 20/320 on ETDRS scale

Exclusion criteria: subretinal hemorrhage reaching foveal center and > 50% of lesion area; fibrosis
or atrophy at center of fovea in study eye; CNV of other pathogenesis; retinal pigment epithelial tear
reaching macula; previous or current treatment with intravitreal anti-VEGF therapy; history of treat-
ment 3 months before or intraocular surgery 2 months before first study injection; history of photoco-
agulation or intravitreal medical device in study eye; ocular or periocular infection; intraocular inflam-
mation; diabetic retinopathy; history of autoimmune or idiopathic uveitis; IOP ≥ 25 mmHg with topical
hypotensive therapy; aphakia or lack of lens capsule in study eye; known illness or condition requiring
intraocular surgery within 12 months; known hypersensitivity to study drugs or allergy to agents used
for ocular testing; uncontrolled arterial hypertension; history of treatment with systemic bevacizumab;
premenopausal women not using adequate contraception; involvement in another clinical study; not
part of French national health insurance program

Equivalence of baseline characteristics: yes

Diagnoses in participants: 354/374 (95%) had intraretinal and/or subretinal fluid on OCT

Interventions Intervention 1: 1.25 mg in 0.05 mL intravitreal bevacizumab injections every month for first 3 months;
retreatment afterward based on OCT or VA changes
Intervention 2: 0.50 mg intravitreal ranibizumab injections every month for first 3 months; retreat-
ment afterward based on OCT or VA changes

Length of follow-up

Planned: 1 year

Actual: 1 year

Outcomes Primary outcome, as defined: mean change in BCVA at 1 year (at least 10 months after inclusion), as
measured on ETDRS chart
Secondary outcomes, as defined in published reports: visual acuity outcomes at 1 year: BCVA,
change in BCVA, proportion with gain of ≥ 15 letters, proportion with loss of ≥ 15 letters, proportion
with gain of ≥ 5 letters, proportion with loss of ≥ 5 letters; change in CNV area between baseline and fi-
nal evaluations; presence of intraretinal and/or subretinal fluid; presence of pigment epithelial detach-
ment; central subfield macular thickness; change in central subfield macular thickness; dye leakage on
angiogram; number of injections; model of OCT equipment; adverse events

Secondary outcomes, as defined in trial registry: efficacy of treatments at 1 year; proportions of oc-
ular and systemic adverse events at 1 year; average number of injections and time before re-injection
during 1 year; drug profiles in blood and aqueous humor of a subset of 20 participants at 3 months;
medico-economic impact of treatments at 1 year

Intervals at which outcomes were assessed: monthly through 12 months

Notes Full study name: Groupe d’Etude Français Avastin versus Lucentis dans la DMLA Néovasculaire

Trial registration: NCT01170767

Funding sources: French Ministry of Health (Programme Hospitalier de Recherche Clinique National
2008); the French Health Insurance System co-financed the study and funded study drugs
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Declarations of interest: 4 study authors declared disclosures as serving as principal investigators for
trials sponsored by Novartis, Bausch & Lomb, Théa, and Alcon; serving on advisory boards for Alcon, Al-
lergan, Bayer, Bausch & Lomb, Novartis, and Théa; receiving lecture fees from Alcon, Allergan, Bayer,
Bausch & Lomb, Heidelberg Engineering, the Krys group, Novartis, Théa, and Zeiss; receiving consulting
fees from Novartis, Bayer, and Allergan; or receiving honoraria from Novartis, Bayer, and Allergan; the
other 4 study authors declared no conflicts of interest

Study period: random enrollment June 24, 2009, to November 9, 2011

Reported subgroup analyses: none

Contacting study investigators: trial authors contacted and contributed information for this review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The randomization was stratified by center and visual acuity (threshold:
20/100). Local hospital pharmacies were responsible for randomizing patients
in each center using pre-established lists"

Allocation concealment
(selection bias)

Low risk Hospital pharmacy used to conceal treatment assignments before participant
enrollment and randomization (email communication with Dr. Kodjikian, dat-
ed August 7, 2014)

Masking of participants
(performance bias)

Low risk "Identical syringes were masked and delivered by local hospital pharmacies
after aseptic preparation in authorized, centralized drug-preparation units, us-
ing vials of Avastin 100 mg/ml and Lucentis 10 mg/ml"
"The main strength of the GEFAL trial is that the study remained effectively
double-masked, unlike CATT, in which some participants received billing infor-
mation, and IVAN, in which the masking differed between centers (some treat-
ing teams were aware of treatment allocation)"

Masking of study person-
nel (performance bias)

Low risk "Identical syringes were masked and delivered by local hospital pharmacies
after aseptic preparation in authorized, centralized drug-preparation units, us-
ing vials of Avastin 100 mg/ml and Lucentis 10 mg/ml"
"The main strength of the GEFAL trial is that the study remained effectively
double-masked, unlike CATT, in which some participants received billing infor-
mation, and IVAN, in which the masking differed between centers (some treat-
ing teams were aware of treatment allocation)"

Masking of outcome as-
sessment (detection bias)

Low risk Only pharmacists who prepared the syringes knew about randomization as-
signments; ophthalmologists, study co-ordinators, and all outcome assessors
were masked like participants (email communication with Dr. Kodjikian, dated
August 7, 2014)

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 16/501 (3%) participants randomized were not included in any analysis; most
analyses reported did not include 127/501 (25%) participants

Selective reporting (re-
porting bias)

Unclear risk Differences in outcomes between trial registration and published 1-year re-
sults papers included the following:

• Secondary visual acuity and morphology outcomes were specified clearly in
the paper, but were described only as "efficacy of treatments" in trial registra-
tion
• Published paper included model of OCT equipment as outcome, whereas tri-
al registration did not

• Trial registration included time before reinjection during 1 year, drug profiles
in blood and aqueous humor of a subset of 20 participants at 3 months, and
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medico-economic impact of treatments as outcomes, whereas published pa-
per did not

Other bias Low risk None observed

GEFAL 2013  (Continued)

 
 

Methods Number randomized (total and per group)

Drug randomization: 628 total participants: 305 to bevacizumab group and 323 to ranibizumab group

Regimen randomization: 294/305 in bevacizumab group and 312/323 in ranibizumab group com-
pleted first 3 injections and were randomized to continue or discontinue treatment: 149 continued
bevacizumab; 145 discontinued bevacizumab; 157 continued ranibizumab; and 155 discontinued
ranibizumab

Exclusions after randomization: 18 participants did not receive treatment and were excluded after
randomization to drug treatment (9 in bevacizumab group and 9 in ranibizumab group)

Number analyzed (total and per group)

At 1-year follow-up: 561 total participants at 1 year: 136 in continued bevacizumab group; 138 in
discontinued bevacizumab group; 141 in continued ranibizumab group; and 146 in discontinued
ranibizumab group

At 2-year follow-up: 525 total participants at 1 year: 127 in continued bevacizumab group; 127 in
discontinued bevacizumab group; 134 in continued ranibizumab group; and 137 in discontinued
ranibizumab group

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up

At 1-year follow-up: 49 total participants: 4 participants receiving treatment withdrew before complet-
ing third injection (2 in bevacizumab group and 2 in ranibizumab group); 45 participants randomized to
regimen groups exited trial before 1 year (13 in continued bevacizumab group; 7 in discontinued beva-
cizumab group; 16 in continued ranibizumab group; and 9 in discontinued ranibizumab group)

At 2-year follow-up: 85 total participants: 5 participants receiving treatment withdrew before complet-
ing third injection (3 in bevacizumab group and 2 in ranibizumab group); 80 participants randomized to
regimen groups exited trial before 2 years (21 in continued bevacizumab group; 18 in discontinued be-
vacizumab group; 23 in continued ranibizumab group; and 18 in discontinued ranibizumab group)

Compliance: wrong study drug was administered twice during first year

At 1-year follow-up: adherence was 6576/6699 (98%) scheduled injections received

At 2-year follow-up: adherence was 12761/14,640 (87%) scheduled injections received

Intention-to-treat analysis: no; 67 participants enrolled and randomized were not included in analy-
ses at 1 year and 103 at 2 years

Reported power calculation: yes; sample of 600 participants per group for power of 90% to detect
non-inferiority

Study design comment: non-inferiority design; 2 × 2 factorial design – randomization in 2 stages: first
randomized to drug treatment (bevacizumab or ranibizumab), then to treatment regimen (continue
monthly injections or discontinue monthly injections and switch to as-needed injections given in 3-
month cycles); results reported only as bevacizumab vs ranibizumab and continuous vs discontinuous

Participants Country: UK (23 study centers)
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Age: mean age for 610 participants receiving treatment was 78 years

Gender (per cent): 366/610 (60%) women and 244/610 (40%) men

Inclusion criteria: age 50 years or older; previously untreated neovascular AMD in study eye with any
component of neovascular lesion (CNV, blood, serous pigment epithelial detachment, elevated blocked
fluorescence) involving center of the fovea, confirmed by fluorescein angiography; best-corrected VA of
25 or more letters on ETDRS chart (measured at 1 m)

Exclusion criteria: neovascular lesion of 50% or more fibrosis or blood; more than 12 disc diameters;
argon laser treatment in study eye within 6 months; presence of thick blood involving center of the
fovea; presence of other active ocular disease causing concurrent vision loss; myopia ≥ 8 diopters; pre-
vious treatment with PDT or VEGF inhibitor in study eye; women pregnant, lactating, or of child-bearing
potential; men with spouse or partner of child-bearing potential

Equivalence of baseline characteristics: yes

Diagnoses in participants: 301/610 (58%) had neovascular AMD with CNV in foveal center; 308/610
(54%) had fluid in foveal center; 90/610 (16%) had hemorrhage in foveal center; 75/610 (13%) had other
foveal center involvement; and 15/610 (3%) had no CNV or not possible to grade

Interventions Intervention 1: 1.25 mg in 0.05 mL intravitreal bevacizumab injected monthly for 2 years

Intervention 2: 0.5 mg intravitreal ranibizumab injected monthly for 2 years

Intervention 3: after first 3 monthly 1.25 mg intravitreal bevacizumab injections, monthly treatment
was discontinued and treatment was given as needed in cycles of 3 monthly doses

Intervention 4: after first 3 monthly 0.5 mg intravitreal ranibizumab injections, monthly treatment was
discontinued and treatment was given as needed in cycles of 3 monthly doses

Follow-up

Planned length: 2 years

Actual length: 2 years

Frequency of follow-up assessments: monthly

Outcomes Primary outcome, as defined: best-corrected distance visual acuity measured as ETDRS letters at 2
years

Secondary outcomes, as defined in protocol: at 1-year and 2-year follow-up: frequency of adverse
effects of treatment; generic and vision-specific health-related quality of life; treatment satisfaction;
cumulative resource use/cost and cost-effectiveness; clinical measures of vision (contrast sensitivity
measured with Pelli-Robson charts, near visual acuity measured by Bailey-Love near reading cards, and
reading speed measured with Belfast reading charts); lesion morphology (fluorescein angiography and
OCT); distance visual acuity at 1 year; survival free from treatment failure
Exploratory analysis: association between serum markers and cardiovascular serious adverse events
Intervals at which outcomes were assessed: monthly through 24 months; various data were collect-
ed at every visit depending on assessment schedule and regimen group

Notes Full study name: alternative treatments to inhibit VEGF in age-related choroidal neovascularization

Trial registration: ISRCTN92166560

Funding sources: National Institute for Health Research Health Technology Assessment Program, UK

Declarations of interest: various study authors reported that they were principal investigators of trials
sponsored by Novartis; attending and had been remunerated for attending advisory boards for Novar-
tis, Bayer, Neovista, Oraya, Allergan, and/or Bausch and Lomb; were employed by institution that has
received payments from Novartis, Bayer, Neovista, Oraya, Alcon, and/or Pfizer; and had received hono-
raria from Novartis for lecture and/or teaching fees from Janssen-Cilag
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Study period: random enrollment March 27, 2008, to October 15, 2010

Reported subgroup analyses: 3 genetic polymorphisms (Lotery 2013)

Contacting study investigators: trial authors not contacted as data were available in published re-
ports

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomized allocations were computer generated by a third party in blocks
and stratified by center"

"Randomisation was stratified by centre and was blocked to ensure roughly
equal numbers of participants per group within a centre"

Allocation concealment
(selection bias)

Low risk "Research teams at sites recruited participants and accessed a password-pro-
tected website to randomize participants. Allocations were concealed until
participants’ eligibility and identities were confirmed"

"Allocations were computer generated and concealed with an internet-based
system (Sealed Envelope, London, UK). StaJ in participating centres accessed
the website and, on entering information to confirm a participant’s identity
and eligibility, were provided with the unique study number"

Masking of participants
(performance bias)

Low risk From study protocol:
"Participants, clinicians and trial personnel will be masked to the VEGF in-
hibitor to which a participant is assigned"

"We have chosen not to mask participants, clinicians and trial personnel to
whether patients are allocated to continue or stop treatment at 3 months"

Masking of study person-
nel (performance bias)

Low risk "We intended that drug allocation should be concealed by having separate
masked assessment and unmasked treating teams. This system was achieved
by 14 sites. At the other 9 sites, staJing levels could not support this system
and an unmasked staJ member prepared ranibizumab in a syringe identical to
those containing bevacizumab and did not perform assessments"

From study protocol:
"We have chosen not to mask participants, clinicians and trial personnel to
whether patients are allocated to continue or stop treatment at 3 months"

Masking of outcome as-
sessment (detection bias)

Low risk "We intended that drug allocation should be concealed by having separate
masked assessment and unmasked treating teams. This system was achieved
by 14 sites. At the other 9 sites, staJing levels could not support this system
and an unmasked staJ member prepared ranibizumab in a syringe identical to
those containing bevacizumab and did not perform assessments"

"Lesion morphology was assessed by independent graders masked to drug
and treatment regimen"

From study protocol:
"We have chosen not to mask participants, clinicians and trial personnel to
whether patients are allocated to continue or stop treatment at 3 months"

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 67/628 (11%) participants randomized were not included in 1-year analysis;
111/628 (18%) participants randomized were not included in 2-year analysis
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Selective reporting (re-
porting bias)

Unclear risk Differences between protocol and published 1-year and 2-year results papers
included the following:

• 2 secondary outcomes in the protocol were not listed in paper: treatment sat-
isfaction and survival free from treatment failure

• Exploratory (serum) analysis in protocol upgraded to a secondary outcome in
paper

Other bias Low risk None observed

IVAN 2013  (Continued)

 
 

Methods Number randomized (total and per group): 441 participants randomly assigned to study treatment:
220 in bevacizumab group and 221 in ranibizumab group

Exclusions after randomization: 10 total participants: 7 in bevacizumab group and 3 in ranibizumab
group. "All 9 patients from 1 study center were excluded because of serious protocol violations, and 1
patient was excluded after a serious retinal and vitreous hemorrhage..."

Number analyzed (total and per group): 371 total participants: 184 in bevacizumab group and 187 in
ranibizumab group

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: none, but 60 excluded from analysis (29 in bevacizumab group and 31 in
ranibizumab group), including 11 total participants who died

Compliance: 371/441 participants completed study per protocol

Intention-to-treat analysis: no; 70 participants enrolled and randomized were not included in analy-
sis

Reported power calculation: yes; 181 participants per arm to provide 80% power to detect or rule out
a difference in visual acuity outcome, assuming a 10% dropout rate

Study design comment: non-inferiority design using margin of 5 letters on ETDRS chart

Participants Country: 10 clinical centers in Norway

Age: mean 78.7 years in bevacizumab group and 78.0 in ranibizumab group

Gender (per cent): 140/431 (32.5%) men and 291/431 (67.5%) women

Inclusion criteria: age 50 years or older; previously untreated active neovascular AMD in study eye; BC-
VA in study eye between 20/25 and 20/120, measured at 4 m using an ETDRS "standardized viewer"

Exclusion criteria: "pigment epithelial detachments with no associated intraretinal or subretinal ede-
ma and lesions comprising more than 50% blood or fibrosis were excluded"

Equivalence of baseline characteristics: more participants in ranibizumab group had a history of my-
ocardial infarction

Diagnoses in participants: neovascular AMD; 86% had CNV under foveal center

Interventions Intervention 1: 1.25 mg per 0.05 mL intravitreal bevacizumab injections every 4 weeks until no signs of
active AMD were found on OCT and biomicroscopic fundus examination, followed by the "treat and ex-
tend" protocol

Intervention 2: 0.5 mg intravitreal ranibizumab injections every 4 weeks, followed by "treat and ex-
tend" protocol

LUCAS 2015 
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The "treat and extend" protocol for each treatment group specified that whenever a new injection was
given, the "period" (interval) to the next injection was to be extended by 2 weeks up to a maximum in-
terval of 12 weeks. Whenever recurrent neovascularization was treated, the interval was shortened by 2
weeks until the lesion was inactive. Interval extension was then restarted to a maximum of 2 weeks less
than when recurrence was observed

Follow-up

Planned length: 24 months

Actual length: 12 months

Frequency of follow-up assessments: 4-week intervals, modified by 2-week increases or decreases, as
described above

Outcomes Primary outcome, as defined: "change in BCVA at 1 year as measured on the ETDRS visual acuity
chart"

Secondary outcomes, as defined: "number of injections, change in CRT as measured with OCT, and
change in lesion size as measured on FA"
Safety outcome: occurrence of arteriothrombotic events
Intervals at which outcomes were assessed: unclear, but presumably whenever participant was as-
sessed for the need for retreatment

Notes Full study name: Lucentic Compared to Avastin Study

Trial registration: NCT01127360

Funding sources: Oslo University Hospital, Oslo, Norway

Declarations of interest: "The funding organization had no role in the design of the study but aided
in the conduct of the study and data management." One study author had participated in an advisory
board meeting for another anti-VEGF agent for Bayer

Study period: random enrollment March 2009 to July 2012

Reported subgroup analyses: none

Contacting study investigators: pending

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "computer generated by a third party at the Norwegian University of Science
and Technology, Trondheim, with the use of the block method and stratifica-
tion by center"

Allocation concealment
(selection bias)

Low risk Drugs were allocated by unmasked study nurses, who were also responsi-
ble for aseptic filling of a syringe with assigned study drug. "The identical sy-
ringes, regardless of which drug was given, were filled by these nurses behind
a screen. The syringe was then presented directly to the treating ophthalmolo-
gist"

Masking of participants
(performance bias)

Low risk "the patient, the treating ophthalmologist, and the assisting nurse were
masked to the drug at all times"

Masking of study person-
nel (performance bias)

Low risk "These study nurses were not involved in any other patient-related activities in
the study"

LUCAS 2015  (Continued)

Anti-vascular endothelial growth factor for neovascular age-related macular degeneration (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

66



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Masking of outcome as-
sessment (detection bias)

Low risk "Ophthalmic nurses, who also were masked to the drug and patient records,
tested the ETDRS visual acuity"

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk About 15% of participants were missing 12-month outcome data, compared
with 10% assumed in sample size calculation

Selective reporting (re-
porting bias)

Low risk All outcomes specified were reported

Other bias Low risk No other bias was identified

LUCAS 2015  (Continued)

 
 

Methods Number randomized (total and per group): 321 participants randomly assigned to study treatment;
number per group not reported

Exclusions after randomization: 4 participants (3 owing to receiving wrong drug and 1 because par-
ticipant received prior treatment and was not eligible)

Number analyzed (total and per group): 317 total participants: 154 in bevacizumab group and 163 in
ranibizumab group

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: 69 participants: reasons for losses to follow-up not reported (33 in bevacizumab
group, 36 in ranibizumab group)

Compliance: 248/317 participants completed the study

Intention-to-treat analysis: no; 4 participants enrolled and randomized were not included in analysis;
data imputed using last observation carried forward method for 69 participants lost to follow-up

Reported power calculation: yes; sample of 320 participants for power of 95%

Study design comment: non-inferiority design

Participants Country: 10 clinical centers in Austria

Age: mean 76.7 years in bevacizumab group and 77.6 years in ranibizumab group

Gender (per cent): 115/317 (36.3%) men and 202/317 (63.7%) women

Inclusion criteria: age 50 years or older; active primary or recurrent subfoveal lesion with CNV, mea-
sured by fluorescein angiography or OCT; BCVA in study eye between 20/40 and 20/320, measured by
ETDRS charts

Exclusion criteria: previous treatment for CNV or AMD; prior treatment with any intravitreal drug or
verteporfin PDT in study eye; prior treatment with systemic bevacizumab; prior treatment with any in-
travitreal drug or verteporfin PDT in non-study eye within 3 months; laser photocoagulation in study
eye within 1 month; participation in another clinical trial within 1 month; subfoveal fibrosis or atrophy
> 50% in study eye; CNV in either eye due to causes other than AMD; RPE tear involving macula of study
eye; history of uncontrolled glaucoma or concurrent intraocular condition in study eye; pregnancy; al-
lergy to fluorescein; inability to comply with study procedures

Equivalence of baseline characteristics: yes

Diagnoses in participants: active primary or recurrent subfoveal CNV

MANTA 2013 
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Interventions Intervention 1: 1.25 mg per 0.05 mL intravitreal bevacizumab injections every month for first 3
months; retreatment afterward based on OCT or VA changes
Intervention 2: 0.5 mg intravitreal ranibizumab injections every month for first 3 months; retreatment
afterward based on OCT or VA changes
Length of follow-up

Planned: 12 months

Actual: 12 months

Outcomes Primary outcomes, as defined: "mean change in BCVA between baseline and 1 year"
Secondary outcomes, as reported: Kaplan-Meier proportions of the gain of 15 letters of vision, gain
of 5 letters of vision, loss of 5 letters of vision, loss of 15 letters of vision; lesion size, assessed by fluores-
cein angiography; number of retreatments; and retinal thickness, assessed by OCT
Adverse events

