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D iabetic retinopathy is the most com-
mon cause of vision loss in working-age 
Americans.1,2 The disease can take 2 
forms: diabetic macular edema (DME) and 

proliferative diabetic retinopathy (PDR). An increase in 
intraocular vascular endothelial growth factor (VEGF) 
plays a key role in the development of both forms of the 
disease.3 After the role of VEGF in diabetic retinopathy 
was elucidated in the early 1990s, 3 VEGF inhibitors 
have been used for DME: aflibercept, bevacizumab, and 
ranibizumab. Other therapeutic approaches to the initial 
management of DME include laser photocoagulation 
and intravitreal corticosteroid implants. The Diabetic 
Retinopathy Clinical Research Network (DRCR.net), 
with sponsorship from the National Institutes of Health, 
conducted a series of studies that established the role of 
these modalities in DME. Most recently, the DRCR.net 
completed a landmark head-to-head study of the 3 VEGF 
inhibitors called Protocol T.4,5 This article reviews the 
role of laser photocoagulation, intravitreal VEGF inhibi-
tors, and intravitreal corticosteroid implants in the man-
agement of DME, and includes results from Protocol T. 

Laser Photocoagulation

The efficacy of focal and grid laser photocoagulation 
in DME was initially established in the Early Treatment 
Diabetic Retinopathy Study (ETDRS). In the ETDRS, 
photocoagulation of microaneurysms and other areas, 
within a thickened macula, reduced the risk of moderate 
vision loss by approximately 50%. In patients with visual 
impairment, 30% experienced an improvement in vision. 
However, photocoagulation failed to prevent vision loss 
in approximately 15% of patients, and only 3% of patients 
had an improvement in visual acuity.6 This study showed 
that although photocoagulation helps to prevent progres-
sion of DME, it has more limited benefit for restoring 
vision that is already lost. 

Abstract

Three modalities have a role in the primary man-
agement of diabetic macular edema (DME): laser 
photocoagulation, intravitreal vascular endothelial 
growth factor (VEGF) inhibitors, and intravitreal 
corticosteroid implants. Intravitreal VEGF inhibi-
tors are most commonly used for center-involved 
DME, but laser photocoagulation and intravitreal 
corticosteroids also have an important role in DME 
management. Until recently, the selection of a VEGF 
inhibitor for a patient was complicated by a lack of 
comparative data and a much lower cost for beva-
cizumab compared with other agents. Two-year 
results of the landmark head-to-head Protocol T trial 
will inform treatment selection for ophthalmologists 
and formulary decisions for managed care organi-
zations. The study found that patients with better 
baseline visual acuity benefited from aflibercept, 
bevacizumab, or ranibizumab. However, aflibercept 
and ranibizumab were more effective than beva-
cizumab for patients with worse baseline visual 
acuity. A higher rate of nonfatal stroke and vascular 
death with ranibizumab in the Protocol T trial has 
raised concern in the community and needs to 
be investigated further. Emerging drugs for DME 
include VEGF inhibitors with less-frequent dosing 
intervals, and new agents that target other patho-
logic processes that contribute to vascular leakage 
and angiogenesis in DME. 
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In DME, laser therapy causes a reaction in which mela-
nin, within the retinal pigment epithelium and choroid, 
absorbs laser energy.7 Although the exact mechanism of 
action remains unclear, the resulting photocoagulation of 
the retinal layers closes leaking microaneurysms. It may also 
decrease edema via increased oxygenation, reduce meta-
bolic load by decreasing the number of photoreceptors, and 
induce endothelial cell proliferation. The tissue destruction 
caused by photocoagulation may also downregulate angio-
genesis and cytokines that cause macular edema.7,8

More recently, the DRCR.net Protocol I study com-
pared ranibizumab with deferred or prompt laser, tri-
amcinolone with prompt laser, and sham injections 
with prompt laser. Improvements in visual acuity were 
significantly greater with ranibizumab than with laser 
photocoagulation.9 Over the last decade, other rigorous 
clinical trials have also established that intravitreal VEGF 
inhibitors are more effective than laser photocoagulation 
for center-involved DME.10,11 The American Academy 
of Ophthalmology considers laser photocoagulation the 
preferred treatment for non–center-involved DME, and it 
still has a role as an adjunct to VEGF inhibitors for cen-
ter-involved DME.1 Long-term follow-up of the Protocol 
I study is helping to compare the benefits of prompt and 
deferred laser treatment in patients who received VEGF 
inhibitors, including whether laser photocoagulation can 
help reduce the treatment burden with VEGF inhibitors.12

