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New developments in the treatment of diabetic macular
edema: latest clinical evidence

Clin. Invest. (2012) 2(1), 89-105

Diabetic retinopathy is a major cause of blindness in the western world and Shani Golan* & Anat Lowenstein

its incidence is expected to increase with the incidence of the diabetes. Department of Ophthalmology, Tel Aviv Medical
Macular edema is a major cause of visual impairment in the diabetic Center, 6 Weizman Street, Tel Aviv 64239, Israel
population. Laser therapy and tighter control of metabolic factors are the *Author for correspondence:

Tel.: +972 3697 3408
Fax: +972 3697 3867
E-mail: shanigol2@walla.com

cornerstone of treatment. However, it recently became evident that other
treatments, particularly pharmacological ones, can provide good results
and should be considered for these patients. Medical therapies consist of
two major classes of agents: anti-inflammatory drugs, such as intravitreal
corticosteroids, some of which are delivered by means of extended-
release technologies, and anti-VEGF agents. Agents targeting TNF-o and
PKC-B2 are also implicated in the pathogenesis of diabetic retinopathy
and are currently under investigation. Surgical therapies are usually
implicated in the treatment of diabetic macular edema that is resistant to
other treatment strategies, especially in cases that have specific anatomic
characteristics. Surgical options include pars plana vitrectomy with or
without internal limiting membrane peeling, combination therapy of
pars plana vitrectomy plus intravitreal steroid or anti-VEGF, or the use of
intravitreally administered pharmacological agents such as microplasmin
prior to or during vitrectomy. This article reviews the current developments
in treatment for diabetic macular edema.

Diabetic retinopathy (DR), is the third major cause of blindness in western devel-
oped countries [1]. The prevalence of DR increases with the duration of diabetes
and nearly all individuals with Type 1 diabetes and >60% of those with Type 2
diabetes, have some retinopathy after 20 years [2]. The two most important causes
of visual impairment secondary to DR are diabetic macular edema (DME) and
proliferative DR (PDR). Laser photocoagulation has been the mainstay of DME
treatment for more than a quarter of a century, based on the findings of the
ETDRS study (3], with vitrectomy being an option for patients not responding to
photocoagulation.

More recent approaches currently under investigation include newer medical
and surgical therapies. Among the medical treatment options are anti-inflam-
matory agents (mostly corticosteroids) and agents targeting VEGF, TNF-o and
PKC-B2. Many experimental treatment strategies are under investigation, but
the benefits of most have yet to be established in Phase III clinical trials [4]. This

article provides a thorough overview of the latest clinical evidence in the medical :
and surgical treatment of DME. F U T U R D

DME
DME is defined as a retinal thickening involving or approaching the center of S C I E N C E
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the macula. It plays a major role in the loss of vision
associated with DR. The prevalence of DME is 3% in
mild nonproliferative retinopathy and rises to 38%
in eyes with moderate-to-severe nonproliferative
retinopathy, eventually reaching 71% in eyes with
proliferative retinopathy [s]. If left untreated, 20-30%
of patients with DME will experience a doubling of
the visual angle within 3 years (6]. The pathogenesis
of DME is multifactorial. It is predominantly due to
generalized breakdown of the inner blood-retinal
barrier (BRB), leading to accumulation of fluid and
plasma constituents, such as lipoproteins, within the
intraretinal layers of the macula [7.s]. Factors such as
duration of diabetes, insulin dependence, glycosylated
hemoglobin levels, proteinuria and hypertension have
all been implicated in the development of DME [s.
The factors that underlie the pathogenesis of DME
are of great importance in order to better understand
the various treatment modalities that are currently
available.
The BRB operates fundamentally in two ways:

® The inner barrier is the endothelial membrane of
the retinal vessels;

m The outer barrier is the retinal pigment epithelium.

Breakdown of the BRB may result from several
mechanisms. One is damage to the tight junctions of
capillary endothelial cells from vitreoretinal adhe-
sion and traction on the macula, or from secretion
into the vitreous of factors produced by the retina and
other parts of the eye that increase vascular perme-
ability [o]. VEGF is the main factor whose expression
is induced by hypoxia [10] and IL-6 [11]. The second
mechanism is damage to the function of the retinal
pigment epithelium by ischemia and disruption of the
BRB tissues [12}; and the third is disruption of the BRB
by inflammation. The inflammatory mediators are
prostaglandins, leukotrienes, histamine, bradykinin,
platelet-activating factor and IL-1 13]. It has long been
postulated that focal DME is generally responsive to
focal argon laser photocoagulation, based on the find-
ings from the ETDRS [14]. Eyes with diffuse DME or
with refractory DME are, however, much less respon-
sive to macular laser treatment [15). It should be noted
that the distinction between focal and diffuse DME
has been recently challenged [16).

Therapeutic interventions

m Laser photocoagulation

Laser photocoagulation had been the only established
treatment for vision-threatening DR and DME until
recent years [17,18]. Most of the clinical evidence for
the benefits of laser treatment of clinically significant
DME is derived from the findings of the ETDRS trial.
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This trial defined clinically significant DME as either
any retinal thickening within 500 pm of the center
of the macula, hard exudates within 500 um of the
center of the macula with adjacent retinal thickening,
or retinal thickening at least 1 disc area in size, any
part of which is within 1 disc diameter of the center
of the macula. It was found that focal photocoagula-
tion reduced the risk of a 15-letter loss in visual acuity
(VA) from 8 to 5% at 1 year and from 24 to 12% at
3 years [3]. Treatment was applied to leaking micro-
aneurysms and areas of retinal thickening, not closer
than 500 pm from the center of the macula, with spot
sizes of 50-100 pm [8]. Grid laser may be used for a
more diffuse presentation of DME [18], although the
results are generally not as promising as those for focal
laser [17).

Potential adverse effects of laser treatment for DME
include VA loss, altered color perception, night blind-
ness, choroidal neovascularization, metaplasia of the
retinal pigment epithelium and accidental burns in
the fovea [19]. In order to minimize these complica-
tions a subthreshold diode micropulse laser photoco-
agulation protocol was developed, for treating DME
[20-22] and PDR [21,23]. A randomized, controled trial
(RCT) involving 263 patients with DME, evaluated
this technique and focused the laser on thickened reti-
nal areas, zones of nonperfusion and leaking micro-
aneurysms. This micropulse laser was compared with
amild macular grid approach, which used lighter but
more widespread burns (200-300 in all) to both thick-
ened and unthickened retinas throughout the macular
area. Results demonstrated similar VA outcomes at
12 months in both methods, but reduced retinal thick-
ness in the subthreshold diode micropulse laser group
[24]. In two other RCTS [25,26], both treatment modali-
ties resulted in similar outcomes in terms of both VA
and retinal thickness. In one of those studies, retinal
sensitivity as measured by microperimetry, was bet-
ter following the micropulse technique [26], than the
newer technique [2s].

Another new approach involved the application
of a computer-driven pattern of short-duration laser
burns (10-30 ms) [»7]. Nagpal et al. compared this
approach to standard laser in 60 patients with PDR
or severe nonproliferative DR (NPDR). They found
that VA did not change from baseline at 6 months in
either group, although the patterned laser led to less
spreading of laser spots and was associated with less
patient discomfort during treatment [2s].

m Pars plana vitrectomy

Pars plana vitrectomy (PPV) in the treatment of DR
was usually preserved for managing severe, compli-
cated proliferative DR or for treating DME when other
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modalities failed [20,30]. The results of PPV for DME
were first reported in patients with a thickened and
taut posterior vitreous membrane [29]. Subsequent
studies evaluated vitrectomy results in patients with
neither a thickened posterior membrane nor poste-
rior vitreous detachment (PVD) [30] and in those with
PVD {[31,32]. The mechanism underlying the effective-
ness of vitreous surgery for DME involves relief of the
posterior hyaloid membrane traction [29.30], removal
of inflammatory cytokines [31] such as VEGF [33] and
an increase in preretinal oxygen pressure [34]. Surgi-
cal approaches are most commonly used for diffuse
and nonresolving DME. Christoforidis et al. analyzed
multiple studies involving a variety of inclusion cri-
teria and surgical techniques and found that PPV led
to the resolution of DME in 83% of cases, with 56%
demonstrating improved VA [ss].

A prospective cohort study recently examined the
utility of PPV in treating DME with vitreomacular
traction in 87 eyes with at least moderate VA loss and
central subfield thickening on ocular computerized
tomography (OCT) of 2300 pm. Additional surgical
techniques employed were epiretinal membrane peel-
ing (61%), internal limited membrane peeling (54%)
and injection of corticosteroids at the end of surgery
(64%). All patients were followed for 6 months. At
the end of this period all eyes experienced a median
reduction of retinal thickness of 160 um and a mean
VA gain of three letters [34].

Further support to the effectiveness of PPV has
also been reported for diffuse nontractional DME.
In a retrospective consecutive case series involv-
ing 332 patients (496 eyes) followed for a mean of
74 months (range: 12 to 170 months), results showed
that the final VA improved in 53% of eyes, remained
unchanged in 31% and worsened in 16% (3;]. There
have not yet been any publications on randomized
placebo-controlled trials for evaluating PPV for DME.
Improvements in the PPV technique include the use
of smaller gauge vitrectors (23 and 25 gauge), which
offer the advantages of less trauma and postoperative
discomfort as well as quicker healing [38-42].

Combination treatment was suggested to enhance
the beneficial effects of PPV and to obviate the limita-
tions of the above-mentioned treatment methods [43-
4s. Kang et al. reported a prospective, interventional
case series involving 24 eyes from 24 subjects who
were diagnosed with intractable DME of nontrac-
tional origin and who underwent PPV [44). Intravitreal
triamcinolone acetonide (TA) injection and macular
laser photocoagulation were conducted sequentially
at 1 and 14 days after PPV. The changes in both best-
corrected VA (BCVA) and central macular thickness
(CMT) at 3, 6 and 12 months from baseline were
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statistically significant (p < 0.003). The major adverse
events after triple therapy were the development of
nuclear sclerotic cataracts (eight out of 12 phakic eyes)
and elevation of intraocular pressure (IOP; eight out
of 24 eyes). Other reports suggested that eyes that
received TA-assisted PPV showed significantly less
breakdown of the blood-ocular barrier than those
who underwent routine PPV [45]. Complications of
PPV include cataract formation (11%), vitreous hem-
orrhage (7%), retinal tear (9%), retinal detachment
(2%), reproliferation of diabetic fibrovascular mem-
branes, iris rubeosis and neovascular glaucoma (2%),
epiretinal membrane and macular hole formation (7
and 1%, respectively) (3s.46].

m Intravitreally administered pharmacological
agents

Pharmacological agents administered intravitreally
during PPV are also being investigated as possible
options creating PVD or for the clearance of vitreous
hemorrhage [4;]. Vitreosolve' (a carbamide derivative)
is currently being evaluated in a Phase III RCT [201] in
patients with NPDR. Another agent is microplasmin,
a fragment of plasmin. It is being studied in a placebo-
controlled Phase II trial [202] as a treatment for DME.
When evaluated for nonproliferative vitreoretinal dis-
ease [203], it proved superior to a placebo for inducing
PVD as well as for resolving the condition without the
need for surgery [48]. One small prospective case series
investigating intravitreal injections of autologous plas-
min as a treatment for DME demonstrated improve-
ments in both macular edema and retinal thickness
compared with the noninjected control eyes [49].

= Corticosteroids

Inflammatory processes have been strongly impli-
cated in the etiology of DME. The rationale for the
use of corticosteroids to treat DME derives from the
observation that the increase in retinal capillary per-
meability leading to the formation of macular edema
is caused by the breakdown of the BRB, mediated in
part by VEGF [so-s2]. The pathogenesis of retinal vas-
cular permeability has also been attributed to inflam-
mation, particularly via leukostasis within retinal cap-
illaries. The attraction and adhesion of leukocytes to
the vascular wall in the setting of diabetes may be
due to an increased expression of leukocyte adhesion
molecules, such as retinal endothelial cell intercellu-
lar adhesion molecule-1 and CD18 [s3-s5]. Therefore,
attenuation of the effects of VEGF and a reduction
in inflammation may reduce macular edema associ-
ated with DR. Since corticosteroids have been dem-
onstrated to both inhibit the expression of VEGF and
the VEGF gene [56,57] and to have anti-inflammatory
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properties, there is a strong rationale for their use in
the treatment of DME.

