
Preclinical aspects
of anti-VEGF agents
for the treatment
of wet AMD:
ranibizumab
and bevacizumab

CH Meyer and FG Holz

Abstract

Three anti-vascular endothelial growth factor

(VEGF) therapies are currently used for the

treatment of patients with wet age-related

macular degeneration (AMD): pegaptanib,

ranibizumab, and bevacizumab. Ranibizumab

is an antibody fragment approved for the

treatment of wet AMD. Bevacizumab is a full-

length antibody registered for use in oncology

but unlicensed for wet AMD. However, it is

used off-label worldwide not only for wet

AMD but also for various other ocular

diseases associated with macular edema and

abnormal vessel growth. We consider aspects

of ranibizumab and bevacizumab in relation

to their molecular characteristics, in vitro and

in vivo properties, and preclinical safety data.

Before 2009, most studies described the short-

term toxicity of bevacizumab in multiple cell

types of the eye. Since 2009, an increasing

number of studies have compared the

properties of ranibizumab and bevacizumab

and investigated their impact on retinal cell

functioning. Compared with bevacizumab,

ranibizumab neutralizes VEGF better at low

concentrations, maintains efficacy for longer,

and has a higher retinal penetration and

potency. Studies in animals demonstrate

ranibizumab to be better localized to the

injected eye, whereas bevacizumab appears

to have a greater effect in the fellow eye.

In humans, a localized and systemic effect

has been reported for both molecules.

In conclusion, overlapping yet distinct

pharmacological properties of ranibizumab

and bevacizumab indicate that safety or

efficacy data from one cannot be extrapolated

to the other.
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Introduction

Three anti-vascular endothelial growth factor

(VEGF) therapies are currently used for the

treatment of patients with wet age-related

macular degeneration (AMD): pegaptanib

(Macugen, Pfizer, Sandwich, UK), ranibizumab

(Lucentis, Novartis, Horsham, UK), and

bevacizumab (Avastin, Roche, Welwyn Garden

City, UK).1,2 Pegaptanib is an oligonucleotide

aptamer and was the first VEGF antagonist to be

approved by the US Food and Drug

Administration for use in wet AMD.1,3

However, wet AMD patients treated with

pegaptanib still experience visual decline.1,4

Ranibizumab is an anti-VEGF antibody

fragment specifically designed for ophthalmic

use. Ranibizumab represents a major advance in

ophthalmology because it can stabilize, and

even improve visual acuity (VA) in the majority

of patients with wet AMD.5–9 Ranibizumab is

approved in the United States, Europe, and

Japan for the treatment of patients with

neovascular AMD.

Ranibizumab was developed for intraocular

administration. This was born from the

possibility that adverse effects might occur in an

elderly population, such as those with AMD,

and from hints of serious toxicity in clinical

trials with systemic administration of

bevacizumab.10 Antigen-binding fragments

(Fabs) have a shorter half-life than full-length

antibodies and do not possess the fragment

crystallizable (Fc) domain, which can initiate

immune system activation. Consequently, it was
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reasoned that a Fab would prevent Fc-dependent

complement activation or immune cell destruction and

limit systemic antibody exposure.10 Following its

development, a number of recent studies have supported

the rationale behind ranibizumab development.

Choroidal neovascular membranes from patients with

wet AMD treated with bevacizumab are characterized by

significantly higher inflammatory and proliferative

activity.11 Preliminary results have also demonstrated the

Fc domain of bevacizumab to bind effectively to human

retinal pigment epithelial (RPE) and human umbilical

vascular endothelial cell (HUVEC) membranes via Fc

receptors or membrane-bound VEGF, activating the

complement cascade and leading to cell death. In

contrast, ranibizumab does not have a Fc domain and

does not activate the complement cascade.12–15

Bevacizumab is a full-length anti-VEGF antibody

that has been developed and registered for use in

oncology but has not been licensed for the treatment

of wet AMD or any other ocular conditions. However,

it is used off-label worldwide not only for wet AMD

but also for other ocular disease entities associated

with macular edema and abnormal vessel growth.

Bevacizumab vials (100 and 400 mg) are stable at

2–81C (36–461F) and should be protected from light,

not frozen, and not shaken. Diluted bevacizumab

solutions may be stored at 2–81C (36–461F) for up to

8 h and are recommended for storage in the original

carton until time of use.16 Consequently, there are

concerns regarding the compounding of bevacizumab

into smaller doses for use in intraocular indications.

