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Ranibizumab for N eovascular Age-Related 
Macular Degeneration 

PhilipJ. Rosenfeld, M.D., Ph.D., David M. Brown, M.D.,Jeffrey S. Heier, M.D., David S. Boyer, M.D., 
Peter K. Kaiser, M.D., Carol Y. Chung, Ph.D., and Robert Y. Kim, M.D., for the MARI NA Study Group''' 

ABSTRACT 

BACKGROUND 

Ranibizumab - a recombinant, humanized, monoclonal antibody Fab that neu­
tralizes all active forms of vascular endothelial growth factor A - has been evaluated 
for the treatment of neovascular age-related macular degeneration. 

METHODS 

In this multicenter, 2-year, double-blind, sham-controlled study, we randomly as­
signed patients with age-related macular degeneration with either minimally classic 
or occult (with no classic lesions) choroidal neovascularization to receive 24 monthly 
intravitreal injections of ranibizumab (either 0.3 mg or 0.5 mg) or sham injections. 
The primary end point was the proportion of patients losing fewer than 15 letters 
from baseline visual acuity at 12 months. 

RESULTS 

We enrolled 716 patients in the study. At 12 months, 94.5% of the group given 0.3 mg 
of ranibizumab and 94.6% of those given 0.5 mg lost fewer than 15 letters, as com­
pared with 62.2% of patients receiving sham injections (P<0.001 for both compari­
sons). Visual acuity improved by 15 or more letters in 24.8% of the 0.3-mg group 
and 33.8% of the 0.5-mg group, as compared with 5.0% of the sham-injection 
group (P<0.001 for both doses). Mean increases in visual acuity were 6.5 letters in the 
0.3-mg group and 7.2 letters in the 0.5-mg group, as compared with a decrease ofl0.4 
letters in the sham-injection group (P<0.001 for both comparisons). The benefit in 
visual acuity was maintained at 24 months. During 24 months, presumed endoph­
thalmitis was identified in five patients (1.0%) and serious uveitis in six patients 
(1.3%) given ranibizumab. 

CONCLUSIONS 

Intravitreal administration of ranibizumab for 2 years prevented vision loss and 
-improved mean visual acuity, with low rates of serious adverse events, in patients 
with minimally classic or occult (with no classic lesions) choroidal neovascular­
ization secondary to age-related macular degeneration. (ClinicalTrials.gov number, 
NCT00056836.) 
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listed in the Appendix. 
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A GE-RELATED MACULAR DEGENERATION 

is a leading cause of irreversible blindness 
among people who are 50 years of age or 

older in the developed world. 1-3 The neovascular 
form of the disease usually causes severe vision 
loss and is characterized by the abnormal growth 
of new blood vessels under or within the macula, 
the central portion of the retina responsible for 
high-resolution vision. 

Neovascularization in this disease is classified 
by fluorescein angiography into major angio­
graphic patterns termed classic and occult, which 
may be associated with various degrees of aggres­
siveness of disease, vision loss, and response to 
various treatment options.4 Pharmacologic thera­
pies for neovascular disease that are available in 
the United States and Europe include verteporfin 
photodynamic therapys-s - approved by the Food 
and Drug Administration only for predominant­
ly classic lesions (in which 50% or more of the 
lesion consists of classic choroidal neovascular­
ization) and by the European Agency for the 
Evaluation of Medicinal Products for both pre­
dominantly classic lesions and occult disease with 
no classic lesions - and pegaptanib sodium. 9 

Both treatments can slow the progression of vi­
sion loss, but only a small percentage of treated 
patients show improvement in visual acuity. 

The age-related changes that stimulate patho­
logic neovascularization are incompletely under­
stood, but vascular endothelial growth factor A 
(VEGF-A) - a diffusible cytokine that promotes 
angiogenesis and vascular permeability - has 
been implicated as an important factor promoting 
neovascularization.10

-15 Multiple biologically active 
forms of VEGF-A are generated by alternative 
messenger RNA splicing and proteolytic cleav­
age, 16 and two isoforms have been detected in 
choroidal neovascular lesions.15 

Ranibizumab - a recombinant, humanized 
monoclonal antibody Fab that neutralizes all ac­
tive forms ofVEGF-A - was recently approved by 
the Food and Drug Administration for the treat­
ment of all angiographic subtypes of subfoveal 
neovascular age-related macular degeneration. In 
phase 1 and 2 clinical studies, ranibizumab dem­
onstrated encouraging signs of biologic activity, 
with acceptable safety, when administered intra­
vitreally for up to 6 months in patients with neo­
vascular age-related macular degeneration.1n 9 In 
our phase 3 study, Minimally Classic/Occult Trial 
of the Anti-VEGF Antibody Ranibizumab in the 
Treatment of Neovascular Age-Related Macular 

Degeneration (MARINA), we evaluated ranibi­
zumab for the treatment of minimally classic or 
occult with no classic choroidal neovasculariza­
tion associated with age-related macular degen­
eration. 

METHODS 

STUDY DESIGN 

At 96 sites in the United States, we enrolled 716 
patients in our 2-year, prospective, randomized, 
double-blind, sham-controlled study of the safety 
and efficacy of repeated intravitreal injections of 
ranibizumab among patients with choroidal neo­
vascularization associated with age-related macu­
lar degeneration. We performed a prespecified pri­
mary efficacy analysis at 12 months. The primary 
efficacy end point was the proportion of patients 
who had lost fewer than 15 letters (approximate­
ly 3 lines) from baseline visual acuity, as assessed 
with the Early Treatment Diabetic Retinopathy 
Study (ETDRS) chart, with the use of standard­
ized refraction and testing protocol at a starting 
test distance of 2 m. We obtained approval from 
the institutional review board at each study site 
before the enrollment of patients; all study sites 
com_plied with the requi.rerilents of the Health 
Insurance Portability and Accountability Act. The 
eligibility of lesions was confirmed by an inde­
pendent central reading center with the use of 
standardized criteria and trained graders who 
were unaware of patients' treatment assignments. 
Patients provided written. informed consent be­
fore determination of their full eligibility. Screen­
ing lasted as long as 28 days. 

To be included in the study, patients had to be 
at least 50 years old; have a b~st corrected visual 
acuity of 20/40 to 20/320 (Snellen equivalent de­
termined with the use of an E'r;DRS chart); have 
primary or recurrent choroidal neovasculariza­
tion associated with age-related macular degen­
eration, inv

1
olving the foveal center; have a type of 

lesion that had been assessed with the use of 
fluorescein angiography and fundus photogra­
phy as minimally classic or occult with no classic 
choroidal neovascularization; have a maximum 
lesion size of 12 optic-disk areas (1 optic-disk 
area equals 2.54 mm2 on the basis ofl optic-disk 
diameter of 1.8 mm), with neovascularization 
composing 50% or more of the entire lesion; and 
have presumed recent progression of disease, as 
evidenced by observable blood, recent vision loss, 
or a recent increase in a lesion's greatest linear 
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diameter of 10% or rnore. (For a cornplete list of 
eligibility criteria, see Table 1 of the Supplemen­
tary Appendix, available with the full text of this 
article at www.nejm.org.) There were no exclu­
sion criteria regarding preexisting cardiovascular, 
cerebrovascular, or peripheral vascular condi­
tions. 

