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PURPOSE. To evaluate the safety of three dose regimens of
intravitreal bevacizumab (Avastin; Genentech, Inc., South San
Francisco, CA) for the management of choroidal neovascular-
ization (CNV) associated with age-related macular degenera-
tion (AMD).

METHODS. This was a prospective, nonrandomized open-label
study of 45 patients with AMD and subfoveal CNV. A standard-
ized ophthalmic evaluation was performed at baseline and at
weeks 1, 6, and 12 (�1) after a single intravitreous injection
(1.0, 1.5, or 2.0 mg) of bevacizumab. Main outcomes measures
include clinical evidence of toxicity and complications.
Changes in best corrected visual acuity (BCVA) and lesion
characteristics–macular morphology were also evaluated.

RESULTS. The most common adverse events were conjunctival
hyperemia and subconjunctival hemorrhage at the injection
site. Mean BCVA improved from baseline throughout the study
(P � 0.001; ANOVA with Geisser-Greenhouse correction).
Compared with baseline, BCVA was improved at week 1 (P �
0.001), week 6 (P � 0.001), and week 12 (P � 0.001; Dunnett
test). At week 12, the lesion area and CNV area were stable or
decreased in 79.1% (34/43) and in 74.4% (32/43) of patients,
respectively, with no deterioration of macular architecture
observed in 83.7% (36/43). A dose-related change in BCVA (in
Early Treatment Diabetic Retinopathy Study [ETDRS] lines)
was observed at week 12 (1.0 mg [�0.3 line]; 1.5 mg [�0.6
line]; and 2.0 mg [�1.0 line]; P � 0.02; nonparametric test for
ordered groups).

CONCLUSIONS. A single intravitreal bevacizumab injection was
well tolerated and, except for minor transient local adverse
events, no other adverse events were observed. In the short-
term, treatment was associated with vision stabilization or
improvement and no unfavorable neovascular lesion–macular
changes in most patients. (Invest Ophthalmol Vis Sci. 2006;47:
4569–4578) DOI:10.1167/iovs.06-0433

Reports of the beneficial effect of photodynamic therapy
(PDT) for choroidal neovascularization (CNV) associated

with age-related macular degeneration (AMD) launched the
contemporary era of management of choroidal neovascular
diseases.1–3 Contrary to the principles arising from the Macular
Photocoagulation Study (i.e., photothermal destruction of the
entire neovascular lesion),4,5 it has been demonstrated that, by
an intravenous injection of a photosensitizer that accumulates
in neovascular tissue and subsequent low-irradiance specific
light application, disease activity can be modulated after sev-
eral PDT treatment sessions.6–13 Another step toward the im-
plementation of “modulation of disease activity” rather than
lesion destruction occurred at the end of 2004 with the ap-
proval of the antiangiogenic drug pegaptanib (Macugen; Eye-
tech Pharmaceuticals, New York, NY), an aptamer that binds
vascular endothelial growth factor (VEGF) isoform 165, for
treatment of all forms of neovascular AMD.14,15 However,
despite repeated, high-cost treatment sessions of either PDT
or pegaptanib, patients generally lose vision over time be-
cause the growth of neovascular lesions is slowed, but not
prevented.3,6 –13,15

Even if the overall benefit of pegaptanib therapy in neovas-
cular AMD can be considered modest,15 it has been of major
significance in providing proof of concept for the use of anti-
angiogenic therapy in neovascular AMD. Ranibizumab (Lucen-
tis; Genentech, Inc., South San Francisco, CA) is another anti-
angiogenic agent currently under investigation for treatment of
neovascular AMD. Unlike pegaptanib, ranibizumab binds all
VEGF isoforms.16–21 Preliminary 2-year data from one phase III
study (the MARINA Trial), which included patients with AMD
who had “minimally classic CNV” and “occult CNV” neovascu-
lar lesions, demonstrated that at least 90% of patients treated
with ranibizumab maintained or improved vision compared
with approximately 53% of control patients.22

Intravitreal ranibizumab is derived from the same human-
ized monoclonal anti-VEGF antibody of bevacizumab (Avastin;
Genentech, Inc.), which is the full-length humanized monoclo-
nal anti-VEGF neutralizing antibody designed for intravenous
administration and approved for the treatment of metastatic
colorectal cancer.23–27 Although preclinical studies demon-
strated lack of retinal penetration of the full-length antibody
when injected intravitreally,28 rapid and favorable macular
remodeling was observed in the clinical setting of neovascular
AMD and macular edema due to central retinal vein occlusion
after a single intravitreous injection of 1.25 mg of bevaci-
zumab,29,30 thus bringing to light a new perspective of intra-
vitreal angiogenic pharmacomodulation by using the full-
length antibody.

