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Abstract

PURPOSE—To investigate the safety, tolerability, and bioactivity of intravenous infusions of
bevacizumab in patients with choroidal neovascularization (CNV) attributable to causes other than
age-related macular degeneration.

DESIGN—Nonrandomized clinical trial.

METHODS—Ten patients with CNV received infusions of 5 mg/kg of bevacizumab. The primary
efficacy outcome measure was change in visual acuity (VVA; Early Treatment Diabetic Retinopathy
Study letters read at 4 meters) at 24 weeks and secondary measures were changes from baseline in
excess foveal thickness (center subfield thickness), area of fluorescein leakage, and area of CNV.

RESULTS—Infusions were well tolerated and there were no ocular or systemic adverse events.
At baseline, median VA was 25.5 letters read at 4 meters (20/80) and median foveal thickness was
346 um. At the primary endpoint (24 weeks), median VA was 48.5 letters (20/32), representing
four lines of improvement from baseline (P = .005), median foveal thickness was 248 pm
representing a 72% reduction in excess foveal thickness (P=.007). Four of nine patients had
complete elimination of fluorescein leakage, three had near complete elimination (reductions of
91%, 88%, and 87%), two had modest reductions, and one had no reduction. All patients except
one showed a reduction in area of CNV with a median reduction of 43%.

CONCLUSIONS—Despite the small number of patients studied, the marked improvement in VA
accompanied by prominent reductions in foveal thickness, fluorescein leakage, and area of CNV
suggest a beneficial effect. It may be worthwhile to consider further evaluation of systemic
bevacizumab in young patients with CNV.

CHOROIDAL NEOVASCULARIZATION (CNV) ATTRIBUtable to age-related macular degeneration
(AMD) is the most commaon cause of severe vision loss in elderly people of developed
countries. The pathogenesis of CNV attributable to AMD has not been completely
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elucidated, but it is clear that vascular endothelial growth factor (VEGF) plays a central role.
Ranibizumab, a specific antagonist of VEGF, slows growth of the new vessels, reduces
leakage, and causes significant improvement in visual acuity in 30% to 40% of patients.1-2
The source of increased production of VEGF is uncertain, but increased staining for VEGF
has been demonstrated in retinal pigmented epithelial (RPE) cells in CNV removed by
surgery, so RPE cells are a likely source.3-> RPE cells increase their production of VEGF
when they are grown on abnormal extracellular matrix® and abnormal extracellular matrix in
the form of drusen and diffuse thickening of the Bruch membrane is a defining feature of
AMD.’

Young patients also develop CNV from a variety of causes including pathologic myopia,
ocular histoplasmosis, angioid streaks, and certain types of ocular inflammatory disease.
Drusen and thickening of the Bruch membrane are not seen in these diseases, which instead
tend to show breaks in the Bruch membrane or inflammation in close proximity to the Bruch
membrane. Therefore, the pathogenesis of CNV formation in these diseases may be quite
different from that in AMD, and angiogenic stimuli other than VEGF, such as tumor
necrosis factor-a (a proangiogenic cytokine that is secreted by inflammatory cells), might
play a primary role. However, intravenous infusions of bevacizumab caused dramatic
improvements in two patients with CNV attributable to pathologic myopia, suggesting that
VEGF may play an important role in pathologic myopia as well as in AMD.8 These
encouraging results caused us to initiate an open-label trial investigating the effects of
infusions of bevacizumab in patients with CNV attributable to a variety of causes other than
AMD. Since then, intraocular injections of bevacizumab have become widely used in
patients with CNV attributable to AMD or other causes. Herein, we report the results of our
study that was initiated prior to the use of intraocular bevacizumab.

METHODS
STUDY DESIGN

This was an open-label pilot study to investigate the effect of intravenous infusions of
bevacizumab in 10 subjects with CNV secondary to diseases other than AMD (hon AMD
CNV). Patients were given two infusions of 5 mg/kg of bevacizumab two weeks apart
followed by re-evaluation at six, eight, 10, and 12 weeks for evidence of leakage on
fluorescein angiography (FA). Patients with evidence of persistence leakage on FA at these
visits were given up to two more infusions two weeks apart. Patients were subsequently
followed up at 16, 24 (primary endpoint), 36, and 48 weeks.

