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Abstract :

Diabetic macular oedema  (DME) is one of the major causes of vision loss in diabetes patients. Not all cases

of diabetic macular oedema  require treatment. Laser photocoagulation was the treatment of choice in clinically

significant macular oedema  since the 1990s. Although laser prevents vision loss, gain in vision is uncommon. This

generated need for newer mono or adjunctive therapies for diabetic macular oedema. Better understanding of

pathogenesis and availability of improved imaging techniques helped scientists conduct studies and offer alternate/

adjunctive treatment options. Evidence-based treatment options led to a paradigm shift in the management of diabetic

macular oedema . Role of various anti-vascular endothelial growth factors agents and corticosteroids with or without

laser have been studied. Based on current evidence anti-vascular endothelial growth factors therapy is recommended

for patients with centre-involved diabetic macular oedema  which can improve vision significantly. However alongside

the actual procedure of the injection itself, it needs regular follow-up that adds a huge burden to most healthcare

systems. The economic burden, for both patients and the society, is also a major concern. Until we have a longer-

acting safe treatment for diabetic macular oedema, combination therapy utilising currently available pharmacotherapies

with macular laser appears to be a practical and sustainable approach.

Key words: Diabetic macular oedema, anti-vascular endothelial growth factors, ranibizumab, bevacizumab, aflibercept,

corticosteroids, laser.

Comorbidities of diabetes can severely affect a

person’s quality of life. Worldwide, 93 million people have

diabetic retinopathy (DR), including 21 million with diabetic

macular oedema  (DME)1. DME is one of the major causes

of vision loss in diabetes patients. This is manifested by

retinal thickening in the posterior pole due to increased

retinal vascular permeability2. Without treatment, one-third

of patients may develop moderate vision loss3. As vision

loss due to DME occurs during the prime wage earning

years, it has major impacts on the quality of life of patients

with DME4.  DME can develop at any stage of  DR. Though

chronically elevated blood glucose level is the primary factor,

the  pathogenesis is multifactorial and not fully understood.

Over time, poor glycaemic control damages the vascular
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tissue, in particular the endothelial cells and the pericytes

resulting in vascular dysfunction, inflammation, and hypoxia.

Upregulation of vascular endothelial growth factors (VEGF)

is caused by hypoxia. VEGF-A, especially the VEGF-165

isoform has emerged as an important factor in the

pathogenesis of DME5. Increased VEGF level in retinal

tissue can lead to formation of new vessels, increased

vascular permeability and accumulation of fluid.

Systemic management of hyperglycaemia,

hypertension, and dyslipidaemia remains the most important

and effective strategy for preventing the development and

progression of diabetic retinopathy. Tight blood glucose and

blood pressure control have been shown to slow the onset

and progression of DR. Tight control of blood glucose can

slow the onset and progression of DR in type I diabetes6.

Intensive control of blood glucose and blood pressure delay

the progression of DR in patients with type II diabetes7,8.

DCCT observed significant association between occurrence

of clinically significant macular oedema  (CSME) with LDL

level as well as with total cholesterol- HDL ratio9. Lipid

lowering agents may decrease the risk of vision loss in

patients with DR. Long-term fenofibrate in FIELD study

demonstrated beneficial effects in terms of the requirement

for first laser and development of DME10. Fenofibrate

therapy resulted in a significant reduction in the progression

of retinopathy in ACCORD Eye study also. However

significant treatment effect for macular oedema  was lacking

which may be due to the presence of mild oedema  at

baseline in these patients11.

Not all cases of DME require treatment. The Early

Treatment of Diabetic Retinopathy Study (ETDRS)

established the criteria for determining whether a patient

has CSME needing treatment. Laser photocoagulation was

the treatment of choice in CSME since the 1990s, when

the landmark ETDRS found that focal photocoagulation

reduced risk of moderate visual loss in DME patients3.

Following recommendation of ETDRS, focal laser treatment

has been the standard of care for DME for almost last 25

years. The goal of macular laser photocoagulation  for DME

is to limit vascular leakage through a series of focal laser

burns at leaking micro-aneurysms or grid laser burns in

regions of diffuse breakdown of the blood-retinal barrier.

The primary goal for most patients with DME receiving

laser therapy is to preserve any useful vision. Reversal of

vision loss or a gain in vision is uncommon with laser. In

addition, laser therapy is associated with significant ocular

side-effects due to its inherent destructive nature to the

retina. Some patients show less than ideal response to laser

and continue to lose vision. In many eyes with DME, laser

is not possible when micro-aneurysms are situated very

close to fovea.

This generated need for newer mono or adjunctive

therapies for DME. Better understanding of pathogenesis

and availability of improved imaging techniques like optical

coherence tomography (OCT) which can quantitatively

assess DME, helped scientists conduct studies and offer

alternate / adjunctive treatment options. Evidence-based

treatment options led to a paradigm shift in the management

of DME.

