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iabetic macular oedema (DMO) affects up to 20 million people worldwide and is a leading cause of blindness in working-age adults

in developed nations. Intravitreal therapies have replaced macular laser over the past decade as the modality of choice for centre-

involving DMO. Anti-vascular endothelial growth factor (anti-VEGF) agents are the current first-line therapy for DMO due to their
proven efficacy and side-effect profile. Intravitreal steroids also have proven efficacy and are typically reserved for certain population
subsets such as those who have an inadequate response to anti-VEGF agents, pseudophakics or those about to undergo cataract surgery,
and in some cases, social or logistical reasons. Of the steroid agents, the dexamethasone intravitreal implant has the most acceptable side-
effect profile and is most commonly utilised. This shift in the way DMO is treated has led to changing patient demographics and an important
aspect of future studies will be identifying how to better stratify patients to receive the most appropriate treatment.
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Diabetic macular oedema (DMO) is a complication of diabetic retinopathy and is a leading cause
of blindness in working-age adults in developed nations. In 2015, there were an estimated
415 million people with diabetes worldwide.” This number is predicted to rise to 642 million by
2040." The prevalence of DMO is estimated to be up to 6.8% in patients with diabetes.? As diabetes
prevalence increases worldwide, a concomitant rise in DMO cases is also expected. This will have
a significant impact worldwide with growing numbers of patients with visual impairment or loss,
increasing healthcare costs and decreasing social and work participation.®s The purpose of this
review is to provide a brief summary of the randomised controlled data for the use of intravitreal
steroids in the managemeznt of DMO. It will highlight the strengths and limitations of steroids as
well as offering a perspective on their current and future use.

Pathogenesis and risk factors

The pathogenesis of DMO appears to be multifactorial, with the hallmark feature being
breakdown of the blood-retinal-barrier. Prolonged hyperglycaemia induces several biochemical
pathways that ultimately lead to increased oxidative stress, inflammation, and impaired vascular
function.c Upregulation of growth factors and cytokines, such as vascular endothelial growth
factor (VEGF), angiopoietins, tumour necrosis factor, interleukins, and matrix metalloproteinases
contribute to disruption of the blood-retinal-barrier and development of DMO. The major
modifiable risk factors for DMO are hyperglycaemia, blood pressure and cholesterol.? The
Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR), a large population-based
study, found that the incidence of DMO over 10 years was associated with higher glycosylated
haemoglobin levels” The landmark Diabetes Control and Complications Trial (DCCT) and United
Kingdom Prospective Diabetes Study (UKPDS) both provided strong evidence that tight glycaemic
control was associated with a reduced risk of development and progression of diabetic retinopathy
and DMO.** The UKPDS study showed that reducing blood pressure slowed the progression of
diabetic retinopathy and vision impairment.” The Fenofibrate and Event Lowering in Diabetes
(FIELD) and Action to Control Cardiovascular Risk in Diabetes (ACCORD) trials suggested that
fenofibrate may have a beneficial role in the management of diabetic retinopathy independent of
its action on lipid levels. o™

With regards to natural history, the WESDR study reported a 29.0% incidence of DMO over a
period of 25 years in people with type 1 diabetes. In patients with type 2 diabetes, an incidence of
25.4% in those requiring insulin and 13.9% in those not requiring insulin was reported.” The
DCCT study showed that 27% of people with type 1 diabetes developed macular oedema
within 9 years of diabetes onset.®* DMO tends to display a chronic course with progressive
visual impairment being a common occurrence without intervention.™

Assessment and management

DMO can be classified as centre- or non-centre-involving. This can be observed clinically by slit
lamp biomicroscopy; however, the gold standard of diagnosis in current practice is evaluation
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Figure 1: Imaging in diabetic macular oedema

A: Wide field fundus photograph showing clinical appearance of centre-involving
diabetic macular oedema. B: Corresponding optical coherence tomography imaging of
the same patient showing retinal thickening, cystic changes and sub-retinal fluid.

by optical coherence tomography, which allows objective qualitative and
quantitative assessment of the central macula (Figure 7).

