The evolving role of
vascular endothelial
growth factor
inhibitors in the
treatment of
neovascular
age-related macular
degeneration

Abstract

Age-related macular degeneration (AMD) is
the leading cause of blindness among the
ageing population. The introduction of
molecular inhibitors of vascular endothelial
growth factor (VEGF), such as pegaptanib,
ranibizumab, and bevacizumab, as treatments
for exudative AMD has provided new hope for
affected patients and has transformed the
practices of retina specialists. Phase III
clinical trials have demonstrated the efficacy
and safety of monthly ranibizumab for the
preservation as well as improvement of visual
acuity in patients with exudative AMD.
Ongoing trials are evaluating the effectiveness
of different dosing regimens, monitoring
strategies, and combination therapies to
determine the optimal niche for this new class
of drugs in AMD management. Based on
emerging evidence, most clinicians are now
adopting a variable VEGF inhibitor dosing
strategy guided by serial diagnostic re-
evaluation by optical coherence tomography.
Some are also finding benefit through the
addition of photodynamic therapy and steroids
to the treatment regimen. The results of current
and upcoming trials systematically addressing
these issues are expected to establish new
guidelines for the management of AMD.
Indeed, a new paradigm may emerge wherein
numerous modular therapeutic modalities are
administered in customized combinations
based on specific clinical and diagnostic
findings.
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Introduction

The introduction of inhibitors of vascular
endothelial growth factor (VEGF)-A to the
world of ophthalmology has transformed the
management of age-related macular
degeneration (AMD), the leading cause of
blindness among the ageing population in the
developing world." Retina specialists have
largely embraced this new class of medication,
which has for the first time offered the hope of
visual improvement to patients suffering from
AMD. Although a large body of data supports
the efficacy of intravitreal injections of VEGF
inhibitors in AMD, the incorporation of this
new treatment modality into a management
plan remains a challenge for many practitioners
because of the current lack of standardized
evidence-based guidelines for treatment and
follow-up. In the present review, we highlight
the findings of the major clinical studies on
VEGTF inhibitors for the treatment of AMD,
discuss emerging management patterns, and
briefly examine future directions in the field.
Abnormal angiogenesis is believed to play an
important role in the development and
progression of exudative AMD as well as
proliferative retinopathies and systemic
diseases such as cancer.” On the cellular level, a
simplified model of angiogenesis involves a
balance between proangiogenic molecules, such
as transforming growth factor (TGF)-o and TGF-
B, the angiopoietins, and members of the VEGF
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family, and antiangiogenic factors, such as pigment
epithelium-derived factor, thrombospondin, and
angiostatin.>®* VEGF-A is a member of a pleiotropic
multigene family, and multiple splice variants of this
molecule have been described with roles in angiogenesis
as well as vascular permeability and possibly cell
survival.*® The biologically active secreted form is a
homodimer that binds the receptor tyrosine kinases
VEGEF receptor (VEGFR)-1 and VEGFR-2 on endothelial
cells to induce intracellular tyrosine kinase pathways.>*
In AMD, VEGF-A is believed to be important for the
growth and maintenance of choroidal neovascularization
(CNV) and has been detected in high levels both within
excised CNV specimens and in the vitreous of patients
with subretinal CNV.”® This hypothesis ultimately led to
the development of pegaptanib sodium and
ranibizumab, the first United States Food and Drug
Administration (FDA)-approved biologically targeted
treatments for exudative AMD.

Pegaptanib and ranibizumab: clinical efficacy trials

Pegaptanib sodium (Macugen™; OSI-Eyetech, New
York, NY, USA), the first FDA-approved anti-VEGF
therapy for AMD, is a pegylated oligonucleotide aptamer
with high binding specificity for the VEGF;5 splice
isoform.” The VEGF Inhibition Study in Ocular

Neovascularization (VISION) study consisted of two
prospective, randomized, double-masked, sham-
controlled phase III clinical trials demonstrating the
efficacy of intravitreal pegaptanib (vs sham injection) for
the treatment of exudative AMD (Table 1).®'* Subjects
with exudative AMD were enrolled without regard to
angiographic lesion subtype and were randomized to
one of three doses of pegaptanib or sham injection
every 6 weeks for 48 weeks, with the exception of
subjects with predominantly classic lesions who also
underwent photodynamic therapy (PDT) at the
discretion of a masked treating ophthalmologist. At 12
months, 70% of subjects receiving 0.3 mg pegaptanib
lost fewer than 15 letters of visual acuity compared to
55% of subjects in the sham group (P <0.001). Serious
adverse ocular events related to the injection procedure
included endophthalmitis (1.3%) and retinal
detachment (0.6%).