The primary outcome measure was the median change from baseline in best-corrected visual
acuity (BCVA) in letters read at 4 meters on an Early Treatment Diabetic Retinopathy Study
(ETDRS) chart. The following were secondary outcome measures: 1) the change from
baseline in excess foveal thickness with foveal thickness defined as the central subfield with
a diameter of 1 mm centered on the fovea measured by optical coherence tomography
(OCT) using the fast macular thickness map; 2) the change from baseline in CNV lesion size
measured 60 seconds after fluorescein injection; and 3) the change from baseline in leakage
area defined as the area of CNV fluorescence at 600 seconds minus the area of CNV
fluorescence at 60 seconds after dye injection.®
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STUDY POPULATION

The inclusion criteria for the study were the following: 1) male or female 18 years or older;
premenopausal women had to use two forms of birth control; 2) actively leaking subfoveal
CNV secondary to any cause other than AMD demonstrated by fluorescein angiography
with no substantial subfoveal blood or scarring; 3) BCVA of 20/30 or worse; and 4) no
history or evidence of myocardial ischemia, infarction, or arrhythmia within 28 days of
infusion.

Subjects were excluded from the study if they had: 1) evidence of irreversible loss of vision
in the study eye; 2) any treatment for CNV within 12 weeks of study entry; 3) intraocular
surgery or another treatment in the study eye within three months of study entry; 4) blood
pressure > 150/100; 5) a positive pregnancy test; 6) any history or physical signs of
peripheral vascular disease; 7) a history of thromboembolism or stroke; or (8) any history of
significant gastrointestinal, oral, or nasal bleeding within three years of study entry.

INFUSIONS OF BEVACIZUMAB

Each patient received 5 mg/kg of bevacizumab diluted in 100 ml of 0.9% sodium chloride as
continuous infusion over a period of 90 minutes. If the first infusion was well tolerated
without infusion-related adverse events (fever or chills), subsequent infusions were delivered
over 60 minutes. The infusions were administered by a registered nurse or physician's
assistant in the Johns Hopkins Sidney Kimmel Cancer Center under the guidance of one of
the investigators (R.P.) with extensive experience administering bevacizumab to oncology
patients.

STUDY ACTIVITIES AND ASSESSMENTS

Subjects were monitored closely for safety and tolerability using the following assessments
and procedures: slit-lamp biomicroscopy, indirect ophthalmoscopy, tonometry, measurement
of BCVA, adverse event reporting, vital signs, physical examinations, serum electrolytes,
creatinine, and quantitative protein determination in 24-hour urine specimens. Stereoscopic
color fundus photography and FA were performed at baseline and weeks 2, 6, 8, 10, 12, 24,
36, and 48. OCT was performed at each study visit.

OPTICAL COHERENCE TOMOGRAPHY

OCT was performed by one of the investigators (S.M.S.) using StratusOCT (Carl Zeiss
Meditec, Dublin, California, USA). Scans were obtained using two standard protocols (6-
mm fast macular thickness map and 6 x 6-mm crosshair) and one previously described
modified acquisition protocol (three-line 8-mm papillomacular axis scan).10 The three-line
8-mm papillomacular axis scans utilized the disk as a landmark to ensure reproducible
placement of scan lines at each visit; one line was at the superior margin, one was at the
inferior margin, and one passed through the center of the disk. The 6 x 6-mm crosshair was
a high-resolution scan used to follow morphological changes in the macula. The fast macular
thickness map performed six linear scans 6 mm in length centered on the patient fixation at
equally spaced angular orientations in 1.96 seconds. Retinal thickness at any point was
defined as the distance between outer and inner reflectivity bands of the OCT cross-section.
Foveal thickness (defined as the mean height of the neurosensory retina in a central 1-mm—
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diameter area) and total macular volume were computed automatically by the StratusOCT
software (version 4.0). Due to the advanced nature of the disease and extensive change in the
RPE morphology, RetinaTomographer version 1.0 (Retinal Imaging Research and Reading
Center [RIRRC], Baltimore, Maryland, USA) was used to re-run all analysis done by the
StratusOCT software and any artifacts produced by the automated analysis algorithm were
corrected.

FLUORESCEIN ANGIOGRAPHY

High-resolution digital FAs were performed using Zeiss FF4 fundus camera (Carl Zeiss
Meditec, Oberkochen, Germany) attached to an MRP (Boston, Massachusetts, USA) capture
station. Quantitative analysis of FA was done by two independent investigators based on an
already-established technique,® using EyeNAV software version 1.1 (RIRRC, Baltimore,
Maryland, USA), which generates best fit area vs time curves using logarithmic
transformation. We have used these logarithmic curves of best fit to interpolate values at 60
seconds and 600 seconds for all FAs. For the CNV lesions in this study, all of which
exhibited classic leakage patterns, where the lesion is filled by one minute, the 60-second
time point gives a measure of lesion size and the difference in area between 600 seconds and
60 seconds provides a measure of leakage area.

