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Anti-VEGF in the Treatment of Retinal Disease: 
A Decade of Clinical Experience

A report from the 2014 Annual Meetings of the American Society of Retina Specialists and American Academy of Ophthalmology
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EMMANOUIL MAVRIKAKIS, MD, PhD

Intravitreal anti-vascular endothelial growth factor (VEGF)
therapy has been established as a standard of care for exuda-
tive retinal diseases including choroidal neovascularization
(CNV) secondary to age-related macular degeneration and
non-CNV related conditions such as diabetic macular edema
and retinal vein occlusion. This issue of Ophthalmology
 Scientific Update highlights several presentations and discus-
sions on safety and efficacy data from pivotal long-term clini-
cal trials of anti-VEGF agents at the annual meetings of the
American Society of Retina Specialists (ASRS; August 9-13,
2014; San Diego, California) and American Academy of Oph-
thalmology (AAO; October 18-21, 2014; Chicago, Illinois) that
further expand our clinical knowledge and potential consider-
ations that should be taken into account in daily practice. 

Long-Term Outcomes with Anti-Vascular Endothelial
Growth Factor (VEGF) Agents in the Treatment of Wet
Age-Related Macular Degeneration (AMD)

Recent data on the long-term use of anti-VEGF agents
support their benefit in the neovascular (‘wet’) form of AMD.
Researchers also highlighted the potential effects of long-term,
frequent use of these agents for retinal diseases related to
choroidal neovascularization (CNV), such as loss of response and
development of geographic atrophy (GA).

Results were presented from the SEVEN-UP study, which
followed 65 ranibizumab-treated participants in the ANCHOR,
MARINA, and HORIZON trials for a mean of 7.3 years.1

Slightly more than one-third (37%) of study eyes achieved the
 best-corrected visual acuity (BCVA) threshold of 20/70 or better

(primary outcome measure); however, the same number wors-
ened to 20/200 or lower. Reduction in BCVA was associated
with the presence of subfoveal macular atrophy (MA; P<0.01)
and an increase in atrophic area (P<0.0001). The mean change
in Early Treatment Diabetic Retinopathy Study (ETDRS) letter
score was -8.6 letters (95% confidence interval [CI] -2.9
to -14.2; P<0.005) (Figure 1), although 43% of study eyes had
a stable or better letter score from baseline. Bhisitkul et al2

found that treated eyes experienced one-half the decline in
ETDRS letters as fellow eyes (-4.8 versus -9.5 letters) in a
cohort of SEVEN-UP participants (Table 1). It is important to
note that 35% of the fellow eyes received infrequent treatments
outside of these trials with a mean 2.0 injections per eye per
year. At year 7, 54% of study eyes were better (≥5 letters) than
fellow eyes, compared with 43% at baseline.

To further assess the impact of MA on visual outcomes, a ret-
rospective subanalysis of the HARBOR trial compared visual out-
comes in patients with and without baseline atrophy.3 It was
demonstrated that patients with baseline MA (n=123) have similar
ETDRS letter gains (+6.7) as those without atrophy (n=904; +9.1)
at 24 months. Cysts, atrophy in the fellow eye at baseline, and the
absence of subretinal fluid were risk factors for developing atrophy.
In addition, monthly anti-VEGF treatment, but not the higher dose
(ie, 2.0 mg), was found to be a more significant contributor to the
development of atrophy. Of greatest clinical import, all patients
who received anti-VEGF therapy experienced improved visual
acuity through 2 years, irrespective of any atrophy.

An open-label extension (OLE) of the VIEW 1 trial (N=323)4

found that patients who received at least quarterly injections of
aflibercept (2 mg) lost an average of 3.4 letters between weeks 96
and 208. Patients received a mean of 12.9 injections during a
mean of 116.9 weeks (range 4-267 weeks). At week 208, 33% of



Intravitreal Anti-VEGF for Diabetes-Related 
Ocular Complications: Clinical Trial Update 

