Lotery_article_A4_2011 25/10/2012 12:51 Page 236

Posterior Segment Diabetic Macular Edema

Long-term Therapies for Diabetic Macular Edema
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Abstract
Diabetic macular edema (DME) is one of the main causes of visual loss in diabetic patients. Although photocoagulation and intensive
control of systemic metabolic factors have achieved improved outcomes, improvement is slow and some patients with DME continue to
lose vision despite treatment. Pharmacological treatment options for DME include vascular endothelial growth factor (VEGF) antagonists
such as ranibizumab, bevacizumab and pegaptanib and corticosteroids, whose multiple mechanisms of action include reduction of VEGF
expression. Intravitreal delivery of these agents has shown efficacy in the treatment of DME but is associated with adverse effects including
cataract progression and sustained rises in intraocular pressure. The physical characteristics and potent anti-inflammatory properties
of fluocinolone acetonide (FAc) have led to its use in intravitreal implants. A number of intravitreal implants have been evaluated, of which
the most effective at providing sustained drug release with an acceptable safety profile is the ILUVIEN® implant. This FAc intravitreal
implant provides significant, long-lasting improvements in visual acuity for patients with chronic DME and has a manageable safety profile.
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Diabetic retinopathy is the leading cause of blindness among patients
20 to 70 years old in developed countries. Diabetic macular edema
(DME) can develop at any stage of diabetic retinopathy and is a
major cause of preventable vision loss. It is also a public health
concern, given the increasing prevalence of diabetes.1–3 A recent
pooled individual participant meta-analysis estimated that there are
21 million people with DME worldwide with an overall prevalence of
6.81 % among individuals with diabetes.4 The prevalence is higher in
those with type 1 than with type 2 diabetes.
The pathogenesis of DME involves overlapping and inter-related
pathways initiated by hyperglycaemia. These are responsible not
only for vascular events, but also in continued tissue insult that result
in chronic DME. Angiogenesis, inflammation and oxidative stress lead
to hyperpermeability, disruption of vascular endothelial cell junctions
and leukostasis.5 Diabetes generally becomes more inflammatory
with duration, and there is growing evidence that the levels of
inflammatory cytokines increases with duration of DME. Retinal
hypoxia has been implicated in DME pathogenesis and stimulates
vascular endothelial growth factor (VEGF) transcription.5–11 VEGF
increases retinal vascular permeability, causes breakdown of the
blood–retina barrier and results in retinal edema.12 It is up-regulated
in diabetic retinopathy, making it an important therapeutic target in
DME. However the products of other hypoxia-inducible genes, such
as placental growth factor13 and hepatocyte growth factor,12–14 also
induces the inﬂux of leukocytes into the retina which can cause
vascular leakage, hypoxia or ischaemia.
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Laser photocoagulation, which is the current standard of care,
results in slow improvement in a minority of patients. Furthermore,
some patients suffer permanent visual loss even after intensive
treatment.15,16 Visions worsen in approximately 20 % of laser-treated
patients after two years,17 following ranibizumab combined with
laser treatment, 30 % show a halving of their visual angle.18 The control
of systemic metabolic factors can minimise visual loss. In patients
unresponsive to standard laser techniques, pharmacological treatment
may be beneficial in addition to improving control of blood pressure
and blood sugar. The aim of this article is to review the current
pharmacological treatment options for DME, particularly the use of
intravitreal implants.

Treatment of DME
Over the last few years, research has focused on the use of VEGF
antagonists to treat DME. Intraocular injections of ranibizumab or
bevacizumab targeting VEGF result in rapid reduction of edema and
improvement in visual acuity (VA) in patients with DME. Ranibizumab
has recently been approved by the European Medicines Agency
(EMA) for the treatment of vision impairment due to DME, following a
number of clinical trials: the Phase II REVEAL trial (n=151),19 the Phase II
READ-2 study (n=126),20 the Phase II RESOLVE study19 and the
Phase III RESTORE trial (n=345, 12 months).21 All resulted in significant
increases in VA and reductions in retinal thickness. The READ-2
and RESTORE studies demonstrated superiority over laser treatment.
A larger Phase III trial (854 study eyes of 691 participants)
demonstrated the efficiency and safety of ranibizumab over two
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years.22 Study data show that the efficacy of these anti-VEGF
monoclonal antibody treatments is related to the number and
frequency of injections.23 To date, less evidence is available to support
the use of bevacizumab in DME, although recent data from the
Phase II study BOLT-2 (n=80) indicates that improvements in VA and
reductions in retinal thickness seen at one year are maintained at
two years.24,25 Pegaptanib sodium is another anti-VEGF agent that has
shown efficacy in the treatment of DME, as demonstrated in a recent
Phase II/III trial (n=467).26

