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A B S T R A C T

Background

Age-related macular degeneration (AMD) is one of the leading causes of permanent blindness worldwide. The current mainstay of
treatment for neovascular AMD (nAMD) is intravitreal injection of anti-vascular endothelial growth factor (anti-VEGF) agents: aflibercept,
ranibizumab, and oH-label bevacizumab. Injections can be given monthly, every two or three months ('extended-fixed'), or as needed (pro
re nata (PRN)). A variant of PRN is 'treat-and-extend' whereby injections are resumed if recurrence is detected and then delivered with
increasing intervals. Currently, injection frequency varies among practitioners, which underscores the need to characterize an optimized
approach to nAMD management.

Objectives

To investigate the eHects of monthly versus non-monthly intravitreous injection of an anti-VEGF agent in people with newly diagnosed
nAMD.

Search methods

We searched CENTRAL, MEDLINE, Embase, LILACS, and three trials registers from 2004 to October 2019; checked references; handsearched
conference abstracts; and contacted pharmaceutical companies to identify additional studies.

Selection criteria

We included randomized controlled trials (RCTs) that compared diHerent treatment regimens for anti-VEGF agents in people with newly
diagnosed nAMD. We considered standard doses only (ranibizumab 0.5 mg, bevacizumab 1.25 mg, aflibercept 2.0 mg, or a combination
of these).

Data collection and analysis

We used standard Cochrane methods for trial selection, data extraction, and analysis.
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Main results

We included 15 RCTs. The total number of participants was 7732, ranging from 37 to 2457 in each trial. The trials were conducted worldwide.
Of these, six trials exclusively took place in the US, and three included centers from more than one country. Eight trials were at high risk of
bias for at least one domain and all trials had at least one domain at unclear risk of bias.

Seven trials (3525 participants) compared a PRN regimen with a monthly injection regimen, of which five trials delivered four to eight
injections using standard PRN and three delivered nine or 10 injections using a treat-and-extend regimen in the first year. The overall
mean change in best-corrected visual acuity (BCVA) at one year was +8.8 letters in the monthly injection group. Compared to the monthly
injection, there was moderate-certainty evidence that the mean diHerence (MD) in BCVA change at one year for the standard PRN subgroup
was –1.7 letters (95% confidence interval (CI) –2.8 to –0.6; 4 trials, 2299 participants), favoring monthly injections. There was low-certainty
evidence of a similar BCVA change with the treat-and-extend subgroup (0.5 letters, 95% CI –3.1 to 4.2; 3 trials, 1226 participants).

Compared to monthly injection, there was low-certainty evidence that fewer participants gained 15 or more lines of vision with standard
PRN treatment at one year (risk ratio (RR) 0.87, 95% CI 0.76 to 0.99; 4 trials, 2299 participants) and low-certainty evidence of a similar gain
with treat-and-extend versus monthly regimens (RR 1.11, 95% CI 0.91 to 1.36; 3 trials, 1169 participants).

The mean change in central retinal thickness was a decrease of –166 μm in the monthly injection group; the MD compared with standard
PRN was 21 μm (95% CI 6 to 32; 4 trials, 2215 participants; moderate-certainty evidence) and with treat-and extend was 22 μm (95% CI 37 to
–81 μm; 2 trials, 635 participants; low-certainty evidence), in favor of monthly injection. Only one trial (498 participants) measured quality
of life and reported no evidence of a diHerence between regimens, but data could not be extracted (low-certainty evidence).

Both PRN regimens (standard and 'treat-and-extend') used fewer injections than monthly regimens (standard PRN: MD –4.6 injections, 95%
CI –5.4 to –3.8; 4 trials, 2336 participants; treat-and-extend: –2.4 injections, 95% CI –2.7 to –2.1 injections; moderate-certainty evidence
for both comparisons). Two trials provided cost data (1105 participants, trials conducted in the US and the UK). They found that cost
diHerences between regimens were reduced if bevacizumab rather than aflibercept or ranibizumab were used, since bevacizumab was
less costly (low-certainty evidence).

PRN regimens were associated with a reduced risk of endophthalmitis compared with monthly injections (Peto odds ratio (OR) 0.13, 95%
CI 0.04 to 0.46; 6 RCTs, 3175 participants; moderate-certainty evidence). Using data from all trials included in this review, we estimated
the risk of endophthalmitis with monthly injections to be 8 in every 1000 people per year. The corresponding risk for people receiving PRN
regimens was 1 in every 1000 people per year (95% CI 0 to 4).

Three trials (1439 participants) compared an extended-fixed regimen (number of injections reported in only one large trial: 7.5 in one
year) with monthly injections. There was moderate-certainty evidence that BCVA at one year was similar for extended-fixed and monthly
injections (MD in BCVA change compared to extended-fixed group: –1.3 letters, 95% CI –3.9 to 1.3; RR of gaining 15 letters or more: 0.94,
95% CI 0.80 to 1.10). The change in central retinal thickness was a decrease of 137 μm in the monthly group; the MD with the extended-fixed
group was 8 μm (95% CI –11 to 27; low-certainty evidence). The frequency of endophthalmitis was lower in the extended-fixed regimen
compared to the monthly group, but this estimate was imprecise (RR 0.19, 95% CI 0.03 to 1.11; low-certainty evidence). If we assumed a
risk of 8 cases of endophthalmitis in 1000 people receiving monthly injections over one year, then the corresponding risk with extended-
fixed regimen was 2 in 1000 people (95% CI 0 to 9).

Other evidence comparing diHerent extended-fixed or PRN regimens yielded inconclusive results.

Authors' conclusions

We found that, at one year, monthly regimens are probably more eHective than PRN regimens using seven or eight injections in the first year,
but the diHerence is small and clinically insignificant. Endophthalmitis is probably more common with monthly injections and diHerences
in costs between regimens are higher if aflibercept or ranibizumab are used compared to bevacizumab.

This evidence only applies to settings in which regimens are implemented as described in the trials, whereas undertreatment is likely to
be common in real-world settings. There are no data from RCTs on long-term eHects of diHerent treatment regimens.

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

Comparing di4erent injection frequencies for neovascular age-related macular degeneration

What was the aim of this review?
The aim of this Cochrane Review was to find out if anti-vascular endothelial grown factor (anti-VEGF) injections for neovascular age-related
macular degeneration (nAMD) can be given less frequently than every month.

Key messages
This review found that people receiving monthly injections had slightly better vision (one or two letters more on a vision test chart, less
than half-line of vision) at one year compared with people receiving injections 'as needed' (average: seven injections), but there was no
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diHerence with a modified 'as needed' regimen called treat-and-extend (average: nine injections). People receiving monthly injections had
more injections and this increased the risk of rare, but severe side eHects such as infections.

What was studied in this review?
Neovascular age-related macular degeneration occurs in older people and aHects the central part of vision. In nAMD, new blood vessels
grow at the back of the eye.

People with nAMD can benefit from injections of medicines into the eye. These ‘anti-VEGF’ medicines block the growth of new blood vessels.
Currently, there is variation in how oSen these injections are given. A greater number of injections may result in better vision but also
increase harm, such as endophthalmitis, a sight-threatening infection of the eye. More injections are also more costly for the health service.

What were the main results of the review?
Cochrane researchers identified 15 studies (7732 participants) comparing non-monthly and monthly injections. Six out of 15 studies were
funded by drug manufacturers.

The review found:

People who had less frequent anti-VEGF injections may have had slightly worse vision at one year compared with people having monthly
injections when injections (seven on average) are delivered 'as needed'. This was a diHerence of 1 or 2 more letters read on a vision test
chart and an approximate 10% increased chance of gaining 15 or more letters of vision with monthly injections. There was no evidence of
diHerence between monthly injections and treat-and-extend (nine injections on average).

There was an increased chance of endophthalmitis with monthly injections. Endophthalmitis is rare, occurring in approximately 8 in 1000
people having monthly injections for one year, and in approximately 1 per 1000 people (range 0 to 4) having less than monthly injections
'as needed'.

How up-to-date was this review?
The search was updated on 18 October 2019.

Treatment regimens for administration of anti-vascular endothelial growth factor agents 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 1.   As needed compared to monthly injections for administration of anti-vascular endothelial growth factor agents for
neovascular age-related macular degeneration

PRN compared to monthly injections for administration of anti-vascular endothelial growth factor agents for neovascular age-related macular degeneration

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

Setting: eye services delivering intravitreal injections of anti-vascular endothelial growth factor agents

Intervention: PRN injections

Comparison: monthly injections

Anticipated absolute effects* (95% CI)Outcomes

Risk with monthly in-
jections

Risk with PRN

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Standard PRN

MD 1.68 letters lower
(–2.81 to –0.55)

— 2299
(4 RCTs)

⊕⊕⊕⊝

Moderate a
Change in BCVA at 1
year (ETDRS letters
score, the higher the
score the better)

The mean change in BC-
VA at 1 year was +8.8 let-
ters

Treat-and-extend

MD 0.51 higher (–3.14 to 4.16)

— 1226

(3 RCTs)

⊕⊕⊝⊝

Low a,b

Test for sub-
group differ-
ences

P = 0.26

Standard PRN

256 per 1000
(223 to 291)

RR 0.87

(0.76 to 0.99)

2299
(4 RCTs)

⊕⊕⊝⊝

Low a,c
Gain of ≥ 15 letters vi-
sual acuity at 1 year

294 per 1000

Treat-and-extend

326 per 1000
(268 to 400)

RR 1.11

(0.91 to 1.36)

1169

(3 RCTs)

⊕⊕⊝⊝

Low a,c

Test for sub-
group differ-
ences

P = 0.04

Standard PRN

MD 20.8 μm higher
(5.8 to 35.9)

— 2215
(4 RCTs)

⊕⊕⊕⊝

Moderate a
Change in central
retinal thickness at 1
year (μm, the thinner
the better on average)

The mean change in cen-
tral retinal thickness at 1
year was –165.5 μm

Treat-and-extend — 635 ⊕⊕⊝⊝

Low a,c

Test for sub-
group differ-
ences

P = 0.97
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MD 22.0 μm higher
(–37.2 to –81.1)

(2)

Change in QoL scores
at 1 year (higher was
better)

Data could not be extracted. Author reported that measures of QoL
(median EuroQoL EQ-5D) did not differ to a significant degree be-
tween monthly and PRN at 1 year.

— 498
(1 RCT)

⊕⊕⊝⊝

Low a,c
—

Standard PRN

MD 4.57 lower
(–5.38 to –3.76 lower)

— 2336
(4 RCTs)

⊕⊕⊕⊝

Moderate a
Number of injections
at 1 year

The mean number of in-
jections at 1 year was
11.3

Treat-and extend

MD 2.42 lower

(–2.71 to –2.14)

— 1232

(3 RCTs)

⊕⊕⊕⊝

Moderate a

Test for sub-
group differ-
ences

P < 0.01

Cost of treatment per
person at 1 year

We could not estimate the difference in mean cost of treatment per
person at 1 year for different regimens. Differences between regi-
mens were reduced if bevacizumab was used.

— 1105
(2 RCTs)

⊕⊕⊝⊝

Low d
—

Endophthalmitis (oc-
ular adverse event)

8 per 1000 1 per 1000

(0 to 4 per 1000)

Peto OR 0.13

(0.04 to 0.46)

3175

(6 RCTs)

⊕⊕⊕⊝

Moderate a
—

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BCVA: best-corrected visual acuity; CI: confidence interval; ETDRS: Early Treatment Diabetic Retinopathy Study; MD: mean difference; OR: odds ratio; PRN: as needed;
QoL: quality of life; RCT: randomized controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence
High-certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate-certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low-certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low-certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for potential risk of bias as more than half were 'unclear' or 'high.'
bDowngraded one level for inconsistency due to heterogeneity in the treat-and-extend subgroup
cDowngraded one level for imprecision as no quantitative data could be extracted: "no diHerence" reported but the precision of this statement was unclear.
dDowngraded two levels for indirectness as drug cost data available from two studies (CATT 2011; IVAN 2012b), and a full economic evaluation available from one study (IVAN
2012b): data available from two countries (US and UK), not including measures of variation in total cost per regimen, with unknown applicability to other settings.
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Summary of findings 2.   Extended-fixed compared to monthly injections for administration of anti-vascular endothelial growth factor agents for
neovascular age-related macular degeneration

Extended-fixed compared to monthly injections for administration of anti-vascular endothelial growth factor agents for neovascular age-related macular degener-
ation

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

Setting: eye services delivering intravitreal injections of anti-vascular endothelial growth factor agents

Intervention: extended-fixed injections, such as injections every 2 or 3 months

Comparison: monthly injections

Anticipated absolute effects* (95% CI)Outcomes

Risk with monthly injec-
tions

Risk with extend-
ed-fixed

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Change in BCVA at 1 year (ETDRS
letters score, the higher the score the
better)

The mean change in BCVA
at 1 year was 9 letters' im-
provement

MD 1.32 letters lower
(–3.93 to 1.29)

— 1439
(3 RCTs)

⊕⊕⊕⊝

Moderate a
—

Gain of ≥ 15 letters visual acuity at
1 year

300 per 1000 280 per 1000
(240 to 330)

RR 0.94
(0.80 to 1.10)

1441
(3 RCTs)

⊕⊕⊕⊝

Moderate a
—

Change in central retinal thickness
at 1 year (μm, the thinner the better
on average)

The mean change central
retinal thickness at 1 year
was –137 μm

MD 8.16 higher
(–11.07 to 27.40)

— 1439
(3 RCTs)

⊕⊕⊝⊝

Low a,b
—

Change in QoL score at 1 year (mea-
sured with NEI VFQ-25 question-
naire; the higher score the better)

The mean change in QoL
score at 1 year was an im-
provement of about 5

MD 0.59 lower
(–2.22 to 1.04)

— 1220
(1 RCT)

⊕⊕⊕⊝

Moderate a
—

Number of injections at 1 year Only 1 trial (1220 participants) comparing an extended (bimonthly) with a monthly regi-
men: 7.5 injections with the extended-fixed regimen (scheduled for 8 injections), 12.3 in the
monthly regimen (scheduled for 13 injections); no measures of variation reported and limit-
ed variation in the number of injections within each arm expected.

Not applicable —

Cost of treatment per person at 1
year

None of the trials in this comparison category measured treatment cost. Not applicable —

Endophthalmitis (ocular adverse
event)

8 per 1000 2 per 1000

(0 to 9)

RR 0.19 (0.03 to
1.12)

1132

(3 RCTs)

⊕⊕⊝⊝

Low a,b
—
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*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
BCVA: best-corrected visual acuity; CI: confidence interval; ETDRS: Early Treatment Diabetic Retinopathy Study; MD: mean difference; NEI VFQ-25 : National Eye Institute
25-Item Visual Functioning Questionnaire; QoL: quality of life; RCT: randomized controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence
High-certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate-certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low-certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low-certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for potential risk of bias as more than half were 'unclear' or 'high.'
bDowngraded one level for imprecision due to wide confidence intervals around estimate.
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B A C K G R O U N D

Description of the condition

Age-related macular degeneration (AMD) is a progressive,
degenerative disease of the central retina, known as the macula,
that can result in central vision loss. It is the leading cause of
irreversible vision loss in industrialized countries and the third
major cause of blindness globally (Bourne 2014; WHO 2016). The
main risk factor for AMD is age (Klein 1992; Leibowitz 1980); other
risk factors include cigarette smoking, white race, and genetic
variation (Christen 1996; Evans 2005; Friedman 1999; Friedman
2004; Miller 2013; Seddon 1996; Swaroop 2007). There are two main
forms of AMD: non-neovascular, known as 'dry' or 'non-exudative,'
and neovascular, known as 'wet' or 'exudative,' types.

This review focused on neovascular AMD (nAMD). Approximately
20% of dry AMD cases transform to exudative disease through
development of choroidal neovascularization (CNV), the abnormal
proliferation of blood vessels in the inner choroid layer (Harper
2010). Defects in Bruch's membrane and the retinal pigment
epithelium (RPE) enable extension of choroidal blood vessels into
the subpigment epithelial space and eventually the subretinal
space. Leakage or bleeding from these vessels causes exudative or
hemorrhagic retinal detachments, triggering fibrosis. The resulting
scarred retina has significantly decreased visual capacity (Harper
2010; Solomon 2014).

Fluorescein angiography (FA) findings are the gold standard for
diagnosing CNV. Fluorescein dye is injected into a vein and travels
into the eye; characteristic patterns of hyperfluorescence and
hypofluorescence outline pathology. CNV diagnosis is supported by
hyperfluorescent lesions in the macula that increase in intensity
and size within a few minutes. Over the years, spectrum-domain
optical coherence tomography (SD-OCT) has emerged as the main
tool for monitoring disease and evaluating treatment response.
OCT provides cross-sectional views of the layers of the retina (AAO
2015), and it can be obtained quickly and non-invasively. Since
2014, OCT angiography has become available to evaluate AMD
lesions non-invasively, although its use is limited by additional cost
and some challenges to properly obtain and interpret the images.

CNV represents pathologic angiogenesis, the development of new
capillaries, in the choroid. In nAMD, chronic exposure to hypoxia,
ischemia, inflammation, or a combination of these tips the balance
between angioinhibitors and angioactivators toward the formation
of new blood vessels (Bressler 2009; Gunda 2013). The natural
progression of nAMD without eHective treatment eventually results
in an end-stage subretinal disciform scar and loss of vision.

Description of the intervention

The current mainstay treatment for nAMD is intravitreous injections
of anti-vascular endothelial growth factor (anti-VEGF) agents.
VEGF is an endothelial cell-specific mitogen that promotes the
proliferation of new vessels and increased vascular permeability
(Ferrara 2004). It is upregulated in nAMD and is a key factor in
the pathogenesis of CNV. Anti-VEGF agents, including ranibizumab,
bevacizumab, and aflibercept, target this angioactivator in their
treatment of nAMD (Bressler 2009; Ferrara 2004; Gunda 2013).

Ranibizumab, a monoclonal antibody fragment against VEGF-A,
was approved by the US Food and Drug Administration (FDA) for
the treatment of nAMD in 2006. Two pivotal trials demonstrated

its eHicacy and safety, ANCHOR and MARINA (ANCHOR 2009;
MARINA 2006). Bevacizumab, a monoclonal antibody against VEGF-
A, has been used alongside ranibizumab as a cheaper anti-VEGF
alternative. Although it is FDA approved only for the treatment
of colorectal cancer, non-small cell lung cancer, cervical cancer,
glioblastoma, and renal cell carcinoma, it is used oH-label to treat
nAMD. Several trials have demonstrated comparable eHicacies
and safeties between these two anti-VEGF agents (CATT 2012;
GEFAL 2013; IVAN 2012a; MANTA 2013; Moja 2014; Solomon 2014).
However, the marketed dosage of bevacizumab is too large for use
in the eye. The appropriate dose of bevacizumab for intravitreous
injection has to be compounded by pharmacies, which introduces
contamination risk. Its use in the eye is not regulated by the
FDA. The FDA approved a third anti-VEGF intravitreous agent,
aflibercept, in 2011 for the treatment of nAMD. It is a decoy receptor
that blocks VEGF-A, VEGF-B, and placental growth factor. VIEW 1
and VIEW 2 trials (VIEW 2012) demonstrated the non-inferiority of
aflibercept eHicacy when compared to ranibizumab (Sarwar 2016).

The first FDA approved anti-VEGF drug, pegaptanib (VISION 2006),
is no longer in use because of the better visual acuity results from
ranibizumab, bevacizumab, and aflibercept (Sarwar 2016; Solomon
2014). Photodynamic therapy (PDT) decreases rates of visual loss
from subfoveal nAMD and still has clinical application in rare cases
(TAP 2001; VIP 2001; Wormald 2007; Yonekawa 2015). Our review
focused on treatment regimens using ranibizumab, bevacizumab,
and aflibercept intravitreous injections.

There is currently no standard regimen for injection frequency
aSer the initial three monthly loading doses. Ophthalmologists
administer anti-VEGF injections at frequencies that vary based
on physician practice and individual cases aSer the first
three injections of anti-VEGF agents. Intravitreous injections
of ranibizumab were administered monthly in the MARINA
and ANCHOR trials (ANCHOR 2009; MARINA 2006). With a
higher binding aHinity and thus longer therapy window than
ranibizumab, aflibercept's non-inferior eHects were demonstrated
with injections every two months aSer three initial monthly loading
doses (VIEW 2012).

Additional studies have investigated ranibizumab, bevacizumab,
and aflibercept eHicacy using a variety of monthly and non-monthly
injection regimens. Non-monthly dosing has included: loading
doses (monthly for the first three months) followed by as needed
(or pro re nata [PRN]), every eight weeks, quarterly, crossover
from monthly to PRN, or formula-based (such as treat-and-extend
protocol) (Abedi 2014; CATT 2012; CLEAR-IT 2 2011a; HARBOR
2014; IVAN 2012a; PIER 2010; PrONTO 2009; Schmidt-Erfurth 2011;
SECURE 2013; SUSTAIN 2011; VIEW 2012). PRN is a reactive scheme
in which injections are administered whenever disease activity is
detected with OCT, commonly as intraretinal or subretinal fluid, or
when visual loss is associated with clinical signs of CNV recurrence,
such as subretinal hemorrhage or exudation. The treat-and-extend
regimen is also reactive, since an injection is given when recurrence
is observed, but further injections are delivered extending their
interval (generally by two weeks) even if no recurrence is observed;
if recurrence is observed, then further treatment is administered
shortening the following interval (e.g. by two weeks). In this review,
we included the treat-and-extend regimen in the PRN category
given its reactive characteristics, but we acknowledge that a larger
number of injections are expected. Although all investigations have
supported the use of anti-VEGF agents, it is unclear which regimen

Treatment regimens for administration of anti-vascular endothelial growth factor agents for neovascular age-related macular
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is superior with respect to eHicacy and safety to 'standard' PRN, the
terms we will use here in subgroup analyses of PRN regimens.

The ideal treatment protocol would minimize the number of
injections to decrease adverse eHects and maximize therapeutic
outcomes. The potential adverse eHects are rare but may have
serious consequences for vision from the procedure and the
drug itself. Serious risks from the injection process include
endophthalmitis, retinal hemorrhage, retinal detachment, RPE
detachment, retinal edema, and vitreous detachment (CATT 2012;
CLEAR-IT 2 2011a). Potential adverse drug events include systemic
arterial thromboembolic events such as myocardial infarction and
cerebral vascular accident (CATT 2012). Although Solomon and
colleagues found the occurrence of systemic adverse events to
be comparable across anti-VEGF and control groups and between
ranibizumab and bevacizumab when given the same injections
regimens, the number of participants in the trials included in their
review was insuHicient to detect meaningful diHerences in rare
adverse events (Solomon 2014). Furthermore, their review did not
compare dosing regimens. Inclusion of more trials in our review
may reveal other adverse systemic eHects of individual anti-VEGF
agents in addition to those risks posed by the injection procedure.

Delivering injections more frequently than therapeutically required
also imposes an unnecessary cost burden on individuals and
national healthcare systems.

How the intervention might work

Pivotal anti-VEGF trials followed monthly injection regimens to
investigate drug eHicacy. Initial trials of ranibizumab, bevacizumab,
and aflibercept used monthly administration of the drugs (ANCHOR
2009; CATT 2012; CLEAR-IT 2 2011a; IVAN 2012a; MARINA 2006).
Mean change of best-corrected visual acuity (BCVA) aSer two
years was +8.1 for monthly ranibizumab 0.5 mg, +7.8 for monthly
bevacizumab 1.25 mg, and +9 for monthly aflibercept 2.0 mg
(ANCHOR 2009; CATT 2012; CLEAR-IT 2 2011a).

Subsequent trials have investigated ranibizumab, bevacizumab,
and aflibercept eHicacy using a variety of monthly and non-monthly
injection regimens. The VIEW trials compared monthly injections
with bimonthly injection of aflibercept 2.0 mg aSer three initial
monthly doses. Results demonstrated comparable eHects on BCVA
due to aflibercept's longer therapy window than ranibizumab
(CLEAR-IT 2 2011a; VIEW 2012; Yonekawa 2015). Trials also have
investigated PRN, quarterly, crossover from monthly to PRN, and
formula-based (i.e. treat-and-extend protocol) regimens. EHects on
BCVA from these trials have been mixed (Abedi 2014; CATT 2012;
CLEAR-IT 2 2011a; HARBOR 2014; IVAN 2012a; PIER 2010; PrONTO
2009; Schmidt-Erfurth 2011; SECURE 2013; SUSTAIN 2011; VIEW
2012). Schmucker and colleagues performed a systematic review
and meta-analysis of PRN injections versus monthly injections of
anti-VEGF in 2015; the review and meta-analysis, which included
reports from three trials of more than 2000 participants (CATT 2012;
HARBOR 2014; IVAN 2012a), found that those on PRN treatment had
slightly but statistically significantly worse BCVA and an increased
risk of systemic adverse events compared to those given monthly
injections (Schmucker 2015). As their findings were based on only
three trials, it was not known which injection regimen satisfied
therapeutic standards while minimizing injection frequency to
eliminate unnecessary risk of adverse events and to control cost.

Why it is important to do this review

Although nAMD is less prevalent than non-exudative disease, it
accounts for 80% of severe vision loss due to AMD (worse than
20/200 Snellen acuity) (Leibowitz 1980). Risk factors for conversion
from non-exudative AMD to nAMD include a decrease in visual
acuity to 75 or fewer Early Treatment Diabetic Retinopathy Study
(ETDRS) letters from a baseline of more than 85 letters and older
age (Friberg 2012).

As global populations age, the number of people aHected by AMD
is expected to rise. Approximately 1.25 million people with nAMD
were reported in the USA in 2004. By 2020, the prevalence of nAMD
in the USA is expected to increase to an estimated 1.875 million
cases (Friedman 2004). AMD imposes a significant decrement in
people's quality of life, with the impact from severe AMD likened
to that of end-stage cancer or a stroke requiring constant nursing
care (Brown 2006). Several studies have suggested AMD as a risk
factor for depression, a major cause of disability (Casten 2004).
Thirty percent of people with AMD have depression, compared
with 15% of adults aged 65 years and older who have clinically
significant depressive symptoms in the USA and internationally
(Casten 2004; Fiske 2009). nAMD not only has negative eHects on
individual patients, but also has negative social and economic
consequences. Using utility analysis, researchers have estimated a
gross domestic product cost of USD 5.396 billion per year due to lost
productivity (Brown 2005).

Previous Cochrane Reviews have investigated and demonstrated
the eHicacy and safety of intravitreous anti-VEGF agents for
the treatment of nAMD (Solomon 2014). However, ever-growing
burdens on the patient and healthcare systems necessitate cost-
eHective therapies for nAMD and consideration of the lower cost of
bevacizumab versus ranibizumab and aflibercept (CATT 2011; IVAN
2012b). It remains unknown which treatment regimen is optimal
when balancing eHicacy, safety, and cost.

O B J E C T I V E S

To investigate the eHects of monthly versus non-monthly
intravitreous injection of an anti-VEGF agent in people with newly
diagnosed nAMD.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included only randomized controlled trials (RCTs).

Types of participants

We included trials in which participants had a diagnosis of nAMD as
defined by study investigators.

Types of interventions

Intervention (main): non-monthly intravitreous injection of an anti-
VEGF agent, including loading doses (monthly for first three months
followed by PRN, every eight weeks, quarterly, crossover from
monthly to PRN, or treat-and-extend protocol).

Comparison: monthly intravitreous injection of an anti-VEGF agent.

Treatment regimens for administration of anti-vascular endothelial growth factor agents for neovascular age-related macular
degeneration (Review)
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We only included trials that utilized a standard anti-VEGF dose
(ranibizumab 0.5 mg, bevacizumab 1.25 mg, and aflibercept 2.0
mg).

