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valuation of Injection Frequency and
isual Acuity Outcomes for Ranibizumab
onotherapy in Exudative Age-related
acular Degeneration

jir Dadgostar, MD, PhD, Alexandre A. C. M. Ventura, MD, Jeffrey Y. Chung, MD, Sumit Sharma, BS,
er K. Kaiser, MD

Objective: To evaluate the visual outcomes for intravitreal ranibizumab administered on an as-needed basis
exudative age-related macular degeneration (AMD) and to investigate the relationship between injection

quency and visual outcome in this setting.
Design: Retrospective, interventional case series.
Participants: A total of 131 eyes with treatment-naïve, exudative AMD undergoing ranibizumab
notherapy.
Methods: Intravitreal ranibizumab was administered on an as-needed basis guided by clinical examination
d optical coherence tomography (OCT). The OCT scans were evaluated by the treating physicians for the
sence of intraretinal fluid, subretinal fluid, intraretinal cysts, or increasing pigment epithelial detachment size.

nical data including visual acuity (VA), choroidal neovascularization lesion morphology, and treatment course
re collected retrospectively for analysis.
Main Outcome Measures: Mean change in best-corrected Snellen VA.
Results: The mean age was 81.3 years, mean follow-up was 12�4.3 months (minimum 6 months, median
months), and mean number of injections was 5.2�2.8. Mean baseline Snellen VA for the entire population was
/110 and significantly improved at 6 months (20/80; P � 0.0002) and at last follow-up (20/90; P � 0.0066). At

onths, 31% of eyes had gained at least 3 lines of VA and 90.5% had avoided loss of 3 lines. On average, it
k 3.0 injections and 3.5 months to achieve a “dry” or “flat” macula on OCT after initiating treatment. Resolution

intra- and subretinal fluid on OCT did not correlate with the degree of vision improvement. Eyes receiving more
quent injections (defined as �2 months mean inter-injection interval) gained more vision (�2.3 lines at 6
nths) than eyes receiving injections less frequently (�0.46 lines at 6 months; P � 0.012). At 6 months, 3.1%
those in the more frequent injection group lost �3 lines of vision compared with 15.9% in the �2 months
erval group (P � 0.011).
Conclusions: In a population receiving as-needed injections of ranibizumab for exudative AMD, visual
provement was related to the frequency of injections received but not to the resolution of fluid by OCT.
atment with ranibizumab on a strictly as-needed basis may result in undertreatment and significantly less
ual gain.
Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references.
hthalmology 2009;116:1740–1747 © 2009 by the American Academy of Ophthalmology.
e-related macular degeneration (AMD) is the leading
1

ranibizumab injections (Lucentis, Genentech, South San
Fra
vis
AM

and
So
var
dia
(O
Ne
(Pr
tria
se of blindness among the aging population. The intro-
tion of molecular inhibitors of vascular endothelial
wth factor (VEGF), such as pegaptanib, ranibizumab,

bevacizumab, as approved and off-label therapy for
roidal neovascularization (CNV) due to exudative AMD
revolutionized our management of these patients.2 The
se III pivotal clinical trials, Minimally Classic/Occult
al of the Anti-VEGF Antibody Ranibizumab in the
atment of Neovascular AMD (MARINA) and Anti-
GF Antibody for the Treatment of Predominantly Clas-
Choroidal Neovascularization in AMD (ANCHOR),

e demonstrated the efficacy and safety of monthly
40 © 2009 by the American Academy of Ophthalmology
Published by Elsevier Inc.

f 
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ncisco, CA) for the preservation and improvement of
ual acuity (VA) in patients with CNV due to exudative
D.3,4

These key trials did not incorporate a treatment end point
continued injections irrespective of clinical course.

