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Abstract: Diabetic retinopathy (DR) is a leading cause of vision im‑
pairment and blindness in the working‑age population. The identification 
of vascular endothelial growth factor (VEGF) as a key mediator in the 
pathogenesis of DR has revolutionized the management of this vision‑
threatening disease. There is now strong evidence supporting intravitreal 
anti‑VEGF therapy as first line in the management of sight‑threatening 
diabetic macular edema (DME), along with a growing body of evidence 
to support the use of anti‑VEGF drugs for proliferative DR. This review 
summarizes the role of VEGF in DR, the evidence for anti‑VEGF ther‑
apy, safety considerations, and the future of anti‑VEGF therapy for the 
management of DR.

Key Words: diabetic retinopathy, diabetic macular edema, vascular 
endothelial growth factor

(Asia-Pac J Ophthalmol 2017;6:535–545)

Diabetic retinopathy (DR) is a leading cause of vision impair‑
ment, affecting 93 million people worldwide.1 Of these, 28 

million have vision‑threatening DR. Vision loss in DR is most 
commonly due to diabetic macular edema (DME) but may also 
be a consequence of complications of proliferative DR (PDR), 
such as vitreous hemorrhage from neovascularization, tractional 
retinal detachment, or neovascular glaucoma.

An improved understanding of the complex pathophysiol‑
ogy of DR has identified vascular endothelial growth factor‑A 
(VEGF) as a key mediator of the progression to advanced dis‑
ease.2,3 Development of drugs that target VEGF have revolution‑
ized the management approach in DME and have an expanding 
role in the management of DR. These anti‑VEGF drugs have been 
reported to be safe and effective through multiple clinical trials. 
Despite their efficacy, there are a proportion of patients who have 
an incomplete response to therapy. Future strategies to manage 
DR include alternate methods of blocking the VEGF pathway 
with increased efficacy and reduced number of treatments. 

PATHOPHYSIOLOGY OF DIABETIC RETINOPATHY
The mechanisms resulting in the development and pro‑

gression of DR are multifactorial, complex, and incompletely  

understood. Although primarily thought of as a microvasculop‑
athy, there is increasing evidence to suggest neuronal and glial 
dysfunction are consequences of DR independent of vascular 
damage.4,5 Consequently, the pathogenesis of DR should consider 
the interactions of neuronal, glial, and vascular cells as part of a 
neurovascular unit affected.6

Important systemic risk factors for DR include duration of 
diabetes, glycemic control, type of diabetes, and hypertension.1,7,8 
Hyperglycemia is a key component in the development of DR 
and is thought to lead to alteration of biochemical pathways in the 
retina, resulting in inflammation and oxidative stress.9‒14 Cyto‑
kines such as interleukin (IL)‑6, IL‑1 beta, tissue necrosis factor‑
alpha, and monocyte chemoattractant‑1 are upregulated as part 
of this response, as are angiogenic factors such as angiopoetin‑
2, erythropoietin, and VEGF.14,15 These secreted factors lead to 
blood‑retinal barrier (BRB) breakdown and increased permeabil‑
ity of retinal vessels resulting in DME and to neovascularization, 
the hallmark of PDR.

Of the cytokines and growth factors upregulated in DR, 
VEGF has been identified to play a critical role. There are 5 
members of the VEGF family in humans: VEGF‑A (commonly 
referred to as VEGF), VEGF‑B, VEGF‑C, VEGF‑D, and placen‑
tal growth factor (PlGF).16

VEGF‑A is a 45 kDa heparin‑binding homodimeric glyco‑
protein and is secreted by glia, ganglion cells, endothelial cells, 
astrocytes, and the retinal pigment epithelium (RPE).17,18 This fac‑
tor has essential physiological roles in vascular development and 
important roles in neuronal survival. There are 4 main isoforms of 
VEGF‑A that bind and activate the tyrosine kinase VEGF receptor 
(VEGFR)‑1 and VEGFR‑2, which are both mainly expressed on 
the cell surface of the vascular endothelium. VEGFR‑2 is thought 
to be responsible for the pathological mitogenic and microvascular 
permeability effects of VEGF‑A.19,20 Levels of intravitreal VEGF‑
A are strongly correlated with advancing DR and DME.2,21

The other members of the VEGF family have less impor‑
tant roles in vascular development but may play a role in DR. 
PlGF binds to VEGFR‑1 and produces transphosphorylation of 
VEGFR-2, amplifying VEGF-A‒driven angiogenesis and BRB 
breakdown through VEGFR‑2.22 In vitro and in vivo studies sup‑
port the role of PlGF in DR.23 Exogenous PlGF added to human 
RPE culture and injected into rat eyes has been shown to impair 
outer BRB function.24 PlGF knockout in an Akita mouse model of 
diabetes has been shown to prevent DR.25 Higher vitreous levels 
of PlGF are found with increasing levels of retinal ischemia seen 
in advanced DR.26

There is limited evidence to suggest that VEGF‑B, which 
also binds to VEGFR‑1, is involved in the pathogenesis of DR. 
VEGF‑B overexpression in mice via gene transfer resulted in 
increased choroidal and retinal neovascularization.27 However,  
levels of VEGF‑B in vitreous fluid of patients with PDR are 
not raised compared with nondiabetic controls.28 It has been  
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reported that VEGF‑B prevents hyperglycemia‑induced retinal 
apoptosis.29

