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Anti-PDGF Combination 
Therapy in Neovascular 

Age-related Macular 
Degeneration: Results of 

a Phase 2b Study

T
here is no doubt that anti-VEGF monotherapy 
is effective in the treatment of neovascular age-
related macular degeneration (AMD). There is 
equally no doubt that anti-VEGF monotherapy 

induces disease resistance in neovascular AMD. 
Long-term visual outcomes of anti-VEGF monotherapy 

in the clinical setting, however, are disappointing. The 
HORIZON extension study1 analyzed patients with choroi-
dal neovascularization (CNV) secondary to AMD who had 
received ranibizumab (Lucentis, Genentech) every 4 weeks 
for 2 years as participants in phase 3 trials of the drug. When 
patients who received 2 years of monthly therapy in the 
original trials were subsequently treated on an as-needed 
(prn) basis for an additional 2 years in HORIZON, their 
mean visual acuity returned almost to baseline. Similar limi-
tations in the long-term outcomes of patients treated with 
anti-VEGF therapies have been observed in other trials such 
as the SECURE and SEVEN-UP studies.2,3

More recently, in the CATT study4 comparing ranibi-
zumab and bevacizumab (Avastin, Genentech) with 
monthly and prn dosing schedules, the 2-year results 
showed similar insights. Patients in the crossover arms 
of this study received monthly anti-VEGF treatment—
whether ranibizumab or bevacizumab—and were then 
switched to prn treatment after 1 year. In the second 
year of the study, the response in these patients was 
similar to the response of those who had been treated 
prn from the beginning of the study. 

In other words, these studies suggest that anti-VEGF 
monotherapy does not result in disease modification: ie, 
it induces no structural advantage in neovascular AMD. 
It may be that patients with CNV secondary to AMD 
would need anti-VEGF monotherapy indefinitely—per-
haps forever. Why is this? What is the reason for this 
apparent anti-VEGF resistance?

Role of PDGF
Compelling evidence for anti-VEGF resistance has 

been identified in the oncology literature for more than 
a decade. It has to do with pericytes, a type of cell that 
intimately covers and protects the neovascular complex 
as new vessels develop and mature. Pericytes supply 
VEGF and other cell survival factors to the proliferat-
ing endothelial cells and confer anti-VEGF resistance.5 

 Studies suggest that  
anti-VEGF monotherapy does not 

result in disease modification:  
ie, it induces no structural  

advantage in neovascular AMD. 



66  Retina Today  March 2013

Special Cover Feature
Medical Innovation in Retina

Platelet-derived growth factor (PDGF) is responsible 
for pericyte recruitment, survival and maturation.6,7 
Studies in the oncology literature have shown that 
PDGF-deficient mice lack microvascular pericytes, and 
they form microaneurysms that rupture in late gesta-
tion.7 Conversely, PDGF overexpression in melanoma 
cells leads to increased pericyte proliferation and tumor 
growth.8 

These insights from the oncology literature are crucial 
for our understanding of neovascularization in AMD. 
The growth of a neovascular complex is not random, 
but rather specifically directed by a group of special-
ized cells known as tip cells.9 These tip cells are the only 
unprotected endothelial cells in the neovascular com-
plex; they express PDGF, which stimulates the matura-
tion and recruitment of pericytes that cover the neovas-
cular complex. 

Anti-VEGF monotherapy is typically effective in 
obliterating only these unprotected tip cells. The peri-
cytes that have been recruited form a protective armor 
around the rest of the neovascular complex, allowing it 
to remain in place. When anti-VEGF therapy is stopped, 
the tip cells become active and mitotic again, leading to 
continuation of disease progression.

This physiologic process is suggested by the results 
of clinical studies of anti-VEGF agents in neovascular 
AMD. The familiar curve showing visual acuity improve-
ment is remarkably consistent among these studies. 
An initial improvement in visual acuity in the first 3 or 
4 months of treatment is followed by a plateau that 
persists through the study, and seemingly indefinitely. 
This pattern correlates well with the time course of anti-
permeability induced by VEGF antagonists. The patho-
physiology of neovascular membrane growth explains 
the shape of the curve. Anti-VEGF monotherapy acts 
primarily on fenestrated and unprotected endothelial 
cells in the first few months of treatment, causing a 
decrease in exudation and initial improvement in visual 
acuity. Thereafter, however, the rest of the neovascular 
complex is protected by the pericyte armor, resulting in 
the plateau. As soon as anti-VEGF monotherapy is with-
drawn, the tip cells regrow, the neovascular complex 
increases in size, and disease progression with leakage 
continues. 