STATISTICAL METHODS

RESULTS

All statistical analyses were performed in Statistical Package for Social Sciences version 9.0
(SPSS Inc, Chicago, Illinois, USA). Attributable to the small number of patients, changes in
continuous measures were assessed using the Wilcoxon signed-rank test.

BASELINE CHARACTERISTICS

PATIENT 2

Ten patients with CNV due to causes other than AMD including pathologic myopia (4),
ocular histoplasmosis (2), punctate inner choroidopathy (PIC; 2), birdshot chorioretinopathy
(BCR) (1), and angioid streaks (1) were studied. Five of the patients had received prior
photodynamic therapy (PDT), two had received triamcinolone acetonide, one had received
pegaptanib, one had received intraocular bevacizumab, and two had no prior treatment
(Table 1). There were six women and four men with a mean age of 44.6 years. The median
number of letters read at 4 meters on an ETDRS chart was 25.5 and the median foveal
thickness was 346 pm. All patients had CNV lesions which exhibited classic leakage
patterns.

A 50-year-old Caucasian woman with BCR with worsening CNV despite three sessions of
PDT and an injection of 0.3 mg of pegaptanib two months prior to study entry had VA of 33
letters (20/63) in the right eye and 53 letters (20/25) in left eye. The patient was enrolled into
the study one month sooner than the three-month period after previous treatments as stated
in the protocol, because there was documented progressive worsening of vision and increase
in the size of the CNV. FA in the right eye was 49 letters (20/25). The size and leakage of the
CNV and foveal thickness were reduced (Figure 1, week 2). A second infusion of
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bevacizumab was given and four weeks later VA in the right eye was 34 letters, FA showed
persistent leakage, and OCT showed reduction in the subretinal mass, but new subretinal
fluid on the horizontal cross-section (Figure 1, week 6). The patient was given a third
infusion, and two weeks later a fourth infusion of bevacizumab because of persistent
leakage. At the primary endpoint, week 24, VA was 47 letters (20/32) in the right eye, and
the CNV was clearly reduced in size compared to baseline, but there was still some leakage
and subretinal fluid (Figure 1, week 24). At week 36, 28 weeks after the fourth infusion, VA
was 38 letters (20/50) in right eye and there was minimal fluorescein leakage, but OCT
showed persistent intraretinal edema and a foveal thickness of 360 um. Subsequently, the
patient noted a decrease in vision; therefore, she was given an intraocular injection of 1.25
mg bevacizumab in the right eye at week 43, 10 months after the first infusion. At 48 weeks,
VA was 39 letters (20/40) in the right eye and 57 letters (20/20) in the left eye, and foveal
thickness was 355 pm in the right eye.

A 37-year-old Caucasian woman with angioid streaks and CNV in both eyes lost central
vision in her left eye and, despite six PDT treatments, had progressive deterioration in the
right eye. At baseline, VA was 26 letters (20/80) in the right eye and 1 letter at 4 meters/13
letters at 1 meter (20/40) in the left eye. FA showed a window defect from a large streak
between the disk and fovea with a large leaking subfoveal CNV lesion (Figure 2, baseline).
OCT showed subretinal fluid and thickening on the nasal side of the fovea. Two weeks after
the first infusion of bevacizumab, VA in the right eye was 23 letters (20/100), fluorescein
leakage was reduced, and OCT showed little change from baseline (Figure 2, week 2). A
second infusion of bevacizumab was given and one month later VA was 42 letters (20/40),
the CNV was smaller and did not leak, and OCT showed reduced thickening of the nasal
part of the macula (Figure 2, week 6). No infusion was administered. At the week 12 visit,
10 weeks after the last infusion, the VA was 51 letters (20/25), but there was a question of
mild recurrent fluorescein leakage; therefore, a third infusion of bevacizumab was given. At
the primary endpoint, 24 weeks after study entry and 12 weeks after the last infusion, VA in
the right eye was 60 letters (20/16); the CNV appeared smaller than at baseline and did not
leak fluorescein, and there was no macular thickening (Figure 2, week 12). At 36 weeks, VA
remained at 60 letters (20/16) at 4 meters in the right eye and two letters at 4 meters/22
letters at 1 meter (20/400) in the left eye. OCT showed minimal thickening in the right, and
FA did not show evidence of leakage in either eye. The patient returned seven weeks later, at
week 43, which was not a scheduled study visit, complaining of blurriness in the right eye;
the VA was 20/40. FA revealed recurrent leakage at the edge of the CNV complex, and the
patient was given an intraocular injection of 1.25 mg bevacizumab in the right eye as she
was not eligible to receive additional intravenous bevacizumab. At the end-of-study visit
(week 48), VA was 53 letters (20/25) in the right eye and O letters at 4 meters/19 letters at 1
meter (20/400) in the left eye. OCT showed foveal thickness of 220 um in the right eye and
279 um in the left eye.