Ocular anti-VEGF therapy represents one of the most

significant advances in management of DME. The

introduction and widespread use of ocular anti-VEGF

therapy for age-related macular degeneration heralded a

new era in the treatment of vascular and exudative diseases

of the retina. Its expanding indications now include DME,

proliferative diabetic retinopathy and retinal vein occlusion.

In recent years, there has been a surge of clinical trials

investigating the use of anti-VEGF therapy for DME. These

trials provide robust evidence that intra-ocular administration

of anti- VEGF agents is better than laser therapy both in

preserving and in improving vision for patients with DME.

Ranibizumab is a humanised monoclonal antibody

fragment that binds to all VEGF A isoforms.

Does ranibizumab work in DME? Answer to this

question came from RESOLVE phase II study, RISE phase

III study and RIDE phase III study which demonstrated

superiority of ranibizumab treatment in improving vision over

placebo controls.

In a 12-month randomised study (RESOLVE)

patients received monthly intravitreal ranibizumab or sham.

At month 12, mean visual acuity significantly improved

(10.3±9.1 letters) from baseline with ranibizumab, while it
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declined by 1.4±14.2 letters with sham12.

Study of ranibizumab injection in subjects with CSME

with centre  involvement secondary to diabetes mellitus was

done in two randomised phase 3 clinical trials, RISE and

RIDE. Patients were randomised  equally (1 eye per patient)

to monthly ranibizumab or sham injection. At 24-month,

gain in  >15 letters was achieved significantly more in

ranibizumab-treated patients (45.7% in RIDE and 39.2%

in RISE) compared to sham patients (12.3% in RIDE and

18.1% in RISE)13.

The RISE and RIDE studies were continued in the

third year with an option for switch to ranibizumab in

previously sham treated patients. The gain in visual acuity

and reduction in central foveal thickness achieved with

ranibizumab at month 24 were sustained through month 36.

Delayed treatment with ranibizumab in patients initially

receiving sham treatment did not seem to result in visual

acuity improvement to the same extent of that achieved in

patients originally randomised  to ranibizumab14.

Ranibizumab or laser or a combination of both? After

it was known that ranibizumab improves visual acuity in

DME, two natural questions follow. Firstly whether this is

better than laser, the established gold standard for the

treatment of CSME? Secondly whether this can offer any

advantage when used as an adjunct to laser?

The Ranibizumab for Eedema  of the Macula in

Diabetes (READ-2) study, a prospective, randomised

clinical trial compared ranibizumab (group1), laser (group

2) and a combination of ranibizumab and laser (group 3).The

mean improvement in visual acuity was 7.4, 0.5, and 3.8

letters in group 1, 2 and 3 respectively at the 6-month

primary end point.

Starting at month 6, all subjects could be treated with

ranibizumab. After month 6, most patients in all groups were

treated only with ranibizumab.The mean improvement in

visual acuity was 7.7, 5.1, and 6.8 letters in group 1, 2 and

3 respectively at month 24. The study concluded that

intravitreal ranibizumab when combined with focal or grid

laser treatments, reduced the frequency of injections needed

to control oedema  over 2-year period15.

Three years follow-up of these patients had also been

reported. Ranibizumab monotherapy group demonstrated

continued significant improvement in visual acuity in third

year also, while other two groups did not show improvement

over 24-month achievement. However the mean number

of injections was greater, although not significant, in the

ranibizumab group (5.4) compared with the ranibizumab

+laser group (3.3, p=0.11)16.

The RESTORE study assessed long-term efficacy

of ranibizumab in DME. At year one, patients were

randomised to ranibizumab monotherapy, ranibizumab +

laser, and laser monotherapy. Ranibizumab was given for 3

months then pro re nata (PRN) based on the need of the

patient as determined by specified criteria during monthly

follow-up; laser was given at baseline then PRN (patients

were followed up monthly). Both ranibizumab monotherapy

and ranibizumab combined with laser provided superior

visual acuity gain over laser monotherapy at month 1217.

The 3-year follow-up of these patients was done. In

patients treated with ranibizumab in the core phase, mean

gain in visual acuity at one year was maintained at year 3.

In patients treated with laser alone in the core phase, visual

acuity progressively improved from month 12 to month 36

with ranibizumab treatment. This indicates that substantial

visual gains are possible even with delayed ranibizumab

treatment. Importantly mean number of ranibizumab

injections declined over time with a mean of < 3 injections

received by each group in the 3rd year18.

A meta-analysis of 7 randomised trials comparing

ranibizumab with laser therapy found ranibizumab

monotherapy to provide better visual outcome than laser19.