STUDY TREATMENT 

We randomly assigned eligible patients in a 1:1:1 
ratio to receive ranibizumab (Lucentis, Genentech) 
at a dose of either 0:3 mg or 0.5 mg or a sham 
injection monthly (within 23 to 37 days) for 2 years 
(24 injections) in one eye. The evaluating physi­
cian was unaware of the patient's treatment as­
signment; the physician who administered the 
injection was aware of the patient's treatment as­
signment regarding ranibizumab or sham treat­
ment but was unaware of the dose of ranibizumab. 
Other personnel at each study site (except for those 
assisting with injections), patients, and personnel 
at the central reading center were unaware of the 
patient's treatment assignment. 

Verteporfin photodynamic therapy was allowed 
if the choroidal neovascularization in the study 
eye became predominantly classic. On the basis 
of a policy decision by the Centers for Medicare 
and Medicaid Services to reimburse photodynam­
ic therapy for small, minimally classic, and occult 
lesions as of April 1, 2004, the study protocol was 
amended to allow photodynamic therapy for min­
imally classic or occult disease with no classic le­
sions that were no larger than 4 optic-disk areas 
and were accompanied by a loss of 20 letters or 
more from baseline visual acuity, as confirmed 
at consecutive study visits. (A score of 55 letters 
is approximately equal to a Snellen equivalent of 
20/80 vision.) 

The study was designed and analyzed by a 
committee composed of both academic investiga­
tors and representatives of the industry sponsor. 
In the analysis of the data and the writing of the 
manuscript, Dr. Rosenfeld had full and unre­
stricted access to the data, and all the coauthors 
contributed to the interpretation of the data and 
the final version of the manuscript. All the au­
thors vouch for the accuracy and completeness of 
the reported data. 

STATISTICAL ANALYSIS 

We performed efficacy analyses on an intention­
to-treat basis among all patients with the use 
of a last-observation-carried-forward method for 

missing data. For all pairwise comparisons, the 
statistical rnodel adjusted for baseline score for 
visual acuity (<55 letters vs. ~55 letters) and sub­
type of choroidal neovascularization (minimally 
classic vs. occult with no classic disease). Between­
group comparisons for dichotomous end points 
were performed with the use of the Cochran chi­
square test. 2° Change from baseline visual acuity 
was analyzed with the use of analysis-of-variance 
models. For end points for lesion characteristics, 
analysis-of-covariance models adjusting for the 
baseline value were used. The Hochberg-Bonfer­
roni multiple-comparison procedure21 was used 
to adjust for the two pairwise treatment com­
parisons for the primary end point. Safety analy­
ses included all treated patients. 

We determined the number of patients in each 
group on the basis of a 1:1:1 randomization ratio, 
Pearson's chi-square test for the two pairwise 
comparisons of the primary end point, and the 
Hochberg-Bonferroni multiple comparison pro­
cedure at an overall type I error of 0.0497 (adjust­
ing for the three planned safety interim analyses 
before the primary efficacy analysis). Monte Carlo 
simulations were used to evaluate the power of 
the study. We estimated that the enrollment of 
720 patients would provide the study with a sta­
tistical power of 95% to detect a significant dif.. 
ference between one or both ranibizumab groups 
and the sham-injection group in the proportion of 
patients losing fewer than 15 letters at 12 months, 
assuming a proportion of 65% in each ranibi­
zumab group and 50% in the sham-injection 
group. (For more details, see the Methods section 
of the Supplementary Appendix.) 

RESULTS 

STUDY PATIENTS 

Between March 2003 and December 2003, 716 pa­
tients were enrolled and randomly assigned to 
study treatment. Groups were balanced for demo­
graphic and baseline ocular characteristics (Ta­
ble 1). 

More than 90% of patients in each treatment 
group remained in the study at 12 months, and 
approximately 80 to 90% remained at 24 months 
(Table 2 of the Supplementary Appendix). The 
percentages who were still receiving study treat­
ment were similarly high at 12 months and at 
the end of the study. After the unmasking of first­
year results and discussion with the data and 
safety monitoring committee, ranibizumab was 
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Table I. Baseline Characteristics of the Patients.* 

0.3 mgof 0.5 mgof 
Sham Injection Ranibizumab Ranibizumab 

Characteristic (N=238) (N=238) (N=240) 

Sex-no.(%) I 
Male 79 (33.2) 85 (35.7) 88 (36.7) 

Female 159 (66.8) 153 (64.3) 152 (63.3) 

Race - no. (%)t 

White 231 (97.1) 229 (96.2) 232 (96.7) 

Other 7 (2.9) 9 (3.8) 8 (3.3) 

Age-yr 

Mean 77±7 77±8 77±8 

Range 56-94 52-95 52-93 

Age group - no. (%) 

50-64 yr 11 (4.6) 13 (5.5) 16 (6.7) 

65-74 yr 67 (28.2) 64 (26.9) 64 (26.7) 

75-84 yr 132 (55.5) 130 (54.6) 124 (51.7) 

~85 yr 28 (11.8) 31 (13.0) 36 (15.0) 

Previous therapy for age-related macular degeneration 
-no.(%) 

Any treatment 135 (56.7) 140 (58.8) 139 (57.9) 

Laser photocoagulation 22 (9 .2) 13 (5.5) 14 (5.8) 

Medication:[: 3 (1.3) 1 (0.4) 3 (1.2) 

Nutritional supplements 121 (50.8) 134 (56.3)' 127 (52.9) 

Other 8 (3.4) 3 (1.3) 3 (1.2) 

No. of letters as measure of visual acuity§ 

Mean 53.6±14.1 53.1±12.9 53.7±12.8 

<55-no. (%) 109 (45._8) llS (48.3) 117 (48.8) 

~55-no. (%) 129 (54.2) 123 (51.7) 123 (51.2) 

offered to all patients in October 2005, 2 months Of these 13 patients, 8 remained in the follow-up 
before the end of the last patient's final study group at 24 months. 
visit at 24 months. Of the patients in the sham-
injection group, 12 were switched to receive PRIMARY AND SECONDARY END ro1NTS 

0.5 mg of ranibizumab: 5 patients (2.1%) at 22 The primary and key secondary efficacy results at 
months and 7 (2.9%) at 23 months, the last pos- 12 months (prespecified prim;ry analysis) and 
sible injection visit. During the 2-year treatment 24 months are summarized in Figures 1 and 2. 
period, 38 patients in the sham-injection group The study met its primary end point (Fig. lA) at 
(16.0%), 2 patients in the group receiving 0.3 mg 12 months: Of the patients who were treated with 
of ranibizumab (0.8%), and none in the group ranibizumab, 94.5% of the patients receiving 
receiving 0.5 mg of ranibizumab received verte- 0.3 mg and 94.6% of those receiving 0.5 mg had 
porfin photodynamic therapy at least once. In the lost fewer than 15 letters from baseline visual 
second year, 13 patients (5.5%) in the sham-injec- acuity, as compared with 62.2% in the sham-injec­
tion group and none in the ranibizumab groups tion group (P<0.001 for the comparison of each 
chose to discontinue study treatment and receive dose with the sham-injection group). At 24 months, 
pegaptanib sodium, which was approved in the this end point was met by 92.0% of the patients 
United States in December 2004 for the treatment receiving 0.3 mg of ranibizumab and 90.0% of 
of neovascular age-related macular degeneration. those receiving 0.5 mg, as compared with 52.9% 
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Table 1. (Continued.) 