Ranibizumab (Lucentis™; Genentech, South San
Francisco, CA, USA) was developed using the same
murine monoclonal antigen-binding site as bevacizumab
(Avastin™; Genentech), a humanized anti-VEGF
monoclonal antibody that received FDA approval in 2004
for the treatment of metastatic colorectal cancer.>'?
Unlike the full-length bevacizumab, which retains both
of its antigen-binding sites, ranibizumab has a single
antigen-binding site because it was derived by affinity

Table 1 One-year data from the major randomized, controlled clinical trials of VEGF inhibitors for exudative AMD

Study  Treatment % Losing % Gaining  Control % Losing % Gaining Interval Angiographic
<15 letters >15 letters <15 letters >15 letters lesion type
(P vs control) (P vs control)
Vision Peg 0.3mg 70 (P<0.001) 6 (P=0.04) Sham 55 2 6 weeks fixed All
(n=297) (n=304)
Peg 1.0mg 71 (P<0.001) 7 (P=0.02)
(n=305)
Peg 3.0mg 65 (P=0.03) 4 (P=0.16)
(n=2302)
Marina Ran 0.3mg 945 (P<0.001) 24.8 (P<0.001) Sham 62.2 5 1 month fixed Minimally classic;
(n=238) (n=238) occult with
no classic
Ran 0.5mg  94.6 (P<0.001) 33.8 (P<0.001)
(n=240)
Anchor Ran 0.3mg  94.3 (P<0.001) 35.7 (P<0.001) PDT 64.3 5.6 1 month fixed Predominantly
(n=140) (n=143) (Ran); 3 month classic
PRN (PDT)
Ran 0.5mg  96.4 (P<0.001) 40.3 (P<0.001)
(n=139)
Focus Ran 0.5mg+ 90 (P=0.0003) 24 (P=0.003) Sham + 68 5 1 month fixed (Ran); Predominantly
PDT (n=105) PDT 3 month PRN (PDT) classic

(n=>56)
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maturation of a humanized Fab fragment of the original
monoclonal anti-VEGF antibody. Ranibizumab, like
bevacizumab, binds all active isoforms of VEGF-A

and is thus considered a non-selective VEGF-A
inhibitor.'*'®

The safety and efficacy of ranibizumab were evaluated
in the Minimally Classic/Occult Trial of the Anti-VEGF
Antibody Ranibizumab in the Treatment of Neovascular
AMD (MARINA) trial, a 2-year, prospective,
randomized, double-masked, sham-controlled trial
(Table 1).'® Subjects enrolled in the study were
randomized to receive one of two doses of intravitreal
ranibizumab or sham injections every month for a total of
24 injections over 2 years. At 12 months, 95% of subjects
receiving ranibizumab lost fewer than 15 letters of visual
acuity compared to 62% of subjects receiving sham
injections (P <0.001). In addition, 25% of subjects
treated with 0.3 mg ranibizumab and 34% of subjects
treated with 0.5 mg ranibizumab gained 15 letters or
more of visual acuity compared to 5% of subjects in the
control arm (P <0.001). These improvements were
maintained at 24 months of follow-up. Serious ocular
adverse events included endophthalmitis (1.0%) and
uveitis (1.3%).

Similar findings were reported in the Anti-VEGF
Antibody for the Treatment of Predominantly Classic
Choroidal Neovascularization in AMD (ANCHOR) trial,
another 2-year, prospective, randomized, double-
masked, sham-controlled trial comparing ranibizumab
with PDT."” Subjects were randomized to one of two
doses of intravitreal ranibizumab every month for 2 years
or PDT on study entry and every 3 months as needed
according to accepted guidelines for 2 years. At 12
months, 94-96% of subjects treated with ranibizumab lost
fewer than 15 letters of visual acuity compared with 64%
of those in the PDT group (P <0.001). Also, 36% of
subjects receiving 0.3 mg ranibizumab and 40% of those
receiving 0.5 mg ranibizumab gained 15 letters or more of
visual acuity compared to 6% of those receiving PDT
(Table 1). Serious ocular adverse events in the
ranibizumab group included endophthalmitis and
uveitis (<1%), as in the MARINA study.

