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STATEMENT OF NEED

The impact of vision loss due to the ocular manifestations
of diabetes is a major public health burden facing our soci-
ety, given the large aging population at risk due to obesity
and metabolic disease complications. Significant challenges
lie ahead in addressing the needs of patients at risk for vision
loss, as well as the impact on society that comes with an
increasing population with impaired vision. Macular degen-
eration, retinal vein occlusion (RVO), and diabetic macular
edema (DME) cause related physiologic problems for retinal
specialists and ophthalmologists in the management of
these conditions. Given the coincident systemic disease
associated with diabetic retinopathy (DR), the present and
predicted financial health care impact is substantial.

According to the 2012 Vision Problems in the US Report
from the Prevent Blindness America foundation, DR affects
more than 7.6 million individuals aged 40 years and older." This
contributes significantly to the more than $50 billion in direct
economic costs to due vision disorders in this age group.

As new therapies enter the market, treatment options
and dosing strategies can have an impact on the cost of
treatment, which continues to be a major factor in treat-
ment planning? Clinicians need to consider multiple
options in order to properly gauge the right treatment plan
for any given patient’s needs.

More broadly, the American Diabetes Association con-
firms that over 150 million people across the world are
affected by diabetes. By 2025, that number is projected
to reach 324 million, including 35% who are expected to
develop diabetic retinopathy.? Monitoring, diagnosing and
treating the vision care needs of this potential population
of over 100 million persons is daunting. For nearly 20 years,
DR has been documented as the leading cause of blindness
and decreased vision-related quality of life in working-age
Americans.“® In recent years, new understanding of the
pathophysiology of DME has focused researchers on the
involvement of intracellular hyperglycemia, which induces
free radicals (oxidative stress), protein kinase C (PKC) activa-
tion, and formation of advanced glycation end-products
(AGE). This process results in hypoxia, ischemia, inflamma-
tion, and alteration of vitreomacular interface. Inflammation
produces an increase in VEGF production, endothelial dys-
function, leukocyte adhesion, and PKC production. In fact, DR
is now considered to be a state of low-grade inflammation®

DR is the most common microvascular complication of
diabetes and remains one of the leading causes of blind-
ness worldwide among adults aged 20 to 74 years. The two

most important visual complications of DR are DME and
proliferative DR (PDR). The prevalence of DR increases with
the duration of diabetes, and nearly all individals with type
1 diabetes and more than 60% of those with type 2, have
some form of retinopathy after 20 years. According to a
Wisconsin epidemiologic study of DR (WESDR),’ 3.6% of
younger-onset patients (type 1diabetes) and 1.6% of older-
onset patients (type 2 diabetes) were legally blind.

A study conducted by the DRCR.net™ has shown that
patients treated with 0.5 mg ranibizumab plus prompt
(n=187) or deferred (=24 weeks) laser (n = 188) had better
visual acuity outcomes at 1 year than patients who received
sham injections plus prompt laser treatments (n = 293).
Outcome measures in the study included change in visual
acuity and mean central subfield thickness measurements.
Visual acuity improvement (+ standard deviation) was sig-
nificantly better in the ranibizumab plus prompt laser group
(+9 £ 12, P < .001) and in the ranibizumab plus deferred
laser group (+9, £ 12, P < .001), compared to those under-
going sham injections plus prompt laser (+3 +£13) treat-
ments. Visual acuity was not significantly better compared
with patients treated with triamcinolone plus prompt laser
(+4 + 13, P = .3). Reduction in mean central subfield thick-
ness was similar in all studied groups. Cataract progression
and intraocular pressure increases were more frequent in
the triamcinolone plus laser group.

More recently, researchers revealed the 2-year primary
outcomes of RISE and RIDE," which also focused on the
treatment of DME. These phase 2 and 3 studies evaluated
0.3-mg and 0.5-mg doses of ranibizumab compared to sham
injections, evaluating subjects who were randomized to
sham treatments and focal/grid laser photocoagulation. The
RISE and RIDE studies clearly demonstrated that monthly
injections of ranibizumab were associated with significant
improvement in visual acuity: 40% to 45% of patients gained
3 or more ETDRS lines of vision. Besides the gain in visual
acuity, patients who were treated with ranibizumab overall
had fewer complications from their underlying DR and less
progression of the DR than those who were treated with
sham injections. In addition, no statistically significant dif-
ferences in side effects or serious systemic or ocular adverse
events were associated with subjects treated with ranibi-
zumab injections or sham injections.

In the READ-3 trial,’ patients with DME were treated
with multiple injections of either 0.5 mg or 2 mg of ranibi-
zumab. The mean increase in visual acuity was 8.7 letters for
the 0.5-mg group and 7.5 letters for the 2-mg group. Visual
acuity and central retinal thickness changes were main-
tained up to the 1-year evaluation.

In 2011, the RESTORE study'® demonstrated superior
gains in best-corrected visual acuity at 1 year with ranibi-
zumab with or without laser versus laser monotherapy. In



contrast to READ-2, the authors found greater reduction in
foveal thickness in the anti-VEGF groups, as well as better
vision-related quality of life. The number of total injections
over the year for the injection-only group was 7.1 versus 4.8
in the combination therapy group.

The FAME Study' found that two doses of the fluocino-
lone implant significantly improved visual acuity in DME
over 2 years. The insert can be administered in an outpa-
tient procedure through a 25-gauge needle. However, the
FDA indicated that it would require two additional clinical
trials to resolve safety concerns raised by investigators.™

The DA VINCI study,'® a phase 2 randomized clini-
cal trial, showed that all doses and dosing regimens of
aflibercept that were tested were superior to laser for cen-
trally involved DME. A significant increase in BCVA from
baseline was achieved at week 24 and was maintained
or improved at week 52 for all aflibercept dosing groups.
When aflibercept was administered every 2 months or on
an as-needed basis, these regimens were just as effective as
monthly treatments.

A new 2013 report from the PLACID" study demon-
strated higher gains in BCVA up to 9 months posttreatment
for diffuse DME in patients receiving dexamethasone intra-
vitreal implant 0.7 mg combined with laser photocoagula-
tion compared with laser alone, but no significant between-
group differences at 12 months.