Significant differences in IgG concentration measured

from repackaged bevacizumab syringes have been

reported, with a trend for an increased micron-sized

protein aggregates in some samples raising the concern

for obstruction of aqueous outflow and elevation in

intraocular pressure. Bevacizumab repackaged into

plastic syringes may be contaminated by silicone oil

microdroplets, and mishandling can further increase

levels of particle contaminants.17 In 2009, the freezing

and thawing of bevacizumab was shown to affect

its biological activity,18 stressing the importance of

implementing optimum protocols when compounding

pharmacies prepare bevacizumab for intravitreal use in

wet AMD. Prolonged storage of bevacizumab in plastic

syringes over a period of 3 months can reduce its

effectiveness by 9%. However, these findings may serve

to influence vigilance during repeated bevacizumab

injections and increase the potential for observed

inflammation.19

This review intends to consider aspects of ranibizumab

and bevacizumab for the treatment of wet AMD in

relation to their molecular characteristics, in vitro and

in vivo properties and preclinical safety data.

Materials and methods

This review was based on a literature search performed

in http://PubMed.gov using two separate searches. The

first search used the terms ‘ranibizumab’ and ‘age-

related macular degeneration’. The second search used

the terms ‘bevacizumab’ and ‘age-related macular

degeneration’. The review focussed upon, but was not

limited to, pre-clinical studies in English language

retrieved using these criteria. Additional studies, which

were deemed relevant to the topic of this review, were

also considered for inclusion.

Ranibizumab and bevacizumab generation and

characteristics

Ranibizumab is a Fab of an antibody that was developed

as part of an anti-VEGF program in AMD.10

Bevacizumab is a full-length antibody that was

developed as a potential therapeutic agent for use in

oncology.20 Both ranibizumab and bevacizumab were

constructed from the mouse anti-human VEGF

monoclonal antibody (mAb) A.4.6.1, which was

produced using hybridoma generated from mice

immunized with the predominant VEGF165 isoform

conjugated to keyhole limpet hemocyanin. This murine

mAb has been shown to recognize all VEGF-A isoforms

and inhibit the growth of human tumor cell lines

in vivo.21,22 Intraocular administration of mAb A.4.6.1

was found to inhibit iris neovascularization secondary to

retinal ischemia in primates.23

In 1997, the humanization of mAb A.4.6.1 into what is

now known as bevacizumab was reported. The approach

of the researchers who carried out the humanization was

to transfer six regions that determine antibody binding to

VEGF (known as complimentarity determining regions,

CDRs) from mAb A.4.6.1 to a human antibody

framework, which had been used for previous

humanizations.24 Transferring the CDRs from mAb

A.4.6.1 to the human framework resulted in a Fab with

binding to VEGF that was reduced over 1000-fold.

Consequently, to achieve VEGF binding equivalent to

mAb A.4.6.1, seven framework residues in the

humanized antibody variable heavy domain

and one framework residue in the humanized antibody

variable light domain were changed from human to

murine.24 The full-length bevacizumab antibody was

constructed from 1 of the 12 constructed Fab variants:

Fab-12.24

Bevacizumab is produced in Chinese hamster

ovary (CHO) cells from the expression plasmid

pSVID5.ID.LLnspeV.xvegf36HC.LC. The resulting

bevacizumab antibody is produced from the G7 clone

as a 149 kDa full-length IgG1 antibody composed
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of two 214-residue light chains and two 453-residue

heavy chains. Each light chain is covalently linked to

a heavy chain and the two heavy chains are covalently

linked. The resulting bevacizumab antibody contains

93% human amino acid sequence.10,22

Ranibizumab was developed in an effort to obtain

higher affinity variants of Fab-12 with improved potency

and efficacy.25 Although bevacizumab was derived from

Fab-12, ranibizumab was derived via an in vitro CDR

mutation and affinity selection from a different

humanized anti-VEGF Fab variant, known as MB1.6.26,27

Ranibizumab is produced as a 48 kDa Fab in Escherichia

coli from the expression plasmid pY0317. The heavy and

light chains fold into their native confirmation following

secretion into the bacteria periplasmic space and are

covalently linked. The resulting Fab-Y0317 is now known

as ranibizumab.10,25,28 A schematic diagram of ranibizumab

and bevacizumab generation is depicted in Figure 1.

In vitro studies of ranibizumab and bevacizumab

Ranibizumab and bevacizumab are both able to bind to all

human VEGF-A isoforms.10,20 Following its generation

from Fab-12, bevacizumab was found to inhibit VEGF-

induced proliferation of endothelial cells in vitro and tumor

growth in vivo with potency and efficacy similar to those of

the parent murine antibody A.4.6.1.24 Ranibizumab (Fab-

Y0317) demonstrated a 22-fold improvement in binding

affinity over Fab-12 in VEGF competition assays and had

120- to 140-fold improved affinity over Fab-12 in kinetic

experiments.10,25 Furthermore, ranibizumab had a 30- to

100-fold increased potency in bioassays measuring VEGF-

induced endothelial cell mitogenesis. On a molar basis,

ranibizumab was determined to be 5- to 20-fold more

potent than full-length bevacizumab at binding

VEGF-A.10,25 The characteristic properties of ranibizumab

and bevacizumab are summarized in Table 1.