Table 1: Selected Clinical Studies of Corticosteroids in
Diabetic Macular Edema Therapy
Agent

Number
of Patients
693

Intravitreal
triamcinolone (IVTA)

Main Outcomes

Reference

Less favourable results

17, 35

versus photocoagulation
at 24 and 36 months

Dexamethasone drug

171

delivery system

Generally favourable

41

outcomes at 90 days

(Ozurdex)

While the efficiency and safety of the intravitreal use of anti-VEGF
agents has been established, suppression of inﬂammatory mediators
and other permeability factors in addition to VEGF is a more
comprehensive treatment strategy for DME. This provides a rationale
for the use of corticosteroids. Corticosteroids act at both biochemical
and anatomical levels to exert their therapeutic actions; they not only
reduce VEGF expression and permeability factors in the eye, but
also suppress inflammation and leukocyte influx to the retina. A
number of corticosteroids have been shown to inhibit the expression
of VEGF and various agents are being used off-label or are in clinical
trials to treat DME (see Table 1). The corticosteroid budenoside inhibits
VEGF expression in a retinal pigment epithelial cell line through the
glucorticoid receptor.27 Intravitreal injection of dexamethasone in
DME-induced rats reduces vascular permeability and leukostasis
and downregulates intercellular adhesion molecule-1 (ICAM-1) mRNA
expression.28 Dexamethasone also reduces VEGF mRNA levels and

Fluocinolone

197

Effective DME therapy

acetonide implant

at 36 months, however

(Retisert)

high risks of cataract
and glaucoma

Fluocinolone

956

acetonide implant

Generally favourable

In a prospective, double-masked, placebo-controlled clinical trial of
eyes with DME and impaired vision (≤20/40) randomised to IVTA 4 mg
versus placebo six weeks before laser treatment, visual outcomes
and the need for further laser treatment at six months were no better
in the IVTA group than in the laser-alone group, despite a reduction in
mean central macular thickness in the treatment group.34 Furthermore,
a three-year follow-up of a randomised trial comparing laser therapy
with intravitreal triamcinolone for DME showed significantly improved
visual outcomes in the laser-treated group compared with IVTA.17, 35
In a Phase II trial of IVTA in patients with mild DME, there were no
significant changes in VA and retinal thickness at 34 weeks.36 The
study concluded that a Phase III trial could not be justified and that it
is unlikely that there is a meaningful clinical benefit for IVTA in cases
of DME with good VA.
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54

outcomes at 36 months

(ILUVIEN)

Table 2: Comparison of Intravitreal
Corticosteroid Products 38
Agent
Posurdex®

Total Dose (Daily Release)
750 μg dexamethasone

Procedure
Injectable

Duration
~4 months

IVTA (TriesenceTM,

4 mg TA (unknown)

Injectable

~3 months

500 μg FA (0.59 μg/day)

Incision

2.5 years

(estimated~6.25 μg/day)
TrivarisTM)
Retisert®

and suture

ICAM-1 expression in diabetic rats.29
IluvienTM

180 μg (0.5 μg or 0.2 μg/day)

Injectable

Up to 3 years

I-VationTM

Dose 925 μg TA

Incision

Up to 2 years

with scleral
implantation
FA = Fluocinolone acetonide; TA = Triamcinolone acetonide; IVTA = Intravitreal injection of
triamcinolone acetonide.

Figure 1: Mean Aqueous Levels of Fluocinolone
Acetonide (FAc) in Patients with Persistent Diabetic
Macular Edema at Time Points After Receiving
Intraocular Implants Releasing 0.2 or 0.5 μg/day 53
5
0.2 µg/day

4
FAc (ng/ml ± SEM)

Since it was first introduced in the 1970s, the use of intravitreal
injection of triamcinolone acetonide (IVTA) has become more frequent
in ophthalmic practice to treat macular edema. IVTA is effective at
reducing macular thickness and increasing VA in patients with
DME; however it provides only short-term visual improvement.30
Furthermore, multiple injections are required and intraocular injections
are associated with complications similar to intravitreal surgery,
including haemorrhage, retinal detachment, and endophthalmitis.31 In a
prospective randomised trial to compare the safety and efficiency of
different doses of IVTA in treating DME, the mean best-corrected VA
(BCVA) improvement at six months was significantly higher for patients
receiving 8 mg IVTA compared with the group receiving 4 mg. However,
ocular hypertensive responses occurred in 55 % of eyes in the 8 mg
group.32 A dose-escalation study of IVTA showed that both doses of
IVTA were well tolerated and led to significant improvements in VA in
the short term, but a rise in intraocular pressure (IOP) of ≥10 mmHg
occurred in 41 % in the 4 mg group.33

