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Updated REMS to Restrict
Access to Rosiglitazone-
Containing Medicines

The FDA has issued a Drug Safety Communication
informing the public of new restrictions to the pre-
scribing and use of rosiglitazone-containing medicines.
In a podcast, Catherine Chew, a pharmacist in the
FDA’s Division of Drug Information, said that these
medicines to treat type 2 diabetes are sold under the
brand names Avandia, Avandamet, and Avandaryl (all
from GlaxoSmithKline). Health care providers and
patients must now enroll in a special program in order
to prescribe and receive these drugs.

According to the podcast, the new restrictions are
part of the FDA’s Risk Evaluation and Mitigation
Strategy and are based on data that suggested an ele-

vated risk of myocardial infarctions in patients treated
with rosiglitazone. The decision to restrict access to
rosiglitazone medicines was made on September 23,
2010. The Avandia-Rosiglitazone Medicines Access
Program limits the use of rosiglitazone medicines to: 

• patients already being successfully treated with
these medicines and

• patients whose blood sugar cannot be controlled
with other antidiabetic medicines and who, after con-
sultion with their health care provider, do not wish to
use pioglitazone-containing medicines (ie, Actos,
Actoplus Met, Actoplus Met XR, or Duetact).

In the podcast, Ms. Chew said that health care
providers and patients must be enrolled in the
Avandia-Rosiglitazone Medicines Access Program in
order to prescribe and receive rosiglitazone medicines.
After November 18, 2011, rosiglitazone medicines will
no longer be available through retail pharmacies.
Patients who are enrolled in the Avandia-Rosiglitazone

Blood Glucose Levels Predicted
10-Year Risk of Retinopathy

Hemoglobin A1c and fasting plasma glucose levels
can predict the risk of retinopathy 10 years after a
baseline examination, according to a study in the
Archives of Ophthalmology.1

Pascale Massin, MD, PhD, of Hôpital Lariboisière,
Paris, and colleagues in the Data From an
Epidemiological Study on the Insulin Resistance
Syndrome Study Group assessed data from 700 partic-
ipants (mean age, 52 years). During the preceding 9
years, 235 patients had diabetes, which was defined as
being treated for the disease or having a glucose level
of 126 mg/dL or higher at least once; 227 had an
impaired fasting plasma glucose level (110 to 
125 mg/dL) at least once; and 238 always had glucose
levels within normal limits (< 110 mg/dL). 

Of the participants, 44 were diagnosed with
retinopathy, including 19 with diabetes, 19 with
impaired fasting glucose levels, and six with normal
glucose levels. Compared with patients without

retinopathy, those with retinopathy had higher base-
line levels of fasting plasma glucose (130 mg/dL vs 
106 mg/dL) and hemoglobin A1c (6.4% vs 5.7%). In the
study population, fasting plasma glucose levels of 
108 mg/dL and 116 mg/dL had positive predictive val-
ues of 8.4% and 14.0%, respectively. After 10 years of
follow-up, retinopathy was equally frequent in partici-
pants with impaired fasting plasma glucose levels and
those who became diabetic during the study (8.6%
and 6.7%, respectively), but it was lower than in those
with diabetes at baseline (13.9%). 

“Because the positive predictive values for retinopa-
thy increase sharply from 108 mg/dL for [fasting plas-
ma glucose] levels and from 6.0% for [hemoglobin
A1c] levels, these thresholds are proposed to identify
those at risk of retinopathy 10 years later,” the authors
concluded.

1. Massin P, Lange C,Tichet J, et al, for the DESIR Study Group. Hemoglobin A1c and fasting plasma glucose levels
as predictors of retinopathy at 10 years. Arch Ophthalmol. 2011;129(2):188-195.
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Medicines Access Program will receive their medicine
by mail through specially certified pharmacies partici-
pating in the program.

Health care providers should determine whether
their patients are appropriate candidates to receive
treatment with rosiglitazone based on the risks and
benefits of taking the agent versus other therapies.
Enrollment in the Avandia-Rosiglitazone Medicines
Access Program is required for health care providers
who wish to prescribe rosiglitazone medicines to out-
patients or patients in long-term care facilities, 
Ms. Chew said.

Adverse events involving rosiglitazone medicines
should be reported to the FDA MedWatch program at
www.fda.gov/medwatch.

Second Lucentis Phase 3
Study Meets Primary
Endpoint in DME

Genentech announced that the second of two phase
3 trials evaluating Lucentis (ranibizumab injection) in
patients with diabetic macular edema (DME) met its
primary endpoint. The RIDE study showed that, after 24
months, a significantly greater number of patients who
received Lucentis compared with placebo (sham) injec-
tions had an improvement in visiual acuity of at least 15
letters (ETDRS) compared with baseline. The safety
results were consistent with previous phase 3 trials of
Lucentis, and no new significant safety findings were
observed, according to a company news release. Further
analyses of the data are ongoing; topline results from
the RIDE study were also recently presented at the
EURETINA Congress in London. 

There are currently no FDA-approved medications to
treat DME, a leading cause of blindness among the
working-age population in most developed countries.

“[These] data [add] to the considerable body of clini-
cal evidence showing that patients with DME who
received Lucentis had significant improvement in
vision,” said Hal Barron, MD, chief medical officer and
head of global product development. “Lucentis may
provide physicians and patients with a potential option
for DME, and we look forward to sharing the data from
this study and a previous phase 3 trial with the FDA and
medical community.” 

In February, Genentech announced that the RISE
study, the first of the two phase 3 studies evaluating
Lucentis in patients with DME, had met the same pri-

mary endpoint. Topline results from RISE were present-
ed in March at the Macula Society Meeting. They
showed that patients with DME who received Lucentis
experienced rapid and sustained improvement in vision
beginning at day seven, which was sustained at 24
months. RIDE and RISE are identical phase 3 studies
designed to support a marketing application to the
FDA for a potential new indication for Lucentis in DME. 

RIDE Study Results 
At 24 months, 33.6% of patients (42/125) who

received 0.3 mg Lucentis and 45.7% of patients
(58/127) who received 0.5 mg Lucentis were able to
read at least 15 more letters on the eye chart than
they were at baseline. This was compared with 12.3%
of patients (16/130) who received sham injections.
The difference between each Lucentis-dose group and
the sham-injection group was statistically significant.
The study was not designed to compare the Lucentis
doses with each other. 

Key secondary endpoints met statistical significance
and included average eye chart reading scores over
time and changes in retinal swelling. 

Safety 
A preliminary analysis of the 24-month data from

the RIDE study showed an ocular and systemic safety
profile consistent with previous Lucentis phase 3 trials. 

Common ocular adverse events that occurred more
frequently in the Lucentis dosing groups than in the
sham injection group included conjunctival hemor-
rhage, eye pain, eye irritation, vitreous floaters, retinal
exudates, and increased intraocular pressure. 

Patients receiving Lucentis in the RIDE study experi-
enced fewer adverse events associated with diabetic
retinopathy compared with the sham injection group
including vitreous hemorrhage, retinal neovasculariza-
tion, and iris neovascularization. 