VEGF‑C, which binds to both VEGFR‑2 and VEGFR‑3, has 
important roles in adult angiogenesis and lymphangiogenesis. 
VEGF‑C expression is increased in diabetic retina and in vitro 
has been shown to potentiate the angiogenic effects of VEGF‑A 
on VEGFR‑2.30 Blocking VEGF‑A in the retina may lead to com‑
pensatory upregulation of VEGF‑C, which will in turn compen‑
sate for reduced signaling through VEGFR‑2.31 Single nucleotide 
polymorphisms in the VEGF‑C gene have been associated with 
presence of DR and DME in white patients with diabetes, further 
enhancing the evidence that VEGF‑C may influence the develop‑
ment and progression of DR.32

EVOLUTION OF THERAPIES FOR  
DIABETIC RETINOPATHY

Strategies for managing sight‑threatening DR have evolved 
in the past 4 decades. Well‑established therapies, such as laser 
photocoagulation and intravitreal corticosteroid therapy, may in‑
directly affect the VEGF pathway and signaling.

Laser Photocoagulation
Retinal photocoagulation revolutionized the management of 

both PDR and DME after landmark clinical trials in the 1970s and 
1980s. The Diabetic Retinopathy Study (DRS) established that 
panretinal photocoagulation (PRP) could reduce the rates of severe 
vision loss in PDR by more than 50% over a period of 2 years.33 The 
destruction of photoreceptors in areas of hypoxia and subsequent 
reduced oxygen consumption is believed to reduce the production 
of VEGF driving neovascularization.34 Levels of intravitreal VEGF 
are reduced after PRP for PDR, supporting this hypothesis.2 

The Early Treatment Diabetic Retinopathy Study (ETDRS) 
demonstrated that focal/grid macular laser photocoagulation 
could reduce the rates of vision loss in clinically significant DME 
by half.35 Although the mechanisms of focal laser are also unclear, 
it is hypothesized that laser interaction with the RPE alters the ex‑
pression of cytokines such as pigment epithelium derived factor 
(PEDF), a counterregulator of VEGF.36‒40

These laser procedures are not without associated risks and 
adverse effects, including loss of the peripheral visual field, pain 
during the procedure, severe vision loss if the fovea is targeted, 
and rupture of the Bruch membrane.40

Corticosteroid Therapy
Corticosteroids were the initial intravitreal pharmacotherapy 

studied for the management of DME.41,42 These drugs inhibit the 
expression and action of cytokines, inhibit leukocyte recruitment, 
and maintain the BRB through enhancement of endothelial cell 
tight junctions.15,43,44 They may also modulate VEGF gene expres‑
sion or modulate signaling downstream from the VEGFR‑2.45,46 

Corticosteroids are less widely utilized for primary manage‑
ment of DME due to their ocular adverse effect profile, which 
includes raised intraocular pressure and accelerated cataract for‑
mation.47,48 However, they remain an important treatment modal‑
ity for a disease that can be challenging to manage.

ANTI-VEGF DRUGS
The 3 most widely used anti‑VEGF drugs are bevacizumab 

(Avastin, Genentech, San Francisco, CA), ranibizumab (Lucentis, 
Genentech, San Francisco, CA), and aflibercept (Eylea, Regen‑
eron, Tarrytown, NY). 

Pegaptanib sodium (Macugen, Eyetech Pharmaceuticals, 
Cedar Knolls, NJ) is an aptamer that selectively binds the VEGF‑
A 165 isoform and has some efficacy in the management of DME 
and PDR.49,50 Use of pegaptanib in DR is not widespread due to 
access and availability of alternate and perhaps more effective 
anti‑VEGF agents.

Bevacizumab is a 149 kDa, full‑length monoclonal antibody 
to all isoforms of VEGF‑A. This drug was developed for its anti‑
angiogenic effects in neoplastic disease and proved revolutionary 
as an adjunct to chemotherapy in prolonging survival in metastatic 
cancer.51 It is not formulated for intravitreal use and consequently 
is most commonly prepared by compounding pharmacies. 

Ranibizumab is a 48 kDa monoclonal antibody fragment that 
binds to all isoforms of VEGF‑A. It lacks the immunoglobulin G 
fragment crystallizable (IgG Fc) segment that full‑length antibod‑
ies have, and consequently, it has the lowest molecular weight of 
these 3 inhibitors. The smaller size of this drug provides a poten‑
tial advantage in terms of retinal penetration.52 The absence of an 
Fc segment avoids the theoretical interaction of ranibizumab with 
Fc receptors on immune cells, which could lead to cytotoxicity.53

Aflibercept is a 115 kDa fusion protein, combining the sec‑
ond binding domain of VEGFR‑1 and the third binding domain 
of VEGFR‑2. These are fused to the Fc segment of human IgG1 
and the molecule acts as a decoy receptor, binding all isoforms of 
VEGF‑A, VEGF‑B, and PlGF.54 Aflibercept may also bind galec‑
tin‑1, a protein that is physiologically expressed throughout the 
retina but upregulated in PDR.55,56 It has angiogenic effects and 
protein levels are elevated in eyes with PDR, with no correlation 
to VEGF‑A levels.56,57

ANTI-VEGF THERAPY FOR  
DIABETIC MACULAR EDEMA

Landmark clinical trials have demonstrated the efficacy of in‑
travitreal bevacizumab, ranibizumab, and aflibercept in the man‑
agement of DME. The results of these are summarized in Table 1. 

