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and fears for a new therapeutic strategy
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Abstract Vascular endothelial growth factor (VEGF) plays
a key role in the development of both proliferative diabetic
retinopathy (PDR) and diabetic macular oedema (DMO). In
recent years, anti-VEGF agents have emerged as new
approaches to the treatment of these devastating diabetic
complications. Although Phase III studies in the diabetic
population are needed, intravitreal anti-VEGF therapy is
currently being used in clinical practice. Intravitreal injection
is an effective means of delivering anti-VEGF drugs to the
retina. However, this is an invasive procedure associated
with potentially serious complications, such as endophthal-
mitis or retinal detachment, which may be significant for
patients requiring serial treatment over many years. In
addition, although delivered within the vitreous, anti-VEGF
drugs could pass into the systemic circulation, which could
potentially result in hypertension, proteinuria, increased
cardiovascular events and impaired wound healing. Pegap-
tanib, ranibizumab and bevacizumab are the currently
available anti-VEGF agents. Ranibizumab and bevacizumab
block all VEGF isoforms, thus impairing both physiological
and pathological neovascularisation. Pegaptanib only blocks
the VEGF165 isoform, and would therefore seem the best
option for avoiding systemic adverse effects in diabetic

patients, although this remains to be demonstrated in clini-
cal trials. In this regard, head-to-head studies designed to
evaluate not only the efficacy, but also the systemic adverse
effects of these drugs in a high-risk population such as
diabetic patients are warranted.
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Abbreviations
AMD age-related macular degeneration
CNV choroidal neovascularisation
DMO diabetic macular oedema
DR diabetic retinopathy
FAb fragment antigen binding
FDA Food and Drug Administration
mAb monoclonal antibody
PDR proliferative diabetic retinopathy
VEGF vascular endothelial growth factor

Introduction

Proliferative diabetic retinopathy (PDR) is a leading cause of
blindness and visual impairment among adults aged
<40 years in the developed world [1]. Diabetic macular
oedema (DMO), another important event that occurs in the
setting of diabetic retinopathy (DR), is more frequent in
type 2 than type 1 diabetes [2]. Although DMO does not
cause total blindness, it frequently leads to a severe loss of
central vision. Because of the high prevalence of type 2
diabetes, DMO is the main cause of visual impairment in
diabetic patients. In addition, DMO is almost invariably
present when PDR is detected in type 2 diabetes [3].
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Our understanding of the pathophysiology of both PDR
and DMO is increasing as new biochemical pathways are
identified. Hypoxia-driven angiogenesis is a crucial pathway
in the development of PDR, whereas the leakage of plasma
from the small blood vessels in the macula following the
disruption of the tight junctions of the blood–retinal barrier is
the main factor responsible for DMO. Vascular endothelial
growth factor (VEGF) plays an essential role in the devel-
opment of both PDR and DMO [4]. In this regard, it is
significant that anti-VEGF strategies involving intravitreal
injections have recently emerged as potential new therapies
for PDR [5–12] and DMO [13–20]. The use of intravitreous
anti-VEGF treatments in DR has yet to be evaluated in
Phase III trials. Nevertheless, because of the spectacular
results reported in neovascular age-related macular degen-
eration (AMD) [21–24], this treatment is currently used by
many ophthalmologists in PDR and DMO. Given that anti-
VEGF drugs delivered within the vitreous could pass into
the systemic circulation, VEGF blocking is likely to produce
systemic adverse effects, which could potentially be serious
in diabetic patients. For this reason, and because of the
increasing off-label use of anti-VEGF agents, the clinician
has to know not only the potential advantages of, but also
the concerns surrounding these emerging treatments for DR.

In this paper we discuss the advantages and disadvantages
of anti-VEGF treatment from a physiopathological stand-
point, to place physicians who treat diabetic patients in a
better position to decide whether or not to recommend this
type of treatment.

VEGF isoforms and neovascularisation

By alternative exon splicing of a single gene consisting of
eight exons, several VEGF isoforms can be generated [25].
There are short isoforms such as VEGF121, which is freely
diffusible, and larger isoforms such as VEGF189 and
VEGF206, which contain the heparin-binding domain and
remain as non-diffusible extracellular matrix-bound forms.
VEGF165 possesses a combination of these properties, and
although it is diffusible, a significant fraction remains bound
to the cell surface and the extracellular matrix.