me emerging evidence has supported the adoption of a
iable VEGF inhibitor dosing strategy guided by serial
gnostic reevaluation by optical coherence tomography
CT).5 The Prospective OCT Imaging of Patients with
ovascular AMD Treated with Intra-ocular Lucentis
ONTO) study was a prospective investigator-sponsored
l in 40 eyes that demonstrated 3 lines or more VA gain
ISSN 0161-6420/09/$–see front matter
doi:10.1016/j.ophtha.2009.05.033
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5% of patients and avoidance of 3 lines VA loss in 95%
eyes receiving 3 monthly ranibizumab injections fol-
ed by as-needed treatment based on clinical examination
serial OCT monitoring.5 This as-needed dosing scheme

ed on OCT has largely been adopted without any clinical
l evidence. Ongoing studies are currently evaluating the
ctiveness of as-needed dosing regimens compared with

nthly dosing, different monitoring strategies, and com-
ation therapies to determine the optimal niche for this

class of drugs in AMD management (Martin DF. The
mparison of Age-Related Macular Degeneration Treat-
nts Trials [CATT]. Presented at: Annual Advanced Vit-
retinal Techniques and Technology Conference, Septem-
8, 2007, Chicago, IL).

The goal of the present study is to examine the effect of
avitreal ranibizumab monotherapy administered on an
needed basis guided by OCT monitoring in treatment-
ve patients and to examine the relationship between
ing frequency and VA response to treatment in these
ients.

terials and Methods

er Cleveland Clinic Institutional Review Board approval, the
rts of all patients with CNV due to exudative AMD receiving
r first ranibizumab injection at the Cole Eye Institute (Cleve-
, OH) between April 2006 and December 2007 were retro-

ctively reviewed. Patients were included in the study if they
e older than 50 years of age, were treatment naïve and receiv-
their first ranibizumab injection for exudative AMD, and had
ast 6 months of follow-up. Patients were excluded if there was

umented evidence of diabetic retinopathy, vascular occlusion,
etinal membrane, active uveitis, or any prior treatment for
dative AMD in the study eye before the initiation of ranibi-
ab monotherapy. In addition, patients with coexisting diag-

es that may lead to CNV, including 1 patient with lesions
gestive of presumed ocular histoplasmosis syndrome, 1 patient

myopic degeneration, 2 patients with vitelliform lesions, 1
ent with familial pattern dystrophy, and 1 patient with pre-
ed idiopathic CNV, were excluded.

All eyes were treated with intravitreal injections of 0.5 mg
bizumab per published guidelines. Injections were adminis-
d once at baseline and then on an as-needed basis at the
retion of the treating physician according to serial clinical
luation and OCT monitoring using the Stratus OCT (software
ion 4.1, Carl Zeiss Meditec, Inc., Dublin, CA). All scans were
ined through a dilated pupil by experienced certified OCT
tographers using Digital OCT Reading Center (DOCTR) Pro-
ls consisting of a fast macular thickness map, which acquires
6-mm radial lines consisting of 128 A-scans per line in 1.92
nds of scanning; 3- and 6-mm horizontal and vertical linear
s-hair scans centered through the fovea as determined by

luation of the red-free image on the computer monitor of the
T scanner; and a custom posterior pole scan consisting of a
m custom line scan that extends 5 degrees below horizontal

the temporal edge of the optic nerve toward the fovea. This
tom scan pattern is based on a line extending from the center
poral edge of the optic nerve 5 degrees inferior-to-horizontal
porally. The treating physician evaluated the OCT images, and
tment was administered if there was evidence of any increased
nal thickening (i.e., intraretinal fluid), subretinal fluid (SRF),
aretinal cysts, or increasing pigment epithelial detachment
D). Treatment was also delivered if there was clinical evidence
f 
Find authenticated court document
new or increasing subretinal or intraretinal hemorrhage on
ical examination.
Charts were reviewed for baseline demographic data, coexist-
diagnoses, lens status, number of injections, and best-corrected
llen VA at baseline, 1 month (�2 weeks), 2 months, 3 months,
6 months (�4 weeks) after initiation of treatment and at the
documented follow-up visit. Snellen VA was converted to the
rithm of the minimal angle of resolution (logMAR) scale for

istical analyses based on formulas set forth previously.6 Base-
fluorescein angiograms (FAs) were graded independently by 2