Anti-VEGF vs Laser
The Bevacizumab or Laser Treatment (BOLT) randomized 

trial compared the effect of 1.25 mg bevacizumab with macular 
laser as a control over a 2‑year period.58 Bevacizumab was given 
as 3 loading doses 6 weeks apart and subsequently on an as‑need‑
ed basis every 6 weeks. Laser was administered at baseline with 
retreatment every 16 weeks as needed. There was a significant 
improvement in vision and a nonsignificant reduction in central 
macular thickness (CMT) in the bevacizumab group at 1 and 2 
years. 

Ranibizumab has been evaluated against laser in the RISE/
RIDE, RESTORE, READ‑2, REVEAL, and Diabetic Retinopa‑
thy Clinical Research network (DRCR.net) Protocol I studies.59‒63 
All of these trials demonstrated superiority of ranibizumab to la‑
ser for vision gains and improvement in CMT after a 12‑month 
period, which was maintained over 36 months in the RISE/RIDE, 
RESTORE, and READ‑2 studies and over 5 years in the Protocol 
I study. Additionally, the Protocol I study demonstrated no benefit 
of prompt laser as an adjunct to intravitreal ranibizumab therapy, 
with some suggestion that this could in fact limit visual gain at  
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TABLE 1. Summary of Key Randomized Controlled Trials Assessing Anti-VEGF Drugs for the Management of Diabetic Macular Edema 

Study 
Name

BOLT57

RISE58

RIDE58

RESTORE60

READ‑261

REVEAL62

Protocol I59

DA VINCI64

VISTA65

VIVID65

BEVORDEX47

Protocol T70,81

80

377

382

208

74

396

235

176

461

404

68

609

Population Size 
(Study Eyes)

Follow-Up 
Duration, mo

24

36

36

36

36

12

60

12

36

36

24

12

Inclusion Criteria

VA 20/40 to 20/320 
CMT > 270 µm

VA 20/40 to 20/320
CMT ≥ 275 µm

VA 20/40 to 20/320
CMT ≥ 275 µm

VA 20/32 to 20/160

VA 20/40 to 20/320 
CMT ≥ 250 µm

VA 20/32 to 20/160

VA 20/32 to 20/320

VA 20/40 to 20/320
CMT ≥ 250

VA 20/40 to 20/320

VA 20/40 to 20/320

VA 20/40 to 20/400
CMT > 250 µm

VA 20/32 to 20/320

Treatment Arms

Bevacizumab (1.25 mg q6)
Laser therapy
Ranibizumab (0.3 mg q4)
Ranibizumab (0.5 mg q4)
Sham*
Ranibizumab (0.3 mg q4)
Ranibizumab (0.5 mg q4) 
Sham*
Ranibizumab (0.5 mg q4) 
Ranibizumab (0.5 mg q4) 

+ laser
Laser alone†
Ranibizumab (0.5 mg q8 

after 2 loading q4 doses)
Ranibizumab (0.5 mg q12) 

+ laser
Laser alone‡
Ranibizumab (0.5 mg q4)
Ranibizumab (0.5 mg q4) 

+ laser
Laser alone
Ranibizumab (0.5q4) + 

prompt laser
Ranibizumab (0.5 mg q4) + 

deferred laser
Aflibercept (0.5 mg q4)
Aflibercept (2 mg q4)
Aflibercept (2 mg q8)
Aflibercept (2 mg PRN)
Laser
Aflibercept (2 mg q4)
Aflibercept (2 mg q8) 
Laser§
Aflibercept (2 mg q4)
Aflibercept (2 mg q8) 
Laser§
Bevacizumab (1.25 mg q4 

PRN) 
Dexamethasone (0.7 mg q16 

PRN)
Aflibercept (2 mg q4) 
Bevacizumab (1.25 mg q4) 
Ranibizumab (0.3 mg q4)

Mean Vision 
Change, letters

8.6 ± 9.1
−0.5 ± 10.6
11.0 ± 12.9
14.2 ± 12.8
4.3 ± 14.9
11.4 ± 16.3
10.6 ± 12.9
4.7 ± 13.3

8.0 ± 1.1 (SE)
6.7 ± 1.1 (SE)

6.0 ± 1.1 (SE)
10.3

8.9

1.4
6.6 ± 7.7
6.4 ± 10.7

1.8 ± 8.3
8 ± 13

10 ± 13

11.0
13.1
9.7
12.0
−1.3
10.5
10.4
1.4
10.3
11.7
1.6
9.6 

(95% CI, 6.9‒12.3) 
6.9 

(95% CI, 2.7‒11.1)
13.3 ± 11.1
9.7 ± 10.1
11.2 ± 9.4

Mean CMT 
Change, µm

−146 ± 171
−118 ± 112

−261.2 ± 196.2
−269.1 ± 178.9
−200.1 ± 215.6
−261.8 ± 180.8 
−266.7 ± 207.8 
−213.2 ± 193.5

−142.1
−145.9

−142.7
−132

−243

−163
−134.6
−171.8

−57.2
−167 ± 168

−165 ± 165

−165.4
−227.4
−187.8
−180.3
−58.4
−200.4
−190.1
−109.8
−215.2
−202.8
−122.6
−122¶