Potential adverse effects (AEs) of laser photocoagula-
tion include a possible transient initial decrease in central 
vision, paracentral scotomas if laser burns are placed 
too close to the fovea, permanent central scotoma from 
inadvertent foveal burns, and expansion of a laser scar 
area.1 Innovative laser and imaging platforms address 
some of the shortcomings of laser photocoagulation. The 
Navilas navigated laser, which was approved for use in 
the United States in 2010, allows for greater precision and 
superimposes fluorescein angiography and the treatment 
plan on a live-tracked fundus image.8,13 With a higher 
microaneurysm hit rate than manual technique laser 
treatment, the Navilas laser is extremely accurate.13

VEGF Inhibitors

Sustained hyperglycemia triggers a cascade of patho-
physiologic processes in the diabetic retina, including 
hypoxemia, and the release of pro-inflammatory cyto-
kines and growth factors.14 This culminates in upregu-
lation of VEGF, the key mediator that disrupts the 
blood-retinal barrier in DME.3,15 High levels of VEGF 
cause capillaries to leak, leading to macular edema. They 

also promote angiogenesis and the growth of weak new 
capillaries, the primary pathogenic process in PDR.14 

The usual roles of VEGF are to promote angiogenesis 
and the growth of vascular endothelial cells, act as a 
survival factor for endothelial cells, and regulate vascular 
permeability. The VEGF family has 5 structurally related 
ligands: VEGF-A, -B, -C, -D, and placental growth fac-
tor (PlGF). VEGF-A has 4 isoforms that are identified 
by the number of amino acids they contain: VEGF121, 
VEGF165, VEGF189, and VEGF206. The most common 
isoform is VEGF165. VEGF-A and VEGF-B bind with 2 
tyrosine kinase receptors on the cell surface of vascular 
endothelium: VEGFR-1 and VEGFR-2.16 Expression of 
VEGFR-2, a key mediator of endothelial cell mitogenesis, 
survival, and microvascular permeability, is increased in 
diabetic retinopathy.14 

VEGF inhibitors reduce capillary leakage, prevent 
proliferation of weak new capillaries, and improve sur-
vival of retinal pericytes in patients with DME.17,18 The 
properties of VEGF inhibitors used for DME are com-
pared in Table 1.5,14,19-22 Bevacizumab is a complete murine 
monoclonal humanized antibody that binds in a bivalent 
fashion to VEGF-A.21 Ranibizumab is an antibody frag-
ment of bevacizumab that binds with enhanced affinity, 
but in a monovalent fashion, to VEGF-A.14 Aflibercept, 
a fusion protein composed of the extracellular binding 
domains of VEGFR-1 and VEGFR-2 attached to the 
fragment crystallizable region of human immunoglobulin 
G1,19 acts as a soluble decoy receptor that binds VEGF-A 
and PlGF. Compared with other VEFG inhibitors, the 
higher binding affinity of aflibercept and its PlGF inhibi-
tion may be responsible for a longer duration of action 
and a less frequent dosing interval.23 

Because circulating VEGF protects blood vessel integ-
rity, prolonged intravitreal administration of VEGF 
inhibitors theoretically has the potential to induce 
thromboembolic events.24 Systemic administration of 
bevacizumab and ziv-aflibercept, as antineoplastic agents, 
can increase the risk of bleeding and thromboembolic 
events.21,25 All of the VEGF inhibitors are detected at low 
concentrations in the plasma after intravitreal admin-
istration, but bevacizumab has been reported to cause 
longer and greater suppression of plasma VEGF than 
ranibizumab.24,26,27 Considering that it has lower VEGF 
affinity, the implications of this are unclear.24 

In 2012, ranibizumab was the first VEGF inhibitor to 
receive FDA approval for DME, followed by aflibercept 
in 2014.19,22 Although intravenous bevacizumab received 
FDA approval for various malignancies in 2004, intra-
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vitreal administration is an off-label use that requires 
repackaging into small doses appropriate for intravitreal 
administration.5 Compounded intravitreal bevacizumab 
and triamcinolone have been associated with isolated 
outbreaks of endophthalmitis, but this appears to be 
rare.28,29 In the largest retrospective cohort study, which 
evaluated over 500,000 VEGF-inhibitor intravitreal injec-
tions, there was no difference in the endophthalmitis rate 
for aflibercept (0.035%), bevacizumab (0.039%), or ranibi-
zumab (0.035%).30 The cost of intravitreal bevacizumab 
is substantially lower than that of the other agents.5 
Although the earliest studies in DME were conducted 
with bevacizumab, it has not been evaluated in a phase 3 
FDA registration trial like ranibizumab and aflibercept.31 