Also of recent note in 2013, two phase 3 comparison stud-
ies (VIVID-DME and VISTA-DME™) demonstrated positive
1-year results for treatment of DME comparing aflibercept to
laser photocoagulation. Subjects were randomized into three
arms: 2 mg of intravitreal aflibercept injected monthly, 2 mg
of intravitreal aflibercept injected every other month (after
five initial monthly injections), or laser photocoagulation. In
both studies, the 2-mg aflibercept treatments demonstrated
mean increases from baseline in visual acuity of 10.5 to 12.7
letters, while photocoagulation treatment demonstrated
mean increases of 0.2 letters in VISTA-DME (P < .0001) and
1.2 letters in VIVID-DME (P < .0001). Ocular complications
were reported as conjunctival hemorrhage, eye pain, and vit-
reous floaters. Three-year follow-up is planned.

Photocoagulation remains the gold standard for the treat-
ment of DME. However, continuing increases in studies eval-
uating different therapies may lead to a better understanding
of pathophysiology and lead to more efficacious treatments.
Because of the continuation of research designed to inves-
tigate pathophysiology and the rapid evolution of multiple
clinical trials with emerging treatments, updated informa-
tion on new diagnostic and treatment trends have become
increasingly important to retina specialists, as well as other
ophthalmologists who treat patients with DME.
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New Paradigms in the Management and Treatment of Diabetic Macular Edema

Anti-VEGF Therapy for Diabetic
Macular Edema: Epidemiology and

Pathophysiology

Rigorous studies confirm that anti-VEGF is a transformative breakthrough.

By David M. Brown, MD

the US population and is the leading cause of vision

loss and new-onset blindness in working-age adults.
In Houston, where | practice, if you are black or Hispanic
(which is half of our population), and you are aged older
than 45 years, you have a greater than 20% chance of hav-
ing diabetes.? In a city the size of Houston, which is now the
third largest city in the United States, this means there are
literally hundreds of thousands of people with diabetes in
the metropolitan area. Clearly, this is an increasing health
concern everywhere.

In this article, | discuss the pathophysiology of diabetic

eye disease and the role of vascular endothelial growth fac-
tor (VEGF) in diabetic macular edema.

D iabetic retinopathy (DR) affects a large percentage of

PATHOPHYSIOLOGY AND INCIDENCE

Diabetic retinopathy is characterized by capillary pericyte
loss, endothelial cell loss, nonfunctional acellular capillaries,
capillary basement membrane thickening, microaneurysm for-
mation, and neovascularization? Vascular endothelial growth
factor is thought to be a key component in the pathogenesis
of DR A vasoactive cytokine induces neovascularization and
increases retinal capillary permeability, which leads to extracel-
lular fluid accumulation and retinal edema.>® Aqueous VEGF
concentrations in the eyes of patients with diabetic macular
edema (DME) were found to be elevated nearly five-fold com-
pared with controls.

Once retinal microvascular damage occurs, it induces
hypoxia and a build-up of cytokines. This, in turn, leads to
increased neovascularization, increased vascular permeabil-
ity, and leakage. The central retina swells, resulting in DME2

DME is the most common cause of vision loss in people
with diabetes,” and until 15 months ago, we had no drug
approved to treat it. Researchers have shown the longer the
duration of diabetes, the more likely a person will develop
proliferative diabetic retinopathy. Klein and colleagues
reported an incidence rate of 15% to 20% in people who
have been using insulin more than 15 years.’® Now that we
can better assess the retinal vasculature with widefield angi-
ography, however, | believe we see diabetic damage in most
patients within 5 to 10 years.

MODIFIABLE RISK FACTORS

DME triples the risk of vision impairment and is associ-
ated with a five-fold risk of blindness.”" Intensive glucose
control is associated with a 76% risk reduction in the
development of any retinopathy and a 54% risk reduction
of retinopathy progression for those who had retinopa-
thy at baseline.” The longer someone has diabetes, the
higher the risk of DR and DME." The Epidemiology of
Diabetes Interventions and Complications trial™ found that
the reduction in the risk of progressive retinopathy and
nephropathy resulting from intensive therapy in patients
with type 1 diabetes persists for at least 4 years, despite
increasing hyperglycemia.

Dyslipidemia is also a modifiable risk factor. Researchers
have found a positive association between severity of
retinopathy and lipid profiles (total and LDL-cholesterol,
LDL/HDL)." In addition, high triglycerides and high LDL
have been associated with subsequent progression of reti-
nopathy over 2 years.” In the Early Treatment Diabetic
Retinopathy Study,'® baseline risk factors for proliferative
diabetic retinopathy included high triglycerides.

Hypertension is another modifiable risk factor for DR." In
the Barbados Eye Study,'® antihypertensive treatment halved
a patient’s risk of developing DR over 9 years. Once a patient
has DME, blood pressure control becomes as important as
glucose control in the reduction of macular edema.

OTHER SYSTEMIC ISSUES

Renal function and fluid balance can potentially play a
role in worsening DR and macular edema. We also know
that plasma VEGF increases with poor glycemic control.2

Women with type 1 diabetes must be followed closely
during pregnancy and through the first postpartum year;
however, the effect of pregnancy is usually transient.?’
Pregnancy does not affect the ultimate long-term rate of
progression from mild to moderate retinopathy.

LASER THERAPY

Based on the findings of the Early Treatment Diabetic
Retinopathy Study,? focal laser photocoagulation became
the standard of care for most retinal surgeons. The chief
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Subjects Losing > 15 ETDRS Letters §
from Baseline at Month 36 (Pooled)

Mean change in BCVA from baseline (pooled)

]

- Severe VA loss (15 letters) significantly reduced
- Rapid improvements in vision & anatomy maintained for 3 years

RISE and RIDE Research Group. Ophthal

Figure 1. In the RISE/RIDE trial, patients receiving ranibizum-
ab had rapid and sustained improvements in visual acuity
and anatomy.

benefit of laser therapy is that it reduces the risk of vision
loss; however, few patients experience vision improve-
ment, and laser therapy has no impact on underlying dis-
ease progression.

ANTI-VEGF THERAPY: RANIBIZUMAB

RISE and RIDE?® were parallel phase 3, multicenter stud-
ies designed to assess the safety and efficacy of intravitreal
ranibizumab (Lucentis, Genentech) for the treatment of
DME. Patients were randomly assigned equally (one eye per
patient) to monthly 0.5 mg or 0.3 mg ranibizumab or sham
injection. In the third year, patients in the sham group,
while still masked, were eligible to cross over to monthly
0.5 mg ranibizumab.2 Macular laser was available to all
patients beginning at month 3; panretinal laser was avail-
able as necessary.

