
World of Drug Information

Drug Therapy of Age Related Macular 
Degeneration
Goal: Increase the awareness of age related macular degeneration as a 
common cause of vision loss and understanding of the potential benefi ts and 
risks associated with medications used for treatment.

Learning Objectives
1. Describe the epidemiology, pathophysiology, and health consequences of age related macular 

degeneration.
2. Identify the administration method and dosing schedule for medications used in the treatment 

of age related macular degeneration. 
3. Explain the mechanism of action of the vascular endothelial growth factor antagonist drugs 

in the treatment of age-related macular degeneration.
4. Characterize the evidence available for drug therapies which have been studied for the 

treatment of age-related macular degeneration.
5. Describe the quantitative measures of benefi t, and risks associated with drug therapies for 

age related macular degeneration.

Introduction
Age-related macular degeneration (ARMD) is the leading cause of blindness in people over  55 years old in 

developed countries.1  ARMD is a degenerative disorder of the retina causing a loss of central vision, which can 
severely limit the ability to perform daily tasks such as reading, walking, driving and recognizing faces.2  The 
vision loss and subsequent limitations in daily activities causes depression in one-third of patients with ARMD.3  
The prevalence of ARMD is 30% in patients 75 years and older, and 7% have the advanced form.4 It is estimated 
that 8 million people in the United States are at risk for developing ARMD in the next 5 years and 1.75 million 
currently have the advanced form of ARMD.4-6  
Pathogenesis

The inside of the eye consists of three primary layers of tissue that are crucial to normal vision.  The in-
nermost layer, the neurosensory retina, receives light that enters the eye.  The retinal pigment epithelium (RPE), 
which lies beneath the photoreceptor cells of the retina, provides metabolic support and removes cellular debris.  
The third layer is the choroidal, which is a network of blood vessels that supplies oxygen and nutrients to the RPE 
and photoreceptor cells.5  

The central part of the retina, the macula, has the greatest concentration of photoreceptor cells, which provide 
high-resolution visual acuity, color vision and central vision.  During the early stages of ARMD, acellular debris, 
or drusen, accumulate within the basement membrane of the RPE and appear as yellow spots on the macula.  
Small drusen often appear on the macula as part of the normal aging process, but, if the drusen are intermediate in 
size or numerous, it is indicative of early ARMD7.  Patients with early ARMD may also have RPE abnormalities 
such as hypopigmentation or hyperpigmentation.  Patients with the intermediate form of ARMD have at least one 
large drusen (≥ 125 microns), multiple intermediate drusen or geographic atrophy of sections of RPE not involv-
ing the center of the fovea (middle of the macula).2  The geographic atrophy causes the macula to lose function;  
this most commonly presents as blurred central vision that worsens slowly and is called dry ARMD.8  Ten percent 
of cases continue to the advanced form.  The most common cause of advanced ARMD is choroidal neovascular-
ization (CNV), or wet ARMD.8  The CNV cause more damage by leaking blood and/or serum which can lead to 
localized retinal detachment and scarring underneath the retina.9  Although the wet form is not as common the 
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dry form, it accounts for the majority of vision loss in patients with 
ARMD.10  The visual prognosis for patients with dry ARMD is often 
slow and insidious11 and is responsible for 20% of legal blindness (vi-
sual acuity < 20/200 uncorrected).12  Wet ARMD may result in rapid 
loss of central vision and progression to visual acuity of < 20/200.8

Evaluation and Classifi cation
The Amsler grid is used to detect subtle visual changes and for 

patient self-monitoring with early and intermediate forms of ARMD.  
The Amsler grid consists of graph paper with a dot in the middle.  The 
patient focuses on the dot with one eye at a time, and, if any lines 
appear wavy or missing, the patient should see a physician as soon as 
possible for further testing.2  Increased problems reading in low light-
ing may also indicate progression of ARMD.2  Other symptoms which 
indicate worsening of ARMD include blurring of faces, diffi culty 
seeing colors, dark or empty spaces in the center of vision, diffi -
culty reading road signs, and diffi culty seeing at a distance or during 
twilight hours.  Any of these effects require prompt evaluation by an 
ophthalmologist, preferably a retina specialist.  

Fluorescein angiography is indicated in ARMD patients when  
the patient complains of unexplained blurred vision and/or clinical 
examination shows elevation of the RPE or retina, subretinal blood, 
hard exudates or subretinal fi brosis.8  Fundus photographs are typi-
cally obtained when angiography is performed to detect and evaluate 
serous detachments of the retina or RPE, determining the etiology of 
blocked fl uorescence or late leakage of undetermined source.8  Stereo 
biomicroscopic examination of the macula and visual acuity measure-
ment are also part of the standard evaluation.

Age-related macular degeneration with CNV may be subcatego-
rized based upon the appearance of the lesions on fl uorescein angi-
ography.  The lesions are considered to be either classic or occult.  In 
classic lesions, the membranes are clearly delineated, well demarcated 
and leak fl uorescein uniformly.  Occult lesions are indistinct, hidden,  
poorly demarcated, and the fl uorescein leakage is patchy.  Patients 
may also have lesions with characteristics of both classic and occult 
CNV.  Individual patients may be described as having classic with no 
occult CNV, predominately classic (the area of classic CNV makes up 
at least 50% of the entire lesion), minimally classic (the area of clas-
sic is less than 50% but greater than 0%), and occult with no classic 
CNV.8  The location of CNV is also important and is categorized as 
extrafoveal (≥ 200 microns from the foveal center), juxtafoveal (be-
tween 1 and 199 microns from the foveal center) and subfoveal (under 
the foveal center).  The angiographic subtypes of wet ARMD may be 
used in therapy selection decisions.  
Risk Factors