To summarize, chronic anti-VEGF treatment causes 
PDGF upregulation, leading to pericyte recruitment 
and neovascular membrane maturation. This concept 
is well known in the oncology literature, where the role 
of VEGF as a negative regulator of pericyte function and 
vessel maturation have been well described. 

In what may be a related finding in ophthalmology, 
Pachdaki et al10 recently described submacular surgery 

and excision of neovascular membranes in an eye with 
CNV that was unresponsive to bevacizumab treatment. 
The membrane displayed well-formed neovascular units 
consistently exhibiting pericytes, the authors reported.

Anti-PDGF Therapy
If pericytes are the source of resistance to anti-VEGF 

therapy in neovascular AMD, then there is a physi-
ologic rationale for a combination of anti-PDGF and 
anti-VEGF therapies. The objective would be for the 
anti-PDGF agent to chemically bind to and strip peri-
cytes from the neovascular complex, rendering the 
CNV more vulnerable to anti-VEGF treatment. 

Ophthotech has developed a PDGF inhibitor, 
(Fovista, formerly E10030), a PEGylated DNA aptamer. 
Preclinical work has shown that this agent binds to 
PDGF and strips pericytes from CNV, and that the 
combination of this agent with an anti-VEGF agent is 
more effective than anti-VEGF therapy alone in mul-
tiple animal models of neovascularization.11 

In an uncontrolled dose-ranging phase 1 study with 
a small sample size (N=22), the safety profile of this 
anti-PDGF agent was excellent, with no dose-limiting 
toxicities observed.12 Despite the severity of disease in 
patients recruited for the study, a number of patients 
gained significant vision. A number of patients also 
showed significant regression of neovascular complex. 

Phase 2 Combination Study
Based on these encouraging results, a large phase 2b 

study was conducted (clinicaltrials.gov NCT01089517). 
The results of this study were presented at the 
American Academy of Ophthalmology Annual Meeting 
last year.12 The goal of the study was to assess the safety 
and efficacy of a combination of the anti-PDGF agent 
E10030 plus ranibizumab compared with ranibizumab 
monotherapy in patients with CNV secondary to AMD. 
Patients were randomly assigned to 1 of 3 treatment 
groups: 0.3 mg E10030 plus ranibizumab 0.5 mg, 1.5 mg 
E10030 plus ranibizumab 0.5 mg, or ranibizumab 0.5 mg 
monotherapy. 

Two things are notable about the study design. 
First, this was a very large, randomized phase 2 study, 
resembling a phase 3 study. Investigators recruited 449 
patients, making this the largest phase 2 superiority 
study in retina. Second, unlike other recent studies in 
this area, it was a superiority study, not a noninferiority 
study. 

The primary endpoint was mean change in visual 
acuity from baseline to week 24. Secondary endpoints 
included mean change in visual acuity at week 12, the 
proportion of patients gaining 15 or more letters of 
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visual acuity at week 12 and week 24, and mean change 
in the area of occult CNV at week 24 as defined by fluo-
rescein angiography. The baseline demographics of all  
3 arms were comparable. 

The prespecified superiority primary endpoint of 
improvement in visual acuity at week 24 was met by 
both combination groups. The 1.5 mg combination 
group showed mean improvement of 10.6 letters of 
vision, the 0.3 mg combination group showed improve-
ment of 8.74 letters, and the ranibizumab monotherapy 
group showed improvement of 6.52 letters (P = .019 for 
ranibizumab only in comparison with each combination 
group). 

It is notable that both combination groups met their 
prespecified primary endpoint of superiority. In fact, in 
the 1.5 mg combination arm there was a 62% additional 
benefit compared with ranibizumab monotherapy. 
There was a classic dose-response curve that showed 
early and sustained superiority. There was also improve-
ment over time, meaning that the curves were most 
divergent at the end of the study.

To determine whether any particular subgroup of 
patients drove these positive study results, numerous 
prespecified subgroup analyses were conducted. 