Intervals at which outcome assessed: monthly through 12 months

Notes Full study name: A Randomized Observer and Subject Masked Trial Comparing the Visual Outcome Af-
ter Treatment With Ranibizumab or Bevacizumab in Patients With Neovascular Age-related Macular De-
generation Multicenter Anti VEGF Trial in Austria

Trial registration: NCT00710229

Funding sources: Austrian Ophthalmologic Society; the Ludwig Boltzmann Institute of Retinology and
Biomicroscopic Lasersurgery; participating study center sites
Declarations of interest: study authors reported no competing interests

Study period: not reported

Reported subgroup analyses: none

Contacting study investigators: trial authors contacted; no additional information provided for this
review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomisation was stratified according to the clinical centre using a permut-
ed block method with a fixed block size of 20"

Allocation concealment
(selection bias)

Low risk "Eligible patients were randomized in a 1:1 ratio to one of two groups by mem-
bers of the Department of Clinical Pharmacology, Medical University of Vienna,
which was otherwise not involved in the study"

Masking of participants
(performance bias)

Low risk "All other personnel and the patients were masked to treatment assignment"

Masking of study person-
nel (performance bias)

Low risk "The evaluating physician was masked to treatment assignment, whereas the
injecting physician was not involved in the collection of data"

Masking of outcome as-
sessment (detection bias)

Low risk "The evaluating physician was masked to treatment assignment, whereas the
injecting physician was not involved in the collection of data"

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 4/321 (1.2%) participants excluded from the study. At 12 months, 69 partici-
pants did not have outcome data; last observation carried forward method
was used to impute missing data for these 69 participants
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Selective reporting (re-
porting bias)

Low risk All primary and secondary outcomes were reported

Other bias Low risk None observed

MANTA 2013  (Continued)

 
 

Methods Number randomized (total and per group): 716 participants randomly assigned to study treatment:
238 to 0.3 mg ranibizumab group, 240 to 0.5 mg ranibizumab group, and 238 to sham injection group

Exclusions after randomization: none

Number analyzed (total and per group): all 716 participants: 238 to 0.3 mg ranibizumab group, 240 to
0.5 mg ranibizumab group, and 238 to sham injection group

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: 52 participants did not complete 12 months: 12 in the 0.3 mg ranibizumab group,
14 in the 0.5 mg ranibizumab group, and 26 in the sham injection group. Reasons included death, ad-
verse events, loss to follow-up, participant's decision, physician's decision, participant non-compli-
ance, and need for other therapeutic intervention

Compliance: "more than 90% of patients in each treatment group remained in the study at 12 months,
and approximately 80 to 90% remained at 24 months"

Intention-to-treat analysis: yes; using last observation carried forward for missing data

Reported power calculation: yes; sample of 720 participants for power of 95%

Study design comment: following primary analyses of the study at 1 year and with recommenda-
tion of the data monitoring committee, study protocol was amended to offer treatment with 0.5 mg
ranibizumab to participants still being followed in the sham control group. Study protocol was amend-
ed 4 months into the study to allow photodynamic therapy for active minimally classic or occult with
classic lesions that were no larger than 4 disc areas in size and were accompanied by a 20-letter or
greater loss from baseline visual acuity confirmed at consecutive study visits. When photodynamic
therapy was used, scheduled study treatment was postponed until the next scheduled monthly study
visit

Participants Country: USA

Age: range 52 to 95 years; mean was 77 years in each of the 3 treatment groups

Gender (per cent): 464/716 (65%) women and 252/716 (35%) men

Inclusion criteria: age 50 years or older; active primary or recurrent subfoveal lesions with CNV sec-
ondary to AMD defined as (1) exhibiting at least a 10% increase in lesion size determined by comparing
a fluorescein angiogram performed within 1 month before study day 0 with a fluorescein angiogram
performed within 6 months preceding study day 0, (2) resulting in a visual acuity loss of greater than 1
Snellen line any time within prior 6 months, or (3) subretinal hemorrhage associated with CNV within 1
month preceding study day 0; total area of CNV encompassed within the lesion at least 50% of total le-
sion area; total lesion area of 12 disc areas or less in size; best-corrected visual acuity of 20/40 to 20/320
(Snellen equivalent on ETDRS chart). Participants with lesions with an occult CNV component were in-
cluded, but for participants with concomitant classic CNV, the area of classic CNV must have been less
than 50% of total lesion size

Exclusion criteria: prior treatment with verteporfin, external beam radiation therapy, or transpupil-
lary thermotherapy in the study eye; previous participation in a clinical trial involving anti-angiogenic
drugs; treatment with verteporfin in non-study eye less than 7 days before study day 0; previous intrav-
itreal drug delivery or subfoveal focal laser photocoagulation in study eye; laser photocoagulation in
study eye within 1 month preceding study day 0; history of vitrectomy surgery, submacular surgery, or
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other surgical intervention for AMD in study eye; participation in any studies of investigational drugs
within 1 month preceding study day 0; subretinal hemorrhage in study eye involving center of the fovea
if hemorrhage involves 50% or more of total lesion area or measures 1 or more disc areas in size; sub-
foveal fibrosis or atrophy in study eye; CNV in either eye due to other causes; retinal pigment epithelial
tear involving the macula in the study eye

Equivalence of baseline characteristics: yes

Diagnoses in participants: 1/716 (0.1%) had predominantly classic CNV; 264/716 (37%) had minimally
classic CNV; and 451/716 (63%) had occult with no classic CNV

Interventions Intervention 1: 0.3 mg ranibizumab intravitreal injection monthly for 2 years
Intervention 2: 0.5 mg ranibizumab intravitreal injection monthly for 2 years
Intervention 3: sham injection monthly for 2 years

In all intervention groups, verteporfin photodynamic therapy for the study eye was allowed if choroidal
neovascularization converted to a predominantly classic pattern
Length of follow-up

Planned: 2 years

Actual: 2 years

Outcomes Primary outcomes, as defined: proportion of participants who lost fewer than 15 letters from baseline
visual acuity in study eye at 12 months
Secondary outcomes, as defined: proportion of participants who gained 15 or more letters from
baseline, proportion of participants with a Snellen equivalent of 20/200 or worse, and mean change
from baseline (letters over time); mean change from baseline to month 12 in size of the classic CNV
component and total area of leakage from CNV

Exploratory efficacy endpoints: proportion of participants with visual acuity 20/40 or better and
20/20 at 12 and 24 months (Snellen equivalent), total area of and change from baseline CNV lesion, area
of leakage
Adverse events: include ocular and non-ocular adverse events and proportion of participants devel-
oping immunoreactivity to ranibizumab, intraocular inflammation, and IOP

Safety assessments: IOP measurement 60 minutes after each injection, incidence and severity of ocu-
lar and non-ocular adverse events, changes and abnormalities in clinical laboratory parameters and vi-
tal signs, and immunoreactivity to ranibizumab
Intervals at which outcomes assessed: 12 and 24 months

Notes Full study name: Minimally Classic/Occult Trial of the Anti-VEGF Antibody Ranibizumab in the Treat-
ment of Neovascular Age-Related Macular Degeneration

Trial registration: NCT00056836

Funding sources: Genentech, USA, and Novartis Pharma, Switzerland

Declarations of interest: various authors reported that they had received consulting fees from Genen-
tech, Eyetech, Novartis Ophthalmics, Novartis, QLT, Alcon Laboratories, Pfizer, Regeneron, Theragen-
ics, VisionCare, Protein Design Labs, Allergan, BioAxone, Tanox, Genaera, Jerini, Oxigene, Quark, Gen-
zyme, iScience, ISTA, and Athenagen; lecture fees from Genentech, Eyetech, Pfizer, Jerini, Allergan,
and Novartis Ophthalmics; grant support from Genentech, Novartis, Eyetech, Pfizer, Theragenics, and
Genaera and Alcon Laboratories; and/or equity interest in Pfizer and/or were employees of Genentech
and owned Genentech stock

Study period: enrollment March 2003 to December 2003

Reported subgroup analyses: by baseline lesion (4 or fewer optic disc areas; more than 4), type of le-
sion (minimally classic; occult with no classic), and baseline VA (fewer than 55 letters; 55 or more let-
ters)
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Contacting study investigators: trial authors contacted and contributed information for this review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Eligible patients were randomly assigned in a 1:1:1 ratio, using a dynamic ran-

domization algorithm, to receive ranibizumab (LUCENTIS®, Genentech, Inc.,
South San Francisco, CA) 0.3 or 0.5 mg or a sham injection monthly (30±7 days)
for 2 years (24 injections). Randomization was stratified by baseline visual acu-
ity score (< 55 letters [approximately worse than 20/80] vs. ≥ 55 letters) at day
0, by choroidal neovascularization subtype (minimally classic or occult with no
classic), and by study center"

Allocation concealment
(selection bias)

Low risk "A centralized interactive voice response system (IVRS) was used to handle the
randomization" (email communication with Genentech, dated October 24,
2007)

Masking of participants
(performance bias)

Low risk "All other study site personnel (except those assisting with injections), pa-
tients, and central reading center personnel were masked to treatment assign-
ment"

Masking of study person-
nel (performance bias)

Low risk "Masking of treatment assignment required at least two investigators per
study site: an evaluating physician (masked to treatment assignment) and an
injecting physician (unmasked regarding ranibizumab or sham treatment but
masked to ranibizumab dose)"

Masking of outcome as-
sessment (detection bias)

Low risk "All other study site personnel (except those assisting with injections), pa-
tients, and central reading center personnel were masked to treatment assign-
ment"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk "Efficacy analyses were performed on an intent-to-treat basis (all randomized
patients) using a last observation carried forward method to handle missing
data"

Selective reporting (re-
porting bias)

Low risk We did not have access to the protocol. We matched all outcomes reported in
publications with those reported to the FDA

Other bias Unclear risk Sponsored by Genentech and Novartis Pharma. Study authors disclosed finan-
cial interests and/or were paid consultants, employees, and/or shareholders of
funding companies
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Methods Number randomized (total and per group): 184 participants randomly assigned to study treatment:
60 to 0.3 mg ranibizumab, 61 to 0.5 mg ranibizumab, and 63 to sham injection

Exclusions after randomization: 1 participant in the 0.3 mg ranibizumab group withdrew from the
study before receiving first treatment and was excluded

Number analyzed (total and per group): 183 participants: 59 in the 0.3 mg ranibizumab group, 61 in
the 0.5 mg ranibizumab group, and 63 in the sham injection group

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: 13 participants did not complete 12 months: 1 in the 0.3 mg ranibizumab group,
2 in the 0.5 mg ranibizumab group, and 8 in the sham injection group. Reasons included participant's
decision, participant non-compliance, and need for other therapeutic intervention
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Compliance: "...treatment compliance was good in the ranibizumab groups, with 85% or more of sub-
jects receiving each scheduled injection. In the sham group, 27% of subjects permanently discontinued
treatment before month 12, most often because the subject’s condition mandated another therapeutic
intervention"
Intention-to-treat analysis (Y/N): yes; using last observation carried forward for missing data

Reported power calculation: yes; sample of 180 participants for power of 90%

Study design comment: following reports of other clinical trials, the study protocol was amended
(February 2006) to offer treatment with 0.5 mg ranibizumab to participants in the sham control group
who had completed 12 months of follow-up and were still being followed. The study protocol was
amended again (August 2006) to switch participants in the 0.3 mg ranibizumab group to receive 0.5 mg
ranibizumab, to change assessments for all participants from quarterly to monthly after month 12, and
to allow treatment with ranibizumab in fellow eyes

Participants Country: USA (43 study centers)

Age: range 54 to 94 years; mean was 79 years in each ranibizumab treatment group and 78 years in the
sham injection group

Gender (per cent): 110/184 (60%) women and 74/184 (40%) men

Inclusion criteria: age 50 years or older; primary or recurrent subfoveal CNV secondary to AMD, with
total CNV area (classic plus occult CNV) 50% or more of total lesion area and total lesion size 12 or few-
er disc areas; best-corrected visual acuity of 20/40 to 20/320 (Snellen equivalent on ETDRS chart). Par-
ticipants with minimally classic or occult with no classic CNV were included if they had 10% or more in-
crease in lesion size between 1 and 6 months before day 0, 1 or fewer Snellen lines (or equivalent) VA
loss within prior 6 months, or CNV-associated subretinal hemorrhage within 1 month before day 0

Exclusion criteria: prior treatment with verteporfin photodynamic therapy, external beam radia-
tion therapy, transpupillary thermotherapy, or subfoveal laser photocoagulation (or juxtafoveal or ex-
trafoveal laser photocoagulation within 1 month before day 0); subretinal hemorrhage in the study eye
involving the center of the fovea, if the hemorrhage covers 50% or more of the total lesion area or mea-
sures 1 or more disc areas in size; previous inclusion in anti-angiogenic drug trial; prior treatment with
photodynamic therapy in non-study eye within 7 days before day 0

Equivalence of baseline characteristics: yes

Diagnoses in participants: 35/184 (19%) had predominantly classic CNV; 69/184 (38%) had minimally
classic CNV; 79/184 (43%) had occult with no classic CNV; and 1/184 (< 1%) could not be classified

Interventions Intervention 1: 0.3 mg ranibizumab intravitreal injection every month for first 3 doses (day 0, months 1
and 2), followed by doses every 3 months (months 5, 8, 11, 14, 17, 20, and 23)

Intervention 2: 0.5 mg ranibizumab intravitreal injection every month for first 3 doses (day 0, months 1
and 2), followed by doses every 3 months (months 5, 8, 11, 14, 17, 20, and 23)

Intervention 3: sham injection every month for first 3 doses (day 0, months 1 and 2), followed by doses
every 3 months (months 5, 8, 11, 14, 17, 20, and 23)

Length of follow-up

Planned: 2 years

Actual: 2 years

Outcomes Primary outcomes, as defined: mean change from baseline to 12 months in visual acuity score
Secondary outcomes, as defined: proportion of participants losing 15 or fewer letters from baseline;
proportion of participants gaining 15 or more letters from baseline; proportion of participants with a
Snellen equivalent of 20/200 or worse; mean change from baseline in near activities, distance activities,
and vision-specific dependency NEI VFQ-25 subscales; and mean change from baseline in total area of
CNV and total area of leakage from CNV (based on central reading center assessment)
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Exploratory efficacy endpoints: proportion of participants who had lost 30 or fewer letters from base-
line visual acuity at 12 months; mean change in visual acuity score from baseline to 3 months; mean
change in visual acuity score from 3 months to 12 months
Adverse events

Safety assessments: incidence and severity of ocular and non-ocular adverse events, changes in vital
signs, incidence of positive serum antibodies to ranibizumab, IOP measurement 60 minutes after each
injection
Intervals at which outcomes assessed: injection visits at day 0 and months 1, 2, 3, 8, 11, 14, 17, 20,
and 23; clinic visits at months 3, 12, and 24

Notes Full study name: A Phase IIIb, Multicenter, Randomized, Double-Masked, Sham Injection-Controlled
Study of the Efficacy and Safety of Ranibizumab in Subjects with Subfoveal Choroidal Neovasculariza-
tion With or Without Classic CNV Secondary to Age-Related Macular Degeneration

Trial registration: NCT00090623

Funding sources: Genentech, USA, and Novartis Pharma, Switzerland

Declarations of interest: various authors reported that they had received consulting fees from Genen-
tech, Novartis, OSI/Eyetech, Eyetech/Pfizer, Novartis, and Alcon; lecture fees from Genentech, Novar-
tis, OSI/Eyetech, and Eyetech/Pfizer; and grant support from Genentech, Novartis, Alcon, Allergan, Acu-
ity, OSI/Eyetech, and Eyetech/Pfizer; held Pfizer stock; and/or were an employee and/or a stockholder
of Genentech

Study period: enrollment September 7, 2004, to March 16, 2005

Reported subgroup analyses: post hoc analysis of lesion size and composition (Brown 2013)

Contacting study investigators: trial authors contacted and contributed information for this review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Using a dynamic randomization algorithm, subjects were randomly assigned
1:1:1 to receive 0.3 mg ranibizumab, 0.5 mg ranibizumab, or sham injections.
Randomization was stratified by VA score at day zero (≤54 letters [approxi-
mately worse than 20/80] vs ≥55 letters [approximately 20/80 or better], CNV
type (minimally classic vs occult with no classic vs predominantly classic CNV),
and study center"

Allocation concealment
(selection bias)

Unclear risk Method of allocation concealment not reported. Study investigators were con-
tacted but could not provide additional information (email communication
with Dr. Regillo, dated May 16, 2012)

Masking of participants
(performance bias)

Low risk "All other study site personnel (other than those assisting with study treat-
ment administration), central reading center personnel, and the subjects were
masked to treatment assignment"

"For the sham-injected control group, an empty syringe without a needle was
used, with pressure applied to the anesthetized and antiseptically prepared
eye at the site of a typical intravitreal injection. Pre- and post-injection proce-
dures were identical for all groups"

"No subjects were unmasked to their original treatment assignment as a result
of these protocol amendments"

Masking of study person-
nel (performance bias)

Low risk "To achieve double-masking of treatment assignment, at least two investiga-
tors participate at each study site: an 'injecting' ophthalmologist unmasked
to treatment assignment (ranibizumab vs sham) but masked to ranibizumab
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dose, and a masked 'evaluating' ophthalmologist for efficacy and safety as-
sessments"

Masking of outcome as-
sessment (detection bias)

Low risk "To achieve double-masking of treatment assignment, at least two investiga-
tors participate at each study site: an 'injecting' ophthalmologist unmasked
to treatment assignment (ranibizumab vs sham) but masked to ranibizum-
ab dose, and a masked 'evaluating' ophthalmologist for efficacy and safety
assessments. All other study site personnel (other than those assisting with
study treatment administration), central reading center personnel, and the
subjects were masked to treatment assignment"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk "Efficacy analyses used the intent-to-treat approach and included all subjects
as randomized. Missing values were imputed using the last-observation-car-
ried-forward method"

Selective reporting (re-
porting bias)

Low risk Results were reported for primary and secondary outcomes specified in the
Methods section

Other bias Unclear risk Sponsored by Genentech and Novartis Pharma. Study authors disclosed finan-
cial interests and/or were paid consultants, employees, and/or shareholders of
funding companies
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Methods Number randomized (total and per group): 28 participants randomly assigned to study treatment: 14
in bevacizumab group and 14 in PDT + IVTA group

Exclusions after randomization: none

Number analyzed (total and per group): 28 total participants: 14 in bevacizumab group and 14 in PDT
+ IVTA group

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: 1 participant in PDT + IVTA group did not complete 6- or 12-month visits

Compliance: not reported; no participant was excluded up to 12 months

Intention-to-treat analysis: yes, although the paper does not state how data were imputed for the
participant missing 6- and 12-month follow-up visits in the PDT + IVTA group

Reported power calculation: yes; sample of 14 participants per group for power of 80%

Study design comment: bevacizumab group had more follow-up visits than PDT + IVTA group

Participants Country: Vienna, Austria

Age: mean 78 years (range 58 to 88)

Gender (per cent): 19/28 women (68%) and 9/28 men (32%)

Inclusion criteria: participants with neovascular AMD of any lesion type; lesion smaller than 4 disc ar-
eas; no prior treatment for neovascular AMD; VA of 20/40 to 20/800

Exclusion criteria: participants with a history of thromboembolic events within past 3 months and
predictable need for ocular surgery

Equivalence of baseline characteristics: yes

Diagnoses in participants: neovascular AMD
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Interventions Intervention 1: 1 mg intravitreal bevacizumab injections; after 3 initial injections at monthly intervals,
retreatment was based on OCT findings only (evidence of persistent or recurrent intra- or subretinal
fluid); participants seen at monthly intervals
Intervention 2: standard verteporfin PDT plus same day 4 mg intravitreal triamcinolone acetonide; re-
treatment at 3 months if evidence of leakage by fluorescein angiography
Length of follow-up

Planned: 12 months

Actual: 12 months

Outcomes Primary outcome, as defined: change in mean visual acuity
Secondary outcomes, as reported: change in mean 1 mm central retinal thickness; BCVA; Stratu-
sOCT; fluorescein angiography; indocyanine green angiography; microperimetry
Adverse events

Intervals at which outcomes assessed: baseline, months 1, 3, 6, and 12

Notes Trial registration: EudraCT no. 2005-003288-21

Funding sources: not reported

Declarations of interest: 1 investigator reported being "an owner of the patent on the use of green
porphyrins in neovasculature of the eye under the guidelines of the Wellman Laboratories of Pho-
tomedicine, Harvard Medical School, Boston, MA, USA"

Study period: not reported

Reported subgroup analyses: none

Contacting study investigators: trial authors contacted and contributed information for this review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "In our study we used computer generated randomized scheme and the allo-
cation concealment methods was used (central coordinating center)" (email
communication with Dr. Stefan Sacu, dated May 19, 2012)

Allocation concealment
(selection bias)

Low risk "In our study we used computer generated randomized scheme and the allo-
cation concealment methods was used (central coordinating center)" (email
communication with Dr. Stefan Sacu, dated May 19, 2012)

Masking of participants
(performance bias)

High risk "Open label"; participants could not be masked to treatment groups

Masking of study person-
nel (performance bias)

High risk "Open label"; physicians were not masked to treatment groups

Masking of outcome as-
sessment (detection bias)

High risk "Patients in the PDT + IVTA groups had characteristic post-treatment hypofluo-
rescence within the area of the PDT treatment spot..."

