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Abstract

This work comprehensively reviews the latest treatment
options for diabetic macular edema (DME) used in its
management and presents further work on the topic.
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Diabetic retinopathy is an important and increasingly
prevalent cause of preventable blindness worldwide. To
meet this increasing burden there has recently been a
proliferation of pharmacological therapies being used in
clinical practice. A variety of medical treatment options
now exist for DME. These include non-steroidal anti-
inflammatory drugs such as nepafenac, as well as
intravitreal steroids like triamcinolone (kenalog). Long-
term results up to 7 years after commencing treatment
are presented for triamcinolone. Studies are reviewed on
the use of dexamethasone (ozurdex) and fluocinolone
(Retisert and Iluvien implants) including the FAME
studies. A variety of anti-vascular endothelial growth
factor (anti-VEGF) agents used in DME are considered
in detail including ranibizumab (lucentis) and the
RESTORE, RIDE, RISE and Diabetic Retinopathy Clinical
Research Network (DRCR.net) studies. Bevacizumab
(avastin) and pegaptinib (macugen) are also considered.
The use of aflibercept (eylea) is reviewed including
the significance of the DA VINCI, VISTA-DME, VIVID-
DME and the DRCR.net studies which have recently
suggested potentially greater efficacy when treating
DME for aflibercept in patients with more severely
reduced visual acuity at baseline. Evidence for the anti-
VEGF agent bevasiranib is also considered. Studies of
anti-tumour necrosis factor agents like infliximab are
reviewed. So are studies of other agents targeting
inflammation including minocycline, rapamycin
(sirolimus) and protein kinase C inhibitors such as
midostaurin and ruboxistaurin. The protein kinase C 3
inhibitor Diabetic Macular Edema Study is considered.
Other agents which have been suggested for DME are
discussed including cyclo-oxygenase-2 inhibitors like
celecoxib, phospholipase A2 inhibitors, recombinant
erythropoietin, and monoclonal anti-interleukin antibodies
such as canakinumab. The management of DME in a
variety of clinical scenarios is also discussed - in newly
diagnosed DME, refractory DME including after macular
laser, and postoperatively after intraocular surgery.
Results of long-term intravitreal triamcinolone for DME
administered up to seven years after commencing
treatment are considered in the context of the niche roles
available for such agents in modern management of DME.
This is alongside more widely used treatments available
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to the practitioner such as anti-VEGF agents like
aflibercept (Eylea) and ranibizumab (Lucentis) which at
present are the mainstay of pharmacological treatment
of DME.

Key words: Diabetic macular edema; Diabetic macular
oedema; Triamcinolone; Anti-vascular endothelial growth
factor agents; Steroids; Non-steroidal anti-inflammatory
drugs; Biologicals; Protein kinase C inhibitors
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Core tip: Current evidence suggests the anti-vascular
endothelial growth factor (anti-VEGF) agents aflibercept
and ranibizumab are the most effective agents for most
patients with diabetic macular edema. Aflibercept may
be more effective when vision is very low. Other drugs
retain niche roles including bevacizumab owing to lower
costs, steroids like triamcinolone which can be effective
many years later, dexamethasone and non-steroidal
anti-inflammatory drugs like nepafenac. Also considered
are anti-tumour necrosis factor agents like infliximab,
anti-interleukins like canakinumab, anti-inflammatories
including minocycline, rapamycin (sirolimus) and protein
kinase C inhibitors midostaurin and ruboxistaurin.
Fluocinolone implants, anti-VEGF agents bevasiranib
and pegaptinib, cyclo-oxygenase-2 inhibitors like
celecoxib, phospholipase A2 inhibitors and recombinant
erythropoietin are discussed.
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INTRODUCTION

Diabetic retinopathy is the principle cause of blindness
in younger adults'*!. Almost 350 million people are
affected by diabetes worldwide and this massive
prevalence is expected to double by 2030, The
blinding complications of the disease make it a major
cause of global visual morbidity in many countriest**”,
While previously retinal laser had been the mainstay
of treatment, a variety of non-laser treatment options
have become available relatively recently for the
treatment of diabetic macular edema (DME)"***!, These
include anti-vascular endothelial growth factor (anti-
VEGF) agents and a variety of steroid preparations
as well as non-steroidal anti-inflammatory drugs
(NSAIDs). These agents, alone and/or in combination
with macular laser, are used to treat DME in varying
treatment regimes in different parts of the world. Newer
agents like infliximab are also being used to treat DME
and interest is growing in monoclonal anti-interleukin
antibodies such as canakinumab. The evidence for the
use of these modalities of treatment will be considered
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as well as other targets for inflammation such as
minocycline, rapamycin (sirolimus) and the protein
kinase C Inhibitors midostaurin and ruboxistaurin.
Other agents which have been suggested for DME
are discussed including cyclo-oxygenase-2 (COX-2)
inhibitors like celecoxib, phospholipase A2 inhibitors and
recombinant erythropoietin.