Extensive preclinical data suggesting an important role of
VEGF in choroidal neovascular diseases,31–54 and reported ben-
efits of anti-VEGF therapy with pegaptanib and ranibizumab in
humans,14,15,20,21 coupled with the encouraging initial clinical
reports using intravitreal bevacizumab,29,30 prompted us to
conduct a phase I clinical trial designed to investigate the safety
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and tolerability of one intravitreal injection of bevacizumab, at
different dosages, in patients with neovascular AMD.

METHODS

The study protocol adhered to the tenets of the Declaration of Helsinki
and was approved by the local Institutional Review Board. A prospec-
tive, nonrandomized, open-label trial was performed to investigate the
safety and tolerability of three escalating doses of bevacizumab (1.0,
1.5, and 2.0 mg) administered as a single intravitreal injection in
patients with CNV secondary to AMD. Patients were informed verbally
and in writing of the potential benefits and risks of the procedure, and

all patients signed a written form stating that they understood and
consented to participation. All fluorescein angiography and optical
coherence tomography (OCT) evaluations were performed by a certi-
fied ophthalmic technician (DC) and interpreted by a single retinal
specialist (RAC) in an unmasked fashion. If there were questions
regarding interpretation of the study data, other retinal specialists (RJ,
JAC, IUS) were approached in consultation.

Patient Selection and Entry Examinations

Patients were recruited from two participating centers (Hospital de
Olhos de Araraquara and Department of Ophthalmology at the Univer-

TABLE 1. Definition of Dose-Limiting Toxicity (DLT) for the Study

Ophthalmic DLTs
Photographic evaluation

Diminished transparency of the lens (cataract induction/progression)
Local wound-healing problems (absence of closure at the site of intravitreal injection)

Clinical examination
Clinically significant inflammation that is severe (obscuring visualization of the retinal vasculature) and vision threatening
Other ocular abnormalities not usually seen in patients with age-related macular degeneration, such as retinal arterial or venous occlusion,

acute retinal detachment, and diffuse retinal hemorrhage
Best corrected visual acuity: doubling or worsening of the visual angle (loss of 3 ETDRS lines); transition to light perception or hand

motion for patients whose baseline visual acuity score is less than 20/500, unless the loss of vision is due to a vitreous hemorrhage
related to the injection procedure between days 1 and 7

Tonometry: increase from baseline of intraocular pressure by 25 mmHg on two separate examinations at least 1 day apart or a sustained
pressure of 30 mmHg for more than a week, despite pharmacologic intervention

Fluorescein Angiography
Significant retinal or choroidal vascular abnormalities not seen at baseline, such as:

Choroidal nonperfusion (affecting one or more quadrants)
Delay in arteriovenous transit times (�15 seconds)
Retinal arterial or venous occlusion (any deviation from baseline)
Diffuse retinal permeability alteration affecting retinal circulation in the absence of intraocular inflammation

Systemic DLTs
These include grade III (severe), such as hospitalization of the patient or an event that results in significant or persistent deficiency or

inability, or grade IV (life-threatening) toxicities or any significant severe toxicity deemed related to the study drug by the investigator

TABLE 2. Baseline Characteristics by Dose Regimen

Dose Regimen

Total
(n � 45)

1.0 mg
(n � 15)

1.5 mg
(n � 15)

2.0 mg
(n � 15)

Age (y)
Mean (�SD) 74.1 (7.01) 73.8 (4.77) 76.0 (7.25) 74.6 (6.37)
Median (Range) 73 (63–85) 72 (67–84) 77 (62–85) 74 (62–85)

Gender
Female 6 10 8 24 (53.3%)
Male 9 5 7 21 (46.7%)

Blood pressure
Mean � SD

Systolic 127.7 (10.67) 129.3 (8.21) 125.3 (9.54) 127.4 (9.45)
Diastolic 80.7 (7.29) 80.3 (6.11) 79.3 (7.04) 80.1 (6.70)