−187¶

−169 ± 138
−101 ± 121
−147 ± 134

% of Eyes With 
Regression  

of DR

31.4%
20%

38.5%
40.9%
24.3%
39.3%
37.8%
23.4%
14.8%
28.3%

16.0%
Not reported

Not reported

Not reported

40%
31%
64%
32%
12%

29.9%
34.4%
20.1%
44.3%
47.8%
17.4%

Not reported

24.8%
22.1%
31.0%

PRN indicates as required; q(x), every (x) weeks; SE, standard error; VA, visual acuity. 
*Sham patients eligible for switch to active therapy at month 24. 
†Laser group eligible for 0.5 mg q4 ranibizumab from month 12. 
‡Laser group eligible for 0.5 mg ranibizumab from month 6. 
§Laser group eligible for 2 mg aflibercept q8 from week 24. 
¶12-month anatomical outcome, 24-month thickness not quantitatively reported.
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3 years.64 
Aflibercept was assessed initially in the phase 2 DA VINCI 

study. Four different dosing regimens were compared and dem‑
onstrated no anatomical or visual difference between 4‑weekly 
and 8‑weekly administration of the drug, after a loading dose.65 
All aflibercept arms of the study were superior to laser only treat‑
ment. The phase 3 VISTA/VIVID studies showed similar efficacy 
between 4‑weekly and 8‑weekly dosing, a benefit that was main‑
tained over a 3‑year follow‑up.66 

Baseline glycemic control does not seem to have a bearing 
on response to therapy with anti‑VEGF drugs as reported in the 
RISE/RIDE and VISTA/VIVID studies.67,68 This may contrast 
with laser therapy, which had poorer visual and anatomical out‑
comes with an increasing glycosylated hemoglobin level in the 
VISTA/VIVID studies.68

Dose Variation
The 0.3 mg and 0.5 mg arms of RISE/RIDE had similar 

visual and anatomical outcomes at 3 years of follow‑up.59 The 
READ‑3 study compared the effects of 0.5 mg and 2.0 mg ranibi‑
zumab administered monthly for 6 doses and subsequently on an 
as‑needed basis.69 The mean visual gain after 2 years of therapy 
was greater in the 0.5 mg arm than the 2.0 mg arm (11.1 vs 6.8 let‑
ters, P = 0.02) with no anatomical difference noted.69 The results 
of these studies suggest that the peak of the dose‑response curve 
for ranibizumab is at least at 0.5 mg and perhaps even 0.3 mg.

Similarly, the phase 2 DRCR.net Protocol H study demon‑
strated no meaningful anatomical or visual differences between 
1.25 mg and 2.5 mg of bevacizumab administered as 2 doses 6 
weeks apart.70 These results were also validated in a randomized 
controlled trial, which also found no differences between 1.25 mg 
and 2.5 mg doses.71 Response to bevacizumab in this study was 
more marked in treatment‑naive patients compared with those 
with previous therapy, regardless of dose used.71

Anti-VEGF vs Corticosteroid
The DRCR.net Protocol I study compared combined 4 mg 

intravitreal triamcinolone (Trivaris, Allergan, Inc, Irvine, CA) 
and laser with 0.5 mg ranibizumab.47 All intravitreal drugs were 
given as 3 loading doses 4 weeks apart and subsequently on an 
as‑needed basis every 4 weeks. After 2 years of treatment, visual 
improvement was significantly better in the ranibizumab arms 
(7 ± 13 letter change, P = 0.01 and 10 ± 15 letter change, P = 
0.0001) but not the triamcinolone arm (0 ± 21 letter change, P > 
0.05) compared with laser control. However, subgroup analyses 
of pseudophakic eyes showed similar improvements with ranibi‑
zumab groups as in the triamcinolone group (8 ± 12 and 7 ± 9 vs 
8 ± 9 letter change, respectively) at 1 year. Half of the participants 
in the triamcinolone arm experienced a significant elevation in 
IOP compared with 9% and 11% in the ranibizumab and laser 
arms, respectively. Additionally, 59% of participants in the tri‑
amcinolone arm required cataract surgery compared with 14% in 
both the ranibizumab and laser arms. 

The BEVORDEX study compared bevacizumab with a 
slow‑release intravitreal dexamethasone implant (DEX implant; 
Ozurdex, Allergan Inc, Irvine, CA).48 Treatments were given 
on an as‑needed basis, every 4 weeks in the bevacizumab arm 
and every 16 weeks in the DEX implant arm. After 2 years of 
treatment, there was no significant difference in vision gain or  
reduction in CMT between the 2 groups. Eyes randomized to DEX 

implant required fewer injections in both the first and second year 
of treatment compared with bevacizumab (mean 2.8 vs 9.1 injec‑
tions in the first year, 2.2 vs 4.8 in the second year). Subgroup 
analysis demonstrated similar visual outcomes for pseudophakic 
eyes randomized to DEX implant compared with bevacizumab, 
with worse outcomes for phakic eyes. Topical ocular hypoten‑
sives to manage an intraocular pressure rise were required in 22% 
of patients in the DEX implant arm compared with none in the 
bevacizumab arm.48

Comparison of Different Anti-VEGF Drugs
The DRCR.net Protocol T study compared the safety and 

efficacy of 1.25 mg bevacizumab, 0.3 mg ranibizumab, and 2.0 
mg aflibercept for DME.72 Drug was administered every 4 weeks 
unless vision was 20/20 or better, CMT was below threshold, and 
there was no worsening or improvement in response to the past 
2 injections. The 2‑year results from this study showed that there 
was no overall difference between the 3 agents in terms of visual 
outcome.73 Both the ranibizumab and aflibercept arms had im‑
proved reduction of CMT compared with the bevacizumab arm. 
There was no significant difference in injection number over the 
2‑year study period among the 3 groups.

