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INTRODUCTION
The clinical management of retinal diseases such
as age-related macular degeneration (AMD) and
diabetic macular edema (DME) continues to evolve
rapidly as novel therapies and new clinical trial
outcomes expand and refine our practice patterns.
In this educational activity, our primary goal is
to clarify optimal management of these common
retinal diseases in the context of existing and
emerging data from new and ongoing clinical trials.
We also will explore the therapeutic landscape and
provide pearls for selecting the appropriate therapy
for each patient on an individualized basis, as well
as examine the long-term management of these
chronic diseases. We hope that the discussion that
took place among our expert faculty panel provides
insight for the management of patients in your
clinical practice.
—Allen C. Ho, MD, Chair and Moderator

NEOVASCULAR AGE-RELATED MACULAR
DEGENERATION
Dr Ho: First-line therapy for neovascular AMD using

inhibitors of vascular endothelial growth factor ( VEGF) is a
paradigm shift that is now supported by a substantial volume
of Level I evidence. Equally importantly, we now have highquality data from randomized clinical trials demonstrating
the efficacy of not just 1 or 2, but multiple anti-VEGF agents.
The ability of retina specialists to improve significantly the
quality of life of the legions of older adults with neovascular
AMD has never been greater. These trials are, importantly,
not all industry sponsored, and many have been designed to
directly compare these agents, head to head. Driven by this
compelling body of evidence, we now have a high treatment
burden because many patients need frequent monitoring
and retreatment. It is neither practical nor necessary for all
patients to be seen and retreated monthly. However, once
we deviate from the frequent treatment schedule that has
been shown in many trials to provide the best visual acuity
( VA) outcomes, we find ourselves with less data to support
alternative treatment regimens.
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Dr Avery: CATT was a 2-year noninferiority study

comparing bevacizumab and ranibizumab for the management
of neovascular AMD. There were 4 treatment groups,
with each drug being dosed either monthly or PRN, with
prespecified PRN retreatment criteria that indicated active
neovascularization and included fluid visualized with optical
coherence tomography (OCT), new or persistent hemorrhage,
decreased VA from the previous visit, or dye leakage or
increase in lesion size on fluorescein angiogram (FA). The
primary outcome measure was the mean change in VA at
1 year. Both 1-year1 and 2-year2 results have been reported in
the literature. These results demonstrated that the 2 drugs
were fairly similar in efficacy, particularly when dosed monthly
throughout the 24-month study (Figure 1). The mean change
in VA at 1 year in the monthly bevacizumab group (8.0 Early
Treatment Diabetic Retinopathy Study [ETDRS] letters)
was statistically noninferior to that shown in the monthly
ranibizumab group (8.5 ETDRS letters). In the PRN groups,
gains in the ranibizumab and bevacizumab groups were 6.5 and
5.9 letters, respectively, also noninferior. After the first year,
patients in the monthly treatment groups were rerandomized
to either continue monthly treatment or to switch to PRN
treatment using the same retreatment criteria.
At 2 years, the mean gains in VA in the monthly ranibizumab
and bevacizumab groups were 8.8 and 7.8 letters, respectively,
while the corresponding PRN groups gained 6.7 and 5.0 letters,
respectively, which were also noninferior with respect to drug
comparison, but the monthly outcomes were better than the
PRN outcomes (P=.046). Secondary outcomes also were
evaluated. Patients in the bevacizumab PRN group required
more frequent injections than those in the ranibizumab PRN
group (14.1 vs 12.6 over 24 months, respectively; P=.01).
Likewise, 45.5% of patients in the monthly ranibizumab group
were fluid-free on OCT at 24 months compared with only
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Mean Change in Visual Acuity Score From
Baseline (no. of letters)

Herein we plan to shed some light on current practice
patterns in an evidence-based manner, and to provide some
clinical pearls for the management of patients with AMD
in your practices. These practice patterns are informed
by the lessons we have learned, and continue to learn,
from recent and ongoing clinical trials, including the CATT
(Comparison of AMD Treatments Trials), HARBOR (Study of
Ranibizumab Administered Monthly or an on As-Needed Basis
in Patients With Subfoveal Neovascular Age-Related Macular
Degeneration), and VIEW ( VEGF Trap-Eye Investigation of
Efficacy and Safety in Wet AMD) trials, among others around
the world, such as IVAN (Inhibit VEGF in Age-related Choroidal
Neovascularization), MANTA (Multicenter Anti-VEGF Trial in
Austria), and GEFAL (French Evaluation Group Avastin Versus
Lucentis). Dr Avery, please provide an overview of the CATT
study.
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Figure 1. CATT results at 2 years.2

13.9% of those in the bevacizumab PRN group (P=.0003).
Also, mean retinal thickness was significantly lower at 24
months in the 2 monthly treatment groups compared with
their respective PRN treatment groups. The clinical importance
of the reduced retinal thickness is unclear. In general, thinner
is better; however, there is concern that in some patients, the
retina can be too thin, which can be associated with decreased
vision—for instance, if there is geographic atrophy.

Dr Ho: What is your practical take-home message from
CATT regarding drug efficacy?

Dr Avery: The take-home message is that these 2 drugs

and these 2 treatment regimens were fairly equivalent. When
given monthly, there was no significant difference in visual
outcome between bevacizumab and ranibizumab, despite
improved anatomic outcomes with ranibizumab. There
was a slight sacrifice of VA by using PRN instead of monthly
treatment. Also, there was a slight and statistically significant
increase in systemic serious adverse events with bevacizumab
vs ranibizumab. A similar trend has been observed in
3 other studies at the 1-year time point—IVAN,3 GEFAL4
and MANTA5—but not in LUCAS (Lucentis Compared to
Avastin Study).6 The clinical significance of an approximately
30% higher rate of systemic serious adverse events with
bevacizumab is not known.

