
Anti-VEGF Agents in the Treatment of Neovascular

●

v
l
n
s
a
m
(
p
i
v
●

a
t
●

●

c
t
Q
t
d
u
●

n
(
a
l
g
m
m
b
2
r

T
a
p
t

A

W

i
T

0
d

Age-related Macular Degeneration: Applying Clinical
Trial Results to the Treatment of Everyday Patients

DAVID M. BROWN AND CARL D. REGILLO
PURPOSE: The vision gains reported with monthly intra-
itreal ranibizumab in the MARINA and ANCHOR trials

immediate, permanent loss of central vision with its aim to
limit the spread of the uncontrollable disease analogous to
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ed to an immediate paradigm shift in the treatment of
eovascular AMD with retina physicians universally
witching to the pan-VEGF blocking agents ranibizumab
nd bevacizumab, and patients expecting visual improve-
ent. As these agents are primarily used on a pro re nata

PRN) dosing schedule (because neither patients nor
hysicians want monthly injections), the factors involved
n making the treatment and retreatment decisions are
ery important in any attempt to maximize vision gain.
DESIGN: Analysis of literature, ongoing clinical trials,

nd the clinical assessments that can aid clinicians in
reatment and retreatment decisions.

METHODS: Literature review and perspective.
RESULTS: If a monthly injection protocol is not used,

linicians should use both functional and anatomic criteria
o attempt to guide treatment and retreatment decisions.
ualitative optical coherence tomography (OCT) appears

o be the most sensitive and practical assessment tool to
etermine anatomic response to treatment but should be
sed in conjunction with clinical examination.
CONCLUSIONS: If monthly intravitreal injections are

ot performed, a combination of clinical examination
looking for new hemorrhage) and qualitative OCT (to
ssess response to treatment and early signs of recurrent
eakage) can be used to guide anti-vascular endothelial
rowth factor (anti-VEGF), treatments with the goal of
aintaining a “normal” retinal anatomy in an attempt to
aximize the benefit (visual acuity gains) to risk (num-
er of injections required) ratio. (Am J Ophthalmol
007;144:627–637. © 2007 by Elsevier Inc. All rights
eserved.)

REATMENTS FOR NEOVASCULAR AGE-RELATED MACU-

lar degeneration (AMD) have improved dramatically
since 1999 when the only treatment clinically avail-

ble was Macular Photocoagulation Study (MPS)-style laser
hotocoagulation.1 For subfoveal choroidal neovasculariza-
ion (CNV), MPS guided laser photocoagulation leads to an
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urgical amputation in general surgery. Photodynamic
herapy with verteporfin (vPDT) became available in
000. Unlike laser photocoagulation, vPDT involves rel-
tively selective photochemical damage to CNV, with less
amage to the associated choroid and retina. vPDT de-
reased the rate of moderate and severe vision loss,
emonstrated improved vision (a gain of �15 letters on
he Early Treatment of Diabetic Retinopathy Study
ETDRS) chart in up to 6% of patients with subfoveal
NV secondary to AMD) (Table).2,3 However, 30% to
0% of vPDT-treated patients still lost at least 15 letters
rom the pretreatment baseline visual acuity (VA). Fur-
hermore, although PDT clinical trials showed consistent
enefit when treating patients with subfoveal predomi-
antly classic CNV, other CNV subtypes appeared to
enefit only if the lesion was relatively small in size.2,3,7

ombining vPDT treatment with intravitreal (ITV) injec-
ion of a corticosteroid was popularized by Spaide and
ssociates.8 This combination approach appeared to de-
rease the number of required vPDT treatments to achieve
nonleaking CNV, but has yet to demonstrate definitive,

linically significant, added visual benefit compared with
PDT alone.

THE SEARCH FOR A MORE
TARGETED TREATMENT

EOVASCULAR AMD IS ASSOCIATED WITH INCREASED VAS-

ular permeability as well as CNV infiltration. This in-
rease in vascular permeability leads to abnormal fluid
ollection within or below the retina that causes visual
ysfunction when it involves the center of the macula. For
he past 50 years, researchers have attempted to determine
he underlying mechanism of neovascularization and vas-
ular leakage in the eye. In 1983, Senger and associates
dentified a “tumor vascular permeability factor” (VPF)
hat could induce vascular leakage.9 In 1989, Ferrara and
enzel reported the isolation and sequencing of an endo-

helial cell mitogen dubbed vascular endothelial growth
actor (VEGF),10 which was later determined to be the
ame molecule as VPF. VEGF-A (also referred to as simply
EGF) is a vascular endothelial cell-specific growth factor
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TABLE. Summary of Published Results for Several Neovascular Age-Related Macular Degeneration Studies Using 2-m Early
Treatment of Diabetic Retinopathy Study Refracted Visual Acuities
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nd, within the VEGF family, is the most potent promoter
f angiogenesis and inducer of vascular permeability.11 In
ddition, VEGF-A is 50,000 times more potent as an
nhancer of vascular permeability than is histamine.12

EGF-A has been shown to be involved in the develop-
ent of ocular diseases such as neovascular AMD.13

The first ocular anti-VEGF agent was an aptomer-based
erapeutic designed to target VEGF165, the most abun-

ant isoform of VEGF-A in ocular disease. The VISION
ials using this aptomer (Pegaptanib sodium, Macugen;
SI/Eyetech Pharmaceuticals, New York, New York, USA)

emonstrated efficacy in all CNV subtypes secondary to
MD, and the number of pegaptanib-treated patients with all
NV subtypes who had 15-letter improvements was compa-
ble to PDT-treated patients with predominantly classic
NV secondary to AMD in other studies (4% to 6%;
able).4 The proportion of patients losing �15 letters from
e pretreatment baseline VA, however, was still about