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Intent-to-treat analysis was followed

Selective reporting (re-
porting bias)

Low risk Primary and secondary outcomes were reported
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Other bias Low risk None observed
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Methods Design: RCT for neovascular AMD participants + cohort study for non-neovascular participants

Number randomized: ?? 24 (Fig. 1b); 23 (Tables 1 to 4); number per arm not reported

Exclusions after randomization: Figure 1b suggests 5 (4?). Statement on page 209 states 1 excluded
"due to unusable data of the FMD measurements"

Number analyzed: 23 participants in Tables 1 to 4, but Table 3 footnote states that only 20 RCT partici-
pants had 12-month follow-up measurements

Unit of analysis: unclear

Losses to follow-up: Table 3 implies that 3 (4?) participants did not have 12-month follow-up. On page
209, states that 20 neovascular AMD participants completed the 12-month follow-up examination

Compliance: not reported

Intention-to-treat analysis: unable to determine

Power calculation: none reported

Study design comment: RCT with small sample size was not the focus of SAVE-AMD. Primary interest
was comparison of effects of anti-VEGF agents on neovascular vs non-neovascular AMD eyes/patients

Participants Country: Switzerland

Age: 76.5 ± 6.7 years (RCT overall)

Women: "12 (52%)" (Table 1)

Inclusion criteria: neovascular AMD documented by FA and OCT; "suitable for intravitreal anti-VEGF
therapy"; age 50 years or older; stable medications for at least 1 month

Exclusion criteria: acute MI, unstable angina, stroke, or a coronary intervention/revascularization pro-
cedure 3 months or less before study entry; uncontrolled symptomatic congestive heart failure 4 weeks
or less before study entry; renal failure (based on creatinine level), tachycardia, poorly controlled blood
pressure despite adequate therapy (160/100 threshold), symptomatic hypotension, long-term use
of long-acting nitrates, smoking (> 5 cigarettes/d), diabetes mellitus, dyslipidemia, cholesterol > 4.5
mmol/L, liver disease, alcohol or illicit substance abuse, hypersensitivity to study drugs or excipients,
active severe intraocular inflammation, malignancy, systemic inflammatory disease, participation in
another study in past month

Equivalence of baseline characteristics: unknown (not reported)

Diagnoses of participants: all RCT participants had neovascular AMD. Cohort participants had non-
neovascular (dry) AMD

Interventions Intervention 1: ranibizumab intravitreal injection (0.5 mg) at day 1 and week 4, then PRN

Intervention 2: bevacizumab intravitreal injection (1.25 mg) at day 1 and week 4, then PRN

Length of follow-up: 12 months

Outcomes Primary: endothelium-dependent and -independent vasodilatation after 8 weeks of treatment

SAVE-AMD 2017 
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Secondary: "vascular compliance", best-corrected visual acuity (BCVA), CNV activity based on central
retinal thickness (CRT) measured using OCT, changes in systemic inflammatory markers, surrogates for
oxidative stress, and systolic and diastolic 24-hour blood pressure

Adverse events: death, thromboembolic events, and changes in laboratory measurements and vital
signs from baseline

Notes Full study name: SAVE-AMD: Safety of VEGF Inhibitors in Age-Related Macular Degeneration

Type of study: RCT (neovascular AMD) + cohort study (neovascular vs non-neovascular AMD)

Funding sources: Swiss National Science Foundation, Swiss Heart Foundation, Werner H. Spross Foun-
dation for Ophthalmology, Bandung Foundation, and Austrian Science Fund

Declarations of interest: Department of Ophthalmology of City Hospital Triemli Zurich "has received
reimbursement for research, consultancy work, and presentations of [2nd author] on behalf of Novartis
and Bayer." Another author (Luscher) has received "educational and research grants from Bayer Health
Care, Berliln, Germany, and Pfizer Inc., New York, NY, USA, unrelated to this project." No other potential
conflicts of interest reported for other study authors

Study period: not reported

Reported subgroup analyses: none

Registration: NCT00727753

FIrst author contact information: frank.enseleit@usz.ch

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not reported

Allocation concealment
(selection bias)

Unclear risk Not reported

Masking of participants
(performance bias)

Unclear risk Not reported

Masking of study person-
nel (performance bias)

Unclear risk Not reported

Masking of outcome as-
sessment (detection bias)

Unclear risk Not reported

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 3 of 23 (24?) did not complete 12 months of follow-up

Selective reporting (re-
porting bias)

Low risk All outcomes reported for the comparison of primary interest to study team
(neovascular vs non-neovascular AMD cases treated with anti-VEGF agents).
However, high risk for this review because only pooled data reported for par-
ticipants

Other bias Unclear risk No results reported for individual anti-VEGF agents
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Methods Number randomized (total and per group): 55 total: 29 in ranibizumab group and 26 in bevacizumab
group

Exclusions after randomization: “nine eyes were excluded” but meaning is unclear

Number analyzed (total and per group): 55: 29 vs 26 at baseline. Number examined at follow-up
times not reported, but 26 in ranibizumab group and 20 in bevacizumab group finished the study.
These 46 eyes could be analyzed in total

Unit of analysis: unclear; appears to be eyes

Losses to follow-up: “nine eyes were excluded” appears to refer to such losses

Compliance: 3 of 9 “excluded” were given ranibizumab instead of bevacizumab as assigned

Intention-to-treat analysis: not reported; unclear as follow-up denominators missing

Reported power calculation: none

Study design comment: none

Participants Country: Austria

Age: 79.5 in ranibizumab group and 80.8 in bevacizumab group (80.15 years total)

Gender (per cent): ranibizumab: 24% men, 76% women; bevacizumab: 35% men, 65% women

Inclusion criteria: over 50 years of age with nAMD, which was verified in fluorescence angiography
(FLA). Only patients with VA between 20/40 and 20/320 were included

Exclusion criteria: previous treatment for AMD, previous systemic administration of bevacizumab, vi-
sion-impairing cataract or other ophthalmologic disease like glaucoma, active inflammation, diabetic
retinopathy, and others

Equivalence of baseline characteristics: yes; similar age, BCVA, CRT, FA lesion size, gender (all P val-
ues > 0.37)

Diagnoses in participants: neovascular AMD

Interventions Intervention 1: 3 ranibizumab injections (0.5 mg) at 30-day intervals followed by PRN ranibizumab for
another 10 months

Intervention 2: 3 bevacizumab injections (1.25 mg) at 30-day intervals followed by PRN bevacizumab
for another 10 months

Length of follow-up:

Planned: scheduled visits were performed monthly (30 ± 7 days) for 12 months
Actual: 12 months (monthly)

Outcomes Primary outcome, as defined: a difference in injection frequencies of ranibizumab and bevacizumab
Secondary outcomes, as defined: effectiveness of ranibizumab and bevacizumab with respect to BC-
VA and CRT
Adverse events (Y/N): yes; 3 reported, all in ranibizumab arm

Intervals at which outcome assessed: monthly

Notes Full study name: Differences of Frequency in Administration of Ranibizumab and Bevacizumab in Pa-
tients With Neovascular AMD

Type of study: published

Funding sources: “Birgit Weingessel and Pia Veronika Vécsei-Marlovits received unrestricted grants
from Novartis Austria during the last 5 years”

Scholler 2014 
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Declarations of interest: study authors declare no conflicts of interest

Study period: accrual: 1-1-2011 to 12-31-2011; follow-up for 1 year yields January 2011 to December
2012

Reported subgroup analyses (Y/N): if yes, specify: no

Registration: EK-07-192-1007/EudraCT Nr.2007-005157-33 (Ethikkommission der Stadt Wien)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk “For allocation of the participants, a computer-generated list of random num-
bers was used on the basis of simple randomization (1:1)”

Allocation concealment
(selection bias)

Unclear risk No information provided on how participants could or could not possibly fore-
see assignments

Masking of participants
(performance bias)

Unclear risk No information provided on how masking of participants was done for primary
and secondary outcomes

Masking of study person-
nel (performance bias)

Unclear risk No information provided on how masking of physicians was done for primary
and secondary outcomes, but outcomes are not likely to be influenced by lack
of masking or blinding

Masking of outcome as-
sessment (detection bias)

High risk No information provided on how masking of outcome assessors was done for
primary and secondary outcomes, and this could influence participants to re-
spond differently

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Cannot tell; number of participants who contributed outcome data at each fol-
low-up time not reported, but results show that 26 participants in ranibizumab
group and 20 in bevacizumab group completed the study after exclusion of 9
eyes

Selective reporting (re-
porting bias)

Unclear risk Neither FA lesion size @ 12 months nor change in FA lesion size from baseline
to 12 months reported

Other bias Unclear risk Two study authors had received unrestricted grants from Novartis Austria
within 5 years (Novartis is the distributor of ranibizumab in Europe)

Scholler 2014  (Continued)

 
 

Methods Number randomized (total and per group): 28 participants randomly assigned to study treatment: 20
in bevacizumab group and 8 in ranibizumab group

Exclusions after randomization: none

Number analyzed (total and per group): 22 total participants: 15 in bevacizumab group and 7 in
ranibizumab group

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: 6 participants: 3 participants voluntarily dropped out (2 in bevacizumab group, 1
in ranibizumab group); 1 participant relocated (in bevacizumab group); and 2 participants died (both in
bevacizumab group)

Compliance: 22/28 participants completed the study

Subramanian 2010 

Anti-vascular endothelial growth factor for neovascular age-related macular degeneration (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

79



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Intention-to-treat analysis: no; 6 participants enrolled and randomized were not included in analysis

Reported power calculation: yes; 79% power for sample size of 135 participants using 2:1 randomiza-
tion ratio

Study design comment: although the target sample size was 135, only 28 participants were evaluated

Participants Country: Boston, MA, USA

Age: not reported for 28 enrolled participants (mean 78 years for analyzed bevacizumab group; mean
80 years for analyzed ranibizumab group)

Gender (per cent): not reported for 28 enrolled participants (all men for analyzed bevacizumab group;
6 men and 1 woman for analyzed ranibizumab group)

Inclusion criteria: age 50 years or older; presence of symptomatic CNV, confirmed by intravenous flu-
orescein angiography and optical coherence tomography as affecting the foveal center; ability to pro-
vide informed consent; willingness to commit to regular clinic appointments and follow-up; original
protocol specified baseline VA between 20/40 and 20/200, later amended to include all baseline VAs
equal to or better than 20/400

Exclusion criteria: previous treatment for wet AMD within past year; presence of subretinal hemor-
rhage greater than 50% of the size of the lesion on fluorescein angiography; presence of advanced glau-
coma; any coexisting macular disease causing decreased vision; history of malignant or uncontrolled
hypertension; intraocular inflammation; history of thromboembolic phenomena; inability to provide
informed consent; participation in another concurrent ophthalmic clinical trial

Equivalence of baseline characteristics: yes

Diagnoses in participants: AMD

Interventions Intervention 1: 0.05 mL intravitreal bevacizumab injection (concentration not reported) every month
for first 3 months; retreatment afterward based on OCT or VA changes
Intervention 2: 0.05 mL intravitreal ranibizumab injection (concentration not reported) every month
for first 3 months; retreatment afterward based on OCT or VA changes
Length of follow-up

Planned: 12 months

Actual: 12 months

Outcomes Primary outcomes, as defined: visual acuity
Secondary outcomes, as reported: central foveal thickness by OCT, total number of injections; blood
pressure measurements
Adverse events

Intervals at which outcome assessed: 1 week after injections to assess adverse events; and monthly
through 12 months

Notes Trial registration: ISRCTN73359806

Funding sources: Veterans Affairs Boston Healthcare System, USA

Declarations of interest: "The authors declare no conflict of interest"

Study period: April 2007 to February 2009

Reported subgroup analyses: none

Contacting study investigators: trial authors contacted and contributed information for this review

Risk of bias

Subramanian 2010  (Continued)
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk "Patients were enrolled by a 2:1 randomization to either the bevacizumab (2)
or the ranibizumab (1) arm of the study." Study investigators were contacted,
but could not provide additional information as to how the sequence was gen-
erated (email communication with Dr. Subramanian, dated May 16, 2012)

Allocation concealment
(selection bias)

Low risk "The Research Pharmacist at the [Veterans Affairs] Hospital Pharmacy was re-
sponsible for randomization" and "all subjects were assigned a study number"

Masking of participants
(performance bias)

Low risk Reported as "double-blind"; identical syringes were used to administer agents,
and all study personnel in contact with participants were masked

Masking of study person-
nel (performance bias)

Low risk "To obtain blinding of treatment assignments, the Research Pharmacist at
the [Veterans Affairs] Hospital Pharmacy was responsible for randomization,
tracking and ensuring the correct study drug was administered to each patient
at each visit, and dispensing the same volume of each drug in identical 1 ml sy-
ringes"

Masking of outcome as-
sessment (detection bias)

Low risk "As the only investigator with knowledge of subject assignments, the Research
Pharmacist was, in turn, masked to all visual and anatomic outcomes to treat-
ment. All other investigators, as well as other physicians, residents, and office
personnel who may have inadvertently come in contact with study subjects,
were masked to treatment assignments"

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Six of 28 (21%) participants enrolled were not included in the analysis: 3 volun-
tarily dropped out; 1 relocated; and 2 died

Selective reporting (re-
porting bias)

Unclear risk Primary outcomes were reported; however, the clinical trials register record
for this trial but not published reports specified quality of life as an outcome

Other bias Low risk None observed

Subramanian 2010  (Continued)

 
 

Methods Included trials: 2 concurrent RCTs (EOP 1003; EOP 1004)

Number randomized (total and per group): 1208 participants randomly assigned to study treatment:
297 in 0.3 mg pegaptanib group, 305 in 1.0 mg pegaptanib group, 302 in 3.0 mg pegaptanib group, and
304 in sham injection group

Exclusions after randomization: 22 total participants: 18 participants did not receive at least 1 injec-
tion, and 4 participants were not included in efficacy analyses because "sufficiently standardized as-
sessment of visual acuity was not completed at baseline"

Number analyzed (total and per group): 1186 participants at 1 year: 294 in 0.3 mg pegaptanib group,
300 in 1.0 mg pegaptanib group, 296 in 3.0 mg pegaptanib group, and 296 in sham injection group

Unit of analysis: individuals (1 study eye per participant)

Losses to follow-up: 101 at 1 year: 23 in 0.3 mg pegaptanib group, 25 in 1.0 mg pegaptanib group, 32 in
3.0 mg pegaptanib group, and 21 in sham injection group

Compliance: approximately 90% of participants completed the study

Intention-to-treat analysis: no; 22 participants enrolled and randomized were not included in analy-
sis

VISION 2004 
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Reported power calculation: yes; sample of 244 participants in each group for power of 95%; at least
270 participants were recruited for each group, assuming 10% would have missing data

Study design comment: at 54 weeks, participants were re-randomized; those in pegaptanib groups
were randomized to discontinue treatment or continue with same dose; those in sham group were ran-
domized to 1 of 5 groups: discontinue sham injections, continue with sham injections, or receive injec-
tions with 0.3, 1.0, or 3.0 mg pegaptanib

Participants Country: USA, Canada, Austria, Belgium, Czech Republic, Denmark, France, Germany, Hungary, Israel,
Italy, the Netherlands, Poland, Portugal, Spain, Switzerland, UK, Brazil, Chile, Colombia, and Australia
(117 study centers)

Age: mean age in EOP 1003 was 77 years, and in EOP 1004 was 75 years

Gender (per cent): 696/1190 (58%) women and 494/1190 (42%) men (based on those receiving at least
1 study treatment)

Inclusion criteria: age 50 years or older; subfoveal CNV lesion secondary to AMD; BCVA of 20/40 to
20/320 in study eye and 20/800 or better in fellow eye; all angiographic subtypes of total lesion size up
to and including 12 disc areas

Exclusion criteria: subretinal hemorrhage in study eye ≥ 50% of lesion area; < 50% of lesion with active
CNV; > 1 previous PDT treatment; PDT treatment < 8 weeks or > 13 weeks before baseline visit; IOP > 23
mmHg; without clear ocular media; inadequate pupillary dilation for stereoscopic fundus photogra-
phy; atrophy > 25% of total lesion area or subfoveal scarring in study eye; history of previous subfoveal
thermal laser therapy or previous or concomitant therapy with any investigational therapy to treat
AMD; need for cataract surgery within 2 years; other potential causes of CNV such as myopia; ocular
histoplasmosis syndrome, angioid streaks, choroidal rupture, or multifocal choroiditis; any intraocular
surgery within 3 months or extrafoveal/juxtafoveal laser within 2 weeks of study entry; previous poste-
rior vitrectomy or scleral buckling surgery; presence of retinal pigment epithelial tears or rips; partici-
pants with diabetic retinopathy, severe cardiac disease, myocardial infarction within 6 months, ventric-
ular tachyarrhythmia requiring ongoing treatment, unstable angina, peripheral vascular disease, stroke
within 12 months, acute ocular or periocular infection, previous therapeutic radiation to the eye, head,
or neck; treatment with any investigational agent within 60 days; allergies to fluorescein dye or to com-
ponents of the pegaptanib formulation

Equivalence of baseline characteristics: yes

Diagnoses in participants: 306/1190 (26%) had predominantly classic CNV; 426/1190 (36%) had mini-
mally classic CNV; and 458/1190 (38%) had occult with no classic CNV

Interventions Intervention 1: 0.3 mg pegaptanib intravitreal injection every 6 weeks; at 54 weeks re-randomization
to continue or discontinue treatment
Intervention 2: 1.0 mg pegaptanib intravitreal injection every 6 weeks; at 54 weeks re-randomization
to continue or discontinue treatment
Intervention 3: 3.0 mg pegaptanib intravitreal injection every 6 weeks; at 54 weeks re-randomization
to continue or discontinue treatment
Intervention 4: sham injection every 6 weeks; at 54 weeks re-randomization to continue sham injec-
tions, discontinue sham injections, or receive treatment with 1 of 3 pegaptanib doses (0.3, 1.0, or 3.0
mg)
Length of follow-up

Planned: 54 weeks after first randomization; 48 weeks after re-randomization

Actual: 54 weeks after first randomization; 48 weeks after re-randomization; up to 4 years for safety
outcomes

Outcomes Primary outcome, as defined: proportion of participants losing fewer than 15 letters of VA between
baseline and 54 weeks
Secondary outcomes, as defined: proportion of participants maintaining or gaining ≤ 0, 5, 10, or 15
letters, or losing 30 or more letters; mean changes in VA at 6-week intervals from baseline to week 54;
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proportion with VA 20/200 or worse at week 54; changes in size of lesion, size of CNV, and size of leak-
age at weeks 30 and 54 as measured by color fundus photography and fluorescein angiography
Adverse events

Intervals at which outcomes assessed: 6-week intervals from baseline to week 54; 6-week intervals
from week 54 to week 102; color fundus photography and fluorescein angiography done at baseline,
and at weeks 30, 54, 78, and 102

Notes Full study name: VEGF Inhibition Study in Ocular Neovascularization

Trial registration: NCT00021736; NCT00321997

Funding sources: Eyetech Pharmaceuticals, Inc., New York, and Pfizer Inc., New York, USA

Declarations of interest: various authors reported that they had served as a paid consultant for Eye-
tech Pharmaceuticals and Neovista; had received royalty income from Coherent, the manufacturer of
a laser used in photodynamic therapy; and/or were employees of and shareholders in Eyetech Pharma-
ceuticals

Study period: not reported

Reported subgroup analyses: none

Contacting study investigators: trial authors contacted and contributed information for this review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Patients were allocated in each trial to one of four treatment arms (sham or
0.3 mg, 1 mg, or 3 mg pegaptanib) by a dynamic procedure using a stochas-
tic treatment allocation algorithm based on the variance method to minimize
imbalances simultaneously for study center, angiographic lesion subtype and
previous treatment with PDT"

Allocation concealment
(selection bias)

Low risk "The study coordinator randomized the patient by going on-line to IDDI (an
independent statistics/CRO) and answering eligibility and stratification ques-
tions. In response they were instructed which code on the treatment pack to
use. Only when it was opened [sic] immediately prior to use would the inject-
ing physician know whether it was active (but not which dose) or sham" (email
communication with Eyetech, dated July 11, 2005)

Masking of participants
(performance bias)

Low risk "To maintain masking of the patients, the patients receiving sham injections
and those receiving the study medication were treated identically, with the ex-
ception of scleral penetration. All patients (including those receiving sham in-
jection) underwent an ocular antisepsis procedure and received injected sub-
conjunctival anesthetic. The patients receiving sham injections had an identi-
cal syringe - but without a needle - pressed against the eye wall to mimic the
active doses that were injected through the pars plana into the vitreous cavity.
The injection technique precluded the patient from seeing the syringe"

Masking of study person-
nel (performance bias)

Low risk "To maintain masking of the investigators, the study ophthalmologist respon-
sible for patient care and for the assessments did not administer the injection"

Masking of outcome as-
sessment (detection bias)

Low risk "In all cases, a separate, certified visual-acuity examiner masked to the treat-
ment assignment and to previous measurements of visual acuity assessed dis-
tance visual acuity"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk "For all efficacy analyses, patients were evaluated in the treatment group to
which they were randomly assigned. Several analyses of the primary efficacy
endpoint that accounted for missing data were also conducted." At 54 weeks,

VISION 2004  (Continued)
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18 participants were excluded because they had not received at least 1 study
treatment; 4 participants were excluded "because a sufficiently standardized
assessment of visual acuity was not completed at baseline"; and missing data
for about 10% of the study population were imputed using the last observation
carried forward method

Selective reporting (re-
porting bias)

Low risk Primary and secondary outcomes for week 54 (first year) were reported; visu-
al acuity outcomes defined for the first year were not reported in second year
outcomes

Other bias Unclear risk Sponsored by Eyetech Pharmaceuticals and Pfizer. Study chair and some oth-
ers involved in the trials were paid consultants, employees, and/or sharehold-
ers of Eyetech Pharmaceuticals

VISION 2004  (Continued)