Primary and secondary prevention, by maintaining tight glycaemic
control and modifying other systemic risk factors such as blood pressure
and lipid profile, are important aspects in the management of DMO.27?
Close monitoring of these factors in a multidisciplinary setting should be
encouraged. Prior to the development of intravitreal therapies, macular
laser was the standard of care for the treatment of DMO."® Anti-VEGF
agents are the current first-line therapy for centre-involving DMO. Several
large, prospective studies have established the benefit of the anti-VEGF
agents ranibizumab,* bevacizumab,® and more recently, aflibercept.”
A Cochrane review comparing anti-VEGF agents to focal laser therapy
concluded there is strong evidence for the use of anti-VEGF agents in
the treatment of DMO.™ Not all eyes with DMO respond adequately to
anti-VEGF agents, however, and intravitreal steroid therapy can be
considered as a second-line therapy in these cases. Two large, prospective
trials showed persistent macular oedema in 23% of patients receiving
2 years of intravitreal ranibizumab, indicating a need for alternate
therapies in those patients not responsive to anti-VEGF therapy.™

Summary of evidence for use of steroids

For the purpose of this review, only prospective, randomised studies with
at least 25 patients per arm and follow-up of at least 12 months were
included. Combination therapy with intravitreal anti-VEGF agents and
steroids will be considered separately.

Triamcinolone

The Triamcinolone for Diabetic Macular Oedema (TDMO) study by Gillies
et al. was the first prospective randomised study of an intravitreal
steroid for DMO."” The TDMO study compared intravitreal triamcinolone
(Kenacort® 40, Bristol-Myers Squibb Pharmaceuticals, Australia) to
placebo in 69 eyes from patients with DMO refractive to macular laser
therapy. After 2 years, the vision in 56% eyes treated with triamcinolone
improved by >5.0 letters compared with 26% eyes in the placebo group.
The mean best corrected visual acuity (BCVA) in triamcinolone-treated
eyes improved 5.7 letters more than placebo-treated eyes. A greater
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mean reduction in central macular thickness (CMT) was also noted in the
steroid-treated eyes. These findings are summarised in Table 7 along with
the result of other clinical trials of intravitreal steroids for DMO. Cataract
development and raised intraocular pressure (IOP) were more common
in the triamcinolone group.™ Complication rates with regards to cataract
development and raised IOP requiring treatment are summarised in
Table 2 along with those from the other studies described. After 2 years,
an open label extension of the TDMO study allowed patients initially
randomised to the placebo group to receive triamcinolone. After 5 years
similar improvements in visual acuity between both the groups were
found, suggesting that delayed initiation of triamcinolone (after 2 years)
did not adversely affect longer-term visual outcomes.?

The Diabetic Retinopathy Clinical Research Network (DRCRnet)
performed a large prospective trial (Protocol B) comparing 840 eyes
randomised to receive either macular laser, 1 mg triamcinolone, or 4 mg
triamcinolone.? The study allowed for re-treatment at 4 monthly intervals
for persistent or new oedema. After 4 months the mean BCVA was better
in the 4 mg triamcinolone group compared to both the laser group and
the 1 mg triamcinolone groups. After 2 years, however, the laser group
demonstrated a better BCVA than either of the triamcinolone groups. The
3-year results were consistent with those at 24 months in the patients
available for follow up.” Raised IOP and development of cataract were
more common in the groups receiving steroids. Differences in baseline
characteristics may explain the contradicting conclusions of the DRCRnet
Protocol B and TDMO studies.? The DRCRnet study actively excluded
eyes that investigators thought unlikely to benefit from macular laser
treatment and thus the included eyes on average had milder disease.