0% despite ITV pegaptanib injections every six weeks
uring the two-year trial. Nonetheless, because of the
road treatment effect with some visual benefit in all CNV
btypes secondary to AMD, along with the good safety

rofile, pegaptanib sodium was approved by the Food and
rug Administration in 2004 for the treatment of neovas-

ular AMD.
Ranibizumab (Lucentis; Genentech, Inc, South San

rancisco, California, USA) is an anti-VEGF agent that is
ood and Drug Administration approved for the treatment
f all subfoveal CNV subtypes secondary to AMD. Ranibi-

Study Study Design

TAP (12-month time point)2 PDT every 3 months for

24 months (n � 609)

VISION (12-month time point)4 ITV pegaptanib every 6

weeks for 24 months

(n � 1,186)

MARINA (24-month time point)5 ITV ranibizumab monthly

for 24 months

(n � 716)

ANCHOR (12-month time point)6 ITV ranibizumab monthly

for 24 months

(n � 423)

PIER (12-month time point)

(Regillo et al, unpublished

data)

ITV ranibizumab monthly

for 3 months, then

every 3 months for a

total of 24 months

(n � 184)

ITV � intravitreal; N/A � not applicable (not directly reported in th

*P � .001 compared with the control arm.

AMERICAN JOURNAL28
mab is a humanized antigen-binding fragment that
rgets all VEGF-A isoforms and their biologically active

egradation products, and it has been shown to bind and
hibit VEGF165, VEGF121, and VEGF110. Ranibizumab

as been investigated in clinical trials in patients with
eovascular AMD since 2000 (Table; Figure 1). MARINA
as a randomized Phase III clinical trial of minimally
lassic or occult CNV secondary to AMD treated with
onthly ITV ranibizumab (0.3 mg or 0.5 mg) or sham
jections for 24 months. Anatomically, ranibizumab treat-
ent was associated with arrested growth of and cessation

f leakage from the CNV (including intense, progressive
aining of the retinal pigment epithelium [RPE]). The
ean change from baseline in each of the ranibizumab-
eated groups differed significantly from the sham-injected
roup at 12 and 24 months (P � .001). Mean retinal
ickness on ocular coherence tomography (OCT) was
duced dramatically in the first week after initial treat-
ent, and this reduction was associated with mean im-

rovement in VA. With monthly injections, both the
duction in retinal thickness and the VA gains were
aintained. At the end of the 24-month study, signifi-

antly more ranibizumab-treated patients had maintained
r improved vision (lost �15 letters of VA) than sham-
jected patients, with 92% and 90% of ranibizumab-
eated patients (0.3 mg and 0.5 mg, respectively) losing
wer than 15 letters of VA, compared with 53% of
am-injected patients (P � .001).5 In addition, the mean

hange in VA from baseline was a gain of 5.4 and 6.6

Study

Arms

Efficacy Endpoints

Mean Change in

letters of VA

from Baseline*

�15 Letters Lost

(% Patients)*

�15 Letters

Gained

(% Patients)*

DT

lacebo

�2.2

�3.5

39*

54

6

2

.3 mg

ham

N/A 30*

45

6

2

.3 mg

.5 mg

ham

5.4*

6.6*

�14.9

8*

10*

47

26*

33*

4

.3 mg

.5 mg

DT

8.5*

11.3*

�9.5

6*

4*

36

36*

40*

6

.3 mg

.5 mg

ham

�1.6*

�0.2*

�16.3

17*

10*

51

12

13

10

icle); PDT � photodynamic therapy; VA � visual acuity.
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ANCHOR was a randomized Phase III clinical trial of
patients with predominantly classic CNV secondary to
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EATMV
etters for ranibizumab-treated patients (0.3 mg and 0.5
g, respectively), compared with a loss of 14.9 letters in

ham-treated patients (P � .001). After 24 months, 26%
nd 33% of ranibizumab-treated patients gained 15 or
ore letters of VA (0.3 and 0.5 mg, respectively), com-

ared with 4% of sham-injected patients (P � .001).5

IGURE 1. Visual acuity over time for the (Upper panel)
ARINA, (Middle panel) ANCHOR, and (Lower panel)
IER Phase III trials. All three panels show the mean change
rom baseline in visual acuity [VA] (number of letters) over
ime (months). The black boxes represent the mean change in
A for the 0.5 mg ranibizumab group, the gray triangles

epresent the mean change in VA for the 0.3 mg group, and the
ray circles represent the mean change in VA for the control
roup in each of the studies. Pairwise analysis of variance
ANOVA) adjusting for the VA score on day zero was used
o analyze the mean change in VA from baseline at each
onthly assessment. At each monthly assessment, there was
significant difference between the ranibizumab and control

roups. (MARINA and ANCHOR panels are reproduced
ith permission from Rosenfeld and associates, N Engl
Med 2006;355:1419 –1431 and Brown and associates,
Engl J Med 2006;355:1432–1444).