44, 49
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Intravitreal Implants
As a result of the lack of sustained efficacy of intravitreal administration
of corticosteroids, recent research has focused on sustained-release
intravitreal implants containing anti-VEGF agents. Sustained drug
delivery systems release low doses over a long period, avoiding frequent
repeated injections and wide fluctuations in intraocular corticosteroid
concentrations.37 In the last decade, intravitreal implants have been
developed that show superior duration of treatment compared
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Figure 2: Vision Outcomes Through 36 Months in
Patients with DME Treated with 0.2 or 0.5 μg/day FAc
Implants versus Sham Injection in the FAME Study 52 –
Percentage of Patients with an Increase of ≥15
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BCVA = best-corrected visual acuity; DME = diabetic macular edema; FAc = fluocinolone
acetonide; FAME = fluocinolone acetonide for macular edema study; LOCF = last observation
carried forward.

with intravitreal injection (see Table 2).38 A triamcinolone acetonide
(TA)-eluting device, I-vation (SurModics, Inc), was suspended in a
Phase II trial following publication of data comparing laser treatment
with intravitreal injections of TA.39
The dexamethasone drug delivery system (DDS; Ozurdex, Allergan) is
a biodegradable, sustained-release device approved by the US Food
and Drug Administration (FDA) and by the EMA for the treatment
of macular edema associated with retinal vein occlusion and
non-infectious posterior segment uveitis. A Phase II trial in patients
with persistent macular edema secondary to various aetiologies
including DME (n=315) found that the dexamethasone system
produced improvements in VA, macular thickness and fluorescein
leakage that were sustained for up to six months.40 In a further study
of patients with persistent DME (≥90 days' duration), treatment
with the intravitreal dexamethasone DDS was well tolerated and
produced significant improvements in VA, central retinal thickness
and fluorescein leakage compared with an observation group.
However these improvements were no longer statistically significant
at six months.41 Moreover, the efficacy of this implant has not been
established beyond six months. Further study is needed to determine
the actual duration of clinical benefit and when retreatment might
be appropriate.
Fluocinolone acetonide (FAc) has anti-VEGF properties42,43 and its
physical characteristics and potent anti-inflammatory properties
make it a good choice for these systems. FAc is more lipophilic than
triamcinolone acetonide and dexamethasone and therefore should
have a more effective posterior clearance route and cause fewer
problems with ocular hypertension.44 It has been shown that FAc can
inhibit VEGF expression in a retinal pigment epithelial cell line and
reduce proliferation.42
Retisert (Bausch and Lomb) is a device sutured to the anterior eye
wall that releases 0.59 μg/day FAc into the anterior part of the
vitreous cavity and has shown efficacy in the treatment of chronic
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non-infectious posterior uveitis.45,46 A four-year multicentre clinical
trial found that the intravitreal implant signiﬁcantly improved VA
and diabetic retinopathy severity score (DRSS) and reduced DME.
However common adverse effects included cataract progression,
elevated IOP, vitreous haemorrhage, and abnormal sensation in the
eye. Elevations in IOP increased with time and could not be managed
with IOP-lowering medication resulting in 20 % of patients requiring
open incision glaucoma surgery within two years. By four years,
91 % of implanted eyes had cataract extraction and 33.8 % required
surgery for ocular hypertension.44,47–50
ILUVIEN® (Alimera Sciences), a novel FAc intravitreal implant, is a
smaller non-biodegradable cylindrical tube with the same activity as
Retisert that does not require surgical implantation. Instead, the device
can be inserted into the vitreous cavity through a 25-gauge applicator
in an outpatient setting. Two devices releasing two doses of FAc
(0.5 or 0.2 μg/day) in vitro have been developed.38 It was hypothesised
that these implants may cause fewer problems with glaucoma than
the surgically implanted devices because of lower in vitro release
rates of FAc and also because of a more posterior location in the eye.44
The open-label Phase II Pharmacokinetic and Efficiency Study of
Fluocinolone Acetonide Implants in Patients with DME (FAMOUS)
study (n=37) showed that FAc implants provided excellent sustained
intraocular delivery for at least one year and reduced DME (see
Figure 1). There was a mild increase in mean IOP after
administration of 0.5 μg/day implants, but not after administration
of 0.2 μg/day implants.51-53 The subsequent Fluocinolone Acetonide
for diabetic Macular Edema (FAME) study (n=953) comprised two
parallel Phase III studies and tested the effects of FAc implants in
patients with persistent DME despite at least one macular laser
photocoagulation treatment. As a result, this study allowed for the
evaluation of continuous, low-dose, corticosteroid exposure in a
population, which included patients with chronic edema, which had
not been done in other Phase III trials. Patients in the treatment
groups showed significant reduction in foveal thickness at all time
points compared with sham injection. Both low-dose (0.2 μg/day)
and high-dose (0.5 μg/day) implants significantly improved VA. The
results of this study suggest that the release rate of steroid within
the eye is critical and can be altered in a way to minimise toxicity
while maintaining beneﬁt. The low- and high-dose implants showed
no signiﬁcant difference in efficacy, but signiﬁcantly fewer incisional
IOP lowering procedures were needed in the low-dose group
and patients receiving the low-dose implants experienced fewer
IOP increases at any time point compared with the high-dose
patients. The majority (61.6 %) of patients treated with the 0.2
μg/day implant did not require IOP-lowering medication and <5 %
required IOP-lowering surgery. In patients with chronic DME, the
benefit-to-risk ratio was doubled.54 The FAME trial results also
suggested that in year three, anatomy is more strongly associated
to function in patients with non-chronic DME versus chronic DME.
The implications of this finding require further research.
A long-term study confirmed the efficacy and safety of FAc implants
in patients with visual impairment from centre-involved DME having at
least one prior macular laser treatment, over a three-year follow-up
period. Sustained follow-up of the FAME study demonstrated that
the positive outcomes were maintained through at least three years,
with approximately 28 % of patients in the FAc implant groups still
demonstrating improvement of ≥15 in BCVA letter score (see Figure 2).52
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Figure 3: Subgroup Analysis: Visual Outcome in Patients
with DME Treated with 0.2 or 0.5 μg/day Fluocinolone
Acetonide (FAc) Implants Versus Sham Injection in the
FAME A+B trial.52 A) Patient with DME ≥3 Years at
Baseline, B) Patients with DME <3 Years at Baseline as
Determined by Increase of ≥15 Letters in BCVA