Ranibizumab

Ranibizumab was evaluated in DME in 2 identical 
phase 3 clinical trials called RIDE and RISE. Patients with 
a best-corrected visual acuity (BCVA) of 20/40 to 20/320 
and a central subfield thickness (CST) of at least 275 µm 
on optical coherence tomography (OCT) were random-
ized (1 eye per subject) to receive monthly intravitreal 
injections of ranibizumab 0.3 mg, ranibizumab 0.5 mg, 
or a sham for 24 months. The primary outcome of the 
studies was the percentage of patients achieving a gain 
of at least 15 letters at 24 months (ie, 3 lines on the eye 
chart). The percentage of patients achieving this outcome 
compared with the percent receiving sham injections in 
RIDE was 24.3% higher with ranibizumab 0.3 mg (95% CI: 
13.8-34.8; P <.0001), and 20.9% higher with ranibizumab 
0.5 mg (95% CI: 10.7-31.1; P <.001). In RISE, this repre-
sented a difference from sham injections of 20.8% (95% 

CI: 11.4-30.2; P <.0001) for ranibizumab 0.3 mg and 33.3% 
(95% CI: 23.8-42.8: P <.0001) for ranibizumab 0.5 mg. In 
RISE, mean BCVA gains from baseline were 12.5 and 11.9 
letters for ranibizumab 0.3 mg and 0.5 mg, respectively, 
compared with 2.6 letters for sham injections (P <.0001). 
Respective letters gained were 12.0, 10.9, and 2.3 letters 
in RIDE (P <.0001). In RISE, the incidence of vision loss 
(≥15 letters) was 2.4% with ranibizumab 0.3 mg and 0.5 mg, 
compared with 10.2% with sham injections (P = .0086 for 
ranibizumab 0.3 mg vs sham; P = .0126 for ranibizumab 
0.5 mg vs sham). Respective vision loss in RIDE was 1.6%, 
3.9%, and 9% (P = .0119 for ranibizumab 0.3 mg vs sham;  
P = .1384 for ranibizumab 0.5 mg vs sham).32

Fewer patients who received ranibizumab required laser 
procedures, with the mean number of procedures in 24 
months ranging from 0.3 to 0.8 in the 2 dosage groups of 
ranibizumab in RISE and RIDE compared with 1.8 and 
1.6 procedures for sham injections in the respective tri-
als (P <.0001 for all comparisons).32 In terms of anatomic 
improvement, the pooled mean change in central foveal 
thickness (CFT) at month 24 was −255.2 µm for ranibizum-
ab 0.3 mg, −262.0 µm for ranibizumab 0.5 mg, and −129.5 
µm for sham injections.33 Improvements in visual acuity 
and reductions in retinal thickness occurred rapidly with 
ranibizumab. Fewer patients given ranibizumab developed 
PDR or required panretinal photocoagulation.32 

After 24 months, patients who received sham injec-
tions were allowed to cross over to ranibizumab 0.5 mg. 
Patients initially randomized to ranibizumab 0.3 mg or 0.5 
mg continued to receive their respective medications. At 
month 36, patients who received ranibizumab from the 
start of the trial maintained the improvements in BCVA 

n Table 1. Properties of VEGF Inhibitors for DME5,14,19-22

Aflibercept
(Eylea)

Bevacizumab
(Avastin)

Ranibizumab
(Lucentis)

Class VEGF trap Monoclonal antibody monoclonal antibody fragment

Molecular weight 115 kDa 149 kDa 48 kDa

Target All VEGF-A isoforms, VEGF-B, and PlGF All VEGF-A isoforms All VEGF-A isoforms

Kd for VEGF165 0.49 pM 58 pM 46 pM

Estimated half-life 4.8 days 5.6 days 3.2 days

FDA-approved uses

DME, DR with DME,
neovascular AMD,
and macular edema after retinal  
vein occlusion

No FDA-approved  
ophthalmic use

DME, DR with DME,
neovascular AMD,  
and macular edema after  
retinal vein occlusion