Although both diabetic macular edema (DME) and neovascu-
lar AMD respond well to anti-VEGF therapy, these are distinct con-
ditions in regard to underlying pathophysiology and natural history.
Thus, the frequency and the duration of therapy needed to achieve
and maintain the desired visual and anatomical outcomes are dif-
ferent for individuals with DME compared to those presenting with
AMD. Furthermore, clinicians treating diabetics have to consider
the importance of systemic disease control and lifestyle changes on
visual outcomes. Much emphasis has been placed on educating this
population about the importance of a healthy lifestyle; however, the
results of the Diabetic Retinopathy Clinical Research Network’s Pro-
tocol M study6 did not show a benefit of personalized diabetes-
related education during regular ophthalmology visits in regard to
reduction of hemoglobin A1c levels at 1 year of follow-up.
However, when interpreting these data, it is important to take into
consideration that the patient’s willingness to make appropriate
lifestyle changes and adherence to suggested changes are key deter-
minants of successful outcomes. Anecdotal case reports from daily
ophthalmology practice clearly demonstrate that patient involve-
ment in the management of their condition and adherence to the
treatment plan can have positive outcomes. 

A comprehensive overview of anti-VEGF trials in DME by
Pieramici7 highlighted the important efficacy and safety findings
to date. 
• The greatest visual improvement is observed in the first year of

treatment, with a plateau in BCVA gain at 55–65 letters (Figure 2)
• The treatment burden (ie, number of injections required) is

markedly reduced after the first year

patients maintained ≥15 letters gain from the VIEW 1 baseline,
while 10% lost ≥15 letters. The most common ocular serious
adverse events (SAEs) during the extension study were endoph-
thalmitis (0.9%) and retinal hemorrhage (0.6%). The overall inci-
dence of Anti-Platelet Trialists’ Collaboration (APTC) defined
arterial thromboembolic events (ATEs) was 6.2% and the inci-
dence of intraocular inflammation was 0.34%. 

Bressler et al5 conducted a retrospective cohort study of 75
CNV patients who received anti-VEGF therapy for ≥3.5 years
(mean follow-up 4.9 years) to assess the development of GA or
predominantly hemorrhagic lesions. At treatment initiation, GA
within the boundary of the CNV lesion was present in 4 eyes and
outside the boundary in 8 eyes (10%). Although all baseline GA
(within or outside a CNV lesion) enlarged over time, no addi-
tional eyes developed GA outside the boundary of the CNV
lesion. Within 4 years of treatment initiation, however, 5 eyes
developed new atrophy within the boundary of the CNV lesion.
Although all of these atrophic areas enlarged over time, they
remained within the original CNV lesion (atrophic scar). Pre-
dominantly hemorrhagic lesions were identified in 6 eyes at base-
line, an additional 3 eyes developed hemorrhagic lesions, and
new lesions were noted in 1 eye after 3.5 years. Thus, this study
suggested that GA typically does not develop outside an area pre-
viously occupied by CNV unless such atrophy is present at the
time of anti-VEGF treatment initiation. These areas progress over
time in a manner similar to what is expected in eyes with GA and
without CNV. 
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Figure 1: SEVEN-UP Study: Mean change in ETDRS letter
score from baseline to mean follow up1

ETDRS = Early Treatment Diabetic Retinopathy Study 

Reproduced with permission from Rofagha S et al. Ophthalmology.
2013;120:2292-2299. Copyright © 2013, American Academy of Ophthalmology. 
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Table 1: SEVEN-UP study: mean ETDRS letter scores over
time2

Time point Fellow eye Study eye

Baseline 57.3 53.8

Year 2 58.3 65.8

Year 4 53.6 55.9

Year 7 47.8 49

AFL = aflibercept; BVZ - bevacizumab; RBZ = ranibizumab; DL = deferred laser;
L = laser; LD = loading doses; PL = prompt laser.
N’s of time points during extension studies are lower than the core studies,
outcomes at these times reflect this enrolled subset of patients.

Figure 2: Reported improvements in best-corrected
visual acuity (BCVA) in trials involving anti-vascular
endothelial growth factor (VEGF) agents7
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(2 mg). The 6- and 24-month changes in BCVA were +7.0 and
+6.8, respectively for the 2 mg group, and were +9.4 and +11.0,
respectively, for the 0.5 mg group. The difference at month 24
was statistically superior (P=0.02) for 0.5 mg. 