ANTI-VEGF AGENTS IN THE TROL. 144, NO. 4
MD treated with monthly ITV ranibizumab (0.3 mg or
.5 mg) and sham PDT or sham injection and PDT for 24
onths. Anatomically, fluorescein angiography (FA) at 12
onths revealed a dramatic reduction of leakage from the
NV (and area of intense, progressive staining of the RPE)

ompared with baseline among ranibizumab-treated pa-
ients compared with an overall increase in leakage among
DT-treated patients (P � .01). Analogous to the ana-
omic changes seen on OCT in the MARINA trial, retinal
hickness was markedly reduced within a week of initial
reatment, and this reduction was associated with com-
ensurate gains in VA. Repeated injections maintained

his anatomical improvement and allowed for unprece-
ented gains in VA at the primary endpoint at 12 months.
t the 12-month time point, 94% and 96% of ranibi-

umab-treated patients (0.3 mg and 0.5 mg, respectively)
ad lost fewer than 15 letters of VA, compared with 64%
f PDT-treated patients (P � .0001).6 In addition, the
ean change in VA from baseline was a gain of 8.5 and

1.3 letters for ranibizumab-treated patients (0.3 mg and
.5 mg, respectively), compared with a loss of 9.5 letters in
DT-treated patients (P � .001).6 After 12 months, 36%
nd 40% of ranibizumab-treated patients gained 15 or
ore letters of VA (0.3 and 0.5 mg, respectively), com-

ared with 6% of PDT-treated patients (P � .001).6
While ranibizumab is an anti-VEGF antibody fragment,

evacizumab is a related humanized, full-length anti-
EGF antibody that was also developed by Genentech. At

he July 2005 American Society of Retina Specialists
ASRS) meeting in Montreal, Canada, Phillip Rosenfeld,
D, presented a small series of patients with neovascular
MD treated with off-label ITV bevacizumab (Food and
rug Administration approved for intravenous treatment
f metastatic colon cancer in combination with chemo-
herapy). The preliminary results from this series demon-
trated good short-term safety and efficacy similar to that seen
n patients treated with ranibizumab.14 Other investigators
ave since demonstrated comparable clinical results with

arger but still short-term and uncontrolled series of pa-
ients with neovascular AMD treated with off-label ITV
evacizumab.15–17 These reports resulted in a relatively
uick and widespread adoption of off-label ITV bevaci-
umab by retina specialists before the clinical availability
f ranibizumab. Bevacizumab use has continued around the
orld, and increasing pharmacokinetic, histopathology,
nd toxicity studies have subsequently been performed in
PE cell lines and bovine, rabbit, pig, and monkey models

hat demonstrate no evidence of ocular toxicity at the dose
ommonly administered.18–20 Durability of effect of bev-
cizumab appears comparable to ranibizumab with appar-
nt intravitreal concentrations up to one month after
njection.21 There are no data available to assess the
elative efficacy and safety of off-label ITV bevacizumab
ut with support from the National Eye Institute, The

ENT OF NEOVASCULAR AMD 629



Comparison of Age-Related Macular Degeneration Treat-
ments Trial (CATT) is being organized to determine the
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significantly higher risk of stroke compared with the 0.3
mg dose (1.2% vs 0.3%; P � .02).25 Ongoing safety
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afety and efficacy of intravitreal bevacizumab compared
ith ranibizumab.22 The trial will be a head-to-head,
rospective, randomized, masked clinical trial of ranibi-
umab and off-label ITV bevacizumab in 1,200 patients.

onthly ranibizumab and bevacizumab injection regimens
ill be included as well as pro re nata (PRN) treatment

egimens with both agents and is expected to begin this
ear. Direct comparisons of the efficacy and potential
dverse events of off-label ITV bevacizumab and ranibi-
umab can only be made at the conclusion of such a
ead-to-head study.

OCULAR RISKS AND POSSIBLE
SYSTEMIC RISKS OF

ANTI-VEGF THERAPY

HE OCULAR RISKS OF ANTI-VEGF INJECTIONS APPEAR TO

e primarily related to the injection process itself. In the
ARINA, ANCHOR, and PIER trials, ranibizumab treat-
ent was associated with a 1.7% or lower rate of key

erious ocular adverse events such as endophthalmitis,
etinal detachment, and uveitis.5,6 The theoretical risk
xists that intraocular pan-VEGF suppression may cause
horiocapillaris damage. However, these findings have not
een collaborated by wide-field angiography looking for
horiocapillaris damage in our patients who had more than
4 injections of ranibizumab (unpublished data). Because
ntravenous anti-VEGF blockade is known to be associated
ith increased rates of thromboembolic events, systemic
bsorption of these agents from intraocular injections may
ncrease these rates in treated patients. In animal studies,
TV ranibizumab was cleared from the vitreous with a
alf-life of approximately three days.23 After reaching a
aximum at approximately one day, serum concentrations

ecline in parallel to vitreous concentrations with a
ystemic level �1000 times the vitreous concentrations. In
uman trials, serum ranibizumab levels ranged from 0.3
g/ml to 2.36 ng/ml following monthly injections.24 These

evels were below the concentration of ranibizumab (11
g/ml to 27 ng/ml) thought to be necessary to inhibit 50%
f the biologic activity of VEGF-A. Systemic absorption of
TV bevacizumab has also been demonstrated in approxi-
ately 11.8% of patients (Csaky K, personal communica-

ion). This may be significant given bevacizumab’s
erminal half-life in the systemic circulation is approxi-
ately 20 days compared with 12 hours for ranibizumab. In

he initial Phase III trials with ranibizumab, the actual key
erious nonocular adverse events were not found to be
ignificantly different than the corresponding control
roups.5,6 However, in January 2007, Genentech released
ata that showed in preliminary analysis of the SAILOR
ohort (a Phase IIIb study with much larger sample size
han the Phase III trials), that the 0.5 mg dose had a

AMERICAN JOURNAL30
nalysis is being performed in patients in the SAILOR trial
s well as longer term follow-up in the HORIZON trial
the extension study of MARINA and ANCHOR). The
ATT trial is also designed to provide systemic safety data

or both ranibizumab and bevacizumab.