As shown in Figure 1, patients receiving ranibizumab had
rapid and sustained improvements in visual acuity and anato-
my; severe vision loss was significantly reduced. Patients in the
sham arm, who could receive laser therapy after 3 months,
gained 2.5 letters, while patients in the ranibizumab arms
gained more than 2 lines. In the laser arm, about 9% of
patients lost 3 lines, while in the ranibizumab arms 2% and
3% lost 3 lines. This is the reason why anti-VEGF therapy

Baseline
Snellen = 20/100

Month 36
Snellen = 20/50

Figure 3. After receiving ranibizumab in the trial, this
patient’s visual acuity improved to 20/50.
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- With crossover to 1 year of 0.5 mg ranibizumab therapy at third year, original
sham treatment group’s visual gains were lower than those seen in first year of
ranibizumab-treated groups (2.8 vs 10.6 and 11.1 letters)

- Delayed treatment reduced magnitude of VA benefits of anti-VEGF therapy

Brown DM, Nguyen QD, Marcus DM, et al. Ophthalmology. 2013;120:2013-2022.
Figure 2. In the RISE/RIDE trial, patients receiving sham treat-
ment who were switched to ranibizumab at 2 years did not
achieve the visual gains seen in the original ranibizumab arms.

has supplanted laser as our standard of care.

Looking at continued treatment to 3 years, as shown
in Figure 2, patients receiving sham treatment who were
switched to ranibizumab at 2 years did not achieve the
visual gains seen in the original ranibizumab arms. Also,
consistent with the 2-year data, patients receiving ranibi-
zumab were less likely to develop proliferative DR.

These results point to a key takeaway: Screening is
important. If you do not diagnose the DME within 2 years,
preferably within 1 year, you lose the ability to achieve that
amazing 2- to 3-line gain that was seen in the trials. The
burden is on us; no matter what agent we plan to use, we
must find DME early. Otherwise, we are leaving 10 letters or
2 lines of visual acuity on the table.

The ocular safety profile at 3 years in RISE and RIDE was
consistent with the sham-controlled safety observations
from the 24-month analysis. In particular, rates of proce-
dure-related serious adverse events, such as endophthal-
mitis and traumatic cataract, remained low. The incidence
of serious adverse events potentially related to systemic
VEGF inhibition was 19.7% in patients who received 0.5 mg
ranibizumab compared with 16.8% in the 0.3-mg group, and
13.1% in the sham group. The 0.3-mg dosage was approved.

The patient shown in Figure 3 is a Houston newspaper

Mean annualized 3.8
injections

Number of Injections during OLE - Actual Number of Injections during OLE - Annualized

Pooled data from RISE and Rl
PRN = pro re nata.

Figure 4. As shown here, 25% of patients did not need
another injection in the RISE/RIDE study.
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Figure 5. In the RISE/RIDE study, patients continued to
demonstrate improvement in diabetic retinopathy with PRN
ranibizumab.

Week

B 40 44 48 52 !

Figure 7. Mean reductions in central retinal thickness were
also greater in patients who received aflibercept versus laser
in the RISE/RIDE trial.

editor who had to stop working because his visual acuity
was 20/100, and he was unable to function. After receiv-
ing ranibizumab in the trial, his visual acuity improved to
20/50 and he was able to return to writing op/ed pieces. He
is an average patient, someone who improved 2.5 lines. In
my opinion, it is an amazing drug, a huge breakthrough in
terms of anti-VEGF therapy for DME.

The greatest barrier to delivering treatment that is con-
sistent with study protocols is that working-age patients
must receive an injection every month to achieve these
results. In an open-label extension of RISE/RIDE, researchers
found that visual acuity gains were maintained in patients
who were switched to as needed (PRN) ranibizumab.?

*P <0.0001
vs. laser

ETDRS letters

*P<0.0001
vs. laser

Figure 6. Mean BCVA gains from baseline to week 52 were
greater in patients treated with aflibercept group versus laser
in the RISE/RIDE trial.

Note that 25% of patients did not need another injection,
and the mean number of injections was 3.8 (Figure 4).
There was a bell curve, as some patients still needed injec-
tions every month, but the mean and median were both
less than 4. These results are very encouraging to me.

Importantly, patients continued to demonstrate
improvement in DR with PRN ranibizumab (Figure 5).

Most patients improved to what appears to be their
baseline status. In other words, hemorrhaging and vascu-
lar tortuosity decreased, and that may be why 25% of the
patients did not require retreatment. It may be that the
drug took them 2 or 3 years back in their DR progression.
This theory has yet to be tested, however.

ANTI-VEGF THERAPY: BEVACIZUMAB

Very few studies of bevacizumab (Avastin, Genentech)
have been published. The BOLT study?® was a prospective,
randomized, controlled trial that evaluated intravitreous bev-
acizumab and macular laser therapy in patients with persis-
tent clinically significant macular edema. At 2 years, patients
in the bevacizumab arm showed a mean gain of 8.6 letters,
while those in the laser arm showed a mean loss of 0.5 letters.

ANTI-VEGF THERAPY: AFLIBERCEPT

Aflibercept (Eylea, Regeneron), a fusion protein of VEGFR1
and VEGFR2 extracellular domains, binds to VEGF A, VEGF
B, and placental growth factor 1 (PIGF1) and PIGF2 with high
affinity. In VIVID and VISTA,” two similarly designed, double-
masked, randomized, phase 3 trials, investigators in 54 centers
worldwide performed a head-to-head comparison between
aflibercept and laser for treatment of DME.

Mean BCVA gains from baseline to week 52 in the
aflibercept 2q4 and 2q8 groups versus the laser group were
12.5 and 10.7 versus 0.2 letters in VISTA, and 10.5 and 10.7
versus 1.2 letters in VIVID (Figure 6). The corresponding
proportions of eyes that gained at least 15 letters were
41.6% and 31.1% versus 7.8% in VISTA, and 32.4% and
33.3% versus 9.1% in VIVID.
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Figure 8. A rate of 10% of subjects in the laser therapy group
lost 3 lines of vision, whereas the highest number of lines of
vision lost in the aflibercept arms was 3.2%.