Another large randomised trial published by Elman et al. included 854
eyes and compared 4 mg triamcinolone (Trivaris™, Allergan, NJ, USA)
combined with laser versus ranibizumab plus prompt or deferred laser
versus laser alone for the management of centre-involving DMOQ.*%
After 12 months, ranibizumab-treated eyes had gained a mean of
9 letters compared to an improvement of 4 letters in the triamcinolone
group. Subgroup analysis of pseudophakic eyes at baseline revealed
similar visual outcomes in both the triamcinolone and ranibizumab
groups. Raised IOP and cataract surgery were more common in the
triamcinolone-treated eyes. After 2 years, the trial became open label
and the original groups assigned to triamcinolone combined with
laser or laser alone were given the opportunity to initiate ranibizumab
therapy.>These groups, on average, had a gradual improvement in visual
acuity after receiving ranibizumab. Despite the modest improvement in
these groups over the 5 years of the study, eyes receiving ranibizumab
therapy from the outset were more likely to have better long-term
visual outcomes.

Fluocinolone

Fluocinolone acetonide is a highly lipophilic and potent corticosteroid
that was developed as a surgically implanted, non-biodegradable device
that releases 0.59 ug/day of fluocinolone over 3 years (Retisert®, Bausch
and Lomb Inc, Rochester, NY, USA).Z A prospective randomised clinical
trial by Pearson et al., comparing the Retisert implant versus macular
laser or observation, was carried out in 196 eyes with treatment
refractory DMO.% After 3 years, BCVA had improved by >3 lines in 31%
of the Retisert-implanted eyes versus 20% in the standard of care
group. The Retisert device, however, had high rates of steroid-induced
side effects including raised IOP and cataract development and has not
been approved for use. Fluocinolone acetonide was later developed
into a smaller intravitreal device (lluvien®, Alimera, Alpharetta, GA, USA)
that can be introduced via a 25-gauge needle in an outpatient setting.
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Table 1: Summary of efficacy reported in randomised clinical trials of intravitreal steroid therapy for diabetic
macular oedema

Agent and comparator(s) Duration Number of eyes VA gain more than Mean VA gain CMT reduction
in study 15 letters (um)
TDMO (2006)" Triamcinolone (Kenacort® 40) 4mg 2 years 69 56% 3.1 125
Placebo N/A 26% -2.9 71
DRCRnet Triamcinolone (Trivaris™) mg 2 years 840 15% -2 86
Protocol B 16% -3 77
(2009)* Focal/grid laser 4mg 20% 1 139
N/A
DRCRnet Triamcinolone (Trivaris™) 4.0mg 2 years 854 22% 2t 107
Protocol | Sham + prompt laser N/A 18% 1 138
(2010)* Ranibizumab + prompt laser 0.5mg 29% 7 141
Ranibizumab + deferred laser 0.5mg 28% 9 150
Retisert for DMO | Fluocinolone (Retisert®) 0.59 mg 4 years 196 31% Not reported Not reported
(2011)* Laser/observation (SOC) N/A 20%
FAME (2012)* Fluocinolone (lluvien®) 0.2 ug 3years 953 29% 8.1 181
0.5ug 28% 71 185
Sham N/A 19% 3.2 142
PLACID (2013)*' Dexamethasone (Ozurdex®) 0.7 mg 1year 253 28%" 3 100
Sham N/A 24% 1 125
MEAD (2014)* Dexamethasone (Ozurdex®) 0.35mg 3years 1,048 18% 3.6 108
0.70mg 22% 3.5 112
Sham N/A 12% 2 42
BEVORDEX Dexamethasone (Ozurdex®) 0.70 mg 2 year 88 43%" 6.9 150
(2016)* Bevacizumab 1.25mg 45% 9.6 148
OZLASE (2015)* | Dexamethasone (Ozurdex®) 0.7 mg 1year 80 16% -0.3 157+
Laser N/A 5% 0.4 71*
Callanan et al. Dexamethasone (DEX implant) 0.7 mg 1year 363 12% 4.3 174
(2017)% Ranibizumab 25% 7.6 164

VA gain >10 letters; 'Eight in pseudophakic group; *Change in median CMT.
CMT = central macular thickness, DMO = diabetic macular oedema; DRCRnet = Diabetic Retinopathy Clinical Research Network; N/A = not applicable; SOC = standard of care;
VA = visual acuity.

