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Results of a phase 2 study.

By Richard S. Kaiser, MD

Anti-PDGF 
Combination 

Therapy for AMD

P
atients with age-related macular degeneration 
(AMD) lose vision for several reasons. Photoreceptor 
degeneration is a key contributing factor in both dry 
and wet AMD. Unfortunately, to date, there are no 

treatments to address this aspect of the disease. Treatment 
thus far has been limited to anti-VEGF therapy, which is 
highly effective in decreasing leakage from the neovascular 
complex; however, it is not effective in causing regression 
of choroidal neovascularization (CNV). This can be seen 
right from the start of the ophthalmic clinical experience 
with ranibizumab in the MARINA and ANCHOR studies.1,2 

After 2 years of monthly injections of 0.5 mg of ranibizumab 
(Lucentis, Genentech), no regression of the CNV complexes 
was noted.

This leaves the door open for another treatment 
modality to attack a new pathway in the development 
of wet AMD. There is a potential role for a combination 
therapy approach to treatment of neovascular AMD. 
A key pathway in wet AMD, in addition to VEGF, is 
platelet-derived growth factor (PDGF). We have learned 
from the oncology literature that PDGF plays a role in 
the proliferation and maturation of new vessels. PDGF 
controls pericytes, cells that cover and protect most of 
the neovascular complex, like an armor against anti-VEGF 
therapy. Pericytes line the outer wall of endothelial cells 
and cause vascular maturation, limiting the effect of anti-
VEGF therapy.

It is believed that an effective anti-PDGF agent can 
strip the pericytes from the neovascular complex and 
leave the vascular endothelial cells beneath exposed, 
making the anti-VEGF agent more potent again. Multiple 
papers in the scientific literature support this theory.3-10 

ANTI-PDGF THERAPY
An anti-PDGF agent is currently being developed 

for treatment of neovascular AMD. E10030 (Fovista, 
Ophthotech) is a PEGylated aptamer that binds 
PDGF-B, the most common form of PDGF. Animal 
models have demonstrated that treatment with this 
agent strips pericytes and leaves bare endothelial cells, 
which are then more susceptible to anti-VEGF therapy 
than to anti-VEGF therapy alone.11 

A phase 2b clinical trial has been conducted to 
assess the safety and efficacy of anti-PDGF E10030 and 
ranibizumab combination therapy with ranibizumab 
monotherapy in patients with neovascular AMD. This 
randomized, double-masked study is distinctive in that it 
was very large for a phase 2 study, enrolling 449 patients. 
Statistically it is notable because it was a superiority 
study rather than a noninferiority study.

The primary endpoint was mean change in visual 
acuity from baseline at the 24-week visit. Secondary 
endpoints included mean change in visual acuity from 
baseline at week 12, the proportion of subjects gaining 
15 or more ETDRS letters from baseline at week 24, the 
proportion of subjects gaining 15 or more ETDRS let-
ters from baseline at week 12, and mean change in area 
of choroidal neovascularization (defined as classic CNV 
plus occult CNV) on fluorescein angiography from base-
line to week 24.

There were 3 arms in the study: a high dose of  
10030 (1.5 mg) plus ranibizumab, a low dose of  
E10030 (0.3 mg) plus ranibizumab, and ranibizumab 
monotherapy. Treatments were administered every  
4 weeks. Baseline demographics were balanced among 
the 3 arms.

PHASE 2b RESULTS 
In the primary endpoint of mean change in visual 

acuity at 24 months, patients in the high-dose  



combination arm gained 10.6 letters, those in the low-
dose combination arm gained 8.8 letters, and those in 
the monotherapy arm gained 6.5 letters (Figure 1;  
P = .019 for ranibizumab only in comparison with each 
combination group). Comparing the high-dose combi-
nation result with the monotherapy result, there was a 
62% additional benefit from baseline with the addition 
of the anti-PDGF agent (Figure 2).

Of note, there was a continued rise in letters gained 
over the period of the study, and a continued separa-
tion between the vision curves in the combination 
and monotherapy arms. There was also a classic dose-
response curve: better results with the high dose than 
the low dose combination, and the combination better 
than monotherapy at every time point (Figure 3).

A number of prespecified subgroup analyses were 
performed, including the effect of baseline lesion size 
on results. In most anti-VEGF trials in AMD, the small 
classic lesions seem to respond well and drive the data 
results. In this trial, in lesions smaller than 4 disc areas 
at baseline, there was more improvement in visual 
outcome in the high-dose combination arm than the 
monotherapy arm, but in eyes with larger lesions, 4 disc 
areas or greater, for which ranibizumab tends not to 
work as effectively, there was an even greater differen-
tial between visual outcome benefit with the high-dose 
combination and with monotherapy. 

Subgroup analyses of vision gain and vision loss 
were also performed. Whether looking at patients who 
gained 3, 4, or 5 lines of vision, the combination arms 
were superior to the monotherapy arm. The relative 
benefit of combination therapy increased with the 
higher levels of vision gain: 27% relative benefit among 
3-line gainers, 71% among 4-line gainers, and 190% 
among 5-line gainers. 