IMPORTANT TAKE-AWAY FOR PATIENTS

One of the most important messages we as retina special-
ists can convey to our patients is illustrated by Figure 1: main-
taining hemoglobin Alc within their target range will protect
their vision."

Importance of Hemoglobin A1C

Rate of Progression of Retinopathy
(per 100 patient-years)
©
1

N
0'1 T T T T T ¥ T T T T 7T
50 55 60 65 70 75 80 85 9.0 95100105
Glycosylated Hemoglobin (%)

ip. N Engl J Med, 1993:329.977-86.

|

Figure 1. A 1-point reduction in hemoglobin Alc can
decrease the incidence of diabetic retinopathy by 28%.

This graph helps me illustrate how beneficial an even a
seemingly small change in hemoglobin Alc can be. A 1-point
reduction can decrease the incidence of diabetic retinopathy
by 28%, and with each subsequent 1-point reduction, the risk
is reduced another 28%.

| encourage you to ask patients about their A1c every
time you see them and talk to their doctors. Make it a team
approach, because managing diabetes is tough. We must be
part of the education process to help patients manage their
diabetes and prevent end-organ damage all over their bodies.

1. Diabetes Control and Complications Trial Research Group. The effect of intensive treatment of diabetes
on the development and progression of long-term complications in insulin-dependent diabetes mellitus.
The Diabetes Control and Complications Trial Research Group. N Engl J Med. 1993;329:977-986.
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Figure 9. After treatment every other month with aflibercept,
this patient’s visual acuity improved to 20/50.

| think that anti-VEGF drugs for DME
are truly a transformative break-

through that enables us to do what

we have not been able to do before.

Similarly, mean reductions in central retinal thickness
were 185.9 um and 183.1 pm versus 73.3 um in VISTA, and
195.0 um and 192.4 pm versus 66.2 um in VIVID (Figure 7).

Overall incidences of ocular and nonocular adverse
events and serious adverse events, including the Anti-
Platelet Trialists’ Collaboration-defined arterial thrombo-
embolic events and vascular deaths, were similar across
treatment groups.

In addition, patients needed fewer injections in this trial,
especially in the 2q8 arm. Fewer laser treatments were
needed in both arms. In the 2-year results, which includes
capped PRN treatment, gains were maintained even with
less frequent dosing. These results are not yet published.

In my opinion, Figure 8 illustrates the main reason to use
anti-VEGF therapy as first-line agents for DME. In these trials,
laser therapy results in a 10% rate of 3-line losers, while in the
aflibercept arms, the highest number is 3.2%.



New Paradigms in the Management and Treatment of Diabetic Macular Edema

CONCLUSION

I will close with a look at another one of my Houston
patients who participated in the VISTA trial. This 54-year-
old Hispanic man had baseline visual acuity of 20/70. After
treatment every other month with aflibercept, his visual
acuity improved to 20/50, and the edema resolved (Figure 9).
The patient is working again and he is driving.

| think that anti-VEGF drugs for DME are truly a transfor-
mative breakthrough that enables us to do what we have
not been able to do before. It is exciting to be part of this
revolution where we can treat patients who have a devas-
tating disease and restore functional vision. This is why we
went into ophthalmology, to help people see and to pre-
vent blindness. B
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Corticosteroids in DME:
A Rapidly Changing Landscape

New formulations and novel delivery devices address the inflammatory component.

By Nancy M. Holekamp, MD

ost discussions about the use of corticosteroids
M to treat diabetic macular edema (DME) begin

with data from the RISE and RIDE trials™: 39.2%
of patients receiving ranibizumab (Lucentis 0.3 mg,
Genentech) gained 3 lines of visual acuity, and 57.2% of
patients improved to 20/40 or better. From a different
perspective, however, that means 61% of patients in RISE
and RIDE did not meet the primary endpoint of a 15-letter
gain, and 43% did not achieve 20/40 visual acuity. These
data show that anti-VEGF therapy is not solving the entire
DME problem. This is our opportunity to discuss the role of
inflammation in DME.

INFLAMMATION

In patients with DME, early focal leakage is primar-
ily VEGF-driven, but when it advances to diffuse leakage,
leading to fibrosis, pigmentary alterations, and loss of pho-
toreceptors, the equation changes. What was primarily a
VEGF-driven process is now primarily inflammation driven,
creating a larger role for corticosteroids.

Figure 1 shows the relationship between aqueous cyto-
kine expression and the severity of retinopathy.2 When the
ETDRS retinopathy severity score is 10, the VEGF level is
in the 900s. As the score increases to 81, indicating severe
diabetic retinopathy probably of longer duration, the VEGF
level increases somewhat but is not statistically significant.
Meanwhile, the other cytokines—IL-1f, IL-6, IL-8, MCP-1,
IP-10—show statistically significant increases when the

ETDRS
Retinopathy
Severity IL-1B IL-6 IL-8

Cytokine Concentration (pg/mL)
MCP-1
967.0 252.2
952.8 303.6
956.4 : 339.5
1084.7 468.8
172.6 645.2
M3 921.2
142.7 12151
1051.4 1286.6
1165.4 1630.8
P-value
+ Disease severity-related increases in cytokines other than VEGF are orders of
magnitude higher

Figure 1. This figure shows the relationship between aque-
ous cytokine expression and the severity of retinopathy.
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score is 81. We can conclude that worse diabetic retinopa-
thy is not all about VEGF, again suggesting a greater role for
corticosteroids.

DME causes both anatomical and physical changes, but
biochemical factors are also involved. As illustrated by
Figure 2, anti-VEGF strikes only one aspect in each of these
two categories.> ' A steroid, however, will strike about half
of the biochemical factors and almost half of the anatomi-
cal and physical changes (Figure 3). A corticosteroid has
many more targets and much more potential to have an
impact on chronic, longstanding, or severe DME.

TRIAMCINOLONE

Triamcinolone is available in two forms. Kenalog (Bristol-
Myers Squibb) is not approved for treating DME by the US
Food & Drug Administration (FDA). In fact, the label states
it is not for intraocular use, but ophthalmologists have
long-standing experience with it. Triesence (Alcon) is FDA
approved for some rare conditions, such as sympathetic
ophthalmia and giant cell or temporal arteritis. When we
use it for DME, we are using it in an off-label manner.