Aflibercept had improved visual outcomes to both bevaci‑
zumab and ranibizumab at 1‑year follow‑up in patients with poor‑
er baseline visual acuity (less than 69 letters), with no difference 
between bevacizumab and ranibizumab. Gains at 1 year were 18.9 
letters with aflibercept, 11.8 letters with bevacizumab, and 14.2 
letters with ranibizumab (P < 0.001 aflibercept vs bevacizumab, 
P = 0.003 aflibercept vs ranibizumab, P = 0.21 ranibizumab vs 
bevacizumab). However, the difference between aflibercept and 
bevacizumab was the only significant comparison at the 2‑year 
follow‑up point (mean 18.1 vs 13.3 letter gain, P = 0.02). Patients 
randomized to aflibercept were less likely to require rescue laser 
treatment than either of the other groups.73 

Delaying Treatment
Delaying anti‑VEGF treatment in patients with DME by more 

than 12 months seems to result in poorer long‑term outcomes. 
Patients initially randomized to laser in the RESTORE trial who 
were switched to ranibizumab after 12 months had similar visual 
and anatomical outcomes at 36 months of follow‑up compared 
with patients initially receiving ranibizumab.61 However, in the 
RISE/RIDE and VISTA/VIVID studies, patients who were initial‑
ly randomized to laser treatment and received delayed anti‑VEGF 
after 24 months did not achieve the same degree of vision gain as 
those initially randomized to the drug arms of those trials.59,66

ANTI-VEGF FOR REFRACTORY DME
Despite the efficacy of anti‑VEGF drugs for managing 

DME, there are a proportion of patients who have an incomplete 
response to therapy. From Protocol T, the rates of meeting failure 
criteria between week 24 and 1 year for aflibercept, bevacizumab, 
and ranibizumab were 27%, 41%, and 37%, respectively.72

Incomplete response to therapy poses a clinical challenge, 
and several strategies have been proposed to manage these pa‑
tients, including switching to corticosteroid drugs, increasing 
dose of anti‑VEGF drug, combination therapy, and switching  
between anti‑VEGF drugs.74

The REEF study evaluated patients who had incomplete  
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response to bevacizumab and switched these patients to 0.5 mg 
ranibizumab.75 The dose of ranibizumab was increased to 2.0 mg 
if there was residual edema or less than 10% improvement in 
CMT after 3 months of therapy. After switching, 76% of partici‑
pants had anatomical and visual improvement with 0.5 mg ranibi‑
zumab. Of the remainder of the patients who subsequently had a 
dose increase (n = 6), 50% had further anatomical improvement.

Other retrospective series have shown visual and CMT im‑
provement in switching therapy from bevacizumab to ranibizum‑
ab for patients with incomplete response.75‒78 Similarly, switching 
from either bevacizumab or ranibizumab to aflibercept may have 
a benefit in improving CMT.78‒82 After a switch from bevacizumab 
to aflibercept, a prospective study demonstrated both anatomical 
and visual improvements.79

EFFECT OF ANTI-VEGF ON THE SEVERITY OF 
DIABETIC RETINOPATHY

Trials of anti‑VEGF drugs for DME have shown addition‑
al benefit in leading to an improvement in DR severity score 
(DRSS). The DRSS is based on clinically observable signs such 
as hemorrhages, microaneurysms, and intraretinal microvascular 
abnormalities. Reversal of these changes supports the importance 
of VEGF in the pathogenesis of the disease and suggests that re‑
versibility of vascular damage may be possible. 

The 2‑year outcomes of the RISE/RIDE trials showed the 
cumulative probability of progression of DR was 11.2‒11.5% in 
the ranibizumab arms compared with 33.8% in the sham treat‑
ment arm.83 Median DRSS remained unchanged in the sham arm 
but improved by 2 steps in both ranibizumab treatment arms. 
Similarly, in the 148‑week analysis of the VISTA/VIVID trials, 
17.4‒20.1% of patients receiving laser had an improved DRSS 
compared with 29.9‒47.8% of patients receiving aflibercept when 
censoring for rescue treatment.66

There were greater improvements in DRSS in the ranibizum‑
ab and aflibercept arms in the Protocol T study compared with the 
bevacizumab arm at 12 months.84 This difference was not main‑
tained at 2 years of follow‑up; however, improvements were asso‑
ciated with a higher number of intravitreal injections. The DRSS 
was more markedly improved in the aflibercept arm compared 
with both ranibizumab and bevacizumab in patients with PDR. 
This may be explained by the effect of aflibercept on inhibiting 
galectin‑1 as previously discussed.56 

Anti-VEGF for PDR
Early studies observed that bevacizumab may be effective as 

TABLE 2. Summary of Key Randomized Controlled Trials Assessing Anti-VEGF Drugs for the Management of Proliferative Diabetic Retinopathy

Study 
Name

Protocol S83

CLARITY85

394

232

Population Size 
(Study Eyes)

Follow-Up 
Duration, mo

24

12

Inclusion 
Criteria

VA ≥ 20/320

VA ≥ 20/80 

Treatment Arms

Ranibizumab  
(0.5 mg q4 PRN)

PRP

Aflibercept (2 mg q4 PRN 
after 3 loading q4 doses)

PRP

Mean Vision 
Change, letters

2.8 
(95% CI, 0.4 to 5.2)

0.2 
(95% CI, −1.9 to 2.3)

1.3 (0.6 SE)

−2.9 (0.7 SE)

Mean CMT 
Change, µm

−47 
(95% CI, −61 to −33)

−3 
(95% CI, −15 to 9)

−8.9 (2.3 SE)

24.0 (5.5 SE)

Regression of 
Neovascularization 
At Last Follow-Up

35%

30%

64%

34%

an adjunct or an alternative to PRP for the regression of PDR.85 
Subsequently, 2 randomized clinical trials have reported the ef‑
ficacy of anti‑VEGF drugs compared with PRP for the manage‑
ment PDR, summarized in Table 2.