= Triamcinolone acetonide

For nearly a decade, TA, a synthetic corticosteroid,
has been the principal agent of its class administered
intravitreally for the treatment of DME [s8-60] and
other ocular neovascular diseases [61]. Intravitreal TA
(IVTA) was found to inhibit ocular neovasculariza-
tion [62] and the upregulation of inflammatory mol-
ecules [63] and VEGF in vitro [64]. A similar effect on
VEGEF levels in response to IVTA has been observed
clinically [65]. Most of the clinical trials investigating
IVTA for DME showed improvement in edema and
BCVA ([s6-69], but the majority have included small
numbers of patients or have had relatively limited
follow-up and adverse effects of cataract formation
and IOP elevations were common [69]. The effect of
a single injection IVTA is dose-dependent, ranging
from 6-9 months for a 20 mg dose and 2-4 months
for a 4-mg dose [7o].

In a 2-year, randomized, placebo-controlled trial
that randomized 69 eyes with refractory DME to
IVTA (4 mg) or sham injection, the IVTA group
(mean 2.6 injections) produced VA improvements of
five or more letters in a significantly greater number
of eyes than those observed in the controls (56 vs 26%,
respectively; p = 0.006) [71]. At the end of the 5-year
open-label extension, these improvements were main-
tained with TA [72]. Among the side effects commonly
observed were cataract and ocular hypertension. Cat-
aract surgery was required in 54% of the treated eyes
compared with 0% in the placebo group and ocular
antihypertensive therapy was required in 44% of the
TA-treated patients compared with 3% in the control
arm [yi]

The DRCR .net trial was a Phase III randomized,
multicenter clinical trial, evaluating the efficacy and
safety of 1 and 4 mg doses of preservative-free IVTA
in comparison with focal/grid photocoagulation
for the treatment of DME |[73]. The study recruited
693 patients with DME involving the fovea (840 eyes)
and eyes were randomized to receive either IVTA 1 or
4 mg or focal/grid photocoagulation. At 4 months, the
mean VA was better (p = 0.001) in the 4 mg TA-treated
eyes than in the other two groups. At 2 years, however,
the mean VA was greater in the laser-treated group
(p = 0.02 and 0.002 compared with the 1 and 4 mg
groups, respectively) (4. Anatomical assessments by
OCT were compatible with the VA results. Intraocular
pressure was increased from baseline by >10 mmHg
at any visit in 4, 16 and 33% of eyes in the control
group, IVTA 1 and 4 mg groups respectively and cata-
ract surgery was performed in 13, 23 and 51% of eyes
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in the three treatment groups, respectively [74]. The
VA results were similar after a 3-year follow-up [7s],
although a further exploratory analysis suggested that
risk of progression of retinopathy was significantly
lower with TA 4 mg but not TA 1 mg, compared with
laser treatment [76]. The results of this study support
that focal/grid photocoagulation should currently be
the benchmark against which other treatments are
compared in clinical trials of DME.

It is noteworthy that the DRCR.net study did not
classify DME into focal or diffuse with regard to
IVTA. However, IVTA may still have a therapeu-
tic role in eyes that have previously failed to benefit
from laser treatment: those patients were specifically
excluded from the DRCR.net [73] and these patients
would be most likely to be considered for TA in clini-
cal practice [60].

IVTA should also be considered an effective treat-
ment option in pseudophakic eyes with DME accord-
ing to the DRCR.net trial evaluating ranibizumab
plus prompt or deferred laser or triamcinolone plus
prompt laser [74]. Visual acuity results were substan-
tially better than for phakic eyes, such that the degree
of improvement appeared comparable to that of the
pseudophakic eyes in the ranibizumab groups and
superior to that of the pseudophakic eyes in the sham
plus prompt laser group at 1 year and 2 years.

Due to the limited efficacy of IVTA alone and its
safety profile, combination approaches using laser
photocoagulation with TA administered either intra-
vitreally [71.77-81] or by sub-Tenon’s capsule injection
(81-83] have also been studied in small prospective case
series [77.82] and RCTS [71,78-81,83,84]. Results of these tri-
als have been extremely variable, with some proving
that combination treatment is superior to laser alone
[78.79.82,84] and others finding benefits lasting only a
few months [83] or not having found any additional
benefit at all s1]. In addition, IVTA is currently being
evaluated in combination with topical nepafenac ver-
sus TA alone in a Phase IIT RCT for the treatment
of DME [204]. In recent years many RCTs involving
TA alone, as a sustained-release formulation or in
combination with other agents, were included in the
ClinicalTrials.gov registry (59.85.205].

Sumodics I-vation™ is a TA sustained-delivery drug
system with a helical design and contains 925 ug TA.
It was evaluated in a Phase I study for DME (patients
were randomized to either a slow- or fast-release for-
mulation) and showed reduction in macular edema
(ME) and stabilization of VA after 24 months of
follow-up for both formulations. At 24 months, the
proportion of patients demonstrating improved VA
(>0 ETDRS letter gain from baseline) was 64% in the
slow-release group and 72% in the fast-release group
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and 28.6% of patients in the fast-release group gained
>15 letters. The reported adverse events were cataract
formation, rise in IOP and one culture-positive endo-
phthalmitis (s6,s7].

m Dexamethasone

Due to the short half-life of intravitreal dexametha-
sone (DEX) [ss), it played a limited role in the man-
agement of chronic and/or recurrent DME. However,
biodegradable sustained-release intravitreal implants
containing DEX were shown to increase the dura-
tion of the drug’s action [89,90]. Ozurdex® (Allergan
Inc., CA, USA) is a sustained-release DEX implant
that is injected intravitreally. The DEX is embedded
in a biodegradable polymer filament. The polymer
undergoes slow, consistent hydrolysis and gradually
releases the steroid into the vitreous cavity, allowing
sustained release for up to 4 months. The polymer
breaks down into lactic acid and glycolic acid, which
are then metabolized into carbon dioxide and water
and the device breaks down completely over a period
of 6 weeks.

A Phase II, multicenter trial evaluated the safety
and efficacy of the use of Ozurdex in the treatment of
persistent ME secondary to DR, retinal vein occlu-
sion, post-cataract surgery and uveitic cystoid macu-
lar edema. It showed that the 700 ug implant resulted
in a significant increase in the percentage of patients
achieving at least two lines of improvement in VA with
no increased risk of raised IOP or cataract [9o].

In an open-label Phase II study of a 0.7 mg DEX
implant for the treatment of DME in vitrectomized
patients (the INTERIM study) (1], improvement in
DME was seen as early as 1 week after injection and
persisted to week 13. The BCVA also improved: at
weeks 1 and 13, 18.5 and 30.9% of patients, respec-
tively, achieved >10 letter gain and no patient lost
ten letters after 13 weeks. The most common adverse
events in the treated eyes were conjunctival hemor-
rhage (24%), eye pain (13%) and conjunctival hyper-
emia (7%). A total of 7.5% of all patients had an IOP
increase >210mmHg from baseline at week 4, which
decreased to 1.8% at week 13.

In a larger open-label, Phase IIIb study of DEX
700 pg intravitreal implants for the treatment of DME
in vitrectomized patients (the CHAMPLAIN study)
[o2], the mean change from baseline central retinal
thickness was -156 pm at week 8 (p < 0.001) and -39 um
at week 26 (p = 0.004). The mean increase in BCVA
from baseline was six letters at week 8 (p < 0.001) and
three letters at week 26 (p = 0.046). At week 8, 30.4%
of patients had gained >10 letters in BCVA. Conjunc-
tival hemorrhage, conjunctival hyperemia, eye pain
and increased IOP were the most common adverse
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events. Specifically, 16.7% of patients (eight out of 48)
initiated IOP medication during the study, no patient
required a laser or surgical procedure to control IOP
and no patient discontinued from the study due to
elevated IOP. Phase III RCTs of a novel DEX intravit-
real delivery system [206,207] are underway to confirm
the benefits of DEX implant for the treatment of ME
in general (03], and specifically DME [o4,05].

m Fluocinolone acetonide

Two slow-release devices containing fluocinolone ace-
tonide (FA) were tested in Phase III clinical trials for
the treatment of DME: one was the 0.59 mg implant
of Retisert (Bausch & Lomb, Rochester, NY, USA) and
the other was Alimera Iluvien’.

Retisert

Retisert is a nonbiodegradable FA implant [¢6,97]. The
pharmacokinetics study of this implant revealed
that the drug delivery is linear and that it releases
corticosteroid for up to 3 years [¢8]. Two Phase IIb/
III, multicenter, randomized, double-blind, clinical
studies in eyes with severe, noninfectious posterior
uveitis evaluated two implant dosages: 0.59 mg FA
that releases 0.5 pg of the drug per day and 2.1 mg
that releases 2 pg per day. Efficacy and safety results
were similar for both doses at 34 weeks. Favorable
effects included reduction of inflammation, reduc-
tion of the number of anti-inflammatory medications
and preservation or improvement of VA [o;]. Results
from a Phase IIb/III trial that evaluated the efficacy
and safety of the 0.59 mg FA intravitreal implant for
patients with uveitis compared with standard of care
showed that the FA intravitreal implant provided bet-
ter control of inflammation in patients with uveitis
compared with systemic therapy [99]. Complications
associated with this drug-delivery system include
rhegmatogenous retinal detachment, vitreous hem-
orrhage, device extrusion, endophthalmitis, raised
IOP, cataract and suture exposure [8s.97.90]. This drug
is currently not US FDA-approved for DME due to its
high side-effect profile.

Alimera iluvien

Alimera Iluvien is another reservoir implant and con-
tains one-half the amount of FA as Retisert. It has
two release rates (0.5 or 0.2 pug/day) designed to last
approximately 1.5 or 3 years, respectively. Results
from the FAMOUS trial that assessed the pharmaco-
kinetics and pharmacodynamics of 0.2 or 0.5 pug/day
Iluvien showed that this intravitreal insert provided
excellent sustained intraocular release of FA for more
than 1 year [100]. Results from the FAME trial (which
consists of two 36-month, double-blind, randomized,
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multicenter trials, involving patients with persistent
DME despite at least one macular laser) were recently
published [101]. According to the combined analysis,
28.7% of patients treated with the low-dose (0.23 ug/
day) and 28.6% of patients treated with the high-dose
(0.45 pg/day) gained at least 15 letters, compared with
16.2% of the control patients (p = 0.002 for high vs
low dose). Over 50% of the Iluvien low-dose patients
gained at least five letters at 24 months. Furthermore,
over 75% of the Iluvien low-dose patients received
only a single administration of Iluvien. Over one-
third of the one-time administration patients for
whom there were 24 months of data, gained >15 let-
ters at 24 months. Patients receiving low-dose Iluvien
were also less likely to require additional treatments
for their DME. IOP increases of >30 mmHg at any
time point were seen in 16.3% of the low-dose patients
compared with 21.6% of the high-dose patients. Over
the 24-month study period, 3.7% of the low-dose
patients and 7.6% of the high-dose patients had under-
gone a filtration procedure to reduce their IOP com-
pared with 0.5% in the sham group. Low-dose Iluvien
patients also experienced slightly lower rates of reti-
nal detachment (0.5 compared with 1.6% for controls)
and vitreous hemorrhage (2.1 compared with 2.7% for
controls) that were deemed serious by the reporting
physician. The authors concluded that both low- and
high-dose inserts significantly improved BCVA, but
that the risk:benefit ratio was superior for the low-
dose type.

Anti-VEGF agents

VEGEF is a potent promoter of angiogenesis and vas-
cular permeability, both are directly associated with
the pathophysiology of DR [102-105]. VEGF promotes
angiogenesis by acting as an endothelial cell mitogen
l106], chemoattractant 107] and survival factor [108) and
induces vascular permeability [100] by acting directly
on endothelial cells, forming fenestrations [110] and
dissolution of tight junctions [s1,111].