BCVA in study eye
Mean � SD* 1.19 (0.23) 1.11 (0.36) 1.35 (0.19) 1.22 (0.28)
Median (range)* 1.18 (0.8–1.64) 1.22 (0.36–1.6) 1.38 (0.92–1.62) 1.24 (0.36–1.64)
Median† 20/320�1 20/320�1 20/500�1 20/320�2
Range† 20/125�20/800�2 20/50�2–20/800 20/160�1–20/800�1 20/50�2–20/800�2

Lesion Size (DA)‡
Mean � SD 7.7 (2.47) 9.6 (3.11) 8.9 (3.38) 8.7 (2.71)
Median (range) 7 (4–11) 10 (4–15) 9 (6–13) 9 (4–15)

CNV Characteristics
Occult 5 7 4 16 (35.5%)
Classic and Occult 8 5 8 21 (46.7%)
Classic 2 3 3 8 (17.8%)

* LogMAR.
† Snellen equivalent.
‡ The area of a circle equal to 2.54 mm2.

4570 Costa et al. IOVS, October 2006, Vol. 47, No. 10

Downloaded from iovs.arvojournals.org on 02/24/2023
Samsung Bioepis Exhibit 1052 

Page 2



sity of São Paulo, Ribeirão Preto) from August through November 2005.
All patients who met the following inclusion criteria were offered
study participation: patients with neovascular AMD with logarithm of
minimum angle of resolution (logMAR) Early Treatment Diabetic Ret-
inopathy Study (ETDRS) best corrected visual acuity (BCVA) between
0.3 (Snellen equivalent, 20/40) and 1.64 (Snellen equivalent, 20/800�2)
due to subfoveal CNV diagnosed by fluorescein angiography within the
prior 96 hours. Diagnosis of neovascular (exudative) AMD was based
on the criteria of the International ARM Epidemiologic Study Group.55

For inclusion in the study, it was mandatory that the CNV caused by
AMD extend under the geometric center of the foveal avascular zone
and that the neovascular complex demonstrate some occult CNV
component by fluorescein angiography. Lesions characterized angio-
graphically by the presence of only classic CNV could also be included
if logMAR ETDRS BCVA was worse than 1.0 (Snellen equivalent, 20/
200). The neovascular complex could be of any size, and no restric-
tions existed with respect to the presence of associated serous pig-
ment epithelial detachment and thick blood. Because of the local
unavailability of pegaptanib at the time of this study, patients with the
aforementioned lesion and/or BCVA criteria were not eligible for
approved treatments, including photodynamic therapy with vertepor-
fin.

Exclusion criteria included: pathologic myopia, defined as a spher-
ical equivalent of �6 D or more, or an ocular axial length of �26.5 mm,
or retinal abnormalities consistent with pathologic myopia (such as
lacquer cracks)56; angioid streaks; traumatic choroidal rupture; peri-
papillary changes with atrophic or pigmented “punched out” chori-
oretinal lesions; uveitis; or any other ophthalmic disorder, other than
mild cataract, that might affect visual function. Patients were also
excluded if they had (1) an allergy to fluorescein; (2) an ocular media
opacity that might interfere with visual acuity, assessment of toxicity,
or photographic fundus documentation of the macular area; (3) a
history of vitrectomy; (4) any major surgery within the prior 6 months

or planned within the next 28 days; (5) any history of a thromboem-
bolitic event (including myocardial infarction and/or coronary disease
associated with clinical symptoms or cerebral vascular accident); (6)
uncontrolled systemic arterial hypertension (according to guidelines of
the seventh report of the joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure [JNC-7]);
(7) an active infection, bleeding disorders, or peptic ulcer disease with
bleeding; and (8) known coagulation abnormalities or current use of
anticoagulative medication other than aspirin. Of the 51 patients of-
fered study participation, 6 (11.8%) declined because of the estimated
endophthalmitis risk of approximately 1%.

A comprehensive ophthalmic evaluation was performed at the
participating center responsible for performing the intravitreal bevaci-
zumab treatments. This evaluation included a medical history, blood
pressure measurement, ETDRS BCVA testing, color fundus photogra-
phy, fluorescein angiography, and third-generation OCT evaluation.
Best corrected visual acuity was measured according to a standardized
refraction protocol using a retroilluminated Lighthouse for the Blind
distance visual acuity test chart (using modified ETDRS charts 1, 2, and
R). Stereoscopic digital color fundus photography and fluorescein
angiography were performed with certified fundus camera systems
(UVi-60/EyeQ Pro; Canon, Tokyo, Japan, and TRC-50IA/IMAGEnet;
Topcon, Tokyo, Japan). Third–generation OCT evaluation (Stratus To-
mographer, model 3000; Carl Zeiss Ophthalmic Systems Inc., Hum-
phrey Division, Dublin, CA) consisted of six linear 6.00-mm high-
density (512 A-scans) scans oriented at intervals of 30° and centered on
the foveal region.