Characteristic 

Visual acuity (approximate Snellen equivalent) - no. (%)§ 

20/200 or worse 

Better than 20/200 but worse than 20/ 40 

20/40 or better 

Type of choroid al neovascularization - no. (%) 

Occult with no classic lesion 

Minimally classic1esion 

_Predominantly class ic lesion 

Missing data 

Size of lesion - optic-disk area1 

Mean 

Range 

Size of choroidal neovascularization - optic-disk area1 

Mean 

Range 

Size of leakage from choroidal neovascularization 
plus staining of retinal pigment epithelium -
optic-disk area1 

Mean 

Range 

Sham Injection 
(N=238) 

32 (13.4) 

170 (71.4) 

36 (15 .1) 

151 (63.4) 

87 (36.6) 

0 

1 (0.4) 

4.4±2.5 

0.0-11.8 

4.3±2.4 

0.0-11.8 

3.5±2.S 

0.0-12.9 

0.3 mgof 
Ranibizumab 

(N=238) 

35 (14.7) 

176 (73 .9) 

27 (11.3) 

151 (63.4) 

86 (36.1) 

1 (0.4) 

0 

4.3±2.5 

0.1-11.8 

4.1±2.5 

0.0-11.8 

3.6±2.5 

0.0- 12.0 

0.5 mgof 
Ranibizumab 

(N=240) 

31 (12.9) 

173 (72.1) 

36 (15.0) 

149 (62.1) 

91 (37.9) 

0 

0 

4.5±2.6 

0.3-12.0 

4.3±2.5 

0.1-12.0 

3.5±2.6 

0.0-13.5 

* Plus-minus values are means ±SD. Percentages may not total 100 because of rounding. 
l' Race was determined by the Investigators. 
:J: Med ications Included t ri amcinolone acetonide, prednisolone ophthalmic, and dlclofenac sodium. 
§ Vis ual acu ity was mea su red with the use of ETDRS charts at a starting distance of2 m. A score of55 letters is approxi­

mately equa l to a Snellen equivalent of 20/80. 
1 One optic-d isk area is equal to 2.54 mm2 on the basis of one optic-disk diameter of 1.8 mm. 

in the sham-injection group (P<0.001 for each 
comparison). The visual-acuity benefit associated 
with ranibizumab was independent of the size of 
the baseline lesion, the lesion type, or baseline 
visual acuity (Fig. 1B and lC). 

At·l2 and 24 months, approximately one quar­
ter of patients treated with 0.3 mg of ranibizu­
mab and one third of patients treated with 0.5 mg 
of ranibizumab had gained 15 or more letters in 
visual acuity, as compared with 5.0% or less of 
those in the sham-injection group (P<0.001 for 
each comparison) (Fig. 1D). 

At both doses of ranibizumab, the mean im­
provement from baseline in visual-acuity scores 

· was evident 7 days after the first injection (P::::0.006 
for the 0.3-mg dose and P::::0.003 for the 0.5-mg 
dose), whereas mean visual acuity in the sham­
injection group declined steadily over time at each 

monthly assessment (P<0.001 for both compari­
sons) (Fig. 2A). At 12 months, mean increases in 
visual acuity were 6.5 letters in the 0.3-mg group 
and 7.2 letters in the 0.5-mg group, as compared 
with a decrease of 10.4 letters in the sham-injec­
tion group (P<0.001 for both comparisons). The 
benefit in visual acuity was maintained at 24 
months. The average benefit associated with 
ranibizumab over that of sham injection was 
approximately 17 letters in each dose group at 
12 months and 20 to 21 letters at 24 months. 

At baseline, the percentages of patients with 
20/40 vision or better were similar among the 
three groups (Fig. 2B). At 12 months, approxi­
mately 40% of patients receiving ranibizumab had 
20/40 vision or better, as compared with 11.3% in 
the sham-injection group (P<0.001). At 24 months, 
of the patients receiving ranibizumab, 34.5% of 
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those in the 0.3-mg group and 42.1% in the 0.5-mg 
group had at least 20/40 vision, whereas the pro­
portion in the sham-injection group had dropped 
to 5.9% (P<0.001 for each comparison). 

A single patient in the sham-injection group 
had 20/20 or better vision at baseline. Among pa­
tients receiving ranibizumab, 3.8% in the 0.3-mg 
group and 7.9% in the 0.5-mg group had 20/20 
vision or better at 12 months, and 6.7% in the 
0.3-mg group and 7.9% in the 0.5-mg group had 
20/20 vision or better at 24 months. In the sham­
injection group, only two patients (0.8%) had 
20/20 vision or better at 12 months (P<0.001 for 
the comparison with the 0.5-mg group and P=0.03 
for the comparison with the 0.3-mg group), and 
one (0.4%) had 20/20 vision or better at 24 months 
(P<0.001 for the comparison with each ranibi­
zumab group). 

The percentages of patients with visual acuity 
of 20/200 or worse were similar among the three 
groups at baseline (Fig. 2C). At 12 and 24 months, 
the percentages in the ranibizumab-treated groups 
remained about the same, whereas the percent­
ages in the sham-injection group had increased 
by 3 to 3.5 times (P<0.001 for the comparison 
with each ranibizumab dose at 12 and 24 months). 
Very few patients receiving ranibizumab had se­
vere vision loss (30 letters or more) from baseline 
(0.8% of the 0.3-mg group and 1.2% of the 0.5-mg 
group), as compared with 14.3% of the sham­
injection group at 12 months; at 24 months, 3.4% 
of the 0.3-mg group and 2.5% of the 0.5-mg group 
had severe vision loss, as compared with 22.7% 
of the sham-injection group (P<0.001 for the com­
parison with each dose at 12 and 24 months). 

Ranibizumab treatment was associated with 
arrested growth of and leakage from choroidal 
neovascularization (including intense, progressive 
staining of the retinal pigment epithelium) (Fig. 3A 
through Fig. 3D). The mean change from base­
line in each of the ranibizumab-treated groups 
differed significantly from that in the sham-i1zjec­
tion group at 12 and 24 months (P<0.001 for each 
comparison). 

ADVERSE EVENTS 

Cumulative adverse events for the 24-month study 
period are summarized in Table 2. Each of the 
key serious ocular adverse events occurred in dif­
ferent patients (Table 3 of the Supplementary Ap-

Figure i (facing page). Rate ofloss or Gain of Visual 
Acuity at 12 and 24 Months Associated with Ranibizumab, 
as Compared with Sham Injection. 

Panel A shows the percentage of patients in each group 
who lost fewer than 15 letters from baseline visual acuity 
at 12 months (the primary efficacy end point) and at 
24 months. Panels B and C summarize the percentage 
of patients who lost fewer than 15 letters at 12 and 24 
months, respectively, according to lesion size (1 optic• 
disk area is equal to 2.54 mm' on the basis of 1 optic­
disk diameter of 1.8 mm), baseline visual acuity (a score 
of 55 letters is approximately equal to a Snellen equiva­
lent of 20/80), and lesion type. Panel D shows the per­
centage of patients who gained 1S or more letters from 
baseline at 12 and 24 months. For the study overall, 
treatment comparisons were based on the Cochran 
chi-square test stratified according to the visual-acuity 
score at day O (<55 letters vs . 2:55 letters) and choroi­
dal neovascularization subtype. Pearson's chi-square 
test was used for treatment comparisons in each sub­
group. The last-observation -carried-forward method 
was used to handle missing data . All tests were two­
sided (P<0.001 for all comparisons between each ra­
nibizumab group and the sham-injection group). I bars 
represent 95% confidence intervals. 

pendix). Investigator-reported cases of endophthal­
mitis, as well as any case of serious uveitis treated 
with intravitreal antibiotics, were presumed to be 
endophthalmitis. The presumed endophthalmitis 
rate was 5 of 477 patients (1.0%) or, alternatively, 
a rate per injection of 0.05% (5 of 10,443 total 
injections). In four of the five presumed cases of 
endophthalmitis, neither vitreous nor aqueous 
culture showed growth. 