Dr Ho: Panelists, are there any additional take-home
messages from CATT?

Dr Slakter: I have always had the clinical impression
that ranibizumab produced a better clinical outcome in
some selected patients. When dosed monthly, the drugs
are equivalent; however, with PRN dosing there is less of an
anatomic effect with bevacizumab than with ranibizumab. As
Dr Avery noted, the proportion of patients without fluid on
OCT was significantly greater in the ranibizumab PRN group
than in the bevacizumab PRN group. Therefore, when given

the choice, I prefer to use ranibizumab over bevacizumab.
The CATT data certainly demonstrate that I have not
been choosing the wrong agent. Interestingly, given that
both drugs were similar in efficacy when dosed monthly,
physicians who prefer bevacizumab also use the CATT data
to support their practice patterns. CATT did demonstrate
that bevacizumab dosed PRN may not be the best choice.

Dr Avery: I completely agree that CATT was taken as a

positive outcome for proponents of both bevacizumab and
ranibizumab. The difference in the number of injections is
also important and worth repeating. The PRN bevacizumab
group needed more injections per year than the PRN
ranibizumab group, and despite these extra injections, there
was a trend for VA outcomes in the bevacizumab PRN group
to be not quite as good as those in the ranibizumab PRN
group (5.0 vs 6.7 letters gained at 2 years).

Dr Ho: In CATT, the PRN groups received a single initial

injection, then were followed monthly for disease activity;
this protocol is different from many other studies with
less-than-monthly treatment arms in which there were 3
initial monthly injections, or a “loading dose”. Be aware of
this nuance when considering CATT in comparison to IVAN,
MANTA, and GEFAL. Efficacy is always a high consideration
in choosing a treatment agent and regimen, but safety
considerations are typically primary. How do the ocular and
systemic safety data from CATT affect your choice of antiVEGF agents?

Dr Brown: In terms of systemic safety, it is difficult to

make recommendations from the CATT data, as the actual
numbers of patients with systemic adverse events was very
small in each of the groups. First, I have difficulty believing
that any of these drugs, when injected in small quantities into
the vitreous cavity, achieve adequate systemic levels to cause
systemic adverse events. Such events—myocardial infarctions
and strokes, for example—happen naturally in people who
are in the age range of our AMD patients, and whether the
events seen in these trials were causally attributable to the
drugs has not been established. Second, the ocular safety
issues are more interesting, and among these, the risk for
endophthalmitis is one that concerns me.
In CATT, the doses of bevacizumab were prepared under a
strict protocol and provided in glass vials. This is significantly
different from the standard formulation of bevacizumab
I use in the clinic, in which the drug is formulated in
small batches under a variable degree of scrutiny and is
supplied in a plastic syringe in a plastic bag. In plastic
syringes, proteins aggregate,7 and the amount of active
drug available is variable. I was much more comfortable
using the strictly formulated bevacizumab in CATT than I
am using the formulation available in clinical practice. I am

unconvinced that the results of CATT can be generalized to
our routine clinical experience in terms of the true risk for
endophthalmitis due to drug formulation.

Dr Avery: I believe that there is a systemic effect of these

intravitreal injections of anti-VEGF agents. We have conducted
pharmacokinetic studies demonstrating that all 3 of the major
agents produce a transient but sometimes fairly pronounced
drop in the free VEGF levels as measured in plasma.8 This
drop in free VEGF levels is very transient with ranibizumab,
which has a very short systemic half-life, but it is prolonged
with bevacizumab and with aflibercept, lasting at least 7 days
and sometimes up to a month after the injection. I agree with
Dr Brown regarding causality. Whether this systemic VEGF
inhibition correlates with the systemic adverse events or not is
still unclear. But the pharmacokinetic data support a biologic
plausibility that some of these adverse events could be caused
by the systemic VEGF level changes.

Dr Ho: Many share some of the concerns regarding systemic
safety, although we recognize that all these AMD trials are
underpowered for the purpose of discerning statistically
meaningful differences in safety events. The body of evidence
from all 4 comparative clinical trials (CATT, IVAN, MANTA,
GEFAL) shows a potential disadvantage to bevacizumab with
respect to systemic adverse events supported by biologic
plausibility. Furthermore, any compounded preparation, by
definition, is prepared with less stringent safety conditions than
a commercially manufactured product.
On the other hand, likely every retina specialist around
the world has used intravitreal bevacizumab to the benefit
of his or her patients with great clinical and overall value.
Bevacizumab is used widely because it is significantly less
expensive than ranibizumab, or aflibercept, and when
dosed comparably, bevacizumab and ranbizumab produce
comparable VA outcomes. However, there may be some other
costs to consider. In addition to potential systemic adverse
effects just mentioned, these include the additional potential
risk for contamination from a compounded preparation
of bevacizumab for intraocular use, and also the potential
liability of using an off-label drug when 2 US Food and Drug
Administration (FDA)-approved drugs formulated specifically
for intraocular use are available. We are fortunate to have
treatment options. Let us consider the newest anti-VEGF
agent approved for the treatment of neovascular AMD,
aflibercept. Dr Slakter, please summarize the VIEW 1 and
VIEW 2 trials.