The DRCR.net Protocol S was a 2‑year study of patients 
with treatment‑naive, high‑risk PDR randomized to receive ei‑
ther 0.5 mg ranibizumab as frequently as every 4 weeks or PRP 
completed in 1 to 3 visits.86 Patients who had concurrent DME 
were also recruited to this study. At 2 years of follow‑up, ranibi‑
zumab had noninferior outcomes to PRP in terms of visual acu‑
ity. Additionally, there was less development of DME, peripheral 
field loss, and need for vitrectomy in the ranibizumab arm. This 
study is collecting efficacy and safety data for 5 years until 2018. 
Safety evaluation was challenging in these patients as half of the 
participants in the PRP group subsequently received ranibizumab 
for DME, so there was no control group without ranibizumab 
exposure.87

CLARITY was a randomized controlled trial comparing  
2.0 mg intravitreal aflibercept with PRP for the management of 
high‑ and low‑risk PDR.88 Patients with DME were excluded to 
avoid confounding of visual outcomes and patients previously 
treated with PRP were included. Patients randomized to the af‑
libercept arm were given 3 loading injections 4 weeks apart fol‑
lowed by injections every 4 weeks on an as‑needed basis. The 
patients who received aflibercept had improved visual outcomes 
at the 52‑week primary outcome time point. At the 52‑week point, 
30 patients in the PRP group (29%) had developed DME com‑
pared with 12 patients (11%) in the aflibercept group. Total re‑
gression of neovascularization favored the aflibercept group, as 
did the total DR severity.

The cost of repeated anti‑VEGF drug administration is an 
important consideration in the management of PDR, with PRP 
being a highly cost effective, once‑off therapy.89 The cost benefit 
of such treatment may not be viable for ranibizumab for cases 
of PDR alone but may be acceptable for cases with concurrent 
DME.90 There are other important considerations, such as the ef‑
fect of withdrawing anti‑VEGF therapy, compliance, and poten‑
tial complications in situations of missed follow‑up with intravit‑
real injection.

ANTI-VEGF FOR COMPLICATIONS OF 
PROLIFERATIVE DIABETIC RETINOPATHY

Vitreous Hemorrhage
Intravitreal bevacizumab may assist in PDR complicated by 
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vitreous hemorrhage (VH) by reducing the need for vitrectomy 
and reducing vitreous clear up time. Vitrectomy was required 
in 10% of eyes that had received bevacizumab compared with 
40% of those who had been managed with observation for 12 
weeks in a case‑control study.91 Vitreous clear up time was 11.9 ± 
9.5 weeks in the bevacizumab group compared with 18.1 ± 12.7 
weeks in the control group (P = 0.02). Thirty‑one of 40 patients 
(77.5%) received only 1 injection in the follow‑up period.

Intravitreal ranibizumab (0.5 mg) was compared with saline 
for the management of PDR‑related VH in the DRCR.net Pro‑
tocol N.92 After 3 intravitreal injections 4 weeks apart, primary 
outcomes were assessed after 16 weeks in this randomized con‑
trolled trial of 261 eyes. There were lower rates of recurrent VH, 
improved visual acuity, and PRP completion rates in the ranibi‑
zumab groups. However, rates of vitrectomy were not statistically 
different at 16 weeks between the ranibizumab (12%) and saline 
(17%) groups [4% difference, 95% confidence interval (CI), 
4‒13%].

Intravitreal aflibercept is being compared with prompt vit‑
rectomy and PRP for the management of VH in PDR in the  
DRCR.net Protocol AB (NCT02858076). The longer‑term data 
from this 2‑year study will provide important guidance for the role 
of medical and surgical management of this complication of PDR.

Surgical Adjuvant
Intravitreal bevacizumab administered as a surgical adjuvant 

has been shown to reduce postoperative VH, reduce surgical time, 
lower complications, and lead to improved postoperative visual 
acuity in patients with PDR undergoing vitrectomy.93‒95 Ranibi‑
zumab has also been studied for this indication in 2 smaller stud‑
ies with similar benefits.96,97

Timing of delivery of preoperative anti‑VEGF drug may be 
important in this indication. Too short an interval may be insuf‑
ficient to induce regression of neovascularization to assist in sur‑
gery.98 Too long an interval may lead to fibrovascular contraction 
and be associated with tractional retinal detachment.99 Patients 
randomized to receive intravitreal bevacizumab 5‒10 days before 
vitrectomy had fewer intraoperative complications and improved 
visual outcomes at 6 months of follow‑up compared with those 
patients receiving bevacizumab 1‒3 days before vitrectomy, sug‑
gesting a longer interval may be optimal.100

Neovascular Glaucoma
Neovascular glaucoma (NVG) can be a complication of PDR 

and is associated with increased levels of intraocular VEGF.101 
Intravitreal bevacizumab has been shown to lead to regression of 
neovascularization of the iris and angle and assist in controlling 
IOP in multiple studies of NVG, though most of these studies 
included etiologies other than PDR.102 

Bevacizumab delayed the need for glaucoma surgery in a 
retrospective, comparative case series of 163 eyes with NVG 
treated with and without intravitreal bevacizumab.103 This ef‑
fect was more marked in eyes that received PRP in addition to 
intravitreal bevacizumab, suggesting PRP may have additional 
therapeutic benefit in managing NVG. Supporting this, the com‑
bination of bevacizumab with PRP led to a significant reduction 
in intraocular pressure and regression of neovascularization in a 
retrospective, consecutive case‑control study of 23 patients re‑
ceiving either combination bevacizumab and PRP or PRP alone 
as treatment of NVG.104

Aflibercept was shown to be effective in causing regression 
of neovascularization of the iris and the angle in 4 cases of NVG, 
2 of which were related to PDR.105 The PDR patients required 8 
injections each over a 12‑month follow‑up period. 