Slit-lamp examination revealed inflammation 
(of any cause, including endophthalmitis) through­
out the study in the ranibizmµab groups (Table 2, 
and Table 4 and 5 of the Supplementary Appen­
dix). 22

•23 Most of the inflammation in all groups 
was designated as trace or l+. 

Ranibizumab had no long-t~rm effect on intra­
ocular pressure, on average, as assessed by month­
ly preinjection measurements during the 2-year 
follow-up. Intraocular pressure was increased on 
average 1 hour after ranibizumab injections at 
protocol-mandated intraocular-pressure assess­
ments; however, the absence of corresponding 
changes in preinjection measurements suggests 
the postinjection increases were transient. On 
average, postinjection inttaocular pressure in­
creased from the preinjection value by 1.9 to 3.5 
mm Hg in the 0.3-mg group and 2.1 to 3.4 mm Hg 
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Figure 2. Mean Changes from Baseline in Visual Acuity and Snellen Equivalents at 12 and 24 Months. 

Panel A shows the mean changes from baseline in visual acuity during a 24-month period. At each monthly assess­
ment, P<0.001 for the comparison between each ranibizumab group and the sham-injection group. On day 7, 
P=0.006 for patients receiving 0.3 mg of ranibizumab and P=0.003 for those receiving 0.5 mg. Panels B and C 
show the change from baseline in the percentage of patients with a Snellen equivalent of 20/40 or better and the 
percentage of patients with 20/200 or worse, respectively, at 12 and 24 months (P<0.001 for the comparison be­
tween each ranibizumab group and the sham-injection group at 12 and 24 months). Treatment comparisons use 
pairwise models adjusted for visual-acuity scores at day O (<55 letters vs. ~ss letters) and for the type of choroidal 
neovascularization. Analysis of variance was used to assess the change in visual acuity from baseline at each monthly 
assessment. The Cochran chi-square test was used for the comparison of percentages. The last-observation-carried­
forward method was used to handle missing data. All statistical tests were two-sided. I bars represent SE in Panel A 
and 95% confidence intervals in Panels B and C. 
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Figure 3. Mean (±SE) Changes in Choroidal Neovascularization and Leakage. 

Leakage refers to that associated with choroidal neovascularization plus intense, progressive staining of the retinal 
pigment epithelium. One optic-disk area is equal to 2.54 mm'. Pairwise analysis of covariance was adjusted for the 
visual-acuity score at day O (<55 letters vs. 2:55 letters), the subtype of choroidal neovascularization, and the base­
line value of the end point. Missing data were imputed according to the last-observation-carried-forward approach. 
P<0.001 for the comparison between each ranibizumab group and the sham-injection group at 12 and 24 months. 
All statistical tests were two-sided. 

in the 0.5-mg group, as compared with 0.8 to 
1.5 mm Hg in the sham-injection group. Postin­
jection intraocular pressure of30 mm Hg or more 
occurred in approximately 13.0% of patients in 
the 0.3-mg group and 17.6% of those in the 0.5-
mg group, as compared with 3.4% of those in the 
sham-injection group. Intraocular pressure of 40 
mm Hg or more occurred in 2.3% of patients in 
each ranibizumab group and in no patients in 
the sham-injection group. A postinjection intra­
ocular pressure of 50 mm Hg or more occurred 
in 0.6% of each ranibizurnab group. 

Ranibizumab was not associated with an in­
creased frequency of cataracts (15.7% of patients 
in the sham-injection group, as compared with 
15.5% in each ranibizumab group). However, lens 
status did change in a few patients during the 
2-year treatment period. Of patients whose study 

, eye was phakic at baseline and whose lens status 
was known at 24 months, the study eye of 6 of 
117 patients in the 0.3-mg group (5.1%) and 8 of 
111 patients in the 0.5-mg group (7.2%) had be­
come pseudophakic by 24 months, as compared 

with no patients in the sham-injection group. At 
24 months, ranibizumab-treated patients whose 
study eye had been phakic and then became pseu­
dophakic during the course of the study had vi­
sual acuity similar to that of ranibizumab-treated 
patients overall. 

Seventeen deaths occurred during the 2-year 
study. In the sham-injection group, six patients 
(2.5%) died: two from strokes, one from conges­
tive heart failure, one from renal failure, one from 
acute respiratory failure, and one of an unknown 
cause. In the group receiving 0.3 mg of ranibi­
zumab, five patients (2.1%) died: two from myo~ 
cardial infarction, one from complications of non­
Hodgkin's lymphoma, one from pneumonia, and 
one from an unknown cause. In the group receiv­
ing 0.5 mg of ranibizumab, six patients (2.5%) 
died: two from stroke, one from a small-bowel 
infarct, one from traumatic injury from an auto­
mobile accident, one from sepsis, and one from 
chronic asthma and chronic obstructive pulmo­
nary disease. An additional three patients who 
had completed the study or had withdrawn from 
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Table 2. Adverse Events at 24 Months.* 

0.3 mg of 0.S mg of 
Sham Injection Ranibizumab Ranibizumab 

Adverse Event (N:e236) (N=238) (N :e239) 

Serious ocular event - no. (%) 

Presumed endophthalmitis-j" 0 2 (0.8) 3 (1.3) 

Culture not obtained 0 1 (0.4) 0 

Culture negative 0 1 (0.4) 3 (1.3)~: 

Uveitis 0 3 (1.3) 3 (1.3)§ 

Rhegmatogenous retinal detachment 1 (0.4) 0 0 

Retinal tear 0 1 (0.4) 1 (0.4) 

Vitreous hemorrhage 2 (0.8) 1 (0.4) 1 (0.4) 

Lens damage 0 0 1 (0.4) 

Most severe ocular inflammation - no.(%), 

None 206 (87.3) 198 (83.2) 189 (79.1) 

Trace 24 (10.2) 19 (8.0) 35 (14.6) 

l+ 6 (2.5) 14 (5.9) 8 (3.3) 

2+ 0 2 (0.8) 2 (0.8) 

3+ 0 2 (0.8) 2 (0.8) 

4+ 0 3 (1.3) 3 (1.3) 

Nonocular adverse event 

Investigator-defined hypertension 

' No. of patients (%) 38 (16.1) 41 (17.2) 39 (16.3) 

Mean decrease in blood pressure from baseline 3.3/3.5 2.6/2.5 4.4/1.1 
-mm Hg 

Key arterial thromboembolic events (nonfatal) - no. (%) 

Myocardial infarction 4 (1.7) 6 (2.5)§ 3 (1.3) II 

Stroke 2 (0.8J**H 3 (l.3)H 6 (2.smi 

Death - no. (%) 

Vascular cause (APTC criteria) 4 (1.7),, 3 (l.3):j:~:1111 • 3 (1.3)*** 

Nonvascular cause 2 (0.8) 2 (0.8) 3 (1.3) 

