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e Intravitreally delivered vascular endo-
thelial growth factor (VEGF) inhibitors
represent a novel and effective approach
to treat neovascular AMD

e Treatment with parabulbar or intravitreal

steroid injections was shown to have a

beneficial effect on exudative AMD

A variety of other substances with anti-

inflammatory, antiangiogenic, or anti-

proliferative properties are potential
candidates for future pharmacological
interventions in AMD and are currently
under investigation

e The ARED study showed that prophy-

lactic treatment with vitamins C and

E, B-carotene and zinc can reduce

the risk for progression from early

to late age-related macular degeneration

(AMD) stages

Macular pigment possesses antioxidant

and filter effects to protect the neurosen-

sory retina. Supplementation with lutein
and zeaxanthin can result in an increase
in macula pigment density. Long-term
clinical trials are needed to investigate

a potential prophylactic effect on AMD

progression

10.1
Introduction

So far, only a minority of AMD patients can
be treated with laser treatment, photody-
namic therapy (PDT) or experimental
surgical interventions such as retinal pig-
ment epithelium (RPE) transplantation or
macular translocation. In addition, these
therapeutic approaches are only applicable
to late stages of AMD. Due to a better un-
derstanding of the mechanisms involved in
the disease process, new pharmacological
interventions have become available. An-
tiangiogenic agents which also have an
effect on the hyperpermeability of the neo-
vascular complex have recently gained par-
ticular attention. Antioxidative strategies
with supplementation of suitable com-
pounds have also been tested for early
AMD. All current pharmacological ap-
proaches will be addressed in this chapter.

10.2
Vitamins, Trace Elements, Zinc
and Macular Pigment

Several lines of evidence indicate that ox-
idative damage to the retina plays an im-
portant role in the pathogenesis of AMD
[5]. Light exposure enhances the produc-
tion of free radicals in an environment that
already has a high flux of oxygen and
polyunsaturated fatty acids in the outer



166

CHAPTER 10 Pharmacological Approaches to Age-Related Macular Degeneration

layers of the retina, the RPE and Bruch’s
membrane [99]. Peroxidized lipids can in-
duce new vessel growth and may contribute
to the development of neovascular AMD
[99]. Several endogenous systems includ-
ing enzymes and compounds such as glu-
tathione are operative in the retina to pro-
tect against oxidative damage. Nutritional
compounds with antioxidative properties
include vitamins C and E, B-carotenes,
flavonoids, and polyphenol.

As early as 1987, Flamm and co-workers
reported observations on the effect of vita-
min A and E in 173 patients with age-relat-
ed macular degeneration [30]. Based on
visual acuity and visual field examinations,
the effect of these two substances was re-
ported as being positive. However, observa-
tion time was relatively short, a control
group was missing, and patients in varying
stages of the disease were included.

Some studies have also addressed a
potential protective effect of zinc. Zinc is
present in the human choroid-pigment
epithelium-retina complex in very high
concentrations and is a coenzyme of carbo-
anhydrase, alcohol dehydrogenase, and nu-
merous lysosomal enzymes of the RPE [55].
In a randomized double-blind study of the
effect of zinc substitution in 151 patients
with AMD in different stages, Newsome
and co-workers found significantly re-
duced progression of the disease in pa-
tients who received 200 mg of zinc sulphate
daily [77]. Although the authors warned of
using their publication as a therapy recom-
mendation for zinc sulphate in AMD,
directly after publication numerous vita-
min/zinc combinations were made avail-
able for consumption [54]. In contrast,
other studies with zinc found no effect on
the outcome of macular degeneration [49,

109].

10.2.1
ARED Study

In the Age-Related Eye Disease Study
(AREDS), 4757 subjects between 55 and
80 years of age were examined over a mean
of 6.3years for the effects of antioxidative
vitamins in high doses on the progression
of AMD [1,91,106].