Dr Slakter: The VIEW studies were aflibercept’s registry
trials, of which the FDA requires 2. Patients with neovascular
AMD were randomized to 1 of 4 treatment groups: aflibercept
2 mg dosed monthly; aflibercept 2 mg dosed in 3 monthly
loading doses, and then every other month; aflibercept 0.5 mg
monthly; or ranibizumab 0.5 mg monthly. Aflibercept
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The primary outcome was the proportion of patients
losing fewer than 15 ETDRS letters at the 52-week time
point, using a noninferiority statistical analysis of the
aflibercept groups in comparison to ranibizumab. Both
1-year9 and 2-year10 outcomes have been reported. At
1 year, the proportions of patients losing fewer than 15
letters in both aflibercept 2-mg groups were statistically
noninferior to those in the ranibizumab group in both
VIEW studies, with approximately 94% to 96% of patients
in all groups meeting this end point in both studies. In
the second year of the VIEW studies, all treatment groups
transitioned to a capped PRN dosing strategy that mirrored
traditional PRN therapy, with the exception that patients
were treated every 3 months even if retreatment criteria
were still not met. At 2 years, the mean change in VA from
baseline was 7.6 ETDRS letters in the aflibercept 2-mgevery-other-month group and 7.9 ETDRS letters in the
ranibizumab monthly group (Figure 2), a difference that
was not statistically significant. These similar outcomes
were accomplished with fewer injections in the aflibercept
group (average 11.2 injections over 2 years) compared
with the ranibizumab group (average 16.5 injections over
2 years).
The key take-home message from the VIEW studies is
that with aflibercept, every-other-month dosing after
3 monthly loading doses provides stability of VA
comparable to ranibizumab dosed every month. It is
important, however, to acknowledge that we do not
typically treat our ranibizumab patients every month. Most
of us use a treat-and-extend approach. The VIEW data
do not specifically tell us that aflibercept works longer
than ranibizumab. A patient who can extend to 8 weeks
using ranibizumab will not likely extend to 16 weeks using
aflibercept. But these data do suggest that aflibercept
may be more durable in some patients, although not
necessarily in every patient.

Dr Ho: The capped PRN treatment regimen in year 2 of
the VIEW trials mandated injections every 3 months and
may have undermined injection number differences in
the VIEW trials; that is, there was a requirement to inject
when clinical circumstances may not have called for an
injection. Naturally, that applies for both ranibizumab and
aflibercept. Is there anything else to add to this excellent
summary of the VIEW trials for aflibercept?
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2 mg was eventually approved by the FDA, so I will not talk
further about the 0.5-mg treatment arm: I will focus on the
2-mg groups dosed either monthly or every other month
following 3 monthly loading doses.
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Figure 2. VIEW 2-year outcomes. Mean change in VA.10

Dr Brown: Dr Slakter correctly points out that VIEW does

not support that aflibercept lasts longer than ranibizumab
for the average patient. In VIEW, there was no arm in
which ranibizumab was dosed every 2 months. It is the
general consensus that for many patients aflibercept lasts
approximately a week or so longer than ranibizumab in a
treat-and-extend regimen. In my experience, when dosing
ranibizumab on a treat-and-extend regimen, I typically can
extend 1 to 2 weeks beyond the standard 4-week dosing
regimen for most patients. Being able to dose every 8 weeks
vs every 6 weeks means fewer injections and fewer visits to my
office per year.

Dr Avery: The second year of the VIEW studies utilized

a capped PRN arm. Everyone got injected at the 3-month
mark whether they needed it or not. Even with this regimen,
there was a slight difference between the ranibizumab and
the aflibercept PRN groups of approximately a half injection
less per year with aflibercept. This is further indirect evidence
that aflibercept has a little longer durability of effect than
does ranibizumab. My clinical impression is similar to that of
Dr Brown, that we get a slightly longer durability of effect—
perhaps a week longer on average—with aflibercept than with
ranibizumab.

Dr Ho: The study design of the VIEW studies—specifically

the capped PRN approach in year 2—limits our knowledge of
the true duration of action of aflibercept and of ranibizumab.
Might these patients have gone longer than 3 months if they
had not been required to receive a PRN treatment at month 3?

Dr Ho: That is an excellent point and it is clear that these

clinical trials answer specific questions, but provide only
guidelines for therapy. Individualized therapy is an important
concept for clinicians to practice because neovascular AMD
is a heterogeneous condition with a broad range of injection
requirements to control exudative disease. Dr Brown, please
summarize the HARBOR trial and provide us the key takehome points from that study.

Dr Brown: HARBOR was a 12-month prospective

randomized study in treatment-naïve patients with subfoveal
neovascular AMD assigned to treatment with ranibizumab
using 1 of 4 different treatment regimens: 0.5 mg or
2 mg, each dosed either monthly or PRN after 3 monthly
loading doses. PRN retreatment criteria were prespecified
and pertained to reductions in VA or evidence of active
neovascularization by spectral-domain (SD) OCT. The
primary end point was the mean change in best corrected
VA from baseline at month 12.
The 12-month results have been reported.11 To summarize
the results, there was no benefit to the increased dose of
ranibizumab (Figure 3). The mean VA gains were 10.1, 8.2,
9.2, and 8.6 ETDRS letters in the 0.5-mg monthly, 0.5-mg
PRN, 2-mg monthly, and 2-mg PRN groups, respectively, at
12 months (Table 1). Key secondary end points also were
evaluated. The proportions of patients gaining 15+ ETDRS
letters ranged from 30% to 36% across the groups, and
mean changes in central foveal thickness by SD-OCT ranged
from 161 to 172 microns. In the PRN groups, the 0.5-mg
group required 7.7 injections on average, compared with 6.9
injections in the 2-mg group. The key take-home message
from HARBOR is that the 0.5-mg dose of ranibizumab appears
to be at the top of the dose-response curve, with no benefit
from a higher dose in treatment-naïve patients.