The pathophysiology of ARMD remains poorly understood; 
however the main risk factor is increasing age.  Other known risk factors 
are white race, heredity and cigarette smoking.  13, 14  Numerous studies 
have found cigarette smoking consistently is a major risk factor.  Smok-
ing doubles the risk of ARMD; this risk appears to be dose related.15  A 
number of case-controlled and population controlled studies have shown 
mixed fi ndings regarding an association between ARMD development 
and hypertension, atherosclerosis and other cardiovascular diseases.16-18  
Other risk factors that have been studied are low levels of antioxidants, 
dietary fat, hormonal status, female gender, sunlight exposure and alco-
hol use, but results have been inconsistent.8  

Although the mechanisms for development of ARMD are only par-
tially understood, there is good evidence that vascular endothelial growth 
factor (VEGF) plays a role in the development of neovascularization 
and in causing these vessels to be more permeable or leaky.  In addition, 
recent evidence suggests that gene activity that is associated with ARMD 
and that the complement cascade and infl ammation play a signifi cant 
role in disease development.19  Research is underway to develop gene-
based and other therapies to treat ARMD.  This article will focus on the 
current drug therapy options for the treatment of wet ARMD.

Current Treatment Options for Neo-
vascular ARMD

The current treatment of ARMD presents many challenges.  Cur-
rent therapy can slow the progression of ARMD, but it cannot cure it.  
Photocoagulation with thermal laser has been used in the treatment of 
neovascular macular degeneration; however, less than 15% of patients 
are considered candidates for this form of treatment.  Photocoagula-
tion has been shown to reduce risk of severe visual loss in patients 
with extrafoveal classic CNV.  However, recurrence rates of lesions 
are about 50% over the subsequent three years.8  Juxtafoveal or sub-
foveal lesions are currently not generally recommended for treatment 
with photocoagulation because of a small overall treatment benefi t, 
the immediate loss of vision associated with this procedure, and 
higher rates of persistence or recurrence of lesions.8  Laser photoco-
agulation damages the retina over the treated CNV.
Photodynamic Therapy (PDT)

Verteporfi n (Visudyne®, Novartis) was approved by the FDA in 
2000.  It is used in photodynamic therapy, which involves intravenous 
administration of verteporfi n followed by application of a nonthermal 
laser to the area of the CNV lesion.  Light activation of verteporfi n 
results in local damage of the neovascular endothelium and vessel 
occlusion with little to no damage to the overlying retinal pigmented 
epithelium or photoreceptor cells.  In the United States, Visudyne® is 
FDA indicated for the treatment of predominately classic subfoveal 
CNV due to age-related macular degeneration.  According to the 
product labeling, there is insuffi cient evidence to indicate Visudyne 
for the treatment of predominantly occult subfoveal CNV.20  How-
ever, in Europe, Japan, and Australia, the approved labeling includes 
authorization for treatment of patients with CNV that is entirely of the 
occult form.21  In addition, the American Academy of Ophthalmology 
guidelines mention that photodynamic therapy with verteporfi n may 
be considered for patients with occult CNV with vision < 20/50 or if 
the CNV is < 4 disc areas in size when the vision is > 20/50.8  This 
difference in recommendations is based on differing interpretations 
of the fi ndings of the clinical trials with verteporfi n.  The description 
of the clinical trial results will provide further explanation for these 
recommendations.

The pivotal studies submitted with the new drug application for 
verteporfi n are the Treatment of Age-related Macular Degeneration 
with Photodynamic Therapy (TAP) studies.  The results of the fi rst 
year of follow-up of two identical randomized clinical trials were 
published in 1999.22  Eligible subjects in these two trials had ARMD 
and subfoveal CNV with at least some of the lesion being classic, the 
greatest dimension of the lesion was ≤ 5400 micrometers, their best 
corrected visual acuity was between 20/40 and 20/200, and they were 
≥ 50 years of age.  Subjects were randomized (2:1) to treatment with 
photodynamic therapy using verteporfi n (n = 402) or placebo (n = 
207).  A follow-up exam was performed every 3 months and the sub-
jects were retreated if angiography demonstrated fl uorescein leakage.  

The primary outcome of the study was the proportion of subjects 
who experienced fewer than 15 letters lost on the visual acuity exami-
nation.  A loss of 15 letters, which is equivalent to three lines on the 
chart, is considered a moderate visual acuity loss.  In each group, 94% 
of subjects completed the examination at month 12.  The verteporfi n 
group received an average of 3.4 treatments compared to 3.7 treat-
ments in the placebo group.  At the 12-month examination, 61.2% of 
the verteporfi n treated group had lost fewer than 15 letters on the vi-
sual acuity exam compared to 46.4% of placebo treated subjects (p < 
0.001).  In the active treatment group, 85% of subjects avoided severe 
vision loss (≥ 30 letters) compared to 76% in the control group.  Other 
vision outcomes measured also favored the active treatment, includ-
ing the proportion of subjects with improvement in vision and change 
in contrast sensitivity.  There was less progression of the CNV lesions 
with active treatment and fewer subjects with fl uorescein leakage at 
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12 months compared to placebo.  The advantages of photodynamic 
therapy were evident at the 3-month examination and continued 
throughout the study.22

The differing recommendations for use of verteporfi n in selected 
types of patients are based on a subgroup analysis of the study.  In 
subjects with predominately classic CNV less than 15 letters of vision 
loss was experienced by 67% of the 159 verteporfi n treated subjects, 
compared to 39% of 84 subjects in the control group (p < 0.001).  
However, in the subgroup of subjects with minimally classic CNV, 
there was no signifi cant difference in the proportion with less than 15 
letters of vision loss (55.9% vs. 55.3% in the  verteporfi n and placebo 
groups, respectively).  There was also no benefi t found in treatment 
of subjects with evidence of occult CNV.  The greatest difference in 
response between active treatment and control was found in subjects 
with predominately classic CNV and no occult CNV.22