The RhuFab V2 Ocular Treatment Combining the Use
of Visudyne to Evaluate Safety (FOCUS) trial, a
prospective, randomized, single-masked phase I-II
study, evaluated ranibizumab in combination with PDT
compared to PDT alone (Table 1).® Subjects with
predominantly classic lesions received PDT on study
entry followed by monthly ranibizumab (0.5 mg) or sham
injections for 2 years. PDT was repeated as needed at
3-month intervals according to angiographic guidelines.
The findings resembled those of the above studies with
90% of subjects in the combination group losing less than
15 letters of visual acuity compared to 68% of subjects in
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the PDT group (P =0.0003) and 24% of subjects in the
combination group gaining 15 letters or more compared
to 5% in the PDT group. Together, these studies helped
establish intravitreal ranibizumab not only as a safe and
efficacious treatment for exudative AMD but also as a
treatment capable of producing visual gain in a
significant proportion of patients.

Bevacizumab

A major challenge in the management of patients who
require repeated anti-VEGF injections is the cost of
ranibizumab.'*?° Bevacizumab, as mentioned above, is a
full-length humanized anti-VEGF monoclonal antibody
with essentially the same specificity as ranibizumab;?
however, the cost of an intravitreal dose of bevacizumab,
which is marketed in much larger quantities for
intravenous administration in cancer patients, is much
lower.

In a prospective case series, Chen et al*! report that in
102 eyes receiving monthly 1.25 mg bevacizumab
injections until resolution of leakage, mean visual acuity
at 14 weeks of follow-up improved from 20/80 to 20/50
and macular thickness by optical coherence tomography
(OCT) improved from 251 to 210 pm (P <0.05). Similarly,
Spaide et al*® report that in a retrospective study of 266
consecutive eyes receiving bevacizumab for neovascular
AMD, at 3 months of follow-up, the mean visual acuity
improved from 20/184 to 20/109 (P <0.001), with 38.3%
of eyes demonstrating improvement in visual acuity. A
number of other small short-term studies have reported
similar promising results, both in terms of decreased
retinal thickness on OCT and visual acuity
preservation.”%

Despite these promising data, no large clinical trial has
yet addressed the efficacy of this drug in AMD.
Treatment guidelines for the use of bevacizumab are also
more poorly defined than for ranibizumab, and clinicians
often apply the same dosing and follow-up criteria for
both drugs, although the effective intraocular half-lives
of the two drugs may not be the same.?® Obtaining
sponsorship for a head-to-head comparison of
bevacizumab and ranibizumab has been challenging, as
both drugs (Avastin and Lucentis) are made by
Genentech; however, the Comparison of Age-Related
Macular Degeneration Treatments Trial (CATT),
supported by the United States National Eye Institute, is
expected to begin recruiting subjects soon. This large
clinical trial will directly compare ranibizumab and
bevacizumab for the treatment of exudative AMD and is
anticipated to answer many of the questions regarding
the efficacy of this drug as well as directly comparing
fixed dosing to as needed dosing.
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Safety

As mentioned above, the incidence of serious ocular
adverse events, including endophthalmitis, severe
uveitis, and rhegmatogenous retinal detachment, was
similar for subjects receiving ranibizumab in both the
MARINA and ANCHOR trials, not exceeding 1.3% for
any given adverse outcome.'®'” Endophthalmitis and
retinal detachment are injection-related events, and more
recent data based on a larger number of injections
suggest that the actual rates of injection-related
complications may in fact be significantly lower than
those found in these initial trials. The Pan-American
Collaborative Retina Study Group (PACORES) recently
reported 12-month safety data on 1.25 and 2.5 mg doses
of intravitreal bevacizumab.? Based on 4303 injections in
1310 eyes, the reported risks of serious ocular adverse
events, such as endophthalmitis (0.16%) and
rhegmatogenous retinal detachment (0.02%), were low.
Systemic adverse events such as cerebrovascular
accidents (0.5%) and myocardial infarctions (0.4%) were
also uncommon. The International Intravitreal
Bevacizumab Safety Survey is an internet-based survey
of safety data from 70 centres in 12 countries reporting on
more than 7000 injections. Event rates for a variety of
ocular and systemic adverse events have been analysed,
including corneal abrasion, lens injury, retinal
detachment, uveitis, endophthalmitis, central retinal
artery occlusion, subretinal haemorrhage, retinal
pigment epithelium tears, transient ischaemic attack,
cerebrovascular accident, and death, and no individual
event rate exceeded 0.21%.%°