As explained in the Description of the intervention section, we
grouped the treat-and-extend regimen with PRN regimens, in
which injections are prescribed when CNV recurrence is detected
clinically, typically because of exudation with OCT or hemorrhage
detection. However, in the treat-and-extend regimen, further
injections are prescribed at increasing intervals even if the macula
is dry. Thus, this regimen is more intensive than 'standard' PRN (no
treatment algorithm, such as in treat-and-extend protocols) and
is favored by many clinicians. Therefore, we decided post hoc to
conduct subgroup analyses to compare standard PRN and treat-
and-extend with monthly regimens. We also decided post hoc to
include trials directly comparing diHerent non-monthly regimens
because this is also very relevant to clinicians.

Types of outcome measures

Primary outcomes

• BCVA measured in ETDRS letters on a logMAR chart and analyzed
as mean change of BCVA from baseline to one year of follow-up.

Secondary outcomes

• Mean change of BCVA measured in ETDRS letters on a logMAR
chart from baseline to two years of follow-up.

• Proportion of participants with an improvement of BCVA by 15
ETDRS letters (0.3 logMAR or 3 Snellen lines) or more at one and
two years of follow-up.

• Mean change in optical coherence tomography (OCT) central
subfoveal retinal thickness (CRT) in micrometers from baseline
to one and two years of follow-up.

• Mean change in quality of life from baseline to one and two years
of follow-up using any validated questionnaire.

• Use of resources: number of injections in the first year and within
two years and their cost estimates.

Adverse events

We compared systemic adverse events (e.g. all-cause death,
serious systemic adverse events) within the first year of treatment
and follow-up. For ocular adverse events, we focused on
endophthalmitis because it is the most devastating ocular
complication and may be related to the number of injections.

We considered outcomes at '12 months' to be any observation
between nine and 15 months. If change in outcome measures
between baseline and one- and two-year follow-up was not
reported or calculable, we collected data at the last follow-up.

Search methods for identification of studies

Electronic searches

The Cochrane Eyes and Vision Information Specialist conducted
systematic searches in the following databases for RCTs. The search
excluded trials initiated prior to 2004 because intravitreous anti-
VEGF agents were introduced aSer 2004. There were no language
restrictions in this search. The date of the search was 18 October
2019.

• Cochrane Central Register of Controlled Trials (CENTRAL), which
contains the Cochrane Eyes and Vision Trials Register (2019,
Issue 10; Appendix 1).

• MEDLINE Ovid (from January 1946 to 18 October 2019; Appendix
2).

• Embase Ovid (from January 1980 to 18 October 2019; Appendix
3).

• LILACS (Latin American and Caribbean Health Sciences
Literature Database; from 1982 to 18 October 2019; Appendix 4).

• ISRCTN registry (www.isrctn.com/editAdvancedSearch:
searched 18 October 2019; Appendix 5).

• US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov: searched 18 October
2019; Appendix 6).

• World Health Organization International Clinical Trials Registry
Platform (ICTRP; www.who.int/ictrp; searched 18 October 2019;
Appendix 7).

Searching other resources

We reviewed the reference lists of included trial reports and
related systematic reviews to identify additional relevant trials.
We contacted pharmaceutical companies that sponsored studies
on anti-VEGF drugs for information about any ongoing or
completed clinical trials for which findings have not been
published. We searched abstracts from the annual meetings of
the Association for Research in Vision and Ophthalmology (ARVO),
the European VitreoRetinal Society, the Macula Society, the Retina
Society, subspecialty meetings from the American Academy of
Ophthalmology, and the American Society of Retinal Surgeons for
ongoing trials from 2004 to 29 October 2019.

Data collection and analysis

Selection of studies

Two review authors independently screened the titles and
abstracts resulting from the searches using web-based soSware
(Covidence). We resolved disagreements by discussion. Citations
considered irrelevant at this stage were not documented in the
review other than to note the number of these in a flow chart.
We obtained full-text copies of reports from potentially relevant
records.

Two review authors independently assessed the full-text reports
for inclusion according to the Criteria for considering studies for
this review. We resolved disagreements by discussion with a third
review author. We corresponded with investigators to clarify trial
eligibility, as appropriate. We were not masked to the names of the
authors, institutions, or journal publication when we reviewed full-
text reports.

We listed all studies excluded aSer review of full-text reports and
provided a brief justification for exclusion in the Characteristics of
excluded studies table.

For potentially eligible studies identified from trials registers, we
proceeded as follows.

• If the study had a completion date more than two years earlier
than our search date, we looked for publications from the
study and contacted the investigators as necessary to obtain
published or unpublished data from the trial. If eligible, the trial

Treatment regimens for administration of anti-vascular endothelial growth factor agents for neovascular age-related macular
degeneration (Review)
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was included in the review irrespective of whether we could
identify a publication.

• If the study had a completion date within two years later than
the date of our search or in the future, we documented the study
in the Characteristics of ongoing studies table.

Data extraction and management

Two review authors independently extracted study characteristics
including study methods, participants, interventions, outcomes,
and funding sources. We contacted the authors of trial reports
for data on primary and secondary outcomes in the individual
trials when the information was not clearly presented or not
available from the full-text reports. We extracted data on BCVA,
adverse events, and other relevant outcomes. We extracted data
from figures published in the trial reports when applicable and
communicated with the authors to verify extracted data. One
review author entered data into Review Manager 5 (Review
Manager 2014), and a second review author verified the data entry.

Assessment of risk of bias in included studies

We specifically considered and reported on the following sources
of bias.

• Selection bias (random sequence generation, allocation
concealment before randomization): was the sequence of
allocation generated using a random procedure and was the
allocation concealed to people recruiting/enrolling participants
and to participants before randomization?

• Performance bias (masking of participants and researchers):
were the recipients of care unaware of their assigned
intervention? Were people providing care unaware of the
assigned intervention? This judgment concerned all outcomes.

• Detection bias (masking of outcome assessors): were people
evaluating outcomes unaware of the assigned intervention?
This judgment concerned all outcomes.

• Attrition bias: were the rates of follow-up and compliance similar
in the trial treatment groups? Was the analysis by intention-to-
treat (ITT)? Were there any postrandomization exclusions?

• Selective outcome reporting bias: was there any evidence that
outcomes that were measured had not been reported?

We graded each trial for each domain at low risk of bias, high risk
of bias, or unclear risk of bias (lack of information or uncertainty
of potential for bias), as described in Chapter 8 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2019).
We contacted trial investigators for clarification of parameters
graded as 'unclear' and proceeded with available information when
they did not respond.

Measures of treatment e4ect

We calculated the mean diHerence (MD) and 95% confidence
interval (CI) for the following continuous outcomes: mean change in
BCVA, mean change in CRT, and number of injections. We calculated
the risk ratio (RR) and 95% CI for the following dichotomous
outcomes: proportion of participants with an improvement of
BCVA, and incidence of adverse events.

Where possible, we checked for the skewness of continuous data
by considering the ratio of the mean to the standard deviation for

continuous variables with a natural ceiling, such as BCVA or retinal
thickness.

We planned to use the standardized mean diHerence (SMD)
with 95% CI whenever trials measured a continuous outcome
on diHerent scales, such as quality of life scores from diHerent
questionnaires. The SMD expresses the size of the intervention
eHect in each trial relative to the variability observed in that trial.
If one scale increased with severity while another decreased with
severity, we ensured that all the scales measured improvement in
the same direction, either by multiplying the mean values of trials
using one type of scale by –1 or by subtracting the mean from the
maximum possible value for the scale.

Unit of analysis issues

We anticipated unit of analysis issues with respect to eyes in few
trials because most trials of treatment of nAMD designated one
eye of a participant as the study eye. Therefore, participants were
randomized to treatment of one eye per participant and outcomes
reported for study eyes. Nonetheless, we planned that, if trials
included more than 10% of participants with both eyes in the
analysis, regardless of whether the two eyes of a participant were
assigned to the same or a diHerent injection regimen, we would
conduct a sensitivity analysis which excluded these trials. In the
current version of this review, one eye per participant was the unit
of analysis in all trials.

When studies had more than two treatment arms, we only used
those with treatment regimens meeting our inclusion criteria
for each comparison. If similar regimens were used (e.g. with
both bevacizumab and ranibizumab), we pooled these arms using
standard Cochrane formulas.

Dealing with missing data

Whenever possible, we conducted an ITT analysis. We used
outcome data imputed by the trial investigators whenever
appropriate, but we did not impute missing data ourselves.

When ITT outcome data were not available, we did an available-
case analysis. This approach assumes that data are missing at
random. We assessed whether this assumption was reasonable
by collecting data from each included trial on the number of
participants excluded or lost to follow-up and reasons for loss to
follow-up by treatment group, when reported.

Assessment of heterogeneity

We examined the overall characteristics of the trials, in particular
the type of participants and types of interventions, to assess the
extent to which the trials were similar enough to make pooling
outcome data sensible.

We looked at the forest plots of outcome estimates to see how
consistent the results of the trials were, with particular attention to
the size and direction of eHects and overlap of CIs.

We calculated I2 statistics, which is the percentage of the variability
in eHect estimates that is due to heterogeneity rather than sampling

error (i.e. chance; Higgins 2002). We considered I2 values over 50%
to indicate substantial statistical heterogeneity and considered the

Chi2 test. As the Chi2 test has low power to identify heterogeneity
when the number of trials is small, we considered P less than 0.1 to
indicate statistical significance.

Treatment regimens for administration of anti-vascular endothelial growth factor agents for neovascular age-related macular
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Assessment of reporting biases

We assessed selective outcome reporting for each trial by
comparing the outcomes specified in a protocol, research plan, or
clinical trial registry with the outcomes reported. When there was
no prepublication document available, we compared the outcomes
specified in the design and methods sections of trial reports to the
outcomes reported. When there were 10 or more trials included in
a meta-analysis, we planned to use a funnel plot to assess potential
publication bias.

Data synthesis

We combined data using a random-eHects model in Review
Manager 5 (Review Manager 2014). Whenever there were fewer than
three trials in a comparison, we used a fixed-eHect model.

If there was inconsistency between study results (e.g. the eHects

were in diHerent directions or the I2 value was more than 50% and

the Chi2 P value was less than 0.1), we did not combine the data
but described the pattern of the individual study estimates. If there
was statistical heterogeneity but all the eHect estimates were in
the same direction such that a pooled estimate provided a good
summary of the individual trial results, we elected to combined the
data.

Subgroup analysis and investigation of heterogeneity

Our primary analysis compared the monthly injection arm of all
trials with all the reduced frequency regimens simultaneously. If
there were suHicient trials and outcome data, we compared the
eHect of treatment regimens in the following subgroups:

• diHerent anti-VEGF agents (this analysis was not possible);

• diHerent decision-making criteria, for example visual acuity
based versus OCT based (this analysis was not possible);

• 'standard' PRN versus treat-and-extend regimens.

We had enough data only to investigate the comparison of
'standard' PRN versus treat-and-extend regimens.

Sensitivity analysis

We planned to perform the following sensitivity analyses on the
primary outcome:

• excluding trials at high risk of bias in one or more domains;

• excluding trials with more than 10% of participants with both
eyes in primary analyses;

• comparing fixed-eHect and random-eHect models (if three or
more trials).

'Summary of findings' tables

We prepared 'Summary of findings' tables to present estimated
relative and absolute risks. Two review authors independently
graded the overall certainty of the evidence for each outcome
using the GRADE classification (GRADEpro GDT). We included the
following outcomes in the 'Summary of findings' tables.

• Mean change in BCVA measured on a logMAR chart from baseline
to one year of follow-up.

• Proportion of participants with an improvement of BCVA by 15
ETDRS letters (0.3 logMAR or 3 Snellen lines) or more at one and
two years of follow-up.

• Mean change in OCT CRT in micrometers from baseline to one
year of follow-up.

• Mean change in quality of life from baseline to one and two years
of follow-up using any validated questionnaire.

• Use of resources: number of injections in the first year and within
two years and their cost estimates.

• Ocular and systemic adverse eHects.

R E S U L T S

Description of studies

Results of the search

The electronic database searches of this review, last conducted on
29 October 2019, yielded 4227 records (Figure 1). We removed 507
duplicates and screened the title and abstracts of 3720 records. We
selected 99 records for full-text review. We classified four records
as awaiting classification because only conference abstracts were
available, and one record as an ongoing trial. We excluded 26
reports of 21 studies, two studies that were not RCTs and 19 studies
in which the intervention or comparator did not meet our eligibility
criteria. Overall, we included 15 trials (reported in 68 records)
for qualitative analysis and 14 trials for meta-analysis of our
primary outcome. Fewer RCTs were included in the meta-analyses
of secondary outcomes and the number of studies included in each
varied.
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Figure 1.   Study flow diagram.
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Acronyms used to refer to the trials in this review are listed
under the Included studies section. Descriptions are available in
the Characteristics of included studies, Characteristics of excluded
studies, Characteristics of studies awaiting classification, and
Characteristics of ongoing studies sections.

Included studies

Types of participants

This review included 7732 participants randomized in 15 RCTs,
ranging from 37 to 2457 participants within each trial, with a
median age of 77.5 years (ranging from 68 to 80 years). All 15 trials
randomized one eye per participant. The trials were conducted
worldwide: six trials exclusively took place in the US (Barikian
2015a; CATT 2011; CLEAR-IT 2 2011b; HARBOR 2013; Sarraf 2013;
TREX-AMD 2015), three in the UK(BeMOc 2013; GMAN 2015; IVAN
2012b), one in the Netherlands (Lushchyk 2013), one in China
(NATTB 2012), one in both France and Lebanon (El-Mollayess 2012),
one in Canada (CANTREAT 2019), and two with centers across many
countries (TREND 2017; VIEW 2012).

Thirteen trials used a predefined BCVA criterion to determine
participation eligibility and generally excluded people with near-
normal or very low BCVA, who are still treated in clinical practice
(Barikian 2015a; CANTREAT 2019; CATT 2011; CLEAR-IT 2 2011b; El-
Mollayess 2012; GMAN 2015; HARBOR 2013; IVAN 2012b; Lushchyk
2013; NATTB 2012; Sarraf 2013; TREX-AMD 2015; VIEW 2012).

Ten trials included participants who had never received any
treatment in the study eye at time of enrollment (Barikian 2015a;
CANTREAT 2019; CATT 2011; CLEAR-IT 2 2011b; HARBOR 2013;
IVAN 2012b; Lushchyk 2013; NATTB 2012; TREX-AMD 2015; VIEW
2012), meaning that our results were based on the first treatment
year. Two trials did not describe the treatment history in their
inclusion and exclusion criteria (El-Mollayess 2012; GMAN 2015).
Investigators of Sarraf 2013 excluded people who had received anti-
VEGF therapy within 30 days of enrollment, greater than three prior
anti-VEGF injections, more than one PDT session, and any prior
AMD treatment aside from vitamins and minerals. Investigators of
TREND 2017 excluded participants treated by anti-VEGFs within the
six months leading up to the study.

Additional details about the participants in each trial are available
in the Characteristics of included studies table.

Types of interventions

The interventions evaluated in each trial are available in the
Characteristics of included studies table. Overall, the trials
evaluated monthly versus non-monthly injection regimens. Most
trials assessed participants every four weeks to monitor and
evaluate the need for retreatment when applicable.

Seven trials started with at least three consecutive monthly
loading injections in any intervention group (CANTREAT 2019;
GMAN 2015; HARBOR 2013; IVAN 2012b; Sarraf 2013; TREX-AMD
2015; VIEW 2012). This was followed by monthly versus PRN,
including treat-and-extend injections in CANTREAT 2019, HARBOR
2013, IVAN 2012b, Sarraf 2013, and TREX-AMD 2015. VIEW 2012
evaluated monthly versus extended-fixed injections, and GMAN
2015 compared extended-fixed and PRN injections. The treat-and-
extend protocol was considered a subgroup of the PRN as explained

in the Description of the intervention section (CANTREAT 2019;
TREND 2017; TREX-AMD 2015).

The trials utilized three most prescribed anti-VEGF agents at their
accepted dosages: aflibercept 2.0 mg, bevacizumab 1.25 mg, and
ranibizumab 0.5 mg.

The specific criteria for injection in PRN groups varied across
trials, though all the protocols required retreatment based on
a specified decrease in BCVA, new macular fluid, an increase in
CRT, or evidence of new CNV on FA, or a combination of these
criteria. Seven trials initiated retreatment in the presence of new
macular hemorrhage (Barikian 2015a; CANTREAT 2019; CATT 2011;
El-Mollayess 2012; GMAN 2015; IVAN 2012b; Sarraf 2013). Three
trials initiated retreatment when there was an increase in CNV
lesion size (Barikian 2015a; El-Mollayess 2012; GMAN 2015). In two
trials, new, persistent, or enlarging pigment epithelial detachment
was an indication for retreatment (Barikian 2015a; Sarraf 2013).
In two trials, new classic CNV was an indication for retreatment
(Barikian 2015a; El-Mollayess 2012).

Although a few studies allowed clinicians to reduce follow-
up intervals or administer additional injections when deemed
appropriate, or both, the treat-and-extend protocol in CANTREAT
2019, TREND 2017, and TREX-AMD 2015 encompassed
predesignated algorithms that customized follow-up and dosing
frequency. In CANTREAT 2019, on achievement of disease stability,
the interval between each subsequent injection was extended
by two weeks (intervals of 6 weeks, 8 weeks, 10 weeks, and a
maximum of 12 weeks) until clinical or diagnostic evidence of
disease instability was observed based on OCT findings, ETDRS
BCVA, or both. In TREND 2017, participants received monthly
injections until resolution of fluid on OCT. At that point, the follow-
up visit was extended to six weeks. Treatment intervals were
extended by two weeks at each evaluation where there was no
disease activity, as defined by the absence of fluid on OCT. If there
was return of fluid, the follow-up interval was decreased by two
weeks until the participant was back to a four-week interval. There
was room in the trial design to allow for modifications based on
the investigators' judgment. In TREX-AMD 2015, follow-up intervals
were no more frequent than four weeks or less frequent than
12 weeks. Upon resolution of macular fluid, the interval between
visits was lengthened by two-week increments. When there was
recurrent fluid, the interval between visits was reduced by two-
week increments until the eye cycled back to no fluid. If this
happened, the interval between visits was extended by only one-
week increments until fluid recurred, at which time the interval
between visits was reduced by only one-week increments until dry.
At this point, the same follow-up interval was maintained for one
more visit before extending the interval by one-week increments
so long as the macula was dry. In participants who developed
three recurrences of macular fluid, the interval was continued for
three consecutive visits no matter the fluid status, followed by re-
initiation of the treat-and-extend protocol. Participants received an
injection at every visit.

Types of outcome measures

Sarraf 2013 was a small trial aiming to investigate factors that
predicted RPE tears and did not provide data to compare regimens,
despite the fact that 37 participants were randomized to four
groups, of which two were ranibizumab 0.5 mg receiving PRN or
monthly injections; thus, 14 trials were included in the analysis.
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Visual acuity

Thirteen of the 15 trials based their primary outcome on BCVA
(BeMOc 2013; CANTREAT 2019; CATT 2011; El-Mollayess 2012; GMAN
2015; HARBOR 2013; IVAN 2012b; Lushchyk 2013; NATTB 2012;
Sarraf 2013; TREND 2017; TREX-AMD 2015; VIEW 2012). The primary
outcome of our review, mean change in BCVA from baseline to
one year of follow-up, was the main outcome measure for eight
of the included trials (CANTREAT 2019; CATT 2011; El-Mollayess
2012; HARBOR 2013; NATTB 2012; Sarraf 2013; TREND 2017; TREX-
AMD 2015). It was a secondary outcome in four trials (Barikian
2015a; CLEAR-IT 2 2011b; GMAN 2015; VIEW 2012). Two trials used
proportion of participants maintaining vision at week 52 (defined
as loss of fewer than 15 letters on the ETDRS chart) as their primary
outcomes (BeMOc 2013; VIEW 2012).

Central subfoveal retinal thickness

One of the secondary outcomes of our review was change in OCT
CRT in micrometersfrom baseline to one or two years of follow-up.
This was the primary outcome measured by investigators in CLEAR-
IT 2 2011b and the basis for a secondary outcome measured in 13
of the remaining 14 trials (Barikian 2015a; BeMOc 2013; CANTREAT
2019; CATT 2011; El-Mollayess 2012; GMAN 2015; HARBOR 2013;
IVAN 2012b; Lushchyk 2013; NATTB 2012; TREND 2017; TREX-AMD
2015; VIEW 2012). The primary outcome measured in Barikian
2015a was the mean initial central fluid-free interval aSer induction
period.

Other functional measures and quality of life

In IVAN 2012b, authors utilized additional clinical quantifiers of
visual function: the Pelli-Robson chart for measuring contrast
sensitivity, the Bailey-Lovie near reading card for evaluation of
near visual acuity, and the Belfast reading chart to measure
reading speed. They also investigated health-related quality of life
and participant treatment satisfaction using EQ-5D, the published
EuroQol Group quality of life assessment tool (EuroQol 1990).

Investigators in BeMOc 2013 and VIEW 2012 used the National Eye
Institute 25-Item Visual Functioning Questionnaire to assess vision-
related quality of life (NEI VFQ-25), but these results have not been
published yet.

Adverse events

All 15 trials reported ocular adverse events up to at least one year
of follow-up. All but one trial (Sarraf 2013), also disclosed systemic
events. Sarraf 2013 reported the incidences of postinjection RPE
tears and postinjection retinal epithelial detachments.

Economic considerations

Several trials provided data and analysis of cost considerations in
nAMD treatment using anti-VEGF injections. Seven trials reported
the number of injections utilized in each group (CANTREAT 2019;
CATT 2011; El-Mollayess 2012; HARBOR 2013; IVAN 2012b; TREX-
AMD 2015; VIEW 2012); two trials discussed annual drug cost (CATT
2011; NATTB 2012); and one trial provided evaluation of cumulative
resource use, cost, and cost eHectiveness (IVAN 2012b).

Excluded studies

We excluded 21 studies aSer full-text assessment for reasons
provided in the Characteristics of excluded studies table. Nineteen
studies were excluded because intervention and/or comparator did
not meet our eligibility criteria and two studies were not RCTs.

Four studies were ongoing, of which three were conference abstract
and one was unpublished (Characteristics of studies awaiting
classification). One trial is awaiting classification since the trial
has been completed but is unpublished (Characteristics of ongoing
studies).

Risk of bias in included studies

The risk of bias assessment for each trial appears in the
Characteristics of included studies table and in Figure 2 and Figure
3.

 

Figure 2.   Risk of bias graph: review authors' judgments about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgments about each risk of bias item for each included study.
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Barikian 2015a ? ? ? ? + ?
BeMOc 2013 ? ? ? ? + ?

CANTREAT 2019 + + - ? ? +
CATT 2011 + + - + ? +

CLEAR-IT 2 2011b ? ? ? + + +
El-Mollayess 2012 + ? - + + ?

GMAN 2015 + + - + + +
HARBOR 2013 + + ? ? + +

IVAN 2012b + + + + ? ?
Lushchyk 2013 ? ? - - - +

NATTB 2012 ? ? - + ? +
Sarraf 2013 ? ? - - + ?

TREND 2017 ? ? ? + + -
TREX-AMD 2015 ? + ? ? + ?

VIEW 2012 ? + + + + +
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Allocation

Five of the 15 studies provided adequate description of both
random sequence generation and allocation concealment to
indicate low risk of selection bias (CANTREAT 2019; CATT 2011;
GMAN 2015; IVAN 2012b; HARBOR 2013). Three trials were unclear
for either sequence generation or allocation concealment (El-
Mollayess 2012; TREX-AMD 2015; VIEW 2012), and seven trials were
unclear for both (Barikian 2015a; BeMOc 2013; CLEAR-IT 2 2011b;
Lushchyk 2013; NATTB 2012; Sarraf 2013; TREND 2017).

Blinding

Two trials had a low risk of performance bias as they masked
participants and personnel (IVAN 2012b; VIEW 2012); seven trials
were at high risk of bias due to lack of masking (CANTREAT 2019;
CATT 2011; El-Mollayess 2012; GMAN 2015; Lushchyk 2013; NATTB
2012; Sarraf 2013), and the others did not give enough details
(unclear risk of bias). Eight trials masked outcome assessors at
least regarding BCVA, our primary outcome (CATT 2011; CLEAR-
IT 2 2011b; El-Mollayess 2012; GMAN 2015; IVAN 2012b; NATTB
2012; TREND 2017; VIEW 2012), two trials were at high risk of bias
(Lushchyk 2013; Sarraf 2013), and the other trials were at unclear
risk of bias.

Incomplete outcome data

Overall, the risk of attrition bias was low across the trials included
in our review. In the 10 trials at low risk, six reported missing
data less than 5% (Barikian 2015a; BeMOc 2013; CLEAR-IT 2 2011b;
El-Mollayess 2012; Sarraf 2013; TREX-AMD 2015), six reported
losses to follow-up that were balanced with similar reasons in
the comparison groups (CATT 2011; GMAN 2015; HARBOR 2013;
IVAN 2012b; TREND 2017; VIEW 2012). NATTB 2012 lost about
13% of participants in each arm but did not report reasons for
missing data and was at unclear risk of bias. Lushchyk 2013
reported an imbalance of losses in the two arms and was at high
risk of bias (28.1% in the bevacizumab every four weeks group,
9.5% in the bevacizumab every six weeks group, and 15.6% in
the bevacizumab every eight weeks group). CANTREAT 2019 also
reported an imbalance in losses to follow-up (6.3% in the treat-and-
extend arm and 12.3% in the monthly arm) with no reasons given
(unclear risk).

Selective reporting

There was low risk of selective reporting in eight of the 15 trials,
six had unclear risk, and one had high risk (TREND 2017). The
seven trials with low reporting bias presented outcomes that
were consistent with those found in their registered clinical trial
protocols (CATT 2011; CLEAR-IT 2 2011b; GMAN 2015; HARBOR
2013; Lushchyk 2013; NATTB 2012; VIEW 2012). Five trials did not
have a protocol for comparison (Barikian 2015a; BeMOc 2013; El-
Mollayess 2012; Sarraf 2013). TREND 2017 did not report some
outcomes that had been prespecified in the protocol. TREX-AMD
2015 was still ongoing at the time of our review, with only one-
year results reported and the intention of carrying out the trial for
two years. IVAN 2012b reported treatment satisfaction, survival-
free from treatment failure, and serum analysis at one year but not
at two years.

Other potential sources of bias

There were no other sources of bias identified.

Conflict of interest

Seven studies were free from conflict of interest (Barikian 2015a;
BeMOc 2013; CATT 2011; El-Mollayess 2012; HARBOR 2013; IVAN
2012b; NATTB 2012). There was unclear risk in Lushchyk 2013,
whose authors did not disclose funding sources and declarations
of interest. Six other trials were industry-funded (CANTREAT 2019;
CLEAR-IT 2 2011b; Sarraf 2013; TREND 2017; TREX-AMD 2015; VIEW
2012).

E4ects of interventions

See: Summary of findings 1 As needed compared to monthly
injections for administration of anti-vascular endothelial growth
factor agents for neovascular age-related macular degeneration;
Summary of findings 2 Extended-fixed compared to monthly
injections for administration of anti-vascular endothelial growth
factor agents for neovascular age-related macular degeneration

A summary of the treatments and regimens of trials included in this
review is presented in Table 1 and Table 2.

As needed (PRN) versus monthly injections

Seven trials investigated the eHects of PRN versus fixed monthly
injections, of which four adopted standard PRN (CATT 2011; El-
Mollayess 2012; HARBOR 2013; IVAN 2012b) and three used a
treat-and-extend regimen (CANTREAT 2019; TREND 2017; TREX-
AMD 2015). The drugs used were: ranibizumab only (CANTREAT
2019; HARBOR 2013; Sarraf 2013; TREND 2017); bevacizumab only
(El-Mollayess 2012); and both ranibizumab and bevacizumab in
the other trials. There were no data on comparisons of regimens
available in Sarraf 2013, a small trial which investigated the
occurrence of RPE tears. Participants in TREND 2017 received two
loading doses (day one, month one).