Adverse events occurring more frequently with verteporfi n 
included visual disturbances, injection site events, infusion-related 
back pain and photosensitivity reactions.22

The 24-month follow-up data from TAP were reported in 2001.23  
Blinded treatment as described in the fi rst TAP report was continued 
for an additional year.  The 24-month examination was completed by 
87% of the verteporfi n treated subjects and 86% of the control group.  
During the second year of the study, the verteporfi n treated subjects 
received an average of 2.2 more treatments, for a total of 5.6 over the 
2 years, and control subjects received an average of 2.8 more treat-
ments, for a total of 6.5.  The primary outcome measurement of less 
than 15 letters of vision loss was obtained in 53% of the verteporfi n 
treated subjects at 24 months compared to 38% in the placebo treated 
group (p < 0.001).  This is a reduction of 8% in both groups compared 
to the 12-month results.  The percentage of subjects avoiding severe 
vision loss (30 letters) at the 24-month visit was 82% vs. 70% for the 
verteporfi n compared to the control group (p < 0.001).  This repre-
sents 3% and 6% fewer than the 12-month results for the verteporfi n 
and placebo groups, respectively.  Subgroup analysis again showed a 
treatment benefi t in the proportion of subjects with less than 15 letters 
of vision loss in those with predominantly classic CNV (59% vs. 31% 
in the verteporfi n and control group, respectively (p <  0.001).  In 
the minimally classic subgroup, these results were 47.5% compared 
to 44.2% for the verteporfi n and placebo groups, respectively (p = 
0.58).  As was observed in the 12-month results, the subjects with no 
evidence of occult CNV showed benefi t of treatment, whereas those 
with some occult CNV did not.  Curiously, the small subgroup of 
subjects with occult but no classic CNV showed a trend for benefi t 
from verteporfi n.24

The subgroup of subjects with occult with no classic CNV was 
further studied in the Verteporfi n in Photodynamic Therapy (VIP) 
trial.24  The protocol in this study was very similar to TAP except 
that the subjects had 1) occult with no classic CNV presumed to 
have recent disease progression (visual or anatomic deterioration 
in the last 3 months or evidence of hemorrhage from CNV) or 2) 
presumed early onset classic CNV based on a visual acuity of 20/40 
or better.  Subjects were randomized to verteporfi n (n = 225) or 
placebo (n = 114).  Occult with no classic CNV was present in 74% 
of the verteporfi n group and 81% of the control.  At the 12-month ex-
amination 51% of the verteporfi n treated subjects had lost at least 15 
letters of visual acuity compared to 54% of placebo treated subjects 
(p =  0.52).  The VIP authors reported the result of visual acuity as the 
percentage of subjects who lost at least 15 letters as opposed to the 
percentage who lost less than 15 letters, which was reported in TAP.  
However, after the 12-month examination, the verteporfi n treated 
subjects were less likely to deteriorate.  At the 24-month examination, 
54% of verteporfi n compared to 67% of placebo treated subjects had 
lost more than 15 letters on visual acuity examination (p = 0.023).  
For severe vision loss (at least 30 letters) at 24 months, the results 
were 30% compared to 47% for verteporfi n and placebo treated 

subjects, respectively (p = 0.001).  Other outcomes measured, contrast 
sensitivity and fl uorescein angiographic changes, favored verteporfi n 
treated subjects at both the 12-month and 24-month assessments.  Con-
sidering that the size of the treatment benefi t in these subjects with oc-
cult and no classic CNV is rather modest, additional subgroup analyses 
were performed to fi nd characteristics more predictive of responsive-
ness to treatment.  These analyses identifi ed more favorable response 
to verteporfi n treatment in subjects with smaller lesions at presentation, 
and those with lower visual acuity at presentation.24  The results of this 
study partially explain the recommendations from the American Acad-
emy of Ophthalmology and the product labeling in Europe and other 
countries outside of the United States as mentioned earlier.

Overall adverse events in the VIP study were similar to the 
results in TAP.  However, a potentially serious adverse event occurred 
in 10 subjects treated with verteporfi n in this study; severe visual acu-
ity decrease, which was defi ned as loss of 20 letters or more occurring 
within 7 days after treatment.  It is currently thought that the inci-
dence of this reaction is between 1% and 4%.  In many cases, visual 
acuity improves within the next 3 months, and some patients return to 
a level of visual acuity that would be considered a therapeutic success 
by the 12- or 24-month follow-up.24  

Additional follow-up exploratory subgroup analyses have 
been published by the TAP study group that also suggest subjects 
with minimally classic CNV are more responsive to treatment with 
verteporfi n when they have smaller lesions or worse visual acuity at 
presentation.25  Further study is necessary to determine if these are 
reliable criteria for selection of patients for treatment with verteporfi n.

The Visudyne in Minimally Classic CNV (VIM) trial evaluated 
the effi cacy of verteporfi n in subjects with ARMD and minimally 
classic CNV.26  Subjects in this study had minimally classic subfoveal 
CNV.  If they had relatively small lesions (defi ned as ≤ 4 MPS disc 
areas), the visual acuity was 20/250 or better, and if they had larger 
lesions (> 4 but ≤ 6 MPS disc areas), the visual acuity was required 
to be between 20/50 and 20/250.  Other protocol characteristics were 
similar to TAP and VIP except that half of the subjects in each group 
were given a reduced fl uence (RF) rate of light resulting in half the 
usual total light dose from standard light fl uence (SF).  Subjects were 
randomized to treatment with verteporfi n (n = 77) or placebo (n = 77).  
Of note, at some point in the course of the study, 17 of the 40 subjects 
assigned to placebo received at least one treatment with verteporfi n 
and light as open-label therapy because of development of predomi-
nately classic CNV in the study eye or fellow eye.  At the 12-month 
examination, 47% of the placebo treated subjects had lost at least 15 
letters of visual acuity compared to 14% treated with verteporfi n and 
RF (p = 0.002 compared to placebo) and 28% treated with verteporfi n 
and SF (p = 0.08 compared to placebo).  At the 24-month examina-
tion, the results were 62% for placebo, 26% for verteporfi n and RF (p 
= 0.003 compared to placebo) and 53% for verteporfi n and SF (p = 
0.45 compared to placebo).  When the RF and SF groups treated with 
verteporfi n were pooled, the combined results were better for verte-
porfi n treated subjects than placebo subjects at both the 12-month 
(p = 0.004) and 24-month (p = 0.03) examinations.  Comparing the 
RF and SF groups treated with verteporfi n resulted in a signifi cant 
difference favoring RF in some, but not all, outcome measurements at 
12 or 24 months.  Adverse events reported in this study were similar 
to previous studies.  The results of this study provide additional evi-
dence that photodynamic therapy with verteporfi n reduces the risk of 
moderate loss of visual acuity in patients with ARMD and minimally 
classic CNV.  The authors also recommend additional study of the 
reduced fl uence light dose.