VEGEF also acts as an inflammatory cytokine [112]
causing leukostasis. This process is of major impor-
tance to capillary blockage and dropout [s3,113] and
to endothelial cell apoptosis, both are characteristic
of retinal vascular damage found in DR [114]. VEGF
also acts as a chemoattractant for monocytes [115,116]
- the migration of which to the site of ischemic neo-
vascularization is essential for its full manifestation
[117]. Furthermore, VEGF synthesis is upregulated by
hypoxia [118] and its levels are elevated in regions of
focal ischemia [s3].

Early clinical studies demonstrated elevated levels
Of VEGF in e€yes Of patients with DR [10,103,105,119,120].
Preclinical studies also demonstrated that elevated
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levels of VEGF could induce pathology characteristic
of DR [121,122], while agents that inhibit VEGF activity
could inhibit DR pathology [112,117].

Several VEGF antagonists, administered intra-
vitreally are currently being used and investigated
for the treatment of DME. Pegaptanib, an RNA anti-
VEGF aptamer that selectively binds VEGF165 [123]
and ranibizumab, a nonselective monoclonal anti-
body antigen-binding fragment that binds all VEGF
isoforms [124), are approved for the treatment of neo-
vascular age-related macular degeneration [125-127].
Bevacizumab, a full-length monoclonal antibody
related to ranibizumab, is being used off-label for a
variety of ocular neovascular diseases, including DR
(28]. While these three agents have been extensively
investigated, two other VEGF antagonists are also
being evaluated in Phase II trials as intravitreal treat-
ments for DME: one is the VEGF Trap-Eye (afliber-
cept) [208], a fusion protein containing the binding
site of VEGF receptor 1 [120,130] and the other is beva-
siranib [200], a siRNA agent that targets VEGF. The
results of these trials have yet to be reported. Siro-
limus (rapamycin), a drug principally used for its
immunosuppressive activity, has also been shown to
act as a VEGF antagonist by inhibiting both VEGF
expression [131] and VEGF-induced hyperpermeabil-
ity 1321 and it is being examined as a subconjunctival
injection for the treatment of DME [210].

m Pegaptanib sodium (Macugen®)

The Macugen DR Study Group conducted a Phase II
trial on its use for fovea-involving DME [133].
172 patients who had no previous history of treatment
for DME were randomized to four study arms: 0.3, 1
or 3 mg intravitreal pegaptanib or sham injections
that were given at weeks 0, 6 and 12. Additional injec-
tions could be administered to subjects after week 12
at the discretion of the masked investigators. Simi-
larly, investigators could choose to treat with focal
laser beginning at week 13. Results demonstrated that
eyes treated with pegaptanib did better than the ones
in the sham arm, especially those in the 0.3 mg group.
After 36 weeks of follow-up, the pegaptanib-treated
eyes had better VA (p = 0.04 for the 0.3 mg group vs
sham), more reduced central retinal thickness (CRT)
(p < 0.01 for the 0.3 mg group vs sham) and less need
for macular laser photocoagulation (p = 0.042 for the
0.3 mg group vs sham).

It is worth mentioning that these results were seen
despite the fact that 23% more sham-treated eyes
received focal or grid laser treatment between weeks
12 and 36. Visual improvement was detected in 73% of
patients in the pegaptanib 0.3 mg group versus 51% in
the sham group. The mean improvement in the 0.3 mg
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group was 4.7 letters and 18% gained >3 Snellen lines.
Otbher trials have concluded that treatment-naive eyes
respond better to anti-VEGF therapy [134-136].

The results of the Phase II/III, randomized, double
blind, multicenter, 2-year trial (137] comparing pegap-
tanib with sham injections in the treatment of DME
were recently published. This study randomized
260 patients to receive pegaptanib 0.3 mg or sham
injections every 6 weeks for 1 year. Patients could
receive focal/grid photocoagulation beginning at
week 18. During year 2, subjects received injections
as often as every 6 weeks per prespecified criteria.
In total, 36.8% subjects from the pegaptanib group
experienced a VA improvement of >10 letters at week
54 compared with baseline versus 19.7% from the
sham group (p = 0.0047). For pegaptanib-treated sub-
jects, change in mean VA from baseline by visit was
superior (p < 0.05) to sham at weeks 6, 24, 30, 36, 42,
54,78, 84, 90, 96 and 102. At week 102, pegaptanib-
treated subjects gained, on average, 6.1 letters versus
1.3 letters for sham (p < 0.01). Fewer pegaptanib-
than sham-treated subjects received focal/grid laser
treatment (p = 0.002). Pegaptanib was well tolerated;
the frequencies of discontinuations, adverse events,
treatment-related adverse events and serious adverse
events were comparable in the pegaptanib and sham
groups.

= Ranibizumab

The READ-2 trial was a Phase II trial that compared
ranibizumab to focal/grid laser photocoagulation or
their combination. In total, 126 patients with either
Type 1 or 2 diabeties with a previous history of treat-
ment for DME were randomized to three groups; the
first received ranibizumab 0.5 mg alone at baseline
and at months 1, 3 and 5. The remaining groups
received focal/grid laser or combined ranibizumab
plus laser at baseline and at 3 months. After 6 months,
if retreatment criteria were met, all subjects could be
treated with ranibizumab. The mean improvement
in BCVA was 7.4, 0.5 and 3.8 letters at the 6-month
primary end point, compared with 7.7, 5.1 and 6.8 let-
ters at month 24 and the percentage of patients who
gained three lines or more of BCVA was 21, 0 and 6%
at month 6, compared with 24, 18 and 26% at month
24. The percentage of patients with 20/40 or better
Snellen equivalent at month 24 was 45, 44 and 35%
for groups 1, 2 and 3, respectively. Mean foveal thick-
ness at month 24 was 340, 286 and 258 pum for groups
1, 2 and 3, respectively and the percentage of patients
with center subfield thickness of 250 pum or less was
36, 47 and 68%, respectively [138]. This study showed
that intraocular injections of ranibizumab provided
benefit for patients with DME for at least 2 years, and
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when combined with focal or grid laser treatments,
the amount of residual edema was reduced, as were
the frequency of injections needed to control edema.

The DRCR.net trial was a large-scale RCT that
compared ranibizumab with TA as an adjunct to laser
photocoagulation [74]. It randomized 854 eyes to four
treatment arms: one group received IVTA and focal/
grid photocoagulation within 3-10 days of injection,
the other received ranibizumab 0.5 mg with focal/
grid photocoagulation within 3-10 days of injection,
the third received sham injection and laser treatment
and the fourth group received ranibizumab with laser
deferred for >24 weeks [74]. Retreatment was deter-
mined by an algorithm at monthly visits. The 1-year
mean change in the VA letter score from baseline was
significantly greater in the ranibizumab plus prompt
laser group (+9 £ 11, p < 0.001) and ranibizumab plus
deferred laser group (+9 + 12, p < 0.001) but not in
the TA plus prompt laser group (+4 + 13, p < 0.31)
compared with the sham plus prompt laser group
(+3 + 13). Reduction in mean central subfield thick-
ness in the TA plus prompt laser group was similar to
both ranibizumab groups and greater than the sham
plus prompt laser group. In the subset of pseudopha-
kic eyes at baseline (n = 273), VA improvement in the
TA plus prompt laser group was comparable to the
ranibizumab groups. Overall, 50% of the eyes in the
ranibizumab arms had substantial improvement (=10
letters), while approximately 30% gained >15 letters.
Substantial VA loss (>10 letters) was uncommon. The
results were similar whether focal/grid laser was given
starting with the first injection or if it was deferred
by >24 weeks. 2-year VA outcomes were similar to
the 1-year outcomes. There was no evidence of any
systemic events attributable to any given treatment.
There were three cases of endophthalmitis in the
ranibizumab groups, while 38% of the eyes in the TA
arm had increases in IOP of >10 mmHg from baseline
and 15% of eyes that were phakic at baseline had cata-
ract surgery. This study concluded that ranibizumab is
superior to IVTA or laser treatment alone and should
be considered for patients with DME and characteris-
tics similar to those in this clinical trial.

Another 12-month, multicenter, placebo-con-
trolled, double-masked study (RESOLVE study)
investigated the safety and efficacy of ranibizumab
in DME involving the foveal center in patients with
Type 1 or 2 diabetes, a CRT > 300 um and a BCVA of
73-39 ETDRS letters [130]. The patients were randomly
assigned to intravitreal ranibizumab (0.3 or 0.5 mg;
n =51 each) or sham (n = 49). The treatment schedule
comprised three monthly injections, after which treat-
ment could be stopped/reinitiated with an opportunity
for rescue laser photocoagulation (protocol-defined
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criteria). Dose-doubling was permitted after month
1 (protocol-defined criteria according to which the
injection volume increased from 0.05-0.1 ml and
remained at 0.1 ml thereafter). At month 12, the mean
BCVA improved from baseline by 10.3 + 9.1 letters
in the ranibizumab group and declined by 1.4 + 14.2
letters in the sham group (p < 0.0001). The mean CRT
reduction was 194.2 + 135.1 pm for ranibizumab and
48.4 + 153.4 um for sham (p < 0.0001). There was a
gain of >10 letters BCVA from baseline in 60.8% of
the ranibizumab-treated eyes and 18.4% of sham eyes
(p < 0.0001). Safety data were consistent with previous
studies of intravitreal ranibizumab.

In a recent publication by Mitchell et al. that eval-
uated ranibizumab monotherapy or combined with
laser versus laser monotherapy for DME, 345 patients
aged >18 years with Type 1 or 2 diabetes mellitus and
visual impairment due to DME were randomized to
ranibizumab plus sham laser (n = 116), ranibizumab
plus laser (n = 118), or sham injections plus laser
(n = 111) [140]. Ranibizumab/sham was given for
3 months and then pro re nata and laser/sham laser
was given at baseline and then pro re nata (the patients
had scheduled monthly visits). The results demon-
strated that ranibizumab alone and combined with
laser were superior to laser monotherapy in improv-
ing mean average change in BCVA letter score from
baseline to month 1 through 12 (+6.1 and +5.9 vs
+0.8; both p < 0.0001). At month 12, a significantly
greater proportion of patients had a BCVA letter score
>15 and a BCVA letter score level >73 (20/40 Snellen
equivalent) with ranibizumab (22.6 and 53%, respec-
tively) and ranibizumab plus laser (22.9 and 44.9%)
versus laser alone (8.2 and 23.6%). The mean CRT was
significantly reduced from baseline with ranibizumab
(-118.7 pm) and ranibizumab plus laser (-128.3 pm)
versus laser alone (-61.3 um; both p < 0.001). Health-
related quality of life, assessed through National
Eye Institute Visual Function Questionnaire (NEI
VFQ-25), improved significantly from baseline with
ranibizumab alone and combined with laser (p < 0.05
for the composite score and vision-related subscales)
versus laser alone. Patients received approximately
seven (mean) ranibizumab/sham injections over
12 months. There were no cases of endophthalmitis.
Increased IOP was reported for 1 patient in each of
the ranibizumab arms. Ranibizumab monotherapy
or combined with laser was not associated with an
increased risk of cardiovascular or cerebrovascular
events in that study.

In another two Phase III RCTs (the RISE and RIDE
studies), a significantly higher percentage of patients
receiving monthly Lucentis achieved an improvement
in BCVA of at least 15 letters at 24 months, compared
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with those in sham injection group. The Phase III
RIDE study randomized 382 patients with DME to
double-blind monthly injections of ranibizumab 0.3
(n = 125) or 0.5 mg (n = 127) or placebo (n = 130)
[z11]. After month 24, patients in the placebo group
were eligible to receive monthly injections of 0.5 mg
ranibizumab.