Four groups defined by their macular
findings were compared:

Category 1:

Few small (<63pm) or no drusen in a
<125-pm-diameter circle in one or both
eyes

Category 2:

Many small (<63 pm) drusen in a >125-pm
circle, and/or few medium-sized drusen
(263 pm but <125pm) or pigment abnor-
malities in one or both eyes

Category 3:

Many medium-sized drusen [(63-124 pm)
in a 2360-pm-diameter circle if soft indis-
tinct drusen were present, or in a 2656-pm-
diameter in the absence of soft indistinct
drusen], and/or one or more large drusen
(2125-pm) in one or both eyes, or non-cen-
tral geographic atrophy

Category 4:

Advanced AMD in one eye only, or vision
loss due to AMD in one eye only (defined as
a choroidal neovascularization, geographic
atrophy involving the centre of the macula,
nondrusenoid retinal pigment epithelial
detachment, serous or haemorrhagic reti-
nal detachment, haemorrhage under the
retina or retinal pigment epithelium, or
subretinal fibrosis)

Participants were randomly assigned to

receive daily oral tablets containing:

1. Antioxidants (500 mg vitamin C, 400 IU
vitamin E, 15 mg -carotene)
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2. Zinc (80 mg as zinc oxide + 2 mg copper
as cupric oxide)

3. Antioxidants and zinc

4. Placebo

It is assumed that the high dosages are

associated with a pharmacological effect

that would not occur with normal vitamin
supplementation or nutrition. Also, the
doses used in this study cannot be achieved
through normal dietary consumption.

This study showed an effect on AMD
progression and visual acuity:

¢ Patients in categories 3 and 4 had a sta-
tistically significant risk reduction for
progression of AMD of 25 % when taking
both antioxidants and zinc (17% and
21 %, respectively, for those taking an-
tioxidants or zinc alone)

e The prophylactic effect of the ARED
study medications was shown as a sig-
nificantly reduced incidence in choroi-
dal neovascularization in the group re-
ceiving antioxidants and zinc, while the
reduction of geographic atrophy in this
group was not significant

e Only participants in categories 3 and 4
assigned to antioxidants + zinc had a
statistically significant reduction in the
odds of a 15-letter or greater visual acu-
ity decrease

¢ There was no evidence of treatment ben-
efit in delaying the progression of AMD
in participants with category 1 or 2
changes. In these groups the incidence of
late stage AMD was too low to be evalu-
ated

According to the study there were no sig-
nificant side effects from the applied sub-
stances. Patients were, however, informed
about the possibility of the following side
effects of long-term therapy:

Vitamin E

Fatigue, muscle weakness, hypothyroidism,
possible increased rate of stroke.

Vitamin C

Gastrointestinal disturbances, reflux.

Zinc

Anaemia, reduction of HDL levels, gas-
trointestinal discomfort, 7.5% of patients
receiving zinc complained of such symp-
toms as urinary tract inflammation, kidney
stones, incontinence, and even prostate hy-
perplasia requiring hospitalization. Similar
symptoms occurred in 5% of patients not
receiving zinc.

B-Carotene

Yellowing of the skin. From other studies, it
has been shown that the consumption of
higher doses of -carotene in smokers and
ex-smokers can result in an increased risk
of death from lung cancer. PB-Carotene
should therefore not be given to these pa-
tients. There is no reliable data concerning
the replacement of B-carotene by other
carotenoids such as lutein or zeaxanthin or
their side effects.

Possible side effects with other medications
also cannot be ruled out. However, no
negative interactions with other medica-
tions over the average evaluation time of
6.3 years were noted. Nevertheless, patients
suffering from chronic disease such as can-
cer, heart disease, or diabetes should con-
sult their physicians before receiving high
dosage vitamins or zinc.