Among nonocular or systemic serious adverse
events in the RIDE study, 1.6% of patients in the sham-
injection group, 1.6% of patients in the 0.3-mg
Lucentis-dose group and 2.4% of patients in the 
0.5-mg Lucentis-dose group had a stroke. A total of
4.7% of patients in the sham-injection group, 5.6% of
patients in the 0.3-mg Lucentis-dose group, and 
2.4% of patients in the 0.5-mg Lucentis-dose group
experienced a myocardial infarction. Two patients in
the sham group, four patients in the 0.3-mg treatment
group and six patients in the 0.5-mg treatment group
died during the study. Three of the six deaths in the
0.5-mg Lucentis group were from nonvascular causes. 
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About RIDE 
RIDE is a multicenter, randomized, double-masked,

sham-injection-controlled, 36-month (sham-
controlled for 24 months) phase 3 study designed to
assess the efficacy and safety profile of Lucentis in 
382 patients with DME. Patients were randomized to
receive monthly injections of either 0.3-mg Lucentis 
(n = 125), 0.5-mg Lucentis (n = 127) or monthly sham
injections (n = 130). The RIDE study was designed to
compare each dose against the sham injection group
and not the two doses of Lucentis. 

Beginning at 3 months, macular laser rescue treat-
ment was made available to all patients on an as-need-
ed basis according to prespecified criteria. After month
24, patients in the sham-injection group were eligible
to receive monthly injections of 0.5 mg Lucentis, and
all patients will continue to be followed and dosed
monthly for a total of 36 months. The study then con-
tinues in an open-label extension phase. 

Three-Year Screening for
Diabetic Retinopathy
Appears Safe

It is safe for patients with mild type 2 diabetes to be
screened for sight-threatening vision problems every 
3 years instead of annually or biannually, according to
Swedish researchers.1

As investigators Elisabet Agardh, MD, and Poya
Tababat-Khani, MD, reported in Diabetes Care, opinions
regarding optimal screening intervals differ. In the United
States, annual screening for diabetic retinopathy is recom-
mended, and in Sweden, screening every 
2 years has long been the standard.

Physicians at Skane University Hospital in Malmo, how-
ever, have used 3-year screening intervals since 2006, and
they reported that experience online in Diabetes Care.

The total cohort consisted of 1,691 patients in their
mid-50s with type 2 diabetes for about 6 years and no
detectable retinopathy in two fundus photographs.

Of the 1,322 patients available for follow-up 3 years
later, 960, or 73%, were still retinopathy-free and 362
(27%) had developed mild or moderate retinopathy.
None had severe nonproliferative or proliferative
retinopathy, they reported.

Three patients had signs of macular edema, two in
both eyes and one in one eye. Only one of those five eyes
required laser treatment.

“Thus, sight-threatening retinopathy occurred in five
of 2,644 eyes, or 0.19%, but affected visual acuity in
only one eye (0.04%),” Drs. Agardh and Tababat-Khani
reported.

It is safe to extend the screening interval to 3 years
in patients with type 2 diabetes and no retinopathy at
the initial screen, they said. It is important to note that
the patients in the cohort had mild diabetes of short
duration and their metabolic control was good. Also,
to reduce the risk of dropout, patients were given
screening reminders well in advance of their scheduled
follow-up visit, which led to good compliance. With a
3-year screening interval, patients might be more
prone to disregard their follow-up screening appoint-
ment, the investigators warned.

According to the report, the Swedish National Board
of Health and Welfare changed its general recommen-
dation in 2010 for screening intervals from 2 to 3 years
in patients with type 2 diabetes and a low risk of pro-
gression from no retinopathy to sight-threatening 
disease

“The results of the current study support that
advice, but it may be necessary to individualize the
intervals for patients with severe diabetes,” the authors
said.

1.  Agardh E, Tababat-Khani P. Adopting 3-year screening intervals for sight-threatening

retinal vascular lesions in type 2 diabetic subjects without retinopathy. Diabetes Care.

2011;34(6):1318-1319.

For DME, MicroPulse
Photocoagulation Superior
to Standard Laser Treatment  

Iridex Corporation (Mountain View, CA) announced
the results of a study that compared the benefits of
MicroPulse photocoagulation technology, similar to
that used in the company’s new-generation lasers,
with the standard-of-care protocol for the treatment
of eyes with diabetic macular edema (DME). 

The results, published in Investigative Ophthalmology
& Visual Science, indicated that the MicroPulse mode
was as effective as the standard-of-care protocol in
treating DME.1 MicroPulse mode had the added
advantages of causing no localized laser scars and sig-
nificantly improving visual acuity, according to a news
release. DME affects an estimated 2 million people in
the United States alone.
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“This study is another important step in demonstrat-
ing the value of MicroPulse technology for the treatment
of DME,” said Theodore A. Boutacoff, president and CEO
of Iridex. “The prevailing wisdom has been that it was
necessary to cause localized damage to the retinal tissue
in order to achieve the desired therapeutic effect. In
recent years, this view has been challenged by evidence
that using a MicroPulse dosing mode can achieve a treat-
ment outcome for DME, which is comparable to the cur-
rent standard-of-care laser therapy without producing
damage and resulting scarring. This study confirms those
findings and, in fact, shows an improvement in visual
acuity following treatment. We believe this is another
step towards what could be a paradigm shift in oph-
thalmic laser eye treatment.”

The recent online publication of the peer-reviewed
clinical study compared results obtained in the treat-
ment of DME with a subthreshold diode laser
MicroPulse photocoagulation treatment protocol to
those obtained using modified Early Treatment of
Diabetic Retinopathy Study (mETDRS) laser protocol,
the currently recognized standard-of-care. At 1 year, the
prospective, randomized, controlled, double-masked
clinical study demonstrated that a subthreshold diode
laser MicroPulse protocol was as effective as the
mETDRS protocol in the treatment of DME. Moreover,
visual acuity significantly improved in eyes in the group
treated with subthreshold diode laser MicroPulse com-
pared with the mETDRS group. All eyes in the mETDRS
group developed localized laser scars, which were rarely
found in eyes treated in the subthreshold diode laser
MicroPulse group.

The authors concluded:
• At 1 year, the clinical performance of high-density

subthreshold diode laser MicroPulse photocoagulation
was superior to that of the mETDRS photocoagulation
technique based on the anatomic and functional meas-
ures of improvement used in this investigation.

• The fact that a significant outcome can be obtained
with less damaging laser treatments is an encouraging
and a highly desirable clinical achievement.

• Overall, the superior therapeutic response of high-
density subthreshold diode laser MicroPulse may con-
stitute the “proof of principle” that more destructive
laser lesions would be unnecessary in macular laser
photocoagulation for DME.

• The benefits of this selective retina-sparing treat-
ment raises the possibility of improving the gold stan-
dard.