Dosage regimen for DME
2-mg intravitreal injection every month for 
5 months, then every other month

1.25-mg intravitreal  
injection every month

0.3-mg intravitreal injection 
every month

AMD indicates age-related macular degeneration; DME, diabetic macular edema; DR, diabetic retinopathy; PlGF, placental growth factor; VEGF, 
vascular endothelial growth factor. 
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and CFT observed at month 24. Patients who received 
delayed treatment did not gain as much visual acuity 
improvement as those originally randomized to ranibi-
zumab. At 36 months, the percentage of patients in RIDE 
achieving a gain of at least 15 letters was 19.2% in the 
sham/0.5 mg ranibizumab group, 36.8% in the ranibizum-
ab 0.3 mg group (P = .0026 vs sham/0.5 mg ranibizumab), 
and 40.2% in the ranibizumab 0.5 mg group (P = .0001 vs 
sham/0.5 mg ranibizumab). Respective increases in RISE 
were 22.0%, 51.2% (P <.0001 vs sham/0.5 mg ranibizumab), 
and 41.6% (P = .0005 vs sham/0.5 mg ranibizumab).33 

During the first 24 months of the RIDE and RISE 
studies, the most common serious ocular AE was vit-
reous hemorrhage, which occurred in 7 sham-treated 
eyes and 2 ranibizumab-treated eyes. Injection-related 
AEs were uncommon, with 4 cases of endophthalmitis, 
3 cases of traumatic cataracts, and 1 rhegmatogenous 
retinal detachment occurring with 10,584 injections. 
Ranibizumab and sham injections had similar rates of 
cataracts, intraocular inflammation, and glaucoma.32  

Systemic AEs, possibly related to VEGF inhibi-
tion, were assessed according to Antiplatelet Trialists’ 
Collaboration (APTC) criteria. At 24 months, the overall 
incidence of these events was 4.9% to 5.5% for sham-injec-
tion groups (5.2% for pooled data) compared with 2.4% to 
8.8% for ranibizumab groups.32,33 At 36 months, the over-
all incidence of APTC events was 7.2% for sham/0.5 mg 
ranibizumab, 10.8% for ranibizumab 0.3 mg, and 10.4% 
for ranibizumab 0.5 mg. Compared with the 0.3 mg dose, 
ranibizumab 0.5 mg had higher rates of all-cause mortal-
ity (6.4% vs 4.4%) and stroke (4.8% vs 2.0%). Although 
some data in RIDE and RISE suggested minimally better 
efficacy for the 0.5 mg dose, pooled data found the 2 
doses were equivalent. Ranibizumab was approved by the 
FDA for DME at a dose of 0.3 mg once monthly, presum-
ably because the 0.5 mg dose was associated with a higher 
risk of systemic AEs and death.33

Aflibercept

Aflibercept was evaluated in DME in 2 identical 
phase 3 clinical trials lasting 148 weeks called VIVID 
and VISTA. Patients with a BCVA of 20/40 to 20/320 
and a 1-mm CST were randomized (1 eye per subject) 
to receive either intravitreal injections of aflibercept 2 
mg every month (2 mg q4 weeks), aflibercept 2 mg every 
month for 5 months and then every 2 months (2 mg q8 
weeks), or laser photocoagulation. The primary outcome 
was the change from baseline in ETDRS letter scores at 
1 year. In VISTA, mean BCVA gains from baseline were 

12.5 and 10.7 letters for the 2 mg q4 and 2 mg q8 regimens 
of aflibercept compared with 0.2 letters for laser therapy 
(P <.0001). Respective letter increases were 10.5, 10.7, and 
1.2 letters in VIVID (P <.0001). The respective percent-
age of patients’ eyes gaining at least 15 letters was 41.6%, 
31.1%, and 7.8% in VISTA (P <.0001), and 32.4%, 33.3%, 
and 9.1% in VIVID (P <.0001). The incidence of vision 
loss (≥15 letters) with laser therapy was 9.1% in VISTA 
and 10.6% in VIVID, compared with less than 1% in any 
of the aflibercept groups. At 1 year, mean reductions in 
central retinal thickness (CRT) with aflibercept 2 mg q4, 
2 mg q8, and laser therapy were −185.9, −183.1, and −73.3 
µm (P <.0001) in VISTA, and −195.0, −192.4, and −66.2 µm 
(P <.0001) in VIVID, respectively.34 