ALTERNATIVE DOSING STRATEGIES
FOR ANTI-VEGF AGENTS

ECAUSE OF BOTH OCULAR AND SYSTEMIC SAFETY CON-

erns, as well as cost and physician and patient conve-
ience issues, ideally an alternative dosing strategy can be
sed to decrease the number of required injections for
nti-VEGF agents. A recently completed Phase IIIb study,
IER, was a randomized, double-masked, sham-controlled
linical trial of patients with subfoveal CNV secondary to
MD treated with ITV ranibizumab monthly for the first

hree months, followed by mandated quarterly dosing for
4 months (Regillo et al, 2006, unpublished data). For the
rst three months, both the anatomic improvements on
CT and the VA gains mirrored the ANCHOR and
ARINA trials. After this period, the average VA de-

reased to baseline levels, because quarterly injections
ere unable to maintain the anatomic improvements seen
ith monthly injections. This is thought to be directly

elated to the mandated quarterly dosing in PIER, with
ome patients requiring more frequent injections to main-
ain the anatomic and visual improvements achieved in
he first three months of the study. At the 12-month time
oint, the mean change in VA from baseline was a loss of
.6 and 0.2 letters for ranibizumab-treated patients (0.3 mg
nd 0.5 mg, respectively), compared with a loss of 16.3
etters for sham-treated patients (P � .0001). In addition,
3% and 90% of ranibizumab-treated patients (0.3 and 0.5
g, respectively) lost fewer than 15 letters of VA, com-

ared with 49% of sham-injected patients. After 12
onths, 12% and 13% of ranibizumab-treated patients

ained 15 or more letters of VA (0.3 and 0.5 mg,
espectively), compared with 10% of sham-injected
atients. Although the PIER trial results are far superior
o those seen with any previous agent in AMD trials, the
igh expectations of overall improvement in mean visual
cuity demonstrated in the ANCHOR and MARINA trials
ere not achieved. These initial PIER study data show that

reating patients with CNV secondary to AMD every
hree months is less effective than monthly dosing with
anibizumab.

Another small, uncontrolled, but very well-designed
tudy exploring an alternate dosing strategy for ranibi-
umab is PrONTO, a prospective OCT imaging study of
atients with all subtypes of CNV secondary to AMD
reated with ITV ranibizumab monthly for the first two
onths (three injections), followed by PRN dosing there-

OPHTHALMOLOGY OCTOBER 2007



after.26 OCT was used to evaluate quantitative retinal
thickness, and retreatment decisions were based on these
q
c
o
C
p
o
t
g
O
t
v
t
s
t
o
t
i
b
a
(
r
s
fl
z
a
t
9
t
o
t
d
a
m

T

w
v
o
e
p
f
w
i
a
a
l
p
t
p

after 24 ITV injections. These anatomic changes were
associated with overall visual improvement in ranibi-
z

z
a
s
V
e
t
e
i
a
g
A
a
o
r
a
l
r
p
i
I
(
g
e

●

O
p
t
d
r
1
t
m
s
a
i
r
p
b
t
s
v
p

d
a
e
a
t
T
c
t

EATMV
uantitative OCT measurements as well as on other
riteria, such as visual loss associated with any edema
bserved on qualitative OCT, the presence of new classic
NV on FA, and the presence of new hemorrhage or
ersistent fluid on qualitative OCT. Of note, fluid was
bserved with qualitative OCT 100% of the time at the
ime of ITV injection, whereas retinal thickness increases
reater than 100 �m were observed with quantitative
CT and were the reason for injection only 16% of the

ime.26 ITV injections were also administered for decreased
ision with evidence of fluid on qualitative OCT 41% of
he time, for persistent fluid 29% of the time, for new
ubretinal hemorrhage with concomitant fluid on qualita-
ive OCT 7% of the time, and for new classic CNV
bserved on FA as well as fluid on qualitative OCT 6% of
he time. Preliminary results from the 40 patients enrolled
n the study show that mean VA from baseline improved
y 9.3 letters in ranibizumab-treated patients (P � .001)
nd mean central retinal thickness decreased by 178 �m
P � .001). At one month (one injection), 85% of
anibizumab-treated patients had resolution of intraretinal,
ubretinal edema and 77.5% had resolution of subretinal
uid. At two months (two injections), 92.5% of ranibi-
umab-treated patients had resolution of subretinal fluid
nd intraretinal cysts, and at three months (three injec-
ions), 97.5% had resolution of subretinal fluid, whereas
2.5% had resolution of intraretinal cysts.26 At 12 months,
he mean number of injections was 5.6, and 17.5% (7/40)
f patients did not require retreatment after the initial
hree ITV injections of ranibizumab. This OCT-guided
osing strategy achieved results comparable to the MARINA
nd ANCHOR trials with less than half of the required
onthly injections used in the Phase III trials.

WHY DO PAN-VEGF BLOCKING
AGENTS IMPROVE VA IN

NEOVASCULAR AMD?

