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Purpose:
injection.

Design: Open-label, 5-center, uncontrolled, prospective, dose-ranging, interventional case series.

Participants: Twenty-seven patients with subfoveal choroidal neovascularization (CNV) secondary to age-
related macular degeneration (AMD) with best-corrected Snellen equivalent visual acuity (VA) of 20/100 or worse
and considered ineligible for laser photocoagulation or photodynamic therapy.

Methods: A single intravitreal injection of ranibizumab was to be administered at 1 of 6 escalating doses (50,
150, 300, 500, 1000, and 2000 wg), with escalation to the next dose level occurring only after the safety and
tolerability of the lower dose level was established through postinjection day 14. Follow-up examinations were
performed on postinjection days 1, 3, 7, 14, 42, and 90. Enroliment was stopped if =2 patients experienced
dose-limiting toxicity.

Main Outcome Measures: The primary safety measures were changes from baseline in VA, intraocular
pressure (IOP), intraocular inflammation, and production of antiranibizumab antibody. Dose-limiting toxicity was
defined by intraocular inflammation, elevated IOP, reduced VA, or hemorrhage within 90 days after injection.

Results: All patients completed this single intravitreal injection study, and 500 pg of ranibizumab was the
maximum tolerated dose. At the higher dose of 1000 g, significant intraocular inflammation was noted. All
adverse events were self-limited, and no infectious endophthalmitis occurred. Aqueous or vitreous ocular
inflammation occurred in 12 subjects, with complete resolution within 42 days. In 9 of the subjects, the
inflammation was graded as trace to 1+ and required no treatment; in 3 of the subjects, the inflammation was
graded as 2+ or 3+, and 2 of the 3 were treated with topical 1% prednisolone acetate. No serum antiranibizumab
antibodies were detected. All patients had VA similar or improved compared with baseline values.

Conclusion: The maximum tolerated single dose of ranibizumab in neovascular AMD patients was 500 ug.
Single intravitreal injections of ranibizumab up to a dose of 500 ug were safe and well tolerated in this small group

To investigate the maximum tolerated dose of ranibizumab administered as a single intravitreal

of patients. Ophthalmology 2005;112:1048-1053 © 2005 by the American Academy of Ophthalmology.
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Age-related macular degeneration (AMD) is the leading
cause of irreversible severe vision loss among the elderly in
North America and Europe.' Most of the severe vision
loss results from the neovascular or exudative form of
AMD.* Neovascularization in AMD is referred to as cho-
roidal neovascularization (CNV) because it primarily arises
from the choroidal circulation under the macula, and the
term refinal angiomatous proliferation is used to refer to a
variant of CNV with a component of neovascularization
within the retina.”® Initially, the vision loss attributable to
neovascularization in AMD is thought to be due to the
leakage of blood and serum components under the retina
(subretinal fluid), into the retina (macular edema), and under
the retinal pigment epithelium (RPE detachment).® This
type of vision loss from fluid accumulation is potentially
reversible. Eventually, the progression of AMD and the
accumulation of serous fluid and blood from neovascular-
ization result in the loss of photoreceptors and RPE, the
formation of a disciform scar, and permanent vision loss. To
date, results of controlled clinical trials have led to only 2
recommended options for the treatment of subfoveal CNV
in AMD: thermal laser photocoagulation and photodynamic
therapy.”'2 Neither of these options is effective for all
patients with neovascular AMD, and improved or even
stabilized visual acuity (VA) is achieved uncommonly, even
with treatment.

Ocular neovascularization and increased vascular perme-
ability have been associated with vascular endothelial
growth factor (VEGF), a diffusible, secreted protein that is
central to the sequence of events leading to vascular leakage
and angiogenesis.'*'* Animal studies have shown that
VEGF expression is sufficient to induce neovascularization
in the eye,'”'” whereas inhibition reduces this effect.'®
Moreover, the presence of VEGF is temporally and spatially
correlated with ocular angiogenesis in the primate model.'®
Patients with ocular neovascularization secondary to prolif-
erative diabetic retinopathy have elevated vitreous levels of
VEGF,?*! and elevated levels of VEGF have been detected
within CNV.?%23

One possible strategy for treating retinal neovasculariza-
tion, CNV, and macular edema is to inhibit VEGF activity
by competitively binding VEGF with a specific neutralizing
anti-VEGF antibody. One such molecule. ranibizumab, is a
novel humanized anti-VEGF antibody fragment produced
by recombinant antibody production techniques. Ranibi-
zumab is derived from bevacizumab, a full-length human-
ized monoclonal antibody against human VEGF currently
being studied for the treatment of several solid organ tu-
mors** 2 and approved in the United States for use in
combination with 5-fluorouracil-based chemotherapy in
treatment of metastatic colorectal cancer.