A 58-year-old Caucasian man with ocular histoplasmosis syndrome (OHS) and CNV in the
left eye had persistent reduction in VA after an intraocular injection of bevacizumab and
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refused additional injections. Three months after the injection, he entered the study and VA
was 54 letters read at 4 meters (20/20) in the right eye and 38 letters (20/50) in the left eye.
FA showed leaking CNV in the left eye and OCT showed subretinal fluid and thickening
with loss of the foveal pit (Figure 3, baseline). Two weeks after infusion of bevacizumab, the
VA in left eye was 20/50, OCT showed resolution of subretinal fluid and reduced thickening
in the fovea, and FA showed reduced leakage (Figure 3, week 2). A second infusion was
given and one month later VA was 42 letters (20/40) in the left eye and FA showed minimal
residual leakage, but a third infusion was given because OCT showed mild intraretinal
edema and a small blister of subretinal fluid (Figure 3, week 6). Six weeks later the patient
received the fourth infusion and three months later (week 24) VA was 49 letters (20/25) in
the left eye and 60 letters (20/20) in right eye. OCT showed no fluid in the left eye and FA
showed no leakage (Figure 3, week 24). Six months after the last infusion (week 36), VA
was 52 letters (20/25), there was no evidence of leakage on FA, and foveal thickness was
233 um in the left eye. Nine months after the last infusion (week 48), VA was 47 letters in
the left eye (20/32), there was no leakage on FA, and foveal thickness was 220 pym.

INFUSIONS AND SAFETY

Eight patients received four infusions and two patients received three infusions. Infusions
were well tolerated and there were no ocular or systemic adverse events. The median change
from baseline in systolic and diastolic blood pressure was less than 5 mm Hg at all study
visits. There was no proteinuria noted in any study subjects.

VISUAL ACUITY

There was rapid improvement in median VA to 35 letters after the first infusion, an increase
of two lines (Figure 4). At the primary endpoint (24 weeks), the median number of letters
read at 4 meters was 48.5, representing an improvement of 23 letters from baseline (P=.
005). Visual acuity improved =1 line in all 10 patients, =2 lines in nine, =3 lines in six, =4
lines in four, =5 lines in four, and =6 lines in three. Eight patients had VA of 20/40 or better
at 24 weeks compared with only one at baseline.

FOVEAL THICKNESS

At baseline, the median excess foveal thickness was 134 um due to subretinal and
intraretinal fluid. This was reduced to 84 um at two weeks after the first infusion, continued
to decrease to 32 um by week 10, and remained around that level through week 24 when it
was 35 um (Figure 4). At 24 weeks, four patients had complete resolution of all identifiable
intraretinal and subretinal fluid, five patients were felt to have some residual thickening
suggesting possible intraretinal fluid, and one patient had a small pocket of SRF.

FLUORESCEIN ANGIOGRAPHY

In a previous study,? it was found that classic components of CNV lesions were completely
filled by 60 seconds, and this was also true in the current study, providing a measure of CNV
area. Dye spread from leakage was maximal at 600 seconds and the difference in area
between 600 seconds and 60 seconds provided a measure of the area of retina to which
leaked fluorescein had spread (leakage area). Areas of CNV and leakage at baseline and 24
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weeks are presented in Table 2 for nine patients (one patient was found to have allergy to FA
after entering the study).