HERE ARE NUMEROUS EXAMPLES OF RETINAL DISEASES IN

hich the anatomy of the fovea must be restored before
isual improvements can occur. Two examples are macula-
ff retinal detachments and Irvine-Gass cystoid macular
dema, where VA improves only when the anatomic
athology is corrected. Conversely, irreversible visual loss
rom progressive intraretinal fibrosis or atrophy occurs
hen the retina is subjected to prolonged subretinal and

ntraretinal edema as in diffuse diabetic macular edema
nd chronic central serous retinopathy. The MARINA
nd ANCHOR trials demonstrated a marked reduction in
eakage from CNV in ranibizumab-treated patients com-
ared with increased leakage in the controls, with quali-
ative OCT images of the retina of ranibizumab-treated
atients appearing completely dry in almost all patients

ANTI-VEGF AGENTS IN THE TROL. 144, NO. 4
umab-treated patients.
No previous treatment has been as efficacious as ranibi-

umab at eliminating the edema in the subretinal space
nd neurosensory retina in neovascular AMD. Pegaptanib
odium, which theoretically only blocks one isoform of
EGF-A in the eye, rarely eliminates all macular edema

ven with continued use. In contrast, most ranibizumab-
reated patients (�70%) have resolution of all macular
dema as seen by OCT within one month of their first
njection, and more than 90% have resolution of all edema
fter three consecutive monthly injections.26 The visual
ains seen in the initial three months of therapy in the
NCHOR, MARINA, and PIER trials are very similar

nd demonstrate visual gains very quickly after initiation
f therapy and resolution of retinal edema. The on-average
eturn to baseline (loss of the improvement in VA
chieved in the first three months) in the PIER trial is
ikely related to the inability of mandated quarterly ITV
anibizumab injections to eliminate CNV leakage for all
atients; some patients likely required more frequent ITV
njections, whereas others could have used less frequent
TV injections, as supported by OCT findings in the trial
Regillo et al, 2006, unpublished data). This suggests that
reater control through a criteria-based retreatment strat-
gy may be warranted.

OCT AND THE MANAGEMENT OF OCULAR DISEASES:

CT is a noninvasive diagnostic imaging tool that can
erform high-resolution, micron-scale, cross-sectional, or
omographic imaging in tissue by measuring the echo time
elay and intensity of backscattered light.27 OCT allows
eal-time in situ imaging of tissue with resolution of up to
5 �m and enables examination of the epiretinal, in-
raretinal, and subretinal morphology.27 OCT uses several
easures to generate its images, including the central

ubfield, center point thickness, automated retinal bound-
ry lines, inner retinal surface, and the RPE band. In OCT
mages, bright colors such as red and white represent
egions of high reflectivity such as the nerve fiber layer, the
lexiform layers, or the RPE, whereas dark colors such as
lue or black represent regions of low reflectivity, such as
he nuclear layers and photoreceptor inner and outer
egments. Only the hyporeflective photoreceptor layer is
isible at the foveola, where the indentation of the foveal
it is at its maximum.
OCT has been used in the management of many retinal

iseases, including macular holes,28 macular edema,29,30

nd neovascular AMD.31 In AMD, OCT is useful in
valuating and documenting retinal angiomatous prolifer-
tion (RAP) lesions before and after laser photocoagula-
ion in patients with RAP lesions secondary to AMD.31

he early stages of RAP are difficult to detect with both
ontact lens biomicroscopy and angiographic examina-
ions, but typical intraretinal features can be observed with

ENT OF NEOVASCULAR AMD 631
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IGURE 2. Examples of optical coherence therapy (OCT) images from different patients being treated with ranibizumab for
eovascular age-related macular degeneration (AMD) demonstrating various patterns of recurrent choroidal neovascularization
CNV) leakage such as (Top row) diffuse edema; (Second row) intraretinal cysts; (Third row) subretinal fluid; or (Bottom row)
ubretinal pigment epithelium (RPE) fluid. Top row (Left): Three months after completing the MARINA protocol, the patient’s
isual acuity (VA) in the involved eye was 20/25 with no injections for four months. Automated center point foveal thickness was
63 �. (Right) Diffuse edema: The first sign of disease progression was evident on OCT six weeks later with diffuse edema and
ss of the foveal depression. The VA declined to 20/50. Automated center point thickness increased to 341 �. Second row (Left):
he patient finished the MARINA study with a VA of 20/63 in the treated eye and a normal foveal depression but quantitative
CT revealed atrophy with a foveal central thickness of 98 �. (Right) Intraretinal cysts: Five months after the patient’s last

equired intravitreal injection in the study, intraretinal cysts developed with no change in her best-corrected VA (20/63). Center
oint foveal thickness increased but was still in “normal” range at 178 �. Third row (Left): The patient finished the MARINA
tudy with a VA of 20/25 in the treated eye and an OCT scan showing a near normal appearing foveal contour with underlying
NV. The central foveal thickness was 138 �. (Right) Subretinal fluid: Just six weeks into the extension study (10 weeks after
er last scheduled injection in the MARINA trial), subretinal fluid became evident on the OCT with a commensurate decrease in
A to 20/40. Quantitative center point foveal thickness increased to 204 �. Bottom row (Left): The patient completed the
ARINA study with a VA of 20/50 and no evidence of CNV leakage determined by OCT. Automated center point foveal
ickness was 160 �. (Right) Sub-RPE fluid: Three months after her last ITV ranibizumab injection, OCT revealed fluid in the

ub-RPE space. Automated center point foveal thickness increased slightly to 190 �, but VA improved to 20/25.
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qualitative OCT.31 In the management of diabetic reti-
nopathy, OCT has been demonstrated to be more sensitive
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to interpret the images. The actual thickness and morphol-
ogy of the CNV complex are quite difficult to assess on
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EATMV
han contact lens biomicroscopy for the detection of
ild foveal thickening in patients with diabetic macular