Because most of the neovascularization in AMD occurs
under the retina or within the retina, the antibody fragment
has an advantage over a full-length antibody when both are
injected into the vitreous cavity. The smaller fragment can
penetrate through all layers of the retina, whereas the full-
length antibody penetrates only into the inner retinal lay-
ers.”” Thus, the antibody fragment has greater therapeutic
potential. Preclinical studies in animal models have demon-
strated the safety. tolerability, and biological activity of

ranibizumab. In a monkey model, pretreatment of eyes with
intravitreal ranibizumab prevented development of laser-
induced CNV, and ranibizumab treatment of established
experimental CNV reduced vascular leakage.*®

This study was designed primarily to evaluate the safety,
tolerability, and maximum tolerated dose of a single intra-
vitreal injection of ranibizumab, the anti-VEGF antibody
fragment, in patients with neovascular AMD.

Patients and Methods

This was a prospective, open-label, uncontrolled, multicenter,
phase 1 study designed to investigate the safety and tolerability of
6 escalating doses of ranibizumab (50, 150, 300, 500, 1000, and
2000 pg) administered as a single intravitreal injection in patients
with primary or recurrent CNV secondary to AMD. The study
protocol was reviewed and approved by the institutional review
boards of the 5 participating centers. All subjects provided written
informed consent. The study was completed before implementa-
tion of the Health Insurance Portability and Accountability Act of
1996.

Patients were enrolled at 5 university-affiliated clinical centers
from February 2000 through January 2001. The principal eligibil-
ity criteria are listed in Table 1. Because of lesion size and/or
lesion type. these patients were not eligible for laser photocoagu-
lation, based on the Macular Photocoagulation Study criteria, and
also were not eligible for photodynamic therapy. All entry exam-
inations and testing were performed within 14 days of treatment.
The protocol called for the enrollment of 6 patients per dose group.
with enrollment in each escalating dose group only if there was no
evidence of any dose-limiting toxicity at the lower doses (Table 2).
The enrollment was stopped if =2 patients within a dose group
experienced dose-limiting toxicity within 14 days after ranibi-
zumab injection. No more than 2 patients could be enrolled into the
study on any day, and no more than 3 patients could be enrolled
into the study per week.

The study was divided into a 14-day screening period, a 1-day
treatment period, and a 90-day follow-up period. On day 0, eligible
patients received an intravitreal injection of ranibizumab (Lucentis
[formerly rhuFab V2], Genentech, Inc., South San Francisco, CA).
Ranibizumab was supplied as a lyophilized powder requiring
reconstitution and dilution with sterile water before intravitreal
injection. Local lidocaine anesthetic and antimicrobial agents were
applied to the study eye before treatment using preparatory meth-
ods that were the standard of care at the participating sites. A
retinal specialist, using a 30-gauge 0.5-inch needle attached to a
1-ml tuberculin syringe, injected a total of 0.05 ml (50 pl) of
ranibizumab solution through the pars plana. Follow-up examina-
tions were performed on postinjection days 1. 3. 7, 14, 42, and 90.

The primary outcome measurements focused on the safety and
tolerability of ranibizumab and the injection procedure. Safety was
assessed by measuring the following parameters after each injec-
tion: light perception was measured at 5 and 30 minutes; intraoc-
ular pressure (IOP) was measured at 30 minutes; and if the IOP
was =10 mmHg higher than the preinjection 1OP, then another
measurement was taken at 60 minutes. Visual acuity was assessed
using a standardized 2-m refraction protocol with the Early Treat-
ment Diabetic Retinopathy Study chart on postinjection days 1, 3,
7, 14, 42, and 90; ocular inflammation was assessed using a
slit-lamp examination and dilated ophthalmoscopy on postinjec-
tion days 1, 3, 7, 14, 42, and 90 (Table 3 [available at http:/
aaojournal.org]).?” Ocular and nonocular adverse events were as-
sessed during the follow-up period by obtaining medical histories,
with a review of concomitant medications and physical examina-
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Table 1. Principal Inclusion and Exclusion Criteria