The Diabetic Retinopathy Clinical Research Network
(DRCR.net) looked at 854 eyes in a clinical trial evaluating
ranibizumab and triamcinolone with prompt or deferred
laser.™ At the 1-year mark, sham plus laser did not improve
visual acuity, while eyes in the ranibizumab groups showed
improved visual acuity (Figure 4). In the steroid group, visu-
al acuity improved almost to the level of the ranibizumab

A&P Changes Biochemical Factors

Affected by

‘ @ mami-veeF g
Thickened
basement
membrane
Adoss
reductase
ntioxidant
aTRPE

&

Figure 2. Anti-VEGEF strikes only one aspect in each of
these two categories.
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Flgure 3 A steroid will strike about half of the bio-
chemical factors and almost half of the anatomical and
physical changes.
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Figure 5. In patients who were phakic, visual acuity was
poor, because cataracts developed.

groups at about 4 months, but then declined sharply,
never recovering until late in the follow-up period. One of
the explanations for this is cataract formation, which is a
common side effect of this drug class. While visual acuity is
improving and then declining because of cataract, the retina
is getting thinner.

The researchers stratified their results by phakic status
(Figure 5). In patients who were phakic—about two-thirds of
those in the triamcinolone arm were phakic—visual acuity
was poor, because cataracts developed. Pseudophakic eyes,
however, did as well as eyes in the ranibizumab-treated arms.
Pseudophakic eyes treated with triamcinolone in the DRCR.
net trial did as well visually as the those in the ranibizumab-
treated arms. By the 2-year follow-up, 55% of patients in the
triamcinolone/prompt laser group required cataract surgery.

Corticosteroids also have a risk for elevated intraocular
pressure (IOP), and in this study, a significant number of
eyes in the triamcinolone/prompt laser group had pressure
rises that needed to be managed (Figure 6).

In summary, triamcinolone combined with focal grid
laser did not result in superior visual outcomes compared
with laser alone, but that was likely because of cataract.
Pseudophakic eyes treated with triamcinolone and prompt

~#-Sham+prompt
laser

-*-Ranibizumab
+prompt laser

-#-Ranibizumab
+deferred laser

~®Triamcinolone
+prompt laser
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“Values that were £30 letters were assigned a value of 30

P-values for difference in mean change in visual acuity from sham+prompt laser at the 52-week visit
ranibizumab+prompt laser <0.001; ranibizumabtdeferred laser <0.001; and triamcinolone +prompt laser=0.31.

Figure 4. At 1 year, sham plus laser did not improve
visual acuity, while eyes in the ranibizumab groups
showed improved visual acuity.

Sham Ranibizumab | Ranibizumab
+Prompt , +Prompt +Deferred
Laser Laser
N =187 N =188

Triamcinolone
| +Prompt Laser

Elevated Intraocular N =186

Pressure/Glaucoma

Laser
N =293
Increase 210 mmHg
from baseline

IOP 230 mmHg

8% 9% 6%

Initiation of IOP-
lowering meds at any
visit*
Number of eyes
meeting 21 of the
above

Glaucoma surgery**

*Excludes eyes with IOP lowering medications at baseline
**Includes 2 filter and 2 cilliary body destruction

Figure 6. At the 3-year final visit, the dexamethasone
implant 0.7-mg group had greater letter gains than the
placebo group.

focal laser had outcomes equivalent to eyes in the two
ranibizumab arms. The caveat is that we will need to man-
age increased I0P.

DEXAMETHASONE

The MEAD study was a 3-year, sham-controlled trial in
which patients were randomly assigned to the dexamethasone
intravitreal implant, either 0.7 mg (Ozurdex, Allergan) or 0.35
mg, or placebo. At the 3-year final visit, the proportion of
patients with at least a 15-letter improvement from baseline
was significantly higher with the dexamethasone implant 0.7
mg (22.2%) compared with placebo (12.0%) (Figure 7).

In the total study population, visual acuity for the
dexamethasone-treated eyes improved but then declined,
probably because of cataract formation. In pseudophakic
eyes treated with the dexamethasone implant, visual acu-
ity was consistently significantly better than sham over the
3-year study with no loss of treatment benefit. AlImost 60%
of phakic patients needed cataract surgery by the end of
the 3-year study. This is a recurring theme and a trade-off
we make to help our patients with DME. There is a benefit,
however, to having a steroid “on board” when cataract sur-
gery is performed.
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Primary Outcome Measure:
2 15-Letter Gain at End of Study

Results After 3 Years
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Figure 7. Patients in the dexamethasone group were
more likely than placebo patients to have at least a
15-letter improvement from baseline.
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Figure 9. Patients receiving the fluocinolone implant also
had an immediate decrease in central retinal thickness.

Intraocular pressure will likely increase when the dexa-
methasone implant is in the eye, rising upon implantation
and then decreasing over time as the implant biodegrades.
This pressure rise is reproducible and manageable with
topical antiglaucoma drugs. In the MEAD study, about 41%
of eyes in the 0.7-mg group needed IOP-lowering drugs.

FLUOCINOLONE

The fluocinolone acetonide intravitreal implant (lluvien,
Alimera Sciences) is delivered with a self-sealing 25-gauge
applicator. Unlike the dexamethasone device, which bio-
degrades in the eye, the fluocinolone device is not bioerod-
ible. It releases a submicrogram daily dose of fluocinolone
for about 3 years.

Two randomized, phase 3 clinical trials, FAME-A"" (0.2
pg/d) and FAME-B™ (0.5 pg/d), evaluated the fluocinolone
implant. The FDA approved the 0.2 pg/d implant. In these
studies, fluocinolone was dosed only once a year, and some
eyes did not need it that often. About 28.7% of patients had
a 15-letter improvement in visual acuity compared with pla-
cebo, regardless of which dose they received (Figure 8), and
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Figure 8. Patients receiving the fluocinolone implant
had a 15-letter improvement in visual acuity compared
with placebo.

central retinal thickness decreased immediately (Figure 9).

As with all steroids, fluocinolone will cause cataracts in a
large proportion of eyes. In the FAME studies, 82% of eyes
developed a cataract, and cataract surgery was performed
in 80% of eyes.

In the FAME trials, an IOP above 30 mm Hg was consid-
ered an adverse event, and 20% of eyes were in that category.
About 38% of eyes were treated with IOP-lowering drugs.