dema.29 An OCT study of patients with diabetic macular
dema found that best-corrected VA was significantly
orrelated with central foveal thickness (r � �0.528;
� .01).30 There was 77% agreement between OCT

nd clinical examination. In addition, cystoid macular
dema was detected in 15.4% of eyes with OCT, but
ystoid macular edema was not detected with contact
ens biomicroscopy and FA in 40% and 60% of these
yes, respectively. In this study, OCT detected serous
oveal detachments detected that could not be seen with
ither contact lens biomicroscopy or FA.30 This finding
llustrates that OCT can document subtle disease activ-
ty in macular disease often undetectable by standard
linical examinations.

QUANTITATIVE VS QUALITATIVE OCT: Quantitative
CT uses fast macular thickness-based acquisition proto-

ols, in which six radial scans are centered on a patient’s
xation and then compressed into one scan, which can be
cquired quickly (1.92 seconds) and contains 128 A-scans
er line.31 However, fast macular thickness-based acquisi-
ion protocols provide low-resolution images that have
ome inherent errors particularly in eyes with neovascular
MD.32 Errors of retinal boundary detection and thickness
easurement were observed in 92% of AMD eyes when

ast macular thickness-based acquisition protocols were
sed.32 Poor VA in patients with neovascular AMD makes
xation difficult to maintain, and the center point thick-
ess measurement is dependent on the fovea being in the
enter of each vector line. Thus any shift of the patient’s
xation causes significant error. Even when fixation is
xcellent, the anatomic heterogeneity of CNV lesions
eccentric with variable intraretinal cysts and subretinal
uid pockets) often misleads the automated detection of
etinal boundaries necessary for accurate quantitative mea-
urements. An additional and significant problem of quan-
itative OCT is that sub-RPE fluid (pigment epithelial
etachment) is not quantified even if fixation and retinal
oundary detection is accurate.
In contrast, qualitative OCT using normal acquisition

rotocols (Macular Thickness Map acquisition on the
tratus OCT 3, software version 4.1; Carl Zeiss Meditec,
ublin, California, USA) provides a transverse resolution
f 512 A-scans per B-scan that yields more detailed
ntraretinal information.31 Fortunately, fixation difficulties
nherent with AMD patients do not affect qualitative
CT analysis because it relies much less on each vector

ut being centered on fixation. Qualitative OCT simply
ooks for any anatomic evidence of CNV leakage in the
maged tissues. This more detailed scan is useful for
isualizing neovascular-associated leakage and provides
igher-resolution images without relying on the machine

ANTI-VEGF AGENTS IN THE TROL. 144, NO. 4
CT images because the posterior CNV boundary is
ifficult to ascertain. Higher resolution OCT machines (in
evelopment by both Topcon and Carl Zeiss Meditec) may
llow this component to be more readily assessed. Until
igher resolution OCT images are available to facilitate
his assessment, however, one must look for evidence of
NV leakage (or VEGF-A-mediated leakage from other

ources) in the intraretinal, subretinal, and sub-RPE space
sing the available OCT protocols.
Just as there are recognizable OCT patterns in diabetic
acular edema,33 specific patterns of structural changes

esulting from CNV leakage can be seen on qualitative
CT in patients with neovascular AMD. To define the

atterns of leakage after successful anatomic correction of
NV leakage with ranibizumab, we monitored qualitative
CT at our clinical trial center (which recruited and

ollowed the largest number of patients in both the
NCHOR and MARINA Phase III clinical trials) with
onthly ETDRS refractions, clinical examinations, and
igh-resolution qualitative OCT. We looked for the first
natomic changes indicating recurrent disease activity on
he six radial qualitative OCT scans (using Macular
hickness Map acquisition protocol). There were four
istinct patterns: diffuse retinal edema, intraretinal cysts,
ubretinal fluid, and sub-RPE fluid or serous pigment
pithelial detachment (Figure 2). Diffuse retinal edema is
sponge-like thickening that appears as increased retinal

hickness with areas of reduced intraretinal reflectivity
ompared with retina without thickening (Figure 2, Top
ow). Intraretinal cysts (Figure 2, Second row) and sub-
etinal fluid (Figure 2, Third row) are easy to identify as
reas of low reflectivity that are “empty” on the OCT and
epresent frank fluid in the retina and subretinal space,
espectively. Sub-RPE fluid is also optically empty on OCT
Figure 2, Bottom row) and can present as one of the first
igns of recurrence of leakage following cessation of anti-
EGF therapy.
In our series of 28 patients from the MARINA and
NCHOR studies, only one had any evidence of disease

ctivity on qualitative OCT at final follow-up (unpub-
ished data). These patients were then followed monthly to
etermine the initial patterns associated with disease
ecurrence. Sixty percent of eyes presented with only one
attern. Among these patients, the most common pattern
as intraretinal cysts (seen in 30% of patients), whereas
0% presented with subretinal fluid, and 5% each pre-
ented with diffuse edema or sub-RPE fluid. Diffuse edema
s the most difficult to ascertain; but fortunately, only 10%
f cases presented with this pattern (either alone or in
ombination with other patterns). Overall, 95% of pa-
ients presented with at least one of the easier-to-detect
atterns (intraretinal cysts, subretinal fluid, or sub-RPE
uid). All six cuts of the retinal thickness map should be
ssessed because most CNV secondary to AMD is asym-
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metric; one cut or an average often misses early or subtle
disease activity. Eccentric lesions are the most likely to
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resent with abnormal patterns on only one or a few of the
cans. Just as radiologists review every scan to interpret
agnetic resonance imaging (MRI) and computed tomog-

aphy (CT) studies, it is imperative for retinal specialists to
nalyze each of the scans in order to detect the first signs
f disease recurrence.