All VEGF isoforms except VEGF121 contain a plasmin
cleavage site and may theoretically be cleaved by plasmin
to generate the smaller, diffusible VEGF110 isoform [26].
VEGF110 can stimulate endothelial cell growth and induce
vascular permeability; however, it is not as mitogenically
potent as VEGF165.

VEGF165 is the most abundantly expressed VEGF
isoform, and has the optimal characteristics of bioavailabil-
ity combined with high biological potency. Using a mouse
model of ocular neovascularisation, Ishida et al. [27]
showed that both the absolute and relative levels of

VEGF164 (the equivalent of VEGF165 in humans) increased
to a greater degree during pathological neovascularisation
than during physiological neovascularisation. Intravitreous
injection of pegaptanib (a selective blocker of VEGF164)
potently suppressed the pathological neovascularisation,
whereas it had little or no effect on physiological neo-
vascularisation. In parallel experiments, genetically al-
tered VEGF164-deficient mice exhibited no difference in
physiological neovascularisation compared with wild-type
(VEGF+/+) controls. In contrast, administration of a
VEGF receptor 1-Fc fusion protein (1 μg), which blocks
all VEGF isoforms, led to significant suppression of both
pathological and physiological neovascularisation. There-
fore, at least in experimental retinopathy, VEGF164 plays
an essential role in pathological, but not in physiological,
neovascularisation, or in other words, VEGF isoforms
other than VEGF164, in combination, may be sufficient to
promote normal physiological neovascularisation. These
findings have led to VEGF164/165 being proposed as an
optimal target for blockade.

Physiological actions of VEGF

VEGF is crucial for embryonic and early postnatal vasculo-
genesis and angiogenesis [25, 26]. In adults, VEGF acts at
several levels in the vessel beds: it is a survival factor for
endothelial cells, it increases microvascular permeability and
is a potent vasodilator [25]. In the kidney, glomerulogenesis
and renal glomerular capillary function are under the strict
gene-dose-dependent control of VEGF [28]. VEGF also
participates in skeletal muscle regeneration, cardiac remod-
elling and endochondral bone formation. It also plays an
important role in the female reproductive cycle [25, 26].

Apart from physiological actions, VEGF has other effects
that, although triggered by pathological stimuli, are very
desirable. These include the capacity to promote the form-
ation of collateral vessels, which is essential for recovery
following ischaemic events [25], and a substantial role in
wound healing [29]. In this regard it is important to note that
VEGF acts as a chemoattractant to mobilise endothelial cells
from the bone marrow [30].

VEGF inhibitors

Pegaptanib (Macugen, Eyetech Pharmaceuticals/Pfizer) is a
PEGylated (i.e. conjugated to polyethylene glycol) neutralis-
ing RNA aptamer with an extremely high affinity for human
VEGF165 [31]. Aptamers are chemically synthesised and
modified oligonucleotides composed of single-stranded nu-
cleic acids that adopt a specific three-dimensional confor-
mation, allowing them to bind with high specificity and
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affinity to molecular targets in a manner similar to that of
monoclonal antibodies [32]. An important feature of
aptamers is that, unlike a number of recombinant human
proteins, they are essentially non-immunogenic. Intravitreal
administration of pegaptanib has been shown to significant-
ly inhibit leucostasis, pathological retinal neovascularisation
and VEGF-mediated vascular leakage in rodents [33, 34].
Pegaptanib was approved by the US Food and Drug
Administration (FDA) for the treatment of exudative AMD
in December 2004.

Ranibizumab (Lucentis, Genentech/Roche) was designed
to specifically treat neovascular AMD by manipulating the
structure of a murine full-length monoclonal antibody (mAb)
A.4.6.1 directed against human VEGF-A [35]. The fragment
antigen binding (FAb) fragment of A.4.6.1 was humanised
and referred to as rhuFab V1 (Fab-12). It was then affinity-
matured using phage display technology to generate the
Y0317 variant [36], also known as ranibizumab (rhuFab
V2). The FAb form was developed after studies in rhesus
monkeys reported that intravitreal injection of a full-length
antibody (trastuzumab [Herceptin, Roche]) did not produce
full retinal penetration [37]. In contrast to pegaptanib,
ranibizumab binds to and inhibits the biological activity of
all isoforms of human VEGF. In non-human primate studies
of laser-induced choroidal neovascularisation (CNV), intra-
vitreal injection of ranibizumab reduced the incidence of
new vessel formation and decreased leakage from estab-
lished vessels [38]. The FDA approved ranibizumab for wet
AMD in June 2006.