At 24 months, 33.6% of patients who received
ranibizumab 0.3 mgand 45.7% of those who received
ranibizumab 0.5 mg were able to read atleast 15 more
letters on the eye chart than they were at baseline.
This compares with 12.3% of the placebo group; the
difference between each dose group and placebo was
statistically significant (no p-values are stated in the
report). A preliminary safety analysis showed an ocu-
lar and systemic safety profile consistent with previ-
ous Phase III trials of ranibizumab.

The Phase ITI RISE study randomized 377 patients
with DME to receive monthly injections of either
Lucentis 0.3 (n = 125) or 0.5 mg (n=125), or monthly
sham injections (n = 127) [212]. At 24 months, 44.8%
of patients who received Lucentis 0.3 mg and 39.2%
of patients who received Lucentis 0.5 mg were able to
read atleast 15 more letters on the eye chart than they
were at the start of the study, compared with 18.1%
of patients who received sham injections. The differ-
ence between each Lucentis dose group and the sham
injection group was statistically significant.

= Bevacizumab

For reasons of cost and availability, bevacizumab is
currently the best-studied anti-VEGF medication for
DME. The DRCR.net conducted a randomized study
of 121 eyes over a 12-week period (safety data are
reported for 24 weeks) [141]. There were five treatment
arms in the study: focal photocoagulation, two intra-
vitreal injections of bevacizumab 1.25 mg at 0 and
6 weeks, two intravitreal injections of bevacizumab
2.5 mg at 0 and 6 weeks, bevacizumab 1.25 mg at
week 0 followed by a sham injection at week 6 and
bevacizumab 1.25 mg at 0 and 6 weeks combined with
focal photocoagulation at 3 weeks. 69% of eyes in this
study have had previous treatment for DME. Results
showed that the two groups that received only two
bevacizumab injections without laser had a statisti-
cally significant improvement in vision compared
with the laser-only group; these improvements were
maintained at the 12-week study period. The median
gain in vision at week 9 was seven letters for the
1.25 mg group and eight for the 2.5 mg group. OCT
results were also better in these groups at the 3-week
visit, with a trend suggesting a similar finding at sub-
sequent visits, with no detectable differences between
the 1.25 and 2.5 mg doses. The single injection group
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had no advantage over the photocoagulation group
in this study. Interestingly, the combination of laser
and bevacizumab yielded comparable results to the
laser-only group, with a trend toward worse short-
term VA outcomes than the eyes that received two
bevacizumab injections.

The study reports that previously untreated eyes
and eyes with subretinal fluid had a greater improve-
ment in VA (p = 0.04 and p = 0.06 respectively) after
bevacizumab treatment, it also demonstrated a trend
toward a better response in terms of OCT after beva-
cizumab treatment.

In a noncomparative trial by Haritoglou et al.,
1.25 mg bevacizumab was administered at baseline
with subsequent repeat dosing based on the presence
of a improved OCT or VA response after the initial
injection [142]. All 126 eyes had diffuse and chronic
DME that failed previous treatment. At 6 months,
the mean CRT had decreased from 463-374 um
(p < 0.001). The improvement in mean VA was not
significant at 6 months. Baseline retinal thick-
ness, previous treatment and diameter of the foveal
avascular zone did not correlate with responses to
treatment.

When comparing different dosing regimens, the
DRCR.net study detected no difference between 1.25
and 2.5 mg bevacizumab [141]. Similiar results are
reported by the PACORES group [143] and by Lam
et al. [144). The latter study involved 52 eyes under-
going three monthly injections of 1.25 or 2.5 mg
bevacizumab with a mean follow-up period of more
than 6 months. Both dosage groups had significant
reductions in central foveal thickness at all visits,
which peaked at the 3- and 4-month visits. Signifi-
cant improvements in BCVA at all visits, excluding
the 1-week visit, was also observed in both groups.
The two study groups had statistically similar results
throughout the 6 months. Subgroup analyses sug-
gested that the 17 eyes with histories of previous DME
treatment had less improvement at 6 months.

ETDRS Report Number 19 suggests the possibility
of a trend toward a lesser treatment effect for focal
laser in eyes with DME and severe capillary loss [14s].
Bonini-Filho et al. conducted a pilot study on the
value of intravitreal bevacizumab for those eyes [146].
All patients have had a 1.5 mg injection at baseline
and at follow-up visits based on the presence of intra-
retinal or subretinal fluid on OCT. CMT and BCVA
improved significantly throughout the 54-week study
period. Follow-up fluorescein angiogram revealed no
progression of capillary loss at study closure.

Among the other published trials supporting the
use of bevacizumab in patients with DME is the
BOLT study [147]. This study randomized 80 eyes of
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80 patients with center-involving clinically signifi-
cant DME and at least one prior modified ETDRS
macular laser therapy (MLT) to either intravitreal
bevacizumab (ivB) (6 weekly; minimum of three
injections and maximum of nine injections in the
first 12 months) or MLT (4 monthly; minimum of
one treatment and maximum of four treatments
in the first 12 months). The baseline mean ETDRS
BCVA was 55.7 £ 9.7 in the bevacizumab group and
54.6 + 8.6 in the laser arm. The mean ETDRS BCVA at
12 months was 61.3 + 10.4 in the bevacizumab group
and 50.0 + 16.6 in the laser arm (p = 0.0006). Fur-
thermore, the bevacizumab group gained a median
of eight ETDRS letters, whereas the laser group lost a
median of 0.5 ETDRS letters (p = 0.0002). The odds
of gaining >10 ETDRS letters over 12 months were
5.1-times greater in the bevacizumab group than in
the laser group (adjusted odds ratio: 5.1; 95% CI: 1.3-
19.7; p = 0.019). At 12 months, CMT decreased from
507 + 145 pm at baseline to 378 + 134 um (p < 0.001)
in the ivB group, whereas it decreased to a lesser extent
in the laser group, from 481 + 121 ym to 413 + 135 um
(p =0.02). The median number of injections was nine
in the ivB group and the median number of laser
treatments was three in the MLT group.

Three trials compared intravitreal bevacizumab
and IVTA [148-150]. The study performed by Ahmadieh
et al. had alonger follow-up (24 weeks) than the other
two [148]. This study randomized 115 eyes to one of
three study arms: a bevacizumab-only arm, an IVTA
plus bevacizumab combination arm and a placebo
arm. The two treatment arms received three 1.25 mg
bevacizumab injections separated by 6 weeks, with
the IVTA plus bevacizumab group receiving an addi-
tional injection of TA 2 mg at the baseline visit only.
Results demonstrated better BCVA in the two treat-
ment groups compared with the placebo group at all
time points, with the exception of the bevacizumab-
only group at the first 6-week follow-up. There was no
difference in BCVA or CMT between the bevacizumab
and IVTA plus bevacizumab groups. The effect of the
injections lasted for 12 weeks after the final injection
in their study, with no clear trend toward worsening
acuity or edema throughout that period. At 24 weeks
the mean CMT reductions were 96 pm (p = 0.012 com-
pared with the control group) in the bevacizumab-
only group and 92 um (p = 0.022 compared with the
control group) in the bevacizumab plus IVTA group.

Faghihi et al. also compared intravitreal bevaci-
zumab with IVTA in eyes with no history of treat-
ment for DR [149]. They randomized 130 eyes of Type 2
diabetic patients to one of three arms: bevacizumab,
IVTA plus bevacizumab and macular photocoagula-
tion. Injections of bevacizumab 1.25 mg and TA 2 mg
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were given at the baseline visit only. Each of the three
groups had significant improvements in CMT at both
the 6- and 16-week visits compared with baseline and
in BCVA at both visits, with the exception of the beva-
cizumab group at 16 weeks. The bevacizumab group
outperformed the laser group in CMT and BCVA
at week 6 but not at week 16. The bevacizumab plus
IVTA group outperformed the laser group in CMT
and BCVA at both weeks 6 and 16. The results of this
study suggest that a single bevacizumab injection will
generally not last 16 weeks.

Soheilian et al. conducted an investigation [150,151]
using the same design as Faghihi et al. but, unfor-
tunately, their photocoagulation group had a signifi-
cantly better mean BCVA at baseline, which precludes
direct comparison between the two works. They con-
cluded that both bevacizumab groups had similar,
significant improvements in VA only when compared
with photocoagulation.

In conclusion, bevacizumab treatment is associ-
ated with improvements in both VA and CMT. The
treatment usually requires repeat dosing in order to
increase its beneficial effect. A repeat dosing interval
of 3-6 weeks seems most likely to produce maximal
benefit. A dose of 2.5 mg does not appear to have a
benefit over one of 1.25 mg.

= Aflibercept (VEGF Trap-Eye)

This 110 kDa soluble decoy receptor binds with high
affinity to all VEGF members, except unprocessed
VEGF-C and -D [152]. Its safety and efficacy was evalu-
ated in the CLEAR-IT 1 study. It was well tolerated
with no serious side effects and 95% of patients had
stable or improved VA at 6 weeks [153]. The VIEW trial
aims to compare aflibercept to ranibizumab [213,214].
The DAVINCI trial included 219 patients with DME
and compared different doses of aflibercept with
macular laser. The best result was observed for three
monthly loading doses of 2.0 mg aflibercept followed
by pro re nata injection (average gain of 10.3 letters
after 4.4 injections) [154].

= RNA interference

siRNA is a 21-23 nucleotide double-stranded RNA
that binds specifically to mRNA and prevents transla-
tion at the ribosomal level [155]. A Phase II, pharmaco-
kinetic, randomized, double-blind, controlled, dose-
comparison study of Cand5 (Bevasiranib, OPKO
Health) for intravitreal injection for the treatment
of DME [214] has been completed and the results are
forthcoming.

m Sirolimus
Sirolimus is an immunosuppressive agent that
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inhibits T-lymphocyte activation/proliferation
occuring in response to antigenic and cytokine (IL-2,
-4 and -15) stimulation by a mechanism that is dis-
tinct from that of other immunosuppressing agents.
An interventional, nonrandomized open-label pilot
study [200] is investigating the effectiveness of two
20 ml (440 mg) subconjunctival injections of siro-
limus for DME.

= TNF-a

TNF-o is a proinflammatory cytokine that has been
implicated in the development of a variety of inflam-
matory diseases [156], as well as in processes central
to DR pathology [157-150]. Clinical studies demon-
strated high levels of TNF-a in the vitreous [so.160]
and serum [161-163] of patients with DR and preclini-
cal models of either systemic [164] or intravitreal [165]
TNF-o inhibitors for the treatment of DR have dem-
onstrated reduced retinal microvascular damage, as
well as inhibited ocular neovascularization [166,1671.
The effects of TNF-a are attributed to its action in
upregulating the synthesis of VEGF [168] and also
independently of VEGF pathways [104].

Clinical evidence for the efficacy of TNF-o. inhibi-
tors in DME is limited to one case series and one RCT.
Intravenous infliximab, a monoclonal antibody tar-
geting TNF-a, was administered in two infusions
of 5 mg/kg (Remicade’, Sherring-Plough, Greece) in
1-month intervals for severe DME and showed both
anatomic and functional improvement in four of the
six eyes in the case series [169). In the RCT, intravenous
infliximab treatment led to a mean VA gain of 6.9
letters after 16 weeks in 11 patients with DME, a ben-
efit that was sustained after the crossover to placebo,
whereas placebo-treated eyes initially lost a mean
of 2.8 letters but regained a mean of 6.6 letters after
switching to infliximab (p = 0.017) [1y0].

Since intravenous administration of infliximab
for the treatment of uveitis led to severe adverse
effects [171], intravitreal administration of this
agent should involve much lower doses. However, it
should be noted that a recent Phase I trial evaluat-
ing intravitreal infliximab for the treatment of DME
(two patients) and neovascular age-related macular
degeneration (two patients)found that three of the
four patients, including both patients with DME,
developed intraocular inflammation as well as sys-
temic antibodies against infliximab [172].

= PKC-p2

PKC-f2 is a member of a kinase family that is acti-
vated by diacylglycerol, a second messenger-signaling
lipid. Diacylglycerol levels are elevated by hypergly-
cemia [173]. Preclinical studies have demonstrated
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that PKC-p2-inhibitor ruboxistaurin (LY333531) can
inhibit processes related to the pathophysiology of
DR [174].