ANATOMICALLY BASED CLINICAL
MANAGEMENT OF PATIENTS WITH

NEOVASCULAR AMD

HE MARINA AND ANCHOR TRIALS PROVIDE CLEAR EVI-

ence that monthly ranibizumab is safe and effective for
he treatment of neovascular AMD.5,6 However, many
linicians and patients are reluctant to commit to a
trategy of 24 ITV injections in the first two years of
reatment. VA gains in neovascular AMD (with any
nti-VEGF agent) are typically seen only with concomi-
ant anatomic “correction” of the fovea by the elimination
f edema. Thus it is logical that a strategy that minimizes
he duration of intraretinal edema might provide an
lternative treatment approach with the potential for
ewer injections but maximal visual gains. Because the
rONTO study (which relied on OCT-based morphology

or retreatment) showed VA gains similar to MARINA
nd ANCHOR and required far fewer injections, we used
simplified PrONTO algorithm to guide our retreatment

ecisions in the extension studies after MARINA and
NCHOR. These continuation studies allowed retreat-
ent up to once per month at the treating physician’s

iscretion. Essentially, patients were followed with clinical
xaminations and qualitative OCT every four to six weeks
o detect the first sign of disease recurrence. Patients were
etreated if new hemorrhage was present on clinical exam
r if any of the patterns indicating recurrence of CNV
eakage (diffuse edema, intraretinal cysts, subretinal fluid,
r sub-RPE fluid) could be seen on qualitative OCT
xamination.

In our series of 28 treated patients, 33% needed no
etreatments in the extension study, because their OCT
ndings never changed. For those requiring retreatment,
he mean time to retreatment was 108 days. This protocol
llowed the VA gains achieved with the MARINA and
NCHOR protocols to be maintained (on average) in

heir third year of treatment (mean loss of two ETDRS
etters). Mean VA improvement in this cohort was 6.9
etters (from their initial screening visit baseline three
ears earlier) with an average number of 4.2 injections in
he third year of treatment. This approach, if used with
onstudy patients (although still requiring frequent clini-
al exams and OCTs), would have resulted in approxi-
ately $18,000 savings per year over mandatory monthly

anibizumab injections (at the Medicare allowable rate),

AMERICAN JOURNAL34
ental potential risks of monthly intravitreal injections.
In our experience, clinical interpretation of the six

igh-resolution cuts obtained with serial qualitative OCT
acular thickness map acquisition protocol exams allows

s to monitor the biologic effects and duration of a
reatment regimen, and we use this technique to help
uide treatment and retreatment decisions in patients
reated with both ranibizumab and bevacizumab. Although
anatomic” restoration of the normal retinal architecture is
ot always associated with improvement in VA, gains in
A generally cannot be achieved without this “anatomic”

estoration (analogous to repairing macula-off retinal de-
achments). As with the improvements in VA observed
fter retinal detachment repair, gains in VA are most
ommonly seen in newly diagnosed disease and in retinas
ith less structural compromise. Some retreatment algo-

ithms rely on VA losses before allowing retreatment with
n anti-VEGF agent. This is difficult in a clinical setting
ecause VA can be variable in eyes with neovascular AMD
nd very few retina patients have manifest refractions at
very exam. Even if best-corrected VA is available, VA
hanges often lag behind anatomic changes. Rosenfeld
emonstrated in the PrONTO for the first time ever a
ositive correlation with OCT changes and lagging visual
cuity.26 Because qualitative OCT examination and inter-
retation can demonstrate subtle disease activity before
iomicroscopy and VA changes in AMD and other mac-
lar diseases, it is logical to use qualitative OCT along with
ther clinical parameters to guide retreatment decisions
efore they can effect visual acuity. The one-year data of
he PrONTO trial appear to validate this assumption,
howing VA improvements analogous to those seen in the

ARINA and ANCHOR trials with only 5.6 average
njections per year. Although the PrONTO protocol had
wo criteria which did not rely on OCT imaging (new
ubretinal hemorrhage or new classic choroidal neovascu-
ar membrane [CNVM]), in every case in which these
etreatment criteria were used to guide treatment, qualita-
ive OCT changes were noted by the investigators that
ould have prompted the injections. The CATT trial will
lso be evaluating both ranibizumab and bevacizumab
sing a qualitative OCT-based retreatment strategy such as
hat used in PrONTO. With both agents, restoration of
he “normal” anatomy precedes VA improvements and
aintaining this “normalized” anatomy with the least
umber of injections would be the goal of any ITV
nti-VEGF regimen.