Ranibizumab if Combined with Laser, When to Do

Laser?

DRCR.net study compared intravitreal ranibizumab

with prompt or deferred laser (laser after 24 weeks of

injection) to IVTA with laser or laser only (with sham

injection).  At 24 months, mean change in visual acuity was

significantly greater in both the ranibizumab+ prompt laser

and  ranibizumab + deferred laser groups compared to the

IVTA+ laser or laser only groups20.

Three-year results of the DRCR concluded that laser
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at the initiation of intravitreal ranibizumab was no better,

and possibly worse, than deferring laser treatment for 24

weeks or more21.

Five-year results of DRCR suggest that laser at the

initiation of intravitreal ranibizumab was no better than

deferring laser treatment for 24 weeks. Vision gain obtained

by the first year was maintained through 5 years with little

additional treatment after 3 years in the study group. Over

5 years, 56% of participants  in the deferred group did not

require further laser. The median number of injections was

13 versus 17 in the prompt and deferred group

respectively22.

Is  Ranibizumab Safe?

Safety and efficacy of ranibizumab in DME involving

the foveal centre was studied in a randomised phase 2 study

(RESOLVE). There was no difference in the rates of ocular

and  non-ocular serious adverse events (SAEs) or adverse

events (AEs) between the ranibizumab and sham arms.

Most of the SAEs were non-ocular in origin. There was

one occurrence of myocardial  infarction with ranibizumab

that was suspected to be related to the study drug. The

incidence of hypertension and thrombo-embolic events, was

comparable between two groups23.

DRCR.net reported 3cases on endophthalmitis and

one case of progression of tractional retinal detachment

following ranibizumab24.

The most common ocular side-effects in clinical trials

were conjunctival haemorrhage, eye pain, vitreous floaters,

increased intra-ocular pressure, and intra-ocular

inflammation25.

DRCR.net investigators had recently reported the

cumulative probability of sustained intra-ocular pressure

elevation or of initiation or augmentation of ocular

hypotensive therapy, after repeated ranibizumab injections

over 3 years to be 9.5% for those who received ranibizumab

plus prompt or deferred laser and 3.4% for the participants

who received laser only (hazard ratio, 2.9; p = 0.01)26.

Bevacizumab, a full-length anti-VEGF antibody, was

originally formulated for intravenous administration in the

treatment of colon cancer. However, because of its reduced

cost and postulated similar effects as ranibizumab it has

been studied in multiple clinical trials.

Short-term  efficacy of intravitreal bevacizumab was

tested in DRCR.net. The study demonstrated that

bevacizumab could reduce DME in some eyes. However

the study was not designed to determine treatment benefit27.

A recent report28 of  DRCR.net has demonstrated

that visual acuity improved by  9.7 and 11.8 letters in two

groups of patients treated with bevacizumab in DME.

Another trial, the two-year BOLT study, supported

the use of intravitreal bevacizumab in CSME. Eighty patients

were randomised to receive either bevacizumab or laser

therapy. The bevacizumab group gained a median of eight

ETDRS letters over 12 months, compared with a loss of

0.5 letters in the laser group29.

These studies demonstrate a role for off label

bevacizumab in DME, and its reduced cost compared to

ranibizumab makes it more appealing.

VEGF trap-eye (aflibercept) acts as a decoy receptor

to trap the VEGF. It is designed to degrade more slowly in

the eye. As a result, it may have a longer duration of action

and reduce the frequency of intravitreal injection. In addition,

VEGF Trap blocks not only the actions of VEGF  but also

the actions of placental growth factors, which are not

blocked by the other anti- VEGF medications.

The daVinci study is a randomised, double-masked,

multicentre, phase 2 clinical trial that compared aflibercept

with laser photocoagulation in eyes with DME. It observed

significant gains in visual acuity at week 24 which were

maintained or improved at week 5230.

In the recently published report of DRCR.net on

relative efficacy and safety, aflibercept was more effective

in improving vision compared to ranibizumab and

bevacizumabat worse levels of initial visual acuity (<6/15).

All three drugs produced comparable improvements in visual

acuity for patients with a visual acuity >6/12. However

ranibizumab was injected at a dose of 0.3 mg in this study

while ranibizumab is recommended at a dose of 0.5 mg in

clinical practice28.

Corticosteroid has been demonstrated to inhibit the

expression of both VEGF gene and other anti-inflammatory
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mediators31.  Triamcinolone, fluocinolone and

dexamethasone are the main steroids that have been studied

for the treatment of macular oedema.

Triamcinolone or Laser or a Combination?