Results of the double-masked, randomized, Phase 3 VIVID
(N=461) and VISTA (N=402)15 trials supported the clinical supe-
riority of aflibercept (2 mg every 4 [2q4] or 8 [2q8] weeks fol-
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• Greater gains in BCVA are usually achieved in subjects with
lower baseline BCVA 

• Anti-VEGF agents are superior to laser
• Fixed and PRN dosing result in relatively equal levels of visual

improvement, meaning that a PRN treatment strategy is gener-
ally as effective as fixed-dose with significantly fewer injections

In general, diabetic patients are younger than their AMD
counterparts, and for them frequent ongoing intravitreal injec-
tions might present a significant burden. The OLE phases of the
RISE and RIDE trials provided evidence that the efficacy and
safety achieved with initial monthly ranibizumab injections can
be maintained with less-than-monthly treatment.8,9 In the origi-
nal Phase 3 trials (N=759), monthly injections of ranibizumab
(0.3 mg or 0.5 mg) were shown to be significantly superior to
sham injection in improving BCVA over 24 months and required
significantly fewer macular laser procedures.10 A crossover of
control participants to monthly ranibizumab (0.5 mg) at month
25 revealed higher visual benefit in those receiving ranibizumab
from the study outset to month 36, supporting early institution
of anti-VEGF therapy.11

All patients who completed month 36 of the core studies
were eligible to enroll in the OLE,8,9 according to treatment crite-
ria including evidence as per optical coherence tomo graphy
(OCT) of DME and ≥5 ETDRS letter worsening vision at month
36. As needed (PRN) retreatment criteria were designed to main-
tain the vision gain and the stability of the macular anatomy
achieved with monthly injections while adding flexibility to
dosing schedules. As shown in Figure 3A, VA gains achieved after
12–36 months of monthly ranibizumab were maintained with
the new PRN schedule. Approximately 25% of patients did not
require further anti-VEGF therapy based on the PRN treatment
criteria, and the mean number of injections over 12 months was
3.8 in patients who required further treatment (mean 4.5 injec-
tions/14.1 months of follow-up). The switch from monthly treat-
ment to PRN did not result in loss of vision, recurrence of edema,
or progression of diabetic retinopathy. Mean retinal thickness on
OCT remained stable and the safety profile of ranibizumab in the
OLE appeared similar to that observed in the controlled core
studies. Another important finding from the RISE and RIDE trials
is that individuals who received early continuous ranibizumab
treatment had a lower risk of developing a new proliferative dia-
betic retinopathy event over time compared with subjects origi-
nally randomized to sham (Figure 3B). 

A subanalysis of the RISE and RIDE trials assessed patient
characteristics associated with treatment frequency during the
OLE.12,13 Compared to patients receiving >7 injections, patients
not requiring treatment during OLE had a shorter duration of
diabetes, a shorter time from DME diagnosis, better vision, and
less edema at baseline (Table 2). This exploratory analysis
revealed that early diagnosis and implementation of proper treat-
ment are influential in the attainment of DME remission and
maintenance of improvements in vision without the need for
continued intravitreal injections. 

In terms of effective dosage for DME, the READ 314 trial
(N=152 eyes) showed that the lower dose of ranibizumab
(0.5 mg) demonstrated greater efficacy than the higher dose

3

Figure 3: RISE and RIDE trials: evidence from the open-
label extension (OLE) phase8

A. Pooled mean BCVA change from baseline 

B. Time to development of new proliferative diabetic
retinopathy (PDR)8,9

SD = standard deviation; CFT = central foveal thickness; 
CSME = clinically significant macular edema
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Table 2: RISE and RIDE trials: baseline characteristics
associated with more frequent treatment11,12

Baseline characteristics

Injections per year during OLE

0 injections
(n=121)

>7 injections
(n=88)

BCVA ETDRS letters,
mean (SD) 

58.6 (10.9) 54.3 (11.6)

CFT (µm), mean (SD) 440.5 (150.3) 525.5 (160.8)

