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Now is an exciting time in history for research in age-related macular degeneration (AMD).
Treatment options available for our patients are rapidly evolving, and visual outcomes are
dramatically improving. Recent publications of anti-vascular endothelial growth factor
(VEGF) antibodies highlight an important step forward in the management of exudative AMD
(eAMD).1, 2 In June of 2006, the Food and Drug Administration (FDA) approved the use
intravitreal of ranibizumab (Lucentis ™) for treatment of patients with eAMD. Interestingly,
preliminary studies suggest that the off-label use of intravitreal bevacizumab (Avastin ®) may
also improve visual function in eAMD.3, 4 Following these initial reports, uncontrolled case
series have demonstrated beneficial effects of intravitreal bevacizumab for the treatment of
eAMD.5–7 Prior to FDA approval of ranibizumab, retina specialists began to use off-label
bevacizumab, a practice that continued after approval of ranibizumab, and driven largely by
cost. National media attention on this issue is intense. Two recent front-page articles from the
Wall Street Journal highlight the financial issues surrounding these drugs. First, Chase reports
the financial dilemma that physicians face by choosing to use the FDA approved ranibizumab
($2000/injection) versus ‘off-label’ bevacizumab ($20–$100/injection) for the treatment of
eAMD with an estimated future Medicare annual savings of $1–3 billion.8 One month later,
Anand reported that Wall Street research analyst Steven Harr urged Genentech, the maker of
both drugs, to “lower the price of a key drug”, in reference to bevacizumab for colon cancer,
suggesting that high drug costs are “bad for business.”9 In this same article, Genentech’s net
income for 2006 was up 40% from 2005, reported to be $2.1 billion on a reported revenue of
$9.3 billion.9 Pegaptanib (Macugen®) is not an antibody, rather an aptamer, that selectively
binds the VEGF-165 isomer, injected intravitreal, and has also been studied in rigorous clinical
trials. Treated eyes did not have the impressive improvement in visual acuity that ranibizumab
reported; nevertheless, pegaptanib was shown to be better than placebo at preventing vision
loss in eAMD, and had an excellent safety profile.10

For those of us treating patients on a daily basis with eAMD, we need to consider individual
patient circumstances. First, we need to help our patients make a well-informed decision based
on the best available science. Then, individual patient financial issues should be addressed.
The key scientific hypotheses: bevacizumab is as safe and as effective as ranibizumab.
However, we simply do not know if these are valid and we do not have comparative data.
Therefore, let’s examine the existing science. First, ranibizumab and bevacizumab are not the
same molecule. While both are derived from the same mouse monoclonal antibody, the active
binding-site of ranibizumab is different than that of bevacizumab. This fact alone predicts that
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the molecules will respond differently. Second, bevacizumab (149 kDa) is larger than
ranibizumab (48 kDa). Therefore, one would predict distinctly different pharmacokinetics of
these molecules, permeability coefficients, and diffusion rates. Third, bevacizumab is produced
in a Chinese-hamster-ovary mammalian-cell expression system (glycoslyated) while
ranibizumab is produced in an E coli expression system (not glycoslyated).11 This further
differentiates the actual molecule, action, kinetics, clearance rates, and possibly systemic
safety. One could logically assume that there will be differences in how well these two
molecules work in eAMD, and each may have a distinct safety profile.

The ranibizumab active binding site is reportedly 14 times higher than bevacizumab through
a process of affinity maturation.12 Clinically, the binding of VEGF is evident by relatively
rapid resolution of subretinal fluid. Patients will occasionally comment that visual
improvement occurs soon after each injection. Mean visual acuity improvement is documented
in the MARINA and ANCHOR studies within the first 3 months of treatment.1, 2 Is this higher
affinity of ranibizumab clinically relevant? Avery et al. have also reported a rapid clinical
response to intravitreal bevacizumab.5 A definitive comparison of these two agents and the
response to the initial injections is not available. The advantage of higher binding affinity, in
the clinical setting, would be seen by the initial therapeutic response to the injection. Clearance
of the drug from the eye combined with the rate of production of VEGF by the underlying
pathogenic response (eAMD) would determine subsequent drug efficacy and need for
reinjection. In primates, studies have shown a rather short 3-day half-life with rapid intraocular
distribution of ranibizumab.13 Published studies on the intravitreal kinetics of bevacizumab
are limited. Based on human studies of two patients, Beer et al. calculated a similar intravitreal
half-life of bevacizumab of 3 days.14 Therefore, unbound drug is rapidly distributed to the
systemic circulation. In general, measurements of an antibody are challenging: Is the antibody
bound to VEGF or free antibody? Is it the measured antibody a full-length antibody? Has there
been proteolysis? Is the measurement of an active or inactivated form of the antibody? How
specific and sensitive is the methodology?