Up to now the ARED study has been the
largest effort in determining whether or not
antioxidants are beneficial in delaying the
progression of AMD. Patients with bilateral
late AMD were not examined in the ARED
study. Furthermore, there has been some
concern about the statistical analysis [92].
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10.2.2
Lutein and Zeaxanthin

The antioxidative and blue light filtering
effects of lutein and zeaxanthin, the two
carotenoids of the macular pigment, are
considered to be the most effective form of
short-wavelength light protection. It is,
therefore, assumed that they play an impor-
tant role in the reduction of oxidative dam-
age caused by light exposure. The highest
concentration of lutein and zeaxanthin is
found in the Henle fibre layer in the axonal
processes of the photoreceptor inner seg-
ments, and about 25 % is found in the pho-
toreceptor outer segments, where oxygen
turnover is greatest and the amount of un-
saturated fatty acids is highest [80]. The
observation that reduced concentrations of
macular pigment may occur with age [41]
supports the hypothesis that their reduc-
tion could serve as a risk factor for AMD
[6]. Lutein and zeaxanthin cannot be syn-
thesized by the human organism. However,
exogenous intake, either through diet or
supplementation, can result in an increase
of macular pigment density, which offers
an attractive potential prophylactic tool
for the prevention of AMD [80]. Particular
high concentrations of lutein are found in
spinach and pumpkins, and for zeaxanthin
in corn. Pilot studies have shown that di-
etary intake as well as supplementation re-
sults in a measurable increase in both plas-
ma levels and macular pigment density
[40, 9, 62, 12]. Ten milligrams lutein intake
per day over a period of 12 weeks resulted
in a fivefold increase in plasma levels and
an increase in macular pigment density of
20 % [9]. Retinal function determined by
ERG in 30 patients with early AMD and 8
healthy volunteers could be enhanced by
daily supplementation of 15mg lutein,
20mg vitamin E, and 18 mg nicotinamide
over a period of 6 months [26]. Whereas

these preliminary results are promising,
large prospective randomized interven-
tional studies to evaluate the safety and
efficacy of this approach are needed.

Summary for the Clinician

¢ In patients in whom advanced AMD
was already present in one eye, or
patients with many medium drusen,
large drusen, or extrafoveal geographic
atrophy, the ARED study has demon-
strated a significantly reduced inci-
dence of late-stage disease in the group
receiving antioxidants and zinc

o These patients also had a statistically
significant reduction in the odds of a
15-letter or greater visual acuity
decrease

e Lutein and zeaxanthin supplementa-
tion results in an increase in macular
pigment density and offers an attrac-
tive prophylactic strategy. However,
a beneficial effect has yet to be demon-
strated in randomized, placebo-con-
trolled trials

10.3
Antiangiogenic Therapy

Angiogenesis is defined as the growth of
new blood vessels from pre-existing vascu-
lature. It is a normal process in various
physiological situations such as wound
healing and the female menstrual cycle.
The term angiogenic disease defines those
diseases where pathological new vessel for-
mation plays a central role. In addition to
numerous extraocular diseases, there are
many diseases of the eye where pathologi-
cal angiogenesis plays a significant role.
These include: rubeosis iridis, retinopathy
of prematurity, proliferative diabetic
retinopathy, and neovascular AMD.

The development of choroidal neovascu-
larization is often associated with substan-
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tial visual loss. Choroidal neovasculariza-
tion may also occur in juvenile macular
degeneration so that even relatively young
patients may suffer from loss of central
vision [27].

The concept of antiangiogenic therapy
was developed as early as the 1970s as a po-
tential therapy for cancer. This therapeutic
strategy is based on the principle that neo-
vascularization is the result of a dysbalance
between positive and negative regulators of
angiogenesis. Factors which can be influ-
enced in order to limit the growth of new
vessels in AMD centre around inhibition of
the positive regulators such as VEGF or
administration of angiogenic inhibitors
such as pigment epithelium derived factor
(PEDF).

A central problem in the administration
of such substances is their selective effect
on tissues of interest. The injection directly
into the eye is currently the preferred
method of administration. Oral adminis-
tration poses the danger of systemic toxici-
ties. Newer ways of drug delivery encom-
pass gene therapeutic approaches or
transscleral administration. Additionally,
concern exists as to the potential inhibition
of physiological angiogenesis or wound
healing during systemic delivery for sub-
stances which are capable of crossing the
blood retinal barrier. This concern is of
particular importance for older patients
where physiological angiogenesis is thought
to have beneficial effect on heart disease.