Full-length antibody constructed by 
fusing Fab-12 VL and VH domains to 
human IgG1 CH and CL domains

Efforts to improve the 
affinity of Fab-12: CDR 
mutation and affinity 
selection

Transfer of six CDRs from mAb A.4.6.1 to a human 
IgG antibody framework followed by change of eight 
framework residues from human to murine

Separate efforts to humanize A.4.6.1.  
using a phage display approach

Antigen binding
region

VH

CH1

CH2

CH3

Fc domain

Fab domain
CL

VL

Full length murine anti-VEGF IgG A.4.6.1

Humanized IgG Fab-12 Humanized IgG Fab MB1.6

Bevacizumab (149 kDa full-length IgG) Ranibizumab (48 kDa IgG Fab-Y0317)

Figure 1 Schematic diagram of ranibizumab and bevacizumab generation. CH, constant heavy domain; CL, constant light domain;
VH, variable heavy domain; VL, variable light domain; CDR, complimentarity determining region; Fab, fragment antigen binding;
Fc, fragment crystallizable.
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The majority of studies investigating the in vitro

efficacy of ranibizumab and bevacizumab were

performed in 2006 or later. Before 2009, most of the

studies were related to the short-term toxicity of

bevacizumab in multiple cell types of the eye. In 2006, the

Bevacizumab Study Group demonstrated no significant

short-term effects of bevacizumab on retinal function of

isolated bovine retina, but concluded that long-term

effects could not be excluded.29 In vitro, bevacizumab

was shown to be non-toxic or not to alter cell viability of

rat neurosensory retinal (R28),30 retinal ganglion,31 and

medulla-derived PC12 cells32 or human RPE,30,33

microvascular endothelial (HMVECad),30 corneal

keratinocyte,34 corneal fibroblast,34 and corneal

endothelial cells.34,35 In addition, bevacizumab was

demonstrated to reduce VEGF-induced permeability and

proliferation of cultured porcine choroidal endothelial

cells,18 inhibit VEGF-stimulated proliferation of monkey

choroidal endothelial cells,33 and inhibit VEGF-induced

migration of HUVEC.36 In contrast to these studies,

bevacizumab was shown to have a stimulatory effect on

cell proliferation in the rat retinal ganglion cell line

RGC-5, which was suggested to be due to a nonspecific

effect via increasing the protein contents of the cell

growth environment.37

Since 2009, there have been increasing number of

studies that have compared the properties of

ranibizumab and bevacizumab and investigated their

impact on physiological retinal cell functioning. In vitro

studies in human microvascular endothelial cells

demonstrated ranibizumab and bevacizumab to be

non-cytotoxic, increase apoptosis, decrease cellular

proliferation, migration, vascular assembly and VEGF

secretion, and also to decrease VEGF receptor expression

and activity.38 Ranibizumab can reverse VEGF-induced

proliferation and migration, and delocalization of tight

junction proteins in immortalized bovine retinal cells.39

It has been demonstrated that at clinical doses,

bevacizumab and ranibizumab are equally potent at

neutralizing VEGF, and that to neutralize VEGF

completely in porcine RPE, a fraction of the clinical dose

is needed.37 Both ranibizumab and bevacizumab were

able to reduce VEGF protein levels. Interestingly, at lower

antibody concentrations, ranibizumab was found to be

more efficient than bevacizumab at neutralizing VEGF.37

It has more recently been shown that high concentrations

of bevacizumab may be harmful to human trabecular

meshwork cells in primary culture, whereas no such

effect was observed with ranibizumab.40 In that study,

4 mg/ml bevacizumab reduced cellular metabolism to

34.4±12.4% compared with human IgG controls

(Po0.0001) and reduced cellular proliferation to

62.7±9.2% of controls (Po0.0001). No significant

decrease was seen with 2 mg/ml bevacizumab, or with

molar equivalents of ranibizumab.40

In a study investigating the influence of VEGF

antagonists on the barrier function of RPE cells and the

underlying mechanisms, bevacizumab and ranibizumab

were found to decrease porcine RPE cell barrier function,

with bevacizumab exhibiting a prolonged and more

profound effect.41 Several studies have investigated

whether the uptake of ranibizumab and bevacizumab

impairs RPE cell proliferative, healing, and phagocytotic

abilities.42,43 In these studies, neither ranibizumab nor

bevacizumab induced significant cell death following 7

days of treatment and no inhibition of VEGF secretion

was observed after 3 days of culture. However,

bevacizumab, but not ranibizumab, internalized into

Table 1 Characteristic properties of ranibizumab and bevacizumab

Property Antibody

Ranibizumab Bevacizumab

Developmental intention Wet AMD Oncology
Parent molecule Murine mAb A.4.6.1 Murine mAb A.4.6.1
Fab for construction MB1.6 Fab-12
Expression plasmid pY0317 pSVID5.ID.LLnspeV.xvegf36HC.LC
Produced in Escherichia coli CHO cells (clone G7)
Target All human VEGF-A isoforms All human VEGF-A isoforms
Final structure IgG antigen-binding fragment (Fab-Y0317) Full-length IgG antibody
Fc domain No Yes
Molecular weight 48 kDa 149 kDa
Relative VEGF affinitya 22 (competition assays) 1