na specialists (AV and JC) to determine CNV lesion composi-
, location, and size in disc areas using OIS WinStation Soft-
e (Medivision-OIS, Inc., Sacramento, CA). Baseline OCT
s were analyzed by 2 certified DOCTR readers (HD and SS)
g DOCTR protocols for manual measurements of central ret-
thickness, CNV thickness, SRF thickness, and PED height

g Stratus OCT Reading Software version 4.1 (Carl Zeiss
ditec, Inc.).
Mean best-corrected VA compared with baseline was calcu-
d using paired t test analysis. Unpaired t test analyses were
ormed for comparisons of mean VA change among groups

ed on mean injection frequency and for comparisons of CNV
and OCT lesion thickness among subgroups. Injection

ber was compared among anatomic treatment response
ups using 1-way analysis of variance (ANOVA). Pairwise
relations were performed using Spearman’s coefficient.
lyses of proportions of eyes with vision gain or loss were

formed using the likelihood-ratio chi-square statistic. All
istical analyses were performed using JMP Software Ver-

7.0 (SAS Inc., Cary, NC).

sults

otal of 446 patients were reviewed, and 131 treatment-naïve
s in 124 patients met the inclusion criteria and were included in
analysis. Demographic and clinical data for these patients are
marized in Table 1. The mean age was 81.3�8.3 years, and the
der distribution was 64.5% female. Baseline FAs were avail-
for 104 eyes, and these revealed a mix of baseline lesion types

.3% predominantly classic CNV, 16.3% minimally classic
V, 66.3% occult with no classic CNV) that were mostly sub-
eal or juxtafoveal in location (75% subfoveal, 20.2% juxtafo-
l, and 4.8% extrafoveal). The mean baseline center subfield

Table 1. Patient, Lesion, and Treatment Characteristics

Median 83 yrs, mean 81.3�8.3 yrs
der 44/124 (35.5%) male, 80/124 (64.5%) female
etes mellitus 15/124 (12.1%)

ucoma 16/124 (12.9%)
ory of uveitis 3/124 (2.4%)
ow-up (mos) Median 12, mean 12.0�4.3
ctions (total) Mean 5.2�2.8
e to dry (mos)* Mean 3.5�2.6
ctions to dry* Mean 3.0�2.0
line FA: lesion type 17/104 (16.3%) classic, 17/104 (16.3%) min.

classic, 69/104 (66.3%) occult
line FA: lesion loc. 78/104 (75%) subfoveal, 21/104 (20.2%)

juxtafoveal, 5/104 (4.8%) extrafoveal

� fluorescein angiogram; OCT � optical coherence tomography.
n data are presented as mean � standard deviation.
bgroups demonstrating resolution of subretinal and intraretinal fluid by
T and clinical examination (groups 1 and 2; n � 98).
1741
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kness by OCT was 299.2 �m. Detectable SRF was present in
7% of eyes at baseline, and a PED was present in 68.9%.
Both mean and median follow-ups from the time of the first
ction were 12 months. The mean total number of injections was
�2.8 over this follow-up period. For those eyes demonstrating
plete resolution of intraretinal fluid and SRF on follow-up

T (i.e., “dry” or “flat” OCT), the mean number of injections to
ieve this anatomic end point was 3.0�2.0 injections over
�2.6 months from the time of the initial injection.
As shown in Table 2, the mean baseline VA was 20/110 and
re was a statistically significant improvement in vision to 20/90
arly as month 1 (i.e., after a single injection; paired t test, P �

013). At month 6, average VA was 20/80 (P � 0.0002) and
an VA at last follow-up was approximately 20/90 (P � 0.0066).

mean change in Snellen VA from baseline was �1 line, �1.5
s, �1.4 lines, �1.5 lines, and � 1 line at months 1, 2, 3, and
nd last follow-up, respectively. At 6 months, 31% of eyes had

ned at least 3 lines of VA, 57.1% had gained more than 0 letters,
90.5% had avoided the loss of 3 lines or more of VA. The

portion of eyes with 3 lines or more gained remained 30% at
follow-up; however, the proportion gaining any VA was