Bevacizumab (Avastin, Genentech/Roche) was produced
by humanisation of the mouse anti-VEGF Mab A.4.6.1 and,
like ranibizumab, binds all isoforms of VEGF. However,
whereas ranibizumab is a 48 KDa FAb fragment, bevacizumab
is a complete 149 KDa antibody and therefore possesses
two antigen-binding domains [39]. The different molecular
masses of the two drugs could result in differences with
respect to ability to reach the site of action (smaller may be
better) and to stay in the eye after injection (larger may be
better) [37]. Bevacizumab was originally developed for
systemic treatment of colon cancer and was approved by
the FDA in February 2004 for the treatment of metastatic
colorectal cancer. Despite the lack of any randomised trial
data, intravitreal injection of bevacizumab has become a
popular off-label treatment for neovascular AMD, mainly
because it is perceived to be as effective as ranibizumab but is
much cheaper [40].

Potential adverse effects of VEGF blockade

Systemic adverse effects Although the anti-VEGF drugs are
administered by injection through the sclera into the
vitreous cavity, entry into the circulation occurs, which

could potentially cause systemic adverse effects. Because
anti-VEGF treatment for PDR or DMO is potentially
required for years, chronic VEGF inhibition may cause
adverse effects that are not immediately apparent.

The potential consequences of VEGF blockade are
displayed in the text box

Given that VEGF is involved in the control of vascular
tone and glomerular capillary function, the main consequen-
ces are hypertension and proteinuria. Hypertension is caused
by the predominance of vasoconstriction, and proteinuria is
secondary to the swelling of the glomerular endothelial cells
and the collapse of capillary loops. In fact, both hypertension
and proteinuria have been proposed as surrogate markers of
systemic VEGF inhibition [41] and have frequently been
reported as adverse effects of systemic administration of
bevacizumab in clinical trials in oncology [42]. Other
potential consequences of blocking VEGF include infertil-
ity, inhibition of bone growth, inhibition of skeletal muscle
regeneration and cardiac remodelling, impairment of wound
healing and impairment of collateral vessel development.

Impaired wound healing might be involved in the
increase of bleeding associated with systemic anti-VEGF
therapy [43]. In addition, the impairment of collateral vessel
development might be involved in cardiovascular ischaemic
events reported in trials using anti-VEGF treatment. In this
regard, it is important to note the differential regulation of
VEGF and its receptors between microvascular and cardiac
tissues in diabetic patients. High levels of VEGF and its
receptors are observed in DR and diabetic nephropathy, and
this is particularly crucial for the development of DR. In
contrast, low levels of VEGF and its receptors are found
in the myocardium of diabetic patients [44], resulting in
inadequate collateral formation. These findings strongly
suggest that diabetic patients might be more prone to the
development of myocardial ischaemia if circulating VEGF
is blocked.

Potential adverse effects of blocking VEGF

• Hypertensiona

aSurrogate markers of systemic VEGF inhibition

• Proteinuriaa

• Impairment of wound healing

• Impairment of collateral vessel 
development

• Inhibition of bone growth

• Infertility

• Inhibition of skeletal muscle  
regeneration and cardiac remodelling

Particularly 
worrying in 
the diabetic 
population
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Diabetes is an extremely important risk factor for car-
diovascular disease, and cardiovascular disease is the main
cause of mortality in diabetes [45, 46]. Diabetic nephropathy is
the leading cause of end-stage renal disease [47]. Moreover,
the impaired wound healing is involved in the development of
foot ulcers that account for up to 50% of non-traumatic leg
amputations [48–50]. Thus, the potential consequences of
blocking VEGF (i.e. hypertension, proteinuria and impaired
wound healing and collateral vessel development) are
particularly worrying in the setting of diabetes.

Ocular adverse effects Endophthalmitis, traumatic injury of
the lens, and retinal detachment are the most frequent ocular-
related adverse effects, but in all cases the rate is less than
1.5% per patient per year [21–24]. While the incidence of
serious complications associated with intraocular injections
is low, cumulative risk exposure may be significant for
patients, such as those with diabetes, who require serial
treatments over many years.