Systemic pharmacokinetics from the primate suggest that ranibizumab is cleared much more
rapidly from the serum than bevacizumab, perhaps by as much as 40 times faster. The primate
model suggest that the half-life of ranibizumab in the serum is 0.5 days.13 Studies on
bevacizumab taken from human cancer patients demonstrate a serum half-life of 21 days,15
significantly longer that the estimated duration of ranibizumab. Systemic concerns for the use
of anti-VEGF antibodies could be significant, especially in the age group of those being treated
for AMD. Wong and colleagues, in a large, prospective, cohort study, found that persons with
early-stage AMD, followed for ten years, had a higher cumulative incidence of stroke than
those without the disease (4.08% vs. 2.14%).16 Therefore, it appears that our AMD patients
represent a population at-risk for stroke. In a recent letter to physicians (January 24, 2007),
Genentech reported a statistically significant higher risk of stroke in the SAILOR study
comparing the higher 0.5 to the 0.3 mg dose (13/1217 or 1.2% vs 3/1176 or 0.3%; p=0.02).
Using post hoc analysis from both the MARINA and ANCHOR studies, Gillies and Wong
report a risk of non-ocular hemorrhage between treated and placebo groups was significantly
higher in those treated with ranibizumab (16/379 or 4.2% vs 59/754 or 7.8%; p=0.01).17

What are the systemic risks for the use of intravitreal bevacizumab? An evaluation of the cancer
data of intravenous bevacizumab used at a much higher dose in conjunction with other toxic
chemotherapeutic agents in cancer patients is clearly not a valid comparison for systemic events
to the intravitreal use in eAMD. Since bevacizumab seems to have a longer systemic half-life,
would these potential systemic risks (stroke, non-ocular hemorrhage, and hypertension) be
higher? Could the lower binding affinity of bevacizumab to the VEGF molecule partially offset
the longer half-life and decrease potential systemic complications? We simply do not know
the answers to these important questions. Considering intraocular complications, there have
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been reports of a possible association of retinal pigment epithelial (RPE) rips with the use of
both bevacizumab and ranibizumab.18, 19 However, RPE rips may occur by contraction of
the choroidal neovascular complexes in response to therapy, or may be part of the natural
history of eAMD. Endophthalmitis, retinal detachment, and cataract formation are likely to be
equivalent with either agent. Although, using multiple aliquots of bevacizumab from a single
source could theoretically increase the risk of endophthalmitis, compromise drug stability and
efficacy. Future studies should monitor for these potential complication.

The scientific, financial, and societal dilemma that physicians presently face is as follows: Do
we use our scientific analysis for determining the recommended therapy for our patients, or
should we conserve precious healthcare resources and use an alternative, off-label therapy?
Ranibizumab has been tested with the gold standard of clinical research: large, prospective,
masked, multi-centered, randomized clinical trials with peer reviewed results published in a
highly respected clinical journal.1, 2 The scientific data currently supports of the use of
ranibizumab while the financial data supports bevacizumab. The clinicians and scientists who
are currently generating and publishing safety and efficacy data on the use of bevacizumab are
to be commended for their efforts to help us understand the role for this agent in clinical
practice.

The National Eye Institute is gathering prospective, comparative, safety and efficacy data in a
multi-centered, randomized, clinical trial, on the use of intravitreal bevacizumab versus
ranibizumab in eAMD (CATT, Comparison of Age-related Macular Degeneration Treatment
Trial). Daniel F. Martin at Emory University in Atlanta serves as the study chair of this
important clinical trial. We anticipate that data generated from CATT will provide critical
information on this important issue.

The practice of medicine is complex, and trying to decide what is best for each individual
patient is unique. In my opinion, published scientific data currently supports the use of
intraocular, FDA approved, ranibizumab for the treatment of eAMD. Financial pressures are
pushing research that supports of the off-label use of intravitreal bevacizumab. Our free
enterprise economy supports the notion that drug companies should receive financial reward
for the benefit that their research and development brings to society. However, it is now time
to lower the price. I echo Steven Harr’s philosophy9 and emphasize that current industry
pricing of ranibizumab is “bad for business”, especially given current limitations of national
healthcare expenditures. Without more reasonable pricing, a backlash to the pharmaceutical
industry will come in the form of government price controls; especially since treatment of
AMD is largely funded by Medicare … taxpayers … us!
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