Study acronyms: see Table 1.
AMD: age-related macular degeneration.
BCVA: best-corrected visual acuity.
CMT: central macular thickness.
CNV: choroidal neovascularization.
CRO: clinical research organization.
CRT: central retinal thickness.
ETDRS: Early Treatment Diabetic Retinopathy Study.
FA: fluorescein angiogram.
FDA: Food and Drug Administration.
FMD: XXX.
IOP: intraocular pressure.
IVRS: interactive voice response system.
IVTA: intravitreal triamcinolone acetonide.
MI: myocardial infarction.
NEI VFQ-25: National Eye Institute-Visual Functioning Questionnaire-25.
NHS: UK National Health Service.
OCT: optical coherence tomography.
PDT: photodynamic therapy.
PRN: pro re nata.
RAP: XXX.
RCT: randomized controlled trial.
RPE: retinal pigment epithelium.
SD-OCT: spectral domain optical coherence tomography.
VA: visual acuity.
VEGF: vascular endothelial growth factor.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

ADVANCE 2008 Not intravitreal injection of an anti-VEGF agent

ARMAST 2008 Bevacizumab vs bevacizumab + PDT

Bashshur 2007 Follow-up less than 1 year

BEAT-AMD 2009 Follow-up less than 1 year; also, systemic bevacizumab

Berger 2015 Injection vs infusion of anti-VEGF agent

Blaha 2015 Not an RCT
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Study Reason for exclusion

Bolz 2008 Dosing study: 0.3 mg or 0.5 mg intravitreal ranibizumab

Brown 2016 Not an RCT

Cohen 2008 Not an RCT: cost-effectiveness assessment. States that analysis used data from a small RCT but RCT
data not reported

Costagliola 2010 Combination therapy: intravitreal bevacizumab alone vs intravitreal bevacizumab plus low-fluence
PDT

Csaky 2015 RCT of pazopanib eye drops (6 different doses regimens) vs intravitreal ranibizumab with 1-year
follow-up; excluded because pazopanib eye drops for treatment of AMD; not eligible for this review

Earnshaw 2007 Not an RCT: cost-effectiveness assessment

Eibenberger 2015 No outcomes targeted for this review

EMERGE 2016 Not an RCT to evaluate any targeted anti-VEGF agent

Erdokur 2009 Not an RCT

EXTEND-I 2008 Dosing study: 0.3 mg or 0.5 mg intravitreal ranibizumab

Eyetech Study 2003 Not an RCT

Falkenstein 2007 Not an RCT

Fletcher 2008 Not an RCT: cost-effectiveness assessment

FOCUS 2006 Combination therapy: intravitreal ranibizumab alone vs intravitreal ranibizumab plus verteporfin
PDT

GALATIR 2014 Clinical trial registry record reported that the "study has been withdrawn prior to enrollment"; tri-
al investigators had planned to compare an anti-VEGF agent biosimilar to bevacizumab and manu-
factured in Russia vs 0.50 mg intravitreal ranibizumab in participants with neovascular AMD, and to
evaluate the proportion losing fewer than 15 letters at 12 months as the primary outcome

Gallemore 2016 Follow-up < 1 year; not an anti-VEGF agent targeted for this review

Hahn 2007 Follow-up less than 1 year

Hatta 2010 Not an RCT

HAWK 2018 Neither intervention (brolucizumab) nor control (aflibercept) targeted for this review

Heier 2006 Follow-up less than 1 year

Hernandez-Pastor 2008 Not an RCT: cost-effectiveness assessment

Hernandez-Pastor 2010 Not an RCT: cost-effectiveness assessment

Holz 2016 Follow-up less than 1 year: comparison of novel anti-VEGF agent (referred to as both RTH258 and
ESBA1008) vs intravitreal ranibizumab

Javitt 2008 Not an RCT: cost-effectiveness assessment

Anti-vascular endothelial growth factor for neovascular age-related macular degeneration (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

85



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study Reason for exclusion

Kralinger 2014 Follow-up less than 1 year; no outcome targeted for this review

Lai 2009 Dosing study: 1.25 mg (n = 24) or 2.5 mg (n = 26) intravitreal bevacizumab; follow-up less than 1
year

Lazic 2007 Follow-up less than 1 year

Li 2012 Comparison of injection schedules

Li 2013 Not an RCT

Matthe 2011 Not an RCT

MIRA-1 2005 Not an RCT of anti-VEGF intravitreous injections for patients with neovascular AMD

Modarres 2009 Dosing study

NCT00087763 Dosing study: all participants treated with pegaptanib

NCT01494805 Gene therapy intervention vs ranibizumab

NCT01796964 Neither intervention (brolucizumab) nor control (aflibercept) targeted for this review

Neubauer 2007 Not an RCT: statistical modeling using ANCHOR 2006 and MARINA 2006 cost data

Nguyen 2006 Follow-up less than 1 year: VEGF Trap® (aflibercept) vs placebo

Nowak 2012 Not an RCT

Nunes 2014 Cost analysis based on outcomes from a small RCT. No RCT data found

OSPREY 2014 Follow-up < 1 year; neither intervention nor control targeted for this review

Parodi 2012 Follow-up less than 1 year

PERSPECTIVES 2012 Not an RCT

PrONTO Study 2009 Not an RCT

RaPery 2007 Not an RCT: cost-effectiveness assessment

RATE 2011 Clinical trial registry record reported that the "study was terminated under the political pressure
of the Federal Security Service of the Russian Federation (FSB) and the Russian Society of Cardiol-
ogy"; trial investigators had planned to compare 0.50 mg intravitreal ranibizumab vs 0.50 mg in-
travitreal ranibizumab plus PDT vs sham injection in participants with a history of coronary artery
disease or cerebrovascular events, and to evaluate arterial thromboembolic events as the primary
outcome

RIVAL 2017 RCT of ranibizumab vs aflibercept; aflibercept excluded from this review

SAILOR 2009 Dosing study: 0.3 mg (n = 1169) or 0.5 mg (n = 1209) intravitreal ranibizumab

Schmid-Kubista 2011 Follow-up less than 1 year; RCT comparing sequential administration of intravitreal bevacizumab
and pegaptanib vs intravitreal bevacizumab or pegaptanib alone
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Study Reason for exclusion

Sengul 2017 Follow-up less than 1 year; no data for any outcomes targeted for this review

SIGHT 2014 Intervention (aflibercept) not targeted for this review

SUMMIT 2007 3 RCTs compared intravitreal ranibizumab alone vs intravitreal ranibizumab plus PDT

Suñer 2009 Not an RCT: validation of NEI Visual Function Questionnaire using ANCHOR 2006 and MARINA 2006
data

Tano 2008 Dosing study: 0.3 mg (n = 47) or 1.0 mg (n = 48) pegaptanib sodium

Vallance 2010 RCT of intravitreal ranibizumab + sham PDT vs intravitreal ranibizumab + standard-fluence
verteporfin PDT

VERITAS 2006 Not an RCT of anti-VEGF intravitreous injections

VIEW 2014 2 RCTs of intravitreal aflibercept vs intravitreal ranibizumab; aflibercept not eligible for this review

Weigert 2008 Follow-up less than 1 year

Wolowacz 2007 Not an RCT: cost-effectiveness assessment

Zehetner 2013 Follow-up less than 1 year

Study acronyms: see Table 1.
AMD: age-related macular degeneration.
NEI: National Eye Institute, National Institutes of Health, USA.
PDT: photodynamic therapy.
RCT: randomized controlled trial.
VEGF: vascular endothelial growth factor.
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Prevention of Vision Loss in Patients With Age-Related Macular Degeneration (AMD) by Intravitreal
Injection of Bevacizumab and Ranibizumab (VIBERA)

Methods Study design: phase 3 RCT

Planned enrollment: 366 participants

Length of follow-up: 2 years

Participants Inclusion criteria: age 50 years or older; visual impairment due to active primary or recurrent CNV
associated with AMD; classical or predominantly classic lesion with largest diameter of the subreti-
nal neovascular membrane smaller than greatest distance between major temporal vascular ar-
cades, minimally classic lesion, or occult lesion with no classic CNV; BCVA of 20/40 to 20/320

Exclusion criteria: subretinal hemorrhage involving ≥ 50% of the lesion area or ≥ 1 optic disc area;
subfoveal fibrosis or atrophy; CNV of other pathogenesis; previous treatment for CNV or treatment
with any anti-angiogenic drugs; previous intravitreal drug delivery, laser photocoagulation, vitreo-
retinal surgery, submacular surgery, or other surgical intervention for AMD in the study eye; retinal
pigment epithelial tear; active inflammation, vitreous hemorrhage, infectious conjunctivitis, ker-
atitis, scleritis, or endophthalmitis; history of rhegmatogenous retinal detachment, macular hole,
idiopathic or autoimmune-associated uveitis, or corneal transplant; aphakia or lack of posterior
capsule in the study eye; > -8 diopters of myopia; any intraocular condition that requires surgery

NCT00559715 
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or could lead to vision loss within 2 years; intraocular surgery in study eye within 2 months; uncon-
trolled glaucoma or history of glaucoma filtering surgery; impaired visualization of the retina pre-
cluding adequate diagnosis; premenopausal women not using adequate contraception or nursing;
active systemic infection or other disease, dysfunction, or finding to contraindicate participation;
hypersensitivity to study drugs or allergy to agents used for ocular testing; involvement in another
clinical study within 4 weeks; unwillingness or inability to comply with study

Interventions Intervention 1: 1.25 mg intravitreal bevacizumab administered monthly or on demand
Intervention 2: 0.5 mg intravitreal ranibizumab administered monthly or on demand

Outcomes Primary outcome, as defined: proportion of participants losing fewer than 15 letters at 1 year
Secondary outcomes, as defined: proportion of participants losing fewer than 15 letters at 2
years; mean change in BCVA at 1 year and at 2 years; proportion of participants with at least 3
months treatment-free in 2 years; number of doses of study drugs at 2 years; rate of dropout at 2
years; number of non-responders at 2 years; retinal lesions at 2 years; adverse events at 2 years;
quality of life at 2 years

Starting date August 2008; primary completion date of August 2009

Contact information Bernd Muehlbauer, Professor, MD

Department of Pharmacology at Klinikum Bremen Mitte

Bremen, Germany, 28177

Notes "The study is designed to demonstrate the therapeutic noninferiority of the recombinant human-
ized monoclonal VEGF antibody bevacizumab administered by intravitreal injection in the treat-
ment of AMD in comparison to the related fragment ranibizumab"

Sponsors/Collaborators: Klinikum Bremen-Mitte, gGmbH; Kompetenzzentrum für Klinische Studi-
en, Bremen

NCT00559715  (Continued)

AMD: age-related macular degeneration
BCVA: best-corrected visual acuity
CNV: choroidal neovascularization
RCT: randomized controlled trial
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Anti-VEGF treatment versus control

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Gain of 15 or more letters visu-
al acuity at 1 year

6 2667 Risk Ratio (M-H, Random, 95% CI) 4.19 [2.32, 7.55]

1.1 Pegaptanib vs control 1 1186 Risk Ratio (M-H, Random, 95% CI) 2.83 [1.23, 6.52]

1.2 Ranibizumab vs control 3 1322 Risk Ratio (M-H, Random, 95% CI) 3.92 [1.59, 9.67]

1.3 Bevacizumab vs control 2 159 Risk Ratio (M-H, Random, 95% CI) 7.80 [2.44, 24.98]

2 Gain of 15 or more letters visu-
al acuity at 2 years

3 1322 Risk Ratio (M-H, Random, 95% CI) 5.77 [3.38, 9.84]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3 Loss of fewer than 15 letters
visual acuity at 1 year

6 2667 Risk Ratio (M-H, Random, 95% CI) 1.40 [1.27, 1.55]

3.1 Pegaptanib vs control 1 1186 Risk Ratio (M-H, Random, 95% CI) 1.24 [1.11, 1.39]

3.2 Ranibizumab vs control 3 1322 Risk Ratio (M-H, Random, 95% CI) 1.53 [1.41, 1.64]

3.3 Bevacizumab vs control 2 159 Risk Ratio (M-H, Random, 95% CI) 1.28 [1.09, 1.50]

4 Loss of fewer than 15 letters
visual acuity at 2 years

3 1322 Risk Ratio (M-H, Random, 95% CI) 1.62 [1.32, 1.98]

5 Loss of fewer than 30 letters
visual acuity at 1 year

4 2455 Risk Ratio (M-H, Random, 95% CI) 1.12 [1.06, 1.19]

5.1 Pegaptanib vs control 1 1186 Risk Ratio (M-H, Random, 95% CI) 1.15 [1.08, 1.23]

5.2 Ranibizumab vs control 2 1138 Risk Ratio (M-H, Random, 95% CI) 1.15 [1.11, 1.20]

5.3 Bevacizumab vs control 1 131 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.97, 1.10]

6 Loss of fewer than 30 letters
visual acuity at 2 years

2 1138 Risk Ratio (M-H, Random, 95% CI) 1.22 [1.15, 1.29]

7 Visual acuity better than
20/200 at 1 year

4 2508 Risk Ratio (M-H, Random, 95% CI) 1.58 [1.34, 1.86]

7.1 Pegaptanib vs control 1 1186 Risk Ratio (M-H, Random, 95% CI) 1.33 [1.15, 1.52]

7.2 Ranibizumab vs control 3 1322 Risk Ratio (M-H, Random, 95% CI) 1.69 [1.41, 2.03]

8 Visual acuity better than
20/200 at 2 years

3 1322 Risk Ratio (M-H, Random, 95% CI) 1.73 [1.52, 1.98]

9 Maintenance of visual acuity
at 1 year

3 1636 Risk Ratio (M-H, Random, 95% CI) 1.98 [1.31, 3.00]

9.1 Pegaptanib vs control 1 1186 Risk Ratio (M-H, Random, 95% CI) 1.49 [1.19, 1.88]

9.2 Ranibizumab vs control 1 422 Risk Ratio (M-H, Random, 95% CI) 2.53 [1.95, 3.27]

9.3 Bevacizumab vs control 1 28 Risk Ratio (M-H, Random, 95% CI) 2.2 [1.03, 4.68]

10 Maintenance of visual acuity
at 2 years

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

11 Mean change in visual acuity
at 1 year (number of letters)

4   Mean Difference (IV, Random,
95% CI)

Subtotals only

11.1 Pegaptanib vs control 1 1186 Mean Difference (IV, Random,
95% CI)

6.72 [4.43, 9.01]

11.2 Ranibizumab vs control 3 1322 Mean Difference (IV, Random,
95% CI)

17.80 [15.95, 19.65]
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pants

Statistical method Effect size

12 Mean change in visual acuity
at 2 years (number of letters)

3 1322 Mean Difference (IV, Random,
95% CI)

20.11 [18.08, 22.15]

13 Reduction in size of CNV at 1
year (mean number of disc ar-
eas)

1   Mean Difference (Random, 95%
CI)

Totals not selected

14 Reduction in size of lesion at
1 year (mean number of disc ar-
eas)

1   Mean Difference (Random, 95%
CI)

Totals not selected

15 Reduction in size of lesion at
1 year (mean number of disc ar-
eas)

2 606 Mean Difference (IV, Random,
95% CI)

2.34 [1.88, 2.81]

16 Reduction in size of lesion at
2 years (mean number of disc
areas)

2   Mean Difference (IV, Random,
95% CI)

Totals not selected

17 Mean change in quality of life
scores at 1 year

2   Mean Difference (IV, Random,
95% CI)

Subtotals only

17.1 Overall vision-related qual-
ity of life

2 1134 Mean Difference (IV, Random,
95% CI)

6.69 [3.38, 9.99]

17.2 Near vision activities 2 1134 Mean Difference (IV, Random,
95% CI)

8.45 [0.28, 16.62]

17.3 Distance vision activities 2 1134 Mean Difference (IV, Random,
95% CI)

9.65 [3.20, 16.09]

17.4 Dependency 2 1134 Mean Difference (IV, Random,
95% CI)

9.82 [6.86, 12.77]

17.5 Driving ability 2 1080 Mean Difference (IV, Random,
95% CI)

9.85 [6.34, 13.36]

17.6 General health 2 1134 Mean Difference (IV, Random,
95% CI)

3.18 [0.54, 5.82]

17.7 Role difficulties 2 1134 Mean Difference (IV, Random,
95% CI)

6.99 [0.76, 13.23]

17.8 Mental health 2 1134 Mean Difference (IV, Random,
95% CI)

8.42 [5.75, 11.10]

17.9 General vision 2 1134 Mean Difference (IV, Random,
95% CI)

8.20 [5.90, 10.50]

17.10 Social functioning 2 1134 Mean Difference (IV, Random,
95% CI)

8.03 [5.36, 10.69]

17.11 Color vision 2 1127 Mean Difference (IV, Random,
95% CI)

2.51 [-0.02, 5.05]
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pants

Statistical method Effect size

17.12 Peripheral vision 2 1133 Mean Difference (IV, Random,
95% CI)

5.20 [0.37, 10.03]

17.13 Ocular pain 2 1134 Mean Difference (IV, Random,
95% CI)

-1.78 [-3.67, 0.11]

18 Mean change in quality of life
scores at 2 years

2   Mean Difference (IV, Random,
95% CI)

Subtotals only

18.1 Overall vision-related qual-
ity of life

2 1134 Mean Difference (IV, Random,
95% CI)

8.63 [3.31, 13.95]

18.2 Near vision activities 2 1134 Mean Difference (IV, Random,
95% CI)

11.52 [3.49, 19.55]

18.3 Distance vision activities 2 1134 Mean Difference (IV, Random,
95% CI)

10.86 [3.82, 17.90]

18.4 Dependency 2 1134 Mean Difference (IV, Random,
95% CI)

11.06 [3.29, 18.83]

18.5 Driving ability 2 1080 Mean Difference (IV, Random,
95% CI)

13.53 [9.51, 17.55]

18.6 General health 2 1134 Mean Difference (IV, Random,
95% CI)

2.58 [-0.18, 5.35]

18.7 Role difficulties 2 1134 Mean Difference (IV, Random,
95% CI)

9.44 [1.34, 17.54]

18.8 Mental health 2 1134 Mean Difference (IV, Random,
95% CI)

10.07 [3.98, 16.17]

18.9 General vision 2 1134 Mean Difference (IV, Random,
95% CI)

9.61 [5.49, 13.72]

18.10 Social functioning 2 1134 Mean Difference (IV, Random,
95% CI)

8.12 [1.77, 14.47]

18.11 Color vision 2 1127 Mean Difference (IV, Random,
95% CI)

5.70 [2.89, 8.51]

18.12 Peripheral vision 2 1133 Mean Difference (IV, Random,
95% CI)

6.79 [1.48, 12.09]

18.13 Ocular pain 2 1134 Mean Difference (IV, Random,
95% CI)

-1.10 [-3.13, 0.92]
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Analysis 1.1.   Comparison 1 Anti-VEGF treatment versus control,
Outcome 1 Gain of 15 or more letters visual acuity at 1 year.

Study or subgroup Anti-VEGF Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.1.1 Pegaptanib vs control  

VISION 2004 51/890 6/296 18.98% 2.83[1.23,6.52]

Subtotal (95% CI) 890 296 18.98% 2.83[1.23,6.52]

Total events: 51 (Anti-VEGF), 6 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.44(P=0.01)  

   

1.1.2 Ranibizumab vs control  

ANCHOR 2006 106/279 8/143 21.6% 6.79[3.41,13.54]

MARINA 2006 140/478 12/238 23.86% 5.81[3.29,10.26]

PIER 2008 15/121 6/63 17.95% 1.3[0.53,3.19]

Subtotal (95% CI) 878 444 63.41% 3.92[1.59,9.67]

Total events: 261 (Anti-VEGF), 26 (Control)  

Heterogeneity: Tau2=0.5; Chi2=9.76, df=2(P=0.01); I2=79.5%  

Test for overall effect: Z=2.97(P=0)  

   

1.1.3 Bevacizumab vs control  

ABC 2010 21/65 2/66 11.15% 10.66[2.6,43.64]

Sacu 2009 4/14 1/14 6.46% 4[0.51,31.46]

Subtotal (95% CI) 79 80 17.61% 7.8[2.44,24.98]

Total events: 25 (Anti-VEGF), 3 (Control)  

Heterogeneity: Tau2=0; Chi2=0.61, df=1(P=0.44); I2=0%  

Test for overall effect: Z=3.46(P=0)  

   

Total (95% CI) 1847 820 100% 4.19[2.32,7.55]

Total events: 337 (Anti-VEGF), 35 (Control)  

Heterogeneity: Tau2=0.3; Chi2=12.42, df=5(P=0.03); I2=59.74%  

Test for overall effect: Z=4.76(P<0.0001)  

Test for subgroup differences: Chi2=1.93, df=1 (P=0.38), I2=0%  

Favors control 500.02 100.1 1 Favors anti-VEGF injection

 
 

Analysis 1.2.   Comparison 1 Anti-VEGF treatment versus control,
Outcome 2 Gain of 15 or more letters visual acuity at 2 years.

Study or subgroup Ranibizumab Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

ANCHOR 2006 105/279 9/143 41.91% 5.98[3.12,11.46]

MARINA 2006 142/478 9/238 41.49% 7.86[4.08,15.13]

PIER 2008 14/121 3/63 16.61% 2.43[0.73,8.14]

   

Total (95% CI) 878 444 100% 5.77[3.38,9.84]

Total events: 261 (Ranibizumab), 21 (Control)  

Heterogeneity: Tau2=0.07; Chi2=2.84, df=2(P=0.24); I2=29.6%  

Test for overall effect: Z=6.42(P<0.0001)  

Favors control 200.05 50.2 1 Favors ranibizumab
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Analysis 1.3.   Comparison 1 Anti-VEGF treatment versus control,
Outcome 3 Loss of fewer than 15 letters visual acuity at 1 year.