Apart from the side effects of the intravitreous injection
itself, there are other potential intraocular adverse effects that
arise as a consequence of VEGF blockade. Secretion of VEGF
by retinal pigment epithelium helps to maintain the chorioca-
pillaris (the vascular network that underlies the retina) [51, 52]
and has a neuroprotective effect in the ischaemic retina [45].
In this regard, a dose-dependent decrease in ganglion cells
has been reported following injection of an antibody that
blocks all VEGF isoforms in rats [53]. Furthermore, this loss
of neural cells was apparent prior to any observable effect on
the vasculature. Interestingly, when the effects of VEGF
were blocked by pegaptanib, which does not bind to
VEGF120 (the equivalent of VEGF121 in humans), there
was no decrease in the number of retinal ganglion cells.
Other authors have not found the intravitreous injection of
bevacizumab (which blocks all circulating VEGF isoforms)
to have any direct toxic effects on retinal ganglion cells [54,
55]. Moreover, bevacizumab seems to have neutral effects on
several types of retinal cell (including ganglion cells) in
culture [56–58]. However, it should be noted that although
no evidence of retinal toxicity can be observed by light
microscopy, mitochondrial disruption in the inner segments
of photoreceptors (detected by electron microscopy) and a
high rate of apoptosis have been reported in rabbit eyes
following the intravitreal administration of bevacizumab
[59]. In addition, intravitreal bevacizumab significantly
reduces choriocapillaris endothelial cell fenestration in
primate eyes [60]. These findings could have clinical
implications, since the long-term neutralisation of retinal
VEGF may have unintended consequences, including loss
of neural retina cells and increased risk of circulation
disturbances in the choriocapillaris [61]. The development
of a VEGF inhibitor that blocks the pathological effects of
VEGF while sparing its neuroprotective effects continues to

be an important aim of drug developers For these, reasons,
postmarketing surveillance to determine the long-term safety
of these drugs is clearly needed.

Results of clinical trials using anti-VEGF drugs

Intravenous administration Intravenous perfusion of beva-
cizumab has been used as an adjuvant treatment for patients
with metastatic breast, colorectal or renal cancer [62, 63].

There has been only one study of intravenous bevacizu-
mab in eye diseases; specifically, the treatment of 18 patients
with neovascular AMD [64]. In this uncontrolled study a
dose of 5 mg/kg was used, and one or two additional doses
were given at 2 week intervals. At 24 weeks of follow-up
the visual acuity score had increased by 14 letters and retinal
thickness had decreased significantly. Regarding systemic
side effects, only a mild and transient increase in blood
pressure was reported. Despite these impressive results, it
should be noted that this study was not specifically designed
to detect adverse effects. In addition, patients with cardio-
vascular disease, proteinuria or those receiving anticoagula-
tion treatment were excluded. Therefore, the low rate of
adverse effects cannot be applied to the real world
population, let alone to diabetic patients. However, because
of its effectiveness and practical feasibility, intravenous anti-
VEGF therapy, using selective anti-VEGF165 agents (i.e.
pegaptanib) in particular, could merit study in a large
clinical trial.

Intravitreous administration The main prospective clinical
trials have been conducted in patients with AMD using
pegaptanib and ranibizumab [21–24]. Table 1 displays the
efficacy of the agents tested and the rates of adverse effects
detected in these studies. Pegaptanib seems to be somewhat
less effective than ranibizumab, but appears to be associ-
ated with fewer adverse effects. The three pivotal studies on
ranibizumab reported an increased frequency of cardiovas-
cular events (including stroke) and bleeding relative to the
placebo group, although these increases were not statisti-
cally significant.

In spite of these positive results there are two main
concerns that should be addressed. First, because these trials
were not designed to detect small differences in risk, much
larger cohorts would be necessary to allow the evaluation of
systemic adverse effects. For example, analysis of the results
of the Minimally Classic/Occult Trial of the Anti-VEGF
Antibody Ranibizumab in the Treatment of Neovascular
Age-Related Macular Degeneration (MARINA) and Anti-
VEGFAntibody for the Treatment of Predominantly Classic
Choroidal Neovascularization in Age-Related Macular De-
generation (ANCHOR) studies together reveals a signifi-
cantly higher rate of bleeding in the group of treated patients.
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Second, the overall mortality rates were low given the
advanced mean age of these populations (nearly 80 years),
and this could be mainly due to the exclusion of patients with
a history of, or risk factors for cardiovascular disease.