120–140 (kinetic experiments) 1
Relative fold-inhibition of VEGF-induced
mitogenesisa

30–100 1

Relative VEGF binding potency 5–20 1

aFab-Y0317 vs Fab-12.
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porcine RPE cells in vitro and accumulated in the cells.

Because the RPE has important functions in maintaining

retinal homeostasis it was concluded that storage of

bevacizumab might compromise the cells’ physiological

function.42 In a following study, bevacizumab, and to a

lesser extent ranibizumab, were found to impair the

proliferation of porcine RPE cells and to have no effect on

wound healing.43 Bevacizumab, but not ranibizumab,

was found to reduce the phagocytotic function of RPE

cells, indicating possible long-term effects of repeated

bevacizumab treatment.43 The selective uptake of

bevacizumab, but not ranibizumab, may be owed to the

presence of an Fc domain and sugar moieties on

bevacizumab. The uptake of bevacizumab may be

mediated by Fc-receptor mediated phagocytosis or via

RPE cell mannose receptors and galectins.42

In vivo preclinical efficacy in animal models

The majority of specific in vivo data relating to

bevacizumab and ranibizumab in wet AMD are derived

from studies in monkeys and rabbits that were published

between 2005 and 2007.44–47

Early studies in rabbits and monkeys demonstrated

that smaller antibody moieties such as single-chain

variable fragments and Fabs have better tissue

penetration than full-length antibodies. In monkeys, a

humanized antibody with a framework similar to that of

bevacizumab (trastuzumab) was compared with Fab-12,

as bevacizumab was not available at a level of purity

suitable for intraocular administration. In rabbits, the

full-length ranibizumab and bevacizumab precursor

(mAb A.4.6.1) was compared with a mouse/human

chimeric Fab. These studies showed that, under the

conditions tested, the Fabs were more diffusible than

the full-length antibodies.10 Studies in monkeys have

demonstrated that after a single intravitreal

administration, ranibizumab can distribute rapidly to

the retina (6–24 h).47 Studies in rabbits have

demonstrated that ranibizumab can rapidly penetrate

through the retina to reach the choroid, just 1 h after

intravitreal administration.46

In primates, after a single intravitreal administration,

biologically effective retinal concentrations of

ranibizumab were shown to be maintained for

approximately 1 month, with a terminal half-life of

3 days.47 Vitreous ranibizumab concentrations were

169 mg/ml at 6 h or 612 mg/ml at 24 h after intravitreal

injection.47 Ranibizumab was found to be cleared from

the vitreous with a terminal half-life of approximately 2.9

days in a study characterizing the pharmacokinetic

profile and intraocular distribution of intravitreal

ranibizumab injection in rabbits.46 In that study, at 1 h

after intravitreal administration of 625 mg/eye,

ranibizumab produced a mean peak vitreous

concentration of 1280 mg/ml.46

In a study comparing the pharmacokinetics of 0.5 mg

of intravitreal ranibizumab with 1.25 mg of intravitreal

bevacizumab in the rabbit, the vitreous half-life of

ranibizumab was found to be 2.88 days, shorter than the

bevacizumab half-life of 4.32 days.44 Peak concentrations

in the aqueous humor of the treated eye at 3 days

following treatment have been demonstrated to be

37.7 mg/ml for bevacizumab45 and 17.9 mg/ml for

ranibizumab.44 In primates, serum ranibizumab levels

were found to be greater than 1000-fold lower than in the

vitreous humor following a single intravitreal injection.47

In the rabbit, systemic ranibizumab levels were found to

be o0.01% of the vitreous exposure.46

In a recent comparative study, intravitreal injection of

ranibizumab or bevacizumab was not found to be toxic

in vivo to rat eyes with healthy retinal ganglion cells or

with N-methyl-D-aspartate-induced damage.48

Localized vs systemic antibody effects in animal models

There are a number of studies that demonstrate

ranibizumab to be localized to the injected eye. Following

intravitreal ranibizumab injection, studies in rabbits have

not detected any ranibizumab in the fellow eye.44

In contrast, studies in mice have demonstrated

intravitreally administered full-length IgG to be

eliminated across the blood–retinal barrier into the blood

system, raising concerns for a systemic effect with

intravitreal bevacizumab injection.49 Indeed,

intravitreally injected IgGs have been demonstrated to be

eliminated into the blood system more rapidly in laser-

photocoagulated eyes when compared with normal

control eyes because of neonatal Fc receptor upregulation

in the laser-photocoagulated retina.49 This raises the

possibility of Fc-mediated systemic transfer of

bevacizumab from the eye and into the circulation.