At 100 weeks, patients receiving either dosage regimen 
of aflibercept maintained significant improvements in 
visual outcomes compared with those receiving laser ther-
apy. In VISTA, mean BCVA gains from baseline were 
11.5 and 11.1 letters for the 2 mg q4 and 2 mg q8 regimens 
of aflibercept, respectively, compared with 0.9 letters for 
laser therapy (P <.0001). Respective mean letter increases 
were 11.4, 9.4, and 0.7 letters in VIVID (P <.0001). The 
respective percentages of patients’ eyes gaining at least 15 
letters were 38.3%, 33.1%, and 13.0% in VISTA (P <.0001), 
and 38.2%, 31.1%, and 12.1% in VIVID (P ≤.0001 for 2 mg 
q4 vs laser; P = .001 for 2 mg q8 vs laser). In VISTA, the 
incidence of vision loss (≥15 letters) was 3.2% and 0.7% for 
the 2 mg q4 and 2 mg q8 regimens of aflibercept, respec-
tively, compared with 9.7% for laser therapy (P = .022 for 2 
mg q4 vs laser; P = .0004 for 2 mg q8 vs laser). Respective 
vision loss in VIVID was 2.2%, 1.5%, and 12.9% (P = .0008 
for 2 mg q4 vs laser; P = .0002 for 2 mg q8 vs laser). At 100 
weeks, mean reductions in CRT with aflibercept 2 mg q4, 
2 mg q8, and laser therapy were −191.4, −191.1, and −83.9 
µm (P <.0001) in VISTA, and −211.8, −195.8, and −85.7 µm 
(P <.0001) in VIVID, respectively.11

At 1 year, the treatment groups had a similar incidence 
of ocular and systemic AEs.34 In addition, the incidence 
of APTC systemic AEs was similar across treatment 
groups. At 100 weeks, the incidence of serious ocular AEs 
was 3.8% for aflibercept 2 mg q8, 4.2% for aflibercept 2 mg 
q4, and 5.9% for laser therapy.11 Cataracts were the most 
frequent serious ocular AE, with an incidence of 1.0%, 
2.4%, and 0.3%, respectively. The respective incidence of 
any APTC-defined arterial thrombotic event was 5.6%, 
7.2%, and 4.2%. Considering that the 2 regimens had 
comparable efficacy, aflibercept was approved by the 
FDA at a dose of 2 mg every month for 5 months, fol-
lowed by 2 mg every other month.11,19 
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DRCR.net Protocol T Study

The landmark Protocol T study was a head-to-head 
comparison of aflibercept, bevacizumab, and ranibizum-
ab in patients with DME. This single-blind, multicenter 
trial randomized 660 patients (1 eye each) with center-
involved DME and a BCVA letter score of 78 to 24 to 
receive 2 years of treatment with aflibercept 2 mg, beva-
cizumab 1.25 mg, or ranibizumab 0.3 mg every 4 weeks. 
Starting at the 6-month visit, persistent DME that was 
not improving was treated with a focal and/or grid laser. 
Following the publication of 1-year trial results, treatment 
groups were unblinded. At that time, patients could be 
switched to an anti-VEFG agent not used in the study. 
The primary end point of the study was the mean change 
from baseline in visual acuity at 1 year.4,5 

At 1 year, in the entire study cohort, the increase 
in mean visual acuity letter score was 13.3 with afliber-
cept, 11.2 with ranibizumab, and 9.7 with bevacizumab  
(P = .03 for aflibercept vs ranibizumab; P <.001 for afliber-
cept vs bevacizumab). For patients with better visual 
acuity scores at baseline (78 to 69; roughly equivalent to 
20/32 to 20/40 vision), there was no significant differ-
ence in primary outcome for the 3 drugs (mean improve-
ment of 8.0 with aflibercept, 7.5 with bevacizumab, 8.3 
with ranibizumab; P >.50). For patients with poor vision 
at baseline (initial letter score <69; equivalent to approxi-
mately 20/50 or worse), aflibercept was associated with 
significantly greater improvement than bevacizumab 
(18.8 vs 11.8; P <.001) and ranibizumab (18.9 vs 14.2;  
P = .003). For the entire cohort, the decrease in OCT CST 
was −210 µm with aflibercept, −176 µm with ranibizumab, 
and −135 µm with bevacizumab (P <.001 for aflibercept vs 
bevacizumab and ranibizumab vs bevacizumab).5