Inclusion criteria

Clinical signs and angiographic evidence of primary or recurrent subfoveal CNV
Not eligible for laser photocoagulation or photodynamic therapy, based on lesion size and lesion type
Fluorescein angiography performed within 7 days of study drug administration

Best-corrected visual acuity of 20/100 or worse in study eye®
Ape =50 yrs
Exclusion criteria

Presence of ocular conditions other than AMD (e.g., diabetic retinopathy or any grade of ocular inflammation)

Cataract surgery within 3 mos of enrollment

Verteporfin (Visudyne, Novartis AG, Basel, Switzerland) therapy within 1 mo of enrollment in the study eye or 7 days in the fellow eye

Previous submacular surgery or external beam radiation therapy

Enrollment in another investigational drug study within 3 mos of study entry

Use of anticoagulants or antiplatelet therapy other than aspirin/NSAIDs within 14 days of enrollment
Presence of a nonhealing wound, ulcer, fracture, or any medical condition associated with bleeding
Use of antimitotic or antimetabolite therapy within 30 days or 5 elimination half-lives of enrollment

Premenopausal women
History of fluorescein allergy

Any medical/physical/laboratory/metabolic disorder that contraindicated the use of an investigational drug

Inability to comply with the study protocol or follow-up procedures

AMD = age-related macular degeneration; CNV = choroidal neovascularization; NSAIDs = nonsteroidal antiinflammatory drugs.
*Visual acuity was determined using a standardized Early Treatment Diabetic Retinopathy Study refraction protocol, and Snellen equivalent visual acuity

was used as the inclusion criterion.

tions with vital signs. hematological profiles, and urinalyses. Se-
rum antiranibizumab antibody levels were measured on postinjec-
tion days 14, 42, and 90 by enzyme-linked immunosorbent assay
at Genentech, Inc.

Secondary outcome measurements included the change in flu-
orescein angiographic characteristics of CNV. Fluorescein angiog-
raphy was performed at baseline and on postinjection days 7 and
90 to assess CNV. Lesion size and characteristics of CNV were
assessed initially by the study investigator and retrospectively by
the Fundus Photograph Reading Center of the University of Wis-
consin. Lesion refers to the area encompassing all lesion compo-
nents such as CNV (classic, occult, or combined). blood, hypofluo-
rescence not from visible blood, serous detachment of the RPE,
and hyperfluorescent staining from fibrous tissue.

Results

Twenty-seven patients enrolled in the study. Enrollment was
stopped after the first 2 patients in the 1000-pg group experienced
dose-limiting toxicity. The baseline demographic characteristics
for the 27 patients are shown in Table 4 (available at http://
aaojournal.org). Most patients were Caucasian (96%), and more
than half were female (56%). The mean age was 78 years. Baseline

assessment of study-eye characteristics indicated that 67% of pa-
tients had primary CNV, and the median baseline VA was 20/250
(approximate Snellen equivalent). The CNV lesions were classi-
fied as predominantly classic (15% of patients), mixed classic and
occult CNV (56%), and occult with no classic component (30%).
With the exception of a single subject with a juxtafoveal lesion, all
CNV lesions were subfoveal. Neovascular AMD was present in
the fellow eye in 59% of patients. To ensure consistent evaluation,
the fundus photographs and fluorescein angiograms were retro-
spectively reviewed at a central reading facility, the Wisconsin
Fundus Photograph Reading Center. With respect to baseline char-
acteristics, all enrolled subjects were determined by the investiga-
tor to have active CNV at screening. The reading center was
unable to confirm the presence of CNV in 2 cases.

Safety and Adverse Events

No patient withdrew from the study, and there were no important
protocol deviations. Ranibizumab was well tolerated up to a max-
imum single dose of 500 pg. Most adverse events were related to
the injection procedure and not related to the study drug (Table 5
[available at http://aaojournal.org]), with 78% of patients experi-
encing subconjunctival hemorrhaging, conjunctival edema, or

Table 2. Definitions of Dose-Limiting Toxicity within 14 Days of Injection™

® A change in ocular inflammation of 2 units on a standard grading scale, as assessed on days 1, 3, 7, and 147
® Sustained elevation of intraocular pressure characterized by an increase of 10 mmHg over baseline value for greater than 30 min
® Acute marked reduction in visual acuity unrelated to inflammatory reactions, defined as any of the following:
At least a 5-line (25-letter) decrease, as assessed on postinjection days 1, 3, 7, and 14
At least a 4-line (20-letter) decrease within the first 7 days after injection that is still present at the next scheduled visit
At least a 3-line (15-letter) decrease within the first 7 days that persists until day 14
® Vitreous hemorrhage of grade 2 or worse according to a hemorrhage density grading scale
® Major systemic hemorrhage, such as an intracranial hemorrhage or other clinically significant hemorrhages
® Other serious adverse event that, in the opinion of the investigator, is related to the study drug

*Patients were evaluated on postinjection days 1, 3, 7, and 14.