“This is the first randomized study to demonstrate a
significant improvement in best corrected visual acuity

using subthreshold diode laser MicroPulse treatment
compared to the standard mETDRS laser photocoagula-
tion treatment of DME,” Mr. Boutacoff said. “It is the
second randomized study which has demonstrated a
significant improvement in visual function. This study
is important as it also makes a significant milestone
contribution towards optimizing the laser treatment
technique by validating the superiority of the high-
density subthreshold diode laser MicroPulse protocol.”

The study, conducted at the Hospital de Olhos de
Araraquara and at the Federal University of Sao Paulo,
Brazil, prospectively randomized 123 patients with
previously untreated DME and best-corrected visual
acuity worse than 20/40 and better than 20/400 into
one of three treatment arms: an mETDRS treatment
arm using a standard green laser photocoagulator, a
standard-density subthreshold diode laser MicroPulse
treatment arm, and a high-density subthreshold diode
laser MicroPulse treatment arm. At 1 year, the
mETDRS group and those in the group treated with
high-density subthreshold diode laser MicroPulse
demonstrated statistically significant improvements in
central retinal thickness measurement and visual acu-
ity from baseline. The improvement in visual acuity
was significantly higher in the group treated with
high-density subthreshold diode laser MicroPulse 
(+12 letters) compared with the group treated with
the conventional mETDRS protocol (+4 letters). The
percentage of eyes that improved three or more lines 
(15 letters) was 48% in the group treated with high-
density subthreshold diode laser MicroPulse compared
with 23% in the mETDRS-treated group.

1.  Lavinsky D, Cardillo JA, Melo LA Jr, et al. Randomized clinical trial evaluating mETDRS
versus normal or high-density micropulse photocoagulation for diabetic macular edema
[published online ahead of print February 23, 2011]. Invest Ophthalmol Vis Sci. doi:
10.1167/iovs.10-6828.

Eye Exam May Provide Clues
To Diabetic Nerve Damage

Could a simple eye scan detect early signs of diabetes-
related nerve damage? Recent research toward develop-
ing such a test is the topic of a special article in
Optometry and Vision Science.

The article by Nathan Efron, PhD, DSc, presents a
review of recent research on ophthalmic markers of dia-
betic peripheral neuropathy (DPN) with the goal of
developing a quick, painless test to screen for diabetes-
related nerve damage at routine eye care appointments.
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“Looking to the future, this research may pave the way
for an expanded role for the ophthalmic professions in
diabetes management,” Dr. Efron wrote. He is at the
Institute of Health and Biomedical Innovation, and
School of Optometry, Queensland University of
Technology, Queensland.

According to a news release from the journal’s publish-
er, Dr. Efron is a diabetic himself. In recent years, he has
conducted extensive research into ways of detecting DPN
by examining the eyes. The connection was made possi-
ble through new technology such as corneal confocal
microscopy, which permits assessment of corneal nerve
structure and function on the cellular level. Using this
and other advanced techniques, he and his fellow
researchers have discovered that DPN is linked to degra-
dation of the corneal nerves, reduced corneal sensitivity,
thinning of the retinal nerve fibers, and peripheral visual
field loss. 

The researchers hope to combine these four factors
into a simple eye scan that can detect diabetic nerve
damage in its early stages even before the patient notices
any symptoms. That is important, because currently DPN
can only be detected using painful nerve biopsies or
though indirect assessments like sensory testing. 

The goal, according to Dr. Efron, is to develop a “rapid,
painless, noninvasive, sensitive, reiterative, cost effective,
and clinically accessible means of screening for early
detection, diagnosis, staging severity, and monitoring
progression of DPN, as well as assessing the effectiveness
of possible therapeutic interventions." 

A clinical trial, sponsored by the Juvenile Diabetes
Research Foundation, is currently underway in Australia
to evaluate the use of the simple eye scan for detection
of DPN. If successful, the results will provide patients with
diabetes and their physicians with an important new tool
for early recognition and management of diabetes-relat-
ed nerve damage. It may also pave the way to an expand-
ed role for ophthalmogists in diabetes screening, as well
as monitoring the progression of DPN and the effects of
clinical and treatment interventions. 

1.  Efron N. The Glenn A. Fry award lecture 2010: ophthalmic markers of diabetic neuropathy.
Optom Vis Sci. 2011;88(6):661-683

Novel Pathway Regulating
Angiogenesis May Fight
Retinal Disease, Cancers

Scientists writing in the journal Nature1have identi-
fied a new molecular pathway used to suppress blood

vessel branching in the developing retina. This finding
may have potential therapeutic value for fighting dis-
eases of the retina and a variety of cancers, according
to a news release from the Cincinnati Children’s
Hospital Medical Center.

The researchers reported that myeloid cells, blood
cells involved in the immune system, use this molecu-
lar pathway to guide blood vessel patterning in the
retina. Furthermore, in the same study researchers
were able to reverse this pathway to accelerate the
growth of branching vessels, which could be impor-
tant to developing new methods for repairing dam-
aged tissues. 

“We show in the setting of retina that myeloid cells
use this pathway to direct vascular traffic,” explained
Richard Lang PhD, senior investigator of the study
and director of the Visual Systems Group in the
Division of Ophthalmology at Cincinnati Children’s
Hospital Medical Center. “We think modulation of
this pathway might become a promising therapeutic
option.”

The study demonstrates how retinal myeloid cells
regulate blood vessel branching in the still-developing
retinas of postnatal mice by using the Wnt protein sig-
naling network. The Wnt pathway is known for its role
in embryonic and early development as well as in can-
cer. Although myeloid cells play an important part in
the immune system, these cells are also found in many
different tumor types and promote tumor progres-
sion. 

Through a series of experiments in cell cultures and
mouse models, researchers determined the new path-
way works by myeloid cells utilizing the Wnt pathway
to regulate expression of a gene known as Flt1. Flt1
encodes a protein called vascular endothelial growth
factor receptor-1 (VEGFR1), which suppresses vascular
growth by binding vascular endothelial growth factor
(VEGF). The expression of Flt1 can be adjusted so that
when ramped up it inhibits VEGF and vascular
branching, or when turned down it allows VEGF to
increase branching. 

Dr. Lang said the Wnt-Flt1 response is a new path-
way for regulating VEGF-stimulated angiogenesis
(blood vessel formation). This presents a number of
new research opportunities to test its influence on
retinal diseases that are often associated with abnor-
mal blood vessel development and in tumor forma-
tion, he added. 