STEROIDS AND NSAIDS

Steroids are an older treatment for DME. Interest in
these agents has recently been rekindled with the
introduction of sustained release depot preparations.
Despite new pharmacologic agents steroids still retain
an important niche in modern clinical management -
topical steroids are still used for the treatment of DME
occurring after cataract surgery, as are NSAIDs.
Cataract surgery in patients with pre-existing DME
may exacerbate the extent of edema®™ . It has been
suggested by a number of studies that the incidence of
DME increases after even uncomplicated cataract surgery
in the absence of pre-operative DME®*?, Intensive
postoperative topical steroids can help reduce macular
thickness in postoperative DME, and may be given in
combination with topical NSAIDs. A variety of NSAIDs
have been used in this context. More recently a NSAID
pro-drug, nepafenac 0.1%, administered topically to the
eye, has been shown to have considerable efficacy with
treatment usually taking 3-4 wk to make a significant
benefit to visual acuity and macular thickness™"’.
Triamcinolone (kenalog), a short-acting intravitreal
steroid, is better-established in clinical practice and
has been shown to improve visual acuity and central
macular thickness in DME even several years after
starting injections in selected patients™*”. Triamcinolone
still retains a niche in the management of DME“*®"). For
example some patients do not want to undergo three
intravitreal loading doses required in most anti-VEGF
treatment protocols for DME. Further, evidence exists for
long-term retinal complications including atrophy with
anti-VEGF use in age-related macular degeneration,
and the drugs are not freely available in a sterile form in
all parts of the world®”. A further practical utility is that
triamcinolone permits the effect of intravitreal steroids,
including on intraocular pressure, to be evaluated in
patients before administering a longer-term depot
steroid for DME. Identification of steroid-responders
prior to administering a longer term depot steroid can
be of significant benefit to selected patients where such
a tendency is suspected®®. Patients from initial work
by the authors of 92 eyes administered intravitreal
triamcinolone (IVTA) over 5 years have been followed
up for a total of 7 yearst*. Inclusion criteria comprised
all eyes with diabetic macular oedema injected with 4
mg/mL IVTA till treatment failed or was discontinued,
often owing to the emergence of anti-VEGF treatment
(frequently after 7 years). Exclusion criteria were
subjects with non-diabetic oedema (uveitis, vascular,
post-operative) and baseline foveal ischaemia. Visual
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Figure 1 Mean retinal thickness (A) or visual acuity (B) following intravitreal triamcinolone injections over 7 years. Number of intravitreal triamcinolone
injections from a cohort of 92 eyes receiving intravitreal triamcinolone (IVTA) in a given 6-mo period and up to 84 mo (seven years) later. Note that the initial number
for n is recorded as 94 in this graph as two eyes from the 92 in the cohort received two injections in the first six month period. There was a significant improvement in
macular thickness both between number of IVTA administration and one month later, and also between one month and three months following IVTA administration (P
< 0.02, Wilcoxon matched-pairs signed rank tests) and also between one month and three months following IVTA administration (P < 0.04, Wilcoxon matched-pairs

signed rank test).

acuity, central retinal thickness from optical coherence
tomography prior to, 1 mo after (+ 1 wk) and 3 mo
post-IVTA (+ 2 wk), the presence of complications, and
fundus fluorescein angiographic data were recorded.
Repeat IVTA injections continued to be effective in
improving visual acuity and reducing DME in 76% of
subjects (P < 0.02), including after multiple injections
(mean 10 IVTA injections/patient by seven years)
(Figure 1). In 24% of subjects foveal ischaemia limited
outcome, usually 36-54 mo post-initial treatment. In
8% (n = 7) of subjects one repeat injection of IVTA
was sufficient to stop leakage or cause a persistent
reduction in macular thickness on OCT in excess of 100
microns for 2 to 3 years. IVTA could offer significant
sustained visual benefit and reduction in macular
thickness up to 7 years after initiation of therapy in
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some select patients, including after multiple injections.
In certain subjects not selected for anti-VEGF treatment
therapeutic potential was limited by the development
of foveal ischaemia 2 to 7 years after treatment was
commenced.