Study or subgroup Anti-VEGF Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.3.1 Pegaptanib vs control  

VISION 2004 612/890 164/296 21.61% 1.24[1.11,1.39]

Subtotal (95% CI) 890 296 21.61% 1.24[1.11,1.39]

Total events: 612 (Anti-VEGF), 164 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.8(P=0)  

   

1.3.2 Ranibizumab vs control  

ANCHOR 2006 266/279 92/143 20.27% 1.48[1.31,1.68]

MARINA 2006 452/478 148/238 22.62% 1.52[1.37,1.68]

PIER 2008 105/121 31/63 10.01% 1.76[1.36,2.29]

Subtotal (95% CI) 878 444 52.91% 1.53[1.41,1.64]

Total events: 823 (Anti-VEGF), 271 (Control)  

Heterogeneity: Tau2=0; Chi2=1.43, df=2(P=0.49); I2=0%  

Test for overall effect: Z=10.99(P<0.0001)  

   

1.3.3 Bevacizumab vs control  

ABC 2010 59/65 44/66 14.65% 1.36[1.13,1.64]

Sacu 2009 14/14 12/14 10.83% 1.16[0.91,1.48]

Subtotal (95% CI) 79 80 25.48% 1.28[1.09,1.5]

Total events: 73 (Anti-VEGF), 56 (Control)  

Heterogeneity: Tau2=0; Chi2=1.15, df=1(P=0.28); I2=13.02%  

Test for overall effect: Z=3(P=0)  

   

Total (95% CI) 1847 820 100% 1.4[1.27,1.55]

Total events: 1508 (Anti-VEGF), 491 (Control)  

Heterogeneity: Tau2=0.01; Chi2=13.19, df=5(P=0.02); I2=62.08%  

Test for overall effect: Z=6.54(P<0.0001)  

Test for subgroup differences: Chi2=10.61, df=1 (P=0), I2=81.14%  

Favors control 20.5 1.50.7 1 Favors anti-VEGF injection

 
 

Analysis 1.4.   Comparison 1 Anti-VEGF treatment versus control,
Outcome 4 Loss of fewer than 15 letters visual acuity at 2 years.

Study or subgroup Ranibizumab Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

ANCHOR 2006 251/279 94/143 38.9% 1.37[1.21,1.55]

MARINA 2006 435/478 126/238 39.05% 1.72[1.52,1.94]

PIER 2008 97/121 26/63 22.05% 1.94[1.43,2.64]

   

Total (95% CI) 878 444 100% 1.62[1.32,1.98]

Total events: 783 (Ranibizumab), 246 (Control)  

Heterogeneity: Tau2=0.02; Chi2=9.02, df=2(P=0.01); I2=77.84%  

Test for overall effect: Z=4.69(P<0.0001)  

Favors control 20.5 1.50.7 1 Favors ranibizumab
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Analysis 1.5.   Comparison 1 Anti-VEGF treatment versus control,
Outcome 5 Loss of fewer than 30 letters visual acuity at 1 year.

Study or subgroup Anti-VEGF Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.5.1 Pegaptanib vs control  

VISION 2004 798/890 231/296 24.17% 1.15[1.08,1.23]

Subtotal (95% CI) 890 296 24.17% 1.15[1.08,1.23]

Total events: 798 (Anti-VEGF), 231 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=4.22(P<0.0001)  

   

1.5.2 Ranibizumab vs control  

ANCHOR 2006 279/279 124/143 24.08% 1.15[1.08,1.23]

MARINA 2006 473/478 204/238 26.77% 1.15[1.1,1.22]

Subtotal (95% CI) 757 381 50.85% 1.15[1.11,1.2]

Total events: 752 (Anti-VEGF), 328 (Control)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Z=6.89(P<0.0001)  

   

1.5.3 Bevacizumab vs control  

ABC 2010 64/65 63/66 24.97% 1.03[0.97,1.1]

Subtotal (95% CI) 65 66 24.97% 1.03[0.97,1.1]

Total events: 64 (Anti-VEGF), 63 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1(P=0.32)  

   

Total (95% CI) 1712 743 100% 1.12[1.06,1.19]

Total events: 1614 (Anti-VEGF), 622 (Control)  

Heterogeneity: Tau2=0; Chi2=11.23, df=3(P=0.01); I2=73.27%  

Test for overall effect: Z=3.83(P=0)  

Test for subgroup differences: Chi2=9.75, df=1 (P=0.01), I2=79.48%  

Favors control 111 Favors anti-VEGF injection

 
 

Analysis 1.6.   Comparison 1 Anti-VEGF treatment versus control,
Outcome 6 Loss of fewer than 30 letters visual acuity at 2 years.

Study or subgroup Ranibizumab Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

ANCHOR 2006 277/279 120/143 49.05% 1.18[1.1,1.27]

MARINA 2006 464/478 184/238 50.95% 1.26[1.17,1.35]

   

Total (95% CI) 757 381 100% 1.22[1.15,1.29]

Total events: 741 (Ranibizumab), 304 (Control)  

Heterogeneity: Tau2=0; Chi2=1.38, df=1(P=0.24); I2=27.65%  

Test for overall effect: Z=6.54(P<0.0001)  

Favors control 20.5 1.50.7 1 Favors ranibizumab
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Analysis 1.7.   Comparison 1 Anti-VEGF treatment versus
control, Outcome 7 Visual acuity better than 20/200 at 1 year.

Study or subgroup Anti-VEGF Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.7.1 Pegaptanib vs control  

VISION 2004 522/890 131/296 28.7% 1.33[1.15,1.52]

Subtotal (95% CI) 890 296 28.7% 1.33[1.15,1.52]

Total events: 522 (Anti-VEGF), 131 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.96(P<0.0001)  

   

1.7.2 Ranibizumab vs control  

ANCHOR 2006 225/279 57/143 22.79% 2.02[1.64,2.49]

MARINA 2006 421/478 136/238 30.72% 1.54[1.37,1.73]

PIER 2008 92/121 30/63 17.8% 1.6[1.21,2.11]

Subtotal (95% CI) 878 444 71.3% 1.69[1.41,2.03]

Total events: 738 (Anti-VEGF), 223 (Control)  

Heterogeneity: Tau2=0.02; Chi2=5.21, df=2(P=0.07); I2=61.62%  

Test for overall effect: Z=5.72(P<0.0001)  

   

Total (95% CI) 1768 740 100% 1.58[1.34,1.86]

Total events: 1260 (Anti-VEGF), 354 (Control)  

Heterogeneity: Tau2=0.02; Chi2=11.04, df=3(P=0.01); I2=72.82%  

Test for overall effect: Z=5.45(P<0.0001)  

Test for subgroup differences: Chi2=4.44, df=1 (P=0.04), I2=77.49%  

Favors control 20.5 1.50.7 1 Favors anti-VEGF injection

 
 

Analysis 1.8.   Comparison 1 Anti-VEGF treatment versus
control, Outcome 8 Visual acuity better than 20/200 at 2 years.

Study or subgroup Ranibizumab Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

ANCHOR 2006 219/279 56/143 28.27% 2[1.62,2.48]

MARINA 2006 407/478 124/238 55.11% 1.63[1.44,1.86]

PIER 2008 89/121 28/63 16.62% 1.65[1.23,2.23]

   

Total (95% CI) 878 444 100% 1.73[1.52,1.98]

Total events: 715 (Ranibizumab), 208 (Control)  

Heterogeneity: Tau2=0; Chi2=2.71, df=2(P=0.26); I2=26.16%  

Test for overall effect: Z=8.29(P<0.0001)  

Favors control 20.5 1.50.7 1 Favors ranibizumab

 
 

Analysis 1.9.   Comparison 1 Anti-VEGF treatment versus control, Outcome 9 Maintenance of visual acuity at 1 year.

Study or subgroup Anti-VEGF Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.9.1 Pegaptanib vs control  

VISION 2004 301/890 67/296 41.4% 1.49[1.19,1.88]

Favors control 50.2 20.5 1 Favors anti-VEGF injection
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Study or subgroup Anti-VEGF Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Subtotal (95% CI) 890 296 41.4% 1.49[1.19,1.88]

Total events: 301 (Anti-VEGF), 67 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.43(P=0)  

   

1.9.2 Ranibizumab vs control  

ANCHOR 2006 212/279 43/143 40.06% 2.53[1.95,3.27]

Subtotal (95% CI) 279 143 40.06% 2.53[1.95,3.27]

Total events: 212 (Anti-VEGF), 43 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=7.03(P<0.0001)  

   

1.9.3 Bevacizumab vs control  

Sacu 2009 11/14 5/14 18.54% 2.2[1.03,4.68]

Subtotal (95% CI) 14 14 18.54% 2.2[1.03,4.68]

Total events: 11 (Anti-VEGF), 5 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.05(P=0.04)  

   

Total (95% CI) 1183 453 100% 1.98[1.31,3]

Total events: 524 (Anti-VEGF), 115 (Control)  

Heterogeneity: Tau2=0.1; Chi2=9.04, df=2(P=0.01); I2=77.87%  

Test for overall effect: Z=3.22(P=0)  

Test for subgroup differences: Chi2=9.02, df=1 (P=0.01), I2=77.83%  

Favors control 50.2 20.5 1 Favors anti-VEGF injection

 
 

Analysis 1.10.   Comparison 1 Anti-VEGF treatment versus
control, Outcome 10 Maintenance of visual acuity at 2 years.

Study or subgroup Ranibizumab Control Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

ANCHOR 2006 217/279 41/143 2.71[2.08,3.54]

Favors control 50.2 20.5 1 Favors ranibizumab

 
 

Analysis 1.11.   Comparison 1 Anti-VEGF treatment versus control,
Outcome 11 Mean change in visual acuity at 1 year (number of letters).

Study or subgroup Anti-VEGF Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.11.1 Pegaptanib vs control  

VISION 2004 890 -8.3 (16.4) 296 -15 (17.8) 100% 6.72[4.43,9.01]

Subtotal *** 890   296   100% 6.72[4.43,9.01]

Heterogeneity: Not applicable  

Test for overall effect: Z=5.74(P<0.0001)  

   

1.11.2 Ranibizumab vs control  

ANCHOR 2006 279 9.9 (14.6) 143 -9.5 (16.4) 33.57% 19.4[16.2,22.59]

Favors control 2010-20 -10 0 Favors anti-VEGF injection
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Study or subgroup Anti-VEGF Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

MARINA 2006 478 6.9 (13.6) 238 -10.4 (16.7) 57.11% 17.25[14.81,19.7]

PIER 2008 121 -0.9 (14.1) 63 -16.3 (22.3) 9.33% 15.41[9.35,21.46]

Subtotal *** 878   444   100% 17.8[15.95,19.65]

Heterogeneity: Tau2=0; Chi2=1.75, df=2(P=0.42); I2=0%  

Test for overall effect: Z=18.88(P<0.0001)  

Test for subgroup differences: Chi2=54.36, df=1 (P<0.0001), I2=98.16%  

Favors control 2010-20 -10 0 Favors anti-VEGF injection

 
 

Analysis 1.12.   Comparison 1 Anti-VEGF treatment versus control,
Outcome 12 Mean change in visual acuity at 2 years (number of letters).

Study or subgroup Ranibizumab Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

ANCHOR 2006 279 9.4 (16.4) 143 -9.8 (17.6) 34.48% 19.2[15.73,22.66]

MARINA 2006 478 6 (15.9) 238 -14.9 (18.7) 54.03% 20.9[18.13,23.67]

PIER 2008 121 -2.3 (14.9) 63 -21.4 (21.8) 11.48% 19.15[13.14,25.16]

   

Total *** 878   444   100% 20.11[18.08,22.15]

Heterogeneity: Tau2=0; Chi2=0.68, df=2(P=0.71); I2=0%  

Test for overall effect: Z=19.37(P<0.0001)  

Favors control 2010-20 -10 0 Favors ranibizumab

 
 

Analysis 1.13.   Comparison 1 Anti-VEGF treatment versus control,
Outcome 13 Reduction in size of CNV at 1 year (mean number of disc areas).

Study or subgroup Pegaptanib Control Mean Dif-
ference

Mean Difference Mean Difference

  N N (SE) IV, Random, 95% CI IV, Random, 95% CI

VISION 2004 890 296 0.9 (0.255) 0.92[0.42,1.42]

Favors control 21-2 -1 0 Favors pegaptanib

 
 

Analysis 1.14.   Comparison 1 Anti-VEGF treatment versus control, Outcome
14 Reduction in size of lesion at 1 year (mean number of disc areas).

Study or subgroup Pegaptanib Control Mean Dif-
ference

Mean Difference Mean Difference

  N N (SE) IV, Random, 95% CI IV, Random, 95% CI

VISION 2004 890 296 0.9 (0.26) 0.86[0.35,1.37]

Favors control 21-2 -1 0 Favors pegaptanib
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Analysis 1.15.   Comparison 1 Anti-VEGF treatment versus control, Outcome
15 Reduction in size of lesion at 1 year (mean number of disc areas).

Study or subgroup Ranibizumab Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

ANCHOR 2006 280 -0.3 (1.2) 143 -2.6 (3.1) 79.66% 2.24[1.72,2.76]

PIER 2008 120 1.3 (2.6) 63 -1.4 (3.8) 20.34% 2.75[1.71,3.79]

   

Total *** 400   206   100% 2.34[1.88,2.81]

Heterogeneity: Tau2=0; Chi2=0.73, df=1(P=0.39); I2=0%  

Test for overall effect: Z=9.8(P<0.0001)  

Favors control 42-4 -2 0 Favors ranibizumab

 
 

Analysis 1.16.   Comparison 1 Anti-VEGF treatment versus control, Outcome
16 Reduction in size of lesion at 2 years (mean number of disc areas).

Study or subgroup Ranibizumab Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

ANCHOR 2006 280 -0.5 (1.3) 143 -2.9 (3.3) 2.44[1.87,3]

PIER 2008 120 1.4 (2.9) 63 0.8 (4.1) 0.59[-0.55,1.73]

Favors control 42-4 -2 0 Favors ranibizumab

 
 

Analysis 1.17.   Comparison 1 Anti-VEGF treatment versus control,
Outcome 17 Mean change in quality of life scores at 1 year.

Study or subgroup Ranibizumab Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.17.1 Overall vision-related quality of life  

ANCHOR 2006 276 7 (15.3) 142 2.2 (15.1) 44.63% 4.81[1.74,7.87]

MARINA 2006 478 5.4 (13.3) 238 -2.8 (14.1) 55.37% 8.2[6.05,10.35]

Subtotal *** 754   380   100% 6.69[3.38,9.99]

Heterogeneity: Tau2=3.93; Chi2=3.15, df=1(P=0.08); I2=68.3%  

Test for overall effect: Z=3.96(P<0.0001)  

   

1.17.2 Near vision activities  

ANCHOR 2006 276 7.9 (22.3) 142 3.7 (18.1) 48.59% 4.16[0.19,8.13]

MARINA 2006 478 9.9 (19.2) 238 -2.6 (18) 51.41% 12.5[9.64,15.37]

Subtotal *** 754   380   100% 8.45[0.28,16.62]

Heterogeneity: Tau2=31.68; Chi2=11.16, df=1(P=0); I2=91.04%  

Test for overall effect: Z=2.03(P=0.04)  

   

1.17.3 Distance vision activities  

ANCHOR 2006 276 7.9 (21.1) 142 1.7 (20.5) 47.08% 6.16[1.97,10.35]

MARINA 2006 478 6.9 (18) 238 -5.9 (18) 52.92% 12.75[9.95,15.55]

Subtotal *** 754   380   100% 9.65[3.2,16.09]

Heterogeneity: Tau2=18.4; Chi2=6.56, df=1(P=0.01); I2=84.76%  

Test for overall effect: Z=2.93(P=0)  

   

1.17.4 Dependency  
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Study or subgroup Ranibizumab Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

ANCHOR 2006 276 8.3 (26.2) 142 -1.4 (23.5) 35.62% 9.65[4.71,14.6]

MARINA 2006 478 5.2 (22.4) 238 -4.7 (24.3) 64.38% 9.91[6.23,13.59]

Subtotal *** 754   380   100% 9.82[6.86,12.77]

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.94); I2=0%  

Test for overall effect: Z=6.51(P<0.0001)  

   

1.17.5 Driving ability  

ANCHOR 2006 244 3.4 (30.3) 120 -4.1 (24.9) 35.94% 7.52[1.66,13.38]

MARINA 2006 478 -1.2 (28.3) 238 -12.4 (28.2) 64.06% 11.15[6.77,15.54]

Subtotal *** 722   358   100% 9.85[6.34,13.36]

Heterogeneity: Tau2=0; Chi2=0.95, df=1(P=0.33); I2=0%  

Test for overall effect: Z=5.5(P<0.0001)  

   

1.17.6 General health  

ANCHOR 2006 276 -3.6 (20.5) 142 -7 (22.9) 34.81% 3.44[-1.04,7.92]

MARINA 2006 478 -3.9 (20.8) 238 -6.9 (21.1) 65.19% 3.04[-0.23,6.32]

Subtotal *** 754   380   100% 3.18[0.54,5.82]

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.89); I2=0%  

Test for overall effect: Z=2.36(P=0.02)  

   

1.17.7 Role difficulties  

ANCHOR 2006 276 7.8 (26.4) 142 4.3 (27.7) 45.53% 3.51[-2.01,9.04]

MARINA 2006 478 6.1 (26.7) 238 -3.8 (25.8) 54.47% 9.9[5.84,13.96]

Subtotal *** 754   380   100% 6.99[0.76,13.23]

Heterogeneity: Tau2=14.28; Chi2=3.33, df=1(P=0.07); I2=69.99%  

Test for overall effect: Z=2.2(P=0.03)  

   

1.17.8 Mental health  

ANCHOR 2006 276 14.9 (24.9) 142 7.7 (18.7) 39.49% 7.16[2.9,11.41]

MARINA 2006 478 12.6 (22.5) 238 3.3 (21.9) 60.51% 9.25[5.82,12.69]

Subtotal *** 754   380   100% 8.42[5.75,11.1]

Heterogeneity: Tau2=0; Chi2=0.56, df=1(P=0.45); I2=0%  

Test for overall effect: Z=6.18(P<0.0001)  

   

1.17.9 General vision  

ANCHOR 2006 276 10.5 (21.4) 142 3.9 (18.7) 33.51% 6.61[2.63,10.58]

MARINA 2006 478 8.5 (18.4) 238 -0.5 (18) 66.49% 9[6.18,11.82]

Subtotal *** 754   380   100% 8.2[5.9,10.5]

Heterogeneity: Tau2=0; Chi2=0.93, df=1(P=0.34); I2=0%  

Test for overall effect: Z=6.98(P<0.0001)  

   

1.17.10 Social functioning  

ANCHOR 2006 276 6.4 (22.4) 142 -0.5 (24.1) 31.2% 6.87[2.1,11.63]

MARINA 2006 478 3.5 (21.2) 238 -5.1 (20.4) 68.8% 8.55[5.34,11.76]

Subtotal *** 754   380   100% 8.03[5.36,10.69]

Heterogeneity: Tau2=0; Chi2=0.33, df=1(P=0.57); I2=0%  

Test for overall effect: Z=5.91(P<0.0001)  

   

1.17.11 Color vision  

ANCHOR 2006 273 1.4 (20.9) 138 -1.4 (22.6) 31.59% 2.76[-1.76,7.27]

MARINA 2006 478 0.5 (20) 238 -1.9 (19.6) 68.41% 2.4[-0.67,5.46]

Subtotal *** 751   376   100% 2.51[-0.02,5.05]
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Study or subgroup Ranibizumab Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.9); I2=0%  

Test for overall effect: Z=1.94(P=0.05)  

   

1.17.12 Peripheral vision  

ANCHOR 2006 275 5.7 (26.1) 142 3.3 (25.3) 44.45% 2.44[-2.73,7.62]

MARINA 2006 478 3.7 (24.7) 238 -3.7 (26.6) 55.55% 7.4[3.36,11.44]

Subtotal *** 753   380   100% 5.2[0.37,10.03]

Heterogeneity: Tau2=6.67; Chi2=2.19, df=1(P=0.14); I2=54.27%  

Test for overall effect: Z=2.11(P=0.03)  

   

1.17.13 Ocular pain  

ANCHOR 2006 276 2.5 (14.8) 142 4.8 (15.1) 38.91% -2.3[-5.33,0.74]

MARINA 2006 478 2 (16.9) 238 3.5 (14.9) 61.09% -1.45[-3.87,0.97]

Subtotal *** 754   380   100% -1.78[-3.67,0.11]

Heterogeneity: Tau2=0; Chi2=0.18, df=1(P=0.67); I2=0%  

Test for overall effect: Z=1.85(P=0.06)  
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Analysis 1.18.   Comparison 1 Anti-VEGF treatment versus control,
Outcome 18 Mean change in quality of life scores at 2 years.