The Diabetic Retinopathy Clinical Research

Network (DRCR. net) was a multicentric randomised

clinical trial that compared intravitreal triamcinolone

acetonide (IVTA) as a monotherapy with focal/grid

photocoagulation for the treatment of DME. Visual acuity

outcome was better with laser than IVTA. IVTA had its

maximum effect on visual acuity improvement at 3 months,

and this benefit was lost at 6 months, requiring frequent

injections. A 3-year follow-up did not indicate a long-term

benefit of IVTA relative to laser. Most eyes receiving 4 mg

triamcinolone in this study were likely to require cataract

surgery. IVTA, injected intravitreal as a bolus, increases

the risk of intra-ocular pressure elevation (and subsequent

glaucoma) and cataract formation32. Interestingly, in the

subset of pseudophakic eyes in DRCR.net, visual acuity

improvement in the IVTA + prompt laser group was

comparable to that in the ranibizumab groups20. This

suggests that formation of cataract following IVTA was the

probable reason for non-improvement of visual acuity in

the IVTA group. In a cost effectiveness study, first-line

treatment with triamcinolone was found to be the most cost-

effective option for pseudophakic patients33.

In order to reduce the risk of cataract and IOP

elevation, intravitreal steroid delivery systems that can release

a small amount of steroid over a sustained period of time

have been developed.

Dexamethasone intravitreal implant is one such

sustained-release formulation of corticosteroid that is

injected intravitreal. In a randomised phase III Ozurdex

MEAD Study patients were randomised to treatment with

DEX implant or sham procedure and followed for 3 years.

The percentage of patients with >15-letter improvement in

BCVA from baseline at study end was greater with DEX

implant than sham. However cataract in phakic eyes

occurred in as high as 67.9% in the DEX implant group.

Three patients experienced intra-ocular pressure rise that

was not controlled with medication and needed

trabeculectomy34.

In the FAME trial, fluocinolone acetonide vitreous

inserts was studied in subjects with centre-involving DME

who had at least one prior failed macular laser. Patients

with DME of more than three years duration gained a greater

benefit than those with DME of less than three years of

duration. However cataract progression was significant

among steroid-treated patients35.

Surgical management like pars plana vitrectomy has a

role to improve vision and reduce macular oedema  in

patients with vitreomacular traction.

Public Health Implications:

Despite improvements in diabetes care, the

prevalence of diabetic retinopathy will continue to rise, due

to population growth and ageing demographics worldwide.

Based on current evidence anti-VEGF therapy is

recommended for patients with centre-involved DME. In

2012, the US FDA approved ranibizumab for the treatment

of DME. Bevacizumab has not yet been approved for DME

and its use is also off-label. Most recently, in March 2015,

aflibercept was approved by the US FDA for DME. Thus,

the demand for eye care service will greatly increase as

anti-VEGF therapy is being adopted as the standard

treatment for DME. A 3-dose monthly (Restore) or 6-dose

monthly (DRCR.net) injections followed by PRN approach

can improve/maintain vision with fewer injections than

monthly dosing. However, it requires continued monthly

monitoring with OCT. Alongside the actual procedure of

the injection itself, the need for regular follow-up adds further

burden to the healthcare systems. To reduce the number of

injections, a treat and extend regime (a newer dosing option

that uses a 3-dose monthly initiation regimen, followed by

monthly dosing until visual acuity is stable for 3 months) has

been studied. The RETAIN study, a phase III randomised

study with ‘treat and extend’ treatment approach assessed

if DME patients can gain and maintain visual acuity with

fewer clinical visits. With this regimen >70% of patients

were able to maintain their vision with 40% reduction in

follow-up visits36.
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The economic burden, for both patients and the

society, is also a major concern. Assuming equivalent

effectiveness and similar safety profiles between

bevacizumab and ranibizumab injections, the use of

bevacizumab confers much greater value among different

treatment options for DME. This is due to the substantial

cost differentiation between the two anti-VEGF agents.

However in practice the cost is actually reduced by sharing

a single vial of bevacizumab for multiple injections. In clinical

practice the method of sharing dosage differs from trials

where multiple injections are prepared under ideal and

appropriate condition. This carries potential risk of

contamination.

Several key questions remain unanswered today.

First, despite the possibility of reducing the number of anti-

VEGF injections over time, repeated injections are required

to maintain visual gains for many patients. This is due to the

relatively limited half-lives of the currently available anti-

VEGF agents. Until we have a longer-acting safe treatment

for DME, combination therapy utilising currently available

pharmacotherapies with macular laser appears to be a more

practical and sustainable approach. DME is a multifactorial

disease which is not entirely VEGF driven. Inflammation

plays a major role in diabetic retinopathy as well as macular

oedema. There are cytokines and chemokines involved

which are not affected by anti-VEGF but are susceptible

to steroid therapy37. Combination treatment (by targeting

multiple factors) may thus be helpful for patients who are

unresponsive or have a suboptimal response to anti-VEGF

agents.
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