Antiangiogenic therapy represents a ra-
tional approach to the treatment of neovas-
cular AMD. Inhibition of new vessel forma-
tion is considered to be easier than the
destruction of pre-formed vessels; high-
risk partner eyes and early detected lesions
could offer the most promise for sub-
stances capable of inhibiting angiogenesis.
Occult lesions, considered to be a fibrovas-
cular process containing a higher propor-
tion of immature vessels, may be more

susceptible to antiangiogenic therapy or
steroid treatment, with the latter having
both antifibrotic and antiangiogenic prop-
erties. Rather mature classic CNV mem-
branes may benefit more from the antiper-
meability effects of VEGF inhibitors.

10.3.1
Anti-VEGF Therapies

As stated above, VEGF plays a central role
in the development of choroidal neovascu-
larization [69]. This molecule can induce
CNV membrane formation alone [103] and
its blockage can inhibit the formation of
CNV membranes in experimental models
[50,33].

Pegabtanib (Macugen®) is a VEGF ap-
tamer, i.e. an RNA molecule that binds
to VEGF to block its action. It is delivered
via intravitreal injection every 6 weeks.
Ranibizumab (Lucentis®) is the antigen-
binding fragment of a monoclonal anti-
body directed against VEGE. Like Pegab-
tanib it is delivered by repeated intravitreal
injection. While Pegabtanib binds specifi-
cally only to VEGF,, Ranibizumab inhibits
all isoforms of VEGE.

The treatment of subfoveal CNV second-
ary to AMD with Pegabtanib has initially
shown promising results in a Phase IA/IB
study [109,110]. Three months after a single
intravitreal injection of the VEGF aptamer,
83 % of 22 treated patients showed stabi-
lized or improved central vision, whereas
26 % of patients had a greater than three-
line improvement of vision. In combination
with PDT, 9o % of 11 patients had un-
changed vision after 3 months, with 60 %
having an improvement in vision of three
lines or greater. This can be compared to
a 44 % stabilization and a 2% three-line
improvement after PDT treatment alone.
Figure10.1 shows an example of a fundus
before and 3 months after combined treat-
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Fig.10.1 A, B. Fundus photographs before (A) and after (B) combined treatment with PDT and an anti-
VEGF aptamer (printed with permission from Eyetech Pharmaceuticals)

ment with Macugen and PDT. Of particular
interest, no significant side effects were
observed in these clinical trials.

In December 2004, two concurrent,
prospective, randomized, double-blind,
multicenter, dose-ranging, controlled phase
II/I1I trials with a total of 1186 patients were
published [36]. In these trials patients were
treated with 3 different doses of Pegabtanib
(0.3 mg, 1.0 mg, 3.0 mg) or sham treatment
delivered every 6 weeks over a period of
48 weeks (9 injections). Three angiograph-
ic subtypes of lesions were included: pre-
dominantly classic, minimally classic, and
purely occult. Last follow up was 54 weeks
after study entry. Efficacy was demonstrat-
ed for all 3 doses of Pegaptanib and for all
CNV lesion types. The proportion of pa-
tients losing fewer than 3 lines of visual
acuity (15 ETDRS letters) was 70% in the
0.3 mg group, 71% in the 1.0 mg group,
65% in the 3.0 mg group, but only 55%
in the placebo group. All three doses of
Pegaptanib differed significantly from the
sham injection. 33 % of patients receiving
0.3 mg Pegaptanib maintained or gained
vision compared to 23% in the placebo
group (P=0.003). Reported side effects
were mainly attributed to the injection

procedure and included endophthalmitis
(1.3%), retinal detachment (0.6%) and
traumatic cataract (0.7 %) [36, 22]. The
results of these trials lead to the FDA
approval of Macugen™ on December 19,
2004.

Initial experiments with ranibizumab
(Lucentis), formerly termed RhuFab Va2,
in an experimental primate model have
shown an inhibition of CNV formation and
CNV associated hyperpermeability [60]. In
a phase I/II clinical trial 64 patients with
predominantly classic or minimally classic
exudative AMD received intravitreal injec-
tions of ranibizumab every 4 weeks. After
98 days, 32 % and 21% of patients treated
with 300pg and 500 pg respectively but
none of the control group patients gained 3
or more lines in ETDRS visual acuity [44,
45]. For those 40 patients in the treatment
group who completed the study through
day 210 this positive trend continued with
an overall of 98 % of patients demonstrat-
ing at least stabilized vision (change in
ETDRS visual acuity of less than 15 letters)
and 45 % gaining 3 or more lines. The most
fequently encountered side effect of treat-
ment in this study was a mild temporary
inflammatory reaction.
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Results form a phase III study and a
study combining Lucentis and PDT are cur-
rently pending.