SAFETY CONSIDERATIONS
VEGF has extensive physiologic roles, both locally in the eye 

and also systemically.16,106 Consequently, disruption of these path‑
ways through pharmacological intervention may be of concern.

Systemic Adverse Events
There has been well‑documented increased risk of hyper‑

tension,107,108 arterial and venous thromboembolism,109,110 cardiac 
ischemia,111 bleeding,108,112 and delayed wound healing in stud‑
ies of anti‑VEGF drugs used systemically for cancer therapy.113 
However, multiple randomized clinical trials and meta‑analyses 
have failed to demonstrate an increase in these systemic adverse 
events when anti‑VEGF drugs are administered via intravitreal 
injection compared with placebo.114,115 

The reported safety profile of intravitreal anti‑VEGF may be 
confounded by the exclusion of patients with a history of stroke or 
myocardial infarction from these trials. This is especially relevant 
in patients with diabetes who have a higher risk of cardiovascular 
events than that of the general population. A meta‑analysis of pa‑
tients with a higher baseline risk of stroke receiving ranibizumab 
demonstrated a higher risk of stroke compared with placebo in pa‑
tients receiving therapy for neovascular age‑related macular de‑
generation (nAMD) [odds ratio (OR), 7.7; 95% CI, 1.2‒177].116

More aggressive treatment with monthly dosing of anti‑
VEGF drug in DME may be associated with increased systemic 
adverse events.117 Patients receiving monthly aflibercept or 0.5 mg 
ranibizumab for 24 months had increased risk of death compared 
with laser (OR, 2.98; 95% CI, 1.44‒6.14; P = 0.003), having cere‑
brovascular accident (OR, 2.33; 95% CI, 1.04‒5.22; P = 0.04), or 
vascular death (OR, 2.51; 95% CI, 1.08‒5.82; P = 0.03) in a meta‑
analysis of RISE/RIDE and VISTA/VIVID data.117

When comparing anti‑VEGF drugs, the 2‑year outcomes of 
the Protocol T study found a higher rate of nonfatal stroke and 
vascular death in the ranibizumab arm compared with the afliber‑
cept arm.73 However, the rates of these cardiovascular adverse 
events (12%) were higher in this study than other studies of ra‑
nibizumab (3‒9%), leading the authors to concede that this find‑
ing may represent a type II error.73,118,119

Ocular Adverse Events
Every intravitreal injection carries the risk of endophthalmi‑

tis. A meta‑analysis of 16 trials of intravitreal therapy found 52 
cases from a total of 105,536 injections, a rate of 0.049%.120 Ad‑
ditionally, this study found that streptococcal isolates were much 
higher than with intraocular surgery, suggesting that minimizing 
oropharyngeal droplet transmission could be a strategy for reduc‑
ing rates of endophthalmitis.120 Though rates lower than this have 
been reported in institutional audits,121,122 when considering treat‑
ment often requires repeated injection cumulative risk, per‑pa‑
tient rates over 2 years may approach 1%.123

As there is no commercial intravitreal preparation of beva‑
cizumab, special consideration is required for the safety of this 
drug because it needs to be prepared by compounding phar‑
macies. The quality of drug can vary between compounding  
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pharmacies.124 Contamination during compounding can have cat‑
astrophic consequences, with several reports of endophthalmitis 
from contaminated batches of drug.125 Counterfeit preparations 
may be associated with poorer quality control and higher rates 
of endophthalmitis.126 Inadequate purification of preparations can 
also lead to culture‑negative endophthalmitis.127

Rhegmatogenous retinal detachment (RD) is a rare compli‑
cation of intravitreal injection and is thought to occur either as a 
result of direct trauma during the injection procedure or disruption 
of the vitreous gel triggering posterior vitreous detachment. The 
rate of RD was 5 in 35,942 injections (0.013%), all occurring be‑
tween 2 and 6 days after injection, in a multicenter case series.128

Increased risk of raised IOP has been reported in eyes receiv‑
ing multiple anti‑VEGF injections.129,130 Comparing treated with 
untreated eyes of patients with nAMD, there were greater odds 
(OR, 5.75; 95% CI, 1.19‒27.8; P = 0.03) of experiencing an el‑
evation in IOP greater than 5 mm Hg in those who had received 
29 or more injections compared with 12 or fewer injections in 
1 study.129 The mechanisms by which these injections can cause 
raised IOP are unclear but these findings highlight the importance 
of monitoring the IOP of patients receiving long‑term intravitreal 
anti‑VEGF drugs.