Fifteen patients were enrolled per dose group, with enrollment in
each escalating dose group only if there was no evidence of any
dose-limiting toxicity at the lower dose(s) (Table 1). The protocol
specified that enrollment would be stopped if three or more patients
within a dose group experienced dose-limiting toxicity within 7 days
after intravitreal injection of bevacizumab. No more than three patients

TABLE 3. Adverse Events throughout the Study

Dose Regimen

Total
(n � 45)

1.0 mg
(n � 15)

1.5 mg
(n � 15)

2.0 mg
(n � 15)

Abnormal vision 1 0 1 2
Conjunctival hyperemia 5 7 5 17
Corneal abrasion 2 1 1 4
Eye pain 0 1 0 1
Hyperemia 1 0 0 1
Ocular irritation 1 0 0 1
Ocular pruritus 0 1 0 1
Pain (at injection) 4 2 2 8
Subconjunctival hemorrhage 5 8 4 17
Vitreous floaters 0 0 1 1
Vitreous prolapse 0 1 3 4
Any adverse event 6 (40%) 8 (53.3%) 6 (40%) 19 (44.4%)

TABLE 4. Visual Acuity throughout the Study

Dose
Regimen Baseline

Study Visit

Week 1 Week 6 Week 12*

1.0 mg 1.19 (0.23) 1.15 (0.23) 1.14 (0.27) 1.17 (0.28)
1.5 mg 1.11 (0.36) 1.04 (0.38) 1.01 (0.36) 1.04 (0.38)
2.0 mg 1.35 (0.19) 1.28 (0.21) 1.24 (0.21) 1.26 (0.20)
Total 1.22 (0.28) 1.16 (0.29) 1.13 (0.30) 1.16 (0.30)
P† �0.001 �0.001 �0.001

Data are expressed as the mean (�SD) logMAR (n � 45).
* n � 43.
† In comparison to baseline; all patients.
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could be enrolled into the study on any day, and no more than six
patients could be enrolled into the study per week.

Treatment Procedure

Patients received one intravitreal injection of 1.0, 1.5, or 2.0 mg of
bevacizumab; for these, 0.04-, 0.06-, and 0.08-mL aliquots of commer-
cially available bevacizumab (25 mg/mL), respectively, were prepared
for each patient and placed in insulin syringes (BD Ultra-fine; BD
Biosciences, Franklin Lakes, NJ) by a compounding pharmacy using
standard aseptic techniques. All treatments were performed by a single
retinal specialist (RAC) using topical anesthetic (tetracaine-phenyleph-
rine) drops under sterile conditions (eyelid speculum and povidone
iodine). Patients were given 250 mg of acetazolamide orally before
pupil dilation with mydriatric (tropicamide 1%) drops. Bevacizumab
was injected into the vitreous cavity with a 29.5-gauge needle inserted
through the inferotemporal pars plana 3.0 mm (pseudophakic) or 3.5
mm (phakic) posterior to the limbus. After the injection, central retinal
artery perfusion was confirmed with indirect ophthalmoscopy and
photographic documentation of the fundus and of the injection site
was performed. Patients were instructed to instill one drop of 0.3%
ciprofloxacin into the injected eye four times daily for 1 week after the
procedure.

Follow-up Examinations and Outcome Measures

Follow-up examinations were performed at weeks 1, 6, and 12 (�1)
after injection. The same procedures performed at baseline were per-
formed at each study visit (e.g., BCVA, complete ophthalmic examina-
tion, fundus photography, fluorescein angiography, and OCT). Local
and systemic adverse events were monitored throughout the study.

These local ophthalmic and systemic adverse events were the
primary end points of the study. BCVA was measured primarily as an
indicator of safety, not efficacy, given the absence of a control group
and the short follow-up period. However, changes in BCVA were used
to compare results among the dose groups.