The TAP study group has reported 3-year27, 4-year28, and 5-year29 
results of open-label follow-up of subjects who agreed to continue 
to participate in that study. Subjects who completed the 24-month 
examination could receive open-label verteporfi n therapy for an ad-
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ditional three years, regardless of which group they were originally 
assigned.  Follow-up visits occurred every three months through 48 
months and then a fi nal visit at 60 months.  Between months 48 and 
60 any examination or treatment was at the discretion of the investi-
gator.  Patients could be treated as often as every three months up to 
month 48 if there was evidence of leakage from the CNV detected 
on fl uorescein angiography.  Of the 402 patients who had originally 
been assigned to treatment with verteporfi n, 320 participated in the 
follow-up.  The average number of treatments received by this group 
was 1.3 in the third year, 0.4 in the fourth year and 0.1 in the fi nal 
year.  The 36-month follow-up was completed by 271 subjects, 237 
subjects completed the 48-month visit, and 193 subjects completed 
the 60-month follow-up.  These follow-up reports indicate that, in 
patients with predominately classic lesions as well as the entire treated 
group as a whole, vision outcomes remain stable for 24 to 60 months.  
Additional treatments did not result in new or increased incidence of 
adverse events, and treatment of both eyes in one visit did not pose 
additional risk.  All the previous studies restricted treatment to one eye 
at a time.  The long-term results need to be viewed with some caution 
because the subjects who did not participate in the follow-up study 
were older, had a poorer level of visual acuity, and were more likely to 
have evidence of fl uorescein leakage from classic CNV or evidence of 
progression of CNV at the 24 month visit.  

Patients who receive verteporfi n should avoid direct sunlight 
or bright indoor light for 5 days after treatment.  Sunscreens are not 
effective for prevention of photosensitivity reactions in patients who 
have received verteporfi n, and protective clothing is required if they 
must go outdoors in daylight during the 5-day post-treatment period.  
After photodynamic therapy with verteporfi n, follow-up by telephone 
is recommended after 2 to 3 days to determine if there has been any 
acute visual loss and to ascertain if any other adverse events have 
occurred.  Repeat examinations, including fl uorescein angiograms, 
should be considered every three months for two years or more.  
Retreatment may be given at those same intervals as indicated, as 
demonstrated in the long-term follow-up reports from TAP.
Vascular Endothelial Growth Factor 
(VEGF) Inhibitors
Pegaptanib

Pegaptanib sodium (Macugen®) was approved in 2004 for the 
treatment of ARMD. 30  Pegaptanib is an oligonucleotide aptamer that 
binds with high affi nity and specifi city to VEGF 165 (vascular endo-
thelial growth factor isoform 165).31  Research indicates that VEGF 
165 is the main ocular stimulus for the development of  CNV in the 
macula.32  The recommended dosage of pegatanib is 0.3 mg given by 
intravitreal injection every 6 weeks. 33  The most common adverse 
events associated with pegaptanib are blurred vision due to vitreous 
fl oaters and opacities, anterior chamber infl ammation, eye pain, punc-
tuate keratitis, corneal edema and eye discharge.34  Serious injection-
related adverse events include endophthalmitis, retinal detachment, 
cataracts and traumatic injury to the eye.31  

The FDA’s approval of pegaptanib for the treatment of ARMD 
was based on two pivotal studies later published by Gragoudas and 
associates.35  The results of a 54-week  pooled analysis of the pivotal 
studies demonstrated the short term effi cacy and safety of pegaptanib 
in ARMD.36  The VEGF Inhibition Study in Ocular Neovasculariza-
tion (V.I.S.I.O.N) consisted of two concurrent, randomized, double-
blind, multi-center dose ranging controlled clinical trials in 1208 
patients with subfoveal sites of CNV with a range of visual acuity of 
20/40 to 20/320 in the study eye and 20/800 or better in the other eye.  
Patients with all angiographic subtypes were included.  Patients were 
excluded if they had prior subfoveal thermal laser therapy, non age-
related CNV, more than one prior PDT treatment or evidence of severe 
cardiac disease within the past 6 months.