Intravitreal or oral administration of ruboxistau-
rin in rodents with diabetes blocked increases in vas-
cular permeability [175,176]. Oral ruboxistaurin was
examined in three placebo-controlled clinical trials
as a treatment for DR and DME (s0,160,177]. In the first,
involving 252 patients with moderately severe to very
severe NPDR, the drug did not prevent the progres-
sion of DR, although the 32-mg dose did result in a
significant reduction of the time to moderate VA loss
[177]. In the second larger study involving 685 patients
with NPDR, ruboxistaurin reduced the risk of mod-
erate VA loss, the need for laser treatment and the
progression of ME to within 100 um from the cen-
ter of the macula, as well as increased the likelihood
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of a >15-letter VA gain [160]. The third trial was a
30-month trial involving 686 patients with mild-to-
moderate NPDR. In this trial ruboxistaurin did not
delay the progression to sight-threatening DME or
application of laser therapy (p = 0.14) 177]. A Phase III
clinical trial is currently examining its efficacy in the
treatment of DME [215].

Future perspective

The new availability of treatment options has opened
new perspectives in the treatment of DME. Among
these are intravitreal steroid-releasing implants that
have been designed in an attempt to provide long-
term drug delivery to the macular region. Agents
targeting VEGF show great benefit and combination
treatment of the two are investigated extensively. In
addition, studies are underway to evaluate potential

Executive summary

Laser photocoagulation
m The findings of the ETDRS trial are the main source of clinical evidence for the benefits of laser treatment for clinically
significant diabetic macular edema (DME).

Pars plana vitrectomy
m Surgical approaches, particularly pars plana vitrectomy (PPV) are most commonly used for diffuse and nonresolving DME.
m Pharmacological agents administered intravitreally during PPV are being investigated as possible options in treating DME.

Corticosteroids

m Anti-inflammatory drugs have been strongly implicated in the etiology of DME and several agents are studied as therapeutic
options.

m Traimcinolone acetonide has been the principal agent of its class administered intravitreally for the treatment of DME.
Sumodics I-vation™ is a triamcinolone acetonide sustained-delivery drug system.

m Biodegradable sustained-release intravitreal implants containing dexamethasone were shown to be an effective treatment
of DME.

m Two slow-release devices containing fluocinolone acetonide (FA) have been tested in Phase III clinical trials for the treatment of
DME: Retisert® and Alimera Iluvien®.

Anti-VEGF agents

m VEGF is a potent promoter of angiogenesis and vascular permeability, both are directly associated with the pathophysiology of
diabetic retinopathy and DME.

m The Macugen Diabetic Retinopathy Study Group was the first study to investigate the efficacy of pegaptanib sodium. Further
studies have confirmed their results.

m The effectiveness of ranibizumab in treating DME was demonstrated in the READ-2 trial as well as the DRCR.net, RESOLVE and
RESTORE trials.

m For reasons of cost and availability, bevacizumab is currently the best-studied anti-VEGF medication for DME.

m The effect of aflibercept (VEGF Trap-Eye), a receptor that binds with high affinity to all VEGF members, is being investigated in
the CLEAR-IT 1 study.

m Small interfering RNAs are being investigated in Phase II trials as therapeutic options for DME. For example, bevasiranib
(Cand5) — OPKO Health and AGN211745 (Sirna-027) — Allergan.

m Sirolimus, an immunosuppressive agent that inhibits T-lymphocyte activation/proliferation occurring in response to antigenic
and cytokine agents, is being investigated as a treatment option for DME.

TNFa

m TNFa is a proinflammatory cytokine that has been implicated in the development of a variety of inflammatory diseases,
including DME.

PKC-B2

m PKC-B2 is a member of a kinase family that has been implicated in the pathogenesis of diabetes mellitus. Its inhibitor —
ruboxistaurin (LY333531) — can inhibit processes related to the pathophysiology of diabetic retinopathy.
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benefits from other novel drugs that are
directed against other specific molecular
targets, including TNF-a and PKC-f2,
and they also hold great promise. Many
experimental treatment strategies are
under investigation, but the benefits
of most have yet to be established in
Phase III clinical trials.

Conclusion

DME is a major cause of blindness in
patients with DR. Substantial prog-
ress has been made in understanding
the complex pathophysiology of DME.
Focal and grid photocoagulation, as
described in the ETDRS trials, remain
the gold standard of treatment, but new
classes of pharmacologic agents, which
include long-acting steroid formulations
delivered as intravitreal injections and
anti-VEGF agents, now provide even
better alternative treatment. Multiple
treatment approaches are often needed
to resolve the persistence of fluid within
the macular region and combination
treatment plays an important role in the
complex management of DME. Further
study is still much needed to establish
the best treatment algorithm for DME.

Financial & competing interests dis-
closure
A Loewenstein is a consultant to Allergan, Inc.,
Alcon, Inc., Lumenis, Ltd, Forsightlabs, Notal
Vision, Ltd and Orabio, Ltd. The authors have no
other relevant affiliations or financial involve-
ment with any organization or entity with a
financial interest in or financial conflict with the
subject matter or materials discussed in the
manuscript apart from those disclosed.

No writing assistance was utilized in the pro-
duction of this manuscript.

References

1 Resnikoff S, Pascolini D, Etyaale D et al.
Global data on visual impairment in the
year 2002. Bull. World Health Organ 82,
844-851 (2004).

2 Wild S, Roglic G, Green A et al. Global
prevalence of diabetes: estimates for the year
2000 and projections for 2030. Diabetes Care
27,1047-1053 (2004).

3 Early Treatment Diabetic Retinopathy
Study Research Group. Photocoagulation

100

Golan & Lowenstein

for diabetic macular edema: Early
Treatment Diabetic Retinopathy Study
report number 1. Arch. Ophthalmol. 103,
1796-1806 (1985).

Mohamed Q, Wong TY. Emerging drugs for
diabetic retinopathy. Expert Opin. Emerg.
Drugs 13, 675-694 (2008).

Klein R, Klein BE, Moss SE, Davis MD,
DeMets DL. The Wisconsin epidemiologic
study of diabetic retinopathy: III. Prevalence
and risk of diabetic retinopathy when age at
diagnosis is 30 or more years. Arch.
Ophthalmol. 102, 527-532 (1984).

Klein R, Klein BE, Moss SE, Davis MD,
DeMets DL. The Wisconsin epidemiologic
study of diabetic retinopathy: IV. Diabetic
macular edema. Ophthalmology 91,
1464-1474 (1984).

Antcliff R], Marshall J. The pathogenesis of
edema in diabetic maculopathy. Semin.
Ophthalmol. 14, 223-232 (1999).

Aroca PR, Salvat M, Ferndndez J, Méndez I.
Risk factors for diffuse and focal macular
edema. J. Diabetes Complications 18, 211-
215 (2004).

Noma H, Funatsu H, Yamasaki M et al.
Pathogenesis of macular oedema with
branch retinal vein occlusion and
intraocular levels of vascular endothelial
growth factor and interleukin-6. Am.

J. Ophthalmol. 140, 256-261 (2005).

Adamis AP, Miller JW, Bernal MT et al.
Increased vascular endothelial growth factor
levels in the vitreous of eyes with
proliferative diabetic retinopathy.

Am. J. Ophthalmol. 118, 445-450 (1994).

Cohen T, Nahari D, Cerem LW et al.
Interleukin-6 induces the expression of
vascular endothelial growth factor. J. Biol.
Chem. 271, 736-741 (1996).

Cunha Vaz DJ. The blood-retinal barriers.
Doc. Ophthalmol. 41, 287-327 (1976).

Vane ], Botting R. Inflammation and the
mechanism of action of anti-inflammatory
drugs. FASEB . 1, 89-96 (1987).

Early Treatment Diabetic Retinopathy Study
Research Group. Treatment techniques and
clinical guidelines for photocoagulation of
diabetic macular edema: Early Treatment
Diabetic Retinopathy Study report number
2. Ophthalmology 94, 761-774 (1987).

Lee CM, Olk RJ. Modified grid laser
photocoagulation for diffuse diabetic

macular oedema. Long-term visual results.
Ophthalmology 98, 1594-1602 (1991).

Elman MJ, Raden RZ, Sloan MD et al.
Diabetic Retinopathy Clinical Research
Network. A randomized trial comparing

www.future-science.com

17

18

19

20

21

22

23

24

25

26

27

intravitreal comparing intravitreal
triamcinolone acetonide and focal/grid
photocoagulation for diabetic macular
edema. Ophthalmology 115, 1447-1459
(2008).

Bhagat N, Grigorian RA, Tutela A et al.
Diabetic macular edema: pathogenesis and
treatment. Surv. Ophthalmol. 54, 1-32
(2009).

Lang GE. Laser treatment of diabetic
retinopathy. Dev. Ophthalmol. 39, 48-68
(2007).

Thompson MJ, Ip MS. Diabetic macular
edema: a review of past, present, and future
therapies. Int. Ophthalmol. Clin. 44, 51-67
(2004).

Luttrull JK, Musch DC, Mainster MA.
Subthreshold diode micropulse
photocoagulation for the treatment of
clinically significant diabetic macular
oedema. Br. J. Ophthalmol . 89, 74-80 (2005).

Moorman CM, Hamilton AM. Clinical
applications of the MicroPulse diode laser.
Eye 13 (Pt 2), 145-150 (1999).

Sivaprasad S, Sandhu R, Tandon A et al.
Subthreshold micropulse diode laser
photocoagulation for clinically significant
diabetic macular oedema: a three-year
follow up. Clin. Experiment. Ophthalmol. 35,
640-644 (2007).

Luttrull JK, Musch DC, Spink CA.
Subthreshold diode micropulse panretinal
photocoagulation for proliferative diabetic
retinopathy. Eye (Lond.) 22, 607-612 (2008)

Fong DS, Strauber SF, Aiello LP et al.
Comparison of the modified Early
Treatment Diabetic Retinopathy Study and
mild macular grid laser photocoagulation
strategies for diabetic macular edema. Arch.
Ophthalmol. 125, 469-480 (2007).

Figueira J, Khan J, Nunes S et al. Prospective
randomized controlled trial comparing
sub-threshold micropulse diode laser
photocoagulation and conventional green
laser for clinically significant diabetic
macular oedema. Br. J. Ophthalmol. 93,
1341-1344 (2009).

Vujosevic S, Bottega E, Casciano M et al.
Microperimetry and fundus autofluorescence
in diabetic macular edema: subthreshold
micropulse diode laser versus modified early
treatment diabetic retinopathy study laser
photocoagulation. Retina 30, 908-916 (2010).

Mugit MM, Wakely L, Stanga PE et al. Effects
of conventional argon panretinal laser
photocoagulation on retinal nerve fibre layer
and driving visual fields in diabetic
retinopathy. Eye (Lond.) 24, 1136-1142 (2010).

future science group

New developments in the treatment of diabetic macular edema

28 Nagpal M, Marlecha S, Nagpal K.
Comparison of laser photocoagulation for
diabetic retinopathy using 532-nm standard
laser versus multispot pattern scan laser.
Retina 30, 452-458 (2010).

29  Lewis H, Abrams GW, Blumenkranz MS
et al. Vitrectomy for diabetic macular
traction and edema associated with posterior
hyaloidal traction. Ophthalmology 99, 753
759 (1992).

30 Tachi N, Ogino N. Vitrectomy for diffuse
macular edema in cases of diabetic
retinopathy. Am. J. Ophthalmol. 122,
258-260 (1996).

31  Yamamoto T, Yamamoto S, Takeuchi S. Pars
plana vitrectomy for diabetic macular edema
with posterior vitreous detachment. J. Eye 17,
133-138 (2000).

32 SatoY, Lee Z, Shimada H. Vitrectomy for
diabetic cystoid macular edema. Jpn.
J. Ophthalmol. 46, 315-322 (2007).

33 Funatsu H, Yamashita H, Makamura S et al.
Vitreous level of pigment epithelium-derived
factor and vascular endothelial growth factor
are related to diabetic macular edema.
Ophthalmology 113, 294-301 (2006).