Nonocular hemorrhage - no. (%) 

Total serious and nonserious events 13 (5.5) 22 (9.2) 21 (8.8) 

Reported as a serious adverse event 2 (0.8) 3 (1.3) 5 (2.1) 

* APTC denotes Anti platelet Trialists' Collaboration. 
·j· Events were categorized as presumed endophthalmitis in cases in which intravitreal antibiotics were administered. 
:i: One event was reported as uveitis by an investigator. 
§ One patient had two episodes. 
, Ocular inflammation (regardless·of cause) was determined on the basis of slit-lamp examination. 
II One patient had a myocardial infarction and a hemorrhagic stroke, both nonfatal. 
** One patient in the sham-injection group received a single 0.5-mg dose of ranibizumab in error approximately 

8 months before the onset of the stroke. 
i"i" One patient had a second episode of stroke, which resulted in death. 
:i::j: One patient had a nonfatal ischemic stroke and died of an unknown cause. 
§§ One patient had a cerebral ischemic incident that was categorized as an ischemic stroke. 
11 Two patients died from stroke, one from congestive heart failure, and one from an unknown cause. 
1111 Two patients died from myocardial infarction, and one from an unknown cause. 
*** One patient died from a small-bowel infarct, and two from stroke. 
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the study before 24 months died: one patient in 
the sham-injection group from cardiac arrest 15 
days after completing the study, one in the group 
receiving 0.3 mg of ranibizumab from lung can­
cer 174 days after completing the last study visit 
at 22 months, and one in the group receiving 
0.5 mg of ranibizumab from lung cancer 91 days 
after completing the last study visit at 23 months. 

The overall incidence of any serious or nonse­
rious nonocular (systemic) adverse event, includ­
ing adverse events previously associated with sys­
temically administered anti-VEGF therapy, such as 
arterial thromboembolic events and hypertension 
(Table 2), was similar among the groups. At 24 
months, on the basis of the classification system 
oftheAntiplateletTrialists' Collaboration (APTC),24 

which includes nonfatal myocardial infarction, 
nonfatal stroke, and death from a vascular or un­
known cause, the rate of arterial thromboem­
bolic events among patients in the sham-injection 
group was 3.8%, the rate among patients receiv­
ing 0.3 mg of ranibizumab was 4.6%, and the 
rate among patients receiving 0.5 mg of ranibi­
zumab was 4.6%; none of the differences were 
significant. The onset of these events and the 
time of study treatment appeared to be unrelated. 
No adverse events of proteinuria were reported. 
Nonocular hemorrhages occurred at similar rates 
in the first treatment year in the three groups 
(3.8% in both the sham-injection group and the 
0.3-mg group and 2.1% in the 0.5-mg group). 

Cumulative rates of nonocular hemorrhage 
increased in all groups through the second treat­
ment year, but more so in the ranibizumab groups 
(Table 2). By 24 months, nonocular hemorrhage 
had occurred in 5.5% of patients in the sham­
injection group, as compared with 9.2% of those 
receiving 0.3 mg of ranibizumab and 8.8% of 
those receiving 0.5 mg of ranibizumab; none of 
the differences were significant. (For cumulative 
rates of specific types of nonocular hemorrhage, 
see Table 6 of the Supplementary Appendix.) 
Since the study was not powered to detect small 
differences in rates, no conclusion can be drawn 
regarding whether these differences were drug­
related or due to chance alone. Among the 12 
patients in the sham-injection group who switched 
to ranibizumab therapy, no serious adverse events 
were reported after the switch. 

Patients in all three groups were tested for 
circulating antibodies against ranibizumab at 
baseline and at months 6, 12, and 24. A small 

percentage of patients in all three groups tested 
positive before study treatment, possibly owing 
to preexisting anti-Fab immunoreactivity. At base­
line, immunoreactivity rates were 0.9% in the 
group receiving 0.3 mg of ranibizumab, 0% in the 
group receiving 0.5 mg of ranibizumab, and 0.5% 
in the sham-injection group. During the first 
treatment year, immunoreactivity rates increased 
similarly in all treatment groups. However, by the 
end of the second year, 4.4% of patients in the 
0.3-mg group and 6.3% of those in the 0.5-mg 
group tested positive, as compared with only 1.1% 
in the sham-injection group. Exploratory subgroup 
analyses of safety and efficacy outcomes revealed 
no clinically relevant differences between patients 
with and those without immunoreactivity to ra­
nibizumab. 

DISCUSSION 

Our phase 3 study (MARINA) of a treatment for 
neovascular age-related macular degeneration 
demonstrated not only prevention of vision loss 
but also a mean improvement in vision in the pre­
specified primary analysis at 1 year. The efficacy 
outcomes for patients receiving ranibizumab at 
1 year were maintained through the second year, 
whereas vision in patients in the sham-injection 
group continued to decline. 

Most of the serious ocular adverse events were 
attributable either to the injection procedure or 
to ranibizumab. Presumed endophthalmitis was 
attributed to the injection and serious uveitis to 
ranibizumab. Although endophthalmitis could not 
be definitively distinguished from sterile serious 
uveitis in patients whose inflammation was treat­
ed with intravitreal antibiotics but whose vitre­
ous cultures were negative, the rates of these 
events were on the order of 1 to 2% during the 
2-year treatment period. 

The three treatment groups did not clearly dif-. 
fer in their rates of nonocular adverse events. The 
reported nonserious and serious nonocular ad­
verse events reflect common medical conditions 
in an elderly population. In regard to potential 
systemic anti-VEGF side effects, the rates of hy­
pertension were not imbalanced, and no adverse 
events associated with proteinuria were report­
ed. Nonocular hemorrhages were more frequent 
in the ranibizumab groups than in the sham­
injection group. During the 2-year treatment pe­
riod, the rates of arterial thromboembolic events 
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(on the basis of APTC criteria) were similar in 
the three treatment groups. However, our study 
was not powered to detect small differences be­
tween groups in the rates of uncommon adverse 
events. Additional ongoing clinical trials may pro­
vide further information on the rates of key non­
ocular adverse events. For example, elsewhere in 
this issue of the Journal, Brown et al. report data 
from the first year of the phase 3 Anti-VEGF Anti­
body for the Treatment of Predqminantly Classic 
Choroidal Neovascularization in Age-Related 
Macular Degeneration (ANCHOR) study, 25 which 
compares verteporfin photodynamic therapy with 
ranibizumab treatment at the same doses used 
in our study. The results of the ANCHOR study 
are consistent with those of the first year of our 
study for both safety and efficacy outcomes in 
the ranibizumab-treated groups. 

The clinical significance of the increased rate 
of systemic immunoreactivity with ranibizumab 
treatment, which was not present at 1 year but 
emerged at 2 years, is unclear. Exploratory analy­
ses failed to reveal any effect of immunoreactiv­
ity on efficacy or safety. 

In conclusion, ranibizumab therapy was asso­
ciated with clinically and statistically significant 
benefits with respect to visual acuity and angio­
graphic lesions during 2 years of follow-up in 
patients with minimally classic or occult lesions 
with no classic choroidal neovascularization. 
These efficacy outcomes were achieved with a 

low rate of serious ocular adverse events and with 
no clear difference from the sham-treated group 
in the rate of nonocular adverse events. 
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Columbus, OH; T. Ciulla, Midwest Eye Institute, Indianapolis; T. Connor, Medical College of Wisconsin, Milwaukee; S. Cousins, Bas­
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Table 1. Eligibility Criteria for MARINA Study 

Inclusion Criteria 

• Age 50 years or older. 