1.  Stefater Iii JA, Lewkowich I, Rao S, et al. Regulation of angiogenesis by a non-canoni-
cal Wnt-Flt1 pathway in myeloid cells [published online ahead of print May 29, 2011].
Nature. doi:10.1038/nature10085.
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V
ascular endothelial growth factor (VEGF) plays a
key role in ocular angiogenesis and vascular per-
meability. Several VEGF family members have
been discovered, including VEGF-A, -B, -C, and

-D as well as placental growth factor. Several known iso-
forms of VEGF may account for different effects in ocular
pathologies and may differ in their neuroprotective abili-
ties.1;2 Isoforms exert their effects through multiple recep-
tors, which are predominantly expressed on endothelial
cells and are also found on monocytes and macrophages.3

VEGF is upregulated by hypoxia,4 and it is found in ele-
vated levels in neovascular and macular edema patholo-
gies.1 Moreover, several case-controlled studies have
found specific VEGF single-neucleotide polymorphisms to
be associated with an increased risk of neovascular age-
related macular degeneration (AMD).5,6 Therefore, VEGF
is an attractive target for combating neovascular and
ischemic eye disease such as choroidal neovascularization,
diabetic macular edema, neovascularization that may
occur in retinal vein occlusion, retinopathy of prematurity,
neovascular glaucoma and, more rarely, in white dot syn-
dromes, macular telangiectasia, and Stargardt’s disease.
VEGF is also being investigated in wound modulation
after trabeculectomy.7

Several anti-VEGF drugs have been shown to be effec-
tive, but long-term drug delivery remains a challenge.
There is a lack of multicenter randomized controlled trials
comparing the VEGF drugs available as well as limited
data comparing these drugs to other antiangiogenic and
anti-inflammatory drugs. This article provides an overview
of the clinical trials conducted thus far for the major anti-
VEGF drugs that have been studied.

VEGF INHIBITORS
Pegaptanib

Pegaptanib sodium (Macugen; Eyetech, Inc.), an
intravitreal RNA aptamer drug, was the first FDA-
approved anti-VEGF drug for use in neovascular AMD.

It targets VEGF165 and possibly its larger isoforms.8

The recommended dose is 0.3 mg every 6 weeks. The
phase 3 VISION (VEGF Inhibition Study in Ocular
Neovascularization) trial, which included patients with
neovascular AMD, showed no serious systemic side
effects and no increase in severe ocular inflammation,
cataract, or glaucoma compared with sham injec-
tion.9,10 Over the first year, 70% of patients treated
with pegaptanib lost fewer than 15 letters of visual
acuity compared with 55% of sham-treated patients.
However, only 6% gained three lines of vision.10 As
early as 6 weeks, and at all subsequent points, mean
visual acuity among patients receiving pegaptanib 
0.3 mg was better than those receiving sham injec-
tions. The proportion of patients losing more than
three lines between 1 and 2 years was double (14% vs
7%) if treatment was discontinued compared with
those who continued to receive pegaptanib injections.
This suggests that there is a more favorable outcome
when treatment is delivered consistently for at least 
2 years.11

A multicenter randomized controlled trial for diabet-
ic macular edema showed that mean and median visual
acuity at 36 weeks was 20/50 for treated patients versus
20/63 for patients in the sham group (P = .04). There
was a significant decrease in mean retinal thickness for
patients treated with pegaptanib compared with sham

VEGF in Clinical Trials
and in Practice
Large, randomized trials comparing VEGF inhibitors are still needed.

BY NAOMI FISCHER, MD; MICHAELLA GOLDSTEIN, MD; AND ANAT LOEWENSTEIN, MD

“The phase 3 VISION trial, which 
included patients with neovascular

AMD, showed no serious systemic side
effects and no increase in severe ocular

inflammation, cataract, or glaucoma
compared with sham injection.”
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(P = .02).12 Additionally, 62% of the patients who also
had retinopathy showed regression of neovasculariza-
tion by 36 weeks compared with none in the sham
group or untreated fellow eye.13 Small-scale studies have
also shown pegaptanib to be effective for macular
edema due to retinal vein occlusion.14,15

Ranibizumab
Ranibizumab (Lucentis; Genentech, Inc.) is a small 

48-kDa recombinant humanized monoclonal antibody
fragment that binds to all VEGF-A isoforms and has a
good systemic and ocular safety profile. The phase 3
MARINA (Minimally Classic/Occult Trial of the Anti-
VEGF Antibody Ranibizumab in the Treatment of
Neovascular AMD) and ANCHOR (Anti-VEGF Antibody
for the Treatment of Predominantly Classic Choroidal
Neovascularization in AMD) trials found ranibizumab
to be superior to sham injection and photodynamic
therapy (PDT). The trials established that monthly
intravitreal injections of ranibizumab prevent vision loss
over a 24-month period. In comparison, 52.9% of 
MARINA control patients and 65.7% of ANCHOR
patients treated with PDT lost fewer than three lines of
visual acuity (P < .001).16,17 In the MARINA trial, a gain
in visual acuity of three lines or more was seen in 24.8%
patients treated with ranibizumab 0.3 mg and in 33.8%
of patients treated with ranibizumab 0.5 mg compared
with 5% treated with sham injections (P < .001).16 In
ANCHOR, a three-line improvement was observed in
34% to 41% of patients in the ranibizumab group com-
pared with 6.3% in the PDT group (P < .001).17

The 2-year PIER (Phase 3b, Multi-Center, Randomized,
Double-Masked, Sham Injection-Controlled Study of
the Efficacy and Safety of Ranibizumab in Subjects with
Subfoveal Choroidal Neovascularization with or with-
out Classic CNV Secondary to AMD) trial showed less
beneficial results when ranibizumab was given consecu-
tively for the first 3 months and then quarterly.18

However, the PRONTO (Prospective OCT Imaging of
Patients With Neovascular AMD Treated With
Intraocular Ranibizumab) and SAILOR (Safety
Assessment of Intravitreous Lucentis for AMD) studies
demonstrated that clinical and optical coherence
tomography-guided treatment can be used for effective
as-needed dosing.19,20 Even so, results were better when
three initial monthly injections were administered.21

The READ-2 (Ranibizumab for Edema of the Macula in
Diabetes) study demonstrated a significantly better
visual outcome for ranibizumab versus focal laser, with
a mean improvement of 7.4 letters in the ranibizumab-
treated group compared with 0.5 letters in the laser-
treated group at 6 months and 7.7 letters in the

ranibizumab-treated group compared with 5.1 letters in
the laser-treated group at 24 months.22,23 

Furthermore, the BRAVO (a Phase 3, Multicenter,
Randomized, Sham Injection-Controlled Study of the
Efficacy and Safety of Ranibizumab Injection Compared
With Sham in Patients With Macular Edema Secondary
to BRVO) and CRUISE (A Phase 3, Multicenter,
Randomized, Sham Injection-Controlled Study of the
Efficacy and Safety of Ranibizumab Injection Compared
With Sham in Patients With Macular Edema Secondary
to CRVO) trials showed improvement in visual acuity
for ranibizumab versus sham injection.24-26 In BRAVO,
the mean gain from baseline at month 6 was 16.6 let-
ters in patients receiving 0.3 mg of ranibizumab, 18.3
letters in those receiving 0.5 mg, and 7.3 in those receiv-
ing sham injection. Improvement in BCVA was evident
as early as 1 week, with patients achieving a mean gain
of 7.6, 7.4, and 1.9 letters in the 0.3- and 0.5-mg
ranibizumab and sham groups at 1 week, respectively.
By month 6, most patients in the two ranibizumab
groups gained at least three lines of BCVA (55.2% in the
0.3-mg and 61.1% in the 0.5-mg group), whereas most
of those in the sham group did not (28.8%).    