As explained in the Subgroup analysis and investigation of
heterogeneity section, we present 'standard' PRN and treat-and-
extend as subgroups in analyses, since this comparison has been
of clinical interest in recent years, which is supported by significant
diHerences in some subgroup analyses.

Visual acuity

All seven trials (3525 participants) with a 'PRN versus monthly'
protocol evaluated the mean change in BCVA and gain of 15 letters
or more in visual acuity at one year (Summary of findings 1). Pooled
estimates are presented separately for the 'standard' PRN and
the treat-and-extend groups and test for subgroup diHerences are
reported.

Standard PRN treatment delivered a median of 7.5 injections (3.8 to
7.7) and yielded a clinically small diHerence that favored monthly
injections (MD –1.68 letters, 95% CI –2.81 to –0.55; 4 studies, 2299

participants; I2 = 0%; moderate-certainty evidence due to risk of
bias [–1]). The treat-and-extend regimen delivered a median of 9.4
injections with no evidence of a diHerence in visual acuity change
compared to monthly injections (0.51 letters, 95% CI –3.14 to 4.16;

3 studies, 1226 participants; I2 = 78%; low-certainty evidence due
to risk of bias [–1] and inconsistency [–1]); the estimates from these
studies were heterogeneous, and in CANTREAT 2019 a reduced-
intensity treat-and-extend regimen gained more visual acuity than
the monthly regimen. The test for subgroup diHerences between
standard PRN and treat-and-extend regimen was not significant (P
= 0.26) (Figure 4; Analysis 1.1).
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Figure 4.   Forest plot of comparison: 1 As needed (PRN) versus monthly injections, outcome: 1.1 Mean change in
best-corrected visual acuity at 1 year.
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Regarding the RR of gaining 15 letters or more at one year,
compared to monthly injection, standard PRN regimen slightly
reduced the chances of improving vision (RR 0.87, 95% CI 0.76 to

0.99; 4 studies, 2299 participants; I2 = 0%; low-certainty evidence
due to risk of bias [–1] and imprecision [–1]), whereas the treat-and-
extend was similar to the monthly regimen (RR 1.11, 95% CI 0.91 to

1.36; 3 studies, 1169 participants; I2 = 0%; low-certainty evidence
due to risk of bias [–1] and imprecision [–1]). The test for subgroup
diHerences suggested less chances of 3-line gain with 'standard'
PRN compared to treat-and-extend regimens (P = 0.04) (Analysis
1.2).

Two trials provided results at two years and also favored the
monthly regimen compared to standard PRN (CATT 2011; IVAN
2012b). The MD in mean BCVA change between PRN and fixed
monthly injections at two years was –2.23 letters (95% CI –3.93

to –0.53; 2 trials, 1295 participants; I2 = 0%; moderate-certainty
evidence due to risk of bias [–1]; Analysis 1.3). The RR of gaining
15 letters or more at two years was 0.80 but the CI approached
no evidence of a diHerence (95% CI 0.66 to 0.96; 2 trials, 1295

participants; I2 = 74%; low-certainty evidence due to risk of
bias [–1] and imprecision [–1]; the two included trials showed
heterogeneous results, but both were in the direction of benefit and
we did not downgrade the certainty of evidence for inconsistency;
Analysis 1.4). A further trial (CANTREAT 2019) provided results at
two years and compared a treat-and-extend regimen with monthly
injections, finding no diHerence in the mean change of visual
acuity (MD 0.80 letters, 95% CI -1.38 to 2.98 letters; participants
= 580) and RR of gaining 15 letters or more (RR 1.10, 95% CI
0.82 to 1.46; participants = 580; low certainty of evidence due
to risk of bias and imprecision). Estimates of functional benefit
were heterogeneous between standard PRN and treat-and-extend

regimens, which could be due to a higher number of injection with
a treat-and-extend regimen (MD in number of injections versus
monthly: standard PRN: -9.78, 95% CI -10.29 to -9.27; participants =

1303; studies = 2; I2 = 0%: treat-and-extend:. -6.20, 95% CI -6.99 to
-5.41; participants = 576).

Central retinal thickness

The MD in mean change of CRT at one year between standard PRN
and monthly regimens was 20.8 μm in favor of monthly regimen

(95% CI 5.8 to 35.9 μm; 4 trials, 2215 participants; I2 = 0%; moderate-
certainty evidence due to risk of bias [–1]; Analysis 1.5). The MD for
the treat-and-extend subgroup versus monthly was 22.0 μm (95% CI
37.2 to –81.1 μm; moderate-certainty evidence due to risk of bias [–
1] and imprecision [–1]). The CIs of subgroups of 'standard' PRN and
treat-and-extend regimen subgroups overlapped (test for subgroup
diHerences: P = 0.96).

Results at two years were available from 1273 participants in two
trials (CATT 2011; IVAN 2012b). The MD in mean change in CRT at
two years between standard PRN and monthly was 24.5 μm (95% CI
6.1 to 42.9; 2 trials, 1273 participants; moderate-certainty evidence
due to risk of bias [–1]; Analysis 1.6), which was approximately the
same as one-year results.

Quality of life

Only one trial assessed visual function as a quality of life measure
(IVAN 2012b). The IVAN investigators found that EQ-5D, Macular
Disease Dependent Quality of Life, and Macular Disease Treatment
Satisfaction Questionnaire scores did not diHer between monthly
and PRN dosing regimens at one year. We could not extract quality
of life data since the authors reported they were skewed.
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Economic considerations

Compared to monthly regimen, the number of injections was
significantly lower (P < 0.001) both in the 'standard' PRN (–4.57

injections, 95% CI –5.38 to –3.76; 4 trials, 2336 participants; I2 =
0%; moderate-certainty evidence due to risk of bias [–1]) and in the
treat-and-extend subgroup (–2.42, 95% CI –2.71 to –2.14; 3 trials,

1232 participants; I2 = 0%; moderate-certainty evidence due to risk
of bias [–1]). The test for subgroup diHerences was statistically
significant (P < 0.001). Results at two years were available from two
trials (CATT 2011; IVAN 2012b). The mean number of injections was
much lower in the 'standard' PRN group (MD –9.78, 95% CI –10.29

to –9.27; 2 trials, 1303 participants; I2 = 0%; moderate-certainty
evidence due to risk of bias [–1]; Analysis 1.7).

We could not estimate the MD in mean cost of treatment per
person at one year. Investigators from IVAN 2012b reported monthly
ranibizumab was the most expensive treatment regimen when
taking into account the costs of monitoring, adverse events, and
drugs. In both monthly and PRN arms, bevacizumab was less costly
than ranibizumab (two-year cost for continuous treatment GBP 651
for bevacizumab and GBP 16,286 for ranibizumab). The authors
determined the main source of cost in ranibizumab treatment was
drug pricing (85% of total costs), whereas fees from treatment
administration and monitoring comprised 65% of the total cost
of bevacizumab therapy. In CATT 2011, the mean total drug cost
at one year was USD 23,400 in the monthly ranibizumab group,
USD 13,800 in the PRN ranibizumab group, USD 595 in the monthly
bevacizumab group, and USD 385 in the PRN bevacizumab group.

Adverse events

Because adverse events were rare, we did not conduct subgroup
analyses by 'standard' PRN versus treat-and-extend regimen.

The risk of endophthalmitis was lower with any PRN compared to
monthly injections (Peto odds ratio (OR) 0.13, 95% CI 0.04 to 0.46;

6 trials, 3175 participants; I2 = 0%; moderate-certainty evidence for
risk of bias [–1]; Analysis 1.8). In this analysis, we used the Peto OR
since data were sparse and sample size per arm was similar across
all trials, making this eHect measure appropriate.

Serious systemic adverse events were more common with PRN
compared to monthly treatment (RR 1.23, 95% CI 1.05 to 1.44; 6

trials, 3175 participants; I2 = 0%; low-certainty evidence due to risk
of bias [–1] and imprecision [–1]; Analysis 1.9).

There were no diHerences between the regimens regarding death

(RR 1.11, 95% CI 0.55 to 2.23; 7 trials, 3701 participants; I2 = 47%;
Analysis 1.10) and arterial thromboembolic events (RR 0.97, 95% CI

0.44 to 2.13; 6 trials, 3175 participants; I2 = 56%; Analysis 1.11), but
estimates were imprecise (low-certainty evidence due to risk of bias
[–1] and imprecision [–1]).

Sensitivity analyses

The sensitivity analysis excluding trials with at least one high-
risk domain and including three of six trials still favored monthly
versus PRN regimen but was less precise and included no diHerence
(Analysis 1.13). The sensitivity analysis using fixed, rather than
random, eHects was similar to the primary analysis (Analysis 1.14).

Extended-fixed versus monthly injections

Three trials investigated extended-fixed versus monthly injections
(CLEAR-IT 2 2011b; Lushchyk 2013; VIEW 2012). CLEAR-IT 2
2011b compared aflibercept monthly with every three months. In
Lushchyk 2013, the treatment groups were: bevacizumab monthly,
bevacizumab every six weeks, and bevacizumab every eight weeks.
In VIEW 2012, the comparisons of interest for our review were
between aflibercept or ranibizumab monthly and aflibercept every
two months. The non-monthly participants in CLEAR-IT 2 2011b and
Lushchyk 2013 did not receive loading doses whereas those in VIEW
2012 did. Results were not available for two-year follow-up.

Visual acuity

The MD in mean change in BCVA at one year was –1.32 letters but the

CIs included null (95% CI –3.93 to 1.29; 3 trials, 1439 participants; I2

= 66%; moderate-certainty evidence due to risk of bias [–1]; Analysis
2.1; Figure 5). The RR of gaining 15 letters or more at one year was
0.94, and the CIs suggested no evidence of a diHerence (95% CI

0.80 to 1.10; 3 trials, 1441 participants; I2 = 0%; moderate-certainty
evidence due to risk of bias [–1]; Analysis 2.2). There were no data
at two years.
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Figure 5.   Forest plot of comparison: 2 Extended-fixed versus monthly injections, outcome: 2.1 Mean change in best-
corrected visual acuity at 1 year.
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Central retinal thickness

The MD in mean change in CRT at one year between extended-fixed
and monthly regimens was 8.16 μm (95% CI –11.07 to 27.40; 3 trials,

1439 participants; I2 = 36%; low-certainty evidence due to risk of
bias [–1] and imprecision [–1]; Analysis 2.3). There were no data at
two years.

Quality of life

One trial in this comparison category assessed quality of life using
the NEI VFQ-25 tool (VIEW 2012). Among 1220 participants, the
overall MD in quality of life scores at one year was –0.59, which
suggested no evidence of a diHerence between regimens (95%
CI –2.22 to 1.04; a score diHerence of 5 was considered clinically
significant; moderate-certainty evidence due to risk of bias [–1];
Analysis 2.4)

Economic considerations

We could not estimate the MD in mean number of injections
across the three trials. Two trials did not report the number of
injections per treatment arm (CLEAR-IT 2 2011b; Lushchyk 2013). In
VIEW 2012, participants in the aflibercept every two months group
received a mean of 7.5 injections (scheduled for eight injections),
whereas the mean number of injections in the monthly groups was
12.3 (scheduled for 13 injections).

None of the trials in this comparison category measured treatment
cost.

Adverse events

All three trials reported endophthalmitis, which was less common
for the extended-fixed regimen (RR 0.19, 95% CI 0.03 to 1.12; 3 trials,

1132 participants; I2 = 0%; low-certainty evidence due to risk of bias
[–1] and imprecision [–1]; Analysis 2.5). Two trials reported serious
systemic adverse events and were similar for the two regimens (RR

0.98, 95% CI 0.74 to 1.30; 2 trials, 1068 participants; I2 = 43%; low-
certainty evidence due to risk of bias [–1] and imprecision [–1];

Analysis 2.6). Data were too sparse to be used regarding death and
arterial thromboembolic events.

Sensitivity analyses

The sensitivity analyses excluding one trial with high-risk domains,
out of three included studies, favored monthly versus PRN regimen
but still included no diHerence (Analysis 2.7). The sensitivity
analyses using fixed rather than random eHects was more precise
than the primary analysis and significantly favored monthly
injections (MD –1.36, 95% CI –2.64 to –0.08; 3 trials, 1439

participants; I2 = 66%; Analysis 2.8).

Other extended-fixed dosing or as needed comparisons

Two trials compared treatment regimens that did not include
monthly dosing (GMAN 2015; NATTB 2012), aside from a loading
series of three monthly injections in one trial (GMAN 2015).
ASer initial loading doses, participants in GMAN 2015 received
bevacizumab PRN or extended-fixed dosing every three months. In
NATTB 2012, participants were randomized to bevacizumab every
six weeks (regimen A) or bevacizumab every six weeks for three
injections followed by extended-fixed dosing every three months
for the last two injections (regimen B). The final results of NATTB
2012 were at 48 weeks of follow-up. We were unable to perform
meta-analyses across the two trials given the divergent comparison
regimens.

Visual acuity

The authors of GMAN 2015 reported results from their trial at 92
weeks; the mean gain in BCVA was 5.5 letters (95% CI 2.9 to 8.0)
in the extended-fixed dosing group versus 0.6 letters (95% CI –2.0
to 3.1) in the PRN group. Mean BCVA was significantly better in the
extended-fixed dosing group than in the PRN group (MD 4.8 letters,
95% CI 1.2 to 8.3; Analysis 3.1), which was consistent with the results
regarding gain of 15 or more letters (RR 0.54, 95% CI 0.33 to 0.87;
Analysis 3.2). This evidence was of low certainty due to risk of bias
(–1) and imprecision (–1).
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In NATTB 2012, there was no evidence of a diHerence between BCVA
improvements in the two regimens at 48 weeks; the estimates were
imprecise (MD –2.52 letters, 95% CI –7.14 to 2.10; Analysis 3.1). The
proportion of participants who gained at least 15 letters of visual
acuity was also similar in both groups (Analysis 3.2). This evidence
was of low certainty due to risk of bias (–1) and imprecision (–1).

Central retinal thickness

Two trials provided data on the mean change in CRT between
groups at two years (GMAN 2015) and one year (NATTB 2012).
Estimates were imprecise and included no diHerence (Analysis
3.3; in GMAN 2015, we imputed standard deviations from non-
parametric P values for presentation purposes).

Quality of life

Neither of the two trials measured quality of life.

Economic considerations

Although the investigators in GMAN 2015 did not directly assess
treatment cost, they reported mean number of visits and mean
number of injections by arm. In the extended-fixed dosing arm,
participants had a mean of 11.9 visits and 10.8 injections (165
participants). A total of 166 participants who completed the PRN
arm of the trial had a mean of 12.4 visits and 9.1 injections. In other
words, participants in the extended-fixed dosing group had slightly
fewer visits but more injections on average when compared with
participants in the PRN group.

Investigators in NATTB 2012 reported a mean of 7.9 injections in
the extended-fixed regimen (79 participants) and 4.9 in the PRN
regimen (82 participants). This translated to mean total drug costs
of USD 675.70 for the extended-fixed regimen and USD 420.90 for
the PRN regimen.

No meta-analysis was possible because standard deviations were
not available.

Adverse events

The total number of serious systemic adverse events was 19 events
in the extended-fixed dosing group and 26 in the PRN arm in GMAN
2015. There were no reports of endophthalmitis in GMAN 2015. The
authors of NATTB 2012 reported no serious adverse events. The
authors also reported no case of endophthalmitis over the 48-week
trial period. We did not meta-analyze any adverse events data due
to their sparseness.

Sensitivity analyses

No sensitivity analysis was possible.

No loading dose versus loading injections

Two trials compared the eHects of starting treatment with loading
doses (Barikian 2015a; BeMOc 2013). Barikian 2015a randomized
participants to one of three groups: one initial injection followed
by PRN (regimen one), one injection every two weeks for three
injections followed by PRN (regimen two), and one injection every
four weeks for the first three injections followed by PRN (regimen
three). Participants in BeMOc 2013 either underwent PRN without a
loading dose or received three monthly injections followed by PRN.
Results were not available for two years of follow-up.

Visual acuity

The MD in mean change in BCVA at one year between no loading and
loading groups was –0.65 letters, with no evidence of a diHerence

(95% CI –3.36 to 2.07; 2 trials, 159 participants; I2 = 0%; Analysis 4.1).
The RR of gaining 15 letters or more at one year was 0.95 and was
imprecisely estimated (95% CI 0.50 to 1.80; 1 trial, 99 participants;
Analysis 4.2). The evidence was of low certainty due to risk of bias
(–1) and imprecision (–1).

Central retinal thickness

The MD in mean change in CRT at one year between no loading
and loading groups was 9.42 μm, with no evidence of a diHerence

(95% CI –11.28 to 30.12 μm; 2 trials, 159 participants; I2 = 68%), but
the point estimates of the two included studies were in opposite
directions (low-certainty evidence due to risk of bias [–1] and
inconsistency [–1]; Analysis 4.3).

Quality of life

BeMOc 2013 found no statistically significant diHerence between
the change in NEI VFQ-25 scores from baseline to 54 weeks in all 12
survey domains. However, these analyses could not be replicated
since data on standard deviations were not available. The mean
scores were 3.05 at baseline and 3.01 at week 54 in the group
without loading injections; and the mean scores were 3.02 at
baseline and 3.08 at week 54 in the group that underwent loading
injections.

Barikian 2015a did not assess quality of life.

Economic considerations

The authors reported that the mean number of injections over 12
months in Barikian 2015a was similar in the three study arms (6.1
in regimen 1, 6.5 in regimen 2, and 6.3 in regimen 3).

In BeMOc 2013, participants who completed the no loading dose
arm of the trial received a mean of 4.7 injections (range one to nine)
while those who were in the loading dose arm received a mean of
5.8 injections (range three to nine). In the no loading dose group,
18 (36.7%) participants required two injections in the first three
months and four (8.2%) required only one injection in the first three
months, which was fewer than the loading dose regimen.

The two trials in this comparison category did not evaluate
treatment cost.

Adverse events

The incidences of serious systemic adverse events were low in both
trials. BeMOc 2013 reported only one serious event, which was
myocardial ischemia occurring in one participant from the loading
dose arm. No serious adverse events occurred in Barikian 2015a.
BeMOc 2013 had no serious ocular adverse events.

Sensitivity analyses

No sensitivity analysis was possible.

D I S C U S S I O N

Summary of main results

We found moderate-certainty evidence of a statistically significant,
but not clinically meaningful diHerence in BCVA with monthly
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injection compared with 'standard' PRN regimens, in which
injections were prescribed when there were signs of CNV
recurrence, aSer one year. We found low-certainty evidence that
a modified PRN regimen, the treat-and-extend regimen in which
additional injections were delivered with increasing intervals aSer
a recurrence were detected regardless of exudation persistence,
yields similar results to monthly injections. We observed that the
number of PRN injections was generally greater in trials compared
to clinical practice (Kim 2016), where PRN treatment intensity is
suboptimal (fewer than five injections in the first year in many
settings), and worse visual outcomes are achieved in many settings.

We conducted subgroup analyses for 'standard' PRN and treated-
and-extend subgroups (versus monthly regimen) and found they
overall favored treat-and-extend regimens regarding vision gain,
but diHerences in eHects were small. Both the 'standard' PRN and
the treat-and-extend regimens were more intense than common
clinical practice (Kim 2016).

Regarding safety, there were more cases of endophthalmitis
with monthly versus PRN regimens, which is expected since this
event is procedure-related and injections were more frequent
with monthly regimens. We found more serious systemic adverse
events with PRN versus monthly treatments, but this finding must
be interpreted with caution since it lacks a rationale and was
not supported by evidence on all-cause mortality and arterial
thromboembolic events.

Although we could not perform a meta-analysis of treatment cost,
both IVAN 2012b and CATT 2011 found the ranibizumab groups to
be more expensive than the bevacizumab groups because of drug
cost, regardless of regimens.

Comparison of monthly injections with extended-fixed injection
regimen showed relative eHects that were consistent with those of
PRN regimens, but estimates were less precise since we included
only three trials.

We could not pool data from extended-fixed versus PRN
comparisons because of the lack of treatment interval uniformity
(GMAN 2015; NATTB 2012).

In this review, we also found two small, single-center trials that
evaluated the eHicacy and safety of loading doses prior to PRN
scheduling (Barikian 2015a; BeMOc 2013). We could not combine
data from the two trials given incompatible intervals. Both trials
reported imprecise estimates between the group that started
treatment with loading doses and the group that initiated PRN
dosing at trial onset.

Overall completeness and applicability of evidence

Many of the trials in this review were multi-centered and
international, thereby supporting applicability across diHerent
practice settings and patient populations. Nonetheless, published
reviews of 'real-world' data found that the mean number of
injections in the first year varied and was oSen very low in
observational studies (Kim 2016). The same review found a direct
association between the mean number of injections in a trial and
mean visual outcomes.

Although we had considerable data for one-year outcome
comparisons, many of the trials did not provide data at two years of
follow-up. We were also limited in our ability to assess quality of life

and economic outcomes because they were less oSen studied or
reported. Moreover, economic outcomes are oSen specific to each
setting and clinical pathway.

No long-term data were available from the three trials that adopted
a treat-and-extend regimen. One observational study reported that
a mean of five annual injections were delivered until the eighth year,
which suggests that a treat-and-extend regimen is intensive if it is
properly implemented (Berg 2017).

Quality of the evidence

Overall, risk of bias present in the evidence was high or unclear in
most trials, Particularly, only two trials reported adequate masking
of participant and personnel (IVAN 2012b; VIEW 2012). and this
item was unclear or high-risk for all other trials. Accordingly, the
certainty of evidence was low or moderate for most comparisons
and outcomes.

Moreover, given the high cost of on-label drugs, if more studies
are available in the updates of this review, it will be interesting
to conduct sensitivity analyses to investigate if the results change
when industry-funded RCTs are excluded.

Potential biases in the review process

We implemented several measures to minimize potential biases
in the execution of this review. We conducted broad electronic
searches for studies without restrictions on language. Our review
excluded trials initiated prior to 2004 to reflect the timing of the
introduction of anti-VEGF injections for the treatment of CNV in
AMD. We do not believe this imposed any bias on the review
process. We followed the standard Cochrane Review methodology.

Agreements and disagreements with other studies or
reviews

One systematic review published in 2015 compared the eHicacy
and safety of monthly versus PRN regimens (Schmucker 2015).
It included three trials also included in our review (CATT 2011;
HARBOR 2013; IVAN 2012b). Results showed that there was a small
statistically significant decrease in mean BCVA and a small increase
in risk of systemic adverse events among participants in the PRN
treatment group. Nevertheless, the authors concluded that PRN
treatment guided by visual acuity and OCT findings may be a
reasonable approach to managing the majority of people with
nAMD.

One systematic review that evaluated the relative eHicacy of
PRN versus treat-and-extend regimens for the treatment of nAMD
conducted a meta-analysis comprised of 1046 peer-reviewed
articles not restricted to RCTs (Chin-Yee 2016). The review had a
primary outcome of change in BCVA from baseline at one year
of treatment; secondary outcomes included number of injections
over the 12-month study period and change in CRT from baseline
at one year. The authors also conducted subgroup analysis of
PRN groups from RCTs. The review found a significantly larger
improvement in BCVA and greater number of injections in the treat-
and-extend cohort when compared to the PRN group (both across
all types of studies and within just RCTs). There was no statistically
significant diHerence in CRT change between the two regimens. The
authors concluded there may have been superior visual outcomes
from treat-and-extend treatment versus PRN dosing. This review
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was diHicult to compare with our review since it included non-
randomized studies.

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

Implications for practice

The current standard of care for neovascular age-related macular
degeneration (nAMD) requires intravitreous injection of anti-
vascular endothelial growth factor (anti-VEGF) medication. Our
review found that, at one year, monthly regimens are slightly more
eHective than standard as needed (PRN) regimens using a median
of seven injections in the first year, but the diHerence is not clinically
important. Treat-and-extend regimens delivered a median of nine
injections and obtained similar results as monthly injections.
Endophthalmitis is more common with monthly injections and
diHerences in costs are higher if aflibercept or ranibizumab are
used compared to bevacizumab. A small diHerence in visual benefit
between PRN and monthly regimens persisted at two years in two
large trials.

This evidence only applies to settings in which intensive PRN
regimens are implemented, whereas undertreatment is common
in real-world settings. nAMD tends to become a chronic disease
under anti-VEGF treatment, with continuous deterioration of visual

acuity. There are no data from randomized controlled trials on long-
term eHects of diHerent treatment regimens.

Implications for research

Further long-term, pragmatic randomized controlled trials
comparing 'standard' PRN regimens with treat-and-extend
regimens are needed to establish which treatment and monitoring
intensity is to be preferred in clinical practice. In fact, PRN regimens
oSen lead to substantial undertreatment in practice compared to
trials and the adoption of a treat-and-extend regimen may improve
treatment intensity. Such trials should collect patient-reported
outcomes and cost data regarding the use of drugs, tests, and other
resources.
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Study characteristics

Methods Study design: parallel-group randomized controlled trial

Number randomized (total and per group): 90 total participants; 30 participants in each of 3 groups

Exclusions after randomization: none reported

Number analyzed (total and per group): 90 participants; 30 participants in each of 3 groups

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

Losses to follow-up: none reported

Intention-to-treat analysis: all participants randomized were analyzed

Power calculation: none reported

Study design comment: none

Participants Country: Lebanon

Mean age: 77 years

Gender (%): 41 (46%) women and 49 (54%) men

Inclusion criteria: ages > 50 years with subfoveal CNV attributable to AMD diagnosed by FA. BCVA ≥ 50
letters (≥ 20/100 Snellen equivalent) using the ETDRS chart. Presence of subretinal fluid, cystic macu-
lopathy, or CRT > 250 mm had to be documented on OCT with CNV < 5400 mm in greatest linear dimen-
sion. To understand and sign the study consent form.

Exclusion criteria: prior treatment for CNV; submacular hemorrhage or scarring involving the fovea;
corneal, lenticular, or vitreous opacification that prevented good-quality angiograms or OCT; history of
uveitis, vitrectomy, proliferative diabetic retinopathy, and other ocular conditions that affected vision.
Cardiovascular, cerebrovascular, or peripheral vascular event < 6 months prior to enrollment. All CNV
lesion types were included except for retinal angiomatous proliferation and polypoidal choroidal vas-
culopathy, since they may have responded differently to treatment.

Equivalence of baseline characteristics: significantly more women recruited to the monthly induc-
tion arm compared to the biweekly induction arm.

Interventions Intervention: intravitreous bevacizumab 1.25 mg injection (Avastin; Roche, Basel, Switzerland)

Intervention 1: first injection, then PRN

Intervention 2: every 2 weeks for first 3 injections, then PRN

Intervention 3: q4 wks for first 3 injections, then PRN

Follow-up: 12 months

Frequency of assessments for retreatment: monthly

Outcomes Primary outcome, as defined: mean initial fluid-free interval after induction period

Secondary outcomes, as defined: mean improvement in BCVA (ETDRS charts at 4 m) and CRT

Adverse events: ocular and systemic adverse events

Review outcomes not reported: gain of 15 letters VA, quality of life, number of injections, cost

Intervals at which outcome assessed: every month for 12 months

Notes Full study name: not reported
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Trial registration: not reported

Funding sources: American University of Beirut Medical Center, Beirut, Lebanon

Declarations of interest: quote: "The authors indicate no financial interest in any product discussed
in this study. Z.F.B. has participated on advisory boards for Novartis and Bayer; has received honoraria
from Bayer (Leverkusen, Germany) and Novartis (Basel, Switzerland) as invited speaker; and has re-
ceived research grants from Novartis and Allergan (Center Valley, Pennsylvania, USA)."

Study period: September 2010 throughout 2012

Subgroup analyses: none reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of random sequence generation not reported.

Quote: "Patients were randomized in a 1:1:1 ratio to 1 of 3 groups based on the
induction sequence."

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not reported.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not reported.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No missing data reported.