Duration of CSME (years) 2.1 2.9

BCVA = best corrected visual acuity; RBZ = ranibizumab; PRN = as needed



According to a retrospective post hoc analysis of 5 DME
studies involving ranibizumab for up to 3 years’ duration, the rel-
ative risk versus control interventions for all ATEs was 0.75 (95%
CI, 0.32–1.73) at 12 months.19 No pattern suggestive of a causal
relationship with ranibizumab was evident for cardio- or cere-
brovascular events. The relative risks for myocardial and non-
myocardial ATEs were 0.70 (0.24–2.07) and 0.98 (0.30–3.19),
respectively. At 12 months, 2.4% of patients treated with sham
and 1.7% of patients treated with ranibizumab had experienced
a myocardial infarction. The rate of nonfatal cerebrovascular acci-
dents was also higher in the control group (6.2%) than among
the ranibizumab-treated subjects (1.9%). 

A retrospective chart review by Fine et al20 examined the
characteristics, frequency, and management of intraocular inflam-
 mation following intravitreal aflibercept injections from Novem-
ber 2011 through June 2013. There were 28 cases of intraocular
inflammation following 5905 aflibercept injections in 1660
patients, which translates to an infection rate of 0.47%. The
majority of patients returned to baseline VA within 1 month with
the application of topical  cortico steroids. Higher rates of ocular
inflammation with aflibercept compared to ranibizumab were
reported by the PLANET study, an open-label, evaluator masked
clinical trial conducted at a single centre.21 One of 35 (2.9%)
ranibizumab-treated and 10 of 53 (18.9%) aflibercept-treated
patients had mild anterior chamber inflammation – defined as
any cell or flare in the anterior chamber, graded according to the
Standardization of Uveitis Nomenclature working group classifi-
cations – at Visit 1 (P=0.04). 

Lessons From Real-World Experience

In order to understand treatment patterns of anti-VEGF use
for neovascular AMD and DME in real-world clinical practice, Kiss
et al22 conducted a retrospective cohort study of claims data in the
United States (US) for aflibercept (2.0 mg) or ranibizumab (0.5
mg) to treat AMD and for ranibizumab (0.3 mg) for DME. Multi-
variable regression determined that neither number nor costs of
injections differed significantly between aflibercept and ranibizu-
mab at 6- or 12-month follow-up. Injections for AMD were
3.7±1.4 for aflibercept and 3.7±1.7 for ranibizumab at 6 months
and 5.0±2.7 versus 5.0±3.1, respectively, at 12 months. The mean
number of injections for DME patients treated with ranibizumab
was 3.0 at 6 months and 4.3 at 12 months. Mean costs over 6
months were $7277 (ranibizumab for AMD), $6757 (aflibercept
for AMD), and $3655 (ranibizumab for DME), and the equivalent
12 month costs were $9894, $10 288, and $5217, respectively.
These initial results point to fewer injections being administered to
DME patients compared with those who have AMD.

Claims and registry data have shown lower use of anti-VEGF
agents in clinical practice compared with trials. To examine the
impact of this on vision outcomes in DME, Holekamp et al23 con-
ducted an analysis of data from the electronic medical records of
a large US health system. At 12 months, the mean number of
anti-VEGF injections was 2.6. Mean corrected VA change from
baseline was +4.0 letters at 6 months and +3.7 letters at 12
months using last observation carried forward. At 12 months,
18.1% and 13.8% of patients gained 2 and 3 lines, respectively,
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lowing 5 initial monthly doses) compared to laser. Visual benefit
was similar between the groups treated every 4 weeks and every
8 weeks (Figure 4). The rates of death and of ATEs were higher
in the aflibercept groups than with laser alone. In VISTA, ATEs
were experienced by 9 patients in the laser group (5.8%), 11 in
the aflibercept 2q8 arm (7.2%), and 13 in the 2q4 arm (8.4%).
The equivalent numbers in VIVID were 3 (2.3%), 5 (3.7%), and
8 (5.9%), respectively. Three VISTA patients (1.9%) receiving
laser died, and there were 4 (2.6%) and 8 (5.2%) deaths in the
2q8 and 2q4 groups, respectively. In VIVID, there were 1 (0.7%),
6 (4.4%), and 4 (2.9%) deaths in the laser, 2q8, and 2q4 arms,
respectively. It must be noted that these studies were not
powered to detect a safety difference. A subgroup analysis of the
VISTA trial16 also demonstrated similar efficacy and safety of
aflibercept in anti-VEGF naïve patients and those previously
treated with an anti-VEGF agent. Over 52 weeks, the changes in
BCVA letter score were +10.7, +10.5, and -1.0 (P<0.0001) for
2q4, 2q8, and laser, respectively, among anti-VEGF-experienced
patients and +13.8, +10.9, and +1.1 (P<0.0001), respectively,
among treatment-naïve individuals. 

