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Abstract

As researchers and clinicians are beginning to understand
that wet age-related macular degeneration (AMD) is more
than simply a vascular disease that includes angiogenic, vas-
cular and inflammatory components, they are exploring
new agents with different mechanismsof action addressing
multiple targets in this complex pathophysiology. Some of
them are alreadyavailable in humantrials or even approved
vascular epithelial growth factor (VEGF) blockers such as
Macugen,Lucentis, Avastin, VEGF Trap-Eye and Cand5; VEGF
receptor blockers such as TG100801, vatalanib, pazopanib,
Sirna-027 and a vaccine approach; inflammation inhibitors
and immunosuppressants such as Retaane, Kenalog,
ARC1905, POT-4, OT-551. The last group is mixed, containing
agents such as Zybrestat, AdPEGF, Sirolimus, JSM6427,
ATGOO3, E10030.This article reviews these currently emerg-
ing agents andbriefly discusses the next step for the treat-
ment of wet AMD. Copyright © 2009 S. Karger AG, Basel
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Introduction

Oneofthe most commonandpoorly treated back-of-
the-eye diseases is age-related macular degeneration
(AMD).It is the leading cause of blindnessin the devel-
oped countries for people over 50 years[1]. The mostse-
vere form, wet AMD,accounts for 10% ofcases, but 90%

of the severe visionlossis associated with all AMD[2].It
is complicated by choroidal neovascularization (CNV),
during which the choroidal new vessels invade the sub-
retinal space through Bruch’s membraneto form fibro-
vascular proliferative tissue containing vascular endo-
thelial cells, fibroblasts, retinal pigment epithelial cells,
and various inflammatorycells [3]. Retinal neurons are
irreversibly damagedbylipid leakage and bleeding from
the immature new vessels in the CNVtissue. Although
molecular and cellular mechanismsare notfully eluci-
dated, various efficacious target therapies are emerging
and successful in humantrials.

Against VEGF

Outof a panel of recently discovered and promising
therapeutic targets, the most efficacious CNV treatment
has relied on the vascular endothelial growth factor
(VEGF). It is a subfamily of growth factors including
members of VEGF-A, VEGF-B, VEGF-C, VEGF-D,
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VEGF-E and placenta growth factor  [4] . They are impor-
tant signalling proteins involved in vasculogenesis, an-
giogenesis and vascular permeability. VEGF-A is the 
most important member which is up-regulated by hy-
poxia. It has been shown to stimulate endothelial cell mi-
togenesis and cell migration. It is also a vasodilator that 
increases microvascular permeability. There are multiple 
isoforms of VEGF-A including VEGF-A 121 , VEGF-A 145 , 
VEGF-A 148 , VEGF-A 162 , VEGF-A 165 , VEGF-A 183 , VEGF-
A 189  and VEGF-A 206  (classified by amino acid number) 
 [5] , of which VEGF-A 121  and VEGF-A 165  are the most 
abundantly expressed isoforms in the retina  [6] . 

  Macugen (Pegaptanib Sodium 0.3 mg; Eyetech/Pfizer) 
 Pegaptanib  [7]  is a 28-base ribonucleic acid aptamer, 

covalently linked to two branched 20-kDa polyethylene 
glycol moieties to increase residency time within the eye 
following intravitreal injection (IVT). It selectively binds 
to the VEGF-A 165 , which is the most potent and prevalent 
isoform expressed during pathologic neovascularization 
 [8] . Macugen was approved by the Food and Drug Ad-
ministration (FDA) in December 2004 for the treatment 
of wet AMD  [9] , becoming the first pharmacological 
agent approved for ocular angiogenesis.

  Its efficacy and safety were confirmed by a pivotal 
phase III trial VISION  [7] , in which 1,208 patients with 
all CNV subtypes secondary to AMD received Macugen 
IVT or sham injections every 6 weeks for 48 weeks. The 
results demonstrated that 70% of Macugen-treated pa-
tients lost fewer than 15 letters compared with 55% of 
sham-treated patients at 12 months (p  !  0.001). Among 
the adverse events that occurred, endophthalmitis (1.3%), 
traumatic injury to the lens (0.7%), and retinal detach-
ment (0.6%) were the most serious that have been report-
ed and required vigilance.