Selective reporting (re-
porting bias)

Unclear risk Trial protocol and trial registry not reported.

Barikian 2015a  (Continued)

 
 

Study characteristics

Methods Study design: parallel-group randomized controlled trial

Number randomized (total and per group): 100 total participants; 49 participants in no loading
group, 50 participants in loading group (unclear which group 1 participant was in)

Exclusions after randomization: 1 participant (unclear which group)

Number analyzed (total and per group): 99 participants; 49 participants in no loading group; 50 par-
ticipants in loading group

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

Losses to follow-up: none reported
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Intention-to-treat analysis: participants analyzed as they were randomized, 1 participant excluded
from analysis.

Power calculation: none reported; quote: "a reasonable and pragmatic sample size of 100 patients
was selected to enable the study to be carried out as a monocentric study."

Study design comment: none

Participants Country: UK

Mean age: not reported; 13 participants ages 61–70 years; 35 participants ages 71–80 years; 51 partici-
pants ages ≥ 81 years

Gender (%): 72 (73%) women and 27 (27%) men

Inclusion criteria: treatment-naïve people with active subfoveal CNV of minimally classic or occult
type, secondary to AMD, confirmed on FA, and no other visually significant ocular pathology

Exclusion criteria: medical conditions uncontrolled hypertension; taking > 3 antihypertensive med-
ications; change in antihypertensive drug initiated within 3 months preceding baseline visit; previ-
ous thromboembolic phenomenon; taking warfarin or anticoagulants; recent MI; recent major surgery
(within 28 days); ocular conditions (glaucoma [IOP] > 25 mmHg, on antiglaucoma treatment, glauco-
ma surgery; active intraocular or extraocular inflammation; retinal vascular disease; other sources of
CNV membrane; previous PDT; predominantly classic membranes; previous cataract surgery (within
6 months); aphakia; other retinal conditions that may affect visual outcome); other (allergy to fluores-
cein; inability to obtain color photographs, FA, OCT images; allergy to anti-VEGF medications; allergy to
humanized monoclonal antibody; inability to comply with follow-up procedures (from trial registry)

Equivalence of baseline characteristics: groups balanced at baseline in terms of mean VAs and mean
CMT.

Interventions Intervention: intravitreous bevacizumab 1.25 mg injection (Avastin; Roche, Basel, Switzerland)

Intervention 1: PRN (no loading)

Intervention 2: q4 wks for first 3 injections, then PRN (loading)

Follow-up: 54 weeks

Frequency of assessments for retreatment: q6 wks

Outcomes Primary outcome, as defined: proportion with visual stability, defined as loss of ≤ 15 letters from
baseline

Secondary outcomes, as defined: CMT on OCT

Adverse events: ocular and systemic adverse events

Review outcomes not reported: number of injections, cost

Intervals at which outcome assessed: q6 wks for 54 weeks

Notes Full study name: not reported

Trial registration: EUDRACT No: 2006-003033-33; ISRCTN number: 12980412

Funding sources: Frimley Park Hospital NHS Trust (UK)

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

Study period: November 2006 to November 2008

Subgroup analyses: none reported
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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.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not reported.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not reported.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 1/100 (1%) participants excluded.

Selective reporting (re-
porting bias)

Unclear risk Study protocol could not be retrieved from EUDRACT. Primary and secondary
outcomes not reported in trial registry.

BeMOc 2013  (Continued)

 
 

Study characteristics

Methods Study design: parallel-group randomized controlled trial

Number randomized (total and per group):

Regimen randomization: 526 total participants treated with ranibizumab 0.5 mg; 268 to treat-and-ex-
tend group and 258 to monthly group

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: 526 participants (268 in treat-and-extend group; 258 in monthly group).

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

Losses to follow-up: 18/287 (6.3%) in treat-and-extend group; 36/293 (12.3%) in monthly group

At 1 year' follow-up: consent withdrawal was most common in the monthly (4.4%) and treat-and-ex-
tend (2.1%) arm.

Compliance: no data

Intention-to-treat analysis: no information on how missing data were used.

Reported power calculation: yes, sample of 580 participants per group for power of 80% to detect
non-inferiority

Study design comment: non-inferiority design

CANTREAT 2019 
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Participants Country: Canada (27 study centers)

Age: mean age for 590 participants receiving treatment was 78.8 years and similar in study arms

Gender (%): 60.3% women and similar in study arms

Inclusion criteria: ages > 50 years; diagnosis of treatment-naïve CNV secondary to AMD in the study
eye; BCVA score in the study eye 19–78 letters using ETDRS VA charts at a testing distance of 4 m (ap-
proximate Snellen equivalent of 20/32–20/400 at screening).

Exclusion criteria: structural foveal damage; confounding severe ocular disease in the study eye; clin-
ical suspicion of polypoidal choroidal vasculopathy in the study eye; active or suspected ocular or peri-
ocular infections

Equivalence of baseline characteristics: yes

Diagnoses in participants: 2.8% treated for AMD in fellow eye

Interventions Intervention 1: intravitreous ranibizumab 0.5 mg monthly

Intervention 2: intravitreous ranibizumab 0.5 mg injected monthly until achievement of disease sta-
bility, then the interval between each subsequent injection was extended by 2 weeks (intervals of 6
weeks, 8 weeks, 10 weeks, and a maximum of 12 weeks) until clinical or diagnostic evidence of disease
instability was observed based on OCT findings, ETDRS BCVA, or both.

Follow-up: 1 year

Frequency of follow-up assessments: at each visit or injection

Outcomes Primary outcome, as defined: mean BCVA change measured as ETDRS letters at 1 year

Secondary outcomes, as defined in protocol: duration of treatment-free intervals in the treat-and-ex-
tend dosing regimen arm; proportion of participants with gains of ≥ 5 letters, ≥ 10 letters, and ≥ 15 let-
ters; proportion of participants with losses of < 5 letters, < 10 letters, and < 15 letters; mean change in
ETDRS BCVA between the 2 treatment arms

Notes Full study name: Canadian Treat-and-Extend Analysis Trial with Ranibizumab (CANTREAT)

Trial registration: NCT02103738

Type of study: published

Funding sources: funded by Novartis Pharmaceuticals Canada.

Declarations of interest: various authors reported attending and being remunerated for attendance
at advisory boards for Novartis, Bayer, Allergan, AbbVie, or a combination; being employed by Novartis,

Study period: study start on May 2013

Reported subgroup analyses: not reported

Contacting study investigators: trial authors not contacted

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Interactive Web-based Response System at baseline visit, prior to injection.
Randomization schedule was generated by the study biostatistician using a
permuted-block design.

CANTREAT 2019  (Continued)
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Allocation concealment
(selection bias)

Low risk Interactive Web-based Response System at baseline visit, prior to injection.
Randomization schedule was generated by the study biostatistician using a
permuted-block design.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Masking of outcome assessors not reported

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Discontinuations were 6.3% in the treat-and-extend arm and 12.3% in the
monthly arm.

Selective reporting (re-
porting bias)

Low risk Primary outcome matched protocol in ClinicalTrial.Gov

CANTREAT 2019  (Continued)

 
 

Study characteristics

Methods Study design: parallel-group randomized controlled trial

Number randomized (total and per group): 1208 total participants; number of participants random-
ized per group not reported

Exclusions after randomization: 1 study center (23 participants) excluded due to protocol violations

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

Unit of analysis: participant (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 PNR
group (11 died and 18 with missing data), 13 in ranibizumab PNR group (5 died and 8 with missing data)

Intention-to-treat analysis: no, 103 participants enrolled and randomized were not included in analy-
ses.

Power calculation: yes, sample of 277 participants per group for power of 90%

Study design comment: non-inferiority design, 4 arms, 6 pair-wise comparisons planned; at 1 year,
participants in the monthly dose treatment groups were rerandomized to either continue with monthly
injections or switch to PNR injections of the same treatment drug.

Participants Country: USA

Mean age: 79 years

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

Inclusion criteria: ages ≥ 50 years; 1 study eye per participant with untreated active CNV due to AMD
(based on presence of leakage as seen by FA and of fluid as seen by OCT); VA of 20/25–20/320 on elec-
tronic VA testing
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Exclusion criteria: fibrosis or atrophy in center of fovea in study eye; CNV in either eye due to oth-
er causes; RPE tear involving the macula; any concurrent intraocular condition in the study eye (e.g.
cataract or diabetic retinopathy) that, in the opinion of the investigator, could either require medical
or surgical intervention or contribute to VA loss during the 3-year follow-up; active or recent (within 4
weeks) intraocular inflammation; current vitreous hemorrhage in the study eye; history of rhegmatoge-
nous retinal detachment or macular hole; active infectious conjunctivitis, keratitis, scleritis, or endoph-
thalmitis; spherical equivalent > 8 diopters; intraocular surgery (including cataract surgery) in the study
eye within 2 months; uncontrolled glaucoma; participants unable to be photographed to document
CNV due to known allergy to fluorescein dye, lack of venous access, or cataract obscuring the CNV; pre-
menopausal women not using adequate contraception; pregnancy or lactation; history of other dis-
ease, metabolic dysfunction, physical exam finding, or clinical laboratory finding giving reasonable sus-
picion of a disease or condition that contraindicated the use an investigational drug or that might have
affected interpretation of the results of the study or render the person at high risk for treatment com-
plications; current treatment for active systemic infection; uncontrolled concomitant diseases such as
cardiovascular disease, nervous system, pulmonary, renal, hepatic, endocrine, or gastrointestinal dis-
orders; history of recurrent significant infections or bacterial infections; inability to comply with study
or follow-up procedures

Equivalence of baseline characteristics: slightly higher percentage of participants in bevacizum-
ab monthly group had history of transient ischemic attack (8.7% compared with 4% in ranibizumab
monthly group, 4% in ranibizumab PNR group, and 6.3% in bevacizumab PNR group)

Interventions Intervention 1: intravitreous bevacizumab 1.25 mg injection (Avastin; Roche, Basel, Switzerland)

Intervention 2: intravitreous ranibizumab 0.5 mg injection

Treatment regimen 1: PRN

Treatment regimen 2: q4 wks for first year, then rerandomization to injections PRN or q4 wks

Outcomes Primary outcome, as defined: change in VA from baseline at 12 months with a non-inferiority 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 FA, and annual drug cost

Adverse events: ocular and systemic adverse events

Review outcomes not reported: quality of life

Intervals at which outcomes were assessed: weeks 4, 12, 24, 36, 52 during first year for VA; weeks 4, 8,
12, 24, 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, US

Declarations of interest: 1 investigator reported receiving consulting fees from GlaxoSmithKline and
another consulting fees from Neurotech and SurModics

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

Subgroup analyses: none, but risk factors for 2-year VA outcomes were reported (Ying 2015 under
CATT 2011)

Risk of bias

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

Low risk Quote: "Patients were randomly assigned to 1 of 4 study groups. Randomiza-
tion schedules were stratified according to clinical center with the use of a per-
muted-block method with randomly chosen block sizes."

Allocation concealment
(selection bias)

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

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Initially, participants were masked to which drug they received, but not to the
treatment regimen. Study investigators noted, "insurance and billing docu-
ments specified ranibizumab but not study-supplied bevacizumab. Therefore,
patients may have learned or deduced their assigned drug from these financial
documents."

Physicians were masked to drug but not to injection regimen. Physicians were
uninvolved in VA testing and in secondary outcome assessments.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Electronic VA system (computerized testing) was used for primary outcome.
Retinal center personnel were masked. Adverse event reporting was un-
masked, 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 2-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 re-
ported.

CATT 2011  (Continued)

 
 

Study characteristics

Methods Study design: parallel-group randomized controlled trial

Number randomized (total and per group): 159 total participants; 32 participants in 0.5 mg q4 wks
group;

32 participants in 2 mg q4 wks group; 32 participants in 0.5 mg q12 wks group; 32 participants in 2 mg
q12 wks group; 31 participants in 4 mg q12 wks group

Exclusions after randomization: none reported

Number analyzed (total and per group): 159 participants in total; 32 participants in 0.5 mg q4 wks
group; 32 participants in 2 mg q4 wks group; 32 participants in 0.5 mg q12 wks group; 32 participants in
2 mg q12 wks group; 31 participants in 4 mg q12 wks group

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

Losses to follow-up: none reported

Compliance: not reported

Intention-to-treat analysis: all participants analyzed as randomized

Reported power calculation: not reported

Study design comment: none

Participants Country: USA

CLEAR-IT 2 2011b 

Treatment regimens for administration of anti-vascular endothelial growth factor agents for neovascular age-related macular
degeneration (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

39



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Mean age (SD): 78.2 (not reported) years in total; by group not reported

Gender (%): 38 men and 62 women in total; by group not reported

Inclusion criteria: ages ≥ 50 years; diagnosis of subfoveal CNV secondary to wet AMD, and met the fol-
lowing inclusion criteria: CR/LT ≥ 300 μm, ETDRS BCVA letter score 73–34 letters (20/40–20/200), loss of
≥ 5 ETDRS letters in BCVA over preceding 6 months for previously treated people with minimally clas-
sic or occult lesions, linear diameter of lesion 5400 μm by FA, subretinal hemorrhage (if present) spar-
ing the fovea and comprising ≤ 50% of total lesion, area of scar ≤ 25% of total lesion, and sufficient clar-
ity of ocular media to allow retinal photography.

Exclusion criteria: vitreous hemorrhage in preceding 4 weeks; aphakia or pseudophakia with absence
of a posterior capsule (unless as a result of a YAG capsulotomy); significant subfoveal atrophy or scar-
ring; active ocular inflammation; corneal transplant; previous uveitis in either eye; or history of macu-
lar hole of grade ≥ 3; previously received any of the following treatments in study eye: subfoveal ther-
mal laser therapy, any operative intervention for AMD, extrafoveal laser coagulation treatment or PDT
in preceding 12 weeks, pegaptanib sodium in preceding 8 weeks, systemic or intravitreous treatment
with VEGF Trap-Eye, ranibizumab, or bevacizumab at any time, juxtascleral steroids, anecortave ac-
etate, or intravitreous triamcinolone acetonide or other steroids in preceding 24 weeks; other causes of
CNV in either eye; active ocular infection; congenital lid anomalies that might interfere with intravitre-
ous administration; any retinal disease other than CNV in either eye; previous trabeculectomy or pars
plana vitrectomy; cup-to-disk ratio ≥ 0.8, IOP ≥ 25 mmHg, or receipt of > 2 agents for treatment of glau-
coma; allergy to povidone iodine, fluorescein, or recombinant proteins; absolute neutrophil count 1000

cells/mm3; HIV positivity, active systemic infection requiring antibiotics; proteinuria > 1+ or urine pro-
tein:creatinine ratio ≥ 1 on 2 repeated determinations within 1 week; New York Heart Association class
III or IV; symptomatic cardiovascular or peripheral vascular disease, malignancy other than basal cell
carcinoma in preceding 2 years; and any other conditions or laboratory abnormalities that could inter-
fere with disease assessment or patient participation in the study; use of standard agents or other an-
ti-VEGF agents before week 16.

Equivalence of baseline characteristics: could not determine; baseline by group not reported

Diagnoses in participants: subfoveal CNV secondary to wet AMD

Interventions Intervention 1: intravitreous injection of VEGF Trap-Eye 0.5 mg q4 wks

Intervention 2: intravitreous injection of VEGF Trap-Eye 2 mg q4 wks

Intervention 3: intravitreous injection of VEGF Trap-Eye 0.5 mg q12 wks

Intervention 4: intravitreous injection of VEGF Trap-Eye 2 mg q12 wks

Intervention 5: intravitreous injection of VEGF Trap-Eye 4 mg q12 wks

Follow-up: 20 weeks and 1 year

Frequency criteria of assessments for retreatment: an increase in CR/LT ≥ 100 μm as measured by
OCT; loss of ≥ 5 ETDRS letters in conjunction with recurrent fluid as indicated by OCT; persistent fluid as
indicated by OCT; new-onset classic neovascularization; new or persistent leak on FA; or new macular
hemorrhage.

Outcomes Primary outcome, as defined: change from baseline in CR/LT at week 12

Secondary outcomes, as defined: change in BCVA, proportion of participants with gain ≥ 15 letters,
proportion of participants with loss ≥ 15 letters, and safety

Adverse events (Y/N): yes

Intervals at which outcome assessed: q4 wks for 20 weeks

Notes Full study name: CLinical Evaluation of Anti-angiogenesis in the Retina intravitreous Trial (CLEAR-IT 2)

Type of study: published or unpublished
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Trial registration: NCT00320788

Funding sources: Regeneron Pharmaceuticals, Inc. and Bayer HealthCare AG

Declarations of interest: quote: "David M. Brown – Alcon Laboratories – Consultant, Grant/Financial
Support; Alimera – Grant/Financial Support; Allergan – Consultant, Grant/ Financial Support; Carl Zeiss
Meditec – Consultant; CoMentis – Grant/ Financial Support; Eyemaginations – Consultant; Genentech
– Consultant, Grant/Financial Support, Lecturer; Heidelberg Engineering – Consultant, Lecturer; Jeri-
ni Ophthalmics – Consultant, Grant/Financial Support, Lecturer; NeoVista – Consultant, Grant/Finan-
cial Support, Lecturer; Neuro- tech – Grant/Financial Support; Novartis Pharmaceuticals – Consultant,
Grant/Financial Support; Oraya Therapeutics – Consultant; Othera – Grant/ Financial Support; Oxigene
– Grant/Financial Support; Pfizer Ophthalmics – Consultant, Grant/Financial Support; Regeneron –
Consultant, Grant/ Financial Support, Lecturer; Steba – Consultant.

Jeffrey S. Heier: Acucela – Consultant; Alcon Laboratories – Consultant, Grant/Financial Support; Al-
lergan – Consultant, Grant/Financial Support; Bausch & Lomb – Consultant; CoMentis – Grant/Finan-
cial Support; Eyemaginations – Consultant; Fovea – Consultant; Genentech – Consultant, Grant/Finan-
cial Support, Lecturer; Genzyme – Consultant; Heidelberg Engineering – Consultant, Lecturer; iScience
– Consultant, Grant/ Financial Support; Ista Pharmaceuticals – Consultant, Grant/Financial Support;
Jerini Ophthalmics – Consultant, Grant/Financial Support, Lecturer; LPath – Consultant; NeoVista –
Consultant, Grant/Financial Support, Lecturer; Neurotech – Grant/Financial Support; Notal Vision –
Consultant; Novartis Pharmaceuticals – Consultant, Grant/Financial Support; Optherion – Consultant;
Optimedica – Royalties; Oraya Therapeutics – Consultant; Oxigene – Grant/Financial Support; Palo-
ma – Consultant, Grant/ Financial Support; Pfizer Ophthalmics – Consultant, Grant/Financial Support;
Regeneron – Consultant, Grant/Financial Support, Lecturer; Resolvyx Pharmaceuticals – Consultant;
Schering Plough Research Institute – Consultant; Scyfix – Consultant; Steba – Consultant; VisionCare
Ophthalmic Technologies – Consultant, Grant/Financial Support.

Thomas Ciulla: Neovista – Consultant; Regeneron – Consultant; Pfizer – Consultant; Genentech – Grant/
Financial Support; Regeneron – Grant/ Financial Support; Allergan – Grant/Financial Support; Alimera
– Grant/ Financial Support; Othera – Grant/Financial Support; Glaxo-Smith-Kline – Grant/Financial Sup-
port; Optko – Grant/Financial Support; National Eye Institute/National Institutes of Health – Grant/Fi-
nancial Support.

Prema Abraham: Genentech – Consultant, Grant/Financial Support; Alcon – Consultant, Grant/Finan-
cial Support; Novartis – Consultant, Grant/Financial Support; Regeneron – Grant/Financial Support; Al-
lergan – Grant/ Financial Support; Opko Health – Grant/Financial Support; Jerini Ophthalmic – Grant/
Financial Support; Pfizer – Grant/Financial Support; Eli Lilly – Grant/Financial Support; Alimera – Grant/
Financial Support; VRT – Grant/Financial Support; Schering-Plough – Grant/Financial Support.

George Yancopoulous, Neil Stahl, Avner Ingerman, Robert Vitti, Alyson J. Berliner, Ke Yang: Regeneron –
Employee at the time the study was conducted.

Quan Dong Nguyen: Bausch & Lomb – Consultant; Genentech – Grant/ Financial Support; Regeneron –
Grant/Financial Support.

Supported by Regeneron Pharmaceuticals, Inc. and Bayer HealthCare AG. The sponsors participated in
the design of the study, conducting the study, data collection, data management, data analysis, inter-
pretation of the data, and the preparation, review, and approval of the manuscript."

Study period: May 2006 and April 2007

Reported subgroup analyses: none reported

CLEAR-IT 2 2011b: 3 intervention groups using other doses not analyzed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of random sequence generation not reported.
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Quote: "The CLEAR-IT 2 was a prospective, double-masked, randomized study
conducted at 33 sites in the United States."

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not reported.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Examiners were masked to treatment assignment and performed no
other study assessments."

Quote: "Stratus (software version 4.0 or higher) OCT scans (Carl Zeiss Meditec,
Inc., Dublin, CA) read at a masked independent central reading center (Digital
Optical Coherence Tomography Reading Center [DOCTR], Cleveland, OH)."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 5/159 (3.2%) participants lost to follow-up.

Selective reporting (re-
porting bias)

Low risk All outcomes in trial registry reported in full text.

CLEAR-IT 2 2011b  (Continued)

 
 

Study characteristics

Methods Study design: parallel-group randomized controlled trial

Number randomized (total and per group): 120 total participants; 60 participants in each group

Exclusions after randomization: none reported

Number analyzed (total and per group): 120 participants; 60 participants in each group

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

Losses to follow-up: none reported

Intention-to-treat analysis: all participants randomized were analyzed

Power calculation: quote: "detect a difference of at least 5 letters in mean visual acuity using the inde-
pendent t test with 80% power and an alpha level of 5%, assuming a standard deviation of 10 letters, 60
eyes were needed in each group."

Study design comment: quote: "If both eyes of the same patient were eligible, then the eye with the
worse visual acuity was enrolled."

Participants Country: France and Lebanon

Mean age: 77 years

Gender (%): 78 women and 42 men

Inclusion criteria: ages ≥ 50 years; subfoveal CNV attributable to AMD diagnosed by FA; presence of
subretinal fluid, cystic maculopathy, or CRT > 250 μm on OCT; BCVA, using ETDRS charts, between
20/40 and 20/400 (Snellen equivalent); CNV < 5400 μm in greatest linear dimension; and ability to un-
derstand and sign a consent form.

El-Mollayess 2012 

Treatment regimens for administration of anti-vascular endothelial growth factor agents for neovascular age-related macular
degeneration (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

42



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Exclusion criteria: presence of subfoveal scarring or hemorrhage; media opacity that would prevent
good-quality retinal imaging; history of uveitis, vitrectomy, diabetic retinopathy, or other condition
that may have affected vision; and thromboembolic event < 6 months prior to enrollment.

Equivalence of baseline characteristics: baseline characteristics by group not reported

Interventions Intervention: intravitreous bevacizumab 1.25 mg injection (Avastin; Roche, Basel, Switzerland)

Intervention 1: PRN (variable dosing)

Intervention 2: every 4–6 weeks (fixed-interval dosing)

Follow-up: 12 months

Frequency of assessments for retreatment: every 4–6 weeks

Outcomes Primary outcome, as defined: improvement in BCVA and CRT at 12 months

Secondary outcomes, as defined: none reported

Adverse events: ocular and systemic adverse events

Review outcomes not reported: mean change in CRT, quality of life, cost

Intervals at which outcome assessed: every 4–6 weeks

Notes Full study name: not reported

Trial registration: not reported

Funding sources: Department of Ophthalmology and University Research Board of American Universi-
ty of Beirut Medical Center, Beirut, Lebanon

Declarations of interest: quote: "The authors indicate no financial interest in any product discussed in
this study."

Study period: May 2009 to October 2009

Subgroup analyses: none reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "randomization program (GraphPad StatMate, version 1.01i; GraphPad
Software Inc, San Diego, California, USA)."

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "visual acuity examiners were masked to treatment regimen and pa-
tients were instructed not to share this information with the examiner."

Quote: "Treating physicians were not masked to the treatment regimen of pa-
tients under their care and no sham injections were employed."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "visual acuity examiners were masked to treatment regimen and pa-
tients were instructed not to share this information with the examiner."

Quote: "The physician reviewing OCT images or other material to be record-
ed in the study was masked to that particular patient's identity and treatment
regimen and in no way could be involved in the treatment of that patient."
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "All patients completed the 12 months of the study and were able to
make scheduled visits with no greater than a 7-day delay."

Selective reporting (re-
porting bias)

Unclear risk Trial registry and citation to protocol not reported.

El-Mollayess 2012  (Continued)

 
 

Study characteristics

Methods Study design: parallel-group randomized controlled trial

Number randomized (total and per group): 331 total participants; 166 participants in PRN group, 50
participants in routine group

Exclusions after randomization: 48 withdrew in PRN group, 22 withdrew in routine group

Number analyzed (total and per group): 166 in PRN group, 165 in routine group

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

Losses to follow-up: 26 in PRN group, 22 in routine group

Compliance: 140 completed trial in PRN group, 143 completed trial in routine group

Intention-to-treat analysis: 166 in PRN group, 165 in routine group

Power calculation: yes, a non-inferiority margin of 4–5 letters at 90% power for the sample size
planned for the study

Study design comment: none

Participants Country: UK

Median age: 80 years

Gender (%): 61% women and 39% men

Inclusion criteria: ages > 50 years with a diagnosis of nAMD and BCVA of logarithm of the minimum an-
gle of resolution 0.3–1.2

Exclusion criteria: lesion showed signs of > 50% fibrosis, hemorrhage, or serous PED. People with
medical history of MI, cardiovascular accident, or gastrointestinal perforation when the trial com-
menced. However, as more evidence emerged suggesting a low systemic risk from the intravitreous use
of anti-VEGF drugs, the protocol was amended so that MI and gastrointestinal perforation were not ex-
clusion criteria, and only people with history of cerebrovascular accident within 6 months were exclud-
ed.

Equivalence of baseline characteristics: yes, no substantial imbalances in the ocular or demographic
characteristics between the 2 groups

Interventions Intervention: intravitreous bevacizumab 1.25 mg injection (Avastin; Roche, Basel, Switzerland)

Intervention 1: 3 monthly loading doses, then PRN (PRN treatment)

Intervention 2: 3 monthly loading doses, then q12 wks (routine treatment)

Follow-up: 92 weeks

GMAN 2015 
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Frequency of assessments for retreatment: q12 wks

Outcomes Primary outcome, as defined: mean BCVA at 92 weeks

Secondary outcomes, as defined: change in mean VA from baseline to 92 weeks and % of participants
who had a change in VA from baseline of ≥ 5, ≥ 10, or ≥ 15 letters, comparing contrast sensitivity, read-
ing speed, and CMT between the 2 arms at 92 weeks

Adverse events: yes

Intervals at which outcome assessed: q12 wks for 92 weeks

Notes Full study name: The Greater Manchester Avastin for Neovascularisation Study

Trial registration: ISRCTN 34221234 and EudraCT number 2007-003853-97

Funding sources: quote: "Supported by Greater Manchester Primary Care Trusts, National Health Ser-
vice, England, and Manchester Biomedical Research Centre."

Declarations of interest: quote: "The author(s) have made the following disclosure(s): S.M.: Advisory
boards of and financial support _ Novartis and Bayer. T.M.A: Advisory boards of and financial support _
Novartis and Bayer."

Study period: February 2008 to May 2013

Subgroup analyses: none reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Computer-generated allocation lists were drawn up by the trial statis-
tician using block randomization with a variable block size."

Allocation concealment
(selection bias)

Low risk Quote: "Computer-generated allocation lists were drawn up by the trial statis-
tician using block randomization with a variable block size."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "patients, treating clinicians, and other staH involved in the study were
not masked."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The optometrists who measured BCVA, reading speed, and contrast
sensitivity were masked to the study arm."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Losses to follow-up reported and balanced in the 2 comparison groups.