Anti-VEGF: Safety Update

In his presentation about the risks and benefits of currently
used anti-VEGF agents, Rosenfeld emphasized that “the benefits of
improved vision from anti-VEGF therapy far outweigh the risks.”17

He pointed to the low incidence of APTC events in the foundation
trials such as CATT, IVAN, MARINA, ANCHOR, and VIEW.
Despite this evidence, concerns persist regarding the potential for
increased systemic and ocular AEs with VEGF inhibition. 

A systematic review by Major et al18 assessed the incidence of
AEs (intraocular inflammation, hypertension, and APTC events)
in the clinical trials of intravitreal aflibercept for the management
of wet AMD, macular edema following central or branch retinal
vein occlusion (CRVO and BRVO), and DME. More than 4200
patients in 9 Phase 2/3 clinical trials contributed 5530 patient-
years of treatment. They found low incidence rates for these AEs
within the different trials and no meaningful differences between
events rates for aflibercept and comparators or between fixed and
alternative dosing.

Figure 4: VIVID and VISTA trials: mean change in BCVA
through week 10015
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regimen (7 studies) over PRN treatment (85 studies). At 1 year,
the treat-and-extend group experienced a greater mean improve-
ment in VA than the PRN group (+9.8 versus +5.4 ETDRS
letters), albeit with more injections (7.6 versus 5.6). The authors
cautioned that randomized clinical trials are warranted to
confirm these findings. Eichenbaum presented 6 month data
from their 2 year open-label, randomized study (N=20) compar-
ing monthly and treat-and-extend ranibizumab (0.3 mg for each
arm) in patients with DME.28 Patients in the treat-and-extend
group received monthly injections until a dry or stable macula
was achieved, then their treatment was extended by 2-week
increments to a maximum of 8 weeks. The investigators identi-
fied a trend toward higher VA gain in the treat-and-extend group
than the monthly group (+12.6 versus +10.7 letters) and better
OCT improvement with an average of 1 fewer injection. 

Houston et al29 found that the treat-and-extend approach is
affected by the vitreo-macular interface. Patients with vitreo mac-
ular adhesions (VMAs; n=153 eyes) required more injections at 1
year (8.4 versus 7.4; P=0.001) and 2 years (6.7 versus 5.5;
P=0.027) compared with non-VMA subjects (n=51 eyes). One
and 2 year gains in VA (≥3 lines) were similar in the 2 groups.
The mean longest extension between injections was 10.1 weeks
for VMA patients compared to 11.8 weeks in non-VMA subjects. 

Emerging Evidence for RVO and Myopic CNV 
RVO – From Initial Workup to Treatment Considerations

As underlined by Hayreh as part of Retina 2014 preceding
AAO 2014, anti-VEGF agents are effective in reducing macular
edema but do not cure the disease. Furthermore, after 4 years of
retreatment with anti-VEGF, only 44% of CRVO patients experi-
enced resolution of their edema (defined as no intraretinal fluid
for ≥6 months after the last injection).30 Thus, additional research
in this therapeutic area is needed. 

The efficacy and safety of ranibizumab in RVO has been
established in 2 12 month, Phase 3 trials (CRUISE and BRAVO)
and in extension trials up to 4 years.30-35 BRIGHTER (BRVO) and
CRYSTAL (CRVO) are ongoing 24 month trials designed to assess
long-term efficacy and safety of flexible, stabilization criteria-
driven, PRN dosing of ranibizumab 0.5 mg in a broad population
of RVO patients.36 In both the CRYSTAL and BRIGHTER trials
ranibizumab with or without laser was superior to laser alone,
and provided similar BCVA gains for ischemic and non-ischemic
patients (Figures 5A,B). It was also determined that ranibizumab
treatment was particularly effective in patients with lower base-
line BCVA and shorter disease duration. 