Secondary measures were used to evaluate the short-term effects of
intravitreal bevacizumab treatment and to assist with comparisons
between dose regimens: (1) total area of the neovascular complex
(lesion) and characteristics of the CNV component by fluorescein
angiography, and (2) macular remodeling (that is, retinal elevation) on
OCT evaluation. Because of inherent OCT software flaws in the gen-
eration of reliable quantitative tomographic data in eyes with neovas-
cular AMD,57,58 changes in macular architecture were qualitatively

analyzed. Based on changes in the degree of retinal elevation due to
intraretinal, subretinal, and sub-RPE fluid compared with baseline, the
macular architecture was classified as having undergone “partial recov-
ery” (absence of, or decrease in, retinal elevation), “no recovery”
(unchanged retinal elevation), or “deterioration” (increased retinal
elevation).59,60

Statistical Analysis

Repeated-measures analysis of variance (ANOVA) with the Geisser-
Greenhouse correction was performed to analyze the visual acuity
from baseline to the final study visit (week 12). The Dunnett test was
used to compare the visual acuity after injection with the baseline
measurement. A nonparametric test for trend across ordered groups
was used to compare the changes in visual acuity from baseline among
the three groups at weeks 1, 6, and 12.61 The significance level was set
at 0.05.

RESULTS

The 45 participants included 21 (46.7%) men and 24 (53.3%)
women; 43 completed all follow-up visits (one patient refused
to return after the week-6 follow-up visit, and the other patient
withdrew because of a death in the family). The mean (�SD)
age was 74.6 � 6.4 years (median, 74 years; range, 62–85
years). Mean (�SD) systolic and diastolic blood pressure was
127.4 � 9.5 and 80.1 � 6.7 mm Hg, respectively. The mean �
SD size of the neovascular complex was 12.2 � 3.9 Macular
Photocoagulation Study disc areas. Thirty-seven (82.2%) of 45
eyes showed some fluorescein leakage corresponding to occult
CNV, and 8 (17.8%) eyes showed purely classic CNV lesions.
Baseline characteristics of the patients, stratified by dose
group, are summarized in Table 2.

No systemic or serious drug-related adverse events were
observed. The treatment procedure was well tolerated, and no
clinical evidence of inflammation, uveitis, endophthalmitis, or
obvious ocular toxicity was observed. Further, there were no
significant changes in blood pressure, intraocular pressure, or
lens status in any of the eyes during the study follow-up period.
Minor local adverse events related to the treatment procedure
were observed (Table 3). Subconjunctival hemorrhage and
conjunctival hyperemia were observed frequently at the intra-
vitreal injection site and were most likely the result of the
anesthesia technique rather than the injection procedure itself.
In the first 15 procedures, four (26.6%) patients reported pain
at the time of the injection. Seeking to minimize this pain, in
the next 15 procedures we used a sterile cotton tip soaked
with tetracaine–phenylephrine drops, pushed gently against
the conjunctiva/sclera for 60 to 70 seconds before the injection
(for the first 15 procedures the cotton tip was left in place for
approximately 30 seconds). Only 2 (13.3%) patients reported
pain after we implemented the latter anesthetic technique, but
we did note that 8 (53.3%) patients (versus 5 [33.3%] in the
first 15 patients) developed conjunctival hyperemia and sub-
conjunctival hemorrhage within 30 minutes of the procedure.

FIGURE 1. Visual acuity throughout the study. Data points: the mean;
vertical bars: 95% CI.

TABLE 5. Changes in Visual Acuity Compared with Baseline

Dose
Regimen

Study Visit

Week 1 Week 6 Week 12

1.0 mg �0.05 (0.13) �0.05 (0.14) �0.03 (0.17)
1.5 mg �0.07 (0.10) �0.10 (0.11) �0.06 (0.09)
2.0 mg �0.07 (0.09) �0.10 (0.11) �0.10 (0.10)
P * �0.49 �0.13 �0.02

Data are expressed as the mean (�SD) logMAR.
* Comparison between dose regimens at each follow-up visit.
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Two eyes even had small subconjunctival hemorrhages before
the injection. For the last 15 injections, the sterile cotton tip
soaked in anesthetic (tetracaine-phenylephrine) drops was
pressed against the eyewall over the injection site for only 30
to 35 seconds, with an additional 10 seconds of pressure
applied just before the injection; and pain was reported by only
two (13.3%) patients and subconjunctival hemorrhage devel-
oped in four (26.6%). Independent of the anesthesia technique,
subconjunctival hemorrhage was resolved and absence of
wound leakage was verified in all 45 patients by 1 week after
injection.