Selective reporting (re-
porting bias)

Low risk Compared with the trial registries, there did not appear to be selective out-
come reporting.

GMAN 2015  (Continued)
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Methods Study design: parallel-group randomized controlled trial
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Number randomized (total and per group): 1098 total participants; 276 in 0.5 mg monthly group; 275
in 0.5 mg PRN group; 274 in 2.0 mg monthly group; 273 in 2.0 mg PRN group

Exclusions after randomization: 1 participant was randomized before screen failure, and no baseline
or postbaseline data were reported for this participant; therefore, the participant was excluded from
analysis.

Number analyzed (total and per group): 1098 total participants; 275 in 0.5 mg monthly group; 275 in
0.5 mg PRN group; 274 in 2.0 mg monthly group; 273 in 2.0 mg PRN group

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

Losses to follow-up: discontinued study: 2 in 0.5 mg monthly group; 2 in 0.5 mg PRN group; 2 in 2.0 mg
monthly group; 2 in 2.0 mg PRN group. Discontinued treatment: 2 in 0.5 mg monthly group; 2 in 0.5 mg
PRN group; 3 in 2.0 mg monthly group; 3 in 2.0 mg PRN group

Compliance: not reported

Intention-to-treat analysis: yes

Reported power calculation: yes, 80% power in the intention-to-treat analysis for the 3 primary com-
parisons

Study design comment: none

Participants Country: 100 study centers across the US

Age: 0.5 mg monthly: mean 78.8 years (SD 8.4; range 53.0–97.0); 0.5 mg PRN: mean 78.5 years (SD 8.3;
range 53.0–97.0); 2.0 mg monthly: mean 79.3 years (SD 8.3; range 50.0–96.0); 2.0 mg PRN: mean 78.3
years (range 54.0–98.0)

Gender (%): 0.5 mg monthly: 113 (41.1%) men and 162 (58.9%) women; 0.5 mg PRN: 112 (40.7%) men
and 163 (59.3%) women; 2.0 mg monthly: 104 (38.0%) men and 170 (62.0%) women; 2.0 mg PRN: 117
(42.9%) men and 156 (57.1%) women

Inclusion criteria: ages ≥ 50 years; BCVA 20/40–20/320 (Snellen equivalent), using ETDRS charts (at 4
m); active subfoveal lesions with classic CNV, some classic CNV component, or purely occult CNV; total

area of lesion 12 disk areas or 30.48 mm2; and total CNV area constituted 50% of total lesion area based
on FA. For the inclusion of purely occult or occult with some classic CNV, activity of the lesion had to be
demonstrated by 1 of several criteria including 10% increase in CNV lesion size on interval visits, docu-
mented visual loss of 1 line of Snellen vision, or presence of hemorrhage at presentation

Exclusion criteria: history of vitrectomy surgery; prior treatment with PDT with verteporfin, external
beam radiation therapy, or transpupillary thermotherapy; previous intravitreous drug delivery; previ-
ous subfoveal laser photocoagulation; uncontrolled blood pressure; atrial fibrillation not managed by
the participant's primary care physician or cardiologist within 3 months of the screening visit; or histo-
ry of stroke within 3 months of the screening visit.

Equivalence of baseline characteristics: yes, quote: "All variables were well balanced among the 4
treatment groups."

Diagnoses in participants: approximately 46% of participants had minimally classic CNV lesions, 16%
had predominantly classic lesions, and 38% had purely occult CNV.

Interventions Intervention 1: ranibizumab 0.5 mg monthly

Intervention 2: ranibizumab 0.5 mg PRN

Intervention 3: ranibizumab 2.0 mg monthly

Intervention 4: ranibizumab 2.0 mg PRN

Follow-up: 12 months
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Frequency of assessments for retreatment: at month 3 visit and thereafter

Outcomes Primary outcome, as defined: mean change from baseline in BCVA at month 12

Secondary outcomes, as defined: mean number of ranibizumab injections up to, but not including,
month 12; mean change from baseline in CFT based on SD-OCT over time to month 12; proportion of
participants who gained 15 letters from baseline in BCVA at month 12

Adverse events (Y/N): yes

Intervals at which outcome assessed: safety and ocular parameters assessed on day 7; subsequently,
all participants had scheduled monthly visits for evaluation of safety and efficacy. FA and fundus pho-
tography were performed at screening and at months 3, 6, and 12.

Notes Full study name: not reported

Type of study: published

Trial registration: NCT00891735

Funding sources: Genentech, Inc. (South San Francisco, CA) provided support for the study and partic-
ipated in the study design; conducting the study; and data collection, management, and interpretation.

Declarations of interest: quote: "B.G.B. has served as a consultant for Alimera, Elan, Genentech,
Synergetics, and Thrombogenics; has received research funding from Genentech; is a member of the
speakers bureau for Genentech and Regeneron; and has received royalties from AKORN. A.C.H. has
served as a consultant for Alcon, Allergan, Centocor/Johnson & Johnson, Genentech, Merck, NeoVista,
Ophthotech, Oraya, Paloma, PRN, QLT, Regeneron, and Thrombogenics; has received research funding
from Alcon, Allergan, Genentech, National Eye Institute/ National Institutes of Health, NeoVista, Oph-
thotech, Oraya, PRN, QLT, Regeneron, and Second Sight; and is a member of the speakers bureau for Al-
con, Genentech, and Regeneron. D.M.B. has served as a consultant for Alcon, Alimera, Allergan, Genen-
tech, Novartis, Regeneron, and Thrombogenics; has received research funding from Abbott, Alcon, Al-
imera, Allergan, Eli Lilly, Genentech, GlaxoSmithKline, Ophthotech, Novartis, Regeneron, and Throm-
bogenics; and is a member of the speakers bureau for Genentech and Regeneron. J.S.H. has served
as a consultant for Acucela, Allergan, Bayer, Forsight, Fovea, Genentech, Genzyme, GlaxoSmithKline,
LPath, Neovista, Oraya, Paloma, QLT, Quark, and Regeneron; and has received research funding from
Alcon, Alimera, Allergan, Fovea, Genentech, Genzyme, GlaxoSmithKline, Neovista, Neurotech, Novar-
tis, Ophthalmic Consultants of Boston, Ophthotech, Paloma, and Regeneron. I.J.S. has served as a con-
sultant for Genentech, Eyetech, Regeneron, and Thrombogenics; has received research funding from
Genentech; is a member of the speakers bureau for Genentech, Optos, and Regeneron; and is a board
member of Optos. Z.L., R.G.R., and P.L. are employees of Genentech. Support for third-party writing as-
sistance for this manuscript provided by Linda Merkel, PhD, and Michelle Kelly, PhD, of UBC-Envision
Group, and was provided by Genentech, Inc."

Study period: recruitment from July 2009 and August 2010

Reported subgroup analyses: no

HARBOR 2013: 2 intervention groups using other doses not analyzed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "each patient received a computer-generated subject number on day 0,
which randomly assigned patients in a 1:1:1:1 ratio to 1 of 4 ranibizumab treat-
ment groups: 0.5 mg monthly, 0.5 mg PRN, 2.0 mg monthly, and 2.0 mg PRN."

Allocation concealment
(selection bias)

Low risk Quote: "Randomization was stratified by VA at day 0 (≤54 letters [approximate
Snellen equivalent <20/80] vs. ≥55 letters [approximate Snellen equivalent

HARBOR 2013  (Continued)

Treatment regimens for administration of anti-vascular endothelial growth factor agents for neovascular age-related macular
degeneration (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

47



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

≥20/80]), CNV classification at baseline (predominantly classic, minimally clas-
sic, or purely occult), and study center."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Quote: "All study site personnel, the designated physician(s), central reading
center personnel, patients, and the sponsor and its agents were masked to
treatment drug dose assignment (0.5 mg vs. 2.0 mg). Treatment frequency (ie,
monthly vs. PRN dosing) was not masked to patient and site personnel."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Quote: "All study site personnel, the designated physician(s), central reading
center personnel, patients, and the sponsor and its agents were masked to
treatment drug dose assignment (0.5 mg vs. 2.0 mg). Treatment frequency (ie,
monthly vs. PRN dosing) was not masked to patient and site personnel."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Losses to follow-up were balanced and similar in the 2 groups.

Selective reporting (re-
porting bias)

Low risk Compared with the trial registry, there did not appear to be selective outcome
reporting.

HARBOR 2013  (Continued)

 
 

Study characteristics

Methods Study design: parallel-group randomized controlled trial

Number randomized (total and per group):

Drug randomization: 628 total participants; 305 in bevacizumab group and 323 in 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; 136 in continued bevacizumab group; 138 in discontinued
bevacizumab group; 141 in continued ranibizumab group; and 146 in discontinued ranibizumab group

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

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

Losses to follow-up:

At 1 year' follow-up: 49 total participants: 4 participants receiving treatment withdrew prior to com-
pleting 3rd 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 be-
vacizumab group; 16 in continued ranibizumab group; and 9 in discontinued ranibizumab group)

At 2 years' follow-up: 85 total participants: 5 participants receiving treatment withdrew prior to com-
pleting 3rd 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
bevacizumab group; 23 in continued ranibizumab group; and 18 in discontinued ranibizumab group)
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Compliance: the wrong study drug was administered twice during the first year

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

At 2 years' follow-up: adherence was 12761/14640 (87%) scheduled injections received

Intention-to-treat analysis: no, 67 participants enrolled and randomized were not included in the
analyses 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 PNR injections given in 3 month cy-
cles); results reported only as bevacizumab vs ranibizumab and continuous vs discontinuous

Participants Country: UK (23 study centers)

Age: mean age for 610 participants receiving treatment was 78 years

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

Inclusion criteria: ages ≥ 50 years; previously untreated nAMD in study eye with any component of
the neovascular lesion (CNV, blood, serous PED, elevated blocked fluorescence) involving the center of
fovea, confirmed by FA; BCVA ≥ 25 letters on ETDRS chart (measured at 1 m)

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

Equivalence of baseline characteristics: yes

Diagnoses in participants: 301/610 (58%) had nAMD with CNV in foveal center; 308/610 (54%) had flu-
id 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: intravitreous bevacizumab 1.25 mg in 0.05 mL injected monthly for 2 years

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

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

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

Follow-up: 2 years

Frequency of follow-up assessments: monthly

Outcomes Primary outcome, as defined: BCVA measured as ETDRS letters at 2 years

Secondary outcomes, as defined in protocol: at 1 year' and 2 years' follow-up: frequencies 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 VA measured by Bailey-Love near reading cards, and reading
speed measured with Belfast reading charts); lesion morphology (FA and OCT); distance VA at 1 year;
survival free from treatment failure

Exploratory analysis: association between serum markers and cardiovascular serious adverse events
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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 neovascularisation

Trial registration: ISRCTN92166560.

Type of study: published

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

Declarations of interest: various authors reported being principal investigators of trials sponsored by
Novartis; attending and being remunerated for attendance at advisory boards for Novartis, Bayer, Neo-
vista, Oraya, Allergan, Bausch and Lomb, or a combination; being employed by institution that has re-
ceived payments from Novartis, Bayer, Neovista, Oraya, Alcon, Pfizer, or a combination; receiving hon-
oraria from Novartis for lecture or teaching fees from Janssen-Cilag, or both

Study period: random enrollment 27 March 2008 to 15 October 2010

Reported subgroup analyses: 3 genetic polymorphisms (Lotery 2013 under IVAN 2012b)

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 Quote: "Randomized allocations were computer generated by a third party in
blocks and stratified by center."

Quote: "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 Quote: "Research teams at sites recruited participants, and accessed a pass-
word-protected website to randomize participants. Allocations were con-
cealed until participants' eligibility and identities were confirmed."

Quote: "Allocations were computer generated and concealed with an inter-
net-based system (Sealed Envelope, London, UK). StaH 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."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk From study protocol:

Quote: "Participants, clinicians and trial personnel will be masked to the VEGF
inhibitor to which a participant is assigned."

Quote: "We have chosen not to mask participants, clinicians and trial per-
sonnel to whether patients are allocated to continue or stop treatment at 3
months."

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

Blinding of outcome as-
sessment (detection bias)
All outcomes

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

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

From study protocol:

Quote: "We have chosen not to mask participants, clinicians and trial per-
sonnel 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 the 1-year analy-
sis; 111/628 (18%) participants randomized were not included in the 2-year
analysis.

Selective reporting (re-
porting bias)

Unclear risk Differences between the protocol and published 1-year and 2-year results pa-
pers included:

2 secondary outcomes in the protocol were not listed in paper: treatment sat-
isfaction and survival free from treatment failure; and exploratory (serum)
analysis in protocol upgraded to a secondary outcome in paper.

IVAN 2012b  (Continued)

 
 

Study characteristics

Methods Study design: parallel-group randomized controlled trial

Number randomized (total and per group): 191 total participants; 64 in the q8 wks group; 63 in the q6
wks group; 64 in the q4 wks group

Exclusions after randomization: 2 participants due to lack of evidence of CNV

Number analyzed (total and per group): 54 in the q8 wks group; 57 in the q6 wks group; 46 in the q4
wks group for efficacy analysis

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

Losses to follow-up: 18 (28.1%) in the intravitreous bevacizumab q4 wks group; 6 (9.5%) in the intrav-
itreous bevacizumab q6 wks group; 10 (15.6%) in the intravitreous bevacizumab q8 wks group

Intention-to-treat analysis: no, participants with missing data excluded from analyses

Power calculation: yes; 80%

Study design comment: single-center trial

Participants Country: Netherlands

Mean age: 77 years

Gender (%): men 18 (28.1%) and women 46 (71.9%) in the intravitreous bevacizumab q4 wks group;
men 25 (39.7%) and women 38 (60.3%) in the intravitreous bevacizumab q6 wks group; men 21 (32.8%)
and women 43 (67.2%) in the intravitreous bevacizumab q8 wks group

Inclusion criteria: ages ≥ 65 years; VA 20/200 to 20/20 (Snellen equivalent) assessed using the ETDRS
VA charts; previously untreated active CNV due to AMD; presence of active leakage to establish active
CNV defined as a leakage observed using FA and indocyanine green angiography, and the presence of
fluid, observed using SD-OCT, located either below the retina or below the RPE
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Exclusion criteria: other significant ocular disorders affecting visual; allergy to either FA and indocya-
nine green dye injections was known; immunocompromised people or people with an ocular surgery
planned during the 1-year follow-up period; people who used coumarin derivatives at the time of inclu-
sion and people who experienced clinically significant cerebrovascular accident or MI in the 6 months
prior to planned inclusion

Equivalence of baseline characteristics: yes

Interventions Intervention 1: intravitreous bevacizumab (1.25 mg bevacizumab in a 0.05 mL solution) q4 wks

Intervention 2: intravitreous bevacizumab (1.25 mg bevacizumab in a 0.05 mL solution) q6 wks

Intervention 3: intravitreous bevacizumab (1.25 mg bevacizumab in a 0.05 mL solution) q8 wks

Follow-up: 1 year

Frequency of assessments for retreatment: q12 wks in addition to regular injection visits

Outcomes Primary outcome, as defined: BCVA

Secondary outcomes, as defined: fluid and foveal thickness on SD-OCT

Adverse events: yes

Intervals at which outcome assessed: q12 wks

Notes Full study name: not reported

Trial registration: NTR117

Funding sources: not reported

Declarations of interest: not reported

Study period: June 2008 to March 2011

Subgroup analyses: none reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of random sequence generation not reported.

Allocation concealment
(selection bias)

Unclear risk Allocation concealment not reported.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk 'Open-label' study.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk 'Open-label' study.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Imbalance in losses to follow-up across groups: 34 (17.8%) participants [18
(28.1%) in the intravitreous bevacizumab q4 wks group; 6 (9.5%) in the intrav-
itreous bevacizumab q6 wks group; 10 (15.6%) in the intravitreous bevacizum-
ab q8 wks group] were not included in the final efficacy analysis.
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Selective reporting (re-
porting bias)

Low risk All prespecified outcomes reported in the final report.

Lushchyk 2013  (Continued)

 
 

Study characteristics

Methods Study design: randomized controlled trial

Number randomized (total and per group): 13 centers, 185 participants in total; 91 in the interven-
tion 1; 94 in the intervention 2

Exclusions after randomization: none reported

Number analyzed (total and per group): 79 eyes (86.8%) in the intervention 1; 82 eyes (87.2%) in the
intervention 2

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

Losses to follow-up: not reported

Intention-to-treat analysis: no

Power calculation: none reported

Study design comment: none reported

Participants Country: China

Age: median 67 years in the intervention 1; median 70 years in the intervention 2

Gender (%): men 60 (65.9%) and women 31 (34.4%) in the intervention 1; men 62 (66.0%) and women
32 (34.0%) in the intervention 2

Inclusion criteria: ages ≥ 50 years; previously untreated active CNV (determined by the presence of
leakage, as seen on FA, and by the presence of fluid, as seen on OCT, located either within or under the
neurosensory retina or under the RPE) resulting from AMD; lesion area ≤ 12 disk areas, and BCVA 5–73
letters using ETDRS charts

Exclusion criteria: presence of a macular scar, CNV not resulting from AMD, and polypoidal choroidal
vasculopathy

Equivalence of baseline characteristics: yes

Interventions Intervention 1: intravitreous bevacizumab (1.25 mg bevacizumab in 0.05 mL solution) q6 wks for 8 in-
jections

Intervention 2: intravitreous bevacizumab (1.25 mg bevacizumab in 0.05 mL solution) q6 wks for the
first 3 injections, followed by injections q12 wks for the last 2 injections

Follow-up: 48 weeks

Frequency of assessments for retreatment: not reported

Outcomes Primary outcome, as defined: mean change in VA

Secondary outcomes, as defined: proportion of participants with a change in VA ≥ 15 letters; number
of injections; change in CRT on OCT; incidence of ocular and systemic adverse events; and annual drug
cost

Adverse events: yes
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Intervals at which outcome assessed: q6 wks

Notes Full study name: Bevacizumab for Neovascular Age-related Macular Degeneration in China

Trial registration: NCT01306591

Funding sources: quote: "Supported by the National Key Technology Research and Development Pro-
gram in the 11th Five-Year Plan of China (no. 2006BAI02B05)."

Declarations of interest: quote: "The author(s) have no proprietary or commercial interest in any ma-
terials discussed in this article."

Study period: January 2008 to January 2010

Subgroup analyses: none reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of random sequence generation not reported.

Allocation concealment
(selection bias)

Unclear risk Allocation concealment not reported.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk 'Open-label' study.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Visual acuity examiners and imaging technicians were unaware of
study group assignment."

Quote: "A medical monitor who was unaware of study group assignments re-
viewed all adverse event data;" masking of other outcome assessors not re-
ported.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Balanced losses to follow-up but causes not reported: 24 (13.0%) participants
(12 [13.2%] in the intravitreous bevacizumab q6 wks group; 12 [12.8%] in the
intravitreous bevacizumab q6 wks followed by q12 wks group) were not in-
cluded in the final efficacy analysis.

Selective reporting (re-
porting bias)

Low risk All prespecified outcomes were reported in the final report.

NATTB 2012  (Continued)

 
 

Study characteristics

Methods In this study, the results were reported for subgroup, not based on intervention groups. It was unclear if
this study was eligible for the review

Study design: parallel-group randomized controlled trial

Number randomized (total and per group): 37 eyes of 37 participants in total; number per group not
reported

Exclusions after randomization: none reported
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Number analyzed (total and per group): 37 eyes of 37 participants in total; number per group not re-
ported

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

Losses to follow-up: none reported

Intention-to-treat analysis: not reported

Reported power calculation: no

Study design comment: multicenter (3 centers) trial; the results were reported for subgroup analysis
(tear vs non-tear group), not based on the randomized intervention groups

Participants Country: USA

Age: not reported

Gender: not reported

Inclusion criteria: ages ≥ 50 years; vascularized PED secondary to exudative AMD, PED ≤ 12-disk area
in size; BCVA with ETDRS ≥ 19 and ≤ 69 letters (20/400 to 20/40), and surface area of any associated sub-
macular hemorrhage or fibrosis occupying < 50% of entire PED

Exclusion criteria: anti-VEGF therapy within the past 30 days; > 3 previous anti-VEGF injections; > 1
previous PDT session; previous AMD treatment (excluding minerals and vitamins) in the past 30 days;
YAG laser in past 30 days; previous intravitreous triamcinolone therapy in the past 30 days; previous in-
travitreous dexamethasone therapy in the past 6 months; history of pars plana vitrectomy

Equivalence of baseline characteristics: not reported by intervention groups

Interventions Intervention 1: intravitreous ranibizumab 0.5 mg monthly for 12 months

Intervention 2: intravitreous ranibizumab 0.5 mg monthly for 4 months (months 0, 1, 2, and 3) fol-
lowed by PRN treatment according to predefined criteria

Intervention 3: intravitreous ranibizumab 2.0 mg monthly for 12 months

Intervention 4: intravitreous ranibizumab 2.0 mg monthly for 4 months (months 0, 1, 2, and 3) fol-
lowed by PRN treatment according to predefined criteria

Follow-up: 12 months

Frequency of assessments for retreatment: monthly

Outcomes Primary outcome, as defined: mean change in BCVA ETDRS; incidence in postinjection RPE tears; PED

Secondary outcomes, as defined: not distinguished

Adverse events: no

Intervals at which outcome assessed: BCVA and OCT measurements monthly; fundus photography
and FA months 0, 1, 2, 3, 6, 9, and 12

Notes Full study name: not reported

Trial registration: not reported

Funding sources: quote: "Supported by an Investigator-Supported Trial grant from Genentech and by
a grant (D.S.) from the Karl Kirchgessner Foundation at the Jules Stein Eye Institute."

Declarations of interest: not reported

Study period: not reported

Sarraf 2013  (Continued)

Treatment regimens for administration of anti-vascular endothelial growth factor agents for neovascular age-related macular
degeneration (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

55



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Subgroup analyses: tear vs non-tear for development of RPE tear

Sarraf 2013: 2 intervention groups using other doses not analyzed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of random sequence generation not reported.

Allocation concealment
(selection bias)

Unclear risk Allocation concealment not reported.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk 'Open-label' study.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk 'Open-label' study.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No missing outcome data.

Selective reporting (re-
porting bias)

Unclear risk Protocol not available.

Sarraf 2013  (Continued)

 
 

Study characteristics

Methods Number randomized (total and per group): treatment: 323 participants (323 eyes) with ranibizumab
0.5 mg, treat and extend; control: 327 participants (327 eyes) with ranibizumab 0.5 mg, monthly; total:
650

Exclusions after randomization: adverse effects (9 in treatment, 2 in control), consent withdrawal (14
in treatment, 17 in control), death (3 in treatment, 4 in control), protocol deviation (1 in treatment, 2 in
control), physician's decision (1 in treatment, 3 in control)

Number analyzed (total and per group): treatment: 290, control: 295, total: 585

Unit of analysis: participant (1 eye per participant)

Losses to follow-up: 5 in treatment, 4 in control

Compliance: not explicitly reported, but participants were administered treatment on visits

Intention-to-treat analysis: no; participants who were excluded after randomization and lost to fol-
low-up were not included in analysis.

Reported power calculation: quote: "Assuming a standard deviation (SD) of 15 ETDRS letters in the
treat-and-extend and monthly groups, with a difference of 1.5 in mean change in BCVA from baseline
in favor of the monthly regimen, and by applying an ANCOVA [analysis of covariance] model, a sample
size of 322 patients per treatment group was considered (to account for loss of information resulting
from missing data, the sample size was increased by 10% from 290 to 322). With this sample size, the
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resulting power for ANCOVA was 80% to establish noninferiority of the treat-and-extend regimen versus
the monthly regimen at a 1-sided 2.5% level for a noninferiority margin of 5 letters."

Study design comment: not available

Participants Country: 18 countries: Belgium, Croatia, Denmark, Egypt, Germany, Hungary, India, Israel, Italy, Korea,
Portugal, Russia, Slovakia, Slovenia, Spain, Switzerland, Turkey, UK

Age: treatment: mean 75.3 years (SD 8.61); control: mean 75.2 years (SD 8.13); overall: mean 75.2 years

Gender (%): treatment: 55.4% women; control: 55.4% women

Inclusion criteria: treatment-naïve participants ages ≥ 50 years with visual impairment resulting from
active CNV secondary to AMD confirmed by presence of active leakage of CNV detected by FA, color fun-
dus photography, or both; total area of fibrosis comprising < 50% of the lesion area and BCVA score 23–
78 ETDRS letters at 4 m (approximately 20/32–20/320 Snellen equivalent).

Exclusion criteria: any type of advanced, severe, or unstable disease, including any medical condition
that could bias assessment or put the participant at special risk; history of stroke or MI within 3 months
before screening or an uncontrolled systolic blood pressure > 160 mmHg or diastolic blood pressure >
100 mmHg; prior treatment of the study eye with anti-VEGF or verteporfin PDT or corticosteroids with-
in 6 months before screening or intraocular surgery within 3 months before screening; history of fo-
cal/grid laser photocoagulation with involvement of the macular area; or uncontrolled glaucoma or at-
rophy or fibrosis in study eye.

Equivalence of baseline characteristics: quote: "Patient demographic and baseline ocular character-
istics were well balanced between the 2 treatment groups."

Diagnoses in participants: AMD, CNV

Interventions Intervention 1: treat-and-extend group received 2 initial monthly ranibizumab injections at baseline
(day 1) and month 1. After 1 month, visits in the treat-and-extend group were scheduled based on dis-
ease activity as assessed by VA and OCT criteria. Participants were treated at monthly intervals until
disease activity was resolved, as assessed by SD-OCT according to the investigator's judgment (i.e. no
intraretinal or subretinal fluid). If disease activity was not present, the next visit was scheduled in 6
weeks (i.e. the treatment interval, defined as the period between 2 ranibizumab injections, was extend-
ed by 2 weeks); however, if disease activity was present, the interval to the next visit was not extend-
ed and thus was scheduled in 4 weeks (1 month). The treatment interval could be extended by 2 weeks
at each visit as long as there was no disease activity, with a maximum of a 12-week treatment interval.
During the course of the study, if disease activity was present, the treatment interval was shortened by
2 weeks, but never to fewer than 4 weeks. The participant was treated at this interval until no disease
activity was present, after which an extension of 2 weeks was reactivated. The possibility to extend the
interval between treatments was limited to 2 attempts. If disease activity recurred, the visit schedule
was shortened by 2 weeks and fixed on this interval up to the end of the study. However, if disease ac-
tivity was present along with visual impairment, the treatment interval was allowed to shorten by 4
weeks instead of 2 weeks based on the investigator's judgment.

Intervention 2: monthly regimen group, treatment visits were scheduled at monthly intervals up to
the end of the study.

Follow-up: planned length: not stated; actual length: 12 months

Frequency of assessments for retreatment: monthly

Outcomes Primary outcome, as defined: change in BCVA from baseline to end of the study

Secondary outcomes, as defined: change in retinal central subfield thickness from baseline to end of
study, treatment exposure, and safety

Adverse events (Y/N): yes: increased IOP, conjunctival hemorrhage, reduced VA, nasopharyngitis, hy-
pertension, influenza, bronchitis, endophthalmitis
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Intervals at which outcome assessed: baseline, end of study

Notes Full study name: Treat-and-Extend versus Monthly Regimen in Neovascular Age-Related Macular De-
generation

Type of study: published

Trial registration: NCT01948830

Funding sources: Novartis Pharma AG(Basel, Switzerland)

Declarations of interest: RS: consultant – Allergan, Alimera, Alcon, Bayer, Novartis, THEA; financial
support – Bayer, Alimera, Angelini, THEA, Allergan, Novartis
ML: consultant, lecturer, financial support (to institution) – Novartis, Allergan, Alcon, Roche
WM: employee – Novartis Pharma AG (Basel, Switzerland)
CF: employee – Novartis Pharma AG (Basel, Switzerland)
JM: consultant – Novartis, Allergan, Bayer, Alcon, Ophthotech, Notal Vision, Alimera, Genentech; finan-
cial support – Novartis, Bayer, Alcon, Ophthotech, Roche; lecturer – Novartis, Allergan, Ophthotech

Study period: enrollment December 2013 through November 2015

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

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of random sequence generation not reported.