Although studies in rabbits have not revealed any

long-term tolerability concerns following intravitreal

bevacizumab injection,50 other studies in rabbits have

detected bevacizumab in the untreated fellow eye,45 and

have demonstrated bevacizumab in the subretinal space

following intravitreous injection as a possible result of

diffusion through the retina.51 Nomoto et al52 also

investigated the pharmacokinetics of intravitreal

bevacizumab (1.25 mg/0.05 ml) in rabbits. After

intravitreal injection in the treated eye, the mean

maximum concentrations (Cmax) of bevacizumab in the

iris/ciliary body and retina/choroid were 109 192.6 and

93 990.0 ng/g, respectively. Both intravitreal injections of

bevacizumab resulted in high plasma concentration and

distributed into the intraocular tissues in fellow eyes via

the systemic circulation. In the fellow eyes, the Cmax was
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753.6 ng/g in the iris/ciliary body and 224.2 ng/g in the

retina/choroid.52

In a study comparing the pharmacokinetics of 0.5 mg

of intravitreal ranibizumab with 1.25 mg of intravitreal

bevacizumab in the rabbit, ranibizumab was not detected

in the serum or the fellow uninjected eye; whereas small

amounts of intravitreal bevacizumab were detected at

both sites (untreated eye 29.4 ng/ml at 1 week, serum

3.33 mg/ml at 8 days following injection).44,45 Although it

has been suggested that there may be limitations in the

detection of serum ranibizumab in the method of assay

used in the above study,53 these results are consistent

with other studies and are suggestive of a systemic effect

with bevacizumab.53

The first comparison of the efficacy of intraocular

ranibizumab and bevacizumab in animal models of

subretinal neovascularization has recently been

published.54 In that study, Rho/VEGF mice were used,

which have sustained expression of human VEGF in

photoreceptors and develop progressive subretinal

neovascularization similar to that seen in patients with

wet AMD. When mice were treated with either antibody,

higher doses or repeated injections of bevacizumab, but

not ranibizumab, resulted in a systemic effect.54

Pharmacokinetics and pharmacodynamics in humans

Ranibizumab was specifically developed for AMD and

consequently, the most robust efficacy data for

ranibizumab are derived from large phase III trials in

patients with wet AMD. This is not the focus of the

current review, but in summary, improvements in VA

have been seen for ranibizumab monotherapy and

ranibizumab in combination with standard care in

studies with up to 2 years of follow-up.5–7,55–58 As a result

of such data and approval of ranibizumab in wet AMD,

there are limited in vivo data available outside of a

clinical trial setting regarding the anti-angiogenic efficacy

profile of ranibizumab in AMD.