Study or subgroup Ranibizumab Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.18.1 Overall vision-related quality of life  

ANCHOR 2006 276 5.4 (21.3) 142 -0.3 (16.9) 46.25% 5.7[1.96,9.44]

MARINA 2006 478 4.6 (15.3) 238 -6.5 (14.9) 53.75% 11.15[8.81,13.48]

Subtotal *** 754   380   100% 8.63[3.31,13.95]

Heterogeneity: Tau2=12.3; Chi2=5.86, df=1(P=0.02); I2=82.93%  

Test for overall effect: Z=3.18(P=0)  

   

1.18.2 Near vision activities  

ANCHOR 2006 276 7.4 (24.9) 142 0.2 (22.9) 47.89% 7.25[2.47,12.03]

MARINA 2006 478 8.8 (22.7) 238 -6.7 (21.9) 52.11% 15.45[12,18.9]

Subtotal *** 754   380   100% 11.52[3.49,19.55]

Heterogeneity: Tau2=29.12; Chi2=7.44, df=1(P=0.01); I2=86.55%  

Test for overall effect: Z=2.81(P=0)  

   

1.18.3 Distance vision activities  

ANCHOR 2006 276 6 (23.1) 142 -1.1 (22.9) 47.05% 7.05[2.4,11.71]

MARINA 2006 478 5.8 (21.6) 238 -8.4 (19.6) 52.95% 14.25[11.1,17.4]

Subtotal *** 754   380   100% 10.86[3.82,17.9]

Heterogeneity: Tau2=21.79; Chi2=6.3, df=1(P=0.01); I2=84.13%  

Test for overall effect: Z=3.02(P=0)  

   

1.18.4 Dependency  

ANCHOR 2006 276 4.6 (28.9) 142 -2.2 (28.3) 46.5% 6.81[1.04,12.58]

MARINA 2006 478 4.3 (26.3) 238 -10.5 (25.8) 53.5% 14.76[10.71,18.8]

Subtotal *** 754   380   100% 11.06[3.29,18.83]

Heterogeneity: Tau2=25.1; Chi2=4.88, df=1(P=0.03); I2=79.53%  

Favors control 2010-20 -10 0 Favors ranibizumab

Anti-vascular endothelial growth factor for neovascular age-related macular degeneration (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

100



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup Ranibizumab Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Test for overall effect: Z=2.79(P=0.01)  

   

1.18.5 Driving ability  

ANCHOR 2006 244 2 (35.5) 120 -8.6 (30.4) 32.63% 10.6[3.56,17.64]

MARINA 2006 478 -2.2 (30.2) 238 -17.1 (32.1) 67.37% 14.95[10.05,19.85]

Subtotal *** 722   358   100% 13.53[9.51,17.55]

Heterogeneity: Tau2=0; Chi2=0.99, df=1(P=0.32); I2=0%  

Test for overall effect: Z=6.6(P<0.0001)  

   

1.18.6 General health  

ANCHOR 2006 276 -5 (22.8) 142 -7.2 (22.9) 35.75% 2.19[-2.43,6.82]

MARINA 2006 478 -6.2 (22.7) 238 -9 (21.9) 64.25% 2.8[-0.65,6.25]

Subtotal *** 754   380   100% 2.58[-0.18,5.35]

Heterogeneity: Tau2=0; Chi2=0.04, df=1(P=0.84); I2=0%  

Test for overall effect: Z=1.83(P=0.07)  

   

1.18.7 Role difficulties  

ANCHOR 2006 276 5.7 (31.5) 142 0.7 (29.5) 46.63% 5.02[-1.1,11.13]

MARINA 2006 478 6.2 (29.1) 238 -7.1 (28.2) 53.37% 13.3[8.87,17.73]

Subtotal *** 754   380   100% 9.44[1.34,17.54]

Heterogeneity: Tau2=26.91; Chi2=4.62, df=1(P=0.03); I2=78.38%  

Test for overall effect: Z=2.28(P=0.02)  

   

1.18.8 Mental health  

ANCHOR 2006 276 12.1 (26.2) 142 5.4 (24.1) 46.13% 6.71[1.69,11.74]

MARINA 2006 478 12.3 (24.3) 238 -0.7 (23.5) 53.87% 12.95[9.26,16.65]

Subtotal *** 754   380   100% 10.07[3.98,16.17]

Heterogeneity: Tau2=14.41; Chi2=3.85, df=1(P=0.05); I2=73.99%  

Test for overall effect: Z=3.24(P=0)  

   

1.18.9 General vision  

ANCHOR 2006 276 11 (22.3) 142 3.8 (21.1) 42.27% 7.15[2.8,11.5]

MARINA 2006 478 9.1 (19.2) 238 -2.3 (18) 57.73% 11.4[8.54,14.27]

Subtotal *** 754   380   100% 9.61[5.49,13.72]

Heterogeneity: Tau2=5.5; Chi2=2.56, df=1(P=0.11); I2=60.89%  

Test for overall effect: Z=4.57(P<0.0001)  

   

1.18.10 Social functioning  

ANCHOR 2006 276 4.3 (25.8) 142 -0.4 (23.5) 46.65% 4.65[-0.27,9.58]

MARINA 2006 478 1.6 (23.5) 238 -9.5 (23.5) 53.35% 11.15[7.49,14.8]

Subtotal *** 754   380   100% 8.12[1.77,14.47]

Heterogeneity: Tau2=16.2; Chi2=4.31, df=1(P=0.04); I2=76.81%  

Test for overall effect: Z=2.51(P=0.01)  

   

1.18.11 Color vision  

ANCHOR 2006 273 -0.5 (21.3) 138 -4.3 (25) 33.28% 3.8[-1.07,8.68]

MARINA 2006 478 -0.5 (22.5) 238 -7.1 (21.9) 66.72% 6.64[3.2,10.08]

Subtotal *** 751   376   100% 5.7[2.89,8.51]

Heterogeneity: Tau2=0; Chi2=0.87, df=1(P=0.35); I2=0%  

Test for overall effect: Z=3.97(P<0.0001)  

   

1.18.12 Peripheral vision  
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Study or subgroup Ranibizumab Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

ANCHOR 2006 275 2.3 (28) 142 -1.4 (27.1) 43.19% 3.68[-1.87,9.23]

MARINA 2006 478 2 (25.1) 238 -7.1 (25.1) 56.81% 9.15[5.25,13.05]

Subtotal *** 753   380   100% 6.79[1.48,12.09]

Heterogeneity: Tau2=8.96; Chi2=2.49, df=1(P=0.11); I2=59.91%  

Test for overall effect: Z=2.51(P=0.01)  

   

1.18.13 Ocular pain  

ANCHOR 2006 276 1.7 (15.8) 142 2.5 (18.1) 33.3% -0.8[-4.31,2.7]

MARINA 2006 478 1.9 (16.5) 238 3.2 (15.7) 66.7% -1.25[-3.73,1.23]

Subtotal *** 754   380   100% -1.1[-3.13,0.92]

Heterogeneity: Tau2=0; Chi2=0.04, df=1(P=0.84); I2=0%  

Test for overall effect: Z=1.07(P=0.29)  

Favors control 2010-20 -10 0 Favors ranibizumab

 
 

Comparison 2.   Bevacizumab versus ranibizumab

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Gain of 15 or more letters visual
acuity at 1 year

8 3144 Risk Ratio (M-H, Random,
95% CI)

0.95 [0.81, 1.12]

2 Gain of 15 or more letters visual
acuity at 2 years

2   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

2.1 Participants in groups as random-
ized at baseline

2 1547 Risk Ratio (M-H, Random,
95% CI)

0.84 [0.64, 1.11]

2.2 Participants remaining in same
groups after re-randomization

2 1295 Risk Ratio (M-H, Random,
95% CI)

0.84 [0.64, 1.11]

3 Loss of fewer than 15 letters visual
acuity at 1 year

8 3144 Risk Ratio (M-H, Random,
95% CI)

1.00 [0.98, 1.02]

4 Loss of fewer than 15 letters visual
acuity at 2 years

2   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

4.1 Participants in groups as random-
ized at baseline

2 1547 Risk Ratio (M-H, Random,
95% CI)

0.97 [0.94, 1.00]

4.2 Participants remaining in same
groups after re-randomization

2 1295 Risk Ratio (M-H, Random,
95% CI)

0.98 [0.94, 1.01]

5 Visual acuity better than 20/200 at 1
year

4 2026 Risk Ratio (M-H, Random,
95% CI)

0.98 [0.96, 1.01]

6 Visual acuity better than 20/200 at 2
years

2   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

6.1 Participants in groups as random-
ized at baseline

2 1547 Risk Ratio (M-H, Random,
95% CI)

1.00 [0.95, 1.06]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.2 Participants remaining in same
groups after re-randomization

2 1295 Risk Ratio (M-H, Random,
95% CI)

1.01 [0.95, 1.06]

7 Mean change in visual acuity at 1
year (number of letters)

9 3190 Mean Difference (IV, Random,
95% CI)

-0.52 [-1.49, 0.45]

8 Mean change in visual acuity at 2
years (number of letters)

2 1295 Mean Difference (IV, Random,
95% CI)

-1.15 [-2.82, 0.51]

9 Reduction in central retinal thick-
ness at 1 year

6 2693 Mean Difference (IV, Random,
95% CI)

-11.61 [-21.55,
-1.66]

10 Reduction in central retinal thick-
ness at 2 years

2 1199 Mean Difference (IV, Random,
95% CI)

-12.40 [-33.83,
9.04]

11 No problems in quality of life do-
main at 1 year

1   Risk Ratio (M-H, Random,
95% CI)

Totals not select-
ed

11.1 Mobility 1   Risk Ratio (M-H, Random,
95% CI)

0.0 [0.0, 0.0]

11.2 Self-care 1   Risk Ratio (M-H, Random,
95% CI)

0.0 [0.0, 0.0]

11.3 Usual activities 1   Risk Ratio (M-H, Random,
95% CI)

0.0 [0.0, 0.0]

11.4 Pain/discomfort 1   Risk Ratio (M-H, Random,
95% CI)

0.0 [0.0, 0.0]

11.5 Anxiety/depression 1   Risk Ratio (M-H, Random,
95% CI)

0.0 [0.0, 0.0]

12 No problems in quality of life do-
main at 2 years

1   Risk Ratio (M-H, Random,
95% CI)

Totals not select-
ed

12.1 Mobility 1   Risk Ratio (M-H, Random,
95% CI)

0.0 [0.0, 0.0]

12.2 Self-care 1   Risk Ratio (M-H, Random,
95% CI)

0.0 [0.0, 0.0]

12.3 Usual activities 1   Risk Ratio (M-H, Random,
95% CI)

0.0 [0.0, 0.0]

12.4 Pain/discomfort 1   Risk Ratio (M-H, Random,
95% CI)

0.0 [0.0, 0.0]

12.5 Anxiety/depression 1   Risk Ratio (M-H, Random,
95% CI)

0.0 [0.0, 0.0]

13 Loss of fewer than 30 letters visual
acuity at 1 year

1   Risk Ratio (M-H, Fixed, 95%
CI)

Subtotals only
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Analysis 2.1.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 1 Gain of 15 or more letters visual acuity at 1 year.

Study or subgroup Bevacizumab Ranibizumab Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Biswas 2011 6/50 14/54 3.08% 0.46[0.19,1.11]

BRAMD 2016 39/161 32/166 11.45% 1.26[0.83,1.9]

CATT 2011 159/536 168/569 31.19% 1[0.84,1.21]

GEFAL 2013 39/191 39/183 12.33% 0.96[0.65,1.42]

IVAN 2013 40/251 64/273 14.41% 0.68[0.48,0.97]

LUCAS 2015 47/184 50/187 15.24% 0.96[0.68,1.35]

MANTA 2013 36/154 35/163 11.64% 1.09[0.72,1.64]

Subramanian 2010 5/15 1/7 0.65% 2.33[0.33,16.41]

   

Total (95% CI) 1542 1602 100% 0.95[0.81,1.12]

Total events: 371 (Bevacizumab), 403 (Ranibizumab)  

Heterogeneity: Tau2=0.01; Chi2=9.31, df=7(P=0.23); I2=24.81%  

Test for overall effect: Z=0.6(P=0.55)  

Favors ranibizumab 100.1 50.2 20.5 1 Favors bevacizumab

 
 

Analysis 2.2.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 2 Gain of 15 or more letters visual acuity at 2 years.

Study or subgroup Bevacizumab Ranibizumab Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.2.1 Participants in groups as randomized at baseline  

CATT 2011 144/502 162/528 63.9% 0.93[0.77,1.13]

IVAN 2013 41/249 63/268 36.1% 0.7[0.49,1]

Subtotal (95% CI) 751 796 100% 0.84[0.64,1.11]

Total events: 185 (Bevacizumab), 225 (Ranibizumab)  

Heterogeneity: Tau2=0.02; Chi2=2.01, df=1(P=0.16); I2=50.17%  

Test for overall effect: Z=1.23(P=0.22)  

   

2.2.2 Participants remaining in same groups after re-randomization  

CATT 2011 112/380 125/398 62.04% 0.94[0.76,1.16]

IVAN 2013 41/249 63/268 37.96% 0.7[0.49,1]

Subtotal (95% CI) 629 666 100% 0.84[0.64,1.11]

Total events: 153 (Bevacizumab), 188 (Ranibizumab)  

Heterogeneity: Tau2=0.02; Chi2=1.94, df=1(P=0.16); I2=48.54%  

Test for overall effect: Z=1.23(P=0.22)  

Favors ranibizumab 200.05 50.2 1 Favors bevacizumab

 
 

Analysis 2.3.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 3 Loss of fewer than 15 letters visual acuity at 1 year.

Study or subgroup Bevacizumab Ranibizumab Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Biswas 2011 50/50 52/54 8.75% 1.04[0.97,1.11]

Favors ranibizumab 20.5 1.50.7 1 Favors bevacizumab

Anti-vascular endothelial growth factor for neovascular age-related macular degeneration (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

104



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup Bevacizumab Ranibizumab Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

BRAMD 2016 143/161 158/166 8.56% 0.93[0.87,1]

CATT 2011 497/536 540/569 25.55% 0.98[0.95,1.01]

GEFAL 2013 174/191 165/183 8.43% 1.01[0.95,1.08]

IVAN 2013 240/251 260/273 19.76% 1[0.97,1.04]

LUCAS 2015 177/184 179/187 17.04% 1[0.96,1.05]

MANTA 2013 146/154 153/163 11.56% 1.01[0.96,1.07]

Subramanian 2010 15/15 6/7 0.35% 1.19[0.84,1.68]

   

Total (95% CI) 1542 1602 100% 1[0.98,1.02]

Total events: 1442 (Bevacizumab), 1513 (Ranibizumab)  

Heterogeneity: Tau2=0; Chi2=8.98, df=7(P=0.25); I2=22.03%  

Test for overall effect: Z=0.42(P=0.67)  

Favors ranibizumab 20.5 1.50.7 1 Favors bevacizumab

 
 

Analysis 2.4.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 4 Loss of fewer than 15 letters visual acuity at 2 years.

Study or subgroup Bevacizumab Ranibizumab Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.4.1 Participants in groups as randomized at baseline  

CATT 2011 447/502 488/528 65.47% 0.96[0.93,1]

IVAN 2013 226/249 245/268 34.53% 0.99[0.94,1.05]

Subtotal (95% CI) 751 796 100% 0.97[0.94,1]

Total events: 673 (Bevacizumab), 733 (Ranibizumab)  

Heterogeneity: Tau2=0; Chi2=0.78, df=1(P=0.38); I2=0%  

Test for overall effect: Z=1.66(P=0.1)  

   

2.4.2 Participants remaining in same groups after re-randomization  

CATT 2011 341/380 370/398 60.71% 0.97[0.92,1.01]

IVAN 2013 226/249 245/268 39.29% 0.99[0.94,1.05]

Subtotal (95% CI) 629 666 100% 0.98[0.94,1.01]

Total events: 567 (Bevacizumab), 615 (Ranibizumab)  

Heterogeneity: Tau2=0; Chi2=0.63, df=1(P=0.43); I2=0%  

Test for overall effect: Z=1.41(P=0.16)  

Favors ranibizumab 20.5 1.50.7 1 Favors bevacizumab

 
 

Analysis 2.5.   Comparison 2 Bevacizumab versus ranibizumab, Outcome 5 Visual acuity better than 20/200 at 1 year.

Study or subgroup Bevacizumab Ranibizumab Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

CATT 2011 495/536 534/569 63.34% 0.98[0.95,1.02]

GEFAL 2013 161/191 149/183 7.69% 1.04[0.94,1.14]

IVAN 2013 230/252 257/273 28.12% 0.97[0.92,1.02]

Subramanian 2010 13/15 7/7 0.86% 0.9[0.68,1.19]

   

Total (95% CI) 994 1032 100% 0.98[0.96,1.01]

Total events: 899 (Bevacizumab), 947 (Ranibizumab)  

Favors ranibizumab 20.5 1.50.7 1 Favors bevacizumab
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Study or subgroup Bevacizumab Ranibizumab Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Tau2=0; Chi2=2.05, df=3(P=0.56); I2=0%  

Test for overall effect: Z=1.31(P=0.19)  

Favors ranibizumab 20.5 1.50.7 1 Favors bevacizumab

 
 

Analysis 2.6.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 6 Visual acuity better than 20/200 at 2 years.

Study or subgroup Bevacizumab Ranibizumab Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.6.1 Participants in groups as randomized at baseline  

CATT 2011 461/502 493/528 66.61% 0.98[0.95,1.02]

IVAN 2013 211/249 218/268 33.39% 1.04[0.96,1.13]

Subtotal (95% CI) 751 796 100% 1[0.95,1.06]

Total events: 672 (Bevacizumab), 711 (Ranibizumab)  

Heterogeneity: Tau2=0; Chi2=2.02, df=1(P=0.16); I2=50.45%  

Test for overall effect: Z=0.09(P=0.93)  

   

2.6.2 Participants remaining in same groups after re-randomization  

CATT 2011 353/380 374/398 68.1% 0.99[0.95,1.03]

IVAN 2013 211/249 218/268 31.9% 1.04[0.96,1.13]

Subtotal (95% CI) 629 666 100% 1.01[0.95,1.06]

Total events: 564 (Bevacizumab), 592 (Ranibizumab)  

Heterogeneity: Tau2=0; Chi2=1.73, df=1(P=0.19); I2=42.23%  

Test for overall effect: Z=0.19(P=0.85)  

Favors ranibizumab 20.5 1.50.7 1 Favors bevacizumab

 
 

Analysis 2.7.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 7 Mean change in visual acuity at 1 year (number of letters).

Study or subgroup Bevacizumab Ranibizumab Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Biswas 2011 50 0.5 (15.6) 54 3.2 (12) 3.25% -2.7[-8.09,2.69]

BRAMD 2016 161 5.1 (14.1) 166 6.4 (12.2) 11.56% -1.31[-4.17,1.55]

CATT 2011 536 6.9 (15.8) 569 7.6 (13.6) 31.08% -0.71[-2.45,1.03]

GEFAL 2013 191 4.8 (14.9) 183 2.9 (15.1) 10.24% 1.89[-1.15,4.93]

IVAN 2013 251 4.7 (12.5) 273 6.4 (12.8) 20.09% -1.7[-3.87,0.47]

LUCAS 2015 184 7.9 (13.4) 187 8.2 (12.5) 13.56% -0.3[-2.94,2.34]

MANTA 2013 154 4.9 (15.1) 163 4.1 (14.9) 8.67% 0.8[-2.5,4.1]

Scholler 2014 20 64.8 (17) 26 59.1 (16.6) 0.98% 5.7[-4.11,15.51]

Subramanian 2010 15 7.5 (15.3) 7 6.3 (13.7) 0.58% 1.2[-11.57,13.97]

   

Total *** 1562   1628   100% -0.52[-1.49,0.45]

Heterogeneity: Tau2=0; Chi2=6.78, df=8(P=0.56); I2=0%  

Test for overall effect: Z=1.04(P=0.3)  

Favors ranibizumab 105-10 -5 0 Favors bevacizumab
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Analysis 2.8.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 8 Mean change in visual acuity at 2 years (number of letters).

Study or subgroup Bevacizumab Ranibizumab Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

CATT 2011 380 6 (17.2) 398 7.4 (15.1) 53.89% -1.46[-3.73,0.82]

IVAN 2013 249 4.1 (13.5) 268 4.9 (15) 46.11% -0.8[-3.26,1.66]

   

Total *** 629   666   100% -1.15[-2.82,0.51]

Heterogeneity: Tau2=0; Chi2=0.15, df=1(P=0.7); I2=0%  

Test for overall effect: Z=1.36(P=0.18)  

Favors ranibizumab 105-10 -5 0 Favors bevacizumab

 
 

Analysis 2.9.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 9 Reduction in central retinal thickness at 1 year.

Study or subgroup Bevacizumab Ranibizumab Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Biswas 2011 50 26.4 (59.9) 54 27.6 (69.2) 16.06% -1.15[-25.97,23.67]

BRAMD 2016 161 131 (129) 166 138 (117) 13.86% -7[-33.72,19.72]

CATT 2011 525 157.9
(179.4)

558 182.1
(181.4)

21.41% -24.11[-45.61,-2.61]

GEFAL 2013 187 95 (132.8) 181 107.2
(103.3)

16.82% -12.27[-36.53,11.99]

IVAN 2013 210 139 (183) 230 155 (182) 8.49% -16[-50.14,18.14]

LUCAS 2015 184 112 (105) 187 120 (97) 23.37% -8[-28.58,12.58]

   

Total *** 1317   1376   100% -11.61[-21.55,-1.66]

Heterogeneity: Tau2=0; Chi2=2.28, df=5(P=0.81); I2=0%  

Test for overall effect: Z=2.29(P=0.02)  

Favors ranibizumab 10050-100 -50 0 Favors bevacizumab

 
 

Analysis 2.10.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 10 Reduction in central retinal thickness at 2 years.

Study or subgroup Bevacizumab Ranibizumab Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

CATT 2011 375 162.1
(191.5)

389 174.1
(184.3)

64.61% -12.01[-38.68,14.66]

IVAN 2013 217 133.8 (205) 218 146.9
(177.4)

35.39% -13.1[-49.13,22.93]

   

Total *** 592   607   100% -12.4[-33.83,9.04]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.96); I2=0%  

Test for overall effect: Z=1.13(P=0.26)  

Favors ranibizumab 10050-100 -50 0 Favors bevacizumab
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Analysis 2.11.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 11 No problems in quality of life domain at 1 year.