The study was designed primarily as a safety trial. BCVA
results are summarized in Table 4 (Fig. 1). Mean BCVA im-
proved significantly from baseline (P � 0.001; ANOVA using
the Geisser-Greenhouse correction). Compared with baseline,
BCVA improved significantly at week 1 (P � 0.001), week 6
(P � 0.001), and week 12 (P � 0.001; Dunnett test; Table 4).

The mean visual acuity change (in ETDRS lines) from base-
line between dose-regimens 1.0 (�0.3 line), 1.5 (�0.6 line),
and 2.0 mg (�1.0 line) was significantly different at week 12,
thus suggesting a dose-related response (P � 0.02; nonpara-
metric test for ordered groups; Table 5; Fig. 2).

No unfavorable changes in neovascular complexes were
observed during the study period by angiographic and OCT
examinations. At 6 weeks, 42 (93.3%) and 40 (88.9%) patients
of 45 patients exhibited stabilization (i.e., no change or de-
crease) of the total lesion area and CNV area, respectively, by
fluorescein angiography (Fig. 3). Unchanged or decreased le-
sion area and CNV area was seen in 34 (79.1%) and in 32

(74.4%) patients, respectively, of 43 patients who completed
the week-12 follow-up evaluation. No patients in the 2.0-mg
dose group demonstrated an increase in lesion area or CNV
area throughout the study period (Table 6). No patients in the
1.5-mg dose group demonstrated an increase in lesion area at
the week-6 evaluation. On OCT, favorable changes in macular
architecture (i.e., no deterioration) were observed in 41
(91.1%) of the 45 patients at 6 weeks, and in 36 (83.7%) of the
43 patients who completed the week-12 follow-up evaluation
(Fig. 4). The most favorable macular remodeling was observed
in patients in the 2.0-mg dose group at weeks 6 and 12, and at
week 6 in patients in the 1.5-mg dose group (Table 6).

DISCUSSION

This phase-I clinical trial evaluated the safety profile of three
different doses of a single intravitreal injection of bevacizumab,
a genetically engineered humanized monoclonal antibody
against all active forms of human VEGF, in patients with neo-
vascular AMD. In short-term, bevacizumab was well tolerated
when administered by intravitreal injection at doses of 1.0, 1.5,
and 2.0 mg using the commercially formulation of the drug at
the concentration of 25 mg/mL (volumes of 0.04, 0.06, and
0.08 mL). The most common adverse events were conjunctival
hyperemia and subconjunctival hemorrhage at the injection
site, events judged to be essentially the result of the injection
procedure rather than the drug. No major adverse event asso-
ciated with the treatment was observed during the 12-week
follow-up period.

FIGURE 2. Profile of the mean visual acuity (VA) changes from baseline for each dose group after a single intravitreal injection of bevacizumab
through week 12. Vertical bars, 95% CI.
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Before study initiation we had used intravitreal bevaci-
zumab for salvage therapy in eyes with AMD and CNV refrac-
tory to other treatments, and we observed some reflux of drug
after the injection procedure. Therefore, in an effort to mini-
mize drug reflux, 250 mg of acetazolamide was given orally 1
hour before the injection procedure. In the present study,
prolapse of vitreous and/or bevacizumab at the end of the
injection procedure was observed in 1 patient who received
0.06 mL and in three patients who received 0.08 mL of the
drug. Unlike triamcinolone acetonide, bevacizumab is a trans-
parent, fluid drug that may reflux when higher volumes are
injected intravitreally even through a 29.5-gauge entry site.

Overall improvement in visual acuity occurred as early as 1
week after the bevacizumab injection in this study. Visual
acuity continued to improve between weeks 1 and 6, and this
benefit persisted up to the week 12 evaluation. The improve-
ment observed at week 6 may reflect continued inhibition of
VEGF. In conjunction with fluorescein angiographic and OCT
data, which demonstrated favorable macular remodeling with-
out documented regression of the choroidal neovascular chan-
nels in most of the patients (particularly in lesions with some
classic CNV component), it seems that the beneficial effects of
intravitreal bevacizumab on vision may be related to inhibition
of VEGF-associated vascular permeability rather than to an
effect on angiogenesis. Recently, complete retinal penetration
of bevacizumab was demonstrated in rabbits after a single
intravitreal injection of bevacizumab62; however, no measure-

ments at the choroidal tissues were performed, and thus one
may consider that low levels of the antiangiogenic drug may
reach the choriocapillaris–choroid complex. This hypothesis is
further supported by the remarkable beneficial effects on cho-
roidal neovascularization characteristics of systemic bevaci-
zumab in humans,63,64 as well as the observed effects of intra-
vitreal bevacizumab on retinal neovascularization associated
with diabetic retinopathy65–67 and choroidal neovascular le-
sions associated with chorioretinal anastomosis (Costa RA; un-
published data, 2006). In all, clear regression of the neovascu-
lar vessels was demonstrated, a finding not observed in the
present study.