Patients were randomly assigned to receive pegaptanib 0.3 mg (n 

=294), pegaptanib 1.0 mg  (n = 300), pegaptanib 3.0 mg (n = 296)  or 
sham (n = 296) administered by intravitreal injection into one eye ev-
ery 6 weeks over 48 weeks.  All patients with classic lesions were al-
lowed PDT therapy at the discretion of the ophthalmologist, who was 
masked to randomization.  The primary effi cacy endpoint was the per-
cent of patients losing less than 15 letters of visual acuity defi ned as 3 
lines on the ETDRS eye charts at 2 meters from baseline to week 54.  
Secondary outcomes included the percentage of patients maintaining 
visual acuity or gaining 5, 10 or 15 letters of visual acuity from base-
line to 54 weeks, mean change in visual acuity at 6, 12 and 54 weeks, 
the percent of patients who lost more than 30 letters, and the percent 
who maintained visual acuity of better than 20/200.  The results of the 
combined analysis after 54 weeks showed a statistically signifi cant 
benefi t of losing fewer than 15 letters of visual acuity for patients as-
signed 0.3 mg pegaptanib (70%, p < 0.001), 1.0 mg pegaptanib (71%, 
p < 0.001), 3 mg pegaptanib (65%, p = 0.03) all compared to sham 
injection (55%).  None of the analyses showed that either 1.0 mg or 
3.0 mg of pegaptanib was more effective than 0.3 mg.  The secondary 
effi cacy endpoints also all favored each dose of pegaptanib compared 
to placebo.  For the currently recommended dose of pegaptanib (0.3 
mg) 33% of subjects maintained vision, 22% gained ≥ 5 letters, 11% 
gained ≥ 10 letters and 6% gained ≥ 15 letters of visual acuity.  The 
results for all doses were similar.  The mean change in visual acuity 
was better for all doses of pegaptanib compared to the sham injection 
for all time points beginning at 6 weeks; however, the trend was still a 
steady decline throughout the study for all groups.  

Pegaptanib showed effi cacy at 6 weeks and increased until week 
54.  There was no evidence that angiographic lesion subtype impacted 
the study results.  Photodynamic therapy was given to 22% of patients 
during the study and did not appear to alter the results of the effi cacy 
of pegaptanib.  The majority of adverse events associated with drug 
therapy were generally mild and transient, and the investigators at-
tributed them to the injection procedure and not the drug.  In both the 
pegaptanib and sham groups, 1% discontinued due to adverse events. 

The long-term effi cacy data for pegaptanib have not been pub-
lished at this time.  The manufacturer’s in-house information for the 2-
year effi cacy study is briefl y mentioned in the current product labeling 
with slightly more information available on their website.37  At week 
54, approximately 1050 of the original subjects from the V.I.S.I.O.N. 
study were re-randomized (1:1) to continue their original pegaptanib 
dose every 6 weeks, or to discontinue treatment but continue follow-
up.  Subjects who had been in the placebo group were randomized in 
equal proportions to one of 5 groups: continue placebo treatment, stop 
treatment, or receive 0.3 mg, 1 mg or 3 mg pegaptanib intravitreal 
injection every 6 weeks.  The primary endpoint at 102 weeks was a 
loss of < 15 letters on visual acuity.  Data are reported only for the 0.3 
mg pegaptanib dose and usual care.  By week 102, 59% of subjects re-
ceiving pegaptanib lost < 15 letters compared to 45% receiving usual 
care (p < 0.05).  These results indicate that pegaptanib was less effec-
tive during the second year compared to the fi rst year.  Patients who 
continued pegaptanib during the second year had less vision loss than 
those who discontinued treatment.37  These data have not undergone a 
peer review publication process.  

D’Amico and associates 38 published the two-year safety data 
from the  V.I.S.I.O.N. group.  During the second year, subjects origi-
nally assigned to pegaptanib were re-randomized (1:1) to continue 
their original treatment or discontinue therapy.  Subjects who had been 
in the placebo group were randomized in equal proportions to one of 5 
groups: continue placebo treatment (n= 51), stop treatment, or receive 
0.3 mg (n = 128), 1mg (n = 126) or 3 mg (n = 120) pegaptanib intra-
vitreal injection every 6 weeks.  During the fi rst year of study, 7545 
injections were given, and, during the second year, 2663 were given.  
The most common side effects were generally mild to moderate, 
transient and did not appear to be dose dependent.  After 54 weeks, the 
adverse effects occurring more frequently in the pegaptanib 0.3 mg 
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group compared to the sham group were eye pain (33% vs. 28%), vit-
reous fl oaters (30% vs. 8%), punctate keratitis (33% vs. 27%), vitre-
ous opacities (18% vs. 10%), and increased intraocular pressure (14% 
vs. 3%).  The increase in intraocular pressure was temporary.  At 54 
weeks, the serious complications were 12 cases of endophthalmitis 
(0.16% per injection), six cases of retinal detachment (0.08% per 
injection), and fi ve cases of traumatic cataract (0.07% per injection).  
No evidence of systemic toxicity was reported, and cardiac disorders 
occurred in 5% of the sham injection subjects compared to 3% in 
the active treatment groups.  There was no difference in the rate of 
hypertension, thromboembolic events or serious hemorrhagic events 
between active treatment and control.  After 104 weeks, there was no 
change in the safety profi le.  There were four cases of endophthalmi-
tis (0.10% per injection), one case of traumatic cataract, and seven 
cases of retinal detachment (0.17% per injection).  The investigators 
attributed the most serious adverse events to the intravitreal injection 
preparation and procedure and not the study drug.  Many of the cases 
of endophthalmitis were attributed to improper procedures.
Ranibizumab

On June 30, 2006, the FDA approved ranibizumab (Lucentis®, 
Genentech) 0.5 mg intravitreal injection once a month for treatment 
of patients with ARMD.39  Ranibizumab is a recombinant human-
ized monoclonal antibody Fab fragment which binds to VEGF and 
inhibits its biologic activity.32  The recommended dosage is 0.5 mg 
by intravitreal injection every 4 weeks.39  The most common adverse 
events associated with ranibizumab are conjunctival hemorrhage, iris 
and uveal tract infl ammation, iridocyclitis, iritis, eye pain, blurred vi-
sion due to vitreous fl oaters, retinal hemorrhage, increased intraocular 
pressure, and vitreous detachment.40  Injection-related serious adverse 
events that have occurred are endophthalmitis, retinal detachment, 
and cataract.40

The approval of ranibizumab was based on three pivotal stud-
ies.39  These pivotal trials were all two-year phase III, multi-center, 
randomized, double blind studies that compared the effi cacy and 
safety of monthly intravitreal injections of ranibizumab 0.3 mg or 0.5 
mg to sham injection or PDT.  At press time, these studies were not 
available in a peer-reviewed publication, and the results for the 0.3 
mg dose have not been provided. 