A recent prospective study in patients with AMD has

demonstrated a significant decrease of VEGF from

85.57 pg/ml to values below the physiological levels of

VEGF in controls following intravitreal injection of

ranibizumab (P¼ 0.001).59 Another recent study

assessing aqueous humor samples from 16 eyes with

choroidal neovascularization (CNV) secondary to

AMD, demonstrated VEGF concentrations (range

47.2–307.4 pg/ml, mean 125.9 pg/ml) to decrease to

o31 pg/ml, the lower limit of detection, 4 weeks after

ranibizumab injection.60

In humans, much of the pharmacodynamic and

pharmacokinetic data relating to bevacizumab are

derived from cancer patients systemically treated with

this antibody and preclinical studies using bevacizumab

off-label for various ocular indications. The

pharmacokinetic properties of bevacizumab are

consistent with a typical humanized mAb, with a

terminal half-life in humans of 17–21 days.16,20,61 In 2006,

two patients were described from whom samples of

vitreous humor were obtained 4 weeks or 48 h after a

bevacizumab injection.62 Consistent with the animal

studies, a single dose of intravitreal bevacizumab was

suggested to provide complete intravitreal VEGF

blockade for a minimum of 4 weeks, with an intravitreal

half-life of 3 days.62 The unbound VEGF concentration

was below detectable levels (o41 pg/ml).62 During

therapy with bevacizumab, VEGF levels have been

reported to decrease below detection levels in the first 2

months of treatment in patients with retinal vein

occlusion.63 In 34 eyes with CNV secondary to AMD

treated with 3 monthly intravitreal bevacizumab

injections, the mean aqueous VEGF level decreased

from 102.6±90.6 pg/ml at baseline to 18.3±22.5 pg/ml

at 2 months.64

The Tübingen Bevacizumab Study Group investigated

the vitreous levels of bevacizumab and VEGF following

intravitreal injection in patients with CNV.65 They found

the pharmacokinetics of intravitreal bevacizumab to

follow a two-compartment model with initial and

terminal half-lives of 0.5 and 6.7 days, respectively. The

peak concentration (range 2.63 ng/ml to 165 mg/ml) was

observed on the second day after intravitreal

bevacizumab injection; vitreous free VEGF-A levels

(range 0.2–33.9 pg/ml) showed a negative correlation

with bevacizumab concentration and a positive

correlation with time.65 A separate study in human

non-vitrectomized eyes administered a single

intravitreal injection of 1.5 mg bevacizumab reported the

concentration of bevacizumab in aqueous humor to

peak on the first day after injection with a mean

concentration of 33.3 mg/ml (range, 16.6–42.5 mg/ml)

and an aqueous half-life of 9.82 days.66

Implication of pharmacological differences on clinical

outcomes

A number of clinical studies have investigated the

influence of single- and double-dosed intravitreal

injections and determined no significant clinical

difference in short- or long-term effects on functional or

anatomical parameters.67–69 Meyer et al68 compared

single- (1.5 mg) or double-dosed (3.0 mg) intravitreal

bevacizumab injections and determined a higher peak

concentration of unbound bevacizumab and an extruded

duration above therapeutic levels by one half-life in the

double-dosed group.68 Although there is no difference in

the half-time between 1.25 or 2.5 mg intravitreal

bevacizumab, double dosing increases the peak antibody
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concentration in the anterior chamber of the eye.

Although 500 ng/ml of bevacizumab is the minimum

concentration required to completely block VEGF-A-

induced endothelial cell proliferation, double dosing of

bevacizumab had only a moderate effect on biological

activity.69 Double dosing of intravitreal bevacizumab has

a significant effect on the duration of its efficacy; it

extends the duration by one half-time or approximately

8–10 days and seems to have no significant clinical

impact on functional and anatomical outcomes.68

On the basis of mathematical modeling, 27–38 days

after a single bevacizumab (1.25 mg) injection, the

intravitreal VEGF-binding activity would be comparable

with that of ranibizumab at 30 days.70 Bevacizumab

injections would need to be performed every 3 days for 1

month to equal the peak activity after a ranibizumab

injection. More frequent bevacizumab injections increase

the average binding activity, but not to the degree

achieved with a single ranibizumab injection.70 On the

basis of macular volume measurements in patients with

wet AMD, it has been reported that the mean duration of

action was 101.8 days for bevacizumab and 74.0 days for

ranibizumab, although both drugs had equal effects on

decreasing central foveal point thickness or macular

volume.71

In a subset of patients with wet AMD that were

switched from bevacizumab to ranibizumab, there were

no apparent differences in VA outcomes or injection

rates.72 However, another study demonstrated that 53%

of patients treated with ranibizumab, but only 35% of

patients treated with bevacizumab had short-term

effectiveness as assessed by incremental improvement on

optical coherence tomography (OCT) parameters,

suggesting differences in the biological activities between

the two antibodies.73

Recently, a statistically significant benefit of

ranibizumab over bevacizumab on OCT was

demonstrated in the reduction of central foveal

thicknessFa key marker of disease progressionFwith

patients receiving ranibizumab requiring fewer

injections.74,75 In a separate study, patients switching

from bevacizumab (Zthree-injection subgroup) to

ranibizumab demonstrated a statistically significant

improvement in both VA and retinal thickness.76 These

small studies suggest ranibizumab may provide greater

benefits on VA than bevacizumab, but larger studies are

required to reveal significant efficacy differences in the

overall wet AMD population.

A recent prospective, randomized clinical trial that

enrolled 131 patients with wet AMD (the Avastin

(bevacizumab) for choroidal neovascular age-related

macular degeneration (ABC) trial) demonstrated 1.25 mg

intravitreous bevacizumab injections given as part of a

six weekly variable retreatment regimen to be superior to

previous standard care (pegaptanib sodium, verteporfin,

sham), with low rates of serious ocular adverse events

among the 65 patients treated with bevacizumab.77 In

this study, patients treated with bevacizumab on average

maintained the VA gain over the study period of 12

months with outcomes similar to studies administering

monthly ranibizumab.