10.3.2
Pigment Epithelium Derived Factor

The recently discovered cytokine pigment
epithelium derived factor (PEDF) has
shown antiangiogenic properties in a mod-
el of retinopathy of prematurity as well as
in an animal model of laser induced CNV
[105,80,74,75].As described above, the con-
centrations of this molecule are reduced
both in patients with CNV [46] and in ani-
mal models of laser induced CNV [86].
Based on this, it was assumed that PEDF
could be used to tackle choroidal neovascu-
larization in humans. Genvec has applied to
FDA for a phase I clinical study of an in-
travitreal injected adenovirus containing a
PEDF gene construct [85].

10.3.3
Matrix Metalloproteinase Inhibitors

In the molecular cascade of angiogenesis
the invasion and migration of endothelial
cells through the extracellular matrix plays
an important role. This process is depend-
ent upon so-called matrix metallopro-
teinases (MMPs) and is modulated through
tissue inhibitors of metalloproteinases
(TIMPs). Numerous MMPs have been de-
tected in CNV membranes of patients with
AMD [42, 104]. Prinonmastat is an orally
ingested inhibitor of MMPs and has shown
antiangiogenic efficacy in pre-clinical
studies [95]. However, this substance
showed no efficacy in a phase II study in
AMD patients. A second substance derived
from shark cartilage, termed Neovastat, is
also a potential MMP inhibitor possessing
antiangiogenic properties and is currently
being tested in a phase II study.

10.3.4
Steroids

The broad anti-inflammatory properties of
steroids are considered to translate into an-
tiangiogenic activity. So-called angiostatic
steroids, which have angiostatic activity in-
dependent of their glucocorticoid action,
have existed for some time [17].

Anecortave acetate (Retaane®) has been
shown to possess significant antiangiogenic
activity in multiple models of neovascular-
ization, potentially through upregulation of
plasminogen activator inhibitor [7,16, 67, 68,
78, 81, 84]. Interestingly, mice deficient in
plasminogen activator inhibitor have a de-
creased incidence of laser induced CNV [61].
Additionally, anecortave acetate was found
to significantly repress angiogenesis in a
model of retinopathy of prematurity while
not significantly affecting normal retinal
vasculature [81]. This steroid compound,
designed to be devoid of conventional hor-
monal activity, has the potentially desirable
property of blocking new vessel formation
without increasing intraocular pressure or
accelerating cataract formation. The sub-
stance is applied juxtasclerally with the aid
of a curved cannula. Recent findings have
shown that anecortave acetate is significant-
ly better at preserving vision and inhibiting
lesion growth than placebo [97 21]. In this
study, 84 % of patients with predominately
classic lesions maintained vision within
three lines after subtenon injections, com-
pared to 50 % of those receiving placebo. In-
terestingly, the efficacy was better using
15mg than 30mg of the drug. It should be
noted, however, that only 48 % of patients
completed the study while the other 52%
dropped out, many because PDT became
available during the course of the study. Cur-
rently, Phase III trials are being launched in
the United States and Europe to study the ef-
fects of this drug as compared to placebo or
PDT treatment with Visudyne [98].
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Preliminary results of another glucocor-
ticoid, triamcinolone acetonide, are contro-
versial. Initial studies have shown an in-
hibitory effect of angiogenesis in a mouse
model of retinopathy of prematurity and
laser induced CNV model of the rat [15,
101]. A randomized clinical study with 139
patients receiving a single 4-mg intravitre-
al injection of this agent has shown only
a slight beneficial effect on CNV size at
3months [35]. Additionally, two smaller
studies showed promising results in the ini-
tial follow-up period after a single injection
at the same concentration [72,88].In a pilot
study on 26 patients with CNV secondary
to AMD Spaide et al. used a combination of
intravitreal injection of triamcinolone
andPDT/verteprofin and found a beneficial
effect both on the number of PDT retreat-
ments and the visual outcomes [100].