"Use of topical corticosteroids for the treatment of intraocular inflaimmation was left to the discretion of the investigator.
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Table 6. Ocular Inflammation Events

Maximum Aqueous

Duration of Aqueous

Maximum Vitreous Duration of Vitreous

Dose Group Grade Cell/Flare Grade Cell/Haze
150 pg None 0 1+ cell Day 42 only
300 pe None 0 2-3+ cell®! Days 7-14

None 0 1+ cell Day 14 only
1+ cell Days 1-3 1+ cell Days 1-42
Trace cell Day 1 only None 0
500 pg 1+ cellfflare Days 1-3 None 0
Trace cell Days 1-3 None 0
1+ cell Day 1 only 1+ cell Day 1 only
None 0 Minimal cell Day 7 only
Trace cell Day 1 only 1+ floaters Days 3-7
1000 pg 2+ cell#* Days 1-7 3+ cellffloaters** Days 3—14
2+ cell® Day 3 only 2+ cell® Days 3-14

*These patients had dose-limiting inflammation, defined as a change in ocular inflammation of =2 units on a scale of 0 to 4+.
'Patient was treated with 1 drop of topical 1% prednisolone acetate 4 times a day beginning on day 8 after injection and continuing through day 15.
*Patient was treated with 1 drop of topical 1% prednisolone acetate every hour beginning on day 2 after injection and continuing through day 3, then

3 times a day through day 8, and then 2 times a day through day 85.

pain. In all but 1 of these patients the sign or symptom was rated
as mild, and all events were self-limited.

Ocular inflammation related to intravitreal injection of the study
drug was reported in 12 patients (44%) and is summarized in Table 6.
This inflammation was generally asymptomatic and graded as trace to
1+ in 75% of the events, and did not require further treatment. Three
patients experienced clinically significant (grades 2-3+) ocular in-
flammation. One patient in the 300-pg group exhibited significant
vitreous cell; the inflammation resolved during topical corticosteroid
therapy (Table 6). Two patients in the 1000-pg group also experi-
enced significant ocular inflammation. In 1 patient, 2+ aqueous cell
and vitreous cell resolved without treatment and with no loss of VA
(Table 6). In the second patient, 2+ aqueous cell and significant
vitreous inflammation were associated with a transient 8-line (40
letters) reduction in VA, which resolved (Table 6). At the discretion
of the investigator, this latter patient received a course of topical
corticosteroids. According to the study protocol, these 2 cases of
ocular inflammation within the 1000-pg dose group represented dose-
limiting toxicity. Consequently, the maximum tolerated dose in this
single-injection setting was determined to be 500 pg.

Other self-limited ocular adverse events reported that were
probably related to the ranibizumab injection were 7 cases of
transient abnormal vision, 3 of mild eye pain, and 1 of severe eye
pain, and 1 case of clinically significant IOP elevation (another
case of clinically significant IOP elevation occurred, but was not
reported by the investigator as an adverse event). The average IOP
immediately before ranibizumab injection was 16.3 mmHg, with a
mean increase of 2.2 mmHg at 30 minutes after the injection
(range, —4 to 10 mmHg). The average IOP was slightly below
baseline levels at 24 hours. Of the 27 subjects who received
intravitreal administration of ranibizumab, 2 had [IOP elevations of
=10 mmHg in the study, as described below. Measurements of
IOP were confounded by anterior chamber paracentesis in 9 sub-
jects at a single study center.

With respect to VA, an intravitreal injection of ranibizumab
seemed safe, as measured by the change in letters identified on the
Early Treatment Diabetic Retinopathy Study eye chart. Changes in
study-eye VA are summarized in Table 7 (available at http://
aaojournal.org) and Figure 1. At the end of the study, mean VA
scores were similar to those at baseline, with an increase of 7
letters in the study eyes and 2.5 letters in the fellow eyes. In 3
patients (11%), 1 each from the 300-, 500-, and 1000-pg dose
groups, the study eye exhibited a transient decline in VA of at least

15 letters, which reached a nadir by postinjection day 3. All 3 cases
were associated with ocular inflammation. The time course of the
inflammation correlated with the decreased vision. Visual acuity
returned to near-baseline levels for all 3 patients by day 14.