A retrospective examination of charts of 215 eyes

undergoing intravitreal injection with anti-VEGF agents

for wet AMD has provided a comparison of

bevacizumab and ranibizumab.78 The study

demonstrated 9.9% (10/101) of eyes receiving only

bevacizumab had sustained elevated intraocular

pressure, whereas 3.1% (3/96) of eyes receiving only

ranibizumab experienced increases (P¼ 0.049).78

Localized vs systemic antibody effects in humans

Studies in cancer had demonstrated that the systemic

half-life of a Fab is a few hours, whereas that of a full-

length IgG is up to 3 weeks, implying that any systemic

exposure to an anti-VEGF agent would be minimized by

using a Fab and prompting the generation of

ranibizumab for AMD.10

There are some studies that have demonstrated

bevacizumab to have no effect in the untreated fellow eye

following intravitreal injection.79,80 In one study, the

concentration of unbound bevacizumab was below the

detectable limit of the ELISA (5 ng/ml in all samples) in

the untreated fellow eye of human patients following

contralateral intravitreal bevacizumab injection.79 No or

minimal effect of intravitreal bevacizumab injection on

the uninjected fellow eye has also been reported in

studies with macaques and patients with proliferative

diabetic retinopathy.80,81 Velez-Montoya et al82

investigated the systemic effects of unilateral intravitreal

bevacizumab administration and reported no differences

between baseline and follow-up measurements in

untreated fellow eyes.82 In total, 23 consecutive patients

with bilateral diffuse diabetic macular edema (DME) and

a central retinal thickness (CRT) greater than 275mm on

OCT were treated with 2.5 mg bevacizumab intravitreally

in the worst eye and performed examinations in both

eyes every 2 weeks for 4 weeks. There were no

statistically significant differences between baseline and

follow-up measurements in untreated fellow eyes. Visual

acuity on Early Treatment Diabetic Retinopathy Study

(ETDRS) letters was 34.46±17.29 at baseline,

38.31±14.64 at 2 weeks, and 37.38±14.59 at 4 weeks. The

CRT was 324.77±76.51mm at baseline, 319±75.7 mm at 2

weeks, and 315.54±78.2 mm at 4 weeks. The macular

volume was 8.99±1.2 mm3 at baseline, 9.16±1.26 mm3 at

2 weeks, and 8.99±1.09 mm3 at 4 weeks. The authors

concluded that the systemic effect in untreated fellow
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eyes after contralateral intravitreal injection of 2.5 mg

bevacizumab seemed to be unlikely due to the lack

of significant changes in any parameter.82

The results of a double-blind, randomized,

prospective pilot-study (BEAT-AMD) has demonstrated

bevacizumab to have an effect on visual outcomes

in subjects with vision-threatening ophthalmic

diseases associated with AMD following systemic

administration.83 A 2008 case report of an 83-year-old

man, with macular edema from branch retinal vein

occlusion in the right eye, who developed neovascular

AMD in the left eye demonstrated both intravitreal

ranibizumab and bevacizumab to improve symptoms in

the contralateral eye.84

In the first demonstration of blood growth factor levels

following intravitreal bevacizumab injection in a human

case series, samples of blood were collected from 11

patients with type II diabetes and a control group of 30

non-diabetic patients just before injection with 1.25 mg

bevacizumab and after 1 day, 7 days, and 1 month.85

Decreased levels of blood VEGF after an intravitreal

injection of bevacizumab (eg from 114.0 to 9.7 pg/ml

after 1 day) indicate that bevacizumab enters the general

circulation.85 This raises concern over the potential

systemic complications with bevacizumab and

emphasizes safety concerns in the absence of clinical

studies of high level of evidence with bevacizumab use

in patients with AMD. Indeed, a recent Letter to the

Editor reported two cases of women who suffered an

early loss of pregnancy (at 7 and 10 days) following

intravitreal bevacizumab injection.86 Paradoxically, rapid

progression of subclinical AMD in the untreated fellow

eye after intravitreal bevacizumab injection has also been

reported.87,88 In addition, inhibition of VEGF in the

kidney and consequent glomerular disease characteristic

of thrombotic microangiopathy has been show to

develop in six patients with different cancer diagnoses

following treatment with bevacizumab.89

In humans, serum ranibizumab concentrations are

predicted to be approximately 90 000-fold lower than

vitreal concentrations.90 Indeed, studies in humans could

not demonstrate a therapeutic effect of ranibizumab in

the untreated fellow eye,91 and retrospective analyses of

the ANCHOR6,7 and MARINA5 clinical trials do not

support the hypothesis that monthly ranibizumab

injections reduce the rate of CNV development in

untreated fellow eyes.92 However, ranibizumab has also

demonstrated positive effects on the VA of the fellow

untreated eye,93 that is, a systemic effect of ranibizumab

cannot be ruled out. A meta-analysis of available

1- and 2-year data from the FOCUS,55,56 MARINA,5

ANCHOR,6,7 PIER,57 and SAILOR58 studies has been

performed to assess the safety of ranibizumab in terms of

stroke, myocardial infarction, and other adverse events.94

In the final analysis of SAILOR, although there were

more cases of stroke in the 0.5 mg treatment arm, the risk

was not statistically significant.58 Evidence of

bevacizumab systemic safety from multiple clinical trials

in patients with wet AMD does not yet exist.