However it is worth remembering that treatment
with IVTA is associated with cataract and also glaucoma
which is significant in over 50% of patients'*?. Triam-
cinolone has also been associated with a reduction in
progression of diabetic retinopathy but only in eyes
with proliferative diabetic retinopathy, which is relevant
since this can co-exist with DME™®®!, However in this
context the newer anti-VEGF agent ranibizumab remains
more effective than triamcinolone, and also reduces
progression of diabetic retinopathy in the absence of
proliferative disease, a situation where triamcinolone is
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of limited value™®.

Dexamethasone sustained-release intravitreal
implant (Ozurdex, Allergan, Inc.) is a relatively new
drug that is injected as a depot into the eye at a dose
of 0.7 mg. It is not used in aphakes as the depot may
migrate to the corneal endothelium and cause corneal
decompensation. It has been combined with laser
photocoagulation and compared with laser treatment
alone in diffuse DME in a 12-mo multicentre randomised
controlled trial conducted by Callanan et af®”. Patients
with diffuse DME on fluorescein angiography had a
greater mean improvement in best corrected visual
acuity (BCVA) with Ozurdex combined with laser
treatment in comparison to laser therapy alone (7.9. to
2.3 letters). There was also an additional reduction in
vascular leakage with the additional Ozurdex implant
beyond the use of laser therapy alone. Predictably there
was an increase in intraocular pressure with Ozurdex.
By month 12 of the study there was no significant
difference between the two groups, though during the
study consistent improvements in visual acuity were
found in patients treated with combined Ozurdex and
laser. Sustained release depot steroids are relatively
contraindicated in patients with glaucoma and in non-
pseudophakes but they do offer utility in patients who
are unwilling to undergo the higher injection frequency
necessitated with intravitreal ranibizumab. The initial
implantation method could cause serious technical
complications till the recent past, however the current
injection technique and injectors are much safer and
experience and confidence in their use has grown
recently.

Fluocinolone has been used in two delivery systems
to treat DME. First a non-bio-erodable extended-release
implant was sutured onto the sclera (Retisert, Bausch
and Lomb, Rochester, New York). Two phase-1I studies
showed benefit to macular thickness in DME™®, Later
an extended-release injectable device (iluvien, alimera,
alpharetta, georgia) was studied, including in the
FAME studies™. These were two Phase Il randomised
control trials of 956 patients with persistent DME who
had previously undergone macular laser. Patients
received either intravitreal fluocinolone acetonide or
sham injection. By the end of the study 28% of patients
receiving fluocinolone acetonide found an improvement
in BCVA of 15 letters at 24 mo as opposed to 16% of
sham-treated patients™’, Both modes of fluocinolone
acetonide administration have been associated with
cataract formation and a rise in intraocular pressure.

ANTI-VEGF AGENTS

VEGEF is elevated in the aqueous and vitreous humour
in proportion to the extent of DME™”). Monoclonal
antibodies (anti-VEGF agents) have been used to target
VEGF. Ranibizumab (Lucentis) has rapidly become
the default treatment for DME in many countries in
view of significant prolonged improvements in visual
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acuity®®®”, Muether et af’” studied VEGF-A levels in
aqueous humour samples from 17 eyes in patients with
DME before injection of intravitreal ranibizumab. They
found total suppression of VEGF-A in all patients after
ranibizumab injections for, on average, 33.7 d (median
34 d) with considerable variation between individuals
(range: 27-42 d). RESTORE was a 12-mo phase III
randomised controlled trial with 345 subjects. It found
ranibizumab either on its own or when combined with
laser therapy was better than laser in terms of improving
mean BCVA for the entire duration of the study™. These
improvements have been found to continue into 36
mo after commencing treatment in a phase Il 3-year
randomised controlled trial conducted by Brown et al”’".

RIDE and RISE are also phase Il randomised clinical
trials and aim to evaluate the safety and efficacy of
intravitreal ranibizumab in DME™. The proportions of
patients gaining 15 letters or more from baseline in
month 36 were as follows in the sham, 0.3 mg, and
0.5 mg ranibizumab groups (patients receiving sham
injections were able to cross over to 0.5 mg in the third
year of the study): in RIDE 19.2%, 36.8%, and 40.2%,
respectively, and in RISE 22.0%, 51.2%, and 41.6%,
respectively. The incidence of serious adverse events
which might possibly be related to anti-VEGF suppression
were 19.7% in the 0.5 mg ranibizumab group compared
with 16.8% in the 0.3 mg group.