2% and only 83.8% avoided loss of 3 or more lines VA at last
ow-up.
On the basis of the anatomic response to treatment (as deter-
ed by the presence of any retinal fluid on follow-up OCT), we
ned 3 subgroups (Table 2). Group 1 (n � 36) included those
s that showed completely resolved intraretinal fluid and SRF,
t showed no evidence of recurrence clinically or by OCT on
al reexaminations during the study follow-up, and that required
further treatment. Group 2 (n � 62) included those eyes that
onstrated resolution of fluid as described previously, but then
at least 1 recurrence of either subretinal or intraretinal fluid on

eat examination during follow-up that required reinitiation of
ctions after they were initially stopped. Group 3 (n � 33)

luded those eyes that had persistent leakage by OCT throughout
follow-up period, and injections were never stopped. These

ups were defined for demonstrative purposes within the context

Table 2. Visual Acuity Chan

Anatomic Subgroups* Total (No

(%) 131/131 (100) 3
s F/U mean (SD) 12.0 (4.3)
an VA baseline 0.75 [�20/110] 0.79 [�
an VA – month 1 (P vs. baseline)† 0.65 [�20/90] (0.0013) 0.71 [�
an VA – month 2 (P vs. baseline) 0.60 [20/80] (�0.0001) 0.64 [�
an VA – month 3 (P vs. baseline) 0.61 [20/80] (�0.0001) 0.71 [�
an VA – month 6 (P vs. baseline) 0.60 [�20/80] (0.0002) 0.73 [�
an VA – last F/U (P vs. baseline) 0.65 [�20/90] (0.0066) 0.77 [�
nth 3
3 lines gained (%) 33/120 (27.5)
3 lines lost (%) 110/120 (91.7)

nth 6
3 lines gained (%) 39/126 (31.0)
3 lines lost (%) 114/126 (90.5)

t F/U
3 lines gained (%) 39/130 (30.0)
3 lines lost (%) 109/130 (83.8)

� visual acuity (mean logMAR format with Snellen conversion in brac
bgroups defined by anatomic response to treatment. Group 1 � resolutio
rrence, no further injections after “dry.” Group 2 � resolution of fluid at so
up 3 � persistent subretinal or intraretinal fluid throughout the follow-u
ired t test analyses restricted to datasets with observations at all timepoin
42

f 
Find authenticated court document
this study, and it is understood that given a sufficiently long
ow-up the majority of eyes in group 1 would likely cross over
group 2 as defined previously.

Although all groups demonstrated some improvement in VA
h treatment, there was a clear trend toward greater improvement
roups 2 and 3 (Fig 1). Although group 1 appeared to exhibit

derate VA improvement within the first few months, the vision
dually drifted toward baseline VA (20/125) by the last follow-
(20/115, P � 0.42). At last follow-up, 22.2% of eyes in
up 1 had gained at least 3 lines of VA, compared with 32.8%
33.3% in groups 2 and 3, respectively. Although there was a
d toward greater VA improvement in groups 2 and 3 compared

d Anatomic Subgroups

up 1
urrence)

Group 2
(Recurrent Fluid)

Group 3
(Always Wet)

(27.5) 62/131 (47.3) 33/131 (25.2)
(3.7) 14.2 (3.9) 9.7 (3.5)
25] 0.63 [�20/85] 1.02 [�20/200]
00] (0.075) 0.56 [�20/70] (0.057) 0.84 [�20/140] (0.0093)
0] (0.0091) 0.51 [�20/63] (0.0012) 0.82 [�20/125] (0.0095)
00] (0.10) 0.51 [�20/63] (0.0012) 0.74 [�20/110] (0.0007)
10] (0.26) 0.46 [�20/60] (�0.0001) 0.79 [�20/125] (0.06)
15] (0.42) 0.54 [20/70] (0.05) 0.76 [20/114] (0.012)

(24.2) 16/57 (28.1) 9/30 (30.0)
(90.9) 51/57 (89.5) 29/30 (96.7)