Allocation concealment
(selection bias)

Unclear risk Allocation concealment not reported.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Masking of participants not reported.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "In this study, the VA assessor who assessed the parameters for the pri-
mary end point was masked to the treatment regimen and was not allowed to
perform any additional study tasks."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "The primary analysis was performed on the full analysis set using the
last observation carried forward principle for imputing missing BCVA values
at the end of the study. The full analysis set comprised all patients to whom a
treatment regimen was assigned."

Selective reporting (re-
porting bias)

High risk Some of the prespecified outcomes (e.g. NEI VFQ-25) were not presented.

TREND 2017  (Continued)
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Methods Number randomized (total and per group): 60 total participants; 40 to TREX group and 20 to monthly
group

Exclusions after randomization: none reported
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Number analyzed (total and per group): 57 total participants; 37 in the TREX group and 20 in the
monthly group

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

Losses to follow-up: 3 participants (all in the TREX group; due to temporal arteritis, lung cancer, or
meningitis)

Intention-to-treat analysis: no, 3 participants not included in analysis

Power calculation: yes, quote: "we calculated an a priori power of 42% to detect noninferiority (signifi-
cance 5%, 1-sided). TREX-AMD 1 year post-hoc analysis demonstrated a power of 88%."

Study design comment: quote: "randomized 1:2, utilizing a noninferiority limit of 5 ETDRS letters and
the 12.5 ETDRS letter standard deviation reported in the LUCAS trial."

Participants Country: USA (2 centers)

Mean age: 77 years (range 59–96 years)

Gender (%): 38 (63%) women and 22 (37%) men

Inclusion criteria: treatment-naïve CNV secondary to exudative AMD with ETDRS BCVA 78–18 (Snellen
equivalent, 20/32–20/500) determined by protocol trial lens refraction, and total area of subretinal he-
morrhage and fibrosis comprising < 50% of the total lesion.

Exclusion criteria: not reported

Equivalence of baseline characteristics: could not determine; baseline by group not reported

Diagnoses in participants: CNV secondary to exudative AMD

Interventions Intervention 1: intravitreous ranibizumab 0.5 mg in 0.05 mL, monthly for first 3 months, then treat-
and-extend protocol (quote: "interval between treatments was tailored based on exudative disease
activity: eyes were treated at each visit, no more frequently than every 4 weeks and no less frequently
than every 12 weeks")

Intervention 2: intravitreous ranibizumab 0.5 mg in 0.05 mL, monthly for 1 year

Follow-up: 1 year reported, 2 years planned

Frequency of assessments for retreatment: every 1–4 weeks, based on exudative disease activity in
the TREX group

Outcomes Primary outcome, as defined: ETDRS BCVA change from baseline

Secondary outcomes, as defined: mean change in CRT by SD-OCT, total number of intravitreous injec-
tions, percentage of participants with persistent exudative disease activity by SD-OCT, percentage of
participants gaining or losing 10 or 15 ETDRS letters at month 12, and the incidence and severity of oc-
ular and systemic adverse events

Adverse events (Y/N): yes

Intervals at which outcome assessed: every month for 12 months

Notes Full study name: The Treat-and-Extend Protocol in Patients with Wet Age-Related Macular Degenera-
tion

Type of study: published

Trial registration: NCT01748292

Funding sources: quote: "Supported by Genentech, Inc., South San Francisco, California. The funding
organization had no role in the design or conduct of this research."
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Declarations of interest: quote: "The author(s) have no proprietary or commercial interest in any ma-
terials discussed in this article:

C.C.W.: Research support – Alcon, Allergan, Genentech, Regeneron; Consultant – Alcon, Allergan, Bayer,
Genentech, Regeneron; Lecturer – Allergan, Genentech, Regeneron.

D.M.B.: Research support – Alcon, Allergan, Genentech, Regeneron; Consultant – Alcon, Allergan, Bayer,
Genentech, Regeneron; Lecturer – Bayer, Roche.

L.C.: Research support – Genentech; Consultant – Regeneron; Lecturer – Regeneron, Genentech, Bayer;
Travel – Bayer, Regeneron, Genentech.

J.F.P.: Research support – Genentech.

S.S.: Research support – Genentech, Carl Zeiss Meditec, Optos, Allergan; Personal fees – Genentech,
Carl Zeiss Meditec, Optos, Allergan, Roche, Novartis, Alcon, Iconic."

Study period: February 2013 through January 2014

Reported subgroup analyses (Y/N): none reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of random sequence generation not reported.

Quote: "The Treat-and-Extend Protocol in Patients with Wet Age-Related Mac-
ular Degeneration (TREX-AMD) is a phase IIIb, multicenter, randomized, con-
trolled clinical trial."

Allocation concealment
(selection bias)

Low risk Quote: "At enrollment, patients were randomized sequentially by a blinded
study coordinator to the monthly or TREX cohort."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not reported.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not reported.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 3/60 (5%) participants lost to follow-up.

Selective reporting (re-
porting bias)

Unclear risk Trial planned for 2 years; results at 1 year reported (study ongoing).

TREX-AMD 2015  (Continued)

 
 

Study characteristics

Methods Study design: 2 parallel-group randomized controlled trials

Number randomly assigned:

2457 total participants (2457 eyes);
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615 in aflibercept 0.5 mg q4 wks group (excluded);

617 in aflibercept 2.0 mg q4 wks group;

616 in aflibercept 2.0 mg q8 wks group;

609 in ranibizumab group.

Exclusions after randomization:

Full analysis – 45 total participants:

4 in aflibercept 2.0 mg q4 wks group;

9 in aflibercept 2.0 mg q8 wks group;

14 in ranibizumab group.

Safety analysis – 38 total participants:

4 in aflibercept 2.0 mg q4 wks group;

6 in aflibercept 2.0 mg q8 wks group;

14 in ranibizumab group.

Losses to follow-up:

251 participants discontinued treatment at 1-year follow-up:

53 in aflibercept 2.0 mg q4 wks group;

63 in aflibercept 2.0 mg q8 wks group;

60 in ranibizumab group.

Number analyzed:

Full analysis – 2412 total participants at 1-year follow-up:

613 in aflibercept 2.0 mg q4 wks group;

607 in aflibercept 2.0 mg q8 wks group;

595 in ranibizumab group.

Safety analysis – 2419 total participants at 1-year follow-up:

613 in aflibercept 2.0 mg q4 wks group;

610 in aflibercept 2.0 mg q8 wks group;

595 in ranibizumab group.

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

How were missing data handled? missing values imputed using last observation carried forward ap-
proach

Power calculation: none reported

Participants Country: US and Canada (154 study sites) and Argentina; Australia; Austria; Brazil; Belgium; Colom-
bia; Czech Republic; France; Germany; Hungary; India; Israel; Italy; Japan; Latvia; Mexico; Netherlands;
Poland; Portugal; South Korea; Singapore; Slovakia; Spain; Sweden; Switzerland; UK (172 study sites)
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Mean age (range not reported): 78 years in aflibercept 2.0 mg q4 wks group, 78 years in aflibercept 2.0
mg q8 wks group, and 78 years in ranibizumab group, 74 years in aflibercept 2.0 mg q4 wks group, 74
years in aflibercept 2.0 mg q8 wks group, and 73 years in ranibizumab group

Gender: 110 men (36.2%) and 194 women (63.8%) in aflibercept 2.0 mg q4 wks group, 123 men (40.9%)
and 178 women (59.1%) in aflibercept 2.0 mg q8 wks group, and 132 men (43.4%) and 172 women
(56.6%) in ranibizumab group, 133 men (43.0%) and 176 women (57.0%) in aflibercept 2.0 mg q4 wks
group, 131 men (42.8%) and 175 women (57.2%) in aflibercept 2.0 mg q8 wks group, and 122 men
(41.9%) and 169 women (58.1%) in ranibizumab group

Inclusion criteria: ages ≥ 50 years; diagnosed with nAMD in the study eye; active subfoveal CNV lesions
of any subtype (12 optic disk areas or smaller) constituting ≥ 50% of total lesion size; BCVA 73–25 ET-
DRS chart letters (20/40–20/320 Snellen equivalent); willingness and ability to return for clinic visits and
complete study-related procedures; ability to provide informed consent

Exclusion criteria: prior or concomitant treatment for AMD in study eye; prior treatment with an-
ti-VEGF therapy; subretinal hemorrhage or scar or fibrosis constituting > 50% of total lesion size or in-
volving the center of the fovea in study eye; RPE tears or rips involving the macula in study eye; histo-
ry of other ocular conditions such as vitreous hemorrhage, retinal detachment, macular hole, corneal
transplant, corneal dystrophy, diabetic retinopathy, diabetic macular edema, uveitis, scleromala-
cia; presence of other ocular conditions such as uncontrolled glaucoma, significant media opacities,
phakia or pseudophakia with absence of posterior capsule, intraocular inflammation or infection; prior
vitrectomy, trabeculectomy, or other filtration surgery or therapy in study eye

Equivalence of baseline characteristics: yes; quote: "baseline demographics and disease characteris-
tics were evenly balanced among all treatment groups."

Interventions Intervention 1: intravitreous aflibercept 0.5 mg q4 wks (excluded)

Intervention 2: intravitreous aflibercept 2.0 mg q4 wks

Intervention 3: intravitreous aflibercept 2.0 mg q8 wks after 3 initial doses at weeks 0, 4, and 8 (to
maintain masking, sham injections were given at the interim 4-week visits after week 8)

Intervention 4: intravitreous ranibizumab 0.5 mg q4 wks

Length of follow-up: 1 year for primary endpoint; dosing for all groups changed to PNR after 1 year
and follow-up at 2 years from baseline

Outcomes Primary outcome, as defined in study reports: proportion of participants maintaining vision at week
52 (losing < 15 letters on ETDRS chart)

Secondary outcomes, as defined in study reports: change in BCVA, proportion of participants gain-
ing ≥ 15 letters, change in total NEI VFQ-25 score, change in CNV area on FA, retinal thickness and per-
sistent fluid as assessed by OCT, mean number of intravitreous injections, adverse events

Intervals at which outcomes assessed: q4 wks through 96 weeks; week 1 after first treatment for safe-
ty assessment; weeks 12, 24, 36, and 52 for the NEI VFQ-25 assessment

Notes Type of study reports: published journal articles; clinical trial registration

Trial registration: NCT00509795. and NCT00637377

Funding sources: quote: "Sponsored by Regeneron Pharmaceuticals, Inc, Tarrytown, New York, and
Bayer HealthCare, Berlin Germany. The sponsors participated in the design and conduct of the study,
analysis of the data, and preparation of the manuscript."

Disclosures of interest: quote: "J.S.H. is a consultant to and has received research funding from Al-
imera, Allergan, Fovea, Genentech, Genzyme, GlaxoSmithKline, Neovista, and Regeneron Pharmaceu-
ticals. He has also received travel support from Regeneron Pharmaceuticals. D.M.B. is a consultant to
Alimera, Allergan, Bayer, Genentech/Roche, Novartis, Regeneron Pharmaceuticals, and Thrombogen-
ics and has received research funding from Alcon, Alimera, Allergan, Eli Lilly, Genentech, GlaxoSmithK-
line, Novartis, Regeneron Pharmaceuticals, and Thrombogenics. He has also received travel support
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from Regeneron Pharmaceuticals and lecture fees from Genentech. V.C. is a consultant to Alimera and
Bayer and has received research funding from Alcon, Allergan, Bayer, Novartis, and Pfizer. He is an ad-
visory board member for Allergan and Novartis and has also received travel support from Bayer. J.-
F.K. is a consultant to Alcon, Bayer, and Thea and an advisory board member for Allergan, Bayer, and
Novartis. He has received travel support from Regeneron Pharmaceuticals. P.K.K. is a consultant to
Bayer, Genentech, Novartis, and Regeneron Pharmaceuticals. He has received research funding from
Regeneron Pharmaceuticals. Q.D.N. is a consultant to Bausch & Lomb and Santen and has received
research funding from Genentech, Novartis, and Pfizer. B.K. has received travel support from Bayer.
A.H. is a consultant to Alcon, Allergan, Centocor, Johnson & Johnson, Neovista, Merck, Ophthotech,
Oraya, Paloma, P.R.N., Q.L.T., Regeneron Pharmaceuticals, and Thrombogenics. He has received re-
search funding and lecture fees from Alcon, Allergan, Genentech, Neovista, Ophthotech, Oraya, P.R.N.,
Q.L.T., Regeneron Pharmaceuticals, and Second Sight. Y.O. is a consultant to Alcon and Bayer and has
received travel support from Bayer. G.D.Y., N.S., R.V., A.J.B., and Y.S. are employees of Regeneron Phar-
maceuticals. M.A., G.G., B.S., and R.S. are employees of Bayer HealthCare. C.S.'s institution has received
payments from the Medical University of Vienna for data monitoring/reviewing and statistical analy-
sis. U.S.-E. is a consultant to Alcon, Allergan, Bayer HealthCare, and Novartis, and an advisory board
member for Alcon and Novartis. She has received travel support from Bayer HealthCare and lecture
fees from Bayer HealthCare and Novartis."

Study period: July 2007 through September 2010 and March 2008 through September 2010

Subgroup analyses: yes; Japanese subgroup

VIEW 2012: 2 intervention groups using other dose or drug not analyzed.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of random sequence generation unclear.

Quote: "Consecutively enrolled patients were assigned to treatment groups on
the basis of a predetermined central randomization scheme with balanced al-
location, managed by an interactive voice response system."

Allocation concealment
(selection bias)

Low risk Central randomization

Quote: "Consecutively enrolled patients were assigned to treatment groups on
the basis of a predetermined central randomization scheme with balanced al-
location, managed by an interactive voice response system."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Patients were masked as to treatments. An unmasked investigator al-
so was responsible for the receipt, tracking, preparation, destruction, and ad-
ministration of study drug, as well as safety assessments both pre- and post-
dose … All other study site personnel were masked to treatment assignment
by separating study records or masked packaging."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "A separate masked physician assessed adverse events and supervised
the masked assessment of efficacy. All other study site personnel were masked
to treatment assignment by separating study records or masked packaging.
OCT technicians and visual acuity examiners remained masked relative to
treatment assignment."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk A full analysis set and a per protocol set were reported. Last observation car-
ried forward approach used to impute missing values; 88.1–91.1% of partici-
pants per study treatment group completed 52 weeks of follow-up.

Selective reporting (re-
porting bias)

Low risk Study registered at clinicaltrials.gov; intended outcomes reported.
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AMD: age-related macular degeneration; BCVA: best-corrected visual acuity; CFT: central foveal thickness; CMT: central macular thickness;
CNV: choroidal neovascularization; CR/LT: central retinal/lesion thickness; CRT: central subfoveal retinal thickness; ETDRS: Early Treatment
Diabetic Retinopathy Study; FA: fluorescein angiography; IOP: intraocular pressure; MI: myocardial infarction; nAMD: neovascular
age-related macular degeneration; NEI VFQ-25: National Eye Institute 25-Item Visual Function Questionnaire; OCT: optical coherence
tomography; PDT: photodynamic therapy; PED: pigment epithelial detachment; PRN: as needed; q4 wks: every four weeks; q6 wks: every
six weeks; q8 wks: every eight weeks; q12 wks: every 12 weeks; RPE: retinal pigment epithelium; SD: standard deviation; SD-OCT: spectral
domain optical coherence tomography; VA: visual acuity; VEGF: vascular endothelial growth factor; YAG: yttrium-aluminum-garnet.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Arnold 2015 Intervention/comparator did not meet eligibility criteria.

Arnold 2016 Intervention/comparator did not meet eligibility criteria.

Avery 2016 Intervention/comparator did not meet eligibility criteria.

Barikian 2015b Intervention/comparator did not meet eligibility criteria.

Berg 2016 Intervention/comparator did not meet eligibility criteria.

Bishop 2014 Intervention/comparator did not meet eligibility criteria.

Eldem 2015 Intervention/comparator did not meet eligibility criteria.

Enseleit 2017 Intervention/comparator did not meet eligibility criteria.

EXCITE 2011 Intervention/comparator did not meet eligibility criteria.

Feltgen 2014 Intervention/comparator did not meet eligibility criteria.

Feltgen 2017 Intervention/comparator did not meet eligibility criteria.

FLUID 2016 Intervention/comparator did not meet eligibility criteria: 2 PRN criteria compared

Mahmood 2015 Intervention/comparator did not meet eligibility criteria.

Mori 2017 Intervention/comparator did not meet eligibility criteria.

RIVAL 2014 Drugs compared rather than regimens.

SAVE 2013 Intervention/comparator did not meet eligibility criteria: ranibizumab 2.0 mg used.

SEVEN-UP 2016 Not a randomized controlled trial.

Takayama 2017 Intervention/comparator did not meet eligibility criteria.

Tempelaar 2015 Not a randomized controlled trial.

Waldstein 2016 Intervention/comparator did not meet the eligibility criteria.

Wijeyakumar 2015 Intervention/comparator did not meet the eligibility criteria.
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Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Conference abstract

Purpose: to evaluate efficacy of retreatments with intravitreous bevacizumab (Avastin) to maintain
or to improve VA in CNV in 2 treatment regimens, 1 according to symptomatology and 1 according
to an established algorithm; and to determine which protocol was better at controlling disease ac-
tivity.

Methods: prospective, randomized, experimental, and descriptive open-label study of 14 partici-
pants with CNV secondary to AMD injected with intravitreous bevacizumab (Avastin) 2.5 mg in 0.1
mL. Standardized ophthalmic evaluation performed at baseline and weeks 2, 6, and 12.

Participants  

Interventions Intervention 1: people treated with clinical, OCT, or angiographic signs of activity

Intervention 2: people treated according to an algorithm every 6 weeks.

Outcomes Main outcomes: ETDRS BCVA at baseline, and after 2, 6, and 12 weeks; OCT and fluorescein an-
giogram at baseline, and after 6 and 12 weeks

Notes Results: intervention 1 (7 eyes), participants presented a transient improvement during first 2
weeks with later worsening of BCVA. Intervention 2 (7 eyes), participants presented significant clin-
ical improvement that was sustained until the end of study. Most common adverse events were
conjunctival hyperemia and subconjunctival hemorrhage at the injection site. Mean BCVA im-
proved from baseline throughout the study (P > 0.001) in both groups. Compared with baseline, BC-
VA was improved at weeks 2, 6, and 12. At week 6, most of the lesions area were stable or decreased
in OCT and fluorescein angiogram.

Conclusions: periodic injection of bevacizumab every 6 weeks according to an established algo-
rithm resulted in a better control of CNV and BCVA improvement or stabilization compared to
treatment according to participant symptomatology.

Abstract NIH registration APEC-0012

Kon-Jara 2007 

 
 

Methods Target number of participants

Planned sample size: 40; UK sample size: 40; description: people with treatment naïve neovascular
AMD patients will be recruited into the study from the Ophthalmology departments of the partic-
ipating NHS hospitals of York, Hull, Leeds, Bradford, and Harrogate. The sample size is 40 and the
recruitment period is expected to last approximately 6 months.

Participants are randomly allocated to 1 of 2 groups. Participants in both groups receive an ini-
tial 3 doses of aflibercept 2 mg, given by intravitreal injection, spaced 4 weeks apart. Following
this, for participants in the first group, the interval between treatments is extended to once every 8
weeks for the first year of treatment. In the second year of treatment, the treating physician can ex-
tend the intervals between treatments at their discretion. For participants in the second group, the
treating physician is able to extend the treatment intervals at their discretion until the most appro-
priate dosing regimen for each individual participant is found. At the end of the study, the potential
benefits of each dosing method are compared to find the best way to conduct a larger study in the
future.

Participants Inclusion criteria:
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aged ≥ 50 years; able to provide written, informed consent to the study; able and willing to attend
for hospital visits at the frequency required; visual impairment predominantly due to neovascu-
lar AMD; active, treatment naïve, angiographically active choroidal neovascular membrane in the
study eye secondary to neovascular AMD with any part of the lesion or its sequelae (e.g. subretinal
fluid, intraretinal fluid, hemorrhage, pigment epithelial detachment, subretinal pigment epitheli-
um fluid) in a subfoveal location; VA of 78–24 ETDRS letters at screening and baseline in the study
eye; if both eyes are eligible at baseline, the worst seeing eye will be included in the study although
the final decision will rest with the investigator. Any deviation from entering the worst seeing eye
into the study will be explained and documented in the patient notes and the case report form. The
choice of eye selected for inclusion into the study will be determined and documented before the
patient is randomized. A patient who has both eyes that may be eligible may therefore undergo a
different treatment regimen in each eye, however they will be treated with aflibercept in both eyes.
Hospital visits will be co-ordinated to minimize the number of attendances required and therefore
the inconvenience for the patient.

Exclusion criteria:

inability to comply with the study or follow-up procedures; pregnant or lactating women; women
of childbearing potential unless they are using effective methods of contraception (total absti-
nence, female or male sterilization, barrier contraception, intrauterine device, oral or injectable
hormonal methods of contraception); previous treatment for CNV in the study eye; fibrosis con-
sisting of > 50% of the lesion or involving the center of the fovea; coexisting pathology within 0.5
disk diameters of the fovea that could prevent an improvement in VA in the opinion of the investi-
gator (e.g. macular hole, dense epi–retinal membrane); cataract (causing significant visual impair-
ment), aphakia, vitreous hemorrhage, retinal detachment, proliferative retinopathy, or CNV due to
any cause other than AMD at screening and baseline; allergy to aflibercept or fluorescein; history
of cerebrovascular accident, transient ischemic attack, or myocardial infarction within 3 months
of the screening visit; any type of systemic disease or treatment that may affect or expect to affect
the clinical status of the patient to a significant degree; blood pressure > 160 mmHg systolic or >
100 mmHg diastolic at screening or baseline; any active periocular infection or inflammation at
screening or baseline; uncontrolled glaucoma (30 mmHg) at screening or baseline; neovascular-
isation of the iris at screening or baseline; treatment with any antiangiogenic drugs to either eye
within 3 months of baseline; Nd-YAG laser capsulotomy within the last 2 months or expected with-
in 6 months of baseline in the affected eye; use of other investigational drugs within 30 days; use of
systemic anti-vascular endothelial growth factor agents within 3 months prior to baseline; use of
systemic corticosteroids for ≥ 30 consecutive days within the 3 months prior to baseline; current or
planned medications known to be toxic to the lens, retina, or optic nerve (e.g. hydroxychloroquine,
desferoxamine, tamoxifen, or ethambutol)

Interventions Participants are randomly allocated to 1 of 2 groups. Both groups will receive intravitreal injections
of aflibercept 2 mg.

Intervention 1: initial 3 doses of monthly aflibercept injections followed by 8 weekly treatments for
the first year with an opportunity to extend the treatment intervals in the second year of treatment
at the discretion of the treating physician.

Intervention 2: initial 3 doses of monthly aflibercept followed by extension of treatment intervals
at the discretion of the treatment physician until an interval appropriate for the individual is found.
This has the potential to allow a minimum number of visits, on each of which treatment is adminis-
tered, while maintaining an acceptable efficacy.

Outcomes Not reported.

Notes ISRCTN58955026; doi.org/10.1186/ISRCTN58955026

MATE 2015  (Continued)
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Purpose: to study the efficacy and cost-effectiveness of therapy with intravitreous ranibizumab and
bevacizumab in exudative AMD.

Methods: cost-effectiveness analysis and a prospective randomized controlled trial comparing the
efficacy of ranibizumab and bevacizumab as therapy for wet AMD under the Brazilian Universal
Health System with a time horizon of 1 year.

QALY and the incremental cost-effectiveness ratio calculated, according to utility values for VA
changes in participants with AMD.

Participants 45 participants with exudative AMD

Interventions Randomized (1:1:1) in 3 groups

Intervention 1: monthly intravitreous bevacizumab 1.25 mg

Intervention 2: intravitreous bevacizumab 1.25 mg every 2 weeks

Intervention 3: monthly intravitreous ranibizumab 0.5 mg

All participants received 3 months' loading dose, followed with as-needed regimen. Participants
followed for 1 year.

Outcomes  

Notes Results: based on the incremental cost-effectiveness ratio, BRL 941,583.33 (about USD 410,000)
would be necessary to have 1 additional QALY when comparing ranibizumab and bevacizumab.
Similar results found when analyzed different treatment strategies. From the 45 participants in-
cluded in the RCT, 44 concluded the first year of follow-up. 1 participant died due to pneumonia.
The mean initial VA was 52.2 ETDRS letters in intervention 1, 51.1 in intervention 2, and 54.9 in in-
tervention 3 (P = 0.816). At month 12, the mean VA increased to 7.2 ETDRS letters in intervention 1,
13.4 in intervention 2, and 12.3 in intervention 3 (intervention 1: P = 0.054; intervention 2: P = 0.008;
intervention 3: P = 0.002). This increase in VA was statistically similar among groups (P = 0.602). The
mean number of injections was 10.5 in intervention 1, 16.4 in intervention 2, and 10.6 in interven-
tion 3 (intervention 1 vs 2: P = 0.003; intervention 2 vs 3: P = 0.003; intervention 1 vs 3: P = 0.980).
There was no significant IOP variation and only 1 eye developed cataract over 1 year. Low rate of
ocular or systemic adverse events (or both) in interventions 1 and 2 and no adverse event in inter-
vention 3. Important design issues for this clinical trial included use of cost-effectiveness as out-
come and an every-2-weeks group.

Conclusions: efficacy of intravitreous bevacizumab may have been comparable to intravitreous
ranibizumab in the therapy of exudative AMD.

Nunes 2014  (Continued)
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Purpose: to evaluate 2 intravitreous aflibercept (IVTAFL) treat-and-extend dosing regimens in
Japanese people with wet AMD.

Participants  

Interventions ALTAIR (NCT02305238) was a 96-week, randomized, open-label, phase 4 study conducted at 40
sites across Japan.

Intervention 1: 3 monthly doses of intravitreous aflibercept before randomization (1:1) at week 16
then IVT-AFL-2W

Ohnaka 2017 
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Intervention 2: 3 monthly doses of intravitreous aflibercept before randomization (1:1) at week 16
then IVT-AFL-4W

Outcomes Primary endpoint: mean change in BCVA ETDRS letters from baseline to week 52.

Other endpoints: proportion of participants losing < 15 ETDRS letters, mean change in CRT, and
TEAEs at week 52.

Notes Results: 254 participants included in safety analyses and 246 participants included in efficacy
analyses.

Baseline BCVA 54.8 ETCRS letters in IVT-AFL-2W group and 55.3 ETCRS letters in IVT-AFL-4W group.

Mean change in BCVA from baseline to week 52: 9.0 ETDRS letters in IVT-AFL- 2W group and 8.4 ET-
CRS letters in IVT-AFL-4W group.

Proportion of participants losing < 15 ETDRS letters: 96.7% in IVT-AFL-2W group and 95.9% in IVT-
AFL-4W group.

Mean change in CRT: –134.4 in IVT-AFL-2W group and –126.1 in IVT-AFL-4W group.

Mean number of injections: 7.2 in IVT-AFL-2W group and 6.9 in IVT-AFL-4W group.

Mean injection interval (weeks 16–52): 10.0 in IVT-AFL-2W group vs 10.9 in IVT-AFL-4W group.

Most common ocular TEAEs were conjunctival hemorrhage (2.4%) and RPE tear (2.4%) in IVT-
AFL-2W group and conjunctival hemorrhage (5.7%) in IVT-AFL-4W group.

Conclusions: both IVT-AFL treat-and-extend regimens improved visual and anatomical outcomes
at week 52 with extended dosing intervals in participants with wet AMD. Ocular TEAEs were consis-
tent with the known safety profile of IVT-AFL.