Table 2: Summary of effects of intravitreal steroid therapy on intraocular pressure and cataract rates in randomised
clinical trials of intravitreal steroids for diabetic macular oedema

Steroid agent Duration Raised IOP Required laser/ Required
(>10 mmHg rise) incisional cataract surgery
glaucoma surgery
TDMO (2006)" Triamcinolone (Kenacort® 40) 4mg 2 years 68% (>5 mmHg rise) 6% 54%
DRCRnet Protocol B Triamcinolone (Trivaris™) 1mg 2 years 18% 0% 46%
(2009)% 4mg 33% 5% 83%
DRCRnet Protocol | Triamcinolone (Trivaris™) 4mg 2 years 93%" 1% 59%
(2010
Retisert for DMO (2011)2 | Fluocinolone (Retisert®) 0.59 mg 4 years 61% (I0P >30 mmHg) 34% 91%
FAME (2012)* Fluocinolone (lluvien®) 0.2 ug 3years 38%" 5% 80%
0.5u8 47%" 8% 87%
PLACID (2013)*' Dexamethasone (Ozurdex®) 0.7 mg 1year 15% 0% 3%
MEAD (2014)* Dexamethasone (Ozurdex®) 0.35mg 3years 25% 0.3% 52%
0.70mg 28% 0.6% 59%
BEVORDEX (2016)® Dexamethasone (Ozurdex®) 0.7 mg 2 years 74% (>5 mmHg rise) 0% 37%
OZLASE (2015)% Dexamethasone (Ozurdex®) 0.7 mg 1year 20%" 0% 33%
Callanan et al. (2017)* Dexamethasone (Ozurdex®) 0.7 mg 1year 34% 0.6% 4%

“IOP rise >10 mmHg, I0P >30 mmHg or initiation of IOP lowering treatment, 'IOP lowering drops commenced.
DMO = diabetic macular oedema, DRCRnet = Diabetic Retinopathy Clinical Research Network; IOP = intraocular pressure.
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The Fluocinolone Acetonide Intravitreal Implant for Diabetic Macular
Edema (FAME) study was a prospective randomised controlled trial
by Campochiaro et al. that included 953 eyes randomised to receive
low-dose fluocinolone insert (0.2 ug/day), high-dose insert (0.5 ug/day)
or a sham injection in patients with DMO refractory to laser treatment.”
After 3 years, an improvement in BCVA of >15 letters was achieved in
29% of the low-dose steroid group and in 28% of the high-dose versus
19% of the sham group. A subgroup analysis of patients with DMO
greater than 3 years duration at baseline showed an even greater benefit
for the fluocinolone insert compared to control. Steroid-induced side
effects were again common in both high- and low-dose fluocinolone
groups (Table 2).

Dexamethasone

The dexamethasone intravitreal implant (DEX implant; Ozurdex®,
Allergan Inc., Irvine, CA, USA), a biodegradable, slow-release form of
dexamethasone, has been manufactured for intravitreal use. The MEAD
study was a large prospective trial that randomised 1,048 patients
with DMO in a 1:1:1 ratio to treatment with 0.7 mg DEX implant, 0.35
dexamethasone mg DEX implant, or sham procedure.® It included
patients with BCVA 20/50-20/200 Snellen equivalent, and CMT greater
than 300 wm. Of patients in the 0.7 mg group, 22.2% showed an
improvement of >15 letters compared to 18.4% in the 0.35 mg group
and 12% in the sham group. Mean CMT reduction from baseline was also
greater in the groups receiving DEX implant compared to sham. Raised
IOP and cataract surgery rates were more common in the steroid-
treated groups. It became apparent during the study that the DEX
implant lost effectiveness before 6 months and protocol amendments
were made reflecting this. The study was also limited by significant loss
to follow-up, with over 30% of patients in the DEX implant treatment
groups and 50% of patients in the sham group exiting the study prior
to completion.®