Direct ophthalmoscopy and fundus imaging demonstrated no sig-
nificant changes in neovascular lesions during the study. The majority
of patients exhibited no significant change in the area of CNV or total
lesion as determined by fluorescein angiography (Table 8 [available at
http:/faaojournal.org]). In 74% of patients, lesion size was unchanged
or decreased, whereas in 26% the lesion size increased at least 0.3 disc
areas. Similarly, the area of CNV was either unchanged or decreased
in 73% of patients, but was increased in 27%.

Twenty-six nonocular adverse events were noted, but none was
considered related to the study drug. Two patients experienced
major nonocular events: a diagnosis of cholangiocarcinoma and a
case of recurrent bladder and prostate cancer. Minor nonocular
adverse events included a transient ischemic cerebral event, mus-
cle weakness, and 2 episodes of presumed fluorescein contact
dermatitis.

There were no substantial changes in any of the laboratory test
results (blood chemistry, hematology, and urinalysis) and no
changes in vital signs or physical examination findings during the
study. Light perception remained normal at 5 and 30 minutes after
each injection, and no patient developed an abnormal pupillary
response. No serum antibodies to ranibizumab were detected after
treatment.

Discussion

In this study, ranibizumab, a fragment of a genetically
engineered humanized monoclonal antibody against human
VEGF. was well tolerated when administered by intravitreal
injection at doses of 50 to 500 pg in a volume of 50 ul (0.05
ml). Overall, the most common adverse events were sub-
conjunctival hemorrhage at the injection site (20/27 pa-
tients [74%]) and transient, sterile intraocular inflammation
(12/27 patients [44%]).

The cause of the inflammatory response after intravitreal
injection of ranibizumab is unknown. Although the inflam-
mation may be a nonspecific response associated with an
intravitreal injection, there seems to be at least some com-
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Figure 1. Profile of the mean visual acuity (VA) changes for each dose group after a single intravitreal injection of ranibizumab through day 90. The

vertical bars at each visit represent the standard error of the mean.

ponent related to the drug, because the severity of inflam-
mation seemed to increase as the dose increased. This
observation is similar to those in animal studies, in which
the severity of inflammatory responses was clearly dose
related (Genentech, unpublished data).>® Because this was a
single-dose study. it remains to be seen whether the inflam-
matory response will be attenuated with repeated dosing, as
in the animal studies, or whether the inflammatory response
worsens with repeated dosing.

The inflammatory response after a single dose was well
tolerated and self-limited. At the day 90 follow-up visit,
intraocular inflammation persisted in only 1 patient (1000-pg
group); this inflammation was mild and required no treat-
ment. Infectious endophthalmitis was not diagnosed in this
study. None of the patients underwent anterior chamber or
vitreous sampling for microbiological cultures, nor did they
receive any intravitreal injections of antibiotics. Two pa-
tients received topical steroid drops after developing inflam-
mation, but it is unclear whether this helped to resolve the
inflammation. In animal studies, it seemed that neither sys-
temic nor topical steroids significantly affected the duration
or extent of the inflammation (data not shown).

A low number of systemic adverse events was observed,
and none (with the exception of cerebral ischemia) was
suggestive of an anti-VEGF effect. This may be attributed,
in part, to the very minute quantities of the drug (50-1000
ung) injected into the vitreous and, therefore, the extremely
low amounts of drug reaching the systemic circulation,
combined with rapid clearance of the drug.

In conclusion, a single intravitreal injection of ranibi-
zumab seems safe and well tolerated, with a maximum

1052

tolerated single dose of 500 pg in a volume of 50 pl.
Dose-limiting toxicity in this single-dose study was identi-
fied at the 1000-pg dose and was characterized by ocular
inflammation involving both the anterior chamber and vit-
reous cavity.
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Table 3. Grading Scales for Ocular Inflammation

Flare

Trace

1+

23+

4+

Cells

Trace

2+

3+

4+

No protein is visible in the anterior chamber when viewed by an experienced observer using slit-lamp biomicroscopy; a small, bright,
focal slit-beam of white light; and high magnification.