Mean #Rx as needed Yr 1 & 2
0.5 mg: 7.7 & 5.6
2.0 mg: 6.9 & 4.3
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Mean Change in BCVA (letters)

Dr Avery: This discussion very elegantly illustrates the
need to practice individualized medicine. Consider the
HARBOR trial. In the PRN arms of that study, there were
a few patients—approximately 6% or 7%—who required
monthly injections over 2 years. But there were also patients
who needed only 6, or 5, or 4, or even 3 injections over
the same time period. The need for retreatment is highly
individual, and it is difficult to predict up front who will need
more and who will need fewer injections.
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Figure 3. Two-year VA outcomes in the HARBOR study
evaluating multiple doses of ranibizumab for AMD.11

Dr Ho: The HARBOR Study had a strict and low tolerance
for retreatment and is our only major neovascular AMD trial
to use all SD-OCT imaging. Many retina specialists thought
that the 2-mg dose of ranibizumab would achieve higher
efficacy, but this result was not realized. Are there any other
lessons to be learned from HARBOR?
Table 1. Mean change in BCVA (letters) in the Harbor Study11
Ranibizumab
0.5 mg monthly
0.5 mg PRN
2.0 mg monthly
2.0 mg PRN

Month 12

Month 24

Change Month 12
to Month 24

+10.1
+8.2
+9.2
+8.6

+9.1
+7.9
+8.0
+7.6

—1.0
—0.3
—0.3
—1.0

Dr Avery: The 2-mg dose appeared to have a slightly

longer half-life, as evidenced by the fewer number of
injections required by participants in the 2-mg PRN group
compared with those in the 0.5-mg PRN group. So the
higher dose provided a little more durability of effect.

Dr Brown: The safety profiles were similar in both

dosing groups as well. There was not an increase in adverse
events when the dose was increased 4-fold. This finding
is reassuring in light of the uncertainty surrounding the
systemic adverse event issues seen in the large clinical
trials. I am not very concerned about systemic adverse
events rates in AMD patients with our current dose of
ranibizumab.
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Dr Ho: We have now discussed the key data for each of
our anti-VEGF agents. Let us set the premise for just this
next question. If cost and insurance coverage were not
issues, what would be your first choice for therapy for a
typical newly diagnosed neovascular patient with AMD?
Dr Slakter: I would choose aflibercept for 2 reasons.

First is its apparent increased durability. In a chronic
disease with the potential need for lifelong therapy, an
extra week or 2 between injections significantly reduces the
overall number of injections necessary, and thus reduces
the cumulative probability of developing a complication
related to the injection procedure, such as endophthalmitis.
Second is that aflibercept seems to be effective in eyes that
have suboptimal responses to ranibizumab or bevacizumab,
such as those with retinal pigment epithelial detachments,12
polypoidal choroidal vasculopathy,13 or, in my personal
experience, central serous chorioretinopathy. I want to
select the drug most likely to give the best response from
day 1. On the basis of the data and my personal experience
to date, that drug would be aflibercept.

Dr Brown: My first choice would be ranibizumab or
aflibercept. I would start with ranibizumab, and if the
macula is not dry after the first 3 injections, I would switch
to aflibercept. I recognize that ranibizumab may have
the shortest half-life of the available agents,8 but it is also
familiar and well established in clinical practice. Genentech
also has a more fully developed access program and sample
ranibizumab that allows me to treat patients who need it on
the spot without having to wait for insurance authorization.
Dr Avery: I, too,would start with ranibizumab or

aflibercept, given that cost would not be an issue. In a
patient with any issues that make me concerned about the
risk for systemic safety events—the extremely elderly, those
with a past stroke, or cardiovascular disease or diabetes, for
instance—I will usually err on the side of ranibizumab. In
the absence of potential safety issues, I often will start with
aflibercept because it seems to have a longer duration of
effect.

Dr Ho: My own practice pattern is in consensus with

those of my fellow panel members. Now that we have
discussed the agents, let us discuss the various dosing
regimens. Our typical choices are monthly—or every other
month with aflibercept—vs PRN vs treat-and-extend. Once
you have selected a drug, be it aflibercept, bevacizumab, or
ranibizumab, what is your preferred treatment regimen for
wet AMD?
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Dr Avery: My preferred approach is treat-and-extend.

I give an initial injection and reevaluate in 4 weeks. If a
patient’s macula is flat and dry on OCT at 4 weeks, I will
extend by 2 weeks at a time. I do not routinely give 3
monthly loading doses before extending. In CATT, patients
essentially got 12 monthly loading doses in the first year
before going to PRN in year 2, and the outcomes were not
substantially different from those in the group who received
PRN therapy from the start. So it is not clear to me that 3
monthly loading doses are necessary. Exceptions include
high-risk patients, such as those blind in the fellow eye,
in whom I tend to stay on monthly therapy. If we achieve
stability and the disease involutes, I may transition to PRN
therapy.

Dr Brown: I start with 3 monthly loading doses of

my first-choice anti-VEGF drug. We have evidence that a
3-monthly-loading-dose regimen results in better VA than
does 1 dose.14,15 Then I reassess. If the macula is dry, I
extend. With ranibizumab, I will not extend past 10 weeks,
according to the pharmacokinetic data. For aflibercept, I do
not yet know the maximum time. There are a few patients—
perhaps 15% or 20%—who will not require any further
injections after the 3 loading doses. However, most will start
leaking again at 6 or 7 weeks post-injection.
The CATT data showed us that the patients in the PRN
arms progressively had loss of their initial VA gains. In light
of these data, in my opinion, PRN therapy for neovascular
AMD should be abandoned for standard care. Why would
you insist on recurrence of exudation before redosing an
efficacious medication?

Dr Slakter: I use the treat-and-extend regimen following

a 3-dose load. I use the initial response during those 3
months to inform my extension. If the macula is dry at
1 month vs 2 or 3 months, I am more confident about
extending. I typically will not extend beyond 10 to 12 weeks.
I use those 3 injections to give me an idea of how quickly I
can extend. If the macula is flat very quickly, then I feel more
comfortable extending more rapidly. If the patient still has
some fluid after 3 injections, then I will continue monthly
until the macula is dry, and extend very slowly.