The percentage of patients that required incisional glaucoma surgery
was 8.1 % in the 0.5 μg/day FAc group and 4.8 % in the 0.2 μg/day FAc
group. FAc implants also caused regression of diabetic retinopathy
grade with a smaller percentage of patients with ≥2 step improvement
on the Early Treatment Diabetic Retinopathy Study retinopathy scale
at 36 months in the sham treatment group (8.9 %) than the 0.2 μg/day
FAc group (13.7 %); the 0.5 μg/day FAc was similar to the sham (10.1 %)
(see Figure 4).52
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The superior outcomes occurred despite a high incidence of cataract
requiring surgery in patients who received a FAc implant. Patients in
the FAc groups who required cataract surgery had a mean increase
in BCVA letter score of seven, a similarly good result as those patients
who were pseudophakic at baseline, mean improvement of six.52
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The impact of duration of DME on visual outcome was assessed in a
pre-planned subgroup analysis. Patients who entered the FAME study
had a median duration of DME of three years. In the chronic DME
population (duration >=three years), a significant additional benefit
was seen with the 0.2 μg/day implant, versus the control group who
were receiving laser treatment, intravitreal steroids and anti-VEGF
agents according to the recommendation of a masked, assessing
physician. Thus, the controls were receiving treatments comparable
to standard of care. This additional benefit of FAc treatment is striking
compared with the non-chronic population, which was also receiving
standard of care, but, the addition of the 0.2 μg/day implant did not
add additional benefit. Interestingly, the anatomic status of both
the control groups, and the 0.2 μg/day implant groups are similar
at month 36 in both the chronic and nonchronic populations,
however, as seen in Figure 3, the functional status at month 36 was
very different for these two groups in the chronic population.52

5
0 3 6 9 12 15 18 21 24 27 30 33 36

Months

0

0 3 6 9 12 15 18 21 24 27 30 33 36

Months

Sham (N=112)
0.2 µg/day FAc (N=209)

Sham (N=72)
0.2 µg/day FAc (N=166)

0.5 µg/day FAc (N=215)

0.5 µg/day FAc (N=178)

BCVA = best-corrected visual acuity; FAME A + B = Fluocinolone Acetonide for Macular
Edema trial.