  Lucentis (Ranibizumab 0.5 mg; Genentech/Novartis 
Ophthalmics) 
 Ranibizumab is a 48-kDa humanized monoclonal an-

tibody fragment that neutralizes and inhibits all known 
forms of VEGF-A, including their protein degradation 
products  [10] . It was approved by FDA in June 2006 for 
the treatment of wet AMD  [11] .

  In a pivotal clinical trial, MARINA  [10] , 716 patients 
with minimal classic or occult CNV secondary to AMD 
were treated with a 0.3- or 0.5-mg dose of Lucentis IVT 
or sham injections monthly. The results demonstrated 
that 94.5 and 94.6% of Lucentis-treated patients lost few-
er than 15 letters (0.3 and 0.5 mg, respectively), compared 
with 62% of sham-treated patients after 12 months. What 

is more, the Lucentis-treated patients gained an average 
of 6.5 and 7.2 letters of visual acuity (VA), whereas the 
sham-treated patients lost an average of 10.4 letters (p  !  
0.001 for each comparison).

  The results of another pivotal clinical trial, ANCHOR 
 [12] , were very similar; 423 patients with predominantly 
classic CNV secondary to AMD were treated with a 0.3- 
or 0.5-mg dose of Lucentis IVT monthly and sham pho-
todynamic therapy (PDT) or sham injection and PDT ev-
ery 3 months. 94.3 and 96.4% of Lucentis-treated patients 
lost fewer than 15 letters compared with 64.3% of PDT-
treated patients. Mean VA increased by 8.5 letters and 
11.3 letters in the Lucentis-treated patients compared 
with a decrease of 9.5 letters in the PDT-treated patients 
(p  !  0.001 for each comparison).

  These two trials, as well as the other key trials, PIER 
 [13] , FOCUS  [14]  and SAILOR  [15] , suggested that the 
treatment of Lucentis IVT is well tolerated and effica-
cious. More recently, the study HORIZON  [16]  supported 
the long-term safety of Lucentis. It is a phase III extension 
study allowing patients completing the trials MARINA, 
ANCHOR and FOCUS to continue to receive Lucentis 
less frequent ‘as needed’, but patients on average had a 
5.3-letter decline in VA with 3–4 injections over the en-
tire year, suggesting that monthly dosing may be better 
in some patients.

  Avastin (Bevacizumab, 1.25 mg; Genentech/Novartis 
Ophthalmics) 
 Avastin  [17]  is a 149-kDa humanized full-length 

monoclonal antibody which is approximately 3 times 
larger than Lucentis and is capable of inhibiting all iso-
forms of VEGF-A. It was FDA approved in February 2004 
for the treatment of metastatic colon cancer, but was not 
yet originally approved for ocular disease  [18] . In spite of 
this, as there were several uncontrolled studies  [19, 20]  on 
wet AMD showing that Avastin IVT may be efficacious 
and safe, also at much lower cost than Lucentis, it is used 
as off-label drug to treat patients with wet AMD and mac-
ular edema.

  Recently, the result of a small study  [21]  comparing 
Lucentis and Avastin monotherapy in 46 patients for the 
treatment of wet AMD has shown that Lucentis has a 
slight advantage over Avastin. But due to the small num-
ber of patients and the retrospective nature of this analy-
sis, conclusions should be made with caution.

  What is desperately needed is a larger head-to-head 
comparison of the efficacy and adverse consequences be-
tween Avastin and Lucentis or Macugen. A randomized 
phase II trial, MAAM  [22] , comparing Avastin and Ma-
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cugen IVT in 60 patients with wet AMD is under way and 
will soon be finished. Another ongoing clinical trial is 
CATT  [23] . It is a phase III trial comparing Avastin and 
Lucentis IVT in 1,209 patient with wet AMD. If the trials 
demonstrate equivalence between these two drugs this 
would allow more affordable and widespread use of anti-
VEGF therapy.

  VEGF Trap-Eye (Regeneron) 
 VEGF Trap-Eye  [24]  is a 110-kDa recombinant protein 

with the binding portions of VEGF receptors (VEGFR) 
VEGFR-1 and VEGFR-2 fused to the Fc region of human 
IgG that binds all forms of VEGF-A, placenta growth fac-
tor and VEGF-B with a very high affinity (about 140 
times that of Lucentis).

