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Abstract
Diabetic retinopathy (DR) is the leading cause of blindness 
in industrialized countries. Remarkable advances in the 
diagnosis and treatment of DR have been made during 
the past 30 years, but several important management 

questions and treatment deficiencies remain unanswered. 
The global diabetes epidemic threatens to overwhelm 
resources and increase the incidence of blindness, nece-
ssitating the development of innovative programs to 
diagnose and treat patients. The introduction and rapid 
adoption of intravitreal pharmacologic agents, particularly 
drugs that block the actions of vascular endothelial 
growth factor (VEGF) and corticosteroids, have changed 
the goal of DR treatment from stabilization of vision to 
improvement. Anti-VEGF injections improve visual acuity 
in patients with diabetic macular edema (DME) from 8-12 
letters and improvements with corticosteroids are only 
slightly less. Unfortunately, a third of patients have an 
incomplete response to anti-VEGF therapy, but the best 
second-line therapy remains unknown. Current first-line 
therapy requires monthly visits and injections; longer acting 
therapies are needed to free up healthcare resources 
and improve patient compliance. VEGF suppression may 
be as effective as panretinal photocoagulation (PRP) for 
proliferative diabetic retinopathy, but more studies are 
needed before PRP is abandoned. For over 30 years 
laser was the mainstay for the treatment of DME, but 
recent studies question its role in the pharmacologic era. 
Aggressive treatment improves vision in most patients, 
but many still do not achieve reading and driving vision. 
New drugs are needed to add to gains achieved with 
available therapies.

Key words: Aflibercept; Bevacizumab; Dexamethasone 
delivery system; Diabetic macular edema; Ranibizumab; 
Macular photocoagulation; Panretinal photocoagulation; 
Proliferative diabetic retinopathy; Diabetic retinopathy; 
Fluocinolone acetonide insert

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Newly introduced pharmacotherapies have 
contributed significantly to the treatment of diabetic 
retinopathy over the past 10 years and have become 
first-line therapy. Several questions regarding the best 
management of certain diabetic conditions remain and 
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new therapies are needed to improve outcomes. Ongoing 
research and development should address many of these 
issues over the next 10 years.
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INTRODUCTION
Diabetes mellitus (DM) has become a global health pro
blem fueled by increased caloric consumption and the 
resultant obesity epidemic[1]. Microvascular complications 
of DM (retinopathy, nephropathy and neuropathy) are 
increasingly important causes of morbidity and mortality, 
and care for affected patients contributes to burgeon
ing healthcare costs. Diabetic retinopathy (DR) is the 
leading cause of blindness in workingaged individuals 
in industrialized nations[2]; diabetic macular edema 
(DME) accounts for 75% of DRrelated vision loss with 
complications of proliferative diabetic retinopathy (PDR) 
responsible for most of the balance. 

The development, testing, and adoption of advanced 
intravitreal pharmacotherapy has significantly improved 
the treatment of diabetic retinopathy over the past de
cade. The pivotal phase Ⅲ drug trials demonstrated 
that binding diffusible vascular endothelial growth factor 
(VEGF) improves visual acuity (VA) in the majority of 
patients. Monthly injections of ranibizumab (Lucentis®, 
Genentech, S. San Francisco, CA, United States/Roche, 
Basel, Switzerland) and aflibercept (Eylea®, Regeneron, 
Tarrytown, NY, United States) prevent progression to PDR 
in many high risk eyes and reverse diabetic retinopathy 
severity scores in a significant minority[3,4]. Ranibizumab 
injections are as effective as panretinal photocoagulation 
at controlling the complications of PDR, while causing 
fewer visual side effects[5].

These tremendous advances could not have been 
imagined by most practitioners 20 years ago, but many 
questions regarding the optimal therapy for different 
clinical situations remain unanswered (Figure 1). Addi
tionally, the majority of the world’s population does not 
have access to specialized care and affordable drugs. This 
manuscript will discuss some of the unmet challenges 
pertaining to the treatment of diabetic retinopathy care 
and will speculate on anticipated solutions.

HOW WILL WE CARE FOR THE 
INCREASING NUMBER OF PATIENTS 
WITH DIABETIC RETINOPATHY?
Effective management of DR depends heavily on early 
diagnosis and prompt treatment. Laser photocoagulation 
of DME according to the Early Treatment of Diabetic 
Retinopathy Study (ETDRS) guidelines for clinically signi

ficant macular edema decreases the risk of moderate 
vision loss (15 letters) by 50% over three years, but far 
fewer patients experience comparable VA gains[6]. Anti
VEGF therapy, on the other hand, improves VA by a 
mean of 812 ETDRS letters, but eyes with significant 
acuity loss (< 20/100) usually do not recover reading or 
driving vision[3,4].