Patient 8 with OHS, for whom FAs are shown in Figure 3, had a leakage area at baseline of
0.20 disk areas that was eliminated at 24 weeks, and CNV area was reduced by 21% from
0.33 to 0.26 disk areas. Patient 5 with angioid streaks, for whom FAs are shown in Figure 2,
had fairly mild leakage at baseline (0.08 disk areas) that was reduced by 88% to 0.01 disk
areas at 24 weeks accompanied by a 74% decrease in CNV area from 0.65 to 0.17 disk
areas. The patient with BCR, for whom FAs are shown in Figure 1, had a 91% reduction in
leakage area (2.62 to 0.24 disk areas) and a 55% reduction in CNV area (4.11 to 1.87 disk
areas). The majority of patients had a dramatic reduction in leakage; elimination of leakage
in four patients and reduction by roughly 90% in three patients. Two patients had a modest
reduction in leakage area and one of these, Patient 1, is particularly interesting. She had
chronic CNV in her right eye with long-standing poor vision and had new onset subfoveal
CNV in her left eye with VA better than the eligibility cut-off. The right eye was eligible
with regard to VA and had some active leakage, subretinal fluid, and blood, but was not ideal
because there was considerable subretinal fibrosis. The patient was insistent that she had no
other options, and because she had bilateral active disease and was eligible, she was allowed
to enter the trial with the right eye as the study eye. Although there was only a 21%
reduction in leakage area and an increase in CNV area at 24 weeks in the right eye, there
was substantial resorption of subretinal fluid; foveal thickness was reduced from 289 um to
176 um and VA improved by 24 letters. The VA in the nonstudy left eye recovered to 20/20.
Aside from this patient with longstanding CNV with a considerable fibrotic component that
failed to decrease in size, all other patients showed reduction in area of CNV. The median
CNV area at baseline was 0.65 disk areas and this was reduced by 43% to 0.26 disk areas at
24 weeks (Figure 5).

Although Patient 10 showed a 43% decrease in CNV area, she was the only patient who did
not show reduced leakage at 24 weeks compared with baseline and this was accompanied by
a slight increase in foveal thickness on OCT. However, the patient had a nine-letter
improvement in visual acuity and prior to the primary endpoint there had been evidence of a
more complete response. At week 12, VA was 49 letters, an improvement of 18 letters from
baseline, and foveal thickness was 289 um, an improvement of 37 um. Thus, the patient had
evidence of imrovement during the treatment period, but the benefit was not completely
sustained through the primary endpoint.

FOLLOW-UP BETWEEN THE PRIMARY ENDPOINT AND 48 WEEKS

The four patients who had elimination of leakage at 24 weeks remained stable with no
additional treatment and no evidence of leakage through 48 weeks. One of the three patients
who had reduction of leakage by 90% also remained stable with no additional treatment, but
the other two patients complained of reduced vision about five months after the primary
endpoint and were found to have mild fluorescein leakage and increased foveal thickness;
each had an intraocular injection of 1.25 mg bevacizumab. Patient 1, who had five lines of
improvement in VA and marked improvement in foveal thickness despite having a large,
partially fibrotic CNV lesion that showed evidence of growth and persistent leakage at 24
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weeks, maintained the improvement in VA between 24 and 48 weeks with no additional
treatment. Patient 3, like Patient 1, had only a modest reduction in leakage and no substantial
reduction in CNV area, but had a marked reduction in foveal thickness from 347 pm to 250
pum and improvement in VA of 27 letters and these improvements were maintained through
week 48 without any additional treatment. Patient 10, the only patient who did not show
reduced fluorescein leakage at 24 weeks, had an intraocular injection of 1.25 mg
bevacizumab at week 27. No additional treatments were needed and at 48 weeks VA was 50
letters, a 19-letter improvement from baseline and a 10-letter improvement from 24 weeks.