• Active primary or recurrent subfoveal lesions with choroidal neovascularization (CNV) 

secondary to age-related macular degeneration (AMD) in the study eye. “Active” was 

defined as meeting any of the following criteria: (1) exhibiting a ≥10% increase in lesion 

size, as determined by comparing a fluorescein angiogram performed within 1 month 

preceding Day 0, inclusive, with a fluorescein angiogram performed within 6 months 

preceding Day 0, inclusive; or (2) resulting in a visual acuity loss of >1 Snellen line (or 

equivalent) and occurring at any time within the prior 6 months; or (3) subretinal 

hemorrhage associated with CNV within 1 month preceding Day 0. 

• Lesions with occult CNV component are permissible. However, if classic CNV (well-

demarcated hyperfluorescence boundaries in the early phase of the fluorescein 

angiogram) is present, the area of classic CNV must be less than 50% of the total lesion 

size. 

• The total area of CNV (including both classic and occult components) encompassed 

within the lesion must be 50% or more of the total lesion area. 

• The total lesion area must be 12 disc areas or less in size. 

• Best corrected visual acuity, using Early Treatment of Diabetic Retinopathy Study 

(ETDRS) charts, of 20/40 to 20/320 (Snellen equivalent) in the study eye. 

Exclusion Criteria  

• Prior treatment with verteporfin photodynamic therapy, external-beam radiation therapy, 

or transpupillary thermotherapy in the study eye. 

• Treatment with verteporfin photodynamic therapy in the nonstudy eye less than 7 days 

preceding day 0. 

• Previous participation in a clinical trial (for either eye) involving antiangiogenic drugs 

(pegaptanib, ranibizumab, anecortave acetate, protein kinase C inhibitors, etc.) 
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Table 1. Eligibility Criteria for MARINA Study (cont’d) 

Exclusion Criteria  (cont’d) 

• Previous intravitreal drug delivery (e.g., intravitreal corticosteroid injection or device 

implantation) in the study eye. 

• Previous subfoveal focal laser photocoagulation in the study eye. 

• Laser photocoagulation (juxtafoveal or extrafoveal) in the study eye within 1 month 

preceding day 0. 

• History of vitrectomy surgery in the study eye. 

• History of submacular surgery or other surgical intervention for AMD in the study eye. 

• Previous participation in any studies of investigational drugs within 1 month preceding 

day 0 (excluding vitamins and minerals). 

• Subretinal hemorrhage in the study eye that involves the fovea, if the size of the 

hemorrhage is either 50% or more of the total lesion area or 1 or more disc areas in size. 

• Subfoveal fibrosis or atrophy in the study eye. 

• CNV in either eye due to other causes, such as ocular histoplasmosis, trauma, or 

pathologic myopia. 

• Retinal pigment epithelial tear involving the macula in the study eye. 

• Any concurrent intraocular condition in the study eye (e.g., cataract or diabetic 

retinopathy) that, in the opinion of the investigator, could either (a) require medical or 

surgical intervention during the 24-month study period to prevent or treat visual loss that 

might result from that condition, or (b) if allowed to progress untreated, could likely 

contribute to loss of at least 2 Snellen equivalent lines of best corrected visual acuity over 

the 24-month study period. 

• Active intraocular inflammation (grade trace or above) in the study eye. 

• Current vitreous hemorrhage in the study eye. 

• History of rhegmatogenous retinal detachment or macular hole (Stage 3 or 4) in the study 

eye. 
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Table 1. Eligibility Criteria for MARINA Study (cont’d) 

Exclusion Criteria (cont’d) 

• History of idiopathic or autoimmune-associated uveitis in either eye. 

• Infectious conjunctivitis, keratitis, scleritis, or endophthalmitis in either eye. 

• Aphakia or absence of the posterior capsule in the study eye. 

• Spherical equivalent of the refractive error in the study eye demonstrating more than −8 

diopters of myopia. 

• Intraocular surgery (including cataract surgery) in the study eye within 2 months 

preceding day 0. 

• Uncontrolled glaucoma in the study eye (defined as intraocular pressure of 30 mmHg or 

more despite treatment with antiglaucoma medications. 

• History of glaucoma filtering surgery in the study eye. 

• History of corneal transplant in the study eye. 

• Premenopausal women not using adequate contraception. 

• History of other disease, metabolic dysfunction, physical examination finding, or clinical 

laboratory finding giving reasonable suspicion of a disease or condition that 

contraindicates the use of an investigational drug or that might affect interpretation of the 

results of the study or render the subject at high risk for treatment complications. 

• Current treatment for active systemic infection. 

• History of allergy to fluorescein, not amenable to treatment with diphenhydramine. 

• Inability to obtain fundus photographs or fluorescein angiogram of sufficient quality to be 

analyzed and graded by the central reading center. 

• Inability to comply with study or follow-up procedures. 
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Table 2. Patient Disposition in MARINA Trial 
 

 Sham 

Ranibizumab 

0.3 mg 

Ranibizumab 

0.5 mg Total 

Enrolled −−− −−− −−− 716 (100) 

Randomly assigned to treatment 238 (100) 238 (100) 240 (100) 716 (100) 

Received randomized treatment* 236 (99.2) 238 (100) 239 (99.6) 713 (99.6) 

Intent-to-treat patients for efficacy 

analyses 238 (100) 238 (100) 240 (100) 716 (100) 

Included in safety evaluation 236 (99.2) 238 (100) 239 (99.6) 713 (99.6) 

Completed Month 12† 212 (89.1) 226 (95.0) 226 (94.2) 664 (92.7) 

Crossed over from Sham to  

0.5 mg ranibizumab 12 (5.0) ---- ---- ---- 

At Month 22 5 (2.1) ---- ---- ---- 

At Month 23 7 (2.9) ---- ---- ---- 

Completed Study 190 (79.8) 210 (88.2) 215 (89.6) 615 (85.9) 

Discontinued from study 48 (20.2) 28 (11.8) 25 (10.4) 101 (14.1) 

Death 5 (2.1) 5 (2.1) 6 (2.5)‡ 16 (2.2) 

Adverse event 
8 (3.4)§ 

3 (1.3) 5 (2.1)  16 (2.2) 

Lost to follow-up 2 (0.8) 3 (1.3) 3 (1.3) 8 (1.1) 

Patient’s decision 20 (8.4) 15 (6.3) 10 (4.2) 45 (6.3) 

Physician’s decision 1 (0.4) 0 1 (0.4) 2 (0.3) 

Noncompliance 1 (0.4) 1 (0.4) 0 2 (0.3) 

Patient’s condition mandated 

other therapeutic intervention¶ 
11 (4.6) 1 (0.4) 0 12 (1.7) 
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Table 2. Patient Disposition in MARINA Trial (cont’d) 
 

 Sham 

Ranibizumab 

0.3 mg 

Ranibizumab 

0.5 mg Total 

Discontinued treatment# 68 (28.6) 30 (12.6) 33 (13.8) 131 (18.3) 

Death 5 (2.1) 5 (2.1) 3 (1.3)‡ 13 (1.8) 

Adverse event 13 (5.5) 8 (3.4) 15 (6.3)‡ 36 (5.0) 

Lost to follow-up 2 (0.8) 2 (0.8) 3 (1.3) 7 (1.0) 

Patient’s decision 25 (10.5) 17 (7.1) 13 (5.4) 55 (7.7) 

Physician’s decision 2 (0.8) 1 (0.4) 2 (0.8) 5 (0.7) 

Noncompliance 1 (0.4) 0 0 1 (0.1) 

Patient’s condition mandated 

other therapeutic intervention¶ 
23 (9.7) 1 (0.4) 0 24 (3.4) 

*Reasons for not receiving randomized treatment included patient became apprehensive about 

intravitreal injections (1 Sham), and patient was randomized ahead of the schedule before the safety 

eligibility confirmation for an intravitreal injection (1 each for Sham and Ranibizumab 0.5 mg). 
†Defined as having the visual acuity assessment at Month 12. Data from patients who missed the Month 

12 visit but stayed in the study for the second year were not counted. The visual acuity score at Month 12 

for one patient in the 0.5-mg ranibizumab group was obtained at 4 meters only. 