The Phase 4 SHORE trial37 found no significant difference in
BCVA gain over 15 months of PRN (21.0 letters) versus monthly
(18.7 letters) ranibizumab treatment (0.5 mg) for macular edema
secondary to BRVO or CRVO. A sub-analysis of this trial38 evalu-
ated the impact of intraretinal edema on BCVA gains in patients
with RVO randomized to the 2 dosing regimens. The investiga-
tors determined that the mean gain in BCVA among patients with
edema was 9.6 letters lower at 7 months and 9.3 lower at 15
months than subjects without edema (P<0.001 at both time
points). The presence of edema was also associated with a lower
rate of gaining ≥15 letters and of achieving 20/40 vision.
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while 11.7% and 8.5% lost 2 and 3 lines, respectively. Thus, this
study confirms that less frequent anti-VEGF injections result in
lower VA gain compared with landmark trials. 

LUMINOUS is a prospective, 5 year, global, observational,
multicentre study with the objective to evaluate the long-term
safety, effectiveness, and treatment patterns of intravitreal rani-
bizumab 0.5 mg in routine clinical practice across all approved
indications.24 The goal is to enroll 30 000 patients by March
2015. As of September 1, 2014, enrollment was at 26 664
patients from 40 countries, including 81.5% with wet AMD,
12.0% with DME, 3.2% with BRVO, 2.6% with CRVO, and
0.7% with myopic CNV. Age range, ethnic diversity, and pres-
ence of comorbidities were wider than that of pivotal trials. One-
year follow-up data available for 9790 patients recruited prior to
March 2013 indicated that treatment-naïve patients gained
vision from baseline (mean letter change: wet AMD, +4.4; DME,
+4.5; BRVO, +7.0; CRVO, +13.2). Patients who were already on
ranibizumab at the time of enrollment into the study either
gained or maintained vision (mean letter change: wet AMD, -
1.5; DME, +3.2; BRVO, +8.0; CRVO, +1.4), with relatively low
numbers of injections and monitoring visits. Myocardial infarc-
tion, pneumonia, and cerebrovascular incidents were the most
frequent non-ocular SAEs, occurring in about 0.4% of patients.
The most frequent ocular SAEs were endophthalmitis and
retinal detachment reported in 0.1% of treated patients. 

Individualized Versus Fixed Treatment Schedule – 
The Dilemma Continues

Beyond the choice of individual anti-VEGF agent, the deter-
mination of best treatment schedule for the individual patient has
also been a longstanding point of debate. 

According to a retrospective chart review by Peden et al25 of
109 patients with wet AMD, long-term (≥5 years) continuous
fixed dosing anti-VEGF therapy (every 4-8 weeks; average of 10.5
injections per year) is effective in preserving vision. They found
that the peak letter gain (16.1 letters) was achieved at 2 years, and
that VA declined slowly (average of -0.54 letters per year) over the
next 5 years. After 5 and 7 years of treatment, 46.8% and 43.2%
of patients, respectively, maintained driving vision. 

Several presentations, however, supported the benefit of
treat-and-extend regimens. In a study by Regillo et al,26 196
patients (212 eyes) who had initially received monthly ranibizu-
mab or bevacizumab for ≥1 year until there were no signs of CNV
activity were then extended by intervals of 1-2 weeks as long as
no CNV activity was noted on examination. Mean VA improved
from 20/139 at baseline to 20/79 after 1 year of treatment
(P<0.001) and remained stable at both 2 years (20/69; P<0.001)
and 3 years of follow-up (20/65; P<0.001). Mean central retinal
thickness decreased from 351 µm at baseline to 285 µm follow-
ing 1 year of treatment (P<0.001) and remained stable at 2 and 3
years of follow-up (275 µm and 276 µm, respectively; P<0.001
for both). Thus, the treat-and-extend anti-VEGF treatment
regimen is effective in achieving and maintaining visual and
anatomical improvements in patients with wet AMD for up to 3
years. A systematic review of wet AMD studies by Yee et al27