Jonas and colleagues have used an in-
creased dose of 25mg delivered by repeat
intravitreal injection. A recent report by this
group of 71 eyes from 67 patients with pre-
dominantly or total occult CNV has shown
a statistically significant but small im-
provement in visual acuity from o0.16+0.11
to 0.23 t0.17 at a mean follow-up of 7.46
+3.54 months [52]. Furthermore, this group
reported that 66.2 % of their patients gained
and 15.5 % lost visual acuity after injection.
These higher doses of triamcinolone in
AMD patients have not, to date, been tested
in a randomized clinical study. It is also un-
clear as to which dosage should be used for
optimal treatment. Furthermore, it might
prove beneficial to combine intravitreal tri-
amcinolone treatment with PDT, an ap-
proach which is currently under intensive
investigation. More detailed information on
the use and the current knowledge on tri-
amcinolone are given in Chap. 9.

10.3.5
Low-Dose Chemotherapy

Results of recent experimental studies have
suggested that frequent administration of
certain cytotoxic agents at low doses in-
creases the antiangiogenic activity of these
drugs [34]. Daily low doses of chemothera-
peutic agents might be effective in prevent-
ing CNV in high-risk fellow eyes of AMD
patients or in treating patients with neo-
vascular disease. With substantial experi-
ence in other areas such as rheumatology,
low-dose chemotherapeutics have been
found to have minimal side effects.

Methotrexate is a substance that com-
bines anti-inflammatory and antiangio-
genic properties, which makes it a potential
therapy option for exudative AMD. An on-
going clinical trial is addressing the safety
and efficacy of intravitreal injections of
methotrexate (MTX) in patients with neo-
vascular AMD [56].

10.3.6
Others

Despite preliminary findings showing effi-
cacy of interferon-a2a in experimental and
preclinical studies [13, 23, 25, 32, 63, 70, 83,
96], a large randomized trial showed no
beneficial effect of this agent [82]. Patients
receiving 6 million IE of this molecule were
even shown to have a more rapid loss of
vision than those receiving placebo.
Thalidomide has been shown to inhibit
angiogenesis in experimental assays [20,
57]. However, a clinical trial of thalidomide
was hampered by a high dropout rate due
to side effects including peripheral neu-
ropathy [65]. Most importantly, no angio-
genic effects were seen in a small group of
patients who tolerated the therapy.
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Fig.10.2. Potential methods of drug delivery
locally to achieve therapeutic concentrations in
the target area and to avoid systemic side effects

Summary for the Clinician

¢ In the emerging field of antiangiogenic
and antihyperpermeability therapy for
neovascular AMD, several substances
are now subject to ongoing clinical
trials, whereby efficacy has already
been shown for the VEGF-inhibitor
Pegabtanib (Macugen®)

¢ Intravitreal or parabulbar delivery is
particularly attractive for such sub-
stances to achieve therapeutic levels
in the target area and to avoid systemic
side effects

¢ Steroids have shown promising results
after both intravitreal and parabulbar
delivery

¢ Antiangiogenic drugs or steroids may
be applicable in combination with
other therapies like PDT or surgical
intervention to enhance the therapeutic
effect on neovascular AMD

104
Other Pharmacological Approaches

10.4.1
Statins

Statins represent a class of lipid-lowering
medications that inhibit 3-hydroxy-3-
methylglutaryl coenzyme A (HMG CoA)
reductase, which is the rate-limiting en-
zyme in cholesterol synthesis. Statins have
been shown to reduce cardiovascular mor-
tality, prevent progression of coronary ath-
erosclerosis, and reduce the risk of stroke,
diabetes, and dementia, perhaps by a direct
antiatherosclerotic effect [114]. They also
display an anti-inflammatory effect by in-
hibiting the activation of transcription
factors such as Rho and nuclear factor kB
(NF-xB), both of which mediate inflamma-
tion. This leads to a reduction of cytokine
release from inflammatory cells, and a
shorter macrophage survival [10, 112].
Statins can increase endothelial nitric
oxide synthase, reduce apoptosis of en-
dothelial cells, and have antioxidant prop-
erties [10, 112].