Concerns about systemic drug-related adverse events
arose as a result of data on arterial thromboembolism
associated with systemic administration of this class of
drugs,® although the expected systemic impact of an
intravitreal dose is a small fraction of that of an
intravenous dose. Similar rates of systemic arterial
thromboembolic events were reported in the MARINA
and ANCHOR trials. In the MARINA trial, there was no
significant difference between subgroups in the rate of
ischaemic stroke (0.8% in sham group, 1.3% in 0.3mg
group, 2.5% in 0.5 mg group) or myocardial infarction
(1.7% in sham group, 2.5% in 0.3 mg group, 1.3% in
0.5mg group). Likewise, in the ANCHOR trial, one
subject in each group (0.7%) suffered a cerebrovascular
accident and the rates of myocardial infarction did not
significantly differ (0.7% in PDT group, 0.7% in 0.3 mg
group, 2.1% in 0.5mg group).

Despite the lack of statistical significance, some
suggestive trends in the rates of systemic adverse events
warrant further investigation in trials enrolling larger
populations. The Safety Assessment of Intravitreal
Lucentis for AMD (SAILOR) trial is an ongoing study
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enrolling roughly 5000 subjects. A recent interim analysis
from this trial revealed 1.2% incidence of stroke in

the 0.5mg ranibizumab group compared to 0.3%

in the 0.3 mg group (P =0.02), suggesting that a
dose-dependent increase in the rate of thromboembolic
events may indeed exist and prompting the
manufacturer of the drug to issue a warning letter to
physicians in January 2007.* By comparison, in a
retrospective analysis of the United States Medicare
database from 2001 to 2003, the in-patient ischaemic
stroke rates for 15771 patients with exudative AMD and
46 408 matched controls were 3.5 and 3.6%, respectively,
increasing to 35.1% among those with a history of
previous arterial thromboembolic events.>® Thus, while
more data are needed to settle this issue, most
practitioners still feel that stroke rates among patients
receiving intravitreal anti-VEGF agents are likely
comparable to background stroke rates in this population
and that even a small potential risk may not outweigh
the benefits of treatment as long as it is discussed with
patients prior to initiation of therapy.

Spacing and duration of anti-VEGF injections and
follow-up

Although anti-VEGF therapy is accepted by most as the
current standard of care for exudative AMD, there is
considerable variation in management strategies with
regard to follow-up as well as frequency and duration of
treatments. In the ANCHOR and MARINA studies,
subjects received monthly injections of ranibizumab for 2
years with no designated clinical end point for treatment
cessation.'®!” The Phase IIIb, Multi-center, Randomized,
Double-masked, Sham Injection-controlled Study of the
Efficacy and Safety of Ranibizumab (PIER) attempted to
address the issue of treatment frequency by evaluating a
regimen of three 1-monthly injections on enrolment,
followed by an injection every 3 months for a total of 2
years. At 12 months, subjects treated with ranibizumab
had essentially unchanged vision, whereas sham-treated
subjects lost approximately 16 letters of visual acuity
(P<0.0001).>* Although ranibizumab remains beneficial,
the results appear less impressive than those of the
ANCHOR and MARINA studies, suggesting that simply
increasing the time between injections may compromise
treatment results. It is important to note, however, that
the control group in the PIER study also did more poorly
than the controls in the other studies, suggesting that
some of the difference between these studies may reflect
differences among the subject populations.

In the Prospective OCT Imaging of Patients with
Neovascular AMD Treated with Intra-ocular Lucentis
(PrONTO) study, a single-site, open-label,
FDA-reviewed, investigator-sponsored trial, subjects



received three 1-monthly injections (months 0, 1, and 2)
and thereafter received treatment based on serial OCT
findings. Thus, variable dosing was custom-tailored for
each subject based on OCT analyses, which often
detected small amounts of fluid prior to clinically
apparent anatomic changes. Data at 12 months show that
95% of subjects lose fewer than 15 letters of visual acuity
and 35% of subjects gain 15 letters or more of visual
acuity.® Significant benefit is maintained at 2 years, with
43% gaining 15 letters or more of visual acuity with a
mean of five injections per year.*

PrONTO is a smaller study; however, it demonstrates
the utility of OCT as a tool for serial reassessment on
follow-up and suggests that in conjunction with this tool,
reduced dosing of ranibizumab may successfully sustain
visual gain after three monthly doses. The much larger
SAILOR trial is currently ongoing and is expected to
provide more information on the efficacy of variable
dosing regimens.?” For the present, many clinicians are
following variations of the PrONTO regimen of three
monthly injections followed by retreatment as needed
based on serial OCT evaluations.