MARINA41 (Minimally classic/occult trial of the Antivascular 
Ranibizumab In treatment of Neovascular ARMD) compared the 
effi cacy and safety of monthly intravitreal injections of ranibizumab 
0.3 mg (n = 240) or 0.5 mg (n = 240) compared to sham injection (n 
= 238).  The primary effi cacy endpoint was the loss of < 15 letters 
on the visual acuity test.  At 12 months, this was achieved by 95% 
of subjects treated with ranibizumab 0.5mg and by 62% in the sham 
injection group.  The results at 24 months were 90% and 53%, respec-
tively.  Both of these results were statistically signifi cant.  The results 
for the 0.3 mg dose were not provided.  A remarkable result of this 
trial was that at month 12, 34% of the ranibizumab treated subjects 
had achieved a gain of at least 15 letters, and by 24 months this gain 
was achieved by 33%.  In the sham injection subgroup, the gain of 15 
letters was achieved in 5% and 4% at 12 and 24 months (p < 0.0001).  
In addition there was a mean positive change of 7.2 letters at 12 
months and 6.6 letters at 24 months in the ranibizumab 0.5 mg treated 
group.  The sham group lost a mean of 10.5 letters and 14.9 letters at 
12 and 24 months (p < 0.001).  The improvement in vision with ra-
nibizumab occurred within the fi rst month and was maintained for the 
24-month period.  Severe visual loss (30 letters or more) at 24 months 
was also less frequent with ranibizumab; (3% compared to 23% with 
sham injection, p < 0.0001).  The most common adverse events in the 
ranibizumab group were conjunctival hemorrhage, vitreous fl oaters, 
and increased intraocular pressure.  The rate of serious adverse events 
at 24 months was < 2%.

The ANCHOR39 study was the second pivotal study includ-
ing 423 patients with predominantly classic ARMD and compared 

monthly 0.3 mg (n =140), or 0.5 mg (n = 140) intravitreal injections 
of ranibizumab with verteporfi n PDT (n = 143.  The primary outcome 
at 12 months showed a loss of < 15 letters in visual acuity in 64% 
of subjects treated with PDT compared to 96% for ranibizumab 0.5 
mg (p < 0.0001).  The secondary outcome for gain of ≥ 15 letters in 
visual acuity was 6% and 40% for the PDT and ranibizumab groups, 
respectively (p < 0.0001).  Once again, the mean change in visual 
acuity with ranibizumab was positive with a gain of 11.3 letters 
compared to a loss of 9.5 letters for PDT (p < 0.0001).  Both groups 
had similar adverse events; the most frequently occurring were con-
junctival hemorrhage, eye pain, increased IOP and vitreous fl oaters.  
The overall rate of reported intraocular infl ammation adverse events 
was 15% in 0.5 mg group compared to 2.8% in the PDT group.  This 
study is ongoing with subjects in the PDT group being offered ranibi-
zumab for the remainder of the trial.

The fi nal pivotal trial was the PIER39 trial in 184 patients with 
neovascular ARMD with or without a classic component in the CNV.  
Subjects were randomized to intravitreal injections of ranibizumab 
0.3 mg (n = 60), ranibizumab 0.5 mg (n = 61) or sham (n = 63) 
once a month for 3 months and then once every 3 months for 24 
months.  The 2-year data are not yet available.  After 1 year, 90% of 
ranibizumab patients had lost fewer than 15 letters in visual acu-
ity compared with 49% in the sham group (p ≤ 0.0001).  With the 
less frequent dosing, after 3 months, the secondary outcomes of this 
trial were not as favorable as the previous studies mentioned.  At 12 
months, only 13% of ranibizumab treated subjects gained at least 
15 letters of visual acuity compared to 10% in the sham group (not 
statistically signifi cant).  The change in mean visual acuity was -0.2 
letters in the ranibizumab treated group compared to -16.3 in sham 
treated subjects (p < 0.0001).  The adverse events were similar to the 
other studies.  There were no reported cases of endophthalmitis or se-
rious intraocular infl ammation related to the study drug.  In all three 
pivotal trials for ranibizumab, the data looks promising, but these 
are relatively short-term effi cacy and safety data in a limited sample 
population.  Furthermore, in each study, those randomized to sham 
injection or PDT also showed some improvement in the primary and 
secondary outcomes.  

Bevacizumab
A third VEGF inhibitor , bevacizumab (Avastin®, Genentech), 

has also been used in the treatment of neovascular ARMD.  Bevaci-
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An IDIS search retrieved articles relevant to the new drugs and their approved uses. These articles provide a 
selection of key critical studies and reviews.  Additional information on these newly approved drugs will be avail-
able in the FDA Approval Package (an offi cial United States Food and Drug Administration [FDA] document) that 
is compiled for new drugs following approval.  The FDA Approval Package includes reviews of the pivotal and 
supportive clinical studies conducted during the approval process.  These studies are often not published elsewhere.  
FDA Approval Packages are selectively indexed and included as part of the IDIS database as they become available.  
Use the descriptor 155 FDA APPROVAL PACKAGE in combination with the valid drug term to retrieve these docu-
ments from the IDIS database.
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Therapeutic Potentials:
S = Standard Review, the drug appears to have therapeutic qualities similar to those of one or more already marketed drugs
AA= Accelerated Approval
FT=Fast Track
P = Priority Review, signifi cant improvement compared to marketed products, in the treatment, diagnosis, or prevention of a disease
BIOL= Biological
O = Orphan drug

Generic Name
Trade Name
(FDA Therapeutic
Classifi cation)

Sponsor
(Approval Date)

Valid IDIS Drug Term
Drug Number
(IDIS Citations)

Indication/Use
Dosage Form

Valid IDIS Disease Term
Modifi ed ICD-9-CM Number

Darunavir
Prezista
(AA)

Tibotec, Inc.
(June 23, 2006)

DARUNAVIR
8180853
(4 citations)  

Human immunodefi ciency 
virus (HIV)
Oral Tablet

SYN-ACQ IMMUNE DEFI-
CIENCY
042.