For baseline lesion size, an arbitrary segregation point 
of 4 disc areas was chosen. Results in the combination 
arms were superior for lesion sizes both greater than 
and less than or equal to 4 disc areas. Additionally, 
whether the median lesion size of 1.21 disc areas or the 
mean lesion size of 1.78 disc areas was used as the segre-
gation point, again the combination arms were superior. 

The effect of baseline visual acuity was also exam-
ined. For relatively good visual acuity of 20/60 to 20/80 
or relatively poor visual acuity of 20/160 or worse, the 
combination arms were superior. When the results were 
focused to patients who gained 15 or more letters of 
visual acuity, again, regardless of whether initial visual 
acuity was relatively good at 20/60 to 20/80 or relatively 
bad at 20/160 or worse, the combination arms were 
superior. 

Clinically relevant subgroups were also examined. 
In patients who gained 3, 4, and 5 lines of visual acu-
ity, the combination arms were always superior to the 
monotherapy arm, with 27%, 71%, and 190% relative 
benefits, respectively. In patients who lost 5 letters or 
more or 10 letters or more, the combination regimens 
were protective. 

Overall change in visual acuity from baseline was also 
analyzed, but no matter how the data were sliced—3-, 
4-, or 5-line gainers, patients with final visual acuity of 
20/40 or better or 20/25 or better—the combination 
arms were always superior. In patients who had visual 

acuity loss or poor visual outcome, whether they were 
segregated by greater than 1 or 2 line loss, worse than 
20/125, or worse than 20/200, again across the board 
the combination regimens were always protective. 

Biomarkers including optical coherence tomography 
(OCT) and fluorescein angiography were also examined.  
On OCT, of particular interest was subretinal hyper-
reflective material (SHRM), the thickness of which 
appears to correlate with visual function. Resolution 
of SHRM at week 24 showed a clear dose-related 
response, based on masked reading center assessment. 
This clear dose-response effect was also seen in patients 
who gained 3 lines of visual acuity or more. When the 
relationship of visual acuity with central retina thick-
ness (CRT) on OCT was analyzed, whether in relatively 
thin CRT of less than 316 µm or relatively thick CRT of 
greater than 480 µm, across the board the combination 
arms were superior. 

On fluorescein angiography, there was a clear cor-
relation across the board between lesion regression 
and visual acuity gain, whether in patients with 3, 4, or 
5 lines of visual acuity gain, with superior results in the 
combination arms. In patients who lost vision, there was 
a clear correlation with growth of the neovascular mem-
brane, and again the combination regimens were pro-
tective. This relationship was seen in patients who lost 
vision, whether they had growth of the entire neovascu-
lar membrane, growth of the classic component of the 
neovascular membrane, or growth of the entire lesion.

Regarding safety, there was no difference in ocu-
lar adverse events or systemic serious adverse events 
among the 3 treatment groups. There was also, impor-
tantly, no difference in mean intraocular pressure 
among the groups, despite requiring 2 injections in the 
combination arms. 

CONCLUSIONS
In this large phase 2 clinical trial of E10030 anti-

PDGF agent in combination with an anti-VEGF agent, 
both combination arms met their prespecified primary 
endpoint of superiority over anti-VEGF monotherapy 

If pericytes are the source of  
resistance to anti-VEGF therapy  

in neovascular AMD, then there is  
a physiologic rationale for a  

combination of anti-PDGF and  
anti-VEGF therapies.
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(P = .019). Results showed a 62% additional benefit of 
combination therapy over monotherapy, a classic dose-
response profile at all time points, diverging efficacy 
curves over time, and a marked increase in extreme 
visual acuity gain (4- and 5-line gain, 20/25 or better 
visual outcome) with combination treatment. Data 
were consistent across all clinically relevant prespecified 
subgroups. There was marked reduction in visual acuity 
loss with combination treatment, and biomarkers were 
confirmatory.

Lessons from the oncology literature suggest that it 
makes good physiologic sense to combine anti-PDGF 
and anti-VEGF therapies. If the results of this large phase 
2b trial are confirmed in a planned pivotal phase 3 trial, 
this combination therapy modality has the potential 
to dramatically and profoundly change our treatment 
model for patients with neovascular AMD.  n 
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