Early diagnoses of DR are made by dilated fundus 
examinations that are usually performed after patients 
are referred to ophthalmologists or are seen within a 
DR screening program. Prominent professional organiza
tions including the American Academy of Pediatrics, the 
American Academy of Ophthalmology, the American 
Diabetes Association, and the Canadian Ophthalmological 
Society have published screening guidelines[710]. These 
generally agree that patients need yearly dilated fundus 
examinations beginning at the time of diagnosis for 
patients with type 2 DM and after an interval of 35 
years for patients with type 1 DM. Despite longstanding 
efforts to educate patients, primary care physicians, and 
endocrinologists, only 50% of patients undergo screening 
eye examinations in any given year and 16% receive 
exams in two consecutive years[11].

Many industrialized countries have sufficient ophthal
mologists to effectively screen their diabetic populations, 
but noncompliance with screening guidelines is common 
because of socioeconomic, cultural, and geographic 
reasons[12]. Patients may be unaware of diabetesrelated 
risks of vision loss and primary care physicians’ referral 
patterns may be inadequate. Education programs 
directed at both physicians and patients need improve
ment, but these are unlikely to completely fix deficiencies 
in screening[13]. 

Screening programs are particularly important in deve
loping countries where an insufficient number of physicians 
and long travel distances preclude the performance of 
recommended dilated fundus examinations[14]. Telemedicine 
has the potential to deliver affordable care to many of 
these underserved populations. Telemedicine DR screening 
programs can be created with modest upfront purchases 
of standard or nonmydriatic fundus cameras combined 
with training of office personnel to take highquality 
fundus photographs. Newly developed cellular telephone 
adapters can turn nearly any telephone into a highquality 
fundus camera[15]. The low cost of the adapters together 
with the widespread availability of cellular telephones 
allows for placement of a fundus camera in nearly any 
office. Patients can then receive high quality retinopathy 
screening evaluations in their primary physicians’ offices. 
Photos are electronically transmitted to ophthalmologists’ 
offices or image reading centers for evaluation. Patients 
with highrisk fundus abnormalities can be referred for 
ophthalmology examinations or scheduled for future 
photographs. Issues concerning Health Insurance Por
tability and Accountability Act compliance and insurance 
billing can be challenging, but systems that successfully 
address these concerns have been developed.

Photographs are transmitted via the internet to read
ing centers staffed with readers. Some centers employ 
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specially trained technicians to read submitted clinical 
photographs, whereas others use ophthalmologists 
and retina specialists. As screening programs expand 
and reach more patients the number of transmitted 
photographs may overwhelm the ability of reading 
centers to properly evaluate them. Computer programs 
are being developed to digitally identify abnormalities 
on photos, make a diagnosis, assess the risk of vision 
loss, and recommend referral to an ophthalmologist or 
defer for future screening[16,17]. Developing and validating 
software is a complicated task, and powerful hardware is 
needed to read thousands of photographs, but software 
developers in several countries are developing programs 
that may be commercially available within 5 years. 

WHAT IS THE BEST APPROACH TO 
TREATMENT-NAÏVE DME?
The pivotal phase Ⅲ antiVEGF trials evaluated the efficacy 
of monthly (ranibizumab and aflibercept) or bimonthly 
(aflibercept) injections on centerinvolving DME[3,4]. Patients 
switched to pro re nata (PRN) ranibizumab after 12 
mo in RESTORE[18] and after 36 mo in RISE/RIDE[19]. 
Treating patients according to these strategies probably 
produces the best possible visual results, but treatment is 
expensive and compliance is difficult to maintain. Diabetic 
Retinopathy Clinical Research Network (DRCR.net) 
Protocols I[20] and T[21] used monthly injections for 4 mo 
or until dry before switching to monthly PRN protocols 
based on retreatment criteria that many physicians 
believe are too complex to use in most clinical settings. 
Neovascular agerelated macular degeneration (nAMD) 
may be adequately treated with monthly PRN injections 
after single loading doses[22], but most investigators be

lieve that DME responds slower to therapy and that a 
prolonged series of initial injections is needed. Monthly 
treatment regimens, however, conflict with the realworld 
treatment of DME as most physicians use a treatand
extend strategy (T and E) regimen for both nAMD and 
DM[23].