Over the 2-year treatment period, there was an insig-
nificant difference in the median number of injections 
for the 3 drugs. In the second year of the study, patients 
required approximately half the number of injections 
that they required in the first year. The proportion 
of patients receiving at least 1 laser treatment was 
41% with aflibercept, 64% with bevacizumab, and 52% 
with ranibizumab (P <.001 aflibercept vs bevacizumab;  
P = .04 aflibercept vs ranibizumab; P = .01 bevacizumab 
vs ranibizumab). Similar to 1-year results, improvements 
in visual acuity varied according to baseline visual acu-
ity. In patients with better baseline visual acuity, respec-
tive mean increases of 7.8, 6.8, and 8.6 letters were not 
significantly different. In patients with worse baseline 
visual acuity, the mean improvement was 18.3, 13.3, and 
16.1 letters (P = .02 aflibercept vs bevacizumab). Similar 

to results at 1 year, bevacizumab was less effective at 
reducing retinal thickness. At 2 years, the mean change 
in OCT CST in the entire cohort was −171 µm with 
aflibercept, −149 µm with ranibizumab, and −126 µm 
with bevacizumab (P <.001 aflibercept vs bevacizumab;  
P = .001 ranibizumab vs bevacizumab).4 

After 2 years, the incidence of APTC-defined events 
was 5% with aflibercept, 8% with bevacizumab, and 12% 
with ranibizumab (P = .047 for aflibercept vs ranibizum-
ab). This result was driven by more nonfatal strokes and 
vascular deaths with ranibizumab.4 It has raised concern 
and warrants further investigation, as a dose-response 
increase in rate of death was also observed in the RISE 
and RIDE ranibizumab FDA registration trials.32 Overall, 
after 2 years, all VEGF inhibitors had a low incidence 
of ocular AEs, including endophthalmitis, inflamma-
tion, vitreous hemorrhage, retinal tear or detachment, or 
increased intraocular pressure.4

In summary, the DRCR.net Protocol T study found 
little difference in efficacy among the 3 VEGF inhibitors 
for patients with mild visual acuity loss. For patients 
with worse baseline visual acuity, aflibercept was more 
effective than bevacizumab and ranibizumab after 1 year 
of treatment. After 2 years, aflibercept was still more 
effective than bevacizumab for improving visual acuity, 
but it was no longer more effective than ranibizumab.4,5 
Aflibercept was shown to achieve vision gains more 
rapidly and dry the retina more quickly compared with 
the other 2 agents. A special communication from the 
American Society of Retina Specialists (ASRS), based 
on the 1-year results of the DRCR.net Protocol T study, 
endorsed continued use of bevacizumab in patients with 
good initial visual acuity (20/32 to 20/40) when ade-
quately packaged bevacizumab is available. The ASRS 
also recommended that ophthalmologists have access to 
all 3 agents to provide individualized therapy.35 

Intravitreal Corticosteroids

Recognition that DME has an inflammatory compo-
nent led to the evaluation of intravitreal corticosteroids 
for DME. Corticosteroids reduce edema, at least in part, 
by reducing VEGF expression.36 Two intravitreal corti-
costeroid implants have received FDA approval for the 
management of DME: dexamethasone and fluocinolone 
acetonide. They differ according to dosage, biodegrad-
ability, and duration of action (Table 237-39). Intravitreal 
corticosteroids that have been used off label for DME 
include another fluocinolone formulation (Retisert) and 
triamcinolone acetonide suspension.9,40 
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Intravitreal triamcinolone was evaluated for DME 
in a series of DRCR.net-conducted studies. In a phase 3 
clinical trial (Protocol B) conducted over 2 years with an 
additional year of follow-up, improvements in visual acu-
ity and retinal thickness were greater with laser therapy 
than intravitreal off-label triamcinolone.41,42 A second 
2-year trial (Protocol I) confirmed that intravitreal off-
label triamcinolone was inferior to ranibizumab plus 
laser therapy or laser therapy alone in phakic eyes.9,43 
However, for eyes that were pseudophakic at baseline, 
triamcinolone plus prompt laser therapy produced visual 
acuity improvements comparable to ranibizumab and 
better than laser therapy alone. In these studies, off-label 
triamcinolone increased intraocular pressure (IOP) and 
the need for cataract surgery.9,41-43 