DISCUSSION

RANIBIZUMAB IS THE FIRST TREATMENT TO CAUSE SIGNIFicant visual improvement in a substantial
number of patients with CNV attributable to AMD, confirming that VEGF is a critical
stimulus in that disease process.2 There is preliminary evidence suggesting that VEGF is
also important in CNV attributable to pathologic myopia or angioid streaks. Intravenous
infusions of 5 mg/kg bevacizumab caused dramatic improvement in two patients with CNV
attributable to pathologic myopia that had not improved after PDT.8 Treatment with
intraocular injections of bevacizumab has also been shown to cause improvements in
patients with CNV attributable to pathologic myopiall~13 and in a patient with CNV
attributable to angioid streaks.1# In this study, detailed prospective analysis of 10 patients
with non AMD CNYV treated with intravenous infusions of 5 mg/kg bevacizumab has
provided additional evidence suggesting that VEGF is a critical stimulus for CNV
attributable to pathologic myopia, angioid streaks, and choroiditis (BCR and PIC). Although
several of the patients had relatively longstanding disease or had failed other treatments
reducing visual prognosis, the median improvement in VA was 23 letters at 24 weeks, the
primary endpoint. This was accompanied by anatomic evidence of improvement including a
reduction in median foveal thickness from 346 pm to 248 pm (elimination of 72% of excess
foveal thickness), and reductions in median fluorescein leakage area and CNV area of 91%
and 43%, respectively. These results at the primary endpoint are impressive, but in addition
several patients maintained the improvement for many months without additional treatment.
Five patients showed no evidence of leakage at 48 weeks, the final visit, about nine months
after the last infusion. Another patient showed no evidence of recurrent disease throughout
the study, but was last seen at the month 9 visit, six months after the last infusion, because
he moved away and refused to return for the one-year visit. Two other patients had disease-
free periods of about eight months after the last infusion. Thus, eight of 10 patients had
prolonged remissions. One of the two remaining patients had improvement in VA (nine
letters) and a 47% reduction in CNV area at the primary endpoint, but required an
intraocular injection of bevacizumab for persistent leakage, after which she experienced a
disease-free period of at least six months and an improvement in VA at the week 48 visit of
19 letters. The only other patient in the study was the one with a large, partially fibrotic
CNV lesion that experienced about a five line improvement in VA that was maintained at
least through the week 48 visit without additional treatment, but this patient had evidence of
smoldering disease as evidenced by an increase in CNV size, mild persistent leakage, and an
increase in foveal thickness from 176 um at the primary endpoint to 256 um at 48 weeks.
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This picture of stability after three or four bevacizumab infusions in the majority of patients
suggests that the CNV was eliminated or made quiescent. One indication of quiescence is
elimination of leakage; all of the patients who had a long disease-free period had elimination
or near elimination of leakage at the primary endpoint. They also showed reductions in CNV
area ranging from 13% to 74%; the amount of regression may not be critical, but its
occurrence to any extent may be indicative of a fundamental change within the lesion that is
associated with a favorable prognosis. Regression of CNV has not been well documented in
treatment of CNV attributable to AMD with intraocular injections of VEGF antagonists, nor
is it known if it occurs with intraocular injections of VEGF antagonists in patients with non
AMD CNV. These are important questions for future investigations.

We noted beneficial effects of systemic bevacizumab in patients with CNV attributable to
pathologic myopia, angioid streaks, or inflammatory eye diseases. Although heterogeneous
with regard to primary insult, this population of patients shares certain key features that set
the group as a whole apart from patients with neovascular AMD: 1) younger age; 2) lack of
diffuse thickening of the Bruch membrane or widespread deposits of abnormal extracellular
matrix; and 3) tendency toward small, classic CNV lesions rather than large lesions that
frequently have substantial occult components. Perhaps most importantly, compared with
neovascular AMD, they tend to share a better visual prognosis, although there are some
differences (idiopathic CNV and CNV attributable to pathologic myopia or ocular
histoplasmosis appear to have a somewhat better prognosis than CNV attributable to angioid
streaks or multifocal choroiditis).