In summary, the FAME clinical trial met its primary end-
point with a 15-letter improvement in best-corrected visual
acuity from baseline to month 24. Improvements in vision
were sustained over 3 years. Retinal thickness showed a
favorable anatomic response. The rate of common complica-
tions of this drug class, cataract formation and IOP elevation,
may be somewhat higher for fluocinolone acetonide than
they were for triamcinolone and certainly dexamethasone.

SUMMARY

Ophthalmologists have used triamcinolone for more
than 10 years, and the DRCR Network has studied it in a
scientifically rigorous manner; however, none of the formu-
lations is FDA approved for the treatment of DME.

The dexamethasone drug delivery implant is indicated
for treatment of adults with DME with no restrictions
related to phakic eyes.

Fluocinolone acetonide is indicated for the treatment of
DME in patients who were previously treated with a course
of corticosteroids and did not have a clinically significant
rise in IOP. This is because the eyes with the highest pres-
sure rise in the FAME trials were those that had never
been exposed to corticosteroids. When we decide to use a
corticosteroid to treat DME, we will not use fluocinolone
first, because it remains in the eye for 3 years. We will likely
use a shorter-acting steroid, such as the dexamethasone
intravitreal implant or triamcinolone to see if the patient’s
macular edema responds favorably with improved visual
acuity and anatomy but without an unfavorable response

(Continued on page 15)
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Decision Tree for Treating Diabetic

Macular Edema

Our treatment algorithm is evolving.
By Karl G. Csaky, MD, PhD

ur clinical definitions of diabetic macular edema
O (DME) have evolved since the time when laser

was our only treatment option, and foveal center
involvement was not required for a diagnosis of clinically
significant macular edema. In contrast, recent clinical trials
of anti-VEGF agents and steroid therapy have all required
retinal thickening of the foveal center and some degree of
vision decrease. Therefore, it is important to recognize how
our thinking has changed about treating this disease.

The following cases represent my typical approach to

DME treatment.

NONCENTER-INVOLVING MACULAR EDEMA

The patient in Figure 1 has 20/20 visual acuity, minimal
center-involving clinically significant macular edema, and a
few microaneurysms temporal to the fovea. Under certain
circumstances, monitoring a patient like this for a short
time, especially if there is poor systemic control of the dia-
betes, may be appropriate. However, if clinically significant
macular edema is present, focal laser photocoagulation
can be considered. In this case, | treated with laser, and the
macular edema resolved.

Although focal laser may still be viable for these types of
cases, it is important to note that the background diabetic
changes in the retina are not altered by laser photocoagula-

Vision = 20/20

Clinical
Significant
Macular Edema

Medical
Treatment
+

Retinal St
Treatment
= Focal Laser P\
T

Focal Laser x 2

— il

Vision = 20/20

Figure 1. The patient’s visual acuity is 20/20 and has min-

imal center-involving clinically significant macular edema.

tion. So, as we move forward in our understanding of anti-
VEGF treatment, we need to think about the surrounding
retina as well as the macular edema.

When researchers with the Diabetic Retinopathy
Clinical Research Network looked at anti-VEGF therapy in
the context of center-involving macular edema, and the
number of injections required, and whether to treat with
immediate or deferred laser, they found that deferred
laser resulted in slightly better visual acuity at 3 years."
These data suggest that too few anti-VEGF treatments
may be slightly harmful to vision. Therefore, | believe that
in most cases, macular fluid and significant surrounding
diabetic retinopathy changes need anti-VEGF therapy to
some degree.

CENTER-INVOLVING DME

The patient in Figure 2 has center-involving DME and a
visual acuity of 20/50. After four anti-VEGF injections, the
visual acuity improved to 20/20, and the fluid resolved.
Although it is difficult to appreciate from the fundus photos,
many of the diabetic background retinal changes improved.

For center-involving DME, | typically start with an anti-
VEGF agent, because the side-effect profile is good, the
visual response is usually good, and it also has an effect
on the surrounding diabetic retinopathy. In other words,

Vision = 20/50

Clinical
Significant
Macular Edema

Medical
Treatment
+
Retinal
Treatment
= Anti-VEGF

Vision = 20/20 Anti-VEGF x 4

Figure 2. After four anti-VEGF injections, the patient’s
visual acuity improved to 20/20, and the fluid resolved.
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Clinical
Significant
Macular Edema

Medical
Treatment
+
Retinal
Treatment
- Steroid
(Triamcinolone /
Dexamethasone
-DDS) -
Future ?
Fluocinolone
Acetonide
Implant

Next 12
Months —
Anti-
VEGF x
6

Most Recent Visit =
Cataract / Fluid —
Vision = 20/50

Figure 3. This patient received six anti-VEGF injec-
tions, but as shown on OCT, the fluid did not resolve
completely.

| typically begin treatment with an

anti-VEGF agent. If | do not see an

immediate response, then | modify
my approach.

anti-VEGF treatment appears to be disease-modifying,
improving not only the center fluid status but also the under-
lying diabetic retinopathy diffusely throughout the retina.

POOR OR NO RESPONSE TO ANTI-VEGF

| typically begin treatment with an anti-VEGF agent.

If 1 do not see an immediate response, then | modify my
approach. Data suggest there may be differences in the
way some patients respond to certain anti-VEGF agents.’
Therefore, while one approach is to switch to another
anti-VEGF agent, | typically try to introduce a steroid.
Various steroid formulations are available to us, includ-
ing triamcinolone, which is used off-label for DME, the
dexamethasone intravitreal implant 0.7 mg (Ozurdex,
Allergan), and the fluocinolone intravitreal implant 0.19
mg (lluvien, Alimera Sciences).

Similarly, in some cases, the effect of anti-VEGF therapy
is not complete, as in this patient who has center-involving
DME (Figure 3). This patient received six anti-VEGF injections,
but as shown on OCT, the fluid did not resolve completely.

Over the next 12 months, | continued to treat with
anti-VEGF agent, but the response was inconsistent, and
I never reached a threshold where | could decrease the
number of anti-VEGF injections over time. | believe this
patient is exhibiting an inflammatory response in addition
to a VEGF overexpression as a cause of the macular edema.
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Figure 4. This patient has persistent macular edema
despite numerous anti-VEGF injections.
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Macular Edema
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Figure 5. The treatment algorithm used by Dr. Csaky.