The frequency of follow-up visits is another area where
clear guidelines are lacking. Currently, there are no
significant data supporting an optimal follow-up
frequency. Thus, some clinicians are following the
monthly intervals established by the ANCHOR and
MARINA studies. Others are using the presence or
absence of fluid on serial OCT scans to guide the spacing
of future follow-up visits at variable intervals based
largely on personal experience.

Combination therapies

VEGEF inhibitors have largely replaced PDT as the first-
line therapy for subfoveal CNV; however, many are re-
examining PDT as an adjunctive modality to decrease the
frequency of injections and possibly augment treatment
effect. The FOCUS study compared combination
ranibizumab/PDT treatment with PDT alone and found
a significant benefit in the combination group;'® however,
it is important to note that there was no ranibizumab
monotherapy group in this study. Comparisons across
studies suggest similar levels of vision preservation and
improvement between the combination group in the
FOCUS study and the ranibizumab group in the
ANCHOR study. Clinical trials directly comparing the
safety and efficacy of combination PDT/ranibizumab
therapy with ranibizumab monotherapy (the DENALI
and MONT BLANC studies) are currently recruiting
subjects and are expected to provide much needed data
on this issue. Some have also found success with
combination therapy using anti-VEGF, PDT and
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intravitreal dexamethasone (ie, ‘triple therapy’) as an
alternative combination regimen.*®

Noteworthy in the discussion of combination therapies
is the concept of reduced-fluence PDT. Data from the
Verteporfin in Minimally Classic CNV (VIM) study
suggest that a reduced dose of light energy delivered via
PDT is at least as effective as or more effective than
standard PDT in preserving vision in subjects with
minimally classic lesions.* The exact nature of the
destructive effect of PDT and the role of decreased energy
in modulating this effect are not clear; however, concerns
about the long-term destructive effects of standard PDT
have made reduced-fluence combination therapies an
attractive possibility. Although there are currently no
data on how best to achieve the optimal energy for PDT
treatment, clinicians have tried varying multiple
parameters, including actual energy per unit area,
number of seconds of light exposure, and dose of
intravenous verteporfin. Data from upcoming
combination therapy trials are anticipated to further
clarify the role of low-fluence PDT in treating exudative
AMD and reducing anti-VEGF injection frequencies.

Future combination therapies may also employ new
pharmaceutical agents in conjunction with current VEGF
inhibitors. The Bridging Industry and the National Eye
Institute (BRIDGE) study intends to investigate the
combination of 6-month juxtascleral anecortave acetate
injections with intravitreal ranibizumab dosing on an
as-needed basis with OCT guidance. Anecortave acetate
is a synthetic cortisol analogue that has been shown to
preserve vision in exudative AMD with tissue retention
of active drug levels for up to 6 months.***!

Summary

VEGEF inhibitors have rapidly become the first-line
therapy for exudative AMD and have significantly
altered the practice of many retina specialists.
Ranibizumab, administered in monthly intravitreal
doses, may be the most effective treatment presently
available for exudative AMD, although the relative
efficacy of different members of this drug class will
become clearer after direct comparisons, such as the
upcoming CATT trial. Although the risks of intravitreal
injections are small, serious ocular adverse events have
been reported, making it desirable to reduce the
frequency of injections as much as possible without
compromising treatment benefit. Questions about
optimal dosing frequency, follow-up interval, outcome
measures, and the role of current VEGF inhibitors in the
context of existing and emerging treatment modalities
are crucial to the development of consistent management
guidelines. Answers to such questions are only
beginning to emerge from ongoing clinical trials;
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however, it appears at this time that it may be possible to
reduce the frequency of injections without compromising
therapeutic benefit when careful follow-up and serial
OCT scans are used to guide treatment. It is possible that
the combination of low-fluence PDT with VEGF
inhibitors may augment treatment effect and reduce

injection frequency, but any firm conclusions on this
issue will have to await the outcomes of ongoing clinical
trials. Ultimately, a better understanding of the
prognostic significance of baseline lesion characteristics
and early treatment responses may be necessary to select
one of multiple optimal treatment regimens for a given

case.
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