Ohnaka 2017  (Continued)

AMD: age-related macular degeneration; BCVA: best-corrected visual acuity; CNV: choroidal neovascularization; CRT: central retinal
thickness; ETDRS: Early Treatment Diabetic Retinopathy Study; IOP: intraocular pressure; IVT-AFL-2W: intravitreous aflibercept with a two-
week adjustment; IVT-AFL-4W: intravitreous aflibercept with a four-week adjustment; OCT: optical coherence tomography; QALY: quality-
adjusted life year; RCT: randomized controlled trial; TEAE: treatment-emergent adverse event; VA: visual acuity.
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Study name Comparing different dosing regimens of bevacizumab in the treatment of neovascular macular de-
generation: study protocol for a randomized controlled trial

Methods Number randomized (total and per group): N/A

Exclusions after randomization: N/A

Number analyzed (total and per group): N/A

Unit of analysis: participant (1 or both eyes per participant; if bilateral disease develops, partici-
pant remains in the trial and treated with the same allocation as the first eye)

Losses to follow-up: N/A

Compliance: N/A

Intention-to-treat analysis: quote: "The main approach to between-group comparisons will be to
analyse all participants as randomised regardless of adherence with allocation. In addition, for the
primary outcome, a per protocol analysis will be conducted that excludes participants with proto-
col violations (specifically, failure to collect outcome data or patients who received treatment in
addition to the trial intervention, such as ranibizumab)."

Foss 2015 
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Reported power calculation: quote: "With a non-inferiority hazard ratio margin of 1.4 for be-
tween-arm main effects, 90% power and one-sided 5% alpha, a total of 304 events are required to
be observed, and the target sample size for recruitment was 2,000 participants. In January 2014 af-
ter three years of recruitment, we reviewed the assumptions underlying the original recruitment
target. Based on 437 randomised participants and 374 person-years of observation, we revised the
annual event rate of the primary outcome from 10 to 20%, and additionally accounted for annual
censoring (death, suspension of treatment following six months of stable disease, withdrawal of
consent for study participation or no response to attempted contact) of 16%, which had not been
incorporated into the original calculation. The target number of 304 events remains unchanged,
but the target number of randomised participants required to achieve this has been revised to
around 900 to 1,000."

Study design comment: N/A

Participants Country: UK

Age: N/A

Gender: N/A

Inclusion criteria: ages ≥ 50 years, newly referred for treatment of nAMD or reactivation of nAMD,
no treatment for nAMD to either eye for the previous 6 months, eligible for anti-VEGF treatment of
nAMD in the National Health Service.

Exclusion criteria: known hypersensitivity to recombinant human or humanized antibodies,
woman of child-bearing potential and not willing to use contraception, men with spouse of child-
bearing potential not willing to use condoms, pregnant or breastfeeding

Equivalence of baseline characteristics: quote: "Baseline data collection (including general and
ophthalmic history, examination and baseline morphology of nAMD lesion) at the initial visit."

Diagnoses in participants: nAMD

Interventions Intervention 1: 3 monthly injections. Standard-dose (1.25 mg) bevacizumab and review every 4–6
weeks

Intervention 2: 3 monthly injections. Standard-dose (1.25 mg) bevacizumab and review every 8–
10 weeks

Intervention 3: 3 monthly injections. Half dose (0.625 mg) bevacizumab and review every 8–10
weeks

Intervention 4: 3 monthly injections. Half dose (0.625 mg) bevacizumab and review every 8–10
weeks

Follow-up:

Planned length: N/A

Actual length: N/A

Frequency of assessments for retreatment: every 8–10 weeks for each group

Outcomes Primary outcome, as defined: time to treatment failure, defined as loss of > 5 letters (logMAR VA
chart) from the baseline established as the mean of the VAs at the first 3 visits. The primary analy-
sis will be at the margins, unless there is evidence of an interaction, in which case low dose plus bi-
monthly, low dose plus monthly, and standard dose plus bimonthly will each be compared with
standard dose plus monthly.

Secondary outcomes, as defined: not reported

Adverse events (Y/N): N/A

Foss 2015  (Continued)
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Intervals at which outcome assessed: not reported

Starting date 12 September 2019: the intention to publish date has been changed from to 30 June 2020. 5 Oc-
tober 2017: the following changes were made to the trial record: 1. The overall trial end date was
changed from 1 January 2016 to 31 March 2017. 2. Ethics approval details added. 3. Plain English
summary added. 4. Publication and dissemination plan and IPD sharing statement added. 3 Oc-
tober 2017: the following changes were made to the trial record: 1. The recruitment end date was
changed from 1 January 2016 to 31 March 2017. 2. The target number of participants was changed
from 2000 to 811. 10 April 2013: the overall trial end date was changed from 1 January 2013 to 1
January 2016.

Contact information  

Notes Type of study: ongoing

Trial registration (Y/N): International Standard Randomised Controlled Trial Number:
ISRCTN95654194, registered on 22 September 2009.

Funding sources: the costs for the Bristol Trials Unit were met by the East Midlands Special Com-
missioning Group (EMSCG). The current running costs for the Nottingham Clinical Trials Unit are
currently met by NHS England. The trial was set up to be the major vehicle for delivery of NHS
case and accordingly the authors are employed by their respective Hospital Trusts who pay their
salaries. Alexander Foss is paid a 1 PA uplift for running the trial, which is paid from Nottingham
University Hospitals who, in turn are commissioned to run the service, initially by EMSCG and now
by the clinical commissioning groups.

Declarations of interest: Bell, Fell, and Qualie are healthcare commissioners who fund services for
nAMD and the use of bevacizumab represents a saving on their budgets.

Study period: recruitment to the TANDEM trial is ongoing. First participant was randomized in No-
vember 2010 and recruitment is expected to end at the end of 2016.

Reported subgroup analyses (Y/N): if yes, specify: yes, planned: quote: "Secondary analyses of
the primary outcome will include additional adjustment for any variables exhibiting marked imbal-
ance at baseline, and investigation of subgroup effects according to: baseline VA in study eye ≤44
versus >44; 2) baseline CNV size ≤4 versus >4 and nAMD lesion composition. These analyses will be
conducted by fitting interaction terms to the regression models. It is recognised that the study is
not powered to detect differential treatment effects among subgroups, and these analyses will be
viewed as exploratory.

Secondary outcomes will be analysed using a similar approach as for the primary analysis, with re-
gression model appropriate for type of outcome. All between-group comparisons will be described
using appropriate estimates of effects (that is, hazard ratio, odds ratio or difference in means, de-
pending on outcome type) and 95% confidence intervals."

Foss 2015  (Continued)

AMD: age-related macular degeneration; BCVA: best-corrected visual acuity; CNV: choroidal neovascularization; ETDRS: Early Treatment
Diabetic Retinopathy Study; FA: fluorescein angiography; IRF: intraretinal fluid; IOP: intraocular pressure; OCT: optical coherence
tomography; N/A: not available; nAMD: neovascular age-related macular degeneration; PBS: Pharmaceutical Benefits Scheme; RCT:
randomized controlled trial; SD: standard deviation; SRF: subretinal fluid; VA: visual acuity; VEGF: vascular endothelial growth factor; YAG:
yttrium-aluminum-garnet.
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Comparison 1.   As needed (PRN) versus monthly injections

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Mean change in best-cor-
rected visual acuity at 1 year

7   Mean Difference (IV, Random, 95%
CI)

Subtotals only

1.1.1 PRN 4 2299 Mean Difference (IV, Random, 95%
CI)

-1.68 [-2.81, -0.55]

1.1.2 Treat and extend 3 1226 Mean Difference (IV, Random, 95%
CI)

0.51 [-3.14, 4.16]

1.2 Gain ≥ 15 letters visual acu-
ity at 1 year

7   Risk Ratio (M-H, Random, 95% CI) Subtotals only

1.2.1 PRN 4 2299 Risk Ratio (M-H, Random, 95% CI) 0.87 [0.76, 0.99]

1.2.2 Treat and extend 3 1169 Risk Ratio (M-H, Random, 95% CI) 1.11 [0.91, 1.36]

1.3 Mean change in best-cor-
rected visual acuity at 2 years

3 1875 Mean Difference (IV, Fixed, 95% CI) -1.08 [-2.42, 0.26]

1.3.1 PRN 2 1295 Mean Difference (IV, Fixed, 95% CI) -2.23 [-3.93, -0.53]

1.3.2 Treat and extend 1 580 Mean Difference (IV, Fixed, 95% CI) 0.80 [-1.38, 2.98]

1.4 Gain ≥ 15 letters visual acu-
ity at 2 years

3 1875 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.75, 1.03]

1.4.1 PRN 2 1295 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.66, 0.96]

1.4.2 Treat and extend 1 580 Risk Ratio (M-H, Fixed, 95% CI) 1.10 [0.82, 1.46]

1.5 Mean change central reti-
nal thickness at 1 year

6   Mean Difference (IV, Random, 95%
CI)

Subtotals only

1.5.1 PRN 4 2215 Mean Difference (IV, Random, 95%
CI)

20.84 [5.78, 35.89]

1.5.2 Treat and extend 2 635 Mean Difference (IV, Random, 95%
CI)

21.96 [-37.22, 81.14]

1.6 Mean change central reti-
nal thickness at 2 years

2 1273 Mean Difference (IV, Fixed, 95% CI) 24.53 [6.12, 42.93]

1.7 Mean number of injections
during 2 years

3 1879 Mean Difference (IV, Fixed, 95% CI) -8.73 [-9.16, -8.30]

1.7.1 PRN 2 1303 Mean Difference (IV, Fixed, 95% CI) -9.78 [-10.29, -9.27]

1.7.2 Treat and extend 1 576 Mean Difference (IV, Fixed, 95% CI) -6.20 [-6.99, -5.41]

1.8 Endophthalmitis 6 3175 Peto Odds Ratio (Peto, Fixed, 95%
CI)

0.13 [0.04, 0.46]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.9 Serious systemic adverse
events

6 3175 Risk Ratio (M-H, Random, 95% CI) 1.23 [1.05, 1.44]

1.10 Death 7 3701 Risk Ratio (M-H, Random, 95% CI) 1.11 [0.55, 2.23]

1.11 Arterial thromboembolic
events

6 3175 Risk Ratio (M-H, Random, 95% CI) 0.97 [0.44, 2.13]

1.12 Mean number of injec-
tions during 1 year

7   Mean Difference (IV, Random, 95%
CI)

Subtotals only

1.12.1 PRN 4 2336 Mean Difference (IV, Random, 95%
CI)

-4.57 [-5.38, -3.76]

1.12.2 Treat and extend 3 1232 Mean Difference (IV, Random, 95%
CI)

-2.42 [-2.71, -2.14]

1.13 Sensitivity analysis ex-
cluding high-risk of bias: mean
change in best-corrected visu-
al acuity at 1 year

3   Mean Difference (IV, Random, 95%
CI)

Subtotals only

1.13.1 PRN 2 1074 Mean Difference (IV, Random, 95%
CI)

-1.49 [-3.05, 0.06]

1.13.2 Treat and extend 1 57 Mean Difference (IV, Random, 95%
CI)

1.30 [-6.15, 8.75]

1.14 Sensitivity analysis using
fixed effects: mean change in
best-corrected visual acuity at
1 year

7   Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.14.1 PRN 4 2299 Mean Difference (IV, Fixed, 95% CI) -1.68 [-2.81, -0.55]

1.14.2 Treat and extend 3 1226 Mean Difference (IV, Fixed, 95% CI) 0.47 [-0.97, 1.91]
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Analysis 1.1.   Comparison 1: As needed (PRN) versus monthly injections,
Outcome 1: Mean change in best-corrected visual acuity at 1 year

Study or Subgroup

1.1.1 PRN
CATT 2011
El-Mollayess 2012
HARBOR 2013
IVAN 2012b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.38, df = 3 (P = 0.95); I² = 0%
Test for overall effect: Z = 2.93 (P = 0.003)

1.1.2 Treat and extend
CANTREAT 2019
TREND 2017
TREX-AMD 2015
Subtotal (95% CI)
Heterogeneity: Tau² = 7.13; Chi² = 9.07, df = 2 (P = 0.01); I² = 78%
Test for overall effect: Z = 0.28 (P = 0.78)

Test for subgroup differences: Chi² = 1.27, df = 1 (P = 0.26), I² = 21.1%

PRN injections
Mean

6.36
9.2
8.2

5

8.6
6.2

10.5

SD

14.42
13.7
13.3
11.1

11.9
13.7
13.7

Total

556
60

275
264

1155

268
320
37

625

Monthly injections
Mean

8.26
11

10.1
6.1

6
8.1
9.2

SD

14.9331
13.7
13.3
14.1

11.9
13.7
13.7

Total

549
60

275
260

1144

258
323
20

601

Weight

42.3%
5.3%

25.6%
26.8%

100.0%

42.2%
41.7%
16.1%

100.0%

Mean Difference
IV, Random, 95% CI

-1.90 [-3.63 , -0.17]
-1.80 [-6.70 , 3.10]
-1.90 [-4.12 , 0.32]
-1.10 [-3.27 , 1.07]

-1.68 [-2.81 , -0.55]

2.60 [0.57 , 4.63]
-1.90 [-4.02 , 0.22]
1.30 [-6.15 , 8.75]
0.51 [-3.14 , 4.16]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favors monthly Favors PRN

 
 

Analysis 1.2.   Comparison 1: As needed (PRN) versus monthly
injections, Outcome 2: Gain ≥ 15 letters visual acuity at 1 year

Study or Subgroup

1.2.1 PRN
CATT 2011
El-Mollayess 2012
HARBOR 2013
IVAN 2012b
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 2.23, df = 3 (P = 0.53); I² = 0%
Test for overall effect: Z = 2.16 (P = 0.03)

1.2.2 Treat and extend
CANTREAT 2019
TREND 2017
TREX-AMD 2015
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.97, df = 2 (P = 0.37); I² = 0%
Test for overall effect: Z = 1.02 (P = 0.31)

Test for subgroup differences: Chi² = 4.06, df = 1 (P = 0.04), I² = 75.4%

PRN injections
Events

147
24
83
51

305

68
75
10

153

Total

556
60

275
264

1155

268
291

37
596

Monthly injections
Events

180
21
95
53

349

52
77

3

132

Total

549
60

275
260

1144

258
295

20
573

Weight

49.7%
7.8%

28.4%
14.1%

100.0%

41.2%
55.7%

3.0%
100.0%

Risk Ratio
M-H, Random, 95% CI

0.81 [0.67 , 0.97]
1.14 [0.72 , 1.82]
0.87 [0.69 , 1.11]
0.95 [0.67 , 1.34]
0.87 [0.76 , 0.99]

1.26 [0.92 , 1.73]
0.99 [0.75 , 1.30]
1.80 [0.56 , 5.80]
1.11 [0.91 , 1.36]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favors monthly Favors PRN

 
 

Treatment regimens for administration of anti-vascular endothelial growth factor agents for neovascular age-related macular
degeneration (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

73



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.3.   Comparison 1: As needed (PRN) versus monthly injections,
Outcome 3: Mean change in best-corrected visual acuity at 2 years

Study or Subgroup

1.3.1 PRN
CATT 2011
IVAN 2012b
Subtotal (95% CI)
Heterogeneity: Chi² = 0.06, df = 1 (P = 0.80); I² = 0%
Test for overall effect: Z = 2.57 (P = 0.01)

1.3.2 Treat and extend
CANTREAT 2019
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.72 (P = 0.47)

Total (95% CI)
Heterogeneity: Chi² = 4.67, df = 2 (P = 0.10); I² = 57%
Test for overall effect: Z = 1.58 (P = 0.11)
Test for subgroup differences: Chi² = 4.61, df = 1 (P = 0.03), I² = 78.3%

PRN injections
Mean [μm]

5.8715
3.5

6.8

SD [μm]

16.2983
13.1

14.1

Total

515
258
773

287
287

1060

Monthly injections
Mean [μm]

8.3095
5.5

6

SD [μm]

15.6831
15.3

12.6

Total

263
259
522

293
293

815

Weight

32.3%
29.8%
62.1%

37.9%
37.9%

100.0%

Mean Difference
IV, Fixed, 95% CI [μm]

-2.44 [-4.80 , -0.08]
-2.00 [-4.46 , 0.46]

-2.23 [-3.93 , -0.53]

0.80 [-1.38 , 2.98]
0.80 [-1.38 , 2.98]

-1.08 [-2.42 , 0.26]

Mean Difference
IV, Fixed, 95% CI [μm]

-10 -5 0 5 10
Favors monthly Favors PRN

 
 

Analysis 1.4.   Comparison 1: As needed (PRN) versus monthly
injections, Outcome 4: Gain ≥ 15 letters visual acuity at 2 years

Study or Subgroup

1.4.1 PRN
CATT 2011
IVAN 2012b
Subtotal (95% CI)
Total events:
Heterogeneity: Chi² = 3.81, df = 1 (P = 0.05); I² = 74%
Test for overall effect: Z = 2.34 (P = 0.02)

1.4.2 Treat and extend
CANTREAT 2019
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.62 (P = 0.53)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 6.66, df = 2 (P = 0.04); I² = 70%
Test for overall effect: Z = 1.58 (P = 0.11)
Test for subgroup differences: Chi² = 3.24, df = 1 (P = 0.07), I² = 69.2%

PRN injections
Events

152
39

191

73

73

264

Total

515
258
773

287
287

1060

Monthly injections
Events

85
65

150

68

68

218

Total

263
259
522

293
293

815

Weight

46.0%
26.5%
72.5%

27.5%
27.5%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.91 [0.73 , 1.14]
0.60 [0.42 , 0.86]
0.80 [0.66 , 0.96]

1.10 [0.82 , 1.46]
1.10 [0.82 , 1.46]

0.88 [0.75 , 1.03]

Risk Ratio
M-H, Fixed, 95% CI

0.5 0.7 1 1.5 2
Favors monthly Favors PRN
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Analysis 1.5.   Comparison 1: As needed (PRN) versus monthly
injections, Outcome 5: Mean change central retinal thickness at 1 year

Study or Subgroup

1.5.1 PRN
CATT 2011
El-Mollayess 2012
HARBOR 2013
IVAN 2012b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 2.25, df = 3 (P = 0.52); I² = 0%
Test for overall effect: Z = 2.71 (P = 0.007)

1.5.2 Treat and extend
TREND 2017
TREX-AMD 2015
Subtotal (95% CI)
Heterogeneity: Tau² = 1005.02; Chi² = 1.73, df = 1 (P = 0.19); I² = 42%
Test for overall effect: Z = 0.73 (P = 0.47)

Test for subgroup differences: Chi² = 0.00, df = 1 (P = 0.97), I² = 0%

Favors PRN
Mean [μm]

-160.2
9.2

-161.2
-127

-169.2
-173

SD [μm]

182.16
180.57
180.57

174

180.57
180.57

Total

556
60

275
218

1109

291
37

328

Monthly injections
Mean [μm]

-180.55
11

-172
-168

-173.3
-246

SD [μm]

178.98
180.57
180.57

189

180.57
180.57

Total

549
60

275
222

1106

287
20

307

Weight

50.0%
5.4%

24.9%
19.7%

100.0%

74.1%
25.9%

100.0%

Mean Difference
IV, Random, 95% CI [μm]

20.35 [-0.94 , 41.64]
-1.80 [-66.41 , 62.81]
10.80 [-19.38 , 40.98]

41.00 [7.06 , 74.94]
20.84 [5.78 , 35.89]

4.10 [-25.34 , 33.54]
73.00 [-25.22 , 171.22]
21.96 [-37.22 , 81.14]

Mean Difference
IV, Random, 95% CI [μm]

-50 -25 0 25 50
Favors PRN Favors monthly

 
 

Analysis 1.6.   Comparison 1: As needed (PRN) versus monthly
injections, Outcome 6: Mean change central retinal thickness at 2 years

Study or Subgroup

CATT 2011 (1)
IVAN 2012b (2)

Total (95% CI)
Heterogeneity: Chi² = 0.01, df = 1 (P = 0.93); I² = 0%
Test for overall effect: Z = 2.61 (P = 0.009)
Test for subgroup differences: Not applicable

MD

0
0

SE

14.0799
12.6056

PRN injections
Total

515
248

763

Monthly injections
Total

263
247

510

Weight

44.5%
55.5%

100.0%

Mean Difference
IV, Fixed, 95% CI

25.43 [-2.17 , 53.03]
23.80 [-0.91 , 48.51]

24.53 [6.12 , 42.93]

Mean Difference
IV, Fixed, 95% CI

-50 -25 0 25 50
Favors PRN Favors monthly

Footnotes
(1) Reported as mean change
(2) Reported as mean value
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Analysis 1.7.   Comparison 1: As needed (PRN) versus monthly
injections, Outcome 7: Mean number of injections during 2 years

Study or Subgroup

1.7.1 PRN
CATT 2011
IVAN 2012b (1)
Subtotal (95% CI)
Heterogeneity: Chi² = 0.72, df = 1 (P = 0.40); I² = 0%
Test for overall effect: Z = 37.70 (P < 0.00001)

1.7.2 Treat and extend
CANTREAT 2019
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 15.42 (P < 0.00001)

Total (95% CI)
Heterogeneity: Chi² = 56.75, df = 2 (P < 0.00001); I² = 96%
Test for overall effect: Z = 40.04 (P < 0.00001)
Test for subgroup differences: Chi² = 56.03, df = 1 (P < 0.00001), I² = 98.2%

PRN injections
Mean

13.3311
13

17.3

SD

6.8326
5.74

6.3

Total

515
264
779

283
283

1062

Monthly injections
Mean

22.8905
23

23.5

SD

3.4354
1.53

2.5

Total

263
261
524

293
293

817

Weight

35.1%
35.5%
70.6%

29.4%
29.4%

100.0%

Mean Difference
IV, Fixed, 95% CI

-9.56 [-10.28 , -8.84]
-10.00 [-10.72 , -9.28]
-9.78 [-10.29 , -9.27]

-6.20 [-6.99 , -5.41]
-6.20 [-6.99 , -5.41]

-8.73 [-9.16 , -8.30]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favors PRN Favors monthly

Footnotes
(1) Reported median and interquartile range

 
 

Analysis 1.8.   Comparison 1: As needed (PRN) versus monthly injections, Outcome 8: Endophthalmitis

Study or Subgroup

CATT 2011
El-Mollayess 2012
HARBOR 2013
IVAN 2012b
TREND 2017
TREX-AMD 2015

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.00, df = 3 (P = 1.00); I² = 0%
Test for overall effect: Z = 3.18 (P = 0.001)
Test for subgroup differences: Not applicable

PRN injections
Events

0
0
0
0
0
0

0

Total

598
60

275
302
323

40

1598

Monthly injections
Events

6
0
2
1
1
0

10

Total

587
60

275
308
327

20

1577

Weight

59.9%

20.0%
10.0%
10.0%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

0.13 [0.03 , 0.65]
Not estimable

0.13 [0.01 , 2.16]
0.14 [0.00 , 6.96]
0.14 [0.00 , 6.90]

Not estimable

0.13 [0.04 , 0.46]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.01 0.1 1 10 100
Favors PRN Favors Monthly
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Analysis 1.9.   Comparison 1: As needed (PRN) versus monthly
injections, Outcome 9: Serious systemic adverse events

Study or Subgroup

CATT 2011
El-Mollayess 2012
HARBOR 2013
IVAN 2012b
TREND 2017
TREX-AMD 2015

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 2.56, df = 3 (P = 0.46); I² = 0%
Test for overall effect: Z = 2.58 (P = 0.010)
Test for subgroup differences: Not applicable

PRN injections
Events

138
0

13
87
38

0

276

Total

598
60

275
302
323

40

1598

Monthly injections
Events

99
0

16
74
36

0

225

Total

587
60

275
308
327

20

1577

Weight

46.4%

4.9%
35.1%
13.5%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.37 [1.09 , 1.73]
Not estimable

0.81 [0.40 , 1.66]
1.20 [0.92 , 1.56]
1.07 [0.70 , 1.64]

Not estimable

1.23 [1.05 , 1.44]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favors PRN Favors monthly

 
 

Analysis 1.10.   Comparison 1: As needed (PRN) versus monthly injections, Outcome 10: Death

Study or Subgroup

CANTREAT 2019
CATT 2011
El-Mollayess 2012
HARBOR 2013
IVAN 2012b
TREND 2017
TREX-AMD 2015

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.29; Chi² = 7.62, df = 4 (P = 0.11); I² = 47%
Test for overall effect: Z = 0.28 (P = 0.78)
Test for subgroup differences: Not applicable

PRN injections
Events

1
16

0
4

20
3
0

44

Total

268
598

60
275
302
323

40

1866

Monthly injections
Events

4
8
0
8

10
4
0

34

Total

258
587

60
275
308
327

20

1835

Weight

8.4%
27.3%

19.6%
29.8%
14.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.24 [0.03 , 2.14]
1.96 [0.85 , 4.55]

Not estimable
0.50 [0.15 , 1.64]
2.04 [0.97 , 4.29]
0.76 [0.17 , 3.37]

Not estimable

1.11 [0.55 , 2.23]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favors monthly Favors PRN

 
 

Analysis 1.11.   Comparison 1: As needed (PRN) versus monthly
injections, Outcome 11: Arterial thromboembolic events

Study or Subgroup

CATT 2011
El-Mollayess 2012
HARBOR 2013
IVAN 2012b
TREND 2017
TREX-AMD 2015

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.40; Chi² = 9.02, df = 4 (P = 0.06); I² = 56%
Test for overall effect: Z = 0.07 (P = 0.94)
Test for subgroup differences: Not applicable

PRN injections
Events

14
0
4

18
3
1

40

Total

598
60

275
302
323

40

1598

Monthly injections
Events

13
0

12
7
5
0

37

Total

587
60

275
308
327

20

1577

Weight

29.0%

21.8%
26.7%
17.1%

5.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.06 [0.50 , 2.23]
Not estimable

0.33 [0.11 , 1.02]
2.62 [1.11 , 6.19]
0.61 [0.15 , 2.52]

1.54 [0.07 , 36.11]

0.97 [0.44 , 2.13]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favors monthly Favors PRN
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Analysis 1.12.   Comparison 1: As needed (PRN) versus monthly
injections, Outcome 12: Mean number of injections during 1 year

Study or Subgroup

1.12.1 PRN
CATT 2011
El-Mollayess 2012
HARBOR 2013
IVAN 2012b (1)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.51; Chi² = 24.12, df = 3 (P < 0.0001); I² = 88%
Test for overall effect: Z = 11.09 (P < 0.00001)

1.12.2 Treat and extend
CANTREAT 2019
TREND 2017
TREX-AMD 2015
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.51, df = 2 (P = 0.77); I² = 0%
Test for overall effect: Z = 16.60 (P < 0.00001)

Test for subgroup differences: Chi² = 24.15, df = 1 (P < 0.00001), I² = 95.9%

PRN injections
Mean

7.2899
3.8
7.7

7

9.4
8.7

10.1

SD

3.2749
2.99
2.7

8.5615

2.84
2.68
2.99

Total

556
60

275
284

1175

268
323
37

628

Monthly injections
Mean

11.7965
9.5

11.3
12

11.8
11.1

13

SD

1.3659
2.11
1.8
11

2.27
2.43
2.11

Total

549
60

275
277

1161

258
326
20

604

Weight

31.8%
23.1%
30.9%
14.1%

100.0%

42.6%
52.8%
4.6%

100.0%

Mean Difference
IV, Random, 95% CI

-4.51 [-4.80 , -4.21]
-5.70 [-6.63 , -4.77]
-3.60 [-3.98 , -3.22]
-5.00 [-6.63 , -3.37]
-4.57 [-5.38 , -3.76]

-2.40 [-2.84 , -1.96]
-2.40 [-2.79 , -2.01]
-2.90 [-4.24 , -1.56]
-2.42 [-2.71 , -2.14]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favors PRN Favors monthly

Footnotes
(1) Reported median and interquartile range

 
 