In CRUISE, the mean gain from baseline BCVA at 
6 months was 12.7 letters in patients who received 
0.3 mg of ranibizumab, 14.9 letters in patients who
received 0.5 mg of ranibizumab, and 0.8 letters in
those who received sham injections. Again, improve-
ments in BCVA were seen as early as 1 week, with
patients achieving mean gains of 8.8, 9.3, and 1.1 let-
ters in the 0.3- and 0.5-mg ranibizumab and sham
groups at 1 week, respectively. At 6 months, gains of
three lines or more in BCVA were seen in 46.2% of
patients receiving 0.3 mg of ranibizumab, 47.7% of
those receiving 0.5 mg of ranibizumab, and 16.9% of
those receiving sham injections.

Bevacizumab 
Bevacizumab (Avastin; Genentech, Inc.) is a full-

length recombinant humanized monoclonal antibody
(149 kDa) that binds to all VEGF-A isoforms.
Ranibizumab is derived from this molecule. Whereas
ranibizumab has only one binding site, bevacizumab
has two. It was first approved by the FDA for metastatic
colorectal cancer and has been adopted for off-label
use in ocular disease. Although systemic administration
of bevacizumab has been associated with increased
adverse systemic cardiovascular effects, these appear to
be rare for intravitreal dosing.27,28 Given its relatively low
cost and availability compared with ranibizumab, beva-
cizumab has become a leading treatment option during
the past few years. A larger molecule than ranibizumab,



8 I REVIEW OF ENDOCRINOLOGY I SUMMER 2011

bevacizumab has a longer-acting effect in vitro, but it
may penetrate the retina less effectively.29-32

Bevacizumab has been found effective in neovascular
and edematous disease. Most small-scale and retrospective
studies have found no significant difference between the
efficacy or safety of bevacizumab and ranibizumab.33-36

Others have noted differences in short-term outcomes,37

but evidence based on large randomized controlled trials is
not available. Several trials comparing bevacizumab and
ranibizumab are currently being conducted in the United
States and Europe, including the CATT (Comparison of
AMD Treatments Trials), IVAN (a Randomized Controlled
Trial of Alternative Treatments to Inhibit VEGF in Age-
Related Choroidal Neovascularization), VIBERA (Prevention
of Vision Loss in Patients With Age-Related Macular
Degeneration by Intravitreal Injection of Bevacizumab and
Ranibizumab), EQUAL (a Randomized Trial to Study the
Equivalence of Three Monthly Intravitreal Injections and
Additional Injections as Needed of Bevacizumab and
Ranibizumab on Visual Acuity in Patients with Exudative
Age-Related Macular Degeneration), and MANTA (Avastin
Versus Lucentis in Age-Related Macular Degeneration)
studies.38-42

Aflibercept 
Aflibercept (VEGF Trap-Eye; Regeneron Pharmaceu-

ticals, Inc.) is a 110-kDa soluble decoy receptor that binds
with high affinity to all VEGF members, except un-
processed VEGF-C and D1. Its safety and efficacy was
evaluated in the CLEAR-IT 1 (Clinical Evaluation of Anti-
angiogenesis in the Retina) study, which found that
aflibercept was well tolerated with no serious side
effects.43 At 6 weeks, 95% of patients had stable or
improved visual acuity. The VIEW (VEGF Trap-Eye:
Investigation of Efficacy and Safety in Wet AMD) trial
aims to compare this drug to ranibizumab.44,45 The DA
VINCI (DME and VEGF Trap-Eye: Investigation of Clinical
Impact) trial included 219 patients with diabetic macular
edema and compared different doses of aflibercept and
macular laser.46 The best result was observed after three
monthly loading doses of 2.0 mg of aflibercept followed
by injection as needed. Patients gained an average of 
10.3 letters after 4.4 injections. 

Small-Interfering RNAs
Small-interfering RNA (siRNA) is a 21- to 23-

nucleotide double-stranded RNA that binds specifically
to messenger RNA and prevents translation at the ribo-
somal level. The phase 2 CARE (Acuity Cand5 Anti-VEGF
RNAi Evaluation) assessed bevasiranib siRNA (Opko
Health, Inc.) for neovascular AMD. Continuing deteriora-
tion was observed in the first 3 weeks, and it is hypothe-

sized that bevasiranib may have a delayed effect.
AGN211745 (Allergan, Inc.) siRNA showed stabilized
visual acuity in 92% of patients with neovascular AMD at
3 months. Kleinman et al47 indicated that the antiangio-
genic effect of siRNA may be due to activation of toll-like
receptor-3, which could be potentially harmful, as activa-
tion of this receptor may promote geographic atrophy in
genetically susceptible individuals.48

Pazopanib 
Pazopanib (GalxoSmithKline) is a tyrosine kinase

inhibitor of VEGF receptors 1, 2 and 3, PDGFR-α/β, and 
c-kit, and it has been approved for use in renal-cell carcino-
ma. It is currently being investigated in a phase 2b study
comparing pazopanib eye drops with ranibizumab for
neovascular AMD.49 An open-label pilot study is also
underway for oral pazopanib dosed daily over 28 days for
wet AMD.50

COMBINATION THERAPY
Combination therapy potentially has a synergestic

effect with possible longer-lasting effects. Small-scale
studies have compared anti-VEGF in combination with
triamcinolone, vitrectomy, and PDT in a range of ocu-
lar diseases with mixed results.51-56 Preclinical studies
have shown a cumulative effect of combining
ranibizumab and bevacizumab with the pegylated
aptamer E10030 (Ophthotech Corp.). E10030 targets
platelet-derived growth factor. Therefore, the combi-
nation of these two treatments is targeting two inde-
pendent angiogenic activities. Sorafenib (Bayer
HealthCare and Onyx Pharmaceuticals, Inc.) is a tyro-
sine kinase inhibitor that acts upon the VEGF receptor
2. Its off-label use has been described in two patients
dosed orally three times per week (200 mg) in combi-
nation with intravitreal ranibizumab with promising
results.57 Currently, focal strontium-90 beta radiation
(Epi-Rad90; Neovista, Inc.) delivered in combination
with ranibizumab is being investigated in the phase 3
CABERNET (CNV Secondary to AMD Treated With
Beta Radiation Epiretinal Therapy) trial.58

CONCLUSION
The VEGF pathway plays a key role in angiogenesis

and permeability. Clinical trials show promising results
for antiangiogenic agents in ocular diseases. However,
there is a lack of large long-term randomized con-
trolled trials as well as comparative studies between
the various drugs. Simultaneously targeting several
independent factors in this pathway may provide syn-
ergistic effects with fewer adverse events and less fre-
quent treatment interventions. ■
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O
cular surface diseases such as dry eye are com-
monplace in daily ophthalmic practice. Most
patients respond well to typical treatments like
anti-inflammatory medications, punctal plugs,

nutritional supplementation, and artificial tears. Some of
the most unresponsive cases occur, however, because the
patient’s ocular surface disease is associated with a sys-
temic condition like diabetes. Until the systemic disease
is controlled, the ocular surface will not fully respond to
treatment. More than 50% of patients with diabetes also
have dry eyes.1