Dr Ho: I also use the treat-and-extend approach, but I am
mindful that the literature supports that nothing provides
better VA outcomes than monthly or frequent therapy;
consider the decline in vision in the CATT trial in year 2
when monthly subjects were changed to a PRN regimen.
For this reason, I have a very low threshold for retreating,
and if I am undecided, I typically will retreat. My treat-andextend injection interval limit for ranibizumab or aflibercept

is typically 12 weeks, but not all patients require chronic
ongoing therapy and therefore, with involuted lesions, I may
treat PRN. Let us now discuss those difficult patients we all
have in our practices who have suboptimal responses to
our initial anti-VEGF intervention. What do we consider a
suboptimal response, and how do we handle these patients?

Dr Slakter: If after 3 monthly injections there is
absolutely no change in the retina, I will switch to a different
agent. If I get a partial response, I will continue through a
total of 4 to 5 injections. Before switching, however, I seek
to determine whether the agent is not working, or whether
it simply is not lasting long enough. One approach in these
patients is to bring them in 2 weeks after their injection,
rather than 4 weeks later, and see if their macula is dry. Some
patients respond well, but the effect wears off before 4 weeks.
If the macula is dry at 2 weeks but not at 4 weeks, I will use an
every-2-week treatment regimen. If they are not dry 2 weeks
after an injection, it is time to try something different.
Dr Brown: In my patients who require retreatment more
often than every 4 weeks, I also consider the presence of
lesion characteristics that might help guide my choice of
therapy. If I see evidence of polypoidal choroidal vasculopathy,
the EVEREST study supports photodynamic therapy in
combination with anti-VEGF therapy,16 for instance. The same
is true for presumed AMD that is actually undiagnosed central
serous chorioretinopathy, which occurs in patients who are
poor responders to anti-VEGF therapy—this can be treated
with photodynamic therapy alone without anti-VEGF therapy.
Likewise, an extrafoveal lesion may best be treated with
photocoagulation as in the Macular Photocoagulation Study
(MPS)17 rather than with anti-VEGF therapy.
Dr Ho: If you have determined the need to switch to
another therapy, to what do you switch?

Dr Avery: I typically progress from bevacizumab to

ranibizumab to aflibercept, in that order, except for the
high-risk patients I mentioned earlier in whom I start with
ranibizumab. If I cannot get the disease under control with
very frequent injections, photodynamic therapy is often my
next step.

Dr Ho: Related to the nonresponder patient is the patient
who was responding but has now stopped responding.
Consider a patient who responded very well to your therapy
and has a completely dry macula, but which then begins
leaking again. What is your next step for such a patient?

Dr Avery: Issues such as tolerance and tachyphylaxis

have been debated recently, but in most instances I think
these are simply cases of the disease getting worse. In
these situations, I either dose the drug more frequently
or switch to a different drug. Fortunately, these sorts of
relapses are uncommon. Typically, patients who are well
controlled on therapy remain well controlled, and often
can get by with less for long periods of time.

Dr Ho: Does changing to a different agent produce
better results in these patients?

Dr Brown: Interestingly, in the few studies that have

evaluated therapy changes, there are typically small
improvements in structure but not commensurate changes
in function.18,19 What I mean is that the OCT looks better,
but the vision does not improve. One important issue
is that of selection bias: we change therapy only in the
patients who had a poor response to initial therapy. These
may be the patients who will do poorly on any therapy.
Nevertheless, they are in our practices and we have to do
something. Switching therapy is reasonable, but may not
be very effective in most patients.

Dr Ho: In the patients who remain dry and stable with
good vision on therapy, is there an end to treatment or
should they receive therapy indefinitely?
Dr Avery: It is a challenge to know how to manage

the patient who has successfully extended to 12 weeks
for a long period of time. Should we stop abruptly, or
wean by treating every 3 months or PRN for a year first?
There are risks to continuing treatment as well as risks
to withdrawing treatment. I have the risk-benefit talk
with these patients and we make the decision together.
In the 1-eyed patient, I am much more inclined to
treat indefinitely. The risk of extending too long or of
discontinuing therapy is that the patient will return with
a subretinal hemorrhage in his or her only eye and never
regain vision. I have 1-eyed patients whom I have treated
monthly for up to 8 years who still have good vision.

Dr Brown: Once we extend to 10 weeks, I obtain
an FA, and in the absence of evidence of active
neovascularization, I give the patient the option of
reducing therapy.

Dr Slakter: I start managing the expectations
surrounding chronic therapy very early in the disease
process. I inform patients that we are going to start with
monthly therapy, and that they likely will need therapy for
the rest of their lives, but my goal is to get them stable so
we can see each other only every 3 months. If I can extend
them to 3 months, I will treat them quarterly forever or at
least until we have new forms of therapy.
9

Dr Ho: Is there a clinical pearl for the management of

available if prespecified criteria were met. The primary
outcome was the proportion of patients who gained a
minimum of 15 ETDRS letters from baseline at month
24. After month 24, subjects initially randomized to sham
therapy were treated with ranibizumab 0.5 mg monthly.
Two- and 3-year results have been reported.20,21 The
proportion of subjects meeting the primary outcome
threshold at 3 years was 19% to 22% in the sham/
ranibizumab 0-5-mg group, 37% to 51% in the ranibizumab
0.3-mg group, and 40% to 42% in the ranibizumab 0.5-mg
group. Both groups receiving initial ranibizumab did better
than the group receiving initial sham therapy (P≤.0026),
and the sham group did not catch up to the 2 active
groups after crossing over to ranibizumab therapy after
year 2 (Figure 4).

neovascular AMD?