Asneeded (PRN) treatment regimens reduce the 
number of injections, but not the number of clinic visits. 
The 24mo, singlemasked RETAIN trial compared T and 
E + laser, T and E, and PRN ranibizumab regimens in 
patients with DME[24]. Patients in all groups were treated 
monthly until dry. The VA improvement in patients receiving 
T and E + laser, T and E, and PRN were similar (+5.9, +6.1, 
+6.2 letters). The mean numbers of injections were 
12.4, 12.8, and 10.7, but patients treated with T and E 
required 46% fewer clinic visits. Over 70% of patients 
had treatment intervals extended to at least 2 mo. 
Though trial design differences make it difficult to directly 
compare these data to those from the phase Ⅲ trials, 
the results are encouraging and will not deter physicians 
from employing a T and E regimen. A multicenter, ran
domized trial comparing monthly therapy with T and E is 
needed, but its cost would likely be prohibitive.

The National Eye Institute funded DRCR.net Protocol 
T gave us the best comparative data for the three anti
VEGF drugs[21]. For eyes with baseline visual acuities of 
20/3220/40, each of the drugs produced VA gains of +8 
letters. But for eyes with baseline VA of 20/50 or worse, 
aflibercept (+18.9 letters) produced greater gains in 
VA than ranibizumab (+14.2 letters) and bevacizumab 
(+11.8 letters). Aflibercept also produced greater macular 
thinning (169 µm) than either ranibizumab (147 µm) 
or bevacizumab (101 µm). On average, patients re
ceived fewer aflibercept (9) than ranibizumab (10) or 
bevacizumab (10) injections.

Mild background 
diabetic retinopathy

Screening exam for diabetic 
retinopathy? Program? Telemedicine

No retinopathy

Diabetic macular edema Proliferative diabetic retinopathy
? pan-retinal laser ?

? anti-VEGF ?

Non centre involving 
diabetic macular edema

? laser ? 
? anti-VEGF ?

Center-involving 
diabetic macular edema

? anti-VEGF ?
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? peripheral laser ?
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Figure 1  This drawing identifies many of the unresolved treatment questions pertaining to the evaluation and treatment of patients with diabetic 
retinopathy. The question marks highlight areas of controversy that are discussed in greater detail in the manuscript. VEGF: Vascular endothelial growth factor.
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Several issues (compounding of bevacizumab, use of 
ETDRS visual acuity, complex retreatment criteria) call 
into question the applicability of the Protocol T data. But 
many physicians use the results literally; for patients with 
VA of 20/40 or better they use bevacizumab because 
of its lower cost; for eyes with VA of 20/50 or worse 
they use aflibercept because of its greater efficacy[25]. 
Additional trials are needed to validate these data and 
identify additional subgroups that respond particularly 
well or poorly to treatment.

ARE CORTICOSTEROIDS AS EFFECTIVE 
AS ANTI-VEGF DRUGS?
The dexamethasone delivery system (DDS, Ozurdex®, 
Allergan, Irvine, CA, United States) and the fluocinolone 
acetonide insert (Iluvien®, Alimera Sciences, Alpharetta, 
GA, United States) have both been approved for the 
treatment of DME. The DDS was originally approved for 
use in pseudophakic eyes or phakic eyes scheduled to 
undergo cataract removal, but approval for use in phakic 
eyes followed within months. Unfortunately, neither 
drug has been directly compared to antiVEGF therapy 
in prospective, masked, randomized, multicenter trials. 
Visual acuity improvements for these sustained delivery 
systems average +7 letters[26,27], generally less than 
the +8 to +12 letters achieved with antiVEGF therapy. 
Patients in the FAME trial (fluocinolone insert) with DME 
of > 3 years duration responded better to the insert 
than did those with nonchronic DME. This suggests that 
chronic DME is chemokinedriven whereas nonchronic 
DME is VEGF driven[28]. Perhaps the best treatment 
strategy is to use antiVEGF drugs for nonchronic DME 
and reserve corticosteroid use for chronic DME. Three 
years of corticosteroid therapy leads to high rates of 
cataract development (91%) and elevated intraocular 
pressure (> 30%). For these reasons, intraocular cor
ticosteroids may be effective secondline therapy, but are 
usually not used as firstline therapy.

Small, single center studies suggest that the DDS 
produces comparable VA improvements to those of beva
cizumab and ranibizumab, and perhaps superior macular 
thinning, but randomized, multicenter trials are needed 
to determine relative efficacies. 