Results from 2 phase 3, randomized, double-blind, 
multicenter clinical trials utilizing intravitreal dexameth-
asone (MEAD study) and fluocinolone acetonide (FAME 
study) have been published. In both studies, which 
included approximately 1000 patients each, intravitreal 
dexamethasone and fluocinolone acetonide improved 
BCVA compared with sham injections, with a relatively 
few number of injections needed compared with anti-
VEGF agents. Some patients receiving either corticoste-
roid developed cataracts requiring surgery and increased 
IOP.44,45 These intraocular AEs were found to be manage-
able in the vast majority of patients; therefore, their use 
in the management of DME is expanding. The role of 
corticosteroids in combination with VEGF inhibitors is 
currently being investigated in clinical trials.46   

Emerging Therapies for DME

The treatment burden of intravitreal injections is driving 
the search for strategies that lengthen the treatment interval. 
One approach is drug delivery implants that release current-
ly available VEGF inhibitors over a longer period of time.47,48 
Another approach is to design molecules with improved 

binding capacity, such as RTH258, an antibody fragment 
with a molecular weight of only 25 kDa that may have a 
longer duration of action than ranibizumab.49 Conbercept, a 
VEGF inhibitor with a 7-day half-life, also has the potential 
to provide a longer dosing interval.47 It is a fusion protein 
of the extracellular binding domains of VEGFR-1 and 
VEGFR-2 similar to aflibercept, but inclusion of the fourth 
binding domain of VEGFR-2 may enhance VEGF binding. 
In China, where it is already approved for macular degenera-
tion, a phase 3 trial in DME is under way.47,50 

A number of investigational agents target unique patho-
logic processes that contribute to vascular leakage and 
angiogenesis in DME. A few agents that have advanced 
to phase 2 clinical trials are described here. ALG-1001 
(Luminate) is an integrin antagonist that reduces vascular 
leakage and inhibits angiogenesis.48,51 A single intravitreal 
dose may improve visual acuity for up to 3 months.48 A 
phase 2 trial is comparing ALG-1001 to bevacizumab.52 

In DME, high levels of angiopoietin-2 inhibit TIE-2 (also 
known as TEK receptor tyrosine kinase) signaling, a pro-
cess that normally stabilizes blood vessels and maintains 
vascular integrity. Vascular endothelial-protein tyrosine 
phosphatase (VE-PTP) is a negative regulator at the TIE-2 
receptor. By competitively inhibiting VE-PTP, AKB-9778, 
a competitive inhibitor of VE-PTP, restores TIE-2 signal-
ing and blocks the pathologic effects of angiopoietin-2.53 
Because AKB-9778  is given by subcutaneous injection, it 
has the potential to be self-administered.54 A phase 2 trial 
evaluated AKB-9778 alone or in combination with ranibi-
zumab.55 DMI-5207 (Optina) is a very low dose of oral dan-
azol (15-45 mg twice daily) that reduces endothelial leakage 
by enhancing endothelial cell barrier function.56,57 

Conclusion

The Protocol T trial established that patients with 
better baseline visual acuity can benefit from aflibercept, 
bevacizumab, or ranibizumab. Aflibercept and ranibi-

n Table 2. Properties of Intravitreal Corticosteroids for DME37-39

Dexamethasone
(Ozurdex)

Fluocinolone acetonide
(Iluvien)

Dose 0.7 mg 0.19 mg

Duration of action ≤6 months Up to 36 months

Biodegradable Yes No

Insertion device Prefilled, single-use, 
22-gauge applicator

Prefilled, single-use,
25-gauge applicator

FDA-approved uses DME; non-infectious uveitis; macular edema  
after BRVO or CRVO

DME in patients who did not have increased IOP 
with previous course of intravitreal corticosteroids

BRVO indicates branch retinal vein occlusion; CRVO, central retinal vein occlusion; DME, diabetic macular edema; IOP, intraocular pressure.



S298  n www.ajmc.com n JULY 2016

Report

zumab are more effective than bevacizumab for patients 
with worse baseline visual acuity. A higher rate of non-
fatal stroke and vascular death was observed with ranibi-
zumab in the Protocol T trial. The results of Protocol 
T support an individualized approach to the selection 
of a VEGF inhibitor. Because DME has a multifacto-
rial etiology, combination approaches with laser therapy, 
anti-VEGF agents, and corticosteroids may be sensible 
and are gaining popularity. Healthcare professionals are 
hopeful that drugs in development for DME will reduce 
the treatment burden of frequent injections.
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