One limitation of the present study is the absence of serum
testing to investigate the systemic pharmacokinetics of intra-
vitreally administered bevacizumab. Such evaluation, however,
involves high-cost procedures that are not feasible within the
context of an unfunded investigator-driven study. Because hy-
pertension is the most common systemic adverse event asso-
ciated with systemic bevacizumab therapy, changes in blood
pressure after treatment may roughly serve as a surrogate
marker for clinically relevant systemic bevacizumab levels.
Herein, as in other studies involving patients with AMD,68–70

no significant change in blood pressure was seen in the short-
term after single injections of bevacizumab. Two patients were
lost to the final follow-up; however, it is unlikely that this
influenced the overall study results significantly, given the
observed findings through 6 weeks of follow-up in both pa-

FIGURE 3. Red-free fundus photog-
raphy, and early- and late-phase fluo-
rescein angiograms of one patient in
dose regimen of 1.5 mg of intravitreal
bevacizumab throughout the study.
Top: baseline evaluation performed
24 hours before intravitreal bevaci-
zumab injection demonstrated stip-
pled fluorescence from occult CNV
component and areas of blocked flu-
orescence from thick blood, as well
as a small retinal pigment epithelium
detachment at the temporal aspect of
the neovascular complex. Top cen-
ter: 1 week after treatment fluores-
cence from CNV was diminished and
subretinal hemorrhage has partially
reabsorbed. Bottom center: at 6
weeks, although choroidal neovascu-
lar channels could be identified in
early phases, fluorescein leakage
from CNV was minimal, and subreti-
nal hemorrhage was further dimin-
ished. Bottom: 12 weeks after treat-
ment, actively leaking CNV and
lesion areas were decreased in com-
parison with baseline.
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tients. Additional limitations of the present study include the
small number of subjects and short follow-up duration. Finally,
the variability of the injection volume within each dose regi-
men, which could also have interfered in the study results,
might have been minimized in this study by using preloaded
syringes prepared by a compounding pharmacy.

As mentioned earlier, limitations inherent in the study’s
design preclude extrapolation of our results. Conclusions re-
garding efficacy cannot be made in the absence of a control
group, but differences among the dose groups may provide
clues regarding drug effects. Patients who received 1.5 or 2.0
mg of bevacizumab were more likely to demonstrate no
change or a reduction in lesion area as well as in CNV area at
weeks 6 and 12 than were patients who received 1.0 mg.
Overall, and keeping in mind the short follow-up of the study
and the variable course of the disease, at week 6 more eyes
demonstrated a smaller area of leakage from CNV with associ-
ated favorable macular remodeling on angiographic and OCT
evaluations, thus suggesting the effects of bevacizumab may be
maximal up to week 6 under the strict conditions of this study.
Overall visual acuity improved throughout the study, and no
differences existed among dose regimens at weeks 1 and 6.
However, the change in visual acuity observed in treated pa-

tients at week 12 was related to the dose regimen, thus sug-
gesting a possible longer duration of action (i.e., drug persis-
tence in the eye) of the higher dosage (2.0 mg) of
bevacizumab, but not necessarily a dose dependence related to
better initial efficacy. In light of this and the fact that beneficial
effects of bevacizumab have just been reported in neovascular
AMD after intravitreal injections of 2.5 mg (0.1 mL),70 future
studies probably should include higher dose regimens; never-
theless, as discussed earlier, issues related to drug–fluid vitre-
ous reflux should be cautiously monitored. One may also argue
that even lower doses should have been tested since for pe-
gaptanib therapy it was the lowest dose of the drug that
appeared the most effective.15 However, in contrast to pe-
gaptanib, in our study the highest dose worked best, suggest-
ing that low-dose inhibition is not an issue. Furthermore, dose
regimens lower than 1.0 mg are difficult to measure and re-
quire dilution of the commercially available drug so that repro-
ducible volumes can be injected. This would require reformu-
lation of the drug with stability testing, which is outside the
scope of clinical practice.