‡Three patients discontinued from treatment because of an adverse event that resulted in death (the 

primary reason for study discontinuation). 

§One patient discontinued from study because of congestive heart failure and died on the same date of 

the event. 

¶The mandated therapeutic interventions included verteporfin photodynamic therapy with or without 

triamcinolone acetonide injection and intravitreal injection of pegaptanib sodium.  

#Some patients remained in the study after treatment discontinuation. 
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Table 3. Criteria for Serious (Sight-Threatening) Ocular Adverse Events* 

• Adverse event causes a decrease in visual acuity of ≥30 letters (compared with the last 
assessment of visual acuity prior to the most recent treatment) >1 hour. 

  

• Adverse event causes a decrease in visual acuity to the level of Light Perception or worse 
lasting > 1 hour post-injection/sham procedure. 

 

• Adverse event requires surgical intervention (e.g., conventional surgery, vitreous tap or 
biopsy with intravitreal injection of anti-infectives, or laser or retinal cryopexy with gas) to 
prevent permanent loss of sight. 

 

• Adverse event is associated with severe intraocular inflammation (i.e., 4 +  anterior chamber 
cell/flare or 4 +  vitritis). 

 

• In the opinion of the investigator, adverse event may require medical intervention to prevent 
permanent loss of sight. 

 

*An adverse event meeting any one of these five criteria was considered serious. 
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Table 4. Grading Scales for Flare/Cells* 

Flare  

0 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 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. 

1+ 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. 

2–3+ 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+. 

4+ 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 period of 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). 
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Table 4. Grading Scales for Flare/Cells* (cont’d) 

Cells  

0 No cells are seen in any optical section when a large slit lamp beam is swept across the 

anterior chamber. 

Trace 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. 

1+ 3–10 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. 

2+ 10–25 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. 

3+ 25–50 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. 

4+ 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 period of 

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. 

*Modified from Hogan MH, Kimura SJ, Thygeson P. Signs and symptoms of uveitis. I. Anterior uveitis. Am 

J Ophthalmol 1959;47:155.22 
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Table 5. Grading Scale for Vitreous Cells*† 

Cells in  

Retroilluminated Field Description Grade 

0–1 Clear 0 

2–20 Few opacities Trace 

21–50 Scattered opacities 1 

51–100 Moderate opacities 2 

101–250 Many opacities 3 

>251 Dense opacities 4 

*Using a Hruby lens. 

†Nussenblatt RB, Whitcup SM, Palestine AG. Uveitis: fundamentals and 

clinical practice. 2nd rev. ed. New York:Mosby, 1996, p. 64.23  

 

 
 



Page 10 

  

Table 6. Nonocular Hemorrhagic Adverse Events  
 

MedDRA* Preferred 

Term 

Sham 

(n = 236) 

Ranibizumab 

0.3 mg 

(n = 238) 

Ranibizumab 

0.5 mg 

(n = 239) 

Total† — no. (%) 13 (5.5) 22 (9.2) 21 (8.8) 

Epistaxis 3 (1.3) 5 (2.1) 4 (1.7) 

Hematoma 3 (1.3) 4 (1.7) 3 (1.3) 

Ecchymosis 0 3 (1.3) 3 (1.3) 

Rectal hemorrhage 2 (0.8) 2 (0.8) 2 (0.8) 

Hematuria 2 (0.8) 3 (1.3) 1 (0.4) 

Vaginal hemorrhage 0 0 3 (1.3) 

Gastrointestinal 

hemorrhage 1 (0.4) 1 (0.4) 1 (0.4) 

Lower gastrointestinal 

hemorrhage 1 (0.4) 1 (0.4) 0 

Cerebral hemorrhage 0 0 1 (0.4) 

Diarrhea hemorrhagic 0 0 1 (0.4) 

Gastritis hemorrhagic 0 0 1 (0.4) 

Hematochezia 0 0 1 (0.4) 

Hemorrhagic stroke 0 0 1 (0.4) 

Mallory-Weiss 

syndrome 0 0 1 (0.4) 
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Table 6. Nonocular Hemorrhagic Adverse Events (cont’d)  
 

MedDRA* Preferred 

Term 

Sham 

(n = 236) 

Ranibizumab 

0.3 mg 

(n = 238) 

Ranibizumab 

0.5 mg 

(n = 239) 

(cont’d) — n (%)    

Upper gastrointestinal 

hemorrhage 0 0 1 (0.4) 

Hemoptysis 0 1 (0.4) 0 

Hemorrhage 0 1 (0.4) 0 

Lip hemorrhage 0 1 (0.4) 0 

Melena 0 1 (0.4) 0 

Periorbital hematoma 0 1 (0.4) 0 

Subarachnoid 

hemorrhage 0 1 (0.4) 0 

Subdural hemorrhage 0 1 (0.4) 0 

Gastric ulcer 

hemorrhage 1 (0.4) 0 0 

Hematotympanum 1 (0.4) 0 0 

Hemorrhage urinary 

tract 1 (0.4) 0 0 

*Medical Dictionary for Regulatory Avtivities. 
† The number of patients with any nonocular hemorrhagic adverse event. 
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METHODS (online)  

Study Design 

MARINA was a 2-year, prospective, multicenter, randomized, double-masked, sham 

injection–controlled study of the safety, tolerability, and efficacy of repeated intravitreal 

injections of ranibizumab in patients with choroidal neovascularization due to 

neovascular AMD. The prespecified primary efficacy analysis was at 12 months.  

Institutional Review Board approval was obtained prior to patient enrollment, and 

HIPAA-compliance was achieved at each of the 96 study sites throughout the United 

States.  Patients provided written, informed consent before determination of their full 

eligibility. The screening period could last up to 28 days.    

 Full patient eligibility criteria are available online (Table 1). The following are the 

major inclusion criteria: age at least 50 years old; best corrected visual acuity of 20/40 

to 20/320 (Snellen equivalent) determined using a standardized refraction protocol with 

the Early Treatment Diabetic Retinopathy Study (ETDRS) charts; diagnosis of primary 

or recurrent choroidal neovascularization, secondary to AMD, involving the foveal 

center; lesion assessed by the investigator, using fluorescein angiography and fundus 

photography, as minimally classic (less than 50 percent of the lesion consisted of 

classic choroidal neovascularization) or occult with no classic choroidal 

neovascularization; maximum lesion size of 12 disc areas (DA), with the neovascular 

component comprising at least 50 percent of the entire lesion; and presumed recent 

disease progression evidenced by the presence of blood, recent vision loss, or a recent 

increase in a lesion’s greatest linear diameter by 10 percent or more. The definition of a 
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lesion included the choroidal neovascularization and also blockage from hemorrhage, 

blocked fluorescence not from hemorrhage, pigment epithelial detachment, and fibrosis. 