There is concern that anti‑VEGF therapy may have profi‑
brotic and exacerbating effects on PDR. Several studies have 
shown increased fibrosis in patients who had received intravitreal 
bevacizumab before vitrectomy for PDR.131,132 This is thought to 
be the result of an angiofibrotic switch where there is a shift to in‑
creased expression of connective tissue growth factor with VEGF 
blockade.132

Due to the physiological role of VEGF as a neurotrophic 
factor, there are theoretical safety concerns for long‑term use of 
these inhibitors.133 Sustained neutralization of VEGF has been 
shown to cause retinal neurodegeneration134 and signaling through  
VEGFR‑2 is essential for Müller cell survival.135

Clinical evidence in humans is scant and hard to establish, 
given part of the pathology of DR is neurodegeneration. How‑
ever, some clinical data suggests that anti‑VEGF drugs may 
have positive effects on the neural retina. Restoration of foveal 
photoreceptors, demonstrated on optical coherence tomography, 
has been observed in patients after 12 months of treatment with 
ranibizumab.136

Worsening of macular ischemia due to blocking of the physi‑
ological effect of VEGF is another theoretical concern and poten‑
tial contraindication with administration of anti‑VEGF drugs.137 
There was no difference in progression of macular ischemia in 
analysis of the BOLT study with administration of bevacizumab 
compared with laser control.138 Apart from this study, there is a 
lack of data on the progression of macular ischemia in randomized 
trials comparing anti‑VEGF drugs with sham or laser control. 

FUTURE ANTI-VEGF STRATEGIES
Future anti‑VEGF strategies aim to reduce the need for fre‑

quent intravitreal injection, thus reducing the burden of treatment 
and the cumulative risk for adverse events such as endophthal‑
mitis and retinal detachment. They may provide a management 
option for treatment‑resistant patients.

Anti-VEGF Antibodies and Proteins
Brolucizumab is a single chain antibody fragment with a  

molecular weight of 26 kDa, almost half that of ranibizumab. The 
theoretical advantages of a smaller molecule are better penetra‑
tion of ocular tissues, faster clearance, and lower systemic expo‑
sure. Phase 1/2 data showed that brolucizumab was noninferior to 
ranibiuzmab for the management of nAMD with a possible lon‑
ger treatment interval and an acceptable safety profile.139 Phase 
3 studies comparing this antibody with aflibercept for nAMD 
(NCT02434328 and NCT02307682) will complete data collec‑
tion in 2017 and are expected to serve as the basis for future trials 
for managing DME.

Similar to aflibercept, conbercept (Chengdu Kanghong Bio‑
tech Co, Ltd, Sichuan, China) is a fusion protein of the second 
binding domain of VEGFR‑1 and the third and the fourth binding 
domains of VEGFR‑2 fused to the Fc region of human IgG. A 
retrospective study of 51 patients with DME treated with con‑
bercept with or without macular grid laser showed an improve‑
ment in both visual and anatomical outcomes after 12 months of 
therapy.140 The drug is currently being evaluated against macular 
laser photocoagulation for DME in a randomized controlled trial 
(NCT02194634).

Designed ankyrin repeat proteins (DARPins) are small, 
nonimmunoglobulin proteins that bind target proteins with high 
affinity and specificity. In a phase 1/2 study of abicipar pegol 
(Molecular Partners, Zurich, Switzerland; marketed by Allergan, 
Dublin, Ireland) for DME, this DARPin demonstrated maximal 
vision improvement at 12 weeks after injection, though the rates 
of ocular inflammation were high among these patients (61%).141 
This high rate of inflammation was thought to be secondary to 
impurities in the preparation and future studies of abicipar cor‑
rected this. An updated preparation of abicipar pegol is under 
investigation in phase 3 randomized controlled trials for AMD 
in the SEQUOIA (NCT02462486) and CEDAR (NCT02462928) 
studies. These studies are evaluating an extended treatment inter‑
val of 12 weeks and it is expected that future phase 3 studies for 
DME would evaluate a similar protocol.

Gene Therapy
Gene therapy targeting the VEGF pathway has been evaluated 

in patients with nAMD. In a phase 1 study, 9 patients had subreti‑
nal injections of a recombinant adeno‑associated vector (rAAV) 
encoding soluble Flt‑1 (sFlt‑1).142 The protein that is transduced is 
the soluble form of VEGFR‑1. Consequently, VEGF‑A, VEGF‑
B, and PlGF are bound in much the same way as aflibercept. No 
major concerns were noted in this study and many patients did 
not require rescue intravitreal anti‑VEGF therapy. By targeting 
VEGF, this therapy may provide an effective means for treating 
DME and PDR.

Alternative Drug Delivery Methods
Controlled drug delivery systems may provide a solution to 

the frequency for which drugs need to be administered. Nanopar‑
ticles loaded with anti‑VEGF have been shown to reduce diabe‑
tes‑induced vascular leakage in mice.143 These drug delivery sys‑
tems enhance the half‑life of a drug but also increase solubility 
and protect it against oxidation. Other polymers have also been 
trialled in animal studies and may present a more efficient method 
of administering treatment.6

Mechanical devices such as a surgically implanted pump 
may provide a means of delivering up to 100 programmable dos‑
es of intravitreal drug.144 One such subconjunctivally implanted 
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device loaded with ranibizumab was well tolerated in a 3‑month 
pilot study of 11 patients with DME.144

SUMMARY
The pathophysiology of DR is incompletely understood. 

However, clinical experience with anti‑VEGF drugs has shown 
that VEGF is a powerful mediator of disease. The introduction of 
pharmacological anti‑VEGF therapy has revolutionized the man‑
agement of DME. Anti‑VEGF drugs may play an important role 
in the management of advanced DR and PDR in the future. Future 
anti‑VEGF therapies for DR may utilize advanced methods of 
drug delivery and newer drugs may target VEGF.
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