The patient underwent cataract extraction and was treated
with the dexamethasone intravitreal implant 0.7 mg with
subsequent complete resolution of the macular edema.
When a patient has only a partial response to anti-VEGF
therapy and/or | cannot decrease the number of injec-
tions, | prefer to treat with the dexamethasone intravitreal
implant 0.7 mg, particularly because the intraocular pres-
sure (IOP) rise is predictable and controllable. From the
clinical trial data, | know that if | need to repeat the dexa-
methasone implant treatment, the IOP rise will most likely
be the same. This response is in contrast to what was found
with triamcinolone, which appears to have an additive effect
that the dexamethasone implant does not demonstrate.>*

DME WITH VITREOMACULAR TRACTION

This patient discussed in Figure 4 has persistent macular
edema despite numerous anti-VEGF injections. The vitreo-
macular traction is precluding improvement. | would con-
sider vitrectomy for this patient.
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In the past, we were somewhat reluctant to perform
vitrectomy in patients with diabetes, because we were
concerned that patients who had undergone vitrectomy
would have a poor response to intravitreal injections. This
is primarily because of the low retention of injected agents
in the eye when the vitreous is removed. Although its use
is off label in this circumstance, | have found that the dexa-
methasone intravitreal implant 0.7 mg works just as well
after vitrectomy. So, we should not be afraid to perform
vitrectomy, because we will have treatment options for
persistent DME postvitrectomy.®

SUMMARY

To date, all of the anti-VEGF trials for DME have considered
center involvement and some degree of vision loss as criteria
for treatment. This approach may be evolving as we consider
the effectiveness of anti-VEGF therapies in controlling both
macular edema and background diabetic retinopathy.

Absent center involvement, if the edema is not near the
fovea but is clinically significant, focal laser still has a role. As
indicated in the treatment algorithm featured in Figure 5, if
the DME is refractory to anti-VEGF therapy, | consider a ste-
roid, either triamcinolone, dexamethasone, or fluocinolone.
Finally, looking carefully at the possibility of a vitreous trac-
tion component or any issues with the vitreous, one should
also consider vitrectomy.
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Challenging Cases in DME

Experts offer their suggestions to treat out of-the-ordinary cases of diabetic macular edema.

hese days, teating diabetic macular edema is becoming more straightforward. When | see a new patient who is phakic

and has center-involving macular edema, it makes sense to use an anti-VEGF agent. If a patient has other issues, a foot

ulcer, for example, or recent cataract surgery, my first line of treatment is typically a steroid. Despite our expanding
armamentarium of treatment options, however, we are often faced with complex cases, usually involving diabetes that is
not well controlled. The cases that follow are two of the more difficult cases | have managed during the past few years.

SEN

This 67-year-old woman has -

had poorly controlled diabe- Visual Acuty 20/50
tes for 22 years. She does not
monitor her blood sugar. She
does not know her hemoglobin

Visual Acuity 20/63
s/p

23 bevacizumab.
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Alc target, and she is currently 3afibercept
undergoing treatment for sig- B evetmemabara.
nificant renal disease. She has RS oo
a history of hypertension and
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The patient, who is phakic, Figure 1. Figure 2.
reported increasing difficulty
with near-vision tasks. Her Summary of Treatment OS
visual acuity was 20/50. She had e oy i s -
a significant amount of center- F e o 2 500 %
involving macular edema and ‘ 5 L 351 A 450 g 70
an increased foveal avascular ‘( s (348 385) 370|201 400 3
zone (Figure 1). \ - 33 4 o0 2
After numerous treatments I w o = -
with bevacizumab (Avastin, z: :
Genentech), as well as three T L "hf'g:ammﬁ7—vm-|:uny
combinations of bevacizumab [ _acd
and dexamethasone solution Figure 3. Figure 4.

(custom compounded, not
implant), the edema persisted.

In a phakic patient with a suboptimal response to initial anti-
VEGF therapy, switching to a different anti-VEGF agent may be
beneficial, especially if the patient has been treated with one anti-
VEGF agent for a long period. So, | switched to aflibercept (Eylea,
Regeneron). After three injections, neither the edema nor the
visual acuity had improved (Figure 2).

At that point, | treated with the dexamethasone intravitreal
implant 0.7 mg (Ozurdex, Allergan). After one injection, the
patient’s visual acuity improved remarkably, and the edema flat-
tened oug, an effect that persisted for 4 months (Figure 3).

Figure 4 summarizes this patient’s treatment history. On the
left is central subfield thickness, and on the right is visual acuity in
letters; the blue represents acuity, and the orange represents the

treatment; the orange dots are aflibercept, and the blue dots are
dexamethasone 0.7-mg injections.

In this case, there was some benefit in terms of the edema, but
the visual acuity improved to only 20/32. Part of the reason for
that may be because the patient received many anti-VEGF injec-
tions, and when the edema is chronig, a loss of photoreceptors is
likely, as well as chronic structural changes that limit maximum
visual acuity. Additionally, the presence of hypertension and
chronic diabetes causes macular ischemia, which also limits visual
gain. It is important not to wait too long to try something differ-
ent. Although we are not always exactly sure what the different
drug should be, it is absolutely important to move on when
the response is poor. If we do not, | believe we are leaving some
vision on the table, and this case is an example of that.

16 APRIL 2015



New Paradigms in the Management and Treatment of Diabetic Macular Edema

PANEL DISCUSSION: CASE No. 1

David M. Brown, MD: Dr. Maturi, how long do you
think we can wait? Two years is too long. We showed that
in RIDE and RISE.

Raj K. Maturi, MD: | think 6 months is a good time
frame. If the patient has excellent control systemically and
you are seeing improvement, you can continue to treat,
but if you stop seeing improvement, if you see continued
edema, then it is time to take a new approach. There is
no point in doing the same thing over and over again and
expecting a different result.

Nancy M. Holekamp, MD: | am assuming you started
treating this patient before we had FDA approval of other
agents.

Dr. Maturi: Yes.

Dr. Holekamp: Because today you would not give
someone 23 bevacizumab injections in a row.

Dr. Maturi: Exactly.

Dr. Holekamp: | am interested in how everyone defines
refractory? Is it three injections? Is it four injections? Is it
6 months?

Karl G. Csaky, MD, PhD: That is a good question. |
think it has to do with both anatomic response and visual
acuity response. Our thinking has evolved, because we
now have data on DME in terms of how long we can wait
to see an effect. We also have several agents that we can
use, often in combination. Therefore, | have become more
liberal about labeling a patient as refractory. For example,
if a patient has a good response, both anatomically and
visually, to an anti-VEGF agent but demonstrates a con-
tinued frequent need for anti-VEGF injections to maintain
those improvements, then, in my opinion, that is also a
definition of refractory.