34 Stefansson E, Novack RL, Hatchell DL.
Vitrectomy prevents retinal hypoxia in
branch retinal vein occlusion. Invest.
Ophthalmol. Vis. Sci. 90, 284-289 (1990).

35  Christoforidis JB, D’Amico DJ. Surgical and
other treatments of diabetic macular edema:
an update. Int. Ophthalmol. Clin. 44, 139-160
(2004).

36 Diabetic Retinopathy Clinical Research
Network Writing Committee, on behalf of
the DRCR.net. Vitrectomy outcomes in eyes
with diabetic macular edema and
vitreomacular traction. Ophthalmology 117,
1087-1093.e3 (2010).

37 Kumagai K, Furukawa M, Ogino N et al.
Long-term follow-up of vitrectomy for diffuse
nontractional diabetic macular edema.
Retina 29, 464-472 (2009).

38  Goldenberg DT, Hassan TS. Small gauge,
sutureless surgery techniques for diabetic
vitrectomy. Int. Ophthalmol. Clin.

49, 141-151 (2009).

39  Mason III JO, Colagross CT, Vail R.
Diabetic vitrectomy: risks, prognosis, future
trends. Curr. Opin. Ophthalmol. 17, 281-285
(2006).

40  Yang SJ, Yoon SY, Kim JG et al.
Transconjunctival sutureless vitrectomy for
the treatment of vitreoretinal complications
in patients with diabetes mellitus.
Ophthalmic Surg. Lasers Imaging 40, 461
466 (2009).

future science group

41

42

43

44

45

46

47

48

49

50

51

52

Park DH, Shin JP, Kim SY. Comparison of
clinical outcomes between 23-gauge and
20-gauge vitrectomy in patients with
proliferative diabetic retinopathy. Retina 30,
1662-1670 (2010).

Park KH, Woo SJ, Hwang JM et al. Short-
term outcome of bimanual 23-gauge
transconjunctival sutureless vitrectomy for
patients with complicated
vitreoretinopathies. Ophthalmic Surg. Lasers
Imaging 41, 207-214 (2010).

Kang SW, Sa HS, Cho HY, Kim JI. Macular
grid photocoagulation after intravitreal
triamcinolone acetonide for diffuse diabetic
macular edema. Arch. Ophthalmol. 124,
653-658 (2006).

Kang SW, Park SC, Cho HY, Kang JH. Triple
Therapy of Vitrectomy, Intravitreal
triamcinolone, and macular laser
photocoagulation for intractable diabetic
macular edema. Am. J. Ophthalmol. 144,
878-885 (2007).

Mochizuki Y, Hata Y, Enaida H, Yoshiyama
K, Miyazaki M, Ueno A et al. Evaluating
adjunctive surgical procedures during
vitrectomy for diabetic macular edema.
Retina 26, 143-148 (2006).

Helbig H. Surgery for diabetic retinopathy.
Ophthalmologica 221, 103-111 (2007).

Lopez-Lopez F, Rodriguez-Blanco M,
Gomez-Ulla F et al. Enzymatic vitreolysis.
Curr. Diabetes Rev. 5, 57-62 (2009).

Benz MS, Packo KH, Gonzalez V et al.

A placebo controlled trial of microplasmin
intravitreous injection to facilitate posterior
vitreous detachment before vitrectomy.
Ophthalmology 117, 791-797 (2010).

Diaz-Llopis M, Udaondo P, Arevalo F et al.
Intravitreal plasmin without associated
vitrectomy as a treatment for refractory
diabetic macular edema. J. Ocul. Pharmacol.
Ther. 25, 379-384 (2009).

Aiello LP, Bursell SE, Clermont A et al.
Vascular endothelial growth factor-induced
retinal permeability is mediated by protein
kinase C in vivo and suppressed by an orally
effective beta-isoform-selective inhibitor.
Diabetes 46, 1473-1480 (1997).

Antonetti DA, Barber AJ, Hollinger LA et al.
Vascular endothelial growth factor induces
rapid phosphorylation of tight junction
proteins occludin and zonula occludens 1: a
potential mechanism for vascular
permeability in diabetic retinopathy and
tumors. J. Biol. Chem. 274, 23463-23467
(1999).

Senger DR, Galli SJ, Dvorak AM et al.
Tumor cells secrete a vascular permeability

Clin. Invest. (2012) 2(1)

Review: Clinical Trial Outcomes

53

54

55

56

57

58

59

60

61

62

63

64

65

factor that promotes accumulation of ascites
fluid. Science 219, 983-985 (1983).

Miyamoto K, Khosrof S, Bursell SE et al.
Prevention of leukostasis and vascular
leakage in streptozotocin-induced diabetic
retinopathy via intercellular adhesion
molecule-1 inhibition. Proc. Natl Acad. Sci.
USA 96, 10836-10841 (1999).

Kern TS. Contributions of inflammatory
processes to the development of the early
stages of diabetic retinopathy. Exp. Diabetes
Res. 2007, 95-103 (2007).

Joussen AM, Poulaki V, Le ML et al. A
central role for inflammation in the
pathogenesis of diabetic retinopathy.
FASEB]J. 18, 1450-1452 (2004).

Nauck M, Karakiulakis G, Perruchoud A

et al. Corticosteroids inhibit the expression
of the vascular endothelial growth factor
gene in human vascular smooth muscle
cells. Eur. J. Pharmacol. 341, 309-315 (1998).

Nauck M, Roth M, Tamm M et al. Induction
of vascular endothelial growth factor by
platelet-activating factor and platelet-
derived growth factor is downregulated by
corticosteroids. Am. J. Respir. Cell. Mol. Biol.
16, 398-406 (1997).

Cunningham MA, Edelman JL, Kaushal S.
Intravitreal steroids for macular edema: the
past, the present, and the future. Surv.
Ophthalmol. 53, 139-149 (2008).

Grover D, Li T], Chong CC. Intravitreal
steroids for macular edema in diabetes.
Cochrane Database Syst. Rev. (1), CD005656
(2008).

Kuo CH, Gillies MC. Role of steroids in the
treatment of diabetic macular edema. Int.
Ophthalmol. Clin. 49, 121-134 (2009).

Jonas JB. Intravitreal triamcinolone
acetonide: a change in a paradigm.
Ophthalmic Res. 38, 218-245 (2006).

Danis RP, Bingaman DP, Yang Y et al.
Inhibition of preretinal and optic nerve head
neovascularization in pigsby intravitreal
triamcinolone acetonide. Ophthalmology
103, 2099-2104 (1996).

Penfold PL, Wen L, Madigan MC et al.
Modulation of permeability and adhesion
molecule expression by human choroidal
endothelial cells. Invest. Ophthalmol. Vis.
Sci. 43, 3125-3130 (2002).

Matsuda S, Gomi F, Oshima Y et al.
Vascular endothelial growth factor reduced
and connective tissue growth factor induced
by triamcinolone in ARPE19 cells under
oxidative stress. Invest. Ophthalmol. Vis. Sci.
46, 1062-1068 (2005).

Brooks Jr HL, Caballero Jr S, Newell CK

101



Review: Clinical Trial Outcomes

et al. Vitreous levels of vascular endothelial
growth factor and stromalderived factor 1 in
patients with diabetic retinopathy and
cystoid macular edema before and after
intraocular injection of triamcinolone. Arch.
Ophthalmol. 122, 1801-1807 (2004).

66 Cheung N, Mitchell P, Wong TY. Diabetic
retinopathy. Lancet 376, 124-136 (2010).

67 Silva PS, Sun JK, Aiello LP. Role of steroids
in the management of diabetic macular
edema and proliferative diabetic
retinopathy. Semin. Ophthalmol. 24, 93-99
(2009).

68 Yilmaz T, Weaver CD, Gallagher MJ et al.
Intravitreal triamcinolone acetonide
injection for treatment of refractory diabetic
macular edema: a systematic review.
Ophthalmology 116, 902-911 (2009).

69 Mohamed Q, Gillies MC, Wong TY.
Management of diabetic retinopathy: a
systematic review. JAMA 298, 902-916
(2007).

70 Jonas JB. Intravitreal triamcinolone
acetonide for diabetic retinopathy. Dev.
Ophthalmol. 39, 96-110 (2007).

71  Gillies MC, Sutter FK, Simpson JM et al.
Intravitreal triamcinolone for refractory
diabetic macular edema: two-year results of
a double-masked, placebo-controlled,
randomized clinical trial. Ophthalmology
113, 1533-1538 (2006).

72 Gillies MC, Simpson JM, Gaston C et al.
Five-year results of a randomized trial with
open-label extension of triamcinolone
acetonide for refractory diabetic macular
edema. Ophthalmology 116, 2182-2187
(2009).

73 Diabetic Retinopathy Clinical Research
Network. A randomized trial comparing
intravitreal triamcinolone acetonide and
focal/grid photocoagulation for diabetic
macular edema. Ophthalmology 115,
1447-1459 (2008).

74  Diabetic Retinopathy Clinical Research
Network, Elman M], Aiello LP et al.
Randomized trial evaluating ranibizumab
plus prompt or deferred laser or
triamcinolone plus prompt laser for diabetic
macular edema. Ophthalmology 117,
1064-1077.e35 (2010).

75 Beck RW, Edwards AR, Aiello LP et al.
Three-year follow-up of a randomized trial
comparing focal/grid photocoagulation and
intravitreal triamcinolone for diabetic
macular edema. Arch. Ophthalmol. 127,
245-251 (2009).

76  Bressler NM, Edwards AR, Beck RW et al.
Exploratory analysis of diabetic retinopathy

102

Golan & Lowenstein

77

78

79

80

81

82

83

84

85

86

progression through 3 years in a
randomized clinical trial that compares
intravitreal triamcinolone acetonide with
focal/grid photocoagulation. Arch.
Ophthalmol. 127, 1566-1571 (2009).

Bandello F, Polito A, Pognuz DR et al.
Triamcinolone as adjunctive treatment to
laser panretinal photocoagulation for
proliferative diabetic retinopathy. Arch.
Ophthalmol. 124, 643-650 (2006).

Lam DS, Chan CK, Mohamed S et al.
Intravitreal triamcinolone plus sequential
grid laser versus triamcinolone or laser
alone for treating diabetic macular edema:
six-month outcomes. Ophthalmology 114,
2162-2167 (2007).

Maia Jr OO, Takahashi BS, Costa RA et al.
Combined laser and intravitreal
triamcinolone for proliferative diabetic
retinopathy and macular edema: one-year
results of a randomized clinical trial. Am.
J Ophthalmol. 147(2), 291-297 (2009).

Lee HY, Lee SY, Park JS. Comparison of
photocoagulation with combined
intravitreal triamcinolone for diabetic
macular edema. Korean J. Ophthalmol. 23,
153-158 (2009).

Mirshahi A, Shenazandi H, Lashay A et al.
Intravitreal triamcinolone as an adjunct to
standard laser therapy in coexisting high-
risk proliferative diabetic retinopathy and
clinically significant macular edema. Retina
30, 254-259 (2010).

Shimura M, Nakazawa T, Yasuda K et al.
Pretreatment of posterior subtenon injection
of triamcinolone acetonide has beneficial
effects for grid pattern photocoagulation
against diffuse diabetic macular oedema.

Br. J. Ophthalmol. 91, 449-454 (2007).

Chung EJ, Freeman WR, Azen SP et al.
Comparison of combination posterior sub-
tenon triamcinolone and modified grid laser
treatment with intravitreal triamcinolone
treatment in patients with diffuse diabetic
macular edema. Yonsei Med. J. 49, 955-964
(2008).

Unoki N, Nishijima K, Kita M et al.
Randomised controlled trial of posterior
sub-Tenon triamcinolone as adjunct to
panretinal photocoagulation for treatment
of diabetic retinopathy. Br. J. Ophthalmol.
93, 765-770 (2009).