CAN WE DEVELOP LONGER ACTING 
THERAPIES?
Monthly antiVEGF therapy appears to decrease the need 
for therapy after one year[29] and improves DR severity 
after two years[3]. By contrast, nAMD appears to require 
therapy for longer periods of time[30]. Not surprisingly, 
development of antiVEGF drugs has been driven primarily 
by the need for nAMD therapy. Phase Ⅲ nAMD trials using 
longer acting antiVEGF agents such as abicipar pegol, a 
designed ankyrin repeat protein, and RTH508, a single
strand antibody fragment, are underway. A phase Ⅰ/Ⅱ 
multicenter, doseescalation trial evaluated the safety 

and bioactivity of abicipar in 18 patients with DME[31]. 
Patients in the 1 mg cohort who received single injections 
experienced excellent reduction in macular thickness 
and average VA improvements of +10 letters at 12 wk. 
Pharmacokinetic analyses based on anterior chamber 
drug concentrations suggested an extended intraocular 
halflife of 13.4 d. The phase Ⅲ nAMD trial is hoping to 
show efficacy with q12week dosing that is comparable to 
q4week ranibizumab[32]. A phase Ⅱ DME trial has not yet 
been announced. 

A refillable, transscleral ranibizumab reservoir under
went phase Ⅰ nAMD testing with 20 patients in Latvia[33]. 
Patients required an average of 4.8 refills of the reservoir 
(500 µg each time) and achieved VA improvements 
comparable to those from the pivotal phase Ⅲ trials. Four 
of the 20 eyes experienced significant complications due 
to implantation, requiring a modification of the surgical 
technique. 

An antiVEGF producing encapsulated cell chamber 
filled with immortalized retinal pigment epithelial cells 
is entering phase Ⅱ trials for nAMD[34]. The genetically 
modified cells produce a highaffinity, VEGFbinding pro
tein. In a previous trial this technology produced ciliary 
neurotrophic factor with a cell halflife of 51 mo[35] and 
developers are hoping that the current reservoir success
fully treats nAMD for at least 24 mo. Since cells in the 
encapsulated chamber can be genetically modified to 
produce any molecule, the production of future DME 
drugs and even combination therapy may be possible. 
Should nAMD trials prove successful then testing for DME 
and DR will undoubtedly follow. 

WHEN SHOULD WE INITIATE 
PHARMACOLOGIC THERAPY FOR DR?
The ETDRS study focused on preventing vision loss so it 
enrolled patients with clinically significant macular edema 
(centerinvolving or centerthreatening edema) and VA 
as good as 20/20[6]. Laser photocoagulation decreased 
the 3year incidence of moderate vision loss (15 letters) 
by 50%, but is accompanied by the risk of laserinduced 
paracentral scotomas. In contrast, the antiVEGF trials 
had upper VA limits of 20/32 or 20/40. Therefore, we 
have no good data from the antiVEGF era regarding the 
best treatment for eyes with DME and VA better than 
20/32.

Most physicians agree that laser photocoagulation 
is an excellent treatment for centerthreatening DME 
with good VA. Laser produces a durable effect with few 
complications, but the best approach to centerinvolving 
DME and VA better than 20/32 is not known. Some 
physicians will treat symptomatic patients with center 
involving DME and excellent VA with antiVEGF drugs 
despite the offlabel indication. The DRCR.net Protocol 
V is comparing laser photocoagulation with intravitreal 
aflibercept for this population[36]. The study’s primary goal 
is to evaluate the effect of therapy on VA and DME, but 
the chance of decreasing the DR severity score makes 
this a very interesting study. 
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WHAT IS THE BEST TREATMENT 
FOR PROLIFERATIVE DIABETIC 
RETINOPATHY?
The DRS showed that timely panretinal photocoagulation 
of highrisk PDR decreases the risk of severe vision loss 
by over 50%[37]. Laser photocoagulation obliterates 
midperipheral areas of ischemic retina, thereby down
regulating VEGF synthesis and promoting regression of 
neovascularization (NV). Unfortunately, broad areas of 
photocoagulation lead to permanently decreased peri
pheral vision and impaired night vision.

AntiVEGF drugs involute optic disk neovasculariza
tion[38,39], but the effect of a single intravitreal injection is 
transient as retinal NV recurs by 12 wk[40]. Preoperative 
and intraoperative injections of bevacizumab facilitate 
fibrovascular membrane dissection, and reduce intra
operative and postoperative bleeding. AntiVEGFs have 
been used to prevent additional bleeding from PDR while 
waiting for vitreous hemorrhage to clear[41] though the 
longterm visual benefits with this approach are ques
tionable.