Before enrollment, lesion eligibility was confirmed by an independent central reading 

center using trained masked graders and standardized criteria.  

 Major patient exclusion criteria were any prior treatment of the neovascular lesion 

(other than thermal laser sparing the foveal center), and treatment of the nonstudy eye 

with verteporfin photodynamic therapy less than 7 days before the first study treatment 

(day 0). There were no exclusion criteria regarding preexisting cardiovascular, 

cerebrovascular, or peripheral vascular conditions. 

Study Treatment 

Eligible patients were randomly assigned in a 1:1:1 ratio, using a dynamic 

randomization algorithm, to receive ranibizumab (LUCENTIS™, Genentech, Inc., South 

San Francisco, CA) 0.3 or 0.5 mg or a sham injection monthly (30 ± 7 days) for 2 years 

(24 injections). Randomization was stratified by baseline visual acuity score (< 55 letters 

[approximately worse than 20/80] vs. ≥  55 letters) at day 0, by choroidal 

neovascularization subtype (minimally classic or occult with no classic), and by study 

center. Only one eye per patient received the study treatment. If both eyes were eligible, 

the eye with the better visual acuity was treated unless, for medical reasons, the 

investigator considered the other eye more appropriate.   
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Masking of treatment assignment required at least two investigators per study 

site: an evaluating physician (masked to treatment assignment), and an injecting 

physician (unmasked regarding ranibizumab or sham treatment but masked to 

ranibizumab dose).  All other study site personnel (except those assisting with 

injections), patients, and central reading center personnel were masked to treatment 

assignment.  

 Following unmasking of first-year results and discussion with the Data Safety 

Monitoring Committee, the study protocol was amended in October 2005 to offer access 

to ranibizumab (0.5 mg) to patients in the sham group who had not completed the 

treatment period.   Patients in the ranibizumab arms remained in their originally 

assigned treatment group.  The study drug kits continued to be dispensed via the 

Interactive Voice Response System to maintain the masking of patients and all site 

personnel other than the injecting physician and those assisting in the injecting 

procedure. 

 Verteporfin photodynamic therapy for the study eye was allowed if the choroidal 

neovascularization in the study eye converted to a predominantly classic pattern.  

Following a national policy decision by the Centers for Medicare and Medicaid Services 

on April 1, 2004, to reimburse photodynamic therapy for small, minimally classic, and 

occult lesions, the study protocol was amended to allow photodynamic therapy for 

active minimally classic or occult with no classic lesions that were no larger than 4 DA in 

size and accompanied by a 20-letter or greater loss from baseline visual acuity 
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confirmed at consecutive study visits. When photodynamic therapy was used, the 

scheduled study treatment was held until the next scheduled monthly study visit.  

 For 3 days before and after each injection, patients self-administered prescribed 

topical antimicrobial drops to the study eye. On injection days, after antiseptic 

preparation of the eye and pretreatment with local anesthesia and antimicrobials, 

patients in the ranibizumab groups received their assigned dose in a 50-μL solution 

administered as an intravitreal injection. Sham-treated patients underwent the same 

pre- and postinjection procedures, but ethical considerations precluded actual 

intravitreal injections. Instead, a sham injection was performed whereby pressure was 

applied to the eye at the site of a typical injection but using a syringe without a needle.  

 After injection, patients remained in the clinic at least 60 (±10) minutes for 

additional safety monitoring and measurement of intraocular pressure. Site personnel 

contacted patients 2 ( ± 1) days postinjection to elicit reports of any new ocular 

symptoms in the study eye, and to inquire whether patients self-administered the 

prescribed antimicrobials. Patients were evaluated 7 days after their first ranibizumab or 

sham injection, but they did not return 7 days after subsequent injections. 

Study Assessments  

For the prespecified primary analysis of treatment efficacy, best corrected visual acuity 

and lesion characteristics at 12 months were compared with baseline. The primary 

efficacy end point was the proportion of patients losing fewer than 15 letters 

(approximately 3 lines) from baseline visual acuity, assessed with the ETDRS chart 

using a standardized refraction and testing protocol at a starting test distance of 2 
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meters. Other prespecified visual acuity efficacy end points included mean change over 

time, proportion of patients gaining 15 or more letters, and proportion of patients with a 

Snellen equivalent of 20/200 or worse.  Exploratory visual acuity end points included the 

proportion of patients with a Snellen equivalent of 20/40 or better, the proportion of 

patients with a Snellen equivalent of 20/20 or better, and the proportion of patients 

losing 30 letters (approximately 6 lines) or more. Prespecified secondary end points 

involving lesion characteristics included mean change in the area of choroidal 

neovascularization and the area of leakage (including intense, progressive retinal 

pigment epithelium staining).  To assess the long-term maintenance of treatment 

efficacy, the above end points were also evaluated at 24 months.  Indirect 

ophthalmoscopy, intraocular pressure measurement, visual acuity testing, and slit lamp 

examination were performed by the evaluating physician before every monthly study 

treatment. Intraocular pressure was also measured at 60 minutes postinjection. Safety 

outcomes included incidence and severity of ocular and nonocular adverse events (see 

Tables 3-5 online for criteria and grading of ocular serious adverse events), changes 

and abnormalities in clinical laboratory parameters and vital signs, and assessment of 

immunoreactivity to ranibizumab. During the study, an independent data monitoring 

committee met twice per year to review unmasked safety summaries prepared by an 

external statistical coordinating center. 

Analysis Methods 

 Efficacy analyses were performed on an intent-to-treat basis (all randomized 

patients) using a last observation carried forward method to handle missing data.  For 

all pairwise comparisons, the statistical model stratified by baseline visual acuity score 
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(< 55 letters versus ≥ 55 letters) and choroidal neovascularization subtype at baseline 

(minimally classic versus occult with no classic). Cochran χ2 tests21 were used for 

between-group comparisons for dichotomous end points. Analysis of variance models 

were used to analyze change from baseline visual acuity.  For lesion characteristic end 

points, analysis of covariance models that adjusted for baseline value were used.  The 

Hochberg-Bonferroni multiple comparison procedure22 was used to adjust for the two 

pairwise treatment comparisons for the primary end point.  Safety analyses included all 

patients who received at least one study treatment.   All adverse event reports and 

safety assessments made after sham-treated patients crossed over to ranibizumab 

were excluded from the main analyses and evaluated separately. 

Sample Size and Power Calculation 

The sample size was determined based on the primary efficacy end point.  Calculations 

were based on a 1:1:1 randomization ratio, the Pearson’s χ2 test for comparison of two 

proportions, and the Hochberg-Bonferroni multiple comparison procedure at an overall 

Type I error of 0.0497 (after adjusting for the three planned safety interim analyses prior 

to the primary efficacy analysis).  Monte Carlo simulations were used to evaluate the 

power of the study. The planned sample size of 720 would have provided 95 percent 

power to detect a statistically significant difference between one or both ranibizumab 

groups and the sham control group in the proportion of patients losing fewer than 15 

letters at 12 months, assuming a proportion of 65 percent in each ranibizumab group 

and 50 percent in the sham control group. 

 

 