Dasatinib
Sprycel
(OAA)

Bristol Myers 
Squibb
(June 28, 2006)

DASATINIB
10120854
(1 citation)

Chronic myeloid leukemia
Oral

LEUKEMIA, MYELOID, 
CHRONIC
205.1

Idursulfase
Elaprase
(FT)

Human Genetics 
Thera.
(July 24, 2006)

IDURSULFASE
44000028
(0 citations) No published human 
studies have been found for entry 
into the IDIS database.

Hunter syndrome
Injection

MUCOPOLYSACCHARI-
DOSIS
277.5

Ranibizumab
Lucentis
(BIOL)

Genentech
(June 30, 2006)

RANIBIZUMAB
14000508
(6 citations)

Wet age-related macular 
degeneration
Injection

DEGENERATION, MACU-
LA/POLE
362.5

Varenicline Tartrate
Chantix
(S)

Pfi zer
(May 10, 2006)

VARENICLINE
92000239
(3 citations)

Smoking cessation
Oral Tablet

DEPEND/ABUSE, TO-
BACCO
305.1
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Darunavir
Young B, Markowitz M. Do new protease inhibitors offer improved clinical effectiveness? Issues of PI potency and effi cacy.  
JAIDS J Acquir Immune Defi c Sy. 2004; 35:S3-S12. (IDIS Article Number 517441)
This is one of 4 review articles in a supplement devoted to the new protease inhibitors. This review discusses the effi cacy of each 
the new protease inhibitors, including darunavir, which is listed under its laboratory name, TMC-114. The authors present in-
formation from a Phase II randomized study of 50 HIV patients who were experiencing PI (protease inhibitor) treatment failure. 
Darunavir, at 3 different dosages, plus ritonavir was substituted for the failing PI, and the result was that 97% of patients had a 
minimum of 0.5 log10 reduction in viral RNA from base line.

Dasatinib
Haslam S. Dasatinib: The emerging evidence of its potential in the treatment of chronic myeloid leukemia. Core Evidence. 
2005;1:1-12. (IDIS Article Number 554151)
Safety, tolerability and response data from Phase I clinical trials are presented in this review. These trials found that dasatinib 
(Sprycel) was well tolerated and was frequently able to overcome imatinib resistance in patients with chronic myeloid leukemia.

Ranibizumab
Heier JS, Antoszyk AN, Pavan PR, Leff SR, et al. Ranibizumab for treatment of neovascular age-related macular degeneration: A 
Phase I/II multicenter, controlled, multidose trial. Ophthalmology. 2006; 113:633-642. (IDIS Article Number 553629
From a total of 64 patients, 53 were randomized to 3 months of intravitreal injections of ranibizumab at doses of 4 injections of 
0.3 mg or 1 injection of 0.3 mg and then 3 injections of 0.5 mg, and 11patients were randomized to usual care. After 4 injections 
of the study drug, visual acuity(VA) increased 9.4 +/- 13.3(p=0.0048) and 9.1 +/- 17.2 (p=0.0024) letters in the 0.3 mg and 0.5 
mg groups respectively, while VA in the usual care group decreased 5.1 +/- 9.6 letters. Investigators concluded that ranibizumab 
was safe and effective, resulting in improved visual acuity as compared with usual care, and also decreased leakage from choroi-
dal neovascularization.

Varenicline
Foulds J. The neurobiological basis for partial agonist treatment of nicotine dependence: Varenicline. Int J Clin Pract. 2006; 60: 
571-576. (IDIS Article Number 555045)
This review includes information on the neurobiology of nicotine dependence and presents several drug therapies for smoking 
cessation, including varenicline. The mechanism of action for varenicline is explained, and data from Phase II and Phase III 
randomized trials gives information on dosing, safety and effi cacy, as well as some pharmacokinetics.

Attention IDIS Database Subscribers

The 2007 subscription renewal materials for the IDIS Database were 
mailed to you in September. Please contact our offi ce if you have not 
received the mailing or would like to make any changes to your current 
confi guration; we can fax or e-mail the materials to you directly. To 
avoid any interruption in your service we should receive your subscrip-
tion renewal order in our offi ce by December 29th, 2006.  Thank you 
in advance for your prompt attention to your subscription renewal and 
your continued support of the Iowa Drug Information Service.
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zumab intravenous injection has been approved for use in the treat-
ment of metastatic carcinoma of the colon or rectum.  It is currently 
in phase III trials for several other types of cancer, but there is not a 
formal manufacturer sponsored trial for this drug in the treatment of 
ARMD.  In fact, Genentech has actively recommended against this use 
of their product.  Genentech specifi cally developed ranibizumab for 
this indication instead of bevacizumab.  Bevacizumab is a full-sized 
monoclonal IgG antibody, and ranibizumab is an antibody fragment 
engineered to have a high affi nity for VEGF and to penetrate the retina 
better.  However, during the time that ranibizumab was still in clinical 
trials, bevacizumab was already on the market.  Even though it was 
not marketed in a dosage form intended for intravitreal injection, oph-
thalmologists began to use it.  Anecdotal experience with bevacizumab 
by intravitreal injection for ARMD has been very positive initially. 