The PLACID study was a prospective trial that randomised 253 eyes
to either the DEX implant followed by macular laser at 1 month or to
sham injection followed by macular laser at 1 month in the treatment
of diffuse DMO.*" No statistical difference between the two groups was
found, with 27.8% of the DEX implant-treated eyes gaining >10 BCVA
letters at 12 months compared with 23.6% in the sham group. However, a
significantly greater improvement in BCVA was demonstrated at various
time points up to 9 months in the eyes treated with DEX implant. This
was also evident across time based on area under the curve analysis.
As expected, a greater proportion of eyes treated with DEX implant
experienced a rise in IOP*

The BEVORDEX study was the first head-to-head clinical trial comparing
bevacizumab versus DEX implant for centre-involving DMO either
unresponsive or unlikely to benefit from laser treatment.® Eighty-eight
eyes were randomised to receive 1.25 mg bevacizumab up to every
4 weeks or the DEX implant up to every 16 weeks. Both treatments
were given pro re nata. Forty-one percent of DEX implant-treated
eyes improved by >10 IogMAR letters at 12 months compared to 40%
of bevacizumab-treated eyes. The DEX implant group had superior
anatomic outcomes with regards to CMT and required fewer injections.
Eleven percent of the DEX implant-treated eyes lost >10 letters compared
with none in the bevacizumab group. Four of these cases were due to
cataract development and one was due to chorioretinitis in a patient
with undiagnosed secondary syphilis. No eyes in either group required
incisional glaucoma surgery. These results were maintained at 24 months,
with 43% of DEX implant-treated eyes demonstrating a >10-letter
improvement from baseline compared to 45% of bevacizumab-treated

EUROPEAN OPHTHALMIC REVIEW

eyes.® As expected, rates of cataract surgery and raised IOP were higher
in the DEX implant groups.

A multicentre, open-label, randomised trial of 363 patients by Callanan
et al. was the first study to compare the DEX implant with a licensed
anti-VEGF agent (ranibizumab) for the treatment of DMO.* Patients
were treated with the DEX implant at baseline, 5 and 10 months, and
ranibizumab was given every 4 weeks until maximum visual acuity
was achieved and stable over three visits. Treatments could then be
suspended but allowed to recommence if a decrease in BCVA occurred.
The mean average BCVA improvement over 1 year was 4.34 letters in the
dexamethasone group and 7.60 letters in the ranibizumab group. Based
on these results, it was concluded that the DEX implant was non-inferior
to ranibizumab. Cataract surgery was performed on seven patients in
the dexamethasone group and one patient in the ranibizumab group.
Greater rates of raised IOP were reported in the dexamethasone group.*
The OZLASE study was a prospective study that enrolled 80 patients
with centre-involving DMO.® Inclusion criteria for BCVA was between
54-78 l0gMAR letters. Eighty patients were randomised equally to
either combination therapy with DEX implant and macular laser or
macular laser only. In contrast with the BEVODEX* and MEAD¥ studies,
no significant difference in BCVA was found between the two study
groups. At 12 months, the mean change in BCVA was -0.3 letters in the
combination group and +0.4 letters in the macular laser group. CMT was
significantly reduced in the combination group compared to the laser
group. The authors postulated that this unexpected result was due to a
ceiling effect on BCVA. Visual acuity inclusion criteria in the BEVORDEX
and MEAD studies were 17-72 and 34-68 I0gMAR letters, respectively,
and thus patients in these studies theoretically had a greater potential
for improvement. Cataract surgery and elevated IOP requiring topical
therapy were more common in the combination group.®