The DRCR.net performed a multicenter (55 sites), 
randomized clinical trial comparing panretinal photo
coagulation with intravitreal 0.5 mg ranibizumab in 305 
patients with PDR[5]. PRP was performed at baseline and 
ranibizumab was given at baseline and q4week PRN. 
Eyes with DME in both groups were eligible to receive 
ranibizumab. The primary outcome was change in best 
corrected visual acuity (BCVA) and the secondary out
comes included area under the VA curve, peripheral 
visual field loss (as measured on Humphrey automated 
visual field testing), incidence of vitrectomy, development 
of DME, and persistent or new neovascularization. 
Improvements in BCVA for the ranibizumab and PRP 
groups were +2.2 and +0.2 letters respectively (95%CI: 
0.5 to +5.0). The group receiving ranibizumab experi
enced less peripheral visual field sensitivity loss (23 dB 
vs 422 dB; 95%CI: 213531 dB; P < 0.001), fewer 
vitrectomies (4% vs 15%; 95%CI: 4%15%; P < 0.001), 
and a lower incidence of DME (9% vs 28%). Ranibizumab 
treated eyes required a median of 7 injections through 
year 1 and 10 injections through year 2. Fortyfive 
percent of eyes in the PRP group required additional laser 
and 53% of eyes required ranibizumab for DME. The 
authors concluded that ranibizumab may be a reasonable 
alternative to PRP through 2 years. The decreasing 
number of injections in year 2 suggests that some 
disease modulation occurs after 1 year of ranibizumab 
therapy.

These data are likely to promote a paradigm shift in 
the treatment of PDR. Compared to PRP, ranibizumab 
involutes NV while significantly preserving visual function. 
Ranibizumab may be a favorable alternative to PRP for 
compliant patients. Some physicians who prefer anti
VEGF therapy over laser will probably use bevacizumab 
and aflibercept, though data for these drugs are not yet 
available. Confirmatory studies with ranibizumab are 

needed as well as similarly structured trials with beva
cizumab and aflibercept.

WHAT IS THE ROLE OF LASER 
PHOTOCOAGULATION IN THE 
TREATMENT OF DME?
AntiVEGF therapy has replaced macular laser photo
coagulation for centerinvolving DME, but the antiVEGF 
arms in all of the major antiVEGF trials used laser as 
a rescue therapy. DRCR.net Protocol Ⅰ combined rani
bizumab with immediate or deferred (for at least 6 mo) 
laser[20]; Protocol T allowed laser after 6 mo[21]; RISE 
and RIDE allowed laser after 3 mo[3]; and VIVID/VISTA 
allowed laser after 3 mo[4]. 

RESTORE was the only trial to test 1 year of anti
VEGF monotherapy and these eyes experienced better 
visual improvement than the ranibizumab + laser arm[18]. 
Eyes in the ranibizumab + deferred laser arm of Pro
tocol Ⅰ achieved better visual improvement than those 
in the ranibizumab + prompt laser arm[20]. These data 
suggest that macular laser photocoagulation may 
actually limit visual acuity in eyes with DME. Some in
vestigators perform early laser photocoagulation to 
decrease the number of necessary antiVEGF injections, 
but Protocol Ⅰ showed that patients in the prompt laser 
arm required 3 laser treatments in order to reduce the 
number of ranibizumab injections by 3[29]. Macular laser, 
therefore, appears to add little durability to a ranibizumab 
regimen.

A post hoc subset analysis of the RESTORE data 
showed that laser photocoagulation improved VA as 
well as monthly ranibizumab in eyes with central retinal 
thickness (CRT) < 400 µm[42]. This led the National 
Institute for Health Care Excellence (United Kingdom) to 
approve ranibizumab only for eyes with CRT > 400 µm. 
Comparable findings from RISE/RIDE and VIVID/VISTA 
have not been reported so the RESTORE data are not 
generalizable. Additional analyses of treatment effects 
according to baseline parameters such as CRT, ellipsoid 
zone integrity, and inner retinal edema need to be done.

Some physicians use the micropulse laser to treat 
macular edema due to DR and branch retinal vein occlu
sions. The laser delivers lowenergy, millisecond bursts 
of laser to the photoreceptors and retinal pigment epi
thelium without causing permanent damage. Unlike 
standard photocoagulation, treatment to the same areas 
can be repeated. Small, retrospective studies have shown 
improvements in macular edema and visual acuity[43,44], 
but large, randomized, controlled trials against standard 
laser photocoagulation and in combination with anti
VEGF therapy need to be done.