DIABETES AND OTHER SYTEMIC 
CONDITIONS 

The rate of diabetes is rising to epidemic proportions
in the United States; it affects more than 11% of the US
population, and the cost of treatment exceeds $200 bil-
lion per year. The prevalence of diabetes is expected to
grow at 6% per year for the foreseeable future.2

Dry eye disease is one of the most common manifesta-
tions in this population. One study showed that 55% of
patients with diabetes had dry eye signs and symptoms at
least some of the time.3 Other systemic diseases, including
thyroid eye disease/Graves ophthalmopathy, arthritis,
lupus, and dermatological conditions such as psoriasis, are
associated with onchocercal skin disease manifestations.4-8

Because of diabetes’ growing prevalence, eye care spe-
cialists must recognize it as a potential precursor to ocu-
lar surface problems. Although diabetic retinopathy (DR)
is often thought of as the main ocular condition associat-
ed with diabetes, early studies have shown that the most
common manifestations are related to ocular surface
issues and dry eye in particular.9 The Beaver Dam Eye
Study showed that almost 20% of individuals with type 2
diabetes aged between 43 and 86 years had dry eyes.10

Hom and De Land showed that 52.9% of patients with
either diabetes or borderline diabetes had self-reported
clinically relevant dry eyes.11

MANAGEMENT CAN HALT VISION LOSS 
The potential for diabetes-associated comorbidities

makes it crucial that clinicians manage treatable ocular
symptoms. Tumosa showed that between 12,000 and
24,000 diabetic patients become legally blind in the
United Stated from DR; however, more than three times
this number of patients have comorbidities that result in
significant vision loss because of dry eye and ocular sur-
face problems that are compounded by DR.12

As DR advances, so does tear dysfunction as measured
by topographical analysis. According to Yu et al, patients
with proliferative DR had a significantly lower tear film
function than those with nonproliferative DR.13 An exten-
sive study of 199 patients with type 2 diabetes revealed a
prevalence of dry eye syndrome in 54.3% of the population,
and Yu et al concluded that the assessment of dry eye
should be an integral part of the diabetic eye examination.

CAUSES
Theories as to why dry eye is prevalent in diabetic

patients include the development of autonomic dysfunc-
tion and the involvement of the enzyme aldose reductase
in the sorbitol pathway.14,15 A more recent mouse study
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Diabetes and Dry Eye
Systemic diseases can make it challenging to treat dry eye.
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showed diabetes-induced histological alterations in the
lacrimal gland, suggesting that hyperglycemia-related oxida-
tive stress may play a role in diabetic dry eye syndrome.16

TREATMENT
When treating ocular conditions that stem from sys-

temic diseases, the systemic disease must also be well
managed. Because theories about diabetes mellitus sug-
gest that metabolic, neuropathic, and vascular tissue
damage lead to an inflammatory process and functional
degeneration of the lacrimal gland and ocular surface,17

potential treatments include antioxidants (ie, nutrition),
anti-inflammatory agents (ie, topical corticosteroids,
such as loteprednol, and immunomodulatory agents,
such as topical cyclosporine), and anabolic agents that
mimic insulin’s effects such as autologous serum.18

The combination of topical ocular medications and
systemic diabetes management is key to achieving suc-
cessful results. Autologous serum has been shown to sig-
nificantly improve the ocular surface of patients with dia-
betes who have corneal epithelial abrasions.19 In diabetic
patients, autologous serum eye drops induced earlier clo-
sure of the corneal epithelium after intraoperative abra-
sions compared with artificial tears (even those contain-
ing hyaluronic acid).20

These data, however, do not negate the use of artificial
tears containing hyaluronic acid, such as Blink Tears
(Abbott Medical Optics Inc., Santa Ana, CA) or Oasis
Tears (Oasis Medical, Inc., Glendora, CA). A study involv-
ing cases of advanced dry eye in patients with Sjögren
syndrome suggested that artificial tears with hyaluronic
acid were promising ocular lubricants.21 Although cau-
tion should be taken when extrapolating these data to
patients with diabetes, studies have shown that medica-
tions with hyaluronic acid or its complexes efficiently
treated difficult-to-heal diabetic wounds and defects.22,23

Abbruzzese et al investigated the use of these gel dress-
ings with hyaluronic acid and found a statistical improve-
ment in the healing rates of neuropathic leg ulcers in dia-
betic individuals.24

Diabetic patients with poor wound healing have been
shown to have deficiencies in hyaluronan concentration
and collagen density.25 Although it is unclear how this
may or may not apply to artificial tears that contain
hyaluronic acid and their effects on the ocular surface,
numerous studies illustrate the agent’s benefits in sys-
temic diabetes management and wound healing.26,27

Baudouin et al21 showed that therapy with topical
cyclosporine and other immunomodulating agents pro-
duced relevant progress in the treatment of dry eye asso-
ciated with systemic diseases and should be included in
the management of dry eye associated with diabetes.  

CONCLUSION
The prevalence of diabetes in the United States contin-

ues to increase at a staggering rate. Understanding the
association between dry eye and systemic diseases like
diabetes will help eye care specialists better diagnose and
manage these patients. ■
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D
iabetic retinopathy is the leading cause of new
vision loss in working-aged Americans. Although
proliferative disease leads to more severe vision
loss, the most common cause of vision loss is dia-

betic macular edema (DME). Due to the aging population
and the impact of obesity on the prevalence of diabetes, the
number of patients in the United States with DME will con-
tinue to grow. It is therefore important that new therapeutic
approaches for treating DME are developed. The mainstay
of DME treatment is focal/grid photocoagulation, but this
modality may not always be effective, as in diffuse edema.
Focal/grid photocoagulation may also be slow to show ben-
efits, thereby exposing the patient to the risk of permanent
vision loss or limited visual recovery due to the effects of
persistent macular edema on photoreceptor health.
Antivascular endothelial growth factor (anti-VEGF) agents,
combination therapy, and implant technologies are being
evaluated for DME treatment.

ANTI-VEGF AND COMBINATION 
TREATMENTS

Investigators with the Diabetic Retinopathy Clinical
Research Network (DRCR.net) reaffirmed that focal/grid
laser is the standard of care for DME.1 Numerous case
reports have also suggested that anti-VEGF therapy may be
effective for DME treatment. In a systematic review of ran-
domized controlled trials, Karim and Tang2 identified five
studies (N = 525) that used intravitreal anti-VEGF medica-
tions for the treatment of DME. Patients treated with these
agents showed an improvement in visual acuity (mean, -0.17
LogMAR; 95% confidence interval [CI], -0.23, -0.10) and
reductions in central macular thickness (mean, 84.69 µm;
95% CI, -117.09, -52.30). Patients treated with combined anti-
VEGF and intravitreal triamcinolone had an improvement in
visual acuity (mean, -0.19 LogMAR; 95% CI, -0.27, -0.11) and a
mean reduction in central macular thickness of -111.20 µm
(95% CI, -148.13, -74.28). The duration of the trial was short
(12-36 weeks), however, and further research is needed to
determine the long-term benefits of this approach.  