Dr Slakter: In the past 8 years we have been fortunate
to see the introduction of anti-VEGF drugs that have
fundamentally altered the potential for visual outcomes in
people with exudative AMD. A thorough understanding of
the utility of each of these 3 drugs, as well as of the value
of the different treatment regimens, is critical in delivering
optimal care to our patients.
Dr Ho: We and our patients benefit from several

effective anti-VEGF therapies approved for neovascular
AMD. In general, our panel prefers on-label medication
(aflibercept or ranibizumab) as an initial agent and
generally employs a treat-and-extend approach. There is
some wariness regarding systemic safety concerns of offlabel use of bevacizumab, but all our panelists agree that
this is not proven; further, there is some inherent risk of a
compounded medication. Nevertheless, each panelist uses
off-label bevacizumab in his practice to varying degrees.

Unlike in AMD, the 0.3-mg dose of ranibizumab was at
the top of the dose-response curve and was approved
by the FDA for DME. The Diabetic Retinopathy Clinical
Research Network (DRCRnet) also has conducted a series
of studies evaluating anti-VEGF therapy for DME, of which
its Protocol I is of interest. This study assigned patients
to 4 treatment groups: sham injection plus prompt laser,
ranibizumab 0.5 mg plus prompt laser, ranibizumab 0.5
mg plus laser deferred for at least 24 weeks, triamcinolone
4 mg plus prompt laser. Retreatment was available if
prespecified criteria were met. The primary outcome was
the change from baseline in ETDRS VA at 12 months. The
1-year,22 2-year,23 and 3-year24 results have been reported
(Table 2).

There is general consensus that aflibercept may have
the greatest durability among our treatment options.
It is unclear whether switching agents in the setting of
unresponsive or previously responsive patients provides
meaningful visual benefit in our most challenging patients;
there is more evidence of anatomic benefit, although
these data are still evolving. There is no real consensus on
an end point for treatment with anti-VEGF therapy; some
clinicians treat indefinitely while others treat PRN.

Briefly, RISE and RIDE enrolled patients with diabetes
who had macular edema and VA of 20/40 or worse and
randomized them to receive either sham injections or
ranibizumab in a 0.3-mg or 0.5-mg dose. Rescue laser was
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in that, for DME, there was an established effective
treatment—laser photocoagulation—before the advent
of anti-VEGF therapy. Thus, a higher threshold has been
established for a paradigm shift in DME: a new treatment
has to be better than the existing treatment in order
for a paradigm shift to occur. Numerous studies have
demonstrated that anti-VEGF therapy is, in fact, better than
laser therapy for the management of DME. Among these,
the RISE and RIDE trials were the registry trials that led to
ranibizumab’s approval for the management of DME.

Mean BCVA change, ETDRS letters

Dr Ho: Diabetic macular edema differs from AMD
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Table 2. Mean ETDRS Letter Gains at 1, 2, and 3 Years
From Baseline in DRCRnet Protocol I Evaluating Ranibizumab
for DME.22-24
Year 1

Year 2

Year 3

Sham plus prompt laser

+3

+3

—

Raniibizumab 0.5 mg plus prompt laser

+9

+7

+6.8

Raniibizumab 0.5 mg plus deferred laser

+9

+9

Triamcinolone 4 mg plus prompt laser

+4

+2

+9.7
—

Additionally, 2 trials have evaluated the effect of aflibercept
on DME. Dr Brown, please summarize the aflibercept VIVID
and VISTA studies and provide some overall take-home
messages from these anti-VEGF trials for DME.

Dr Brown: VIVID and VISTA are the 2 ongoing registry

trials of aflibercept for DME. In these studies, patients with
DME received either aflibercept 2 mg monthly, aflibercept 2
mg every other month (after 5 monthly loading doses), or
laser. The primary outcome was the mean change in ETDRS
VA from baseline at 12 months. One-year results have been
reported25 (Table 3). The take-home message from these
studies is that aflibercept was superior to laser in restoring
VA in eyes with DME.
Table 3. Mean ETDRS Letter Gains at 1 Year From Baseline in
the VIVID and VISTA Trials of Aflibercept for DME.25
VIVID

VISTA

Aflibercept 2 mg monthly

+10.5

+12.5

Aflibercept 2 mg every other month

+10.7

+10.7

Laser

+1.2

+0.2

Dr Ho: We have no head-to-head data so far comparing
these anti-VEGF agents for DME. The ongoing DRCRnet
Protocol T study compares all 3 anti-VEGF agents head-tohead for DME and should be reported in approximately 1
year. In the meantime, how do we select first-line therapy
for DME?
Dr Brown: For those few patients who have small

circinate areas of DME with obvious microaneurysms, laser
is still my preferred approach. But most patients have more
diffuse DME and will require anti-VEGF therapy. These
eyes have large VEGF loads and require many injections to
achieve and maintain VA improvement.

Dr Slakter: Most of my patients have diffuse DME, and
so anti-VEGF therapy is my first-line approach. The edema
does not always resolve completely. After drying up most
of the macula with anti-VEGF therapy, an FA may reveal
a few focal microaneurysms that are amenable to laser
treatment. Another reason that edema does not always
resolve completely involves systemic disease control. I
often see patients for second opinions after they have
received 8 or 10 injections, and their HbA1c levels are 9,
which is much too high. If you can motivate patients to eat
better, lose weight, and control their blood glucose levels,
the macular edema also is often easier to manage—such
lifestyle changes make for a much better intervention than
serial intravitreal injections.
Dr Ho: That is an excellent point regarding our leverage

to inspire our patients with diabetes to optimize their
systemic and metabolic control in the battle against DME.
Patients with diabetes mellitus fear blindness even more
than premature death, and therefore we have unique
leverage and opportunity to effect change in not only their
ocular health but their systemic condition as well. Goals:
blood pressure of 130/80 or better, A1C level of 7, and
walking or equivalent cardio activity 30 minutes a day most
days of the week. They need to hear these goals from us.
A review of medications is important as well because some
oral hypoglycemic agents, such as the oral glitazone drugs,
can cause macular edema.26 Checking their medical status,
checking their medications, and encouraging them to
change behavior are all really important points.
Because we know that patients can go blind from DME, we
are in a powerful position to encourage self-care because
people often value their vision above most other senses.
Are there other thoughts on the selection of initial antiVEGF therapy for DME?