(32.4) 19/60 (31.7) 9/32 (28.1)
(85.3) 56/60 (93.3) 29/32 (90.6)

(22.2) 20/61 (32.8) 11/33 (33.3)
(80.6) 51/61 (83.6) 29/33 (87.9)

SD � standard deviation; F/U � follow-up.
ubretinal/intraretinal fluid by OCT and clinical examination without
ime with at least 1 recurrence based on OCT and clinical examination.
iod.
tal n � 99; group 1 n � 26; group 2 n � 53; group 3 n � 20).

re 1. Visual acuity change by anatomic response group. Mean VA
nge from baseline was plotted for each group at the indicated time
rvals and at last follow-up. Error bars indicate standard error. VA �
al acuity; logMAR � logarithm of the minimal angle of resolution;
� follow-up.
ge an
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group 1, the differences in VA change at month 3, month 6,
last follow-up were not significantly different between the 3
ps (ANOVA, all P�0.4; pairwise t tests, all P�0.2).
hen the mean number of injections was compared among

ps 1 (3.3�2.0), 2 (5.9�2.6), and 3 (6.1�3.0), there were
ificantly more injections in groups 2 and 3 (Fig 2; ANOVA,
0.0001). A normalized measure representing the average num-
of injections per year also was calculated for every eye in each
p. By using this measurement, the normalized injections for
ps 1 (4.3�2.7), 2 (5.2�2.1), and 3 (7.6�3.0) also were
ificantly different (ANOVA, P�0.0001). Normalized injec-
s per year then were compared against VA change at last
ow-up, and bivariate analysis revealed a weak association with
nd toward greater VA gain with a larger number of injections
year (Spearman r � 0.21, P � 0.014).
n approximation of injection frequency was obtained by

ding the total follow-up duration by the total number of injec-
s to determine the relationship between injection frequency
VA change. The study population was then divided into 2
ps on the basis of injection frequency: those who received
at injections at a mean interval of �2 months throughout the

ow-up period (�2 months; n � 65) and those with an average
ction interval of �2 months (�2 months; n � 66). In the �2
ths and �2 months groups, the percentages of female patients

e 60% and 69.7%, respectively (P � 0.24), and the mean ages
e 81�8.4 years and 81.5�8.0 years, respectively (P � 0.74).

mean baseline VA (logMAR) was 0.70�0.50 for the �2
ths group and 0.84�0.57 for the �2 months group (P � 0.15).

eline OCT characteristics were compared among the 103 eyes
which baseline OCTs were available. Baseline central retinal
kness measurements for the �2 months group (n � 52) and �2
ths group (n � 51) were 261 �m and 288 �m, respectively

� 0.38), and there were no significant differences in the
ribution of specific morphologic features on baseline OCT:

present in 78.9% versus 72.6%, respectively (P � 0.46);
aretinal fluid present in 90.4% versus 88.2%, respectively (P �
); lipid exudates present in 61.5% versus 54.9%, respectively

0.49); and PED present in 73.1% versus 64.7%, respectively
0.36). Also, for those lesions with measurable CNV, SRF, or
on baseline OCT, there was no statistically significant dif-

nce between the �2 months group and the �2 months group
ean CNV thickness (P � 0.91), mean SRF thickness (P �

, or mean PED height (P � 0.14). Baseline angiographic

re 2. Injection number by anatomic response group. Scatter diagrams dep
w-up period to approximate injections per year (B) for anatomic response
ach group. Outer lines indicate standard deviation. All means were com
f 
Find authenticated court document
racteristics were compared among the 104 eyes for which
line FAs were available. Mean CNV lesion sizes in the �2
ths group (n � 53) and �2 months group (n � 51) were 5.5 and
disc areas, respectively (P � 0.95). The percentages of pre-
inantly classic, minimally classic, occult, and indeterminate

V types were 11.3%, 18.9%, 67.9%, and 1.9%, respectively, for
�2 months group and 21.6%, 13.7%, 64.7%, and 0%, respec-
ly, for the �2 months group, (P � 0.32). Lesion locations were
foveal, juxtafoveal, and extrafoveal in 79.3%, 17.0%, and