A randomized clinical trial by Soheilian et al3 evaluated
intravitreal bevacizumab (Avastin; Genentech, Inc.) injection
alone or in combination with intravitreal triamcinolone ace-
tonide versus macular laser photocoagulation. A total of
150 eyes with clinically significant DME and no previous
treatment were randomized to one of three study arms:
intravitreal bevacizumab, intravitreal bevacizumab/intravit-
real triamcinolone acetonide, or macular laser photocoagu-
lation. LogMAR changes in visual acuity plus or minus the
standard deviation at 36 weeks were -0.28 ±0.25 for the
intravitreal bevacizumab group, -0.04 ±0.33 for the 
combination-treatment group, and -0.01 ±0.27 for the laser
group (P = .053). Significant central macular thickness
reduction was observed in all groups for up to 6 weeks.
Patients assigned to treatment with intravitreal bevacizum-
ab had the greatest improvement in visual acuity. This study
showed that intravitreal injection of bevacizumab in eyes
with DME yielded a better visual outcome at 24 weeks 
compared with macular photocoagulation. The visual acuity
benefits persisted for 36 weeks, and 72% of cases required
one intravitreal bevacizumab injection. These results may
apply to patients with diffuse DME, for which grid laser was
not as effective as focal laser, as shown in the Early
Treatment Diabetic Retinopathy Study. Therefore, intravitre-
al anti-VEGF drugs may be beneficial.

A recent and significant study (Protocol 1) by the
DRCR.net compared laser treatment with anti-VEGF med-
ications.4 The study’s design included four treatment
groups: a sham intravitreal drug administration followed by
prompt laser, ranibizumab (Lucentis; Genentech, Inc.) fol-
lowed by prompt laser treatment, ranibizumab followed by
laser deferred for at least 24 weeks, and triamcinolone fol-
lowed by prompt laser. At 1 year, the two ranibizumab
groups had nearly identical outcomes—an average gain of
two lines, with almost 50% of patients gaining two or more
lines and fewer than 5% losing two or more lines. Patients
treated with triamcinolone plus prompt laser and prompt
laser alone gained almost one line on average, about 30%
gained two or more lines, and almost 15% lost two or more
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lines. Therefore, adding ranibizumab to either prompt or
deferred laser treatment achieved better visual acuity. The
subgroup of patients with pseudophakic eyes at baseline
who were assigned to corticosteroid therapy plus prompt
laser treatment had results equivalent to the ranibizumab-
treatment groups. The study did not demonstrate that
adding a corticosteroid to prompt laser treatment resulted
in better vision than laser alone. 

Taken together, these recent results suggest that the stan-
dard of care may not be laser alone but rather a combina-
tion of anti-VEGF treatment and laser. 

The next question is whether combination treatment can
be performed on the same day or if the patient should return
another time for laser treatment. There may be some benefit
to giving the anti-VEGF injection first to reduce macular
edema. Patients would then return in about 1 week for laser
treatment. Further studies are needed to assess if same-day
combination treatment is as effective as staged treatments.

SUSTAINED-RELEASE DRUG DELIVERY
The treatment of persistent macular edema secondary to

diabetic retinopathy, chronic uveitis, pseudophakic cystoid
macular edema, or retinal vein occlusion (RVO) has taken a
new and exciting turn with the introduction of materials and
technologies for intravitreal sustained-release drug delivery
systems. When coupled with steroids, these delivery systems
hold significant promise.

Steroids inhibit a variety of processes that have been
implicated in the pathophysiology of DME, including
increased levels of vascular permeability factors 
(eg, VEGF), loss of endothelial tight junction proteins,
and the production of inflammatory mediators 
(eg, prostaglandins and interleukins).5 Interest in
steroids as DME therapy began when Gillies et al6

reported an improvement in visual acuity with intravit-
real triamcinolone acetonide versus placebo. The effica-
cy and safety of steroids was further proven by the
DRCR.net study that compared focal/grid laser photo-
coagulation (n = 330) to 1- and 4-mg doses of intravit-
real triamcinolone acetonide (n = 256 and 254, respec-
tively).1 Between 2 (time of the primary outcome) and 
3 years, more eyes improved than worsened in all three
treatment groups. The change leveled out at 3 years in
the intravitreal triamcinolone acetonide group. The
change in visual acuity letter score from baseline to 
3 years was five in the laser group and zero in each tri-
amcinolone group. Additionally, the probability of a
patient’s needing cataract surgery by 3 years was 46%,
with 83% in the 1- and 4-mg triamcinolone groups 
versus 31% in the laser group. IOP was also significantly
increased (>10 mm Hg) at any visit in 18% of eyes in the
1-mg group and 33% of eyes in the 4-mg group. Based
on these results, intravitreal triamcinolone acetonide
did not show a sustained effect on visual acuity, and it
also caused cataracts and raised IOP.

DEXAMETHASONE INTRAVITREAL IMPLANT 
An alternative to intravitreal triamcinolone acetonide is

the Ozurdex dexamethasone 0.7-mg intravitreal implant
(Allergan, Inc.). Ozurdex is a biodegradable, sustained-
release drug delivery system approved by the FDA for the
treatment of macular edema following RVO (Figure 1). It is
also approved for the treatment of intermediate and poste-
rior uveitis. Ozurdex delivers an extended release of the cor-
ticosteroid dexamethasone via intravitreal injection with
Allergan’s Novadur solid polymer delivery system. The sys-
tem’s poly D,L sustained lactide-co-glycolide polymer matrix
slowly degrades to lactic acid and glycolic acid, enabling
extended release of dexamethasone over a 6-month period
(Figure 2). 

A study of eyes with persistent macular edema demon-
strated that Ozurdex produced improvements in visual acu-
ity, macular thickness, and fluorescein leakage that were sus-
tained for up to 6 months.7 The phase 2 study evaluated
Ozurdex treatment among 315 patients with persistent
macular edema due to diabetes (n = 172), retinal vein occlu-
sion (n = 102), uveitis (n = 14), or Irvine-Gass syndrome 
(n = 27) that had failed a course of standard of care therapy
for each indication.8 The overall study results showed that,

Figure 1.The Ozurdex implant.
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at day 90, BCVA improved by 10 letters or more in 33.3% of
eyes in the 700-µg group compared with 21.1% in the 
350-µg group and 12.3% in the observation group (P = .007
vs 700-µg group). At day 180, BCVA improved 10 letters in
30% of the eyes in the 700-µg group, 19% in the 350-µg
group, and 23% in the observation group (P > .04 for treat-
ed vs observed eyes). There were also significantly greater
improvements in central retinal thickness and fluorescein
leakage in treated eyes than in observed eyes (P = .03 at 
day 90), also showing improvement in anatomic and physi-
ologic aspects. Furthermore, this study was conducted in
patients with persistent macular edema (> 90 days) and
those refractory to laser or medical treatment. Results were
similar for patients in the DME subset (n = 172). 