Mansoor S, Kuppermann BD, Kenney MC.
Intraocular sustained-release delivery
system for triamcinolone acetonide.
Pharm. Res. 26, 770-784 (2009).

Kuppermann BD. Steroid implant
overview: [-Vation TA, Posurdex, Iluvien,
and more. Presented at: AAO San Francisco

www.future-science.com

87

88

89

90

91

92

93

94

95

96

2009 Convention: Retina Subspeciality Day
Presentation. San Francisco, CA, USA,
24 October 2009.

Dugel P.U. I-Vation™ TA: 24-month
Clinical Results of the Phase I Safety and
Preliminary Efficacy Study. Invest.
Ophthalmol. Vis. Sci. 181 (Abstr. 4332)
(2009).

Tano Y, Sugita G, Abrams G et al.
Inhibition of intraocular proliferations
with intravitreal corticosteroids. Am. J.
Ophthalmol. 89, 131-136 (1980).

Cheng CK, Berger AS, Pearson PA et al.
Intravitreal sustained-release
dexamethasone device in the treatment of
experimental uveitis. Invest. Ophthalmol.
Vis. Sci. 36, 442-453 (1995).

Kupperman B, Dugel P, Williams G et al.
A comparison of applicator versus
incisional placement of the dexamethasone
sustained release drug delivery system.
Presented at: American Academy of
Ophthalmology. Chicago, IL, USA, 17
October 2005.

Gupta S. Open label phase 2 study of
dexamethasone intravitreal implant for
treatment of diabetic macular edema
(DME) in vitrectomized patients:
INTERIM results. Invest. Ophthalmol.
Vis. Sci. 424, (Abstr. 4261/D927)
(2010).

Boyer DS, Faber D, Gupta S, Patel SS,
Tabandeh H, Li XY et al. for the Ozurdex
CHAMPLAIN Study Group.
Dexamethasone intravitreal implant for
treatment of diabetic macular edema in
vitrectomized patients. Retina 31(5),
915-923 (2011).

Kuppermann BD, Blumenkranz MS, Haller
JA et al. Randomized controlled study of
an intravitreous dexamethasone drug
delivery system in patients with persistent
macular edema. Arch. Ophthalmol. 125,
309-317 (2007).

Haller JA, Kuppermann BD, Blumenkranz
MS et al. Randomized controlled trial of
an intravitreous dexamethasone drug
delivery system in patients with diabetic
macular edema. Arch. Ophthalmol. 128,
289-296 (2010).

Kuppermann BD, Chou C, Weinberg DV

et al. Intravitreous dexamethasone effects
on different patterns of diabetic macular
edema (letter). Arch. Ophthalmol. 128, 642
643 (2010).

Jaffe GJ, Ben-Nun J, Guo H et al.
Fluocinolone acetonide sustained drug
delivery device to treat severe uveitis.
Ophthalmology 107, 2024-2033 (2000).

future science group

97

98

99

100

101

102

103

104

105

106

107

108

New developments in the treatment of diabetic macular edema

No authors listed. Fluocinolone acetonide
ophthalmic-Bausch & Lomb: fluocinolone
acetonide Envision TD™ implant.

Drugs R. D. 6, 116-119 (2005).

Jaffe GJ, Yang CH, Guo H et al. Safety and
pharmacokinetics of an intraocular
fluocinolone acetonide sustained delivery
device. Invest. Ophthalmol. Vis. Sci. 41,
3569-3575 (2000).

Pavesio C, Zierhut M, Bairi K et al.
Evaluation of an intravitreal fluocinolone
acetonide implant versus standard
systemic therapy in noninfectious
posterior uveitis. Ophthalmology 117, 567-
575 (2010).

Campochiaro PA, Hafiz G, Shah SM et al.
Sustained ocular dlivery of fluocinolone
acetonide by an intravitreal insert.
Ophthalmology 117, 1393-1399¢3 (2010).

Campochiaro PA, Brown DM, Pearson A,
Ciulla T, Boyer D, Holz FG et al. FAME
Study Group. Long-term benefit of
sustained-delivery fluocinolone acetonide
vitreous inserts for diabetic macular
edema. Ophthalmology 118, 626-635
(2011).

Gardner TW, Antonetti DA. Novel
potential mechanisms for diabetic macular
edema: leveraging new investigational
approaches. Curr. Diab. Rep. 8, 263-269
(2008).

Starita C, Patel M, Katz B et al. Vascular
endothelial growth factor and the potential
therapeutic use of pegaptanib (Macugen’)
in diabetic retinopathy. Dev. Ophthalmol.
39, 122-148 (2007).

Adamis AP, Berman AJ. Immunological
mechanisms in the pathogenesis of
diabetic retinopathy. Semin.
Immunopathol. 30, 65-84 (2008).

Wirostko B, Wong TY, Simo R. Vascular
endothelial growth factor and diabetic
complications. Prog. Retin. Eye. Res. 27,
608-621 (2008).

Leung DW, Cachianes G, Kuang W] et al.
Vascular endothelial growth factor is a
secreted angiogenic mitogen. Science 246,
1306-1309 (1989).

Csaky KG, Bafti JZ, Byrnes GA et al.
Recruitment of marrow-derived
endothelial cells to experimental choroidal
neovascularization by local expression of
vascular endothelial growth factor. Exp.
Eye. Res. 78, 1107-1116 (2004).

Alon T, Hemo I, Itin A et al. Vascular
endothelial growth factor acts as a survival
factor for newly formed retinal vessels and
has implications for retinopathy of

future science group

109

110

111

112

113

114

115

116

117

118

119

prematurity. Nat. Med. 1, 1024-1028 (1995).

Senger DR, Connolly DT, Van De Water L
et al. Purification and NH2 terminal amino
acid sequence of guinea pig tumor-secreted
vascular permeability factor. Cancer Res.
50, 1774-1778 (1990).

Roberts WG, Palade GE. Increased
microvascular permeability and endothelial
fenestration induced by vascular
endothelial growth factor. J. Cell. Sci. 108,
2369-2379 (1995).

Antonetti DA, Khin S, Lieth E et al., and the
Penn State Retina Research Group. Vascular
permeability in experimental diabetes is
associated with reduced endothelial
occludin content: vascular endothelial
growth factor decreases occludin in retinal
endothelial cells. Diabetes 47, 1953-1959
(1998).

Ishida S, Usui T, Yamashiro K et al.
VEGF164 is proinflammatory in the
diabetic retina. Invest. Ophthalmol. Vis. Sci.
44, 2155-2162 (2003).

Miyamoto K, Hiroshiba N, Tsujikawa A

et al. In vivo demonstration of increased
leukocyte entrapment in retinal
microcirculation of diabetic rats. Invest.
Ophthalmol. Vis. Sci. 39, 2190-2194 (1998).

Joussen AM, Poulaki V, Mitsiades N et al.
Suppression of Fas-FasL-induced
endothelial cell apoptosis prevents diabetic
blood-retinal barrier breakdown in a model
of streptozotocin-induced diabetes.

FASEB . 17, 76-78 (2003).

Clauss M, Gerlach M, Gerlach H et al.
Vascular permeability factor: a tumor-
derived polypeptide that induces
endothelial cell and monocyte procoagulant
activity, and promotes monocyte migration.
J. Exp. Med. 172, 1535-1545 (1990).

Barleon B, Sozzani S, Zhou D et al.
Migration of human monocytes in response
to vascular endothelial growth factor
(VEGF) is mediated via the VEGF receptor
flt-1. Blood 87, 3336-3343 (1996).

Ishida S, Usui T, Yamashiro K et al.
VEGF164-mediated inflammation is
required for pathological, but not
physiological, ischemia-induced retinal
neovascularization. J. Exp. Med. 198,
483-489 (2003).

Aiello LP, Northrup JM, Keyt BA et al.
Hypoxic regulation of vascular endothelial

growth factor in retinal cells. Arch.
Ophthalmol. 113, 1538-1544 (1995).

Aiello LP, Avery RL, Arrigg PG et al.
Vascular endothelial growth factor in ocular
fluid of patients with diabetic retinopathy

Clin. Invest. (2012) 2(1)

Review: Clinical Trial Outcomes

120

121

122

123

124

125

126

127

128

129

130

131

and other retinal disorders. N. Engl. ]. Med.
331, 1480-1487 (1994).

Joussen AM, Smyth N, Niessen C.
Pathophysiology of diabetic macular edema.
Dev. Ophthalmol. 39, 1-12 (2007).

Tolentino MJ, McLeod DS, Taomoto M et al.
Pathologic features of vascular endothelial
growth factor-induced retinopathy in the
nonhuman primate. Am. J. Ophthalmol. 133,
373-385 (2002).

Tolentino MJ, Miller JW, Gragoudas ES et al.
Intravitreous injections of vascular
endothelial growth factor produce retinal
ischemia and microangiopathy in an adult
primate. Ophthalmology 103, 1820-1828
(1996).

Ng EW, Shima DT, Calias P et al.
Pegaptanib, a targeted anti-VEGF aptamer
for ocular vascular disease. Nat. Rev. Drug.
Discov. 5, 123-132 (2006).

Ferrara N, Damico L, Shams N et al.
Development of ranibizumab, an anti-
vascular endothelial growth factor antigen
binding fragment, as therapy for neovascular
age-related macular degeneration. Retina 26,
859-870 (2006).

Gragoudas ES, Adamis AP, Cunningham Jr
ET et al. Pegaptanib for neovascular age-
related macular degeneration. N. Engl.

J. Med. 351, 2805-2816 (2004).

Brown DM, Kaiser PK, Michels M et al.
Ranibizumab versus verteporfin for
neovascular age-related macular
degeneration. N. Engl. J. Med. 355, 1432—
1444 (2006).

Rosenfeld PJ, Brown DM, Heier JS et al.
Ranibizumab for neovascular age-related
macular degeneration. N. Engl. J. Med. 355,
1419-1431 (2006)

Lynch SS, Cheng CM. Bevacizumab for
neovascular ocular diseases. Ann.
Pharmacother. 41, 614-625 (2007).

Holash ], Davis S, Papadopoulos N et al.
VEGF-Trap: a VEGF blocker with potent
antitumor effects. Proc. Natl Acad. Sci. USA
99, 11393-11398 (2002).

Do DV, Nguyen QD, Shah SM et al. An
exploratory study of the safety, tolerability
and bioactivity of a single intravitreal
injection of vascular endothelial growth
factor trap-eye in patients with diabetic
macular oedema. Br. J. Ophthalmol. 93, 144-
149 (2009).

Stahl A, Paschek L, Martin G et al.
Rapamycin reduces VEGF expression in
retinal pigment epithelium (RPE) and
inhibits RPE-induced sprouting
angiogenesis in vitro. FEBS Lett. 582, 3097-

103



Review: Clinical Trial Outcomes

3102 (2008).

132 Kim DD, Kleinman D, Kanetaka T et al.
Rapamycin inhibits VEGF-induced
microvascular hyperpermeability.
Microcirculation 17, 128-136 (2010).

133 Cunningham Jr ET, Adamis AP, Altaweel M
et al. A Phase II randomized double-masked
trial of pegaptanib, an anti-vascular
endothelial growth factor aptamer, for
diabetic macular edema. Ophthalmology
112, 1747-1757 (2005).

134 Lorenzi M. The polyol pathway as a
mechanism for diabetic retinopathy:
attractive, elusive, and resilient. Exp.
Diabetes. Res. 2007, 61038 (2007).

135 Goh SY, Cooper ME. Clinical review: the
role of advanced glycation end products in
progression and complications of diabetes.
J. Clin. Endocrinol. Metab. 93, 1143-1152
(2008).

136 Kaji Y, Usui T, Ishida S et al. Inhibition of
diabetic leukostasis and blood-retinal
barrier breakdown with a soluble form of a
receptor for advanced glycation end
products. Invest. Ophthalmol. Vis. Sci. 48,
858-865 (2007).

137 Sultan MB, Zhou D, Loftus ] et al. Macugen
1013 Study Group. A phase 2/3, multicenter,
randomized, double-masked, 2-year trial of
pegaptanib sodium for the treatment of
diabetic macular edema. Ophthalmology
118(6), 1107-1118 (2011).