Figure 4: The Percentage of Patients with 2-step
Improvement in the Early Treatment Diabetic Retinopathy
Study (ETDRS) Diabetic Retinopathy Severity Score 52

Future Developments
Although at present the use of intravitreal implants is not
recommended as first-line therapy, the impending requirement for
cataract surgery in a patient with DME may be a rationale to consider
an intravitreal implant as a therapy option for patients who have not
benefited from laser photocoagulation. In the 24-month outcomes
from the clinical trial of IVTA plus laser versus laser treatment only in
eyes, it was found that 61 % of patients with DME undergoing IVTA
required cataract removal versus 0 % of patients receiving laser
therapy only after two years.55 Cataract progression was observed
in approximately 43 % of patients implanted with Retisert after one
year.44 Cataract removal was required in 91 % of phakic eyes within
four years. In the FAME study phakic population, cataract surgery
was performed in 80 % of the 0.2 μg/day FAc group, 87 % of the
0.5 μg/day FAc group, and 27 % of the sham group. The visual benefit
for the patients who received the FAc implant was similar between
the patients who entered the study phakic and became pseudophakic
and those who entered the study pseudophakic.52
Corticosteroid treatment is associated with an increase in IOP in some
patients leading to a risk of optic nerve damage and glaucoma.56-58 This
is a result of greater outflow resistance from the trabecular meshwork
that is ascribed to various mechanisms including increased secretion
of fibronectin and other factors.59 This effect is more prevalent with
corticosteroid treatments applied topically to the eye and eyelids but
to a lesser extent is also associated with systemic treatment. IOP
increases resulting from corticosteroid treatments are more common
in patients with a history of glaucoma or elevated IOP, in very young
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FAc = fluocinolone acetonide.

or elderly patients, and with connective tissue disease or keratoplasty.58
Dexamethasone and prednisolone are more likely to result in IOP
increases than other corticosteroids such as fluoromethalone,
hydrocortisone, and rimexolone. In most patients with such IOP
elevations, termination of corticosteroid treatment usually results in a
decrease in IOP to normal levels within a few days.60
A growing body of evidence shows a rise in IOP after long-term
anti-VEGF therapy. Patients without any previous history of glaucoma
or ocular hypertension developed sustained elevation of IOP
after receiving intravitreal injections of bevacizumab, ranibizumab, or
pegaptanib.61-65 The number of intravitreal injections is associated with
an increased risk for IOP elevation (>5 mmHg) on ≥2 consecutive visits
in patients with age-related macular degeneration (AMD) receiving
bevacizumab or ranibizumab.66 Male gender and the length of interval
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between injections have been identified as risk factors for IOP
elevation. The prevalence of IOP elevation was significantly higher
when the interval between injections was <8 weeks than ≥8 weeks.67
There is a need for a method to detect patients at risk for IOP
rise from corticosteroids, as this could provide a useful guide in
developing a management strategy for individual patients with DME.
The topical dexamethasone provocative test before IVTA injection
showed low sensitivity but high specificity and positive predictive
value, and may be useful to predict a steroid response after IVTA.
Dexamethasone test responders demonstrated high IOP increases
after IVTA, and the IOP increase after the test correlated with the
IOP increase after IVTA.68 A similar topical Prednisolone acetate
trial (PAT) found that patients who did not have a short-term IOP
rise following the PAT had a lower risk of severe IOP spikes after
IVTA compared with those patients receiving IVTA but not having
undergone a PAT.69
Further long-term advantages may be associated with the use of
the ILUVIEN® FAc implant. Low doses of FAc have been found to
be neuroprotective in animal models of retinal degeneration.70, 71 These
findings may have a therapeutic role in human photoreceptor cell
degenerations, and ILUVIEN® is currently being studied in clinical trials
with respect to other chronic eye diseases.
The value of combination therapies (both FAc with other medications
as well as medications with photocoagulation laser treatments)
is yet to be determined. Phase II trials are being conducted to
compare the safety and efficacy of 0.2 and 0.5 μg/day of FAc with
sham injection in patients with bilateral geographic atrophy
secondary to dry AMD. A further trial has been designed to examine
the safety and efficacy of FAc in patients with macular edema
secondary to retinal vein occlusion (RVO).
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