Study or subgroup Bevacizumab Ranibizumab Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

2.11.1 Mobility  

IVAN 2013 155/262 173/286 0.98[0.85,1.12]

   

2.11.2 Self-care  

IVAN 2013 217/262 246/286 0.96[0.9,1.04]

   

2.11.3 Usual activities  

IVAN 2013 178/262 199/286 0.98[0.87,1.09]

   

2.11.4 Pain/discomfort  

IVAN 2013 158/262 168/285 1.02[0.89,1.17]

   

2.11.5 Anxiety/depression  

IVAN 2013 188/262 214/286 0.96[0.87,1.06]

Favors ranibizumab 20.5 1.50.7 1 Favors bevacizumab

 
 

Analysis 2.12.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 12 No problems in quality of life domain at 2 years.

Study or subgroup Bevacizumab Ranibizumab Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

2.12.1 Mobility  

IVAN 2013 171/247 176/267 1.05[0.93,1.18]

   

2.12.2 Self-care  

IVAN 2013 218/247 247/267 0.95[0.9,1.01]

   

2.12.3 Usual activities  

IVAN 2013 179/247 197/267 0.98[0.88,1.09]

   

2.12.4 Pain/discomfort  

IVAN 2013 145/247 154/267 1.02[0.88,1.18]

   

2.12.5 Anxiety/depression  

IVAN 2013 203/247 220/267 1[0.92,1.08]

Favors ranibizumab 20.5 1.50.7 1 Favors bevacizumab

 
 

Analysis 2.13.   Comparison 2 Bevacizumab versus ranibizumab,
Outcome 13 Loss of fewer than 30 letters visual acuity at 1 year.

Study or subgroup Bevacizumab Ranibizumab Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Scholler 2014 1/20 1/26 0% 1.3[0.09,19.53]

Favours Bevacizumab 1000.01 100.1 1 Favours Ranibizumab
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A D D I T I O N A L   T A B L E S
 

Acronym Details

Included studies

ABC The Avastin® (Bevacizumab) in Choroidal Neovascularization Trial

ANCHOR Anti-VEGF Antibody for the Treatment of Predominantly Classic Choroidal Neovascularization in
Age-related Macular Degeneration

BRAMD Comparison of Bevacizumab (Avastin®) and Ranibizumab (Lucentis®) in Exudative Age-related Mac-
ular Degeneration

CATT Comparison of Age-related Macular Degeneration Treatment Trials

GEFAL French Evaluation Group Avastin® Versus Lucentis®

IVAN A Randomized Controlled Trial of Alternative Treatments to Inhibit VEGF in Age-related Choroidal
Neovascularisation

LUCAS Lucentis® Compared to Avastin® Study

MANTA A Randomized Observer and Subject Masked Trial Comparing the Visual Outcome After Treatment
With Ranibizumab or Bevacizumab in Patients With Neovascular Age-related Macular Degeneration
Multicenter Anti-VEGF Trial in Austria

MARINA Minimally Classic/Occult Trial of the Anti-VEGF Antibody Ranibizumab in the Treatment of Neovas-
cular Age-Related Macular Degeneration

PIER A Phase IIIb, Multicenter, Randomized, Double-Masked, Sham Injection-Controlled Study of the Ef-
ficacy and Safety of Ranibizumab in Subjects With Subfoveal Choroidal Neovascularization With or
Without Classic CNV Secondary to Age-related Macular Degeneration

SAVE-AMD Safety of VEGF Inhibitors in Age-Related Macular Degeneration

VISION VEGF Inhibition Study in Ocular Neovascularization

Ongoing study

VIBERA Prevention of Vision Loss in Patients With Age-Related Macular Degeneration by Intravitreal Injec-
tion of Bevacizumab and Ranibizumab

Table 1.   Table of study acronyms 

 
 

Study

Treatment peri-
od

Intervention 1 Intervention 2 Intervention 3 Intervention 4

Pegaptanib vs control

Table 2.   Treatment groups in included trials 
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VISION 2004

2 years; re-ran-
domized at end
of first year

0.3 mg pegaptanib every 6 weeks 1.0 mg pegaptanib every 6 weeks 3.0 mg pegap-
tanib every 6
weeks

Sham every 6
weeks

Ranibizumab vs control

ANCHOR 2006

2 years

0.3 mg ranibizumab monthly plus
sham verteporfin PDT

0.5 mg ranibizumab monthly plus
sham verteporfin PDT

Sham intravitre-
al injection plus
verteporfin PDT

-

MARINA 2006

2 years

0.3 mg ranibizumab monthly 0.5 mg ranibizumab monthly Sham intravit-
real injection
monthly

-

PIER 2008

2 years

0.3 mg ranibizumab monthly for 3
months, then every 3 months

0.5 mg ranibizumab monthly for 3
months, then every 3 months

Sham intravit-
real injection
monthly for 3
months, then
every 3 months

-

Bevacizumab vs control

ABC 2010

1 year

1.25 mg bevacizumab given first 3
injections every 6 weeks, then as
needed

Standard therapy (0.3 mg pegap-
tanib every 6 weeks, verteporfin
PDT, or sham injection)

- -

Sacu 2009

1 year

1.0 mg bevacizumab monthly for
3 months, then as needed

Verteporfin PDT plus same day 4
mg triamcinolone acetonide

- -

Bevacizumab vs ranibizumab

CATT 2011

2 years; re-ran-
domized at end
of first year

1.25 mg bevacizumab monthly for
1 year; at 1 year, re-randomization
to ranibizumab monthly or vari-
able dosing

0.5 mg ranibizumab monthly for 1
year; at 1 year, re-randomization
to ranibizumab monthly or vari-
able dosing

1.25 mg be-
vacizumab as
needed after first
injection for 2
years

0.5 mg
ranibizumab as
needed after first
injection for 2
years

IVAN 2013

2 years; ongoing

1.25 mg bevacizumab monthly for
2 years

0.5 mg ranibizumab monthly for 2
years

1.25 mg beva-
cizumab month-
ly for 3 months,
then as needed
in 3-month cy-
cles

0.5 mg
ranibizumab
monthly for 3
months, then
as needed in 3-
month cycles

Biswas 2011
18 months

1.25 mg bevacizumab monthly for
3 months, then as needed

0.5 mg ranibizumab monthly for 3
months, then as needed

- -

BRAMD 2016
1 year

1.25 mg bevacizumab monthly for
1 year

0.5 mg ranibizumab monthly for 1
year

- -

GEFAL 2013

1 year

1.25 mg bevacizumab; maximum
of 1 injection per month

0.5 mg ranibizumab; maximum of
1 injection per month

- -

LUCAS 2015 1.25 mg bevacizumab; treat and
extend protocol

0.5 mg ranibizumab; treat and ex-
tend protocol

- -

Table 2.   Treatment groups in included trials  (Continued)
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1 year

MANTA 2013
1 year

1.25 mg bevacizumab monthly for
3 months, then as needed

0.5 mg ranibizumab monthly for 3
months, then as needed

- -

SAVE-AMD 2017

1 year

1.25 mg bevacizumab at day 1 and
at week 4, then as needed

0.5 mg ranibizumab at day 1 and
at week 4, then as needed

- -

Scholler 2014

1 year

1.25 mg bevacizumab for 3
months, at 30-day intervals, then
as needed

0.5 mg ranibizumab for 3 months,
at 30-day intervals, then as need-
ed

- -

Subramanian
2010

1 year

0.05 mL bevacizumab monthly for
3 months, then as needed

0.05 mL ranibizumab monthly for
3 months, then as needed

- -

Table 2.   Treatment groups in included trials  (Continued)

PDT: photodynamic therapy.
 
 

Ocular adverse eventa 0.3 mg pe-
gaptanib
n = 295

1.0 mg pe-
gaptanib
n = 301

3.0 mg pe-
gaptanib
n = 296

All dos-
es pegap-
tanib
n = 892

Control
n = 298

RR [95% CI]
All doses vs control

Any eye disorder 9 (3%) 4 (1%) 10 (3%) 23 (3%) 2 (< 1%) 3.84 [0.91 to 16.20]

Endophthalmitis 6 (2%) 3 (1%) 3 (1%) 12 (1%) 0 8.37 [0.50 to 140.95]

Retinal detachment 1 (< 1%) 2 (< 1%) 2 (< 1%) 5 (< 1%) 0 3.68 [0.20 to 66.41]

Traumatic cataract 1 (< 1%) 2 (< 1%) 2 (< 1%) 5 (< 1%) 0 3.68 [0.20 to 66.41]

Retinal hemorrhage 1 (< 1%) 0 1 (< 1%) 2 (< 1%) 0 1.67 [0.08 to 34.77]

Vitreous hemorrhage 0 0 1 (< 1%) 1 (< 1%) 0 1.00 [0.04 to 24.59]

Uveitis 0 0 1 (< 1%) 1 (< 1%) 0 1.00 [0.04 to 24.59]

Elevated intraocular pressure 1 (< 1%) 0 0 1 (< 1%) 0 1.00 [0.04 to 24.59]

Papilledema 0 0 0 0 1 (< 1%) 0.11 [0.00 to 2.73]

Non-ocular adverse eventa 0.3 mg pe-
gaptanib
n = 295

1.0 mg pe-
gaptanib
n = 301

3.0 mg pe-
gaptanib
n = 296

All dos-
es pegap-
tanib
n = 892

Control
n = 298

RR [95% CI]
All doses vs control

At least 1 serious adverse
event

55 (19%) 50 (17%) 64 (22%) 169 (19%) 45 (15%) 1.25 [0.93 to 1.70]

Cardiac disorders 11 (4%) 4 (1%) 10 (3%) 25 (3%) 14 (5%) 0.60 [0.31 to 1.13]

Neoplasms (benign, malig-
nant, unspecified)

11 (4%) 7 (2%) 8 (3%) 26 (3%) 12 (4%) 0.72 [0.37 to 1.42]

Table 3.   Adverse events up to 1 year: pegaptanib versus control 
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Injury and procedural compli-
cations, such as fractures (also
includes traumatic cataracts)

10 (3%) 9 (3%) 8 (3%) 27 (3%) 3 (1%) 3.01 [0.92 to 9.84]

Nervous system disorders 10 (3%) 5 (2%) 10 (3%) 25 (3%) 7 (2%) 1.19 [0.52 to 2.73]

Infections and infestations 2 (<1%) 7 (2%) 11 (4%) 20 (2%) 5 (2%) 1.34 [0.51 to 3.53]

Gastrointestinal disorders 3 (1%) 6 (2%) 5 (2%) 14 (2%) 4 (1%) 1.17 [0.39 to 3.52]

Respiratory, thoracic, medi-
astinal disorders

2 (< 1%) 5 (2%) 5 (2%) 12 (1%) 4 (1%) 1.00 [0.33 to 3.08]

Musculoskeletal and connec-
tive tissue

1 (< 1%) 5 (2%) 3 (1%) 9 (1%) 2 (<1%) 1.50 [0.33 to 6.92]

Renal and urinary disorders 2 (< 1%) 3 (1%) 2 (<1%) 7 (<1%) 3 (1%) 0.78 [0.20 to 3.00]

Vascular disorders 3 (1%) 2 (< 1%) 2 (< 1%) 7 (< 1%) 3 (1%) 0.78 [0.20 to 3.00]

Table 3.   Adverse events up to 1 year: pegaptanib versus control  (Continued)

CI: confidence interval.
RR: risk ratio.
aMost frequent serious adverse events experienced by 1190 participants in the VISION 2004 study.
 
 

Ocular adverse eventa 0.3 mg
ranibizumab
n = 196

0.5 mg
ranibizumab
n = 201

All doses
ranibizumab
n = 397

Control
n = 206

RR [95% CI]
All doses vs control

Endophthalmitis 0 2 (< 1%) 2 (< 1%) 0 2.60 [0.13 to 53.92]

Retinal detachment 1 (< 1%) 0 1 (< 1%) 1 (< 1%) 0.52 [0.03 to 8.25]

Traumatic cataract 18 (9%) 22 (11%) 40 (10%) 14 (7%) 1.48 [0.83 to 2.66]

Retinal hemorrhage 2 (1%) 0 2 (< 1%) 2 (< 1%) 0.52 [0.07 to 3.66]

Vitreous hemorrhage 1 (< 1%) 0 1 (< 1%) 0 1.56 [0.06 to 38.13]

Uveitis 0 1 (< 1%) 1 (< 1%) 0 1.56 [0.06 to 38.13]

Elevated intraocular pressure
(≥ 30 mmHg increase)

13 (7%) 17 (8%) 30 (8%) 7 (3%) 2.22 [0.99 to 4.98]

Ocular inflammation (trace to
4+)

21 (11%) 26 (13%) 47 (12%) 9 (4%) 2.71 [1.36 to 5.42]

Non-ocular adverse eventa 0.3 mg
ranibizumab
n = 196

0.5 mg
ranibizumab
n = 201

All doses
ranibizumab
n = 397

Control
n = 206

RR [95% CI]
All doses vs control

Death 3 (2%) 2 (<1%) 5 (1%) 2 (< 1%) 1.30 [0.25 to 6.63]

Myocardial infarction 1 (< 1%) 3 (1%) 4 (1%) 1 (< 1%) 2.08 [0.23 to 18.45]

Table 4.   Adverse events up to 1 year: ranibizumab versus control 
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Stroke or cerebral infarction 1 (< 1%) 1 (< 1%) 2 (< 1%) 1 (< 1%) 1.04 [0.09 to 11.38]

Ischemic cardiomyopathy 0 0 0 1 (< 1%) 0.17 [0.01 to 4.24]

Treatment-emergent hyper-
tension

7 (4%) 15 (7%) 22 (6%) 17 (8%) 0.67 [0.36 to 1.24]

Non-ocular hemorrhage 9 (5%) 13 (6%) 22 (6%) 6 (3%) 1.90 [0.78 to 4.62]

Table 4.   Adverse events up to 1 year: ranibizumab versus control  (Continued)

CI: confidence interval.
RR: risk ratio.
aAdverse events experienced by 420 participants in ANCHOR 2006 and by 183 participants in PIER 2008. Adverse events at 1-year follow-
up not reported in MARINA 2006.
 
 

Ocular adverse eventa 0.3 mg
ranibizumab
n = 434

0.5 mg
ranibizumab
n = 440

All doses
ranibizumab
n = 874

Control
n = 441

RR [95% CI]
All doses vs control

Endophthalmitis 2 (< 1%) 6 (1%) 8 (< 1%) 0 8.59 [0.50 to 148.44]

Retinal detachment 2 (< 1%) 0 2 (< 1%) 2 (< 1%) 0.50 [0.07 to 3.57]

Traumatic cataract 65 (15%) 76 (17%) 141 (16%) 57 (13%) 1.25 [0.94 to 1.66]

Retinal hemorrhage 1 (< 1%) 0 1 (< 1%) 1 (< 1%) 0.50 [0.03 to 8.05]

Vitreous hemorrhage 3 (< 1%) 1 (< 1%) 4 (< 1%) 2 (< 1%) 1.01 [0.19 to 5.49]

Uveitis 3 (< 1%) 4 (< 1%) 7 (<1%) 0 7.58 [0.43 to 132.36]

Elevated intraocular pressure

(≥ 30 mmHg increase)b

45 (15%) 61 (20%) 106 (18%) 11 (4%) 4.81 [2.63 to 8.81]

Ocular inflammation (1+ to
4+)

32 (7%) 30 (7%) 62 (7%) 8 (2%) 3.91 [1.89 to 8.09]

Non-ocular adverse eventa 0.3 mg
ranibizumab
n = 434

0.5 mg
ranibizumab
n = 440

All doses
ranibizumab
n = 874

Control
n = 441

RR [95% CI]
All doses vs control

Death 12 (3%) 9 (2%) 21 (2%) 13 (3%) 0.82 [0.41 to 1.61]

Myocardial infarction 7 (2%) 8 (2%) 15 (2%) 7 (2%) 1.08 [0.44 to 2.63]

Stroke or cerebral infarction 6 (1%) 6 (1%) 12 (1%) 5 (1%) 1.21 [0.43 to 3.42]

Ischemic cardiomyopathy 0 0 0 1 (< 1%) 0.17 [0.01 to 4.12]

Treatment-emergent hyper-
tension

60 (14%) 69 (16%) 129 (15%) 68 (15%) 0.96 [0.73 to 1.25]

Non-ocular hemorrhage 38 (9%) 40 (9%) 78 (9%) 24 (5%) 1.64 [1.05 to 2.55]

Table 5.   Adverse events up to 2 years: ranibizumab versus control 
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CI: confidence interval.
RR: risk ratio.
aAdverse events experienced by 420 participants in ANCHOR 2006; 713 participants in MARINA 2006; and 182 participants in PIER 2008.
bAdverse events for elevated intraocular pressure not reported in ANCHOR 2006 at 2-year follow-up (n = 297 in 0.3 mg ranibizumab group,
n = 300 in 0.5 mg ranibizumab group, and n = 298 in 0.3 mg control group).
 
 

Bevacizumab RanibizumabSerious ocular
adverse event

Studies reporting adverse

events1

Number
with event

Total par-
ticipants

Number
with event

Total par-
ticipants

RR [95% CI]
Bevacizumab
vs ranibizum-
ab

Endophthalmiti-

sa

CATT 2011; GEFAL 2013; LUCAS
2015

5 (< 1%) 1052 3 (< 1%) 1059 1.68 [0.40 to
7.00]

Retinal detach-
ment

CATT 2011; GEFAL 2013 3 (< 1%) 832 0 838 7.05 [0.36 to
136.28]

Retinal pigment
epithelial tear

CATT 2011; IVAN 2013; LUCAS
2015

4 (< 1%) 1102 3 (< 1%) 1134 1.37 [0.31 to
6.12]

Traumatic
cataract

CATT 2011; GEFAL 2013; IVAN
2013

1 (< 1%) 1128 2 (< 1%) 1152 0.51 [0.05 to
5.62]

Severe uveitis CATT 2011; IVAN 2013 4 (< 1%) 882 1 (< 1%) 913 4.14 [0.46 to
36.97]

Bevacizumab RanibizumabNon-ocular ad-
verse event

Studies reporting adverse

events2

Number
with event

Total par-
ticipants

Number
with event

Total par-
ticipants

RR [95% CI]
Bevacizumab
vs ranibizum-
ab

At least 1 serious
adverse event

BRAMD 2016; CATT 2011; GEFAL
2013; IVAN 2013; LUCAS 2015;
MANTA 2013

298 (18%) 1663 265 (16%) 1702 1.15 [0.99 to
1.34]

Death BRAMD 2016; CATT 2011; GEFAL
2013; IVAN 2013; LUCAS 2015;
MANTA 2013

30 (2%) 1663 28 (2%) 1702 1.10 [0.66 to
1.83]

Myocardial in-
farction

CATT 2011; GEFAL 2013; IVAN
2013; LUCAS 2015; MANTA 2013

8 (< 1%) 1502 16 (1%) 1536 0.51 [0.22 to
1.19]

Stroke or cere-
bral infarction

CATT 2011; GEFAL 2013; IVAN
2013; LUCAS 2015; MANTA 2013

7 (< 1%) 1502 11 (< 1%) 1536 0.65 [0.25 to
1.67]

Transient is-
chemic attack

CATT 2011; GEFAL 2013; IVAN
2013; LUCAS 2015

6 (< 1%) 1348 4 (< 1%) 1373 1.53 [0.43 to
5.40]

Venous throm-
botic event

CATT 2011; GEFAL 2013; IVAN
2013; LUCAS 2015

8 (< 1%) 1348 4 (< 1%) 1373 2.04 [0.61 to
6.75]

Cardiac disor-
ders

BRAMD 2016; CATT 2011; GEFAL
2013; IVAN 2013; LUCAS 2015;
MANTA 2013

46 (3%) 1663 56 (3%) 1702 0.84 [0.57 to
1.23]

Table 6.   Adverse events up to 1 year: bevacizumab versus ranibizumab 
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Gastrointestinal
disorders

BRAMD 2016; CATT 2011; GEFAL
2013; IVAN 2013; LUCAS 2015;
MANTA 2013

31 (2%) 1663 18 (1%) 1702 1.76 [0.99 to
3.14]

Infections BRAMD 2016; CATT 2011; GEFAL
2013; IVAN 2013; LUCAS 2015;
MANTA 2013

50 (3%) 1663 36 (2%) 1702 1.42 [0.93 to
2.17]

Injury and proce-
dural complica-
tions

BRAMD 2016 CATT 2011; GEFAL
2013; IVAN 2013; LUCAS 2015;
MANTA 2013

36 (2%) 1663 29 (2%) 1702 1.27 [0.78 to
2.06]

Neoplasms (be-
nign, malignant,
unspecified)

BRAMD 2016; CATT 2011; GEFAL
2013; IVAN 2013; LUCAS 2015;
MANTA 2013

32 (2%) 1663 33 (2%) 1702 0.99 [0.61 to
1.61]

Nervous system
disorders

BRAMD 2016; CATT 2011; GEFAL
2013; IVAN 2013; LUCAS 2015;
MANTA 2013

29 (2%) 1663 26 (2%) 1702 1.14 [0.68 to
1.93]

Surgical or med-
ical procedure

BRAMD 2016 CATT 2011; GEFAL
2013; IVAN 2013; LUCAS 2015;
MANTA 2013

40 (2%) 1663 29 (2%) 1702 1.41 [0.88 to
2.27]

Table 6.   Adverse events up to 1 year: bevacizumab versus ranibizumab  (Continued)

CI: confidence interval.
RR: risk ratio.
aIncludes endophthalmitis and pseudo-endophthalmitis.
1CATT 2011 (n = 586 in bevacizumab group; n = 599 in ranibizumab group); GEFAL 2013 (n = 246 in bevacizumab group; n = 239 in ranibizumab
group); IVAN 2013 (n = 296 in bevacizumab group; n = 314 in ranibizumab group); LUCAS 2015 (n = 220 in bevacizumab group; n = 221 in
ranibizumab group).
2BRAMD 2016 (n = 161 in bevacizumab group; n = 166 in ranibizumab group); CATT 2011 (n = 586 in bevacizumab group; n = 599 in
ranibizumab group); GEFAL 2013 (n = 246 in bevacizumab group; n = 239 in ranibizumab group); IVAN 2013 (n = 296 in bevacizumab group; n =
314 in ranibizumab group); LUCAS 2015 (n = 220 in bevacizumab group; n = 221 in ranibizumab group); MANTA 2013 (n = 154 in bevacizumab
group; n = 163 in ranibizumab group).
 