Unlike ranibizumab there is considerably less
data on outcomes for bevacizumab (avastin), which
worldwide is another widely-used anti-VEGF agent!?.
There is evidence that in patients with a central macular
thickness of 400 um the retina is less responsive to
bevacizumab in comparison with ranibizumab!. In a
randomised study of 60 eyes out of 45 patients who
completed the study Nepomuceno et al®”? compared
intravitreal bevacizumab with intravitreal ranibizumab
in DME. While there was a significant rise in mean BCVA
in both groups, as well as at all stages of the study (P <
0.05), this benefit was significantly greater in the group
of eyes receiving intravitreal ranibizumab compared
with the intravitreal bevacizumab group throughout
weeks 8 (P = 0.032) and 32 (P = 0.042). Mean central
subfield thickness improvement was noted in both
groups at all study visits but with no difference between
the groups. Intravitreal injections can be very painful for
some patients (occasionally excruciatingly so) and it is
hence worth noting that the mean number of injections
administered was significantly higher (P = 0.005) in
the group receiving intravitreal bevacizumab (9.84)
over the intravitreal ranibizumab group (7.67). The
conclusions of the authors of this study are important.
Through one whole year of follow-up, while intravitreal
bevacizumab and intravitreal ranibizumab appear to be
associated with a similar reduction in central macular
thickness, intravitreal ranibizumab is associated with
greater improvement in BCVA at some visits. Further,
intravitreal bevacizumab is associated with a greater
number of intravitreal injections.

The evidence suggests that ranibizumab certainly
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appears more effective than bevacizumab for the
management of DME. However in developing countries
cost is an important factor to bear in mind, as
ranibizumab (lucentis) is vastly more expensive than
bevacizumab (avastin). The Diabetic Retinopathy Clinical
Research Network have reported that ranibizumab
can cause transient regression of proliferative diabetic
retinopathy*®, Other workers have shown it may
decrease the cumulative probability of deterioration of
diabetic retinopathy”. These factors are relevant to
appraising the drug in DME especially where proliferative
disease is co-existing.

An interesting concept with relevance to the clinician
is whether VEGF suppression may prevent postoperative
diabetic macular oedema in patients undergoing
cataract surgery. It has been shown that VEGF levels in
aqueous humour peak one day after cataract surgery
and normalize one month after cataract surgery”™. In
a randomised controlled trial Chae et al’® evaluated
whether intravitreal ranibizumab administered at the
time of cataract surgery prevents macular edema in
patients without DME but with otherwise stable diabetic
retinopathy. The sham group compared with the
ranibizumab group had significantly greater increases in
central macula thickness and macula volume, and worse
BCVA from baseline to six months postoperatively. This
suggests that ranibizumab is an effective prophylactic
agent in reducing the severity and risk of DME at the
time of phacoemulsification cataract surgery. However,
in this regard, bevacizumab has also been shown to be
effective when used in this capacity in two randomised
controlled trials, one of 30 eyes by Salehi et af** and
one of 68 eyes undergoing cataract surgery by Cheema
etal’”.

Intraocular pressure rises acutely after intravitreal
injection. However evidence is accumulating that
anti-VEGF agents may increase the risk of long-term
sustained rises in intra-ocular pressure. Very recently
a major randomised control trial of 582 eyes from 486
patients has been published by Bressler and colleagues
to address this issue. Patients were randomised to
intravitreal ranibizumab with deferred macula laser
or to sham injection with early laser. The researchers
found evidence for sustained long-term pressure rises
necessitating topical pressure-lowering treatment
in patients receiving ranibizumab. The cumulative
probability of a sustained elevation of intraocular
pressure or commencing of pressure-lowering treatment
at 3 years was 9.5% for patients in the ranibizumab arm
vs 3.4% for patients in the sham injection arm™®.