Dr Brown: People with diabetes have systemic

vascular disease and I am concerned that they may be at
increased risk for adverse events associated with systemic
VEGF suppression. For this reason, I typically start with
ranibizumab if the patient’s insurance coverage allows.

Dr Ho: Are there differences, in your clinical experience,
between anti-VEGF agents for DME, recognizing that
aflibercept is not commercially available at this time?

Dr Avery: It is my clinical impression that ranibizumab

works a little better than bevacizumab for DME. In addition
to the ongoing DRCRnet study, there was recently a small
prospective study comparing ranibizumab and bevacizumab
for DME.27 There were some small differences in VA
outcomes at various time points, but the 2 agents were
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statistically equal in terms of efficacy at 12 months. The
ranibizumab group required fewer injections than the
bevacizumab group, however.

Dr Ho: My experience is similar; ranibizumab seems to be
a more effective agent than bevacizumab for DME and the
differences are greater than for AMD. How do we handle
suboptimal responders to anti-VEGF therapy for DME?
Dr Slakter: I tend to start with ranibizumab.

Suboptimal responders to anti-VEGF therapy are more
common in DME than in AMD, in my experience. This
occurrence may be due to the higher VEGF load in these
ischemic eyes. I am less quick in DME to declare a patient
a suboptimal responder. In AMD, there is an advantage to
quickly achieving and maintaining a dry macula. In DME,
these maculae are chronically edematous, and unless there
are large cysts in the foveal region, they tolerate edema
for a reasonable period of time. Therefore, I have a longer
period of time to assess the effectiveness of therapy before
feeling the need to switch to something different. When I
do decide to switch therapy, I typically start by changing to a
different anti-VEGF agent.
Laser also can be effective if the macula becomes partially
dry with VEGF inhibition. Steroids also can be useful, and to
spare the patients frequent injections, the sustained-release
dexamethasone implant can be useful in DME.28 Minimizing
the treatment burden is even more important in DME than
in AMD because unlike the older AMD patients who are
typically retired, DME patients are usually still working, so
there are added costs to the patient and to society from
frequent visits to my office.

Dr Avery: Along with reducing the treatment burden,

I have found it helpful to add micropulse laser therapy in
conjunction with anti-VEGF therapy in eyes with diffuse
edema. We are exploring the value of this adjunct in our
practice now, using systems that feature yellow and infrared
lasers. Some have advocated using the infrared laser in a sub
threshold fashion straight through the fovea.29 I am more
conservative and do not treat the fovea, but it is nice to
know that using certain sub threshold parameters, you may
not cause damage if you get too close to the fovea.

Dr Ho: Is there is a role for corticosteroids in eyes with
recalcitrant DME?

Dr Avery: The pathophysiology of DME is multifactorial

and involves VEGF and inflammation dually driving the
vascular permeability that results in edema. Steroids work
in a complementary fashion with anti-VEGF agents to
suppress the inflammatory component. There are, however,
downsides to steroids—namely, the possible development
of cataracts and glaucoma. Both of these situations can be
managed if they arise.
If anti-VEGF therapy alone cannot resolve DME, I frequently
will add steroids, particularly in pseudophakic patients. In the
previously mentioned DRCRnet Protocol I study, a subgroup
analysis revealed that triamcinolone was just as effective in
restoring vision as ranibizumab in pseudophakic patients.20

Dr Ho: There has been much publicity recently regarding
the potential risks of compounded steroids, albeit in
applications other than ocular disease. Given this issue,
what steroid do you use if a patient does not respond to
anti-VEGF therapy?
Dr Avery: I no longer use compounded triamcinolone.
I now use the branded triamcinolone product that is FDA
approved and specifically formulated for intraocular use
and is packaged in a single-use vial that all but eliminates
the risk of contamination. This branded formulation
of triamcinolone is not specifically approved for use in
DME, but I feel more comfortable with it than with a
compounded product.

Dr Brown: I wanted to believe that we could deliver

adequate levels of anti-VEGF agents into the eye to
suppress the VEGF associated with DME. The truth,
however, is that I have many patients in whom large
quantities of anti-VEGF drugs are inadequate, but they
respond very well to steroids. I have used triamcinolone
in some patients, but once we have elected to use steroid
therapy, I prefer to take advantage of a longer-acting steroid
formulation to reduce the treatment burden. I use more
of the dexamethasone implant. I wish the fluocinolone
acetonide implant had been approved by the FDA for use
in the United States; it is an approved indication in Europe.
We participated in those clinical trials and some patients
had long-term control with that device. However, the risk
for glaucoma with the device—often requiring filtering
surgery to control—was a safety issue that may have
impeded its approval.

Dr Ho: While anti-VEGF therapy is first-line treatment

in my hands for patients with fovea involving DME,
corticosteroids play an important role in eyes that respond
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suboptimally; my preference is a noncompounded
corticosteroid such as triamcinolone acetonide or the
dexamethasone implant. Injecting corticosteroids is like
pressing a reset button for DME; it can, for example,
help an eye respond to anti-VEGF therapy.
Does surgery play a role in patients with DME?

Dr Avery: Vitrectomy certainly increases the

oxygenation of intraocular tissues, which is beneficial in
DME. But it also reduces the intravitreal half-life of any
subsequently injected therapeutic agents. Vitrectomy
is probably best suited for patients with vitreomacular
traction or epiretinal membranes, in whom flattening
the macula pharmacologically is very difficult.

Dr Ho: Are we treating DME patients who have
evidence of vitreomacular adhesions differently?