The converse was true with vision loss: Combination 
therapy was protective, with fewer patients losing more 

Figure 1.  For the primary endpoint of mean change in  

vision at week 24, the results in each of the combination 

arms were superior to those in the monotherapy arm.
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than 5 and more than 10 letters in the combination 
arms than in the monotherapy arm. 

Regarding safety, ocular adverse events were rela-
tively well balanced among the study arms. Intraocular 
pressure increase was more common in the combina-
tion arms because 2 injections were given, but these 
increases were transient. Systemic serious adverse 
events were minimal in all 3 arms.

CONCLUSIONS
In this large phase 2b clinical trial, a combination 

of E10030 anti-PDGF and ranibizumab anti-VEGF 
therapies met the prespecified primary endpoint of 
superiority (P = .019). A 62% additional benefit of com-
bination therapy was seen, with classic dose-response 
profiles at all time points and diverging efficacy curves 
over time. There was a marked increase in high levels  

of vision gain and a consistency of data across all clini-
cally relevant and prespecified subgroups. No addition-
al safety concerns were seen with combination  
therapy. 

To put the primary endpoint results in context, think 
of the monumental benefit ranibizumab has been to 
our patients with wet AMD. In this phase 2b study, 
ranibizumab monotherapy performed about as one 
would expect, with patients gaining a mean 6.5 letters 
of visual acuity during the first 6 months of treatment. 
The high-dose combination therapy resulted in a 62% 
additional benefit above monotherapy. 

Additionally, the vision gain and vision loss subgroup 
analyses in this trial could have significant real-world 
implications. Reports from clinical trials often con-
centrate on 3-line gainers, but in this trial there were 
substantial differences in 4- and 5-line gainers as well. 
Perhaps we should be raising the bar regarding the 
kinds of benefit we aim for. 

However, we should not put the cart before the 
horse. We now have quality phase 2 clinical trial data 
supporting combination therapy; we will have to wait 
for the phase 3 studies before drawing any firm  
conclusions.  n

Richard S. Kaiser, MD, is an Associate Surgeon 
at Wills Eye Hospital, an Associate Professor of 
Ophthalmology at Thomas Jefferson University 
Hospital in Philadelphia, and a partner in Mid 
Atlantic Retina. He is a member of the Retina 
Today Editorial Board. Dr. Kaiser states that he is a con-
sultant to PanOptica and Regeneron, and that  
he is a stock/shareholder in Ophthotech. He may be 
reached at +1 800 331 6634; or at kaiserrick@aol.com.

1. Rosenfeld PJ, Brown DM, Heier JS, et al; MARINA Study Group. Ranibizumab for neovascular age-related 
macular degeneration. N Engl J Med. 2006;355(14):1419-1431.
2. Brown DM, Kaiser PK, Michels M, et al; ANCHOR Study Group. Ranibizumab versus verteporfin for neovascular 
age-related macular degeneration. N Engl J Med. 2006;355(14):1432-1444.
3. Carmeliet P, Jain RK. Molecular mechanisms and clinical applications of angiogenesis. Nature. 
2011;473(7347):298-307. 
4. Carmeliet P. Mechanisms of angiogenesis and arteriogenesis. Nat Med. 2000;6(4):389-395. Review.
5. Benjamin LE, Hemo I, Keshet E. A plasticity window for blood vessel remodelling is defined by pericyte 
coverage of the preformed endothelial network and is regulated by PDGF-B and VEGF. Development. 
1998;125(9):1591-1598.
6. Bergers G, Song S, Meyer-Morse N, Bergsland E, Hanahan D. Benefits of targeting both pericytes and endothe-
lial cells in the tumor vasculature with kinase inhibitors. J Clin Invest. 2003;111(9):1287-1295.
7. Lindahl P, Johansson BR, Levéen P, Betsholtz C. Pericyte loss and microaneurysm formation in PDGF-B-deficient 
mice. Science. 1997;277(5323):242-245.
8. Furuhashi M, Sjöblom T, Abramsson A, et al. Platelet-derived growth factor production by B16 melanoma cells 
leads to increased pericyte abundance in tumors and an associated increase in tumor growth rate. Cancer Res. 
2004;64(8):2725-2733.
9. Armulik A, Abramsson A, Betsholtz C. Endothelial/pericyte interactions. Circ Res. 2005;97(6):512-523.
10. Greenberg JI, Shields DJ, Barillas SG, et al. A role for VEGF as a negative regulator of pericyte function and 
vessel maturation. Nature. 2008;456(7223):809-813. 
11. Mitchell TS, Bradley J, Robinson GS, Shima DT, Ng YS. RGS5 expression is a quantitative measure of pericyte 
coverage of blood vessels. Angiogenesis. 2008;11(2):141-151.

Figure 2.  The high-dose combination therapy (1.5 mg 

E10030 plus ranibizumab) resulted in a 62% additional  

visual benefit from baseline over ranibizumab  

monotherapy.

Figure 3.  Over the period of the study, there was a contin-

ued separation between the vision curves in the combina-

tion and monotherapy arms. A classic dose-response curve 

was seen, with better results with the high dose than the 

low dose combination, and the combinations better than 

monotherapy at every time point.