Aflibercept (eylea) is a recombinant fusion protein
which binds to VEGF serving as a “VEGF Trap” thereby
inhibiting the action of VEGF-A, VEGF-B and placental
growth factor”®®”, The DA VINCI study enrolled 221
patients with centre-involving DME and a BCVA of
between 20/40 and 20/320 who were randomised into
four groups each receiving various dosing regimes of
intravitreal VEGF-Trap and one other group receiving
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macular laser in place of VEGF-Trap®®. Improvements
in BCVA were found in eyes injected with VEGF-Trap of
8.5 to 11.4 letters vs 2.5 letters in eyes receiving laser.
By week 52 eyes receiving VEGF-Trap displayed a mean
change in BCVA of 9.7 to 13.1 letters vs a loss of 1.3
letters in eyes receiving laser. As there was no significant
difference between groups receiving VEGF-Trap this
supported the lower dosing frequency regime of 8-weekly
rather than 4-weekly injections with VEGF-Trap. The
VISTA-DME and VIVID-DME studies were large studies
of aflibercept which aimed to have sufficient power
to study the safety profile of VEGF-Trap®®'!. They were
both similarly designed phase 3 randomised control
trials enrolling in total 872 patients with DME who were
randomised to various dosing regimes of intravitreal
aflibercept or macular laser. The study groups joined
their findings to increase the power of the study. Eyes
receiving aflibercept performed significantly better by
week 52 after starting treatment and in terms of safety
profile aflibercept was well-tolerated.

Most recently the Diabetic Retinopathy Clinical
Network has published a randomised control trial of
660 patients comparing aflibercept, ranibizumab and
bevacizumab®™, The principle outcome studied was the
effect of intravitreal injections of these agents on visual
acuity at one year. At low levels of initial visual acuity
aflibercept was more effective in improving visual acuity
at one year, while at higher initial levels of visual acuity
the three agents were very similar in their effect of
visual acuity at one year.

Pegaptinib (macugen) is a smaller molecule - a
pegylated anti-VEGF agent aptamer which binds anti-
VEGF. It has been studied in 260 subjects with DME and
BCVA of 20/50 to 20/200. Subjects were randomised to
receive either intravitreal pegaptinib or sham injection
every 6 wk for 102 wk. Subjects received macular laser
at 18 wk. By the end of the study subjects treated
with pegaptinib gained on average 6.1 letters of vision
compared with 1.3 letters in the sham group (P < 0.01).
There was a similar incidence of side effects in the
two groups, suggesting an acceptable systemic safety
profile'™,

Bevasiranib is small interfering RNA molecule
(siRNA) which inhibits intracellular transcription of
VEGF messenger-RNA™®Y, The RACE trial studied
different doses of bevasiranib given for 3 mo!®,
Macular thickness was reduced from weeks 8 to 12 with
improvements in visual acuity.

ANTI-TUMOUR NECROSIS FACTOR
AGENTS - INFLIXIMIAB

Tumour necrosis factor (TNF) is an important cytokine
which has a fundamental role in the activity of the
immune system as well as the human cell cycle.
Infliximab is @ monoclonal antibody that targets human
TNF. It is typically administered systemically every
4-8 wk. The drug is currently at an early stage of
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evaluation in the context of reducing severity of diabetic
retinopathy and studies are only of small humbers of
patients. However the results offer some promise. A
clinical improvement in vision from DME has been noted
after two infusions of infliximab in 4 of 6 studied eyes
with DME by Sfikakis et af*®. A subsequent small Phase
Il study by the same group found an improvement of
almost 25% in visual acuity in infliximab-treated eyes
over eyes treated with placebo™”. Systemic side effects
were minimal. These side effects can sometimes be
serious and are theoretically reduced by intravitreal
formulation, which also enables the drug to be targeted
to the retina. The drug has been formulated for
intraocular use recently and intravitreal infliximab has
recently been tried in Behcet's Syndrome, and is likely to
be trialled in DME in the near future®,

MINOCYCLINE, RAPAMYCIN, PROTEIN
KINASE C INHIBITORS, ANTI-
INTERLEUKIN AND OTHER AGENTS

It is well-recognised that inflammation has a role
in DME™, Recently it has been suggested that up-
regulation of the immune system in diabetes may
in part be due to neuropathy of the bone marrow
causing increased synthesis of inflammatory white
cells and reduced production of endothelial progenitor
cells affecting the permeability of the blood-retina
barrier®?®%, The increased inflammation may affect the
hypothalamus to induce insulin resistance. Suppressing
inflammation has been a target in DME. Recently
minocycline, administered systemically, has been found
to reduce central macular thickness in DME together
with improvement in vision and vascular leakage™.
It has been postulated that this is by inhibiting retinal
microglial function, which otherwise shows a pattern of
activation and aggregation in regions of DME®,