Fluorescein angiographic studies with ultrawide field 
(200°) cameras reveal large areas of peripheral retinal 
capillary nonperfusion in eyes with DME. DME recurs 
frequently in these eyes despite frequent antiVEGF 
injections. Many investigators believe that these areas 
synthesize a continuous stream of VEGF that perpetuates 
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the macular edema. Obliteration of these areas with 
scatter laser photocoagulation has produced inconsistent 
improvements in DME[45]. Randomized, controlled studies 
of imageguided peripheral laser photocoagulation are 
needed to assess the feasibility of this strategy.

WHAT IS THE BEST TREATMENT FOR 
POOR RESPONDERS?
AntiVEGF therapy incompletely resolves edema in 20% 
to 40% of eyes and in the pivotal trials, laser photo
coagulation after 3 to 6 mo was the only rescue therapy 
available for incomplete responders. Since macular laser 
photocoagulation has not been shown to improve VA, the 
best approach to incomplete responders is not known.

Now that ranibizumab and aflibercept have been 
Food and Drug Administration (FDA) approved for the 

treatment of DME, switching from a lower to a higher 
VEGF binding affinity drug (VEGF binding affinities: 
Bevacizumab < ranibizumab < aflibercept) has been 
studied[46]. This approach appears to improve macular 
thickening and modestly improve VA, but randomized, 
controlled studies need to be performed.

A popular approach to the treatment of incomplete 
responders is to switch from an antiVEGF to a corti
costeroid (usually DDS) (Figure 2) or add a corticosteroid 
(combination therapy). This frequently improves macular 
thickness, but additional VA gains are variable[47]. The 
fluocinolone acetonide (FA) insert works best in eyes with 
chronic DME, presumably because longstanding edema 
(> 3 years) is primarily driven by chemokines and not 
VEGF. However, the FA insert has not been studied in 
eyes that respond incompletely to antiVEGF therapy so 
its efficacy in incomplete responders is unknown.

Pars plana vitrectomy has been performed in eyes 
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Figure 2  This figure shows sequential optical coherence tomography scans of a patient with diabetic macular edema. At baseline (A and B) the patient 
was given a series of 5 monthly injections of bevacizumab with no significant improvement in macular edema (C and D); one month after a single injection of the 
dexamethasone delivery system, the volume of edema had significantly improved (E and F).
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with DME for over 20 years and it appears to be more 
commonly used in Europe and Japan than in the United 
States. Vitrectomy was originally studied in eyes with 
biomicroscopically visible vitreomacular traction[48], but 
its use has been expanded to eyes both with and without 
optical coherence tomography (OCT) identified traction. 
Many studies have reported excellent results[49,50], but 
a metaanalysis that included only 11 studies showed 
no significant response to surgery[51]. A DRCR.net study 
of eyes that had failed previous therapy showed that 
vitrectomy improves macular edema, but not mean VA[52]. 
The high variability in VA responses indicated that eyes 
did either very well or very poorly and the study was not 
able to predict responses based on baseline findings. 
Recent studies with preoperative spectral domain 
OCT analyses of outer retina integrity (external limiting 
membrane and ellipsoid zone) suggest that vitrectomy 
holds promise as an early treatment for DME, but this 
remains to be proven[53]. 

CAN WE DEVELOP MORE POTENT 
PHARMACOLOGIC AGENTS?
We are fortunate to have a robust development pipeline 
for new DME drugs. Some of these drugs have already 
been mentioned in this manuscript, and others are listed 
in the Table 1. Most of these drugs are in phase Ⅰ and 
Ⅱ testing so clinical availability would not be expected 
for 5 to 10 years. Their potential uses vary from disease 
modulation in patients with early DR, to monotherapy or 
combination therapy for patients with established DME. 

Many of these drugs will not receive FDA approval, but 
others will provide us with better treatment options for 
patients with DR.

CONCLUSION
With the introduction of potent pharmacotherapy we 
have witnessed dramatic improvements in the treatment 
of DR over the past decade. As we better understand 
the capabilities of available drugs and integrate them 
with treatments such as laser and surgery, and add new 
pharmacologic drugs to our treatment paradigms when 
they receive FDA approval, the future treatment for DR 
appears increasingly promising.
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