Four short-term retrospective case series have been published.  
The largest one included 266 consecutive patients.42  Patients with 
ARMD and CNV were treated with intravitreal injection of bevaci-
zumab 1.25 mg during a 3-month period.  The baseline mean visual 
acuity was 20/184, and that improved to 20/137 at one month, to 
20/122 at two months, and to 20/109 at three months.  The mean 
central macular thickness also decreased during the three months of 
follow-up.  Two patients had mild vitritis at one month, and an addi-
tional patient had mild vitritis at two months.  There were no cases of 
endophthalmitis, retinal tear or retinal detachment.42  

Another retrospective case series reported the results of treat-
ment of ARMD and CNV with intravitreal bevacizumab 1.25 mg in 
81 eyes of 79 patients.43  In this series, patients could receive monthly 
injections until macular edema, subretinal fl uid and/or retinal pig-
ment epithelial detachment resolved.  Follow-up ranged from four 
to 15 weeks.  By week eight, approximately half of the patients had 
complete resolution of retinal thickening, subretinal fl uid and retinal 
pigment epithelial detachment.  Median visual acuity improved from 
20/200 to 20/80 at eight weeks.  No cases of uveitis, endophthalmitis, 
ocular toxicity or thromboembolic events occurred.  Three-fourths of 
the subjects in this series had received previous therapy with photody-
namic therapy and/or pegaptanib.43

The third published case series involved 53 eyes in 50 patients,44 
and a fourth included 17 patients.45  Both reports followed patients for 
three months, the anatomic and visual improvements in these reports 
were essentially the same as the fi rst two.  Rosenfeld46 has published 
a thoughtful editorial of issues to address when considering the use of 
intravitreal bavacizumab.

Conclusion
Before the approval of verteporfi n, there was little to offer 

patients with advanced ARMD.  Photocoagulation therapy is useful 
for a small percentage of patients and even then offers only modest 
therapeutic benefi ts compared to the risks.  Photodynamic therapy 
with verteporfi n expands the eligible population that may benefi t from 
treatment compared to photocoagulation.  However, even though 
photodynamic therapy can reduce the risk of progression of disease, 
improvement in vision is infrequent.  Much is yet to be learned about 
the use of VEGF inhibiting drugs for the optimal treatment of ARMD 
including the optimal interval for follow-up examinations and repeated 
treatments, the total number of treatments to be used over time, and 
the potential long-term risks.  In the absence of direct comparative tri-
als, it is diffi cult to positively conclude that one of these drugs is more 
effective or safer than another.  Differences in response to therapy may 
depend on the type of lesion the patient has, how far the disease has 
progressed before treatment is initiated, or additional factors which 
will be discovered with further research.  Early results indicate that 
improvement in vision in some patients can be achieved with VEGF 
inhibiting drugs.  Combinations of therapy are also being investigated.  
For now, careful examination of the results of the randomized trials 

which have been completed can be used to guide treatment.  The 
advances in treatment also call for an emphasis on public as well 
as health professional education to recognize early signs or symp-
toms of macular degeneration.  Rapid referral for further evaluation 
and selection of the best treatment as soon as possible presents a 
signifi cant opportunity for clinically meaningful benefi ts.  Additional 
research with new treatments, as well as research on genetic factors 
involved with ARMD, hold great promise to ultimately decrease the 
substantial loss of vision that currently occurs with this disease.
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The pivotal clinical drug trials are 
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11

1. ARMD is a degenerative disorder of 
the :

a. iris
b. retina
c. cornea
d. optic nerve

2. The prevalence of ARMD in patients 
75 years or older is:

a. 10%
b. 20%
c. 30%
d. 40%

3.   Pegapatanib acts by binding to:
a.  VEGF 165
b. retinal pigment epithelium
c. drusen < 250 microns
d. all isoforms

4.  The recommended dose of Ranibi-
zumab is:

a. 0.3 mg  by intravitreal injection once 
a month

b. 0.5 mg by intravenous injection once 
every 6 weeks

c. 0.5 mg by intravitreal injection once a 
month

d. 0.3 mg by intravenous injection once 
every 6 weeks

5. Which of the following is NOT a 
side effect seen with pegaptanib 
therapy:

a. viteous fl oaters
b. vitreous opacities
c. anterior chamber  infl ammation
d. corneal abrasion

6. The primary outcome of the TA 
study was:

a. loss of more than 30 letters  on the 
visual acuity exam

b. loss of less than 15 letters on the 
visual acuity exam

c. gain of more than 15 letters on the 
visual acuity exam

d. gain of more than 30 letters on the 
visual acuity exam

7. Which of the following is true?
a. bevacizumab is a monoclonal IgG 

antibody and ranibizumab is an 
antibody fragment

b. bevacizumab was approved in June 
2006 for the treatment of ARMD

c. bevacizumab showed a visual acuity 
gain of 15 letters in the MARINA 
trial

d. bevacizumab is used with photody-
namic therapy in the VIM study

8. In the MARINA study the secondary 
outcome of ranibizumab showed:

a. severe visual loss at 24 months was more 
frequent with ranibizumab compared to 
sham

b. visual acuity loss of <15 letters at 24 
months was 5% for sham and 95% for 
ranibizumab

c. ranibizumab had an improvement com-
pared to sham injection in the gain of ≥ 
15 letters in visual acuity at 24 months

d. ranibizumab was superior to photody-
namic therapy with pegaptanib

9. The TAP study group has published fol-
low-up effi cacy results for verteporfi n 
for how many years?

a. 5 years
b. 10 years
c. 15 years
d. 20 years

10. Patients treated with verteporfi n should 
be counseled to do all the following 
EXCEPT: 

a. avoid direct sunlight for 5 days after 
treatment

b. wear protective clothing if they must go 
outdoors during daylight during the 5 
days after treatment

c. avoid bright indoor light for 5 days after 
treatment

d. protect themselves from sunlight with 
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