Dr Slakter: Vitreomacular adhesions do pose
an added component to the management of DME. I
will consider surgery in patients who have little or no
response to anti-VEGF therapy and in whom I believe
vitreomacular traction is playing a major role in their
disease process. I have to have a high suspicion that
traction is at play in order to make it worthwhile to give
up durability of anti-VEGF agents afterwards. I think
there may be value in releasing the adhesions while
removing as little vitreous as possible. This preserves
the vitreous to serve as a depot for the drug if I need to
continue injecting anti-VEGF therapy postoperatively.

to maintain control of the DME. Are there other
therapeutic options? Can we better control their
blood sugar or their hypertension? Can we encourage
our patients to lose weight? Are they on a glitazone
hypoglycemic medication that may be aggravating their
macular edema?

Dr Avery: I think the pathophysiology of DME is

different from that of AMD. In AMD, we are usually able
to get the macula bone-dry and flat with anti-VEGF
agents. Achieving that may not be as easy in some
patients with DME. This is not necessarily a treatment
failure if they maintain excellent vision. But given the
other pathways involved in DME, I foresee adjunctive
treatments playing a role as well. At present, though,
anti-VEGF therapy has the best proven outcome.

Dr Slakter: OCT is important in DME, but perhaps
not as important as in AMD. There is more to diabetic
eye disease than just macular edema, and there is more
to diabetes than just diabetic eye disease. We have to be
aware of proliferative neovascularization, and we have to
be aware that diabetes is a systemic disease. The central
subfield on the OCT does not tell the whole story in
eyes with DME the way it does with eyes in AMD.

Dr Ho: Before concluding this discussion, let us each

Dr Ho: We now practice in the era of anti-VEGF
therapy. Moreover, we have multiple agents from which
to choose, and there may be some relevant differences
between these agents that we are still teasing out
in head-to-head clinical trials. The approaches to
managing AMD and DME are quite similar in some
regards, yet quite different in others. In AMD, we have
fewer treatment options when anti-VEGF therapy
inadequately controls the disease, whereas in DME,
we have laser and steroids to help in suboptimally
responsive patients. In some patients with DME and
retinal interface abnormalities, surgery may play a role
to improve their course of treatment.

My pearl is to give your agent of choice longer time to
show a benefit in DME than you do in AMD and to be
more tolerant of DME.

As new and ongoing trials report their findings, our
ability to further individualize therapy for management
of both AMD and DME will continue to improve. We
should not forget that, particularly regarding those
with diabetes, we see our patients far more often than
do their primary care physicians, and so we have a
distinctive opportunity to help them effect the lifestyle
changes that can enhance their quality of life and our
ability to adequately treat their eye disease.

provide a clinical pearl for the management of DME
in clinical practice. Mine is to keep in mind that our
patients with DME are significantly younger than our
patients with wet AMD, and their diabetes likely will
be ongoing and lifelong because there is not yet a cure
for the fundamental disease. In DME, the response to
anti-VEGF therapy is more variable than in AMD. Visual
acuity does improve with anti-VEGF treatment in DME,
but more slowly than in AMD.

Dr Brown: I try to consider the whole patient,

particularly when he or she requires monthly injections
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POST TEST WORKSHEET
Please go to http://bit.ly/neovascular14 to take the post test followed by course evaluations, after which you will be
able to generate your CME certificate. Below are the post test questions.
1. Which 2 anti-VEGF agents did CATT compare?
A. Bevacizumab and aflibercept
B. Bevacizumab and ranibizumab
C. Ranibizumab and aflibercept
D. Bevacizumab and aflibercept
2. A key take-home message from CATT is:
A. PRN dosing is superior to monthly dosing with
either agent
B. Aflibercept has more safety issues than does
bevacizumab
C. Bevacizumab and ranibizumab are equivalent in
efficacy when dosed monthly
D. Outcomes are the same when the drugs are dosed
either monthly or every other month
3. Which of the following drugs used to treat AMD has
the shortest systemic half-life in plasma?
A .Bevacizumab
B. Aflibercept
C. Ranibizumab
D. All 3 drugs have the same half-life
4. According to evidence provided by the VIEW studies,
which anti-VEGF drug has durability of action
that supports dosing every other month?
A. Bevacizumab
B. Aflibercept
C. Ranibizumab
D. Triamcinolone
5. A poor response to anti-VEGF therapy in an AMD
patient should prompt an evaluation to uncover
all the following potential conditions, except:
A. Retinal pigment epithelial detachment
B. Polypoidal choroidal vasculopathy
C. Juxtafoveal telangiectasis
D. Central serous chorioretinopathy

6. When a patient whose neovascular AMD was
previously controlled with anti-VEGF therapy begins
leaking again, a reasonable next step would be:
A. Dose the same anti-VEGF agent, but less often to
avoid tachyphylaxis
B. Extend the interval between injections to reduce
tolerance
C. Increase the dose of the current anti-VEGF agent
D. Increase the frequency of dosing of the current
anti-VEGF agent or switch to a different agent
7. The current standard of care for treating DME is:
A. Laser
B. Steroids
C. Anti-VEGF therapy
D. Vitrectomy
8.

Which of the following statements is false regarding
the results of anti-VEGF trials in DME?
A. Ranibizumab has been proven to be effective in
clinical trials
B. Aflibercept has been proven to be effective in
clinical trials
C. Head-to-head comparisons of anti-VEGF agents
for DME have proven that they are equally effective
D. Anti-VEGF therapy is more effective than laser
therapy

9. A patient with DME responds suboptimally to initial
anti-VEGF therapy. Explanations for such a response
might include:
A. Well-controlled systemic diabetes
B. Use of glitazone hypoglycemic agents
C. Recent weight loss
D. Pseudophakia
10. Among the therapeutic options for a patient with DME
who responds suboptimally to anti-VEGF therapy are:
A. Laser
B. Steroids
C. Vitrectomy
D. All the above are reasonable options in select
patients
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