, respectively, for the �2 months group and 70.6%, 23.5%,
5.9%, respectively, for the �2 months group (P � 0.59). Thus,
were unable to identify any baseline feature that differed
ificantly between these 2 groups.
s shown in Figure 3, those who received repeat injections at

ean interval of 2 months or less throughout the follow-up
od had a greater improvement in VA at month 6 (mean change
ision �2.3 lines, 95% confidence interval [CI] �0.14 to �0.32

AR) and at last follow-up (mean change in vision �2.1 lines,
CI �0.11 to �0.31 logMAR) compared with those with �2

ths average injection interval at 6 months (mean change in
on �0.46 lines, 95% CI �0.087 to �0.18 logMAR; P �
2) and at last follow-up (mean change in vision �0.22 lines,
CI �0.14 to �0.095 logMAR; P � 0.0015). Similarly, there
a trend toward a higher percentage of eyes gaining at least 3

s of VA in the �2 months injection interval group compared
the �2 months group (37.5% vs. 24.2% at 6 months follow-

P � 0.11), but this difference did not reach statistical signif-
ce. The difference in percentage of eyes with 3 lines of VA
, however, was statistically significant (Fig 4) with less loss in
�2 months group (3.1% at 6 months, 7.8% at last follow-up)
pared with the �2 months group (15.9% at 6 months, P �
1; 24.2% at last follow-up, P � 0.0093).

scussion

ermining the optimal dosing schedule for anti-VEGF
rapy for exudative AMD remains a challenge because
ther the effect of the drugs in human eyes nor the nature
he disease itself is fully understood. On the basis of the
RINA and ANCHOR trial data, the best reported effi-

y, in terms of VA preservation and gain, is seen with

tal number of injections (A) and number of injections normalized by
s 1, 2, and 3 (defined above). Diamonds indicate means and 95% CIs
by 1-way ANOVA.
ict to
group
pared
1743
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dated monthly dosing.3,4 However, these trials did not
ow a clinical end point for treatment cessation, and such
egimen raises concerns for overtreatment. Because
GF is a survival factor, long-term VEGF suppression
y lead to ocular problems that we have not yet iden-
d. Although reported risks of injection-related ad-

se events such as retinal detachment or endophthalmi-
are low,3,4,7,8 they are not zero, and the results can be
astating. Minimizing the number of injections would
rease this risk. Finally, overuse of such treatments is
tain to present an unnecessarily heavy financial burden
society given the cost of ranibizumab.9,10

re 3. Greater mean VA improvement with higher injection frequency.
ths (A) and at last follow-up (B) for eyes receiving injections at an avera
w-up period. Means were compared by unpaired t test. Inner error lines r
ation. VA � visual acuity; logMAR � logarithm of the minimal angle o

re 4. Moderate vision gain and loss by injection interval. Percentage of
at 6 months and at last follow-up for each injection frequency group was
w-up.
4

f 
Find authenticated court document
hus, for multiple reasons, it is desirable to find a dosing
imen that is maximally effective at preserving or improv-
VA while at the same time is intended to avoid treat-
t when it is not needed. The Phase IIIb, Multi-center,
domized, Double-masked, Sham Injection-controlled

dy of the Efficacy and Safety of Ranibizumab (PIER)
ssed the efficacy of fixed quarterly dosing by evaluating
gimen of 3 monthly injections on enrollment, followed

mandated injections every 3 months thereafter for a total
years.11 In the ranibizumab groups, there was an initial
n improvement in VA by approximately 1 line after the
ing phase of 3 monthly injections. However, at 12

ter diagrams depict mean VA change (logMAR) from baseline at 6
erval of �2 months versus an average interval of �2 months over the
ent mean and standard error, and outer error lines represent standard
lution.

in each group with at least 3 lines VA gain (A) or �3 lines VA loss
pared by likelihood-ratio chi-square test. VA � visual acuity; F/U �
Scat
ge int
epres
f reso
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