Several studies have reported very promising results in
patients with diabetes. In a prospective, double-blind, multi-
centre, dose-ranging, controlled trial that included 172 patients
with DMO, participants assigned to pegaptanib had better
visual acuity outcomes, were more likely to show a reduction
in central retinal thickness, and were deemed less likely to
need additional therapy with photocoagulation at follow-up
(36 weeks) [13]. In addition, most of the participants with
retinal neovascularisation at baseline who were assigned to
pegaptanib showed a regression of neovascularisation by
week 36 [65]. Uncontrolled studies using ranibizumab and
bevacizumab have also found a rapid regression of retinal
neovascularisation, an improvement in visual acuity and a
decrease in retinal thickness, even in non-responders to
conventional treatment [5–20]. Moreover, bevacizumab is
currently used by many ophthalmologists as a pretreatment of
vitrectomy for severe PDR. Nevertheless, larger studies
investigating not only the effectiveness, but also the systemic
adverse effects of these agents in the diabetic population are
still needed.

Concluding remarks

Intravitreal injection is used for effective delivery of anti-
VEGF drugs to the retina. The results obtained in AMD have
been very impressive, and the preliminary data in DR are
promising. However, this is an invasive procedure, with the
potential for blinding sequelae such as endophthalmitis and
retinal detachment. In addition, although delivered within the
vitreous, anti-VEGF drugs could pass into the systemic
circulation. Hypertension, proteinuria and increased cardio-

vascular events and bleeding associated with impaired wound
healing are the potential consequences of the systemic
inhibition of VEGF, and will be particularly worrisome in
the diabetic population. Nevertheless, in patients with AMD,
intravitreous injection of anti-VEGF agents does not produce a
significantly higher frequency of adverse effects compared
with placebo. However, trial data on the safety of anti-VEGF
treatments in AMD patients might not be generalisable to the
wider community, and even less so to diabetic patients, and
controlled trials specifically designed to evaluate the long-term
systemic adverse effects of anti-VEGF therapy are lacking.

Pegaptanib, ranibizumab and bevacizumab are the cur-
rently available anti-VEGF agents. Bevacizumab has not
been approved for intravitreous delivery. However, it is often
used off-label by many ophthalmologists because it appears
to be as effective as pegaptanib or ranibizumab but is much
cheaper. Ranibizumab and bevacizumab block all circulating
VEGF isoforms (VEGF165, VEGF121 and VEGF110), thus
impairing both physiological and pathological neovascular-
isation. By contrast, VEGF165 is selectively targeted by
pegaptanib. Given that VEGF165 plays an essential role in
pathological but not in physiological neovascularisation,
pegaptanib seems the best option for avoiding systemic
adverse effects in diabetic patients. However, this theoret-
ical advantage remains to be demonstrated in clinical trials.
In this regard, head-to-head studies of these drugs in the
diabetic population would probably provide the most useful
information.

Diabetes is a major cardiovascular risk factor and is
associated with other risk factors for cardiovascular disease.
Consequently, any chronic therapies that could further
increase this risk have important public health implications.
Therefore, more clinical trials designed to evaluate not only
efficacy, but also systemic adverse effects are needed before
launching anti-VEGF therapy in a high-risk population such
as diabetic patients.

Table 1 Efficacy and systemic adverse effects observed in the main prospective studies on anti-VEGF drugs

Drug Clinical trial
[Ref.]

N/duration Dose
(mg)

Efficacya

(%)
Cardiovascular
eventsb (%)

Hypertension
(%)

Proteinuria
(%)

Bleeding
(%)

Pegaptanib VISION [21] 1,186/1 year 0.3, 1.3 70 vs 55 6 vs 6 10 vs 10 – 2 vs 3
Ranibizumab MARINA [22] 716/2 year 0.3, 0.5 92 vs 53 4.6 vs 3.8 17 vs 16 No increase 9 vs 5
Ranibizumab ANCHOR [23] 423/1 year 0.3, 0.5 96.4 vs 64.3 4.3 vs 2.1 4 vs 8 No increase 6 vs 2
Ranibizumab FOCUS [24] 162/1 year 0.5 90.5 vs 68 8.6 vs 5.4 – – –

There were no statistical differences regarding systemic adverse effects between patients who received anti-VEGF agents and placebo
a Primary endpoint of proportion of participants losing fewer than 15 letters from baseline visual acuity (treatment vs sham all p<0.0001)
b Including stroke
ANCHOR, Anti-VEGF Antibody for the Treatment of Predominantly Classic Choroidal Neovascularization in Age-Related Macular
Degeneration; FOCUS, Rhufab V2 Ocular Treatment Combining the Use of Visudine to Evaluate Safety; MARINA, Minimally Classic/Occult
Trial of the Anti-VEGF Antibody Ranibizumab in the Treatment of Neovascular Age-Related Macular Degeneration; VISION, VEGF Inhibition
Study in Ocular Neovascularization
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