It has been speculated that statins may
lower the risk of CNV due to their lipid-
lowering effect for two reasons: (1) studies
have shown an association between serum
cholesterol and CNV [108], and (2) choles-
terol accumulates with age in Bruch’s mem-
brane and drusen [19]. Statins might also
have an effect on CNV growth due to their
anti-inflammatory and antioxidant proper-
ties.

In a cross-sectional study with 379 par-
ticipants, AMD was evaluated by stereo-
scopic fundus photos, and the history of
cardiovascular disease as well as use of
drugs was recorded. AMD was less common
among participants who took statins [39].

In a retrospective study on 226 veterans
aged 60 years or older, the presence of CNV
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or dry AMD as determined by fluorescein
angiography was correlated with possible
risk factors such as age, gender, ethnicity,
and smoking status, the presence of cardio-
vascular diseases, serum lipid levels, and
the use of statins and/or aspirin. The au-
thors concluded that patients with CNV
were less likely to take statins, and the me-
dian time to CNV was about 8 years earlier
for patients not taking statins [114]. The
study population, however, underrepre-
sented women and non-white subjects, an
equal follow-up was missing, and the use of
vitamins was not documented. Thus, the
use of statins in the prevention or treat-
ment of AMD cannot be recommended at
this point.

10.4.2
Aspirin

It has been speculated that aspirin (acety-
lated salicylic acid) may have a therapeutic
effect on AMD for the following reasons: (1)
It is known to decrease platelet aggrega-
tion, and modifies the properties of en-
dothelial cells [114]. Experimental studies
have shown that blood flow in the choroid
is impaired in patients with AMD [64].
Although controversial, a variety of epi-
demiologic studies also found an increased
risk for AMD in patients with cardiovascu-
lar disorders, elevated blood pressure, or
elevated lipid levels [14, 38, 114]. (2) Aspirin
inhibits the activity of cyclooxygenase
(COX) and therefore reduces the formation
of prostaglandin, a proinflammatory agent
[113].

In a retrospective study on 226 veterans
(see above), patients with CNV were less
likely to use aspirin than patients with dry
AMD [114]. A randomized prospective trial
to determine the relationship between as-
pirin intake and the development of AMD
was conducted among 21,216 US physicians

[14]. The follow-up was planned to be
7 years; however, the study had to be termi-
nated after 60.2 months due to a statistical-
ly extremely reduced risk of myocardial in-
farction in the aspirin group. In that 5-year
period men assigned to aspirin instead of
placebo had a statistically non-significant
23% reduced risk of AMD development.
Similar results were obtained for the risk of
AMD with reduced visual acuity to 20/30
[14]. Both studies, however, investigated
subpopulations; thus, results may not be
generalized, and further long-term studies
are necessary to determine a protective
effect of aspirin.

10.4.3
Dorzolamide

Ocular perfusion abnormalities in AMD
have been demonstrated by several studies
[79,64],and are regarded as one of the pos-
sible changes that might be responsible for
the development of AMD. Local adminis-
tration of dorzolamide has been shown to
increase macular and superficial optic
nerve head capillary transit velocities [42].
In a recent pilot study 36 patients with non-
exudative AMD were randomly assigned to
topical dorzolamide or placebo treatment.
Four months after the onset of treatment,
patients with dorzolamide showed a signif-
icantly increased rapidity of choroidal fill-
ing in the superior and inferior peripapillar
region as compared to the placebo group
[43]. Extended studies are currently under
way.