Dr. Maturi: That is a good point, Dr. Csaky. The DRCR
Network (DRCR.net) Protocol | looked at 250 subjects in
the ranibizumab groups.? In the first year, they needed an
average of nine injections; in the second year, they needed
an average of three, and by the third year, they needed
only two injections to maintain vision. Visual acuity gains
were similar to those achieved in RIDE and RISE with con-
tinued monthly injections.

| think we can conclude that patients do not necessarily
need monthly injections. They need their diabetes to be
treated and their diabetic retinopathy to regress, and we
can often decrease the number of injections, but that is

not true for everyone. Multiple mechanisms are involved
in a significant number of patients. For example, in RIDE
and RISE, approximately 40% of patients did not achieve
complete flattening, and about half did not achieve visual
acuity gains of more than 3 lines. So, obviously, there is
more than one mechanism involved, and if one therapy
will not treat the whole disease, then we need to try some-
thing different.

Dr. Csaky: Dr. Holekamp, what is your definition of
refractory?

Dr. Holekamp: DRCR.net researchers found that 25%
of eyes treated with ranibizumab for DME had a 20%
reduction in OCT thickness.> Those eyes were considered
responders to anti-VEGF therapy. Eyes that did not achieve
a 20% reduction were either nonresponders, partial
responders, or latent responders.

I administer four anti-VEGF injections, and either it
works, or it does not. If it does not work, | move on.
Otherwise, | am committing a patient to a chronic path
that only becomes more complicated and could per-
manently damage the photoreceptors. Therefore, in my
opinion, anti-VEGF therapy is therapeutic and diagnostic.
If eyes respond, | know the disease process is primarily
VEGF-mediated and | can continue, and they do very well.
If they do not respond or have a suboptimal response,
then it is not all VEGF mediated, and | have to switch to a
corticosteroid.

Dr. Maturi: At the 2013 meeting of the American
Society of Retina Specialists, researchers reported data
from anterior chamber fluid and the levels of various
mediators for diabetics.* Levels of IL-6 and IL-12 were high,
and other levels of inflammatory interleukins were high in
patients with DME. These are not affected by anti-VEGF
treatment. There is definitely a biochemical reason why
anti-VEGF therapy may not be enough.

Dr. Csaky: We also need to consider that there may be
differences between the anti-VEGF agents. Just because
anti-VEGF agents do so well for the surrounding diabetic
retinopathy, | do not give them too much time, but if |
do not see a response, | may switch to another anti-VEGF
agent.

Dr. Brown: | am a strong supporter of anti-VEGF thera-
py, but for some patients, there is not enough anti-VEGF in
my closet to control their edema. Many of these patients
need a steroid. | use the dexamethasone 0.7-mg implant. If
they need multiple (two or more) implants and there is no
pressure rise, | will consider switching to the fluocinolone
acetonide intravitreal implant (lluvien, Alimera Sciences).
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CASE No. 2

Mean Change in Visual Acuity at Follow-up Visits among Eyes that
were
Pseudophakic at Baseline*
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has had DME for 4 years and i < =4 =
) Baseline prior = Vo
has been treated with focal to 1% Ozurdex  VA:20/70 9 i B
laser photocoagulation and = —
. . L. . L J : A .. Month 3 prior to 2™ Ozurdex
multiple anti-VEGF injections. 4 J ‘ G VA:20/68
Cataract progression is affect- T — ( 1'-_ -
ing his visual function. 4 r#’?ﬂ Fart] & |
Even though the edema is % N Month 4 Prior to CEIOL 560 Boomnem0done000mHOmOmoES
. . * 2 VA: 20/63
mild, it must be completely Ly &
resolved before cataract sur- BAEHi2HRVAS20/50
gery is performed. We can Figure 5.

infer this from the DRCR.

net Protocol |, triamcinolone
subgroup in which cataract
surgery performed in subjects
with macular edema did not
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to baseline. In this situation,
because cataract surgery will
cause inflammatory mediators
to be expressed, my treat-
ment of choice is a steroid. Of
course, | am not concerned
about cataract formation, and
I am confident the IOP will

be monitored frequently after
the cataract surgery.

At month 4, prior to cataract extraction, the patient’s
visual acuity was 20/63, and he had a small amount of edema.
That is when a third or fourth injection of dexamethasone 0.7
mg was given (Figure 5).

Figure 6 represents 2-year data from DRCR.net Protocol |,
and the vertical dotted line represents the 1-year time point.?
This graph includes only pseudophakic patients. The light
blue line and the orange line represent the two ranibizumab
subgroups. At 1 year, patients in both subgroups gained

at Follow-up Visits

Figure 7.
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about 8 letters. The bright yellow line represents steroid,
and those patients gained 8 letters, the same amount as the
ranibizumab subgroups, even though injections were given
only every 3 months. The purple line is the focal laser line. In
pseudophakic patients, steroids gave the exact same visual
acuity gain as did ranibizumab. Figure 7 shows results for all-
comers. So the pseudophakia makes all the difference here.
At month 4, prior to cataract surgery, this patient received
another dexamethasone 0.7-mg implant, and after cataract
surgery, the edema resolved, and his visual acuity improved to
20/32 (Figure 8).

PANEL DISCUSSION: CASE No. 2

Dr. Holekamp: According to the MEAD study,® when
the dexamethasone implant is used, these eyes sail
through cataract surgery. Whereas, patients who have not
been pretreated with dexamethasone are at high risk of
worsening DME.

Dr. Maturi: Agreed. As shown in Figure 7, in the first 4
months, the visual acuity of patients receiving the steroid
improves just as well as the visual acuity of those receiv-
ing the anti-VEGF agent. Their cataracts start to form at
about month 5, and visual acuity declines. At about 1
year, the majority of these patients had cataract surgery,
but the surgery was not properly timed with the injection
because that was not the design. That is something we
learned from this study. When edema is present prior to
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cataract surgery, the vision may not return. The pseudo-
phakic eyes do just as well as the anti-VEGF group out to
2 years, because they did not have, by definition, cataract
surgery when edema was present. Of course, steroid-relat-
ed IOP issues are present that would not be present in the
anti-VEGF—alone groups. &
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