  In a phase I trial (CLEAR) AMD-1 was administered 
intravenously for the treatment of CNV. The investiga-
tors found a dose-dependent decrease in the central reti-
nal thickness, as well as a dose-dependent increase in sys-
temic blood pressure with a maximum tolerated dose of 
1 mg/kg. Since then, systemic VEGF Trap-Eye was halt-
ed, only IVT is being evaluated for ocular disease  [25] .

  Recently, the result of CLEAR IT-2  [26]  was released. 
In this phase II trial, patients were initially treated with 
either fixed monthly or quarterly doses for 12 weeks and 
then continued to receive treatment for another 40 weeks 
on a PRN (as needed) dosing schedule. It demonstrated 
up to 9 mean letters gained in VA and up to 161  � m re-
duction in central retinal thickness at 52 weeks (p  !  
0.0001). The patients received on average only two addi-
tional injections over 40 weeks after a 12-week fixed dos-
ing period. It was generally well tolerated, and there were 
no drug-related serious adverse events.

  After these positive initial results, it is reasonable to 
take VEGF Trap-Eye into phase III clinical trials VIEW1 
 [27]  and VIEW2  [28] , which are ongoing to compare with 
Lucentis in 2,400 patients with wet AMD in the US, Eu-
rope, Asia, Japan, Australia and South America. These 
global clinical programs will provide additional data to 
further evaluate the efficacy and safety of VEGF Trap-
Eye.

  Cand5 (Bevasiranib; OPKO Health) 
 Cand5  [29]  is a small interfering mRNA working by 

shutting down the mRNA specific to the genes that en-
code for the production of VEGF-A; it therefore inhibits 
CNV, but has no effect on residual VEGF in the eye.

  In a phase I dose-escalation study  [30]  in 15 patients 
with wet AMD, Cand5 was found to be safe and well tol-
erated at doses up to 3.0 mg over a 6-week period, and the 

investigators concluded that Cand5 did not escape the 
eye to the systemic circulation.

  During a phase II randomized study of trial CARE 
 [29] , 129 patients with classic or active minimally classic 
AMD, including those patients who had failed previous 
treatments, received multiple Cand5 IVT of 3 doses over 
6 months. The results   showed that the average time to 
rescue (need for another injection) in patients given the 
lowest dose (0.2 mg) was 153 days [31]. Patients who re-
ceived higher doses (1.5 and 3 mg) had an average time to 
rescue that was much longer.

  Due to its different mechanisms of action, compared 
to the other anti-VEGF agents, researchers considered 
that combining Cand5 with a VEGF-binding agent might 
offer a better response. Therefore, a phase III clinical tri-
al, CARBON  [32] , is under way that will compare the ef-
ficacy of Cand5 administered every 8 weeks or 12 weeks 
after an initial pretreatment with 3 injections of Lucentis 
versus Lucentis monotherapy every 4 weeks in patients 
with wet AMD.

  Against VEGFR and PDGFR 

 VEGFR mediate the biological functions of the VEGF 
family. They consist of three protein-tyrosine kinases 
(VEGFR-1, VEGFR-2, and VEGFR-3) and two non-pro-
tein kinase coreceptors (neuropilin-1 and neuropilin-2) 
 [33] . VEGFR-2 appears to mediate almost all of the known 
cellular responses to VEGF; the role of VEGFR-1 has been 
characterized as a decoy receptor evolved to trap free 
VEGF-A, that prevents continuous VEGFR-2 activation 
 [34] . Platelet-derived growth factor is a growth factor 
which has been demonstrated to stimulate angiogenesis 
and pericyte recruitment  [35] . Loss of pericytes in retinal 
vessels is thought to be associated with abnormalities and 
instability of vasculature, including the formation of mi-
croaneurysms and vascular permeability, and it was also 
thought to be associated with regression of maturing 
neovascularization  [36, 37] . Therefore, inhibition of 
VEGFR and platelet-derived growth factor receptor 
(PDGFR) seems to be another approach to prevent 
CNV.

  TG100801 (TareGen) 
 TG100801 is a potent tyrosine kinase inhibitor and

a prodrug administration of TG100572, which binds 
VEGFR and PDGFR and inhibits their activity  [38] . Data 
have suggested that the delivery of the agent occurs by lo-
cal penetration through the sclera rather than by system-
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