Trace amount of protein detectable in the anterior chamber. This protein is visible only with careful scrutiny by an experienced
observer using slit-lamp biomicroscopy; a small, bright, focal slit-beam of white light; and high magnification.

Mild amount of protein detectable in the anterior chamber. The presence of protein in the anterior chamber is immediately
apparent to an experienced observer using slit-lamp biomicroscopy and high magnification, but such protein is detected only with
careful observation with the naked eye and a small, bright, focal slit-beam of white light.

Moderate amount of protein detectable in the anterior chamber. These grades are similar to 1+, but the opacity would be readily
visible to the naked eye of an observer using any source of a focused beam of white light. This is a continuum of moderate
opacification, with 2+ being less apparent than 3+.

A large (severe) amount of protein is detectable in the anterior chamber. Similar to 3+, but the density of the protein approaches
that of the lens. Additionally, frank fibrin deposition is frequently seen in acute circumstances. It needs to be noted that because
fibrin may persist for a time after partial or complete restoration of the blood-aqueous barrier, it is possible to have resorbing fibrin
present with lower numeric assignations for flare {e,g., 1+ flare with fibrin).

No cells are seen in any optical section when a large slit-lamp beam is swept across the anterior chamber.

Rare (1-3) cells are observed when the slit-lamp beam is swept across the anterior chamber. When the instrument is held stationary,
not every optical section contains circulating cells.

Three to 10 cells/optical section are seen when the slit-beam of light sweeps across the anterior chamber. When the instrument is
held stationary, every optical section contains circulating cells.

Ten to 25 cells are seen when the slit-beam of light sweeps across the anterior chamber. When the instrument is held stationary,
every optical section contains circulating cells.

Twenty five to 50 cells are seen when the slit-beam of light sweeps across the anterior chamber. When the instrument is held
stationary, every optical section contains circulating cells. Keratic precipitates or cellular deposits on the anterior lens capsule may
be present.

More than 50 cells are seen when the slit-beam of light sweeps across the anterior chamber. When the instrument is held stationary,
every optical section contains cells, or hypopyon is noted. As for fibrin deposition, hypopyon may persist for some time after the
active exudation of cells into the anterior chamber has diminished or ceased entirely, making it possible to have 1+ circulating
cells in the anterior chamber with a resolving hypopyon.

This is a modification of the grading system described by Hogan et al (Hogan M], Kimura S], Thygeson P. Signs and symptoms of uveitis. I. Anterior
uveitis. Am ]. Ophthalmol 1959;47:155-70.
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Table 4. Baseline Characteristics of the 27 Enrolled Patients

Dose Group
50 pg 150 pg 300 pg 500 pg 1000 pg Total
Characteristic (n=16) (n==6) (n=6) (n=7) (n=2) (n=27)

Age (yrs)

Mean (* SD) 75.0+4 83.8+7 75.5+9 74.1£5 86.0%3 17.7x7

Range 68-80 73-92 63-85 68-80 84-88 63-92
Gender

Female 4 3 5 2 1 15 (56%)

Male 2 3 1 5 1 12 (44%)
Duration of AMD (yrs)

Mean (+ SD) 2423 E i e 1.9+2 1.9+2 6.1x2 2.6%3

Range 0.1-7.9 0.0-11.0 0.3-4.0 0.2-5.1 4.5-716 0.0-11.0
Recurrent disease

No 3 5 5 5 0 18 (67%)

Yes 3 1 1 2 2 9 (33%)
CNV type (investigator assessment)

Classic 2 1 0 1 0 4 (15%)

Classic and occult 4 1 4 5 1 15 (569%)

Occult 0 2 1 1 8 (30%)
Total lesion size (DAs)

Mean (* SD) 7.8+7 6.9+4 1137 12.0+10 7.3+3 9.6+7

Range 3-20 3-14 1-21 3-28 5-10 1-28
Visual acuity in study eye®

20/100 0 2 2 0 0 4 (15%)

<20/100-20/200 0 2 1 4 1 8 (30%)

<20/200-20/320 2 1 1 0 1 5(19%)

=20/320-20/400 2 0 0 2 0 4 (15%)

=20/400 2 1 Z 1 0 6 (22%)

Median 20/250
Neovascular AMD in fellow eye

No 2 2 2 5 11 (41%)

Yes 4 4 4 2 2 16 (59%)
Visual acuity in fellow eye®

20/20-20/40 1 2 2 4 0 9 (34%)