In 1971, Folkman71 hypothesized that the growth of tumors
is angiogenesis dependent and that antiangiogenic therapy may
represent an option for the treatment of solid tumors.72 Since

FIGURE 4. Third-generation optical
coherence tomography evaluation
(high-density [512 A-scans] 6 mm in
length B-scans, oriented obliquely at
330°) of one patient in dose regimen
of 1.5 mg of intravitreal bevacizumab
throughout the study (same patient
illustrated in Fig. 3). Top left: focal
regions of fusiform thickening of as
well as fragmentation and irregular
elevation of the outer highly reflec-
tive layer corresponding to the ret-
inal pigment epithelium– chorio-
capillaris hyperreflective complex
associated with intraretinal and
subretinal fluid thus characterizing
a fibrovascular detachment of the
RPE was seen at baseline. Top right:
1 week after treatment, decrease in
retinal elevation was noted. Bottom
left: 6 weeks after the procedure, marked decrease in retinal elevation was seen. Bottom right: by week 12, subretinal and sub-RPE fluid recurred;
in comparison to baseline, no deterioration of the macular architecture was verified.

TABLE 6. Change from Baseline in Neovascular Complex Lesion Area and CNV Characteristics

Dose Regimen

Total1.0 mg 1.5 mg 2.0 mg

Week 6 Week 12 Week 6 Week 12 Week 6 Week 12 Week 6 Week 12

Fluorescein angiography
Lesion area

Decrease 1 (6.7) 1 (6.7) 2 (13.3) 2 (14.3) 3 (20) 2 (14.3) 6 (13.3) 5 (11.6)
No change 11 (73.3) 8 (53.3) 13 (86.7) 9 (64.3) 12 (80) 12 (85.7) 36 (80) 29 (67.5)
Increase 3 (20) 6 (40) 0 3 (21.4) 0 0 3 (6.7) 9 (20.9)

CNV area
Decrease 2 (13.3) 1 (6.7) 7 (46.7) 3 (21.4) 8 (53.3) 5 (35.7) 17 (35.6) 9 (20.9)
No Change 10 (66.7) 7 (46.6) 6 (40) 7 (50) 7 (46.7) 9 (64.3) 23 (53.3) 23 (53.5)
Increase 3 (20) 7 (46.6) 2 (13.3) 4 (28.6) 0 0 5 (11.1) 11 (25.6)

Optical coherence tomography
Macular architecture

Partial recovery 2 (13.3) 2 (13.3) 8 (53.3) 4 (28.6) 11 (73.3) 9 (64.3) 21 (46.7) 15 (34.9)
No recovery 10 (66.7) 8 (53.3) 6 (40) 8 (57.1) 4 (26.7) 5 (35.7) 20 (44.4) 21 (48.8)
Deterioration 3 (20) 5 (33.3) 1 (6.7) 2 (14.3) 0 0 4 (8.9) 7 (16.3)

Data are expressed as the number of cases with the percentage of the total in parentheses.
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then, numerous reports have supported the crucial role of
neovascularization in malignancy and various non-neoplastic
diseases, including neovascular AMD,72 which is the leading
cause of blindness in elderly persons in developed nations.
Unfortunately, currently approved treatments are character-
ized by both limited clinical significance and high-cost that
restricts access to treatment, particularly in underdeveloped
nations. Characterization of the various processes involved in
the pathogenesis of any disease is a prerequisite to developing
effective therapies. Vascular endothelial growth factor is a
protein involved in the onset and progression of AMD.31–54

Thus, VEGF and its signaling receptors are potential targets for
pharmaceutical intervention Results from phase III clinical
trials evaluating intravitreal anti-VEGF agents have led to the
approval of pegaptanib for the treatment of neovascular AMD
and indicate favorable results associated with ranibizumab. In
this era of pharmacomodulation for AMD management, bevaci-
zumab may have a crucial role not only because of the prom-
ising results reported herein and additional safety data and
clinical evidence of its beneficial effects reported recently for a
variety of diseases,65–67,73–77 but also because intravitreal be-
vacizumab therapy, if proved safe and efficacious, may repre-
sent a treatment option for neovascular AMD that could be
accessible to all patients, independent of their socioeconomic
condition.
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