 

Ocular adverse event (CATT trial)a Bevacizumab
n = 586

Ranibizumab
n = 599

RR [95% CI]
Bevacizumab vs ranibizumab

Endophthalmitis 7 (1%) 4 (< 1%) 1.79 [0.53 to 6.08]

Ocular adverse event (IVAN trial)b Bevacizumab
n = 296

Ranibizumab
n = 314

RR [95% CI]
Bevacizumab vs ranibizumab

Traumatic cataract 1 (< 1%) 1 (< 1%) 1.06 [0.07 to 16.88]

Severe uveitis 1 (< 1%) 0 3.18 [0.13 to 77.80]

Retinal detachment 0 1 (< 1%) 0.35 [0.01 to 8.64]

Retinal pigment epithelial tear 1 (< 1%) 3 (< 1%) 0.35 [0.04 to 3.38]

Non-ocular adverse eventc Bevacizumab
n = 882

Ranibizumab
n = 913

RR [95% CI]
Bevacizumab vs ranibizumab

Table 7.   Adverse events up to 2 years: bevacizumab versus ranibizumab 

Anti-vascular endothelial growth factor for neovascular age-related macular degeneration (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

115



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

At least 1 serious adverse event 314 (36%) 271 (30%) 1.20 [1.05 to 1.37]

Death 51 (6%) 47 (5%) 1.12 [0.76 to 1.65]

Myocardial infarction 11 (1%) 13 (1%) 0.88 [0.39 to 1.94]

Stroke or cerebral infarction 11 (1%) 14 (2%) 0.81 [0.37 to 1.78]

Venous thrombotic event 14 (2%) 6 (< 1%) 2.42 [0.93 to 6.26]

Transient ischemic attack 1 (< 1%) 1 (< 1%) 1.04 [0.06 to 16.52]

Cardiac disorders 81 (9%) 67 (7%) 1.25 [0.92 to 1.71]

Gastrointestinal disorders 37 (4%) 14 (2%) 2.74 [1.49 to 5.02]

Infections 66 (7%) 50 (5%) 1.37 [0.96 to 1.95]

Injury and procedural complications 45 (5%) 35 (4%) 1.33 [0.86 to 2.05]

Neoplasms (benign, malignant, unspecified) 36 (4%) 38 (4%) 0.98 [0.63 to 1.53]

Nervous system disorders 44 (5%) 43 (5%) 1.06 [0.70 to 1.60]

Surgical or medical procedure 14 (5%) 16 (5%) 0.91 [0.44 to 1.84]

Table 7.   Adverse events up to 2 years: bevacizumab versus ranibizumab  (Continued)

CI: confidence interval.
RR: risk ratio.
aAdverse events for endophthalmitis not reported in IVAN 2013; data for CATT 2011 only.
bAdverse events for traumatic cataract, uveitis, retinal detachment, retinal pigment epithelial tear, transient ischemic attack, and surgical
or medical procedure not reported in CATT 2011; data for IVAN 2013 study only.
cAdverse events experienced by 1185 participants in CATT 2011 and by 610 participants in IVAN 2013.
 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

#1 MeSH descriptor: [Macular Degeneration] explode all trees
#2 MeSH descriptor: [Retinal Degeneration] explode all trees
#3 MeSH descriptor: [Retinal Neovascularization] explode all trees
#4 MeSH descriptor: [Choroidal Neovascularization] explode all trees
#5 MeSH descriptor: [Macula Lutea] explode all trees
#6 maculopath*
#7 (macula* or retina* or choroid*) near/3 degenerat*
#8 (macula* or retina* or choroid*) near/3 neovascul*
#9 macula* near/2 lutea
#10 AMD or AMRD or CNV
#11 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10
#12 MeSH descriptor: [Angiogenesis Inhibitors] explode all trees
#13 MeSH descriptor: [Angiogenesis Inducing Agents] explode all trees
#14 MeSH descriptor: [Endothelial Growth Factors] explode all trees
#15 MeSH descriptor: [Vascular Endothelial Growth Factors] explode all trees
#16 anti near/2 VEGF*
#17 anti near/1 angiogen*
#18 endothelial near/2 growth near/2 factor*
#19 (macugen* or pegaptanib* or lucentis* or rhufab* or ranibizumab* or bevacizumab* or avastin* or aflibercept* or conbercept*)
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#20 VEGF TRAP*
#21 #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20
#22 #11 and #21

Appendix 2. MEDLINE Ovid search strategy

1. randomized controlled trial.pt.
2. (randomized or randomised).ab,ti.
3. placebo.ab,ti.
4. dt.fs.
5. randomly.ab,ti.
6. trial.ab,ti.
7. groups.ab,ti.
8. or/1-7
9. exp animals/
10. exp humans/
11. 9 not (9 and 10)
12. 8 not 11
13. exp macular degeneration/
14. exp retinal degeneration/
15. exp retinal neovascularization/
16. exp choroidal neovascularization/
17. exp macula lutea/
18. maculopath$.tw.
19. ((macul$ or retina$ or choroid$) adj3 degener$).tw.
20. ((macul$ or retina$ or choroid$) adj3 neovasc$).tw.
21. (macula$ adj2 lutea).tw.
22. (AMD or ARMD or CNV).tw.
23. or/13-22
24. exp angiogenesis inhibitors/
25. angiogenesis inducing agents/
26. endothelial growth factors/
27. exp vascular endothelial growth factors/
28. (anti adj2 VEGF$).tw.
29. (endothelial adj2 growth adj2 factor$).tw.
30. (anti adj1 angiogen$).tw.
31. (macugen$ or pegaptanib$ or lucentis$ or rhufab$ or ranibizumab$ or bevacizumab$ or avastin or aflibercept$ or conbercept$).tw.
32. VEGF TRAP$.tw.
33. or/24-32
34. 23 and 33
35. 12 and 34

The search filter for trials at the beginning of the MEDLINE strategy is from the published by Glanville 2006.

Appendix 3. Embase Ovid search strategy

1. exp randomized controlled trial/
2. exp randomization/
3. exp double blind procedure/
4. exp single blind procedure/
5. random$.tw.
6. or/1-5
7. (animal or animal experiment).sh.
8. human.sh.
9. 7 and 8
10. 7 not 9
11. 6 not 10
12. exp clinical trial/
13. (clin$ adj3 trial$).tw.
14. ((singl$ or doubl$ or trebl$ or tripl$) adj3 (blind$ or mask$)).tw.
15. exp placebo/
16. placebo$.tw.
17. random$.tw.
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18. exp experimental design/
19. exp crossover procedure/
20. exp control group/
21. exp latin square design/
22. or/12-21
23. 22 not 10
24. 23 not 11
25. exp comparative study/
26. exp evaluation/
27. exp prospective study/
28. (control$ or prospectiv$ or volunteer$).tw.
29. or/25-28
30. 29 not 10
31. 30 not (11 or 23)
32. 11 or 24 or 31
33. exp retina macula degeneration/
34. exp retinal degeneration/
35. exp subretinal neovascularization/
36. maculopath$.tw.
37. ((macul$ or retina$ or choroid$) adj3 degener$).tw.
38. ((macul$ or retina$ or choroid$) adj3 neovasc$).tw.
39. (macula$ adj2 lutea).tw.
40. (AMD or ARMD or CNV).tw.
41. or/33-40
42. angiogenesis/
43. exp angiogenesis inhibitors/
44. angiogenic factor/
45. endothelial cell growth factor/
46. monoclonal antibody/
47. vasculotropin/
48. (anti adj2 VEGF$).tw.
49. (endothelial adj2 growth adj2 factor$).tw.
50. (anti adj1 angiogen$).tw.
51. (macugen$ or pegaptanib$ or lucentis$ or rhufab$ or ranibizumab$ or bevacizumab$ or avastin or aflibercept$ or conbercept$).tw.
52. VEGF TRAP$.tw.
53. or/42-52
54. 41 and 53
55. 32 and 54

Appendix 4. LILACS search strategy

Macular Degeneration OR AMD OR ARMD [Words] and Macugen OR Pegaptanib OR Lucentis OR rhufab OR ranibizumab OR bevacizumab
OR avastin OR aflibercept OR conbercept

Appendix 5. ISRCTN search strategy

(Macular Degeneration OR AMD OR ARMD) AND (Macugen OR Pegaptanib OR Lucentis OR rhufab OR ranibizumab OR bevacizumab OR
avastin OR aflibercept OR conbercept)

Appendix 6. ClinicalTrials.gov search strategy

(Macular Degeneration OR AMD OR ARMD) AND (Macugen OR Pegaptanib OR Lucentis OR rhufab OR ranibizumab OR bevacizumab OR
avastin OR aflibercept OR conbercept)

Appendix 7. ICTRP search strategy

Macular Degeneration OR AMD OR ARMD = Condition AND Macugen OR Pegaptanib OR Lucentis OR rhufab OR ranibizumab OR bevacizumab
OR avastin OR aflibercept OR conbercept= Intervention

Appendix 8. EOP 1003 study data
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Methods Method of randomization: stochastic treatment allocation algorithm based on the variance
method
Method of allocation concealment: centralized randomization where the study co-ordinator was
instructed the code of the medication for the patient after determining her eligibility. The medica-
tion packet was not opened until just before administering the injection
Masking:
Participants: yes
Care providers: examiner: yes; injector: no
Outcome assessors: yes
Number randomized: 144 to 0.3 mg pegaptanib, 146 to 1 mg pegaptanib, 143 to 3 mg pegaptanib,
and 145 to placebo 
Exclusions after randomization: none
Number analyzed: 144 in 0.3 mg pegaptanib group, 146 in 1 mg pegaptanib group, 143 in 3 mg pe-
gaptanib group, and 145 in placebo group for the primary outcome alone
Losses to follow-up: 11 in placebo group, 12 in 0.3 mg pegaptanib group, 17 in 1 mg pegaptanib
group, and 20 in 3 mg pegaptanib group discontinued therapy during the trial
Intention-to-treat analysis: reported an intention-to-treat analysis only for the primary outcome
Unit of analysis: individuals
Reported power calculations: yes

Participants Country: USA, Canada
Age: mean age was 78, 76.5, 77.1, and 76.7 years in 0.3 mg pegaptanib, 1 mg pegaptanib, 3 mg pe-
gaptanib, and placebo groups, respectively
Gender: 56%, 53%, 69%, and 57% in 0.3 mg pegaptanib, 1 mg pegaptanib, 3 mg pegaptanib, and
placebo groups, respectively, were female
Inclusion criteria: age greater than or equal to 50 years; subfoveal choroidal neovascularization
(CNV) secondary to age-related macular degeneration; best-corrected visual acuity of 20/40 to
20/320 in the treated eye and greater than 20/800 in the fellow eye; CNV lesion may be predom-
inantly classic, minimally classic, occult with no classic; size of lesion < 12 disc areas (including
blood, scar/atrophy, neovascularization); no greater than 50% of lesion could be due to subretinal
hemorrhage and 50% of lesion had to be due to CNV; for occult lesions, lesions had to be subretinal
and no greater than 50% of total lesion area, or presence of lipid or loss of 15 letters or more of vi-
sual acuity during previous 12 weeks; patients were eligible even if they received 1 photodynamic
treatment if it was at least 8 to 12 weeks before enrollment; intraocular pressure < 23 mmHg; ade-
quate pupil dilation; clear media
Exclusion criteria: atrophy exceeding 20% of total lesion or subfoveal scarring; previous thermal
laser; therapy with another investigational drug; likelihood of requiring cataract removal with-
in 2 years; other potential causes of CNV including high myopia, ocular histoplasmosis, angioid
streaks, choroidal rupture, multi-focal choroiditis, any intraocular surgery within 3 months or ex-
trafoveal/juxtafoveal laser within 2 weeks of study entry or posterior vitrectomy or scleral buckle
or presence of intraretinal tears or rips; concomitant presence of diabetic retinopathy, severe car-
diac disease, myocardial infarction within 6 months, ventricular tachycardia requiring treatment,
unstable angina, evidence of peripheral vascular disease, stroke within 12 months, acute or chron-
ic periocular infection, previous therapeutic radiation to eye/head/neck; any treatment with any in-
vestigational agent within past 30 days; serious allergies to fluorescein dye or indocyanine green or
components of pegaptanib
Equivalence of baseline characteristics: treatment groups were similar with respect to age, gender,
race, smoking status, angiographic subtypes, prior treatment status with photodynamic therapy,
and Early Treatment Diabetic Retinopathy Study visual acuity scores

Interventions Treatment: intravitreal injection of pegaptanib at dosages of 0.3 mg, 1.0 mg, or 3.0 mg given every
6 weeks over period of 48 weeks
Control: sham injection with patients treated identically with the exception of scleral penetration
with the needle
Length of follow-up: 54 weeks

Outcomes Primary outcome: proportion of participants losing fewer than 15 letters of visual acuity between
baseline and week 54
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Other outcomes reported: gain of 3 or more lines of visual acuity, maintenance of visual acuity or
gain of 0 lines of visual acuity, mean visual acuity, legal blindness, loss of 30 letters or more of visu-
al acuity, size of lesion, and total CNV size
Reported quality of life indicators: yes
Intervals at which outcome assessed: every 6 weeks before treatment, with main assessment ana-
lyzed after 54 weeks

Notes Funding: Eyetech Pharmaceuticals and Pfizer

NCT00321997

  (Continued)

 

Appendix 9. EOP 1004 study data

 

Methods Method of randomization: stochastic treatment allocation algorithm based on the variance
method
Method of allocation concealment: centralized randomization where the study co-ordinator was
instructed the code of the medication for the patient after determining her eligibility. The medica-
tion packet was not opened until just before administering the injection
Masking:
Participants: yes
Care providers: examiner: yes; injector: no
Outcome assessors: yes
Number randomized: 151 to 0.3 mg pegaptanib, 155 to 1 mg pegaptanib, 153 to 3 mg pegaptanib,
and 153 to placebo 
Exclusions after randomization: none
Number analyzed: 151 in 0.3 mg pegaptanib group, 155 in 1 mg pegaptanib group, 153 in 3 mg pe-
gaptanib group, and 153 in placebo group for the primary outcome alone
Losses to follow-up: 12 in placebo group, 11 in 0.3 mg pegaptanib group, 13 in 1 mg pegaptanib
group, and 17 in 3 mg pegaptanib group discontinued therapy during the trial
Intention-to-treat analysis: yes; except don't know why 18 patients were excluded after random-
ization
Unit of analysis: individuals
Reported power calculations: yes

Participants Country: USA, Canada, Europe, Israel, Australia, South America
Age: mean age was 74.9, 74.5, 75.4, and 74.9 years in 0.3 mg pegaptanib, 1 mg pegaptanib, 3 mg
pegaptanib, and placebo groups, respectively
Gender: 54%, 56%, 61%, and 63% in 0.3 mg pegaptanib, 1 mg pegaptanib, 3 mg pegaptanib, and
placebo groups, respectively, were female
Inclusion criteria: age greater than or equal to 50 years; subfoveal choroidal neovascularization
(CNV) secondary to age-related macular degeneration; best-corrected visual acuity of 20/40 to
20/320 in the treated eye and greater than 20/800 in the fellow eye; CNV lesion may be predom-
inantly classic, minimally classic, occult with no classic; size of lesion < 12 disc areas (including
blood, scar/atrophy, neovascularization); no greater than 50% of lesion could be due to subretinal
hemorrhage and 50% of lesion had to be due to CNV; for occult lesions, lesions had to be subretinal
and no greater than 50% of total lesion area, or presence of lipid or loss of 15 letters or more of vi-
sual acuity during previous 12 weeks; patients were eligible even if they received 1 photodynamic
treatment if it was at least 8 to 12 weeks before enrollment; intraocular pressure < 23 mmHg; ade-
quate pupil dilation; clear media
Exclusion criteria: atrophy exceeding 20% of total lesion or subfoveal scarring; previous thermal
laser; therapy with another investigational drug; likelihood of requiring cataract removal with-
in 2 years; other potential causes of CNV including high myopia, ocular histoplasmosis, angioid
streaks, choroidal rupture, multifocal choroiditis, any intraocular surgery within 3 months or ex-
trafoveal/juxtafoveal laser within 2 weeks of study entry, or posterior vitrectomy or scleral buckle
or presence of intraretinal tears or rips; concomitant presence of diabetic retinopathy, severe car-
diac disease, myocardial infarction within 6 months, ventricular tachycardia requiring treatment,
unstable angina, evidence of peripheral vascular disease, stroke within 12 months, acute or chron-
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ic periocular infection, previous therapeutic radiation to eye/head/neck; any treatment with any in-
vestigational agent within last 30 days; serious allergies to fluorescein dye or indocyanine green or
components of pegaptanib
Equivalence of baseline characteristics: treatment groups were similar with respect to age, gender,
race, smoking status, angiographic subtypes, prior treatment status with photodynamic therapy,
and Early Treatment Diabetic Retinopathy Study visual acuity scores

Interventions Treatment: intravitreal injection of pegaptanib at dosages of 0.3 mg, 1.0 mg, or 3.0 mg given every
6 weeks over period of 48 weeks
Control: sham injection with participants treated identically with the exception of scleral penetra-
tion with the needle
Length of follow-up: 54 weeks

Outcomes Primary outcome: proportion of participants losing fewer than 15 letters of visual acuity between
baseline and week 54
Other outcomes reported: gain of 3 or more lines of visual acuity, maintenance of visual acuity or
gain of 0 lines of visual acuity, mean visual acuity, legal blindness, loss of 30 letters or more of visu-
al acuity, size of lesion, and total CNV size
Reported quality of life indicators: yes
Intervals at which outcome assessed: every 6 weeks before treatment, with main assessment ana-
lyzed after 54 weeks

Notes Funding: Eyetech Pharmaceuticals and Pfizer

NCT00021736
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Date Event Description

31 January 2018 New citation required but conclusions
have not changed

Four new trials included that met the inclusion criteria (BRAMD
2016; LUCAS 2015; SAVE-AMD 2017; Scholler 2014)

31 January 2018 New search has been performed Searches updated

 

H I S T O R Y

Protocol first published: Issue 1, 2005
Review first published: Issue 2, 2008

 

Date Event Description

15 September 2014 Amended Updated reference for Cochrane review was Moja 2014

27 August 2014 New citation required and conclusions
have changed

Issue 8, 2014 - We changed the primary outcome and added new
studies and analyses

27 August 2014 New search has been performed Issue 8, 2014 - Updated searches yielded 8 new trials that met
the inclusion criteria (ABC 2010; Biswas 2011; CATT 2011; GEFAL
2013; IVAN 2013; MANTA 2013; Sacu 2009; Subramanian 2010)

23 June 2008 Amended We converted the review to new review format
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Date Event Description

20 February 2008 New citation required and conclusions
have changed

We made substantive amendments
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- Screening search results: MK, SSV
- Organizing retrieval of papers: MK, SSV
- Screening retrieved papers against inclusion criteria: MK, SSV
- Appraising quality of papers: MK, SSV
- Abstracting data from papers: MK, SSV
- Writing to authors of papers for additional information: MK, SSV
- Providing additional data about papers: MK
- Obtaining and screening data on unpublished studies: MK, SSV
- Managing data for the review: MK, SSV
- Entering data into RevMan: MK, SSV
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Interpreting data
- Providing a methodological perspective: SSV, MK
- Providing a clinical perspective: MK, SSV
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- Appraising quality of papers: KL, BSH, SSV, MK
- Abstracting data from papers: KL, BSH, SSV, MK
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- Managing data for the review: KL, BSH, SSV, MK
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We modified the inclusion criteria between the 2008 publication and this update to the review. In the 2008 publication, all trials that
investigated anti-VEGF agents, alone or in conjunction with other treatments, were eligible for inclusion in the review. For this update of the
review, we did not include studies in which anti-VEGF treatment was given in combination with other AMD treatments. These combination
therapies for AMD will be covered in a separate Cochrane review. Thus, we did not include in this update of the review the FOCUS 2006
trial, which was included in the 2008 publication.

The primary outcome for this update was changed from "loss of 15 or more letters of visual acuity at one year" to "gain of 15 or more letters
of visual acuity at one year." We changed the primary outcome from the protocol and the 2008 publication to reflect advancements in the
treatment of AMD, which now provide the potential to improve vision. We swapped the number of events with the number of non-events
for negative outcomes in our meta-analysis to maintain the same direction of treatment eJect across outcomes.

We added GRADE assessments and "Summary of findings" tables in this version of the review. Because previous versions of this review and
other published systematic reviews have shown similar eJects among the three anti-VEGF agents evaluated in this review (pegaptanib,
ranibizumab, and bevacizumab), we combined in our meta-analysis data from trials that had compared any of the three agents versus a
control.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Angiogenesis Inhibitors  [*therapeutic use];  Antibodies, Monoclonal  [*therapeutic use];  Antibodies, Monoclonal, Humanized
 [*therapeutic use];  Aptamers, Nucleotide  [*therapeutic use];  Bevacizumab  [*therapeutic use];  Choroidal Neovascularization; 
Intravitreal Injections;  Macular Degeneration  [*drug therapy];  Randomized Controlled Trials as Topic;  Ranibizumab  [*therapeutic use]; 
Vascular Endothelial Growth Factor A  [*antagonists & inhibitors];  Visual Acuity  [drug eJects]

MeSH check words

Aged; Humans; Middle Aged
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