Combination therapy

A number of randomised controlled trials have examined the effects
of combining anti-VEGF agents with intravitreal steroids compared to
monotherapy with anti-VEGF agents, steroids or macular laser alone. In
2008, Ahmadieh et al. compared intravitreal bevacizumab (1.25 mg) with
or without triamcinolone (1.25 mg) compared to sham injection in patients
with refractory DMO.* Both groups showed significant improvement
in BCVA and CMT compared to placebo; however, no difference was
found between the bevacizumab and combination therapy groups. A
randomised trial by Soheilian et al., comparing 1.25 mg bevacizumab alone
or combined with 2 mg triamcinolone versus laser, showed a significant
improvement in BCVA in the bevacizumab monotherapy group compared
to the combination and laser groups at 6 months.¥ This effect was not
sustained, however, and after 24 months there was no significant difference
between the bevacizumab and combination groups.® Lim et al. compared
bevacizumab (1.25 mg) versus triamcinolone (2 mg) versus combination
therapy with both. No significant difference in BCVA and CMT was observed
between the three groups at 12 months.¥ Another study by Neto et al.
evaluated the efficacy of combination therapy with bevacizumab (1.25 mg)
and triamcinolone (4 mg) compared to monotherapy with either treatment
alone.® All groups showed significant improvements in BCVA, however,
no differences between groups were observed. A 2017 study by Riazi-
Esfahani et al. assessed bevacizumab (1.25 mg) alone or in combination
with triamcinolone (1 mg).”" After 6 months, BCVA improvement was
significantly better in the bevacizumab monotherapy group.

Anti-VEGF agents in combination with DEX implant have also been studied
in patients with refractory DMO. Maturi et al. compared the effect of DEX
implant in combination with bevacizumab (1.25 mg) versus bevacizumab
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monotherapy in eyes with incomplete response to prior anti-VEGF
monotherapy.”? Combination therapy significantly improved BCVA
and CMT, although vision changes were not significantly improved
compared to the intravitreal bevacizumab monotherapy group.
DRCRnet Protocol U compared continued ranibizumab monotherapy
versus ranibizumab plus DEX implant in eyes with persistent DMO
despite anti-VEGF treatment.”® The study found that combination
therapy did not significantly improve BCVA at 6 months compared
to ranibizumab alone. A recent Cochrane review found insufficient
evidence to suggest combination therapy is better than monotherapy
with anti-VEGF agents as first-line treatment for DMO.* Consistent
with previous studies, eyes receiving anti-VEGF plus steroids had a
greater risk of elevated IOP and cataract development compared with
those receiving anti-VEGF alone.

Conclusion

Trials investigating the use of intravitreal steroids for the treatment of
DMO have reported mixed results. A key challenge lies in identifying the
subset of patients likely to benefit from intravitreal steroids. Data from
subgroup analyses in the MEAD® and BEVORDEX® trials suggest that
the DEX implant may be considered as a first-line treatment option in
pseudophakic eyes. There is significant interest in following up real-world
data after the completion of trials and determining whether treatments
have sustained benefit beyond the relatively short time periods inherent
to clinical studies. Patients are likely to have closer monitoring with

more regular follow-up and timely access to treatment during the trial
period, and thus favourable trial results may not be reflected in the
real-world setting. A systematic review and meta-analysis of real-world
studies evaluating the efficacy of the DEX implant for patients with DMO
non-responsive to anti-VEGF therapy suggested a clinical benefit in
improving BCVA.* Another challenge remains in defining non-response
or suboptimal response to anti-VEGF treatment and in identifying the
optimal timing for switching to intravitreal steroids. Patient factors also
need to be considered; reduced treatment burden from fewer injections
compared to anti-VEGF therapy make intravitreal steroids a more
attractive treatment option for some patients. Frequent clinic visits may
be impractical, especially those with complex co-morbidities associated
with diabetes.

A developing challenge is adapting to the changing landscape of patient
demographics. Pharmacological treatments have been available for
several years and treatment-naive eyes are becoming less common. As
a result, clinicians are increasingly managing patients who have been
receiving treatment for many years and who may have reached a ceiling
of potential improvement, regardless of which treatment option has been
chosen. Anti-VEGF agents and intravitreal steroids both improve vision,
but their effect diminishes with time and re-treatment is necessary.
Patients must be followed up regularly to assess treatment response and
manage potential side effects. Ongoing multidisciplinary evaluation and
appropriate optimisation of modifiable risk factors is indicated. Q
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