Subsequently, based on the results of two 6-month,
multicenter, double-masked, randomized, parallel, phase 3
trials comparing Ozurdex (n = 427) to sham (n = 426),
the FDA approved the use of the implant for macular
edema due to central RVO and branch RVO.9 In the
phase 3 studies, dexamethasone was inserted with a sin-
gle-use, 22-gauge applicator through a self-sealing bipla-
nar injection through the pars plana. Applicator delivery
of dexamethasone has been reported to result in fewer 
insertion-related adverse effects, such as vitreous hemor-
rhage and anterior chamber cells. Also, it has increased
patients’ comfort and reduced cost, as the procedure can
now be administered in the office.9

The rise in IOP after Ozurdex was most common dur-
ing the first week, with only a single occurrence in most
eyes that was manageable with either observation or
topical medications (no eyes required glaucoma surgery
to control their IOP). The percentage of eyes with IOP
spikes greater than 25 mm Hg was lower than that seen
among the intravitreal triamcinolone acetonide group in
the DRCR.net studies. There was no increase in the inci-
dence of cataract at 6 months; however, a longer period
of follow-up may be required to conclusively know the
risk of cataract formation. Additionally, Ozurdex has
completed phase 3 studies for its use in posterior and
intermediate uveitis and is undergoing phase 3 trials for
application in DME. 

FLUOCINOLONE ACETONIDE IMPLANT
The Iluvien sustained-release fluocinolone acetonide

device (Alimera Sciences) is an injectable, nonbiodegrad-
able, intravitreal insert designed for the sustained release of
fluocinolone acetonide for up to 36 months (Figure 3). This
implant provides an initial release rate of 0.2 µg/day fluoci-
nolone acetonide and slowly releases the agent at nearly
zero-order kinetics for 2 to 3 years. The cylindrical device is 
3.5 mm in length and 0.37 mm in diameter and is injected
into the vitreous cavity with a proprietary 25-gauge needle
in a manner similar to an intravitreal anti-VEGF injection.
The 25-gauge Iluvien inserter needle allows a self-sealing
wound without the need for a shelved injection technique.

The drug delivery system is nonerodible and remains in
the vitreous cavity even after the drug has been exhausted.
Therefore, patients requiring repeated injections may end
up with multiple devices trapped in the vitreous base for an
indefinite period of time.

A recent trial showed a mean improvement of five letters
was achieved for both the 0.2- and 0.5-µg/day inserts at the
3-month time point and at all three time points out to 
1 year for the 0.5-µg/day insert. This was accompanied by a
reduction in foveal thickness that was maintained through 
1 year. The sample size in this study was very small 
(n = 37).10

Two pivotal phase 3 clinical trials, collectively known as
the Fluocinolone Acetonide in Diabetic Macular Edema
(FAME) study, are evaluating the efficacy and safety of
Iluvien. The two masked, randomized, multicenter trials
include 956 patients in the United States, Canada, Europe,
and India. Two doses of Iluvien, a higher dose with an initial
release of approximately 0.45 µm per day and a lower dose
with an initial release of approximately 0.23 µm per day, are
being studied. The evaluation will conclude later this year
with the patients’ final visits at the 3-year data point.

The 24-month clinical readout from the study was com-
pleted and announced in December 2009. Of patients treat-
ed with the low dose of Iluvien, 26.8% to 30.6% demonstrat-
ed improvement in BCVA of 15 letters from baseline, and of
patients receiving the high dose of Iluvien, 26% to 31.2%
demonstrated improvement of 15 or more letters in BCVA
from baseline, both at 2 years.

INTRAVITREAL TRIAMCINOLONE
ACETONIDE IMPLANT

The Verisome delivery system (Icon Biosciences, Inc.) is a
sustained-release drug delivery system that can be injected
into the eye as a liquid via a standard 30-gauge needle.
When injected into the vitreous, the liquid coalesces into a
single spherule. The biodegradable vehicle provides con-
trolled, extended drug release over a titratable period of up
to 1 year. The drug delivery system degrades as the active

Figure 2. Biodegradation of the Ozurdex polymer matrix.
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agent is released over the intended duration.
For its first clinical trial, the Verisome technology was 

formulated for the injectable intraocular sustained-release
delivery of triamcinolone acetonide (IBI-20089).11 The liq-
uid-gel formulation was designed to deliver triamcinolone
acetonide for up to 1 year via a single intravitreal injection.
The phase 1/2 trial of IBI-20089 in patients with cystoid
macular edema associated with RVO included two dosing
levels, a 25-µL dose designed to last 6 months, and a 50-µL
dose designed to last 1 year. 

The patients were treated with a single intravitreal injec-
tion of Verisome containing triamcinolone acetonide
through a 30-gauge needle in two sequential cohorts of five
patients each. The first cohort received a lower dose con-
taining 6.9 mg triamcinolone in 25 µL with sustained deliv-
ery calculated to last for 6 months. The second cohort
received a higher dose containing 13.8 mg triamcinolone in
50 µL calculated to last for 12 months. When the first
cohort cleared the safety endpoint at day 60, the second
cohort was treated. Both dosages provided the same con-
centration of triamcinolone acetonide (approximately 
1.75 µg/mL) with duration dependent on volume given.
Follow-up visits to assess the safety and efficacy of the drug
delivery system were conducted at days 1 and 7 and at
months 1, 2, 4, 6, 9, and 12.

The investigators concluded that Verisome was well toler-
ated by patients without any drug-related adverse events
and demonstrated evidence of controlled release efficacy
for a low dose of triamcinolone. The larger dose showed
more evidence of efficacy than the smaller dose.

CORTICOSTEROID PRODRUG IMPLANT
The Cortiject implant (NOVA63035; Novagali Pharma) is

a preservative- and solvent-free emulsion that contains a 
tissue-activated proprietary corticosteroid prodrug. Once
released, the prodrug is activated at the level of the retina. A
single intravitreal injection of the emulsion provides sus-
tained release of the corticosteroid over a 6- to 9-month
period. An open-label, phase 1, dose-escalation clinical
study to assess the safety and tolerability of NOVA63035 in
patients with DME is currently under way. 

CONCLUSION
The treatment of DME has expanded to include multiple

treatment options in addition to focal/grid laser photocoag-
ulation. Anti-VEGF and steroids have shown significant ben-
efits in the treatment of DME, such that the standard of
care is likely moving toward combination treatment.
Moreover, advances in posterior segment drug delivery sys-
tems will reduce the frequency of intravitreal injections, and
patients will benefit from fewer office visits, greater comfort,
and reduced cost. ■
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