RECOMMENDATIONS FOR USING OCT IN PATIENTS

ITH NEOVASCULAR AMD: If patients with neovascular
MD cannot or will not be treated with monthly intravitreal

nti-VEGF agents (as in the ANCHOR and MARINA
rotocols), it is reasonable to tailor the schedule of anti-
EGF ITV injections to the individual patient’s response as
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determined by clinical exam and qualitative OCT examina-
tions. First, disease remission, as demonstrated by a lack of
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could be useful with any current or future agent that
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EATMV
NV-related intra- or subretinal fluid, must be achieved with
equential ITV injections of an anti-VEGF agent. Deturges-
ence of the retina should be accomplished before VA
mprovements can be expected. It is likely that two or three
onthly ITV injections will be required to achieve resolution

f all CNV-related fluid in the macula, as suggested by the
rONTO study results.26 If VA gains do not correlate with
natomic improvement, fluorescein fundus angiography
hould be considered to rule out retinal pigment epithelial rip
r persistent leakage that occasionally occurs in the absence
f OCT changes. Ongoing follow-up with serial clinical
xaminations and qualitative OCT can determine the dura-
ion of the anti-VEGF anatomic response and the need for
ossible retreatments.

Retreatment should be based on each patient’s clinical
esponse and the frequency of monitoring should be
ailored to each patient. In the MARINA, ANCHOR, and
IER studies, most gains in VA were achieved within the
rst few months. Ideally, the goal of retreatment should be
o maintain these gains in VA. The 12-month results from
he PIER study show that, for the average patient, quar-
erly injections alone are not sufficient to keep the retina
fluid-free” and to maintain the gains in VA observed with
he first three monthly ITV injections of ranibizumab. To
aintain improved VA in patients with neovascular
MD, we suggest that eyes be retreated at the first sign of
NV leakage on clinical or qualitative OCT with or
ithout visual acuity changes. Specifically, retreatment

hould be considered if there is any evidence of disease
rogression either by clinical exam (new hemorrhage) or
etinal edema (diffuse edema or intraretinal cysts), subreti-
al edema, or sub-RPE fluid on these qualitative OCT

mages (Figure 2). Alternatively “treat and extend” proto-
ols can be used in an attempt to preempt any anatomic
hanges for as long as possible (again monitoring for
ualitative OCT changes).34 Although this technique will
robably increase the average number of injections per
atient, it should minimize anatomic damage from recur-
ent fluid. In certain circumstances, if a particular patient
emonstrates a recognizable pattern of relapse, retreatment
ay be considered on a routine schedule even before the

evelopment of fluid accumulation. It is the author’s
xperience that pigment epithelial detachments associated
ith definite CNVM often require longer injection regi-
ens (six to nine injections). However, if a patient’s VA

emains poor even after all retinal, subretinal, and sub-RPE
dema is resolved (such as counting fingers or worse), it is
nlikely that continued injections will improve VA par-
icularly if there is significant macular fibrosis. Additional
linical parameters that should be considered in retreat-
ent decisions are the presence of new subretinal hemor-

hage and the clinical or FA evidence of CNV leakage,
hich might occur outside the 1500-�m radius of the
CT map cuts. This anatomically based treatment strategy

ANTI-VEGF AGENTS IN THE TROL. 144, NO. 4
articular agent does not achieve full leakage remission,
ore frequent dosing or a different agent should be used.
lternatively, combination therapy such as with PDT or

TV corticosteroids can be considered.

CONCLUSIONS AND FUTURE
DIRECTIONS

HE VISUAL RESULTS ASSOCIATED WITH A MONTHLY

nti-VEGF blockade in clinical trials are unprecedented
n terms of maintaining or improving VA. In clinical
ractice, it is crucial to employ appropriate retreatment
trategies to best replicate the visual results achieved in
he MARINA and ANCHOR trials. To this end, if a
onthly injection schedule is not feasible, clinicians
ust use anatomic and functional criteria to guide

reatment decisions. Functional tests such as best-cor-
ected VA even in conjunction with funduscopic exam-
nation are insufficient in helping the clinician to
ecide exactly when and how often to treat. Qualitative
CT is the most sensitive and practical assessment tool

o determine anatomic response to treatment, but typ-
cally does not demonstrate new intraretinal or subreti-
al hemorrhage. A combination of clinical examination
looking for new hemorrhage) and qualitative OCT (to
ssess response to treatment and early signs of recurrent
eakage) can be used to guide anti-VEGF treatments with
he goal of maintaining a “normal” retinal anatomy in an
ttempt to maximize the benefit (VA gains) to risk
number of injections required) ratio. This type of strategy
an be implemented with any current or future anti-VEGF
gent to help determine retreatment decisions.

Pro re nata dosing strategies will need to be tested in a
tandardized fashion with adequate sample size to see how
hey compare with the MARINA and ANCHOR results.
he CAAT trial includes two arms using PRN dosing (one
evacizumab and one ranibizumab), and Genentech is
ommitted to a separate postmarketing ranibizumab study
ttempting to validate anatomic based retreatment strate-
ies (Shams N, personal communication). Only at the
onclusion of these studies can one determine whether the
dvantages of a PRN strategy (decreased risk and financial
enefits) comes at the expense of letters of vision not
ained.

Finding the ideal treatment for CNV secondary to AMD
ill likely require attacking multiple pathophysiologic
athways to address the complex disease mechanisms that
ead to visual loss.35 Effective monotherapy anti-VEGF
gents such as ranibizumab are thought to block the
eovascular stimulus, inhibit the growth of abnormal
lood vessels, and eliminate edema. It appears to be
rimarily the anti-permeability effects of ranibizumab
hat eliminate retinal and subretinal edema that led to
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the unprecedented improvements in VA seen in the
ANCHOR and MARINA trials. Combining other types
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action than ranibizumab or that can be incorporated in
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f therapy with an anti-VEGF agent may decrease the
umber of treatments required by addressing the non-
EGF components of the disease process. Pharmaco-

herapeutics that inhibit VEGF-A with a longer duration of
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