Discussion

On review of the available evidence, ranibizumab and

bevacizumab have overlapping yet some distinct

pharmacological properties. Their differences are not

surprising but indicate that safety or efficacy data from

one cannot be extrapolated to the other. Although both

ranibizumab and bevacizumab were constructed from

the mouse anti-human VEGF mAb A.4.6.1, bevacizumab

is a full-length antibody that was developed as a

potential therapeutic agent for use in oncology,20 whereas

ranibizumab is a Fab that was developed as part of an

anti-VEGF program in AMD.10

In terms of in vitro efficacy and safety, both

ranibizumab and bevacizumab can bind all VEGF-A

isoforms and can similarly downregulate a number of

VEGF signaling components. However, from the very

beginning of development, ranibizumab was shown to

be superior to bevacizumab in its affinity and ability to

bind VEGF-A. Perhaps most importantly, the Fc domain

and sugar residues present on bevacizumab mean that

the antibody can interfere with the physiological

metabolism or functioning of retinal cells and result in

complement-mediated cell death. On the basis of these

data, we would conclude ranibizumab to be superior to

bevacizumab in terms of efficacy and safety.

In terms of in vivo preclinical efficacy and safety in

animal models, both ranibizumab and bevacizumab

appear similar in their half-lives and direct cellular

toxicity. However, differences emerge when investigating

the potential for a systemic effect following intravitreal

administration of these molecules. Studies in animals,

including two direct comparative studies, demonstrate

ranibizumab to be better localized to the injected eye,

whereas bevacizumab has a greater effect in the fellow

eye. Combined with other data demonstrating that

intravitreally administered full-length IgGs can cross the

blood–retinal barrier, which can be mediated by an

antibody Fc domain, these data suggest an increased risk

for systemic complications with bevacizumab compared

with ranibizumab.

In humans, there seemed to be more pharmaco-

dynamic and pharmacokinetic data available for

bevacizumab, but both ranibizumab and bevacizumab

were seen to decrease VEGF levels to below detection

limits of the assays used. Although the large ABC trial

demonstrated the average VA gain maintained over 12

months with bevacizumab to be equivalent to similar
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studies with ranibizumab, other studies have

demonstrated ranibizumab to be more effective than

bevacizumab at decreasing markers of disease

progression and improving VA. Although these studies

appear to suggest improvements in efficacy in humans

treated with ranibizumab compared with bevacizumab,

larger studiesFwhich are already ongoingFwill be

needed to reveal significant differences in efficacy on the

overall wet AMD population.

In terms of systemic safety with the two molecules in

humans, there are studies for both ranibizumab and

bevacizumab that support a localized and a systemic

effect. The strongest evidence exists for ranibizumab and

is derived from analyses of the large, randomized,

double-blind, phase III ANCHOR6,7 and MARINA5

trials. Although one study demonstrated that

ranibizumab might induce some therapeutic effect in

selected cases of end-stage CNV scarring, the second

study demonstrated that monthly ranibizumab injections

do not reduce the rate of CNV development in untreated

fellow eyes. Before a full conclusion can be made

regarding the localized vs systemic effect of ranibizumab

and bevacizumab, the levels of VEGF levels in the fellow

eye of patients with wet AMD treated with these

molecules need to be evaluated. However, a meta-

analysis of five large clinical trials of ranibizumab in wet

AMD5–7,55–58 provide evidence that ranibizumab is not

associated with significant increases in the rates of stroke,

myocardial infarction, and other adverse events.94

Although ranibizumab was designed specifically for

intraocular use in patients with wet AMD, the possibility

of a systemic effect of ranibizumab cannot be excluded.

However, unlike bevacizumab, ranibizumab has

demonstrated robust and consistent efficacy in a clinical

trial program that has included a number of studies of

Level I and II evidence that have monitored the safety

of thousands of patients with wet AMD.5–7,55,56

Bevacizumab is unlicensed for ocular conditions,

intraocular administration, or compounding into smaller

doses. Pharmacovigilance measures have been installed

for ranibizumab but not, or not to a similar degree, for

bevacizumab. In contrast, ranibizumab has been

approved for the treatment of wet AMD since 2006 and

meets the US Pharmacopoeia specifications for injections

in to the eye.95,96

Ranibizumab was designed for use in ophthalmology

and designed with potential for systemic complications

in mind. Ongoing head-to-head studies in various

countries are currently comparing ranibizumab with

bevacizumab in terms of efficacy and safety. Results of

Comparison of Age-related Macular Degeneration

Treatments Trials (CATT; NCT00593450) in the USA are

expected in 2011. However, these trials may be

underpowered to detect potential differences in safety

profiles between the two agents and thus, may not

provide conclusive evidence.
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