10.4.4
Cyclooxygenase Inhibitors

Endothelial cell proliferation and differen-
tiation represent the beginning of the neo-
vascularization cascade, and are crucial
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in the development of neovascular AMD.
In an experimental study the effect of
steroidal and non-steroidal cyclooxygenase
inhibitors with varied COX-1/COX-2 selec-
tivity was tested for inhibition of VEGF-in-
duced bovine retinal microvascular endo-
thelial cell proliferatin (BRMEC) and tube
formation. The test compounds were:
deaminated derivate of nepafenac, celeco-
xib, rofecoxib, diclofenac salt, ketorolac tro-
methamine salt, NS398, SC560, and dexam-
ethasone. PKC inhibitor LY333531 and
anecortave served as positive controls. All
tested substances except dexamethasone
demonstrated inhibition of VEGF-induced
BRMEC proliferation, with nepafenac,
anecortave, and celecoxib being the most
potent. All test substances also showed in-
hibition of tube formation [115].
Cyclooxygenase (COX) is an enzyme
that catalyses the formation of prosta-
glandins, which cause inflammation,
swelling, pain, and fever. As inflammation
is one of the possible molecular cascades in
AMD, COX inhibitors might be of thera-
peutic value. Also, they might reduce the
inflammatory response to PDT. A clinical
trial is currently under way using 400 mg
celecoxib or placebo over a period of
8 months starting 1 week prior to PDT [18].

10.4.5
Genistein

Genistein, an isoflavonoid, is a naturally
occurring tyrosine kinase inhibitor that is
found in soya beans. Along with its tyrosine
kinase inhibitory properties, genistein has
a variety of other biological activities in-
cluding inhibition of angiogenesis, DNA
synthesis, and cell cycle arrest in the S
phase [66]. It has been reported to act as an
antioxidant [76], and its anti-inflammatory
potentials are demonstrated by the inhibi-
tion of growth-factor-stimulated migration

of inflammatory cells [37]. In a diabetic an-
imal model, oral administration of genis-
tein led to a significant inhibition of retinal
vascular leakage [76]. Cell culture experi-
ments suggest that genistein targets only
proliferative cells, leaving quiescent, non-
dividing cells unaffected [31].

Compared to Europeans, the prevalence
of neovascular AMD among the elderly in
Asia appears rather low. It has been specu-
lated that this may be associated with soya-
intensive food. Genistein supplementation
has been advised and a product containing
genistein and vitamin D and E was put on
the market a few years ago. Larger studies
investigating the effect of supplementation
on AMD have not yet been conducted.

10.4.6
Etaretin

Three studies of this substance with very
similar results already exist [50, 51, 111].
Patients with stages of macular degenera-
tion were treated with intramuscular injec-
tions of phosphates isolated from pork reti-
na. In these studies, ‘successful’ therapy was
defined as an improvement of vision after
an undefined treatment time [111] or as a
stabilizing of vision in at least one eye after
1-9 years [51]. Besides the lack of a control
group, the subjectivity of the examination
methods, and the heterogeneity of the
treatment group, there is also no theoreti-
cal basis for an effect of this therapy in
AMD.

The applied phosphates are supposed to
resemble membrane components of reti-
nal rods. There is, however, no causative
evidence that a defect in photoreceptor
function results in AMD. An important
pathomechanism is not the lack of such
substances but the accumulation of lipoid
substances including phosphates and phos-
pholipids in the retinal pigment epithelium
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and Bruch’s membrane. Proof of the effect
of these substances in AMD is still lack-

ing.

Summary for the Clinician

¢ Substances already on the market for
other indications including statins,
aspirin, dorzolamide, and COX
inhibitors are currently being investi-
gated for efficacy in AMD. Further
prospective randomized long-term
studies are needed before the use of
these substances can be recommended.

10.5
Summary

Based on the results of the ARED study, a
prophylactic treatment with a combination
of vitamin C, vitamin E, -carotene, and
zinc is recommended for patients meeting
the fundoscopic criteria described as cate-
gories 3 and 4 in the study. For all other nu-
tritional supplementation including lutein
or zeaxanthin, which increase macular pig-
ment density, there is as yet no proven effi-
cacy with regard to the prevention of AMD.
However, many new antiangiogenic thera-
pies are currently under investigation in
large multicentre trials and hold exciting
potential for patients with neovascular
AMD. Further insight into the angiogenic
process and its inhibition may lead to more
targets that may be transferred for use in
patients with neovascular AMD.
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