138 Nguyen QD, Shah SM, Heier JS et al. two-
year outcomes of the Ranibizumab for
Edema of the Macula in Diabetes (READ-2)
study. Ophthalmology 117, 2146-2151 (2010).

139 Massin P, Bandello F, Garweg JG, Hansen
LL, Harding SP, Larsen M et al. Safety and
efficacy of ranibizumab in diabetic macular
edema (RESOLVE Study): a 12-month,
randomized, controlled, double-masked,
multicenter Phase II study. Diabetes Care 33,
2399-2405 (2010).

140 Mitchell P, Bandello F, Schmidt-Erfurth U,
Lang GE, Massin P, Schlingemann RO et al.
RESTORE study group. The RESTORE
study: ranibizumab monotherapy or
combined with laser versus laser
monotherapy for diabetic macular edema.
Ophthalmology 118, 615-625 (2011).

141 Diabetic Retinopathy Clinical Research
Network. A Phase II randomized clinical
trial of intravitreal bevacizumab for diabetic
macular edema. Ophthalmology 114,
1860-1867 (2007).

142 Haritoglou C, Kook D, Neubauer A, Wolf A,
Priglinger S, Strauss R et al. Intravitreal
bevacizumab (Avastin) therapy for

104

Golan & Lowenstein

143

144

145

146

147

148

149

150

151

persistent diffuse diabetic macular edema.
Retina 26, 999-1005 (2006).

Arevalo JF, Sanchez JG, Fromow-Guerra J

et al. Comparison of two doses of primary
intravitreal bevacizumab (Avastin’) for diffuse
diabetic macular edema: results from the
Pan-American Collaborative Retina Study
group (PACORES) at 12 month follow up.
Graefes Arch. Clin. Exp. Ophthalmol. 247,
735-743 (2009).

Lam DS, Lai TY, Lee VY, Chan CK, Liu DT,
Mohamed S, Li CL. Efficacy of 1.25 mg versus
2.5 mg intravitreal bevacizumab for diabetic
macular edema: six-month results of a
randomized controlled trial. Retina 29,
292-299 (2009).

Early Treatment Diabetic Retinopathy Study
Research Group. Focal photocoagulation
treatment of diabetic macular edema.
Relationship of treatment effect to fluorescein
angiographic and other retinal characteristics
at baseline: ETDRS report no. 19. Arch.
Ophthalmol. 113, 1144-1155 (1995).

Bonini-Filho M, Costa RA, Calucci D, Jorge
R, Melo LA Jr, Scott IU. Intravitreal
bevacizumab for diabetic macular edema
associated with severe capillary loss: one-
year results of a pilot study. Am.

J. Ophthalmol. 147, 1022-1030 (2009).

Michaelides M, Kaines A, Hamilton RD

et al. A prospective randomized trial of
intravitreal bevacizumab or laser therapy
in the management of diabetic macular
edema (BOLT study) 12-month data: report
2. Ophthalmology 117(6), 1078-1086 (2010).

Ahmadieh H, Ramezani A, Shoeibi N et al.
Intravitreal bevacizumab with or without
triamcinolone for refractory diabetic
macular edema: a placebo-controlled,
randomized clinical trial. Graefes Arch.
Clin. Exp. Ophthalmol. 246, 483-489 (2008).

Faghihi H, Roohipoor R, Mohammadi SF

et al. Intravitreal bevacizumab versus
combined bevacizumab-triamcinolone
versus macular laser photocoagulation in
diabetic macular edema. Eur. J. Ophthalmol.
18, 941-948 (2008).

Soheilian M, Ramezani A, Bijanzadeh B
et al. Intravitreal bevacizumab (avastin)
injection alone or combined with
triamcinolone versus macular
photocoagulation as primary treatment of
diabetic macular edema. Retina 27, 1187-
1195 (2007).

Soheilian M, Ramezani A, Obudi A et al.
Randomized trial of intravitreal
bevacizumab alone or combined with
triamcinolone versus macular
photocoagulation in diabetic macular

www.future-science.com

152

153

154

155

156

157

158

159

160

161

162

163

edema. Ophthalmology 116, 1142-1150
(2009).

Kinnunen K, Yli-Herttuala S. Vascular
endothelial growth factors in retinal and
choroidal neovascular disease. Ann. Med.
doi: 0.3109/07853890.2010.532150 (2011)
(Epub ahead of print).

Nguyen QD, Shah SM, Browning DJ et al. A
Phase I study of intravitreal vascular
endothelial growth factor trap-eye in
patients with neovascular age-related
macular degeneration. Ophthalmology 116,
2141-2148 (2009).

Major JC Jr, Brown DM. DA VINCI Study
Group. DA VINCI: DME and VEGF Trap-
Eye: Investigation of clinical impact: Phase 2
study in patients with diabetic macular
edema (DME). Invest. Ophthalmol. Vis. Sci.
51, 6426 (2010).

Schmidt-Erfurth UM, Pruente C.
Management of neovascular age-related
macular degeneration. Prog. Retin. Eye Res.
26, 437-451 (2007).

Bradley JR. TNF-mediated inflammatory
disease. J. Pathol. 214, 149-160 (2008).

Kim KA, Lee MS. Recent progress in
research on beta-cell apoptosis by cytokines.
Front. Biosci. 14, 657-664 (2009).

Ortis F, Pirot P, Naamane N et al. Induction
of nuclear factor-kappaB and its
downstream genes by TNF-alpha and IL-
1beta has a pro-apoptotic role in pancreatic
beta cells. Diabetologia 51, 1213-1225
(2008).

Ruan H, Lodish HF. Insulin resistance in
adipose tissue: direct and indirect effects of
tumor necrosis factor-alpha. Cytokine
Growth Factor Rev. 14, 447-455 (2003).

Aiello LP, Davis MD, Girach A et al. Effect
of ruboxistaurin on visual loss in patients

with diabetic retinopathy. Ophthalmology
113, 2221-2230 (2006).

Demircan N, Safran BG, Soylu M et al.
Determination of vitreous interleukin-1
(IL-1) and tumour necrosis factor (TNF)
levels in proliferative diabetic retinopathy.
Eye 20, 1366-1369 (2006).

Adamiec-Mroczek ], Oficjalska-Mlynczak J,
Misiuk-Hojlo M. Roles of endothelin-1 and
selected proinflammatory cytokines in the
pathogenesis of proliferative diabetic
retinopathy: analysis of vitreous samples.
Cytokine 49, 269-274 (2010).

Yuuki T, Kanda T, Kimura Y et al.
Inflammatory cytokines in vitreous fluid
and serum of patients with diabetic
vitreoretinopathy. J. Diabetes Complications
15, 257-259 (2001).

future science group

164

165

166

167

168

169

170

171

New developments in the treatment of diabetic macular edema

Joussen AM, Poulaki V, Mitsiades N et al.
Nonsteroidal anti-inflammatory drugs
prevent early diabetic retinopathy via TNF-
alpha suppression. FASEB J. 16, 438-440
(2002).

Behl Y, Krothapalli P, Desta T et al. Diabetes-
enhanced tumor necrosis factor-alpha
production promotes apoptosis and the loss of
retinal microvascular cells in Type 1 and type
2 models of diabetic retinopathy. Am.

J. Pathol. 172, 1411-1418 (2008).

Shi X, Semkova I, Muther PS et al. Inhibition
of TNFalpha reduces laser-induced choroidal
neovascularization. Exp. Eye Res. 83,
1325-1334 (2006).

Olson JL, Courtney RJ, Mandava N.
Intravitreal infliximab and choroidal
neovascularization in an animal model. Arch.
Ophthalmol. 125, 1221-1224 (2007).

Hangai M, He S, Hoffmann S et al.
Sequential induction of angiogenic growth
factors by TNF-alpha in choroidal
endothelial cells. J. Neuroimmunol 171, 45—
56 (2006).

Sfikakis PP, Markomichelakis N,
Theodossiadis GP et al. Regression of
sight-threatening macular edema in type 2
diabetes following treatment with the anti-
tumor necrosisfactor monoclonal antibody
infliximab. Diabetes Care 28, 445-447
(2005).

Sfikakis PP, Grigoropoulos V, Emfietzoglou
I et al. Infliximab for diabetic macular
edema refractory to laser photocoagulation:
arandomized, double-blind,
placebocontrolled, crossover, 32 weeks
study. Diabetes Care 33(7), 1523-1528 (2010)

Suhler EB, Smith JR, Wertheim MS et al. A
prospective trial of infliximab therapy for
refractory uveitis: preliminary safety and
efficacy outcomes. Arch. Ophthalmol. 123,
903-912 (2005).

future science group

172

173

175

176

177

Giganti M, Beer PM, Lemanski N et al.
Adverse events after intravitreal infliximab
(Remicade). Retina 30, 71-80 (2010).

Clarke M, Dodson PM. PKC inhibition and
diabetic microvascular complications. Best
Pract. Res Clin. Endocrinol. Metab. 21,
573-586 (2007).

Danis RP, Sheetz MJ. Ruboxistaurin: PKC-
beta inhibition for complications of
diabetes. Expert Opin. Pharmacother. 10,
2913-2925 (2009).

Aiello LP, Bursell SE, Clermont A et al.
Vascular endothelial growth factor-induced
retinal permeability is mediated by protein
kinase C in vivo and suppressed by an orally
effective beta-isoform-selective inhibitor.
Diabetes 46, 1473-1480 (1997).

Harhaj NS, Felinski EA, Wolpert EB et al.
VEGF activation of protein kinase C
stimulates occludin phosphorylation and
contributes to endothelial permeability.
Invest. Ophthalmol. Vis. Sci. 47, 5106-5115
(2006).

PKC-DMES Study Group. Effect of
ruboxistaurin in patients with diabetic
macular edema: thirty-month results of the
randomized PKC-DMES clinical trial. Arch.
Ophthalmol. 125, 318-324 (2007).

m Websites

201

202

Clinical Trial: NCT00908778.
www.clinicaltrials.gov/ct2/show/
NCT00908778

(Accessed 15 May 2011)

Clinical Trial: NCT00412451.
www.clinicaltrials.gov/ct2/show/
NCT00412451

(Accessed 15 May 2011)

Clinical Trial: NCT00412958.
www.clinicaltrials.gov/ct2/show/
NCT00412958

(Accessed 15 May 2011)

Clin. Invest. (2012) 2(1)

Review: Clinical Trial Outcomes

204

205

206

207

208

209

210

211

212

213

214

215

Clinical Trial: NCT00780780.
www.clinicaltrials.gov/ct2/show/
NCT00780780

(Accessed 15 May 2011)

Clinical Trials Database.
www.clinicaltrials.gov
(Accessed 15 May 2011)

Clinical Trial: NCT00168389.
www.clinicaltrials.gov/ct2/show/
NCTO00168389

(Accessed 15 May 2011)

Clinical Trial: NCT00168337.
www.clinicaltrials.gov/ct2/show/
NCT00168337

(Accessed 15 May 2011)

Clinical Trial: NCT00789477.
www.clinicaltrials.govNCT00789477
(Accessed 15 May 2011)

Clinical Trial: NCT00306904.
www.clinicaltrials.gov/ct2/show/
NCT00306904

(Accessed 15 May 2011)

Clinical Trial: NCT00656643.
www.clinicaltrials.gov/ct2/show/
NCT00656643

(Accessed 15 May 2011)

Clinical Trial: NCT00473382.
www.clinicaltrials.gov/ct2/show/
NCT00473382

Clinical Trial: NCT00473330.
www.clinicaltrials.gov/ct2/show/
NCT00473330

Clinical Trial: NCT00509795.
www.clinicaltrials.gov/ct2/show/
NCT00509795

Clinical Trial: NCT00637377.
www.clinicaltrials.gov/ct2/show/
NCT00637377

Clinical Trial: NCT00133952.
www.clinicaltrials.gov/ct2/show/
NCTO00133952

(Accessed 15 May 2011)

105






	OLE_LINK1