A series of 18 patients with neovascular AMD treated with systemic bevacizumab showed
improvement in median VA of 14 letters and substantial reduction in foveal thickness over a
period of 24 weeks.1® There was a significant elevation in blood pressure that required
adjustment or institution of antihypertensive medicines in several patients. None of our
patients showed elevation of blood pressure or any other complications, but the number of
patients is too small to draw conclusions. Also, we cannot rule out the unlikely possibility
that an adverse effect might become manifested more than seven to eight months after all
bevacizumab from the infusions is eliminated from the body, which was the limit of our
follow-up. However, taking our data and those obtained in AMD patients together, it seems
that systemic anti-VEGF treatment may be more feasible in young patients with CNV than
in AMD patients. This is consistent with the observation that most adverse events in cancer
patients receiving a combination of bevacizumab and 5-fluorouracil occurred in patients
older than 60.16 A large trial would be needed to adequately investigate safety in these
patients with CNV attributable to diseases other than AMD in order to recommend systemic
bevacizumab. There is unlikely to be strong motivation to conduct such a trial, because case
reports and case series suggest that intraocular injections of bevacizumab may provide
benefit in patients with CNV attributable to pathologic myopia.11-13.17 Enthusiasm for a
large trial would be increased if there was some indication that results might be superior to
those obtained after intraocular injections of bevacizumab. However, the results obtained
after intraocular injections of bevacizumab are quite good, and there are not enough data at
present to draw any conclusions as to how they compare to results obtained with systemic
bevacizumab. A reasonable approach would be to offer intraocular injections of ranibizumab
or bevacizumab to all young patients with subfoveal CNV and consider further study of
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systemic bevacizumab only if a leakage-free period of at least three months cannot be
achieved, if there are frequent recurrences, or if there is bilateral disease with reasonable
visual potential in each eye. Additional small studies may be warranted to determine if such
an approach has merit. Also, the optimum systemic dose of bevacizumab for inducing CNV
regression has not been investigated. Lower doses than those given in this trial may be
adequate to treat CNV and investigation of this possibility should be considered. Finally, the
results of this study are not just relevant to bevacizumab, but are also relevant to other orally
active VEGF antagonists, and they suggest that the jury is still out on whether systemically
administered VEGF antagonists will ever have a role in treatment of young patients with
CNV.
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| |  Baseline | Week2 | Weeks Week 24
o

FIGURE 1.
Patient 2, a 50-year-old Caucasian woman with choroidal neovascularization (CNV)

attributable to birdshot chorioretinopathy (BCR). Studies obtained at baseline and two, four,
and 24 weeks after the first infusion are shown including best-corrected visual acuity
(BCVA) in Early Treatment Diabetic Retinopathy Study (ETDRS) letters read at 4 meters
and Snellen equivalent, frames from early, mid, and late phases of fluorescein angiograms
(FA), and horizontal and vertical cross-sections of optical coherence tomography (OCT)
scans labeled T-N (temporal-nasal) and I-S (inferior-superior), respectively. At the primary
endpoint of 24 weeks after the first infusion, the patient showed improved BCVA, reduced
CNV lesion size, and reduction in leakage and edema, but not complete resolution.
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" | Basoline | Week2 | Weeks Week 24

5

FIGURE 2.
Patient 5, a 37-year-old Caucasian woman with CNV attributable to angioid streaks. Studies

obtained at baseline and 2, 4, and 24 weeks after the first infusion are shown including
BCVA in ETDRS letters read at 4 meters and Snellen equivalent, frames from early, mid,
and late phases of FA, and horizontal and vertical cross-sections of OCT scans labeled T-N
(temporal-nasal) and I-S (inferior-superior), respectively. At the primary endpoint of 24
weeks after the first infusion, the patient showed improved BCVA, reduced CNV lesion size,
resolution of leakage, and resolution of subretinal and intraretinal fluid in the macula.
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FIGURE 3.
Patient 8, a 58-year-old Caucasian man with CNV attributable to ocular histoplasmosis.

Studies obtained at baseline and two, four, and 24 weeks after the first infusion are shown,
including BCVA in ETDRS letters read at 4 meters and Snellen equivalent, frames from
early, mid, and late phases of FA, and horizontal and vertical cross-sections of OCT scans
labeled T-N (temporal-nasal) and I-S (inferior-superior), respectively. At the primary
endpoint of 24 weeks after the first infusion (followed by two subsequent infusions of 5
mg/kg bevacizumab), the patient showed improved BCVA, reduced CNV lesion size,
resolution of leakage, and resolution of subretinal and intraretinal fluid in the macula.
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Visual acuity (VA) and excess foveal thickness and subretinal fluid between baseline and the
primary endpoint at 24 weeks. Median VA in number of letters read on an ETDRS chart at 4
meters is shown by the line graph. The median VA at baseline was 25.5 letters compared
with 48 letters at the primary endpoint, a gain of 23 letters. The median change in excess
foveal thickness (EFT)/subretinal fluid (SRF), which is the thickness of the fovea combined
with the height of SRF in the fovea — 212 pm, is an indication of the amount of excess fluid
within and under the retina is shown by the bar at each time point. The excess fluid present
at baseline was reduced by 72%.
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Median CNV and Leakage Areas
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Median area of CNV and area of leakage at baseline and three time points after start of
bevacizumab infusions. Each bar represents the median area of CNV (dark gray) and the
median leakage area (light gray) calculated as described in the Methods section from
measurements made on FAs obtained in nine patients at four time points. There is a
sequential decrease in both parameters (total lesion size) at weeks 2 and 6.
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