Rapamycin (sirolimus) is a macrolide antibiotic which
also suppresses the immune system®?, It forms an
intracellular complex which inhibits the mammalian
target of rapamycin (mTOR), which is a protein kinase
integrating growth factor-activated signals. These
include those promoting VEGF-mediated angiogenesis.
A “double” effect of rapamycin is that by inhibiting
mTOR it may also down-regulate VEGF transcription.
A small pilot study of five adult participants with DME
has suggested a reasonable safety profile for rapamycin
administered via this route and some potential benefit
to vision and macular thickness, however the relatively
small numbers preclude any conclusive statement on its
efficacy in DME®?,

Hyperglycemic states induce de novo synthesis of
diacylglycerol which activates protein kinase C (PKC)®*.
The oral PKC inhibitor midostaurin is both a protein
kinase C inhibitor and anti-VEGF inhibitor, making it an
attractive drug for use in DME. Further, the oral selective
PKC B inhibitor ruboxistaurin may also have potential
for improving or maintaining visual acuity in DME. A
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randomised study of 141 patients with DME receiving a
variety of oral doses of PKC412 (which is midostaurin)
vs placebo showed a significant reduction in macular
thickness and a small improvement in visual acuity of
4.36 letters (P = 0.007) in patients receiving 100 mg
per day of PKC412 by 3 mo®>.. However, gastrointestinal
side effects were common owing to the lack of specificity
of this group of drugs, and dose-related effects on
glycaemic control and hepatotoxicity were also noted.
In view of this the authors suggested targeting the drug
for local ocular delivery. In the PKC-DRS2 study oral
ruboxistaurin reduced the extent of sustained moderate
visual loss, delayed progression of DME, reduced the
need for laser treatment and improved visual outcomes
in patients with nonproliferative diabetic retinopathy™*”.
The protein kinase C B inhibitor Diabetic Macular Edema
Study specifically studied outcomes in DME and showed
that patients administered oral ruboxistaurin had less
progression of DME compared with a placebo group
during a 30-mo period™®.

Not all pharmacological agents have proven to be
of benefit in treating DME. On the basis of the efficacy
of NSAIDs it was thought that COX-2 inhibitors may
be of benefit in diabetic retinopathy. However studies
of the COX-2 inhibitor celecoxib have not shown any
significant benefit in improving vision in DME, though
did find some reduction in leakage on angiography®®.
Other drugs targeting the immune system are currently
being studied in trials including phospholipase A2
inhibitors, recombinant erythropoietin, and anti-
interleukin antibodies!™ %, In fact a large number
of potential agents have been suggested for use in
diabetic retinopathy to target various components of
the inflammatory pathway, many of which have not
found clinical use. The most promising at present seem
agents such as canakinumab which are monoclonal
antibodies targeting interleukin. Animal studies have
shown breakdown of the blood retina barrier and
neurotoxicity to ganglion cells in the inner retina occurs
in diabetes under the effect of oxidative stress and pro-
inflammatory cytokines such as interleukin®”. Studies
in humans of antibodies blocking these pathways are still
at an early stage but are being conducted to assess the
effect of canakinumab in DME™”,

CONCLUSION

Evidence from a number of human studies and trials
show several pharmacological agents have benefit in
DME, to varying degrees. Till very recently the efficacy of
ranibizumab seemed greatest, and remains accompanied
by a large body of evidence, and a good ocular safety
profile. Very recently evidence has emerged from a large
RCT that aflibercept may be more efficacious in patients
with poor vision at baseline®®. However a variety of
other drugs also carry benefits. These different drugs
are relevant and important to consider as practical
alternatives to ranibizumab and grid/focal macular laser,
both of which may be perceived to be costly in some
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healthcare systems across the world. Further, DME is
often a refractory and recurrent disease and diabetics
undergo cataract and vitreoretinal surgery more
frequently than most patients - clinical scenarios where
the plurality of therapeutic options is highly useful for
managing this common sight-threatening disease.

Most new pharmacological therapies are being
investigated as multiple inflammatory pathways are
involved in the development of DME™, In the longer
term adjunctive treatments which block these pathways
will likely be used alongside suppressors of vascular
leakage™ . For example, while ranibizumab reduces
retinal oedema in DME, in future agents which protect
ganglion cells may be used adjunctively alongside
suppressors of capillary leakage to provide a multi-
faceted approach to the management of DME.
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