Analysis 1.13.   Comparison 1: As needed (PRN) versus monthly injections, Outcome 13: Sensitivity
analysis excluding high-risk of bias: mean change in best-corrected visual acuity at 1 year

Study or Subgroup

1.13.1 PRN
HARBOR 2013
IVAN 2012b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.25, df = 1 (P = 0.61); I² = 0%
Test for overall effect: Z = 1.88 (P = 0.06)

1.13.2 Treat and extend
TREX-AMD 2015
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.34 (P = 0.73)

Test for subgroup differences: Chi² = 0.52, df = 1 (P = 0.47), I² = 0%

PRN injections
Mean

8.2
5

10.5

SD

13.3
11.1

13.7

Total

275
264
539

37
37

Monthly injections
Mean

10.1
6.1

9.2

SD

13.3
14.1

13.7

Total

275
260
535

20
20

Weight

48.9%
51.1%

100.0%

100.0%
100.0%

Mean Difference
IV, Random, 95% CI

-1.90 [-4.12 , 0.32]
-1.10 [-3.27 , 1.07]
-1.49 [-3.05 , 0.06]

1.30 [-6.15 , 8.75]
1.30 [-6.15 , 8.75]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favors monthly Favors PRN
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Analysis 1.14.   Comparison 1: As needed (PRN) versus monthly injections, Outcome 14:
Sensitivity analysis using fixed e4ects: mean change in best-corrected visual acuity at 1 year

Study or Subgroup

1.14.1 PRN
CATT 2011
El-Mollayess 2012
HARBOR 2013
IVAN 2012b
Subtotal (95% CI)
Heterogeneity: Chi² = 0.38, df = 3 (P = 0.95); I² = 0%
Test for overall effect: Z = 2.93 (P = 0.003)

1.14.2 Treat and extend
CANTREAT 2019
TREND 2017
TREX-AMD 2015
Subtotal (95% CI)
Heterogeneity: Chi² = 9.07, df = 2 (P = 0.01); I² = 78%
Test for overall effect: Z = 0.64 (P = 0.52)

Test for subgroup differences: Chi² = 5.33, df = 1 (P = 0.02), I² = 81.2%

PRN injections
Mean

6.36
9.2
8.2

5

8.6
6.2

10.5

SD

14.42
13.7
13.3
11.1

11.9
13.7
13.7

Total

556
60

275
264

1155

268
320

37
625

Monthly injections
Mean

8.26
11

10.1
6.1

6
8.1
9.2

SD

14.9331
13.7
13.3
14.1

11.9
13.7
13.7

Total

549
60

275
260

1144

258
323

20
601

Weight

42.3%
5.3%

25.6%
26.8%

100.0%

50.1%
46.2%

3.7%
100.0%

Mean Difference
IV, Fixed, 95% CI

-1.90 [-3.63 , -0.17]
-1.80 [-6.70 , 3.10]
-1.90 [-4.12 , 0.32]
-1.10 [-3.27 , 1.07]

-1.68 [-2.81 , -0.55]

2.60 [0.57 , 4.63]
-1.90 [-4.02 , 0.22]
1.30 [-6.15 , 8.75]
0.47 [-0.97 , 1.91]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favors monthly Favors PRN

 
 

Comparison 2.   Extended-fixed versus monthly injections

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Mean change in best-corrected visual
acuity at 1 year

3 1439 Mean Difference (IV, Ran-
dom, 95% CI)

-1.32 [-3.93, 1.29]

2.2 Gain ≥ 15 letters visual acuity at 1 year 3 1441 Risk Ratio (M-H, Random,
95% CI)

0.94 [0.80, 1.10]

2.3 Mean change of central retinal thick-
ness at 1 year

3 1439 Mean Difference (IV, Ran-
dom, 95% CI)

8.16 [-11.07,
27.40]

2.4 Mean change in quality of life scores at
1 year

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

2.5 Endophthalmitis 3 1132 Risk Ratio (M-H, Random,
95% CI)

0.19 [0.03, 1.12]

2.6 Serious systemic adverse events 2 1068 Risk Ratio (M-H, Fixed,
95% CI)

0.98 [0.74, 1.30]

2.7 Sensitivity analysis excluding high risk
of bias: mean change in best-corrected vi-
sual acuity at 1 year

2 1282 Mean Difference (IV, Ran-
dom, 95% CI)

-2.14 [-5.03, 0.75]

2.8 Sensitivity analysis using fixed effects:
mean change in best-corrected visual
acuity at 1 year

3 1439 Mean Difference (IV, Fixed,
95% CI)

-1.36 [-2.64,
-0.08]
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Analysis 2.1.   Comparison 2: Extended-fixed versus monthly injections,
Outcome 1: Mean change in best-corrected visual acuity at 1 year

Study or Subgroup

CLEAR-IT 2 2011b (1)
Lushchyk 2013 (2)
VIEW 2012 (3)

Total (95% CI)
Heterogeneity: Tau² = 3.41; Chi² = 5.92, df = 2 (P = 0.05); I² = 66%
Test for overall effect: Z = 0.99 (P = 0.32)
Test for subgroup differences: Not applicable

Extended fixed injections
Mean

5.2
3.7308
8.4041

SD

5.11
10.2081

14.697

Total

31
111
607

749

Monthly injections
Mean

9
1.96

9.2365

SD

5.11
13.7

13.3008

Total

31
46

613

690

Weight

35.0%
21.1%
43.9%

100.0%

Mean Difference
IV, Random, 95% CI

-3.80 [-6.34 , -1.26]
1.77 [-2.62 , 6.16]

-0.83 [-2.41 , 0.74]

-1.32 [-3.93 , 1.29]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favors monthly Favors extended fixed

Footnotes
(1) Every 12 weeks vs monthly
(2) Every 6–8 weeks vs monthly
(3) Every 8 weeks vs monthly

 
 

Analysis 2.2.   Comparison 2: Extended-fixed versus monthly
injections, Outcome 2: Gain ≥ 15 letters visual acuity at 1 year

Study or Subgroup

CLEAR-IT 2 2011b (1)
Lushchyk 2013 (2)
VIEW 2012 (3)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.26, df = 2 (P = 0.88); I² = 0%
Test for overall effect: Z = 0.83 (P = 0.41)
Test for subgroup differences: Not applicable

Extended fixed injections
Events

7
15

188

210

Total

32
111
607

750

Monthly injections
Events

6
6

205

217

Total

32
46

613

691

Weight

2.6%
3.2%

94.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.17 [0.44 , 3.09]
1.04 [0.43 , 2.50]
0.93 [0.79 , 1.09]

0.94 [0.80 , 1.10]

Risk Ratio
M-H, Random, 95% CI

0.2 0.5 1 2 5
Favors monthly Favors extended fixed

Footnotes
(1) Every 12 weeks vs monthly
(2) Every 6–8 weeks vs monthly
(3) Every 8 weeks vs monthly

 
 

Analysis 2.3.   Comparison 2: Extended-fixed versus monthly injections,
Outcome 3: Mean change of central retinal thickness at 1 year

Study or Subgroup

CLEAR-IT 2 2011b (1)
Lushchyk 2013 (2)
VIEW 2012 (3)

Total (95% CI)
Heterogeneity: Tau² = 116.47; Chi² = 3.10, df = 2 (P = 0.21); I² = 36%
Test for overall effect: Z = 0.83 (P = 0.41)
Test for subgroup differences: Not applicable

Extended fixed injections
Mean [μm]

-112
-88.9189

-138.9353

SD [μm]

94
98.0851

114.6581

Total

31
111
607

749

Monthly injections
Mean [μm]

-143
-109

-136.8144

SD [μm]

94
90

113.0914

Total

31
46

613

690

Weight

14.0%
25.4%
60.6%

100.0%

Mean Difference
IV, Random, 95% CI [μm]

31.00 [-15.80 , 77.80]
20.08 [-11.69 , 51.85]
-2.12 [-14.90 , 10.66]

8.16 [-11.07 , 27.40]

Mean Difference
IV, Random, 95% CI [μm]

-50 -25 0 25 50
Favors extended fixed Favors monthly

Footnotes
(1) Every 12 weeks vs monthly
(2) Every 6–8 weeks vs monthly
(3) Every 8 weeks vs monthly
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Analysis 2.4.   Comparison 2: Extended-fixed versus monthly
injections, Outcome 4: Mean change in quality of life scores at 1 year

Study or Subgroup

VIEW 2012 (1)

Extended fixed injections
Mean

4.9992

SD

14.6882

Total

607

Monthly injections
Mean

5.591

SD

14.3066

Total

613

Mean Difference
IV, Fixed, 95% CI

-0.59 [-2.22 , 1.04]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favors monthly Favors extended fixedFootnotes

(1) NEI VFQ-25 score

 
 

Analysis 2.5.   Comparison 2: Extended-fixed versus monthly injections, Outcome 5: Endophthalmitis

Study or Subgroup

CLEAR-IT 2 2011b (1)
Lushchyk 2013 (2)
VIEW 2012 (3)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.18, df = 2 (P = 0.91); I² = 0%
Test for overall effect: Z = 1.84 (P = 0.07)
Test for subgroup differences: Not applicable

Extended fixed injections
Events

0
0
0

0

Total

32
111
303

446

Monthly injections
Events

1
1
6

8

Total

32
46

608

686

Weight

31.2%
30.9%
37.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.33 [0.01 , 7.89]
0.14 [0.01 , 3.37]
0.15 [0.01 , 2.73]

0.19 [0.03 , 1.12]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favors extended fixed Favors monthly

Footnotes
(1) Every 12 weeks vs monthly
(2) Every 6–8 weeks vs monthly
(3) Every 8 weeks vs monthly

 
 

Analysis 2.6.   Comparison 2: Extended-fixed versus monthly injections, Outcome 6: Serious systemic adverse events

Study or Subgroup

Lushchyk 2013 (1)
VIEW 2012 (2)

Total (95% CI)
Total events:
Heterogeneity: Chi² = 1.76, df = 1 (P = 0.18); I² = 43%
Test for overall effect: Z = 0.14 (P = 0.89)
Test for subgroup differences: Not applicable

Extended fixed injections
Events

13
51

64

Total

111
303

414

Monthly injections
Events

9
97

106

Total

46
608

654

Weight

16.5%
83.5%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.60 [0.28 , 1.30]
1.06 [0.77 , 1.44]

0.98 [0.74 , 1.30]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favors monthly Favors extended fixed

Footnotes
(1) Every 6–8 weeks vs monthly
(2) Every 8 weeks vs monthly
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Analysis 2.7.   Comparison 2: Extended-fixed versus monthly injections, Outcome 7: Sensitivity
analysis excluding high risk of bias: mean change in best-corrected visual acuity at 1 year

Study or Subgroup

CLEAR-IT 2 2011b (1)
VIEW 2012 (2)

Total (95% CI)
Heterogeneity: Tau² = 3.24; Chi² = 3.78, df = 1 (P = 0.05); I² = 74%
Test for overall effect: Z = 1.45 (P = 0.15)
Test for subgroup differences: Not applicable

Extended fixed injections
Mean

5.2
8.4041

SD

5.11
14.697

Total

31
607

638

Monthly injections
Mean

9
9.2365

SD

5.11
13.3008

Total

31
613

644

Weight

44.1%
55.9%

100.0%

Mean Difference
IV, Random, 95% CI

-3.80 [-6.34 , -1.26]
-0.83 [-2.41 , 0.74]

-2.14 [-5.03 , 0.75]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favors monthly Favors extended fixed

Footnotes
(1) Every 12 weeks vs monthly
(2) Every 8 weeks vs monthly

 
 

Analysis 2.8.   Comparison 2: Extended-fixed versus monthly injections, Outcome 8:
Sensitivity analysis using fixed e4ects: mean change in best-corrected visual acuity at 1 year

Study or Subgroup

CLEAR-IT 2 2011b (1)
Lushchyk 2013 (2)
VIEW 2012 (3)

Total (95% CI)
Heterogeneity: Chi² = 5.92, df = 2 (P = 0.05); I² = 66%
Test for overall effect: Z = 2.09 (P = 0.04)
Test for subgroup differences: Not applicable

Extended fixed injections
Mean

5.2
3.7308
8.4041

SD

5.11
10.2081
14.697

Total

31
111
607

749

Monthly injections
Mean

9
1.96

9.2365

SD

5.11
13.7

13.3008

Total

31
46

613

690

Weight

25.3%
8.5%

66.2%

100.0%

Mean Difference
IV, Fixed, 95% CI

-3.80 [-6.34 , -1.26]
1.77 [-2.62 , 6.16]

-0.83 [-2.41 , 0.74]

-1.36 [-2.64 , -0.08]

Mean Difference
IV, Fixed, 95% CI

-4 -2 0 2 4
Favors monthly Favors extended fixed

Footnotes
(1) Every 12 weeks vs monthly
(2) Every 6–8 weeks vs monthly
(3) Every 8 weeks vs monthly

 
 

Comparison 3.   As needed (PRN) or extended-fixed versus other extended-fixed injections

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Mean change in best-corrected visual
acuity

2   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.1.1 PRN (1) vs every 12 weeks (2); fol-
low-up at 2 years

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.1.2 Every 12 weeks (1) vs every 6
weeks (2); follow-up at 1 year

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.2 Gain ≥ 15 letters visual acuity 2   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

3.2.1 PRN vs every 12 weeks; follow-up
at 2 years

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed

3.2.2 Every 12 weeks vs every 6 weeks;
follow-up at 1 year

1   Risk Ratio (M-H, Fixed,
95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.3 Mean change in central retinal thick-
ness

2   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.3.1 PRN vs every 12 weeks; follow-up
at 2 years

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

3.3.2 Every 12 weeks vs every 6 weeks;
follow-up at 1 year

1   Mean Difference (IV, Fixed,
95% CI)

Totals not select-
ed

 
 

Analysis 3.1.   Comparison 3: As needed (PRN) or extended-fixed versus other
extended-fixed injections, Outcome 1: Mean change in best-corrected visual acuity

Study or Subgroup

3.1.1 PRN (1) vs every 12 weeks (2); follow-up at 2 years
GMAN 2015

3.1.2 Every 12 weeks (1) vs every 6 weeks (2); follow-up at 1 year
NATTB 2012

Schedule 1
Mean [letter]

0.6

10.06

SD [letter]

16.7

16

Total

166

82

Schedule 2
Mean [letter]

5.4

12.58

SD [letter]

16.7

13.88

Total

165

79

Mean Difference
IV, Fixed, 95% CI [letter]

-4.80 [-8.40 , -1.20]

-2.52 [-7.14 , 2.10]

Mean Difference
IV, Fixed, 95% CI [letter]

-10 -5 0 5 10
Favors schedule 2 Favors schedule 1

 
 

Analysis 3.2.   Comparison 3: As needed (PRN) or extended-fixed versus
other extended-fixed injections, Outcome 2: Gain ≥ 15 letters visual acuity

Study or Subgroup

3.2.1 PRN vs every 12 weeks; follow-up at 2 years
GMAN 2015

3.2.2 Every 12 weeks vs every 6 weeks; follow-up at 1 year
NATTB 2012

Schedule 1
Events

21

33

Total

166

82

Schedule 2
Events

39

35

Total

165

79

Risk Ratio
M-H, Fixed, 95% CI

0.54 [0.33 , 0.87]

0.91 [0.63 , 1.30]

Risk Ratio
M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favors schedule 2 Favours schedule 1
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Analysis 3.3.   Comparison 3: As needed (PRN) or extended-fixed versus other
extended-fixed injections, Outcome 3: Mean change in central retinal thickness

Study or Subgroup

3.3.1 PRN vs every 12 weeks; follow-up at 2 years
GMAN 2015

3.3.2 Every 12 weeks vs every 6 weeks; follow-up at 1 year
NATTB 2012

Schedule 1
Mean [μm]

-272.4

-60

SD [μm]

82.5

304

Total

166

82

Schedule 2
Mean [μm]

-263.9

-119

SD [μm]

71.2

304

Total

165

79

Mean Difference
IV, Fixed, 95% CI [μm]

-8.50 [-25.10 , 8.10]

59.00 [-34.93 , 152.93]

Mean Difference
IV, Fixed, 95% CI [μm]

-100 -50 0 50 100
Favors schedule 2 Favors schedule 1

 
 

Comparison 4.   No loading versus loading injections

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.1 Mean change in best-corrected vi-
sual acuity at 1 year

2 159 Mean Difference (IV, Fixed,
95% CI)

-0.65 [-3.36, 2.07]

4.2 Gain ≥ 15 letters visual acuity at 1
year

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

4.3 Mean change in central retinal
thickness

2 159 Mean Difference (IV, Fixed,
95% CI)

9.42 [-11.28, 30.12]

 
 

Analysis 4.1.   Comparison 4: No loading versus loading injections,
Outcome 1: Mean change in best-corrected visual acuity at 1 year

Study or Subgroup

Barikian 2015a
BeMOc 2013

Total (95% CI)
Heterogeneity: Chi² = 0.28, df = 1 (P = 0.60); I² = 0%
Test for overall effect: Z = 0.47 (P = 0.64)
Test for subgroup differences: Not applicable

No loading injection
Mean

8.3
0.86

SD

6.7
6.7

Total

30
49

79

Loading injection
Mean

8
2.08

SD

10.4
10.4

Total

30
50

80

Weight

37.6%
62.4%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.30 [-4.13 , 4.73]
-1.22 [-4.66 , 2.22]

-0.65 [-3.36 , 2.07]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favors loading Favors no loading

 
 

Analysis 4.2.   Comparison 4: No loading versus loading
injections, Outcome 2: Gain ≥ 15 letters visual acuity at 1 year

Study or Subgroup

BeMOc 2013

No loading injection
Events

13

Total

49

Loading injection
Events

14

Total

50

Risk Ratio
M-H, Fixed, 95% CI

0.95 [0.50 , 1.80]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favors loading Favors no loading
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Analysis 4.3.   Comparison 4: No loading versus loading
injections, Outcome 3: Mean change in central retinal thickness

Study or Subgroup

Barikian 2015a
BeMOc 2013

Total (95% CI)
Heterogeneity: Chi² = 3.12, df = 1 (P = 0.08); I² = 68%
Test for overall effect: Z = 0.89 (P = 0.37)
Test for subgroup differences: Not applicable

No loading injection
Mean [μm]

-80.2
-81.45

SD [μm]

46.1
46.1

Total

30
49

79

Loading injection
Mean [μm]

-65.6
-105.35

SD [μm]

82.3
82.3

Total

30
50

80

Weight

37.6%
62.4%

100.0%

Mean Difference
IV, Fixed, 95% CI [μm]

-14.60 [-48.36 , 19.16]
23.90 [-2.31 , 50.11]

9.42 [-11.28 , 30.12]

Mean Difference
IV, Fixed, 95% CI [μm]

-50 -25 0 25 50
Favors no loading Favors loading

 

 

A D D I T I O N A L   T A B L E S
 

Study

Treatment period

Intervention 1 Intervention 2 Intervention 3 Intervention 4

Aflibercept 2.0 mg

CLEAR-IT 2 2011b*

1 year

Every 12 weeks Every 4 weeks — —

VIEW 2012*

1 year; PRN for all groups
at end of first year

Every 8 weeks after 3 initial month-
ly doses

Every 4 weeks — —

Bevacizumab 1.25 mg

Barikian 2015a

1 year

PRN after first injection Every 2 weeks for first 3
injections, then PRN

Every 4 weeks for
first 3 injections,
then PRN

—

BeMOc 2013

1 year

No loading: PRN with no initial
mandatory loading injections

Loading: 3 initial monthly
loading injections, then
PRN

— —

El-Mollayess 2012

1 year

Variable dosing Every 4–6 weeks — —

GMAN 2015

2 years

3 initial monthly loading injec-
tions, then PRN

3 initial monthly loading
injections, then every 12
weeks

— —

Lushchyk 2013

1 year

Every 8 weeks Every 6 weeks Every 4 weeks —

NATTB 2012

1 year

Every 6 weeks for first 3 injections,
then every 12 weeks for last 2 in-
jections

Every 6 weeks — —

Ranibizumab 0.5 mg

Table 1.   Treatment groups in included trials 
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CANTREAT 2019

1 year

PRN (treat-and-extend) Every 4 weeks — —

HARBOR 2013 b

1 year

PRN Every 4 weeks — —

Sarraf 2013 c

1 year

Every 4 weeks for 4 injections, then
PRN

Every 4 weeks — —

TREND 2017

1 year

2 loading doses (day 1, month 1)
followed by PRN

Every 4 weeks — —

TREX-AMD 2015

1 year

Every 4 weeks for 3 injections, then
PRN

Every 4 weeks — —

Bevacizumab and ranibizumab

Study

Treatment period

Bevacizumab 1.25 mg Ranibizumab 0.5 mg

CATT 2011

1 year; rerandomized at
end of first year

PRN after first injection for 2 years Every 4 weeks for 1 year,
then rerandomized to
monthly or variable dos-
ing

PRN after first
injection for 2
years

Every 4 weeks
for 1 year, then
rerandomized to
monthly or vari-
able dosing

IVAN 2012b

2 years

Every 4 weeks for 3 injections, then
PRN in 3 month cycles

Every 4 weeks Every 4 weeks for
3 injections, then
PRN in 3 month
cycles

Every 4 weeks

Table 1.   Treatment groups in included trials  (Continued)

PRN: as needed.
aThree intervention groups using other doses not analyzed.
bTwo intervention groups using other doses not analyzed.
cTwo intervention groups using other doses not analyzed.
 
 

Treatment schedule interventionsStudy name
Treatment period

Drug interventions

Intervention 1 Intervention 2

PRN vs monthly dosing

CANTREAT 2019

1 year

Ranibizumab 0.5 mg PRN (treat-and-extend) Every 4 weeks

CATT 2011
1 year; rerandomized at
end of first year

Bevacizumab 1.25 mg
or ranibizumab 0.5 mg

PRN after first injection for 2 years Every 4 weeks for 1 year, then
rerandomized to monthly or
variable dosing

Table 2.   Treatment regimens evaluated by included trials 
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El-Mollayess 2012
1 year

Bevacizumab 1.25 mg PRN Every 4–6 weeks

HARBOR 2013
1 year

Ranibizumab 0.5 mg PRN Every 4 weeks

IVAN 2012b
2 years

Bevacizumab 1.25 mg
or ranibizumab 0.5 mg

Every 4 weeks for 3 injections, then PRN
in 3 month cycles

Every 4 weeks

Sarraf 2013
1 year

Ranibizumab 0.5 mg Every 4 weeks for 4 injections, then PRN Every 4 weeks

TREND 2017 Ranibizumab 0.5 mg Every 4 weeks for 2 injections, then PRN Every 4 weeks

TREX-AMD 2015
1 year

Ranibizumab 0.5 mg Every 4 weeks for 3 injections, then PRN Every 4 weeks

Extended-fixed vs monthly dosing

CLEAR-IT 2 2011b
1 year

Aflibercept 2.0 mg Every 12 weeks Every 4 weeks

Lushchyk 2013
1 year

Bevacizumab 1.25 mg Every 6–8 weeks Every 4 weeks

VIEW 2012
1 year; PRN for all groups
at end of first year

Aflibercept 2.0 mg Every 8 weeks after 3 initial monthly dos-
es

Every 4 weeks

Other extended-fixed dosing comparisons

GMAN 2015
2 years

Bevacizumab 1.25 mg 3 initial monthly loading injections, then
PRN

3 initial monthly loading injec-
tions, then every 12 weeks

NATTB 2012
1 year

Bevacizumab 1.25 mg Every 6 weeks for first 3 injections, then
every 12 weeks for last 2 injections

Every 6 weeks

No loading injections vs loading injections

Barikian 2015a
1 year

Bevacizumab 1.25 mg No loading: PRN after first injection Loading: every 2–4 weeks for
first 3 injections, then PRN

BeMOc 2013
1 year

Bevacizumab 1.25 mg No loading: PRN with no initial mandato-
ry loading injections

Loading: 3 initial monthly
loading injections, then PRN

Table 2.   Treatment regimens evaluated by included trials  (Continued)

PRN: as needed.
 

 

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
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#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* or OPT
302 or Opthea* or RTH258 or Brolucizumab* or abicipar pegol)
#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$ or OPT
302 or Opthea$ or RTH258 or Brolucizumab$ or abicipar pegol).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 paper by Glanville 2006.

Appendix 3. Embase (Ovid) search strategy

1. exp randomized controlled trial/
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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$.tw.
18. exp experimental design/
19. exp crossover procedure/
20. exp control group/
21. exp latin square design/
22. or/12-21
23. 22 not 10
24. 23 not 11
25. exp comparative study/
26. exp evaluation/
27. exp prospective study/
28. (control$ 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$ or OPT
302 or Opthea$ or RTH258 or Brolucizumab$ or abicipar pegol).tw.
52. VEGF TRAP$.tw.
53. or/42-52
54. 41 and 53
55. 32 and 54

Appendix 4. LILACS search strategy

(tw:(Macular Degeneration OR AMD OR ARMD )) AND (tw:(Macugen OR Pegaptanib OR Lucentis OR rhufab OR ranibizumab OR bevacizumab
OR avastin OR aflibercept OR conbercept OR OPT 302 OR Opthea OR RTH258 OR Brolucizumab OR abicipar pegol))
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Appendix 5. ISRCTN search strategy

(Macular Degeneration or change to or AMD OR nAMD OR ARMD) AND (Macugen OR Pegaptanib OR Lucentis OR rhufab OR ranibizumab OR
bevacizumab OR avastin OR aflibercept OR conbercept OR Brolucizumab OR abicipar)

Appendix 6. ClinicalTrials.gov search strategy

(Macular Degeneration OR AMD OR nAMD OR ARMD) AND (Macugen OR Pegaptanib OR Lucentis OR rhufab OR ranibizumab OR bevacizumab
OR avastin OR aflibercept OR conbercept OR OPT 302 OR Opthea OR RTH258 OR Brolucizumab OR abicipar pegol)

Appendix 7. ICTRP search strategy

Macular Degeneration OR AMD OR nAMD OR ARMD = Condition AND Macugen OR Pegaptanib OR Lucentis OR rhufab OR ranibizumab OR
bevacizumab OR avastin OR aflibercept OR Conbercept = Intervention
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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

Throughout the review we changed 'schedule' to 'regimen' as this is more commonly used term.

We decided post-hoc to consider two groups of non-monthly regimens. We grouped the treat-and-extend regimen with PRN regimens, in
which injections were prescribed when CNV recurrence was detected clinically. In the treat-and-extend regimen, further injections were
prescribed at increasing intervals even if the macula was dry. The objectives were amended accordingly. To further explore the issue
of treatment intensity, we also conducted post-hoc meta-regression of the mean diHerence in visual acuity between monthly and non-
monthly regimens against the mean number of injections in the PRN study arm.
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When data were extracted regarding ocular adverse events, we decided to report only on the number of participants with endophthalmitis,
because it is the most devastating ocular complication and may be related to the number of injections. This was also adopted in the
'Summary of findings' tables.

Regarding use of resources, we reported the number of injections in one year as the major cost, but we could not report on diHerences
in the treatment cost per person.
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Medical Subject Headings (MeSH)

Angiogenesis Inhibitors  [*administration & dosage]  [economics];  Bevacizumab  [administration & dosage]  [economics];  Bias;  Drug
Administration Schedule;  Endophthalmitis  [epidemiology]  [etiology];  Intravitreal Injections  [adverse eHects];  Macular Degeneration
 [*drug therapy]  [pathology];  Quality of Life;  Randomized Controlled Trials as Topic;  Ranibizumab  [administration & dosage]
 [economics];  Receptors, Vascular Endothelial Growth Factor  [administration & dosage];  Recombinant Fusion Proteins  [administration
& dosage]  [economics];  Retina  [drug eHects];  Vascular Endothelial Growth Factor A  [*antagonists & inhibitors];  Visual Acuity  [*drug
eHects]

MeSH check words

Aged; Aged, 80 and over; Humans
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