20/50-20/100 2 2 2 1 0 7(26%)

=20/100-20/320 1 1 — 2 1 5(18%)

=20/320-20/400 2 1 1 0 1 5 (18%)

<20/400 0 0 1 0 0 1 (4%)

Median 20/80

AMD = age-related macular degeneration; CNV = choroidal neovascularization; DA = disc area (relative measurement of size comparing total size of
lesion and size of optic disc); SD = standard deviation
*Visual acuity in Snellen equivalent.
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Table 5. Ocular Adverse Events (Study Eye)

Dose Group
50 pg 150 pg 300 pg 500 pg 1000 pg Total
Adverse Event (n=06) (n=26) (n=26) (n=7) (n=2)% (n=27)
Injection-site events 4 5 5 5 2 21 (78%)
Edema 0 0 0 1 0 1(4%)
Hemorrhage 4 5 5 4 2 20 (74%)
Pain 1 0 0 0 0 1(4%)
Aqueous/vitreous inflammation 0 1 4 5 2 12 (44%)
Aqueous cell/flare 0 0 2 4 2 8 (30%)
Vitreous cell/haze 0 1 3 3 2 9(33%)
Abnormal visionfamblyopia y 2 2 0 1 7 (26%)
Conjunctivitis 0 1 1 1 1 4 (15%)
Eye pain’ 1 1 1 1 0 4 (15%)
Pruritus’ 1 1 1 0 0 3 (119%)
Vitreous disorder (floaters or detachment)’ 0 0 0 2 0 2(7%)
Increased IOP oF 0 0 1 0 1 (4%)
Dry eyes 0 0 0 1 0 1 (4%)
Eve disorder (gray Alm)’ 1 0 0 0 0 1 (4%)
Lacrimation disorder® 0 0 1 0 0 1 (4%)
Paresthesia’ 1 0 0 0 0 1 (4%)
Vasodilation (mild hyperemia)’ 1 0 0 0 0 1 (4%)
Any adverse event! 6 6 5 [§] 2 25 (93%)
IOP = intraocular pressure.
*Patient enrollment was halted after 2 cases of significant ocular inflammation occurred in this dose group.
"Events considered nat related to ranibizumab administration.
A subject experienced a transient clinically significant increase in IOP, but the investigator did not report this as an adverse event.
*Mild tearing.
IThe total number of patients who had any adverse event.
Table 7. Mean (+ Standard Deviation) Visual Acuity (VA) Changes from Baseline
Dose Group
Study 50 pg 150 pg 300 pg 500 pg 1000 pg Total
Day* (n=06) (n=06) (n=06) (n=7) (n=2) (n = 27)
1 10.6x17 42+6 —-1.2+8 3.1x10 3.0+10 4.0+10
3 13415 456 —-1.0x12 1.1x14 —17.0x28 24=*15
7 15.5*17 8.3+5 1.3%9 8.1x12 —15*8 7.5*12
14 17.3+21 9.3%6 1.7+10 10.4=9 0.0x7 9.0x13
42 15.0x123 733 509 12.6x12 8.0x7 9.9+13
90 9.8+9 4.3%5 3.3x10 9.6x10 7.6x1 6.9+8

Changes in study-eye VA measured by best-corrected change in letter score compared with baseline, using the Early Treatment Diabetic Retinopathy
Study eye chart. Three subjects had significant (=15 letters) transient decreases in VA, whereas 7 subjects experienced significantly increased VA.
*Posttreatment day follow-up period.
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Table 8. Change from Baseline in Lesion Size

Total Lesion® (n = 27)

Posttreatment Posttreatment
Lesion Size Day 7 Day 90

Area of lesion [n (%)]

Increase 2(7%) 7 (26%)

No change 25 (93%) 16 (62%)

Decrease 0 3 (12%)
Area of CNV [n (%)]

Increase 2 (7%) 7(27%)

No change 23 (85%) 13 (50%)

Decrease 1(4%) 6 (23%)

Could not be graded 1 (4%) 0

CNV = choroidal neovascularization.
Independent assessment performed retrospectively by the Fundus Photo-
graph Reading Center.

#Lesion refers to the area encompassing all lesion components, such as
CNV (classic, occult, or both), blood, hypofluorescence not from visible

blood, a serous detachment of the retinal pigment epithelium, and fluo-
rescent staining from fibrous tissue.
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