demonstrated better visual outcome with a treat-and-extend
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scores of 13.8 to 14.4 letters over 12 months with intravitreal rani-
bizumab. The gain with verteporfin PDT in RADIANCE (vPDT
given on day 1, and treatment with ranibizumab or vPDT at inves-
tigators’ discretion from month 3) was 9.3 letters. There were no
reports of deaths or cases of endophthalmitis or MI in RADIANCE.

In the MYRROR trial,43 122 patients with myopic CNV were
randomized to intravitreal aflibercept or sham in a 3:1 ratio.
Patients assigned to the aflibercept group received a single 2 mg
injection at baseline followed by additional aflibercept injections
according to predefined retreatment criteria (in case of CNV per-
sistence/recurrence) or sham injection every 4 weeks until week
44. Patients in the sham group received sham injections through
week 20, a single 2 mg injection of intravitreal aflibercept at week
24, followed by additional injections (aflibercept or sham)
according to assessment of the same predefined retreatment cri-
teria every 4 weeks through week 44. At week 24 (primary end-
point), the mean changes in BCVA were +12.1 letters among
patients in the aflibercept group and -2 letters in the sham group
(P<0.0001). The incidence of SAEs was 7.7% in the aflibercept
group and 3.2% in the sham group. 

Beyond the Current Use of Intravitreal 
Anti-VEGF Therapies

Although the data overwhelmingly support the effectiveness
of anti-VEGF agents in the management of retinal diseases, the
frequency (often monthly) of intravitreal injections presents a sig-
nificant burden to patients, caregivers, treating clinicians and
their staff, as well as the healthcare system. This factor is likely a
significant contributor to the magnitude of anti-VEGF under-
treatment.23,44 In a 2006–2010 analysis of about 500 000
Medicare beneficiaries, rates of anti-VEGF discontinuation were
57% within the first year and 71% within the first 2 years.44

Thus, a significant amount of research is geared toward finding
innovative solutions that will reduce injection burden (more
effective delivery, longer duration of effectiveness) while provid-
ing the best possible visual outcomes. 

Presenters outlined the research to date on promising innov-
ative approaches for AMD, including gene therapy45 and encap-
sulated cell technology (ECT).46 Gene therapy is a treatment in
which genetic material is introduced in cells, either to compen-
sate for structurally abnormal or missing genes or to make bene-
ficial proteins. Gene therapy in development for wet AMD
includes a VEGF-binding protein that consists of domain 2 of
Flt-1 (isoform of the VEGF receptor 1) linked to a human
immunoglobulin G₁ heavy chain Fc fragment (sFlt01). This was
combined with an adeno-associated virus (AAV) to produce
AAV2-sFlt01. AAV2-sFLT-01 is designed to stimulate retinal cells
to continuously produce the antagonist to VEGF, thereby halting
the production of the abnormal and leaky blood vessels that leads
to progressive vision loss. Two modes of AAV2-sFlt01 delivery to
the eye are under investigation – intravitreal and subretinal. 

The ECT platform utilizes a genetically engineered retinal
pigment epithelial cell line that constitutively produce therapeu-
tic proteins.46 These are contained within a device that is surgi-
cally implanted into the vitreous cavity through a ≤3 mm scleral
incision. ECT product candidate, NT-503, has been engineered

In the double-masked, Phase 3 VIBRANT trial,39 183 treat-
ment-naïve patients with unilateral macular edema secondary to
BRVO were randomized to receive either intravitreal aflibercept
2 mg every 4 weeks or grid laser from baseline to week 20.38

From week 24 onward, patients in the aflibercept group received
aflibercept 2 mg every 8 weeks, and if necessary rescue laser at
week 36. Patients in the laser group who required rescue treat-
ment could receive aflibercept 2 mg every 8 weeks after 3 initial
monthly doses. The proportion of patients who gained ≥15
letters from baseline to week 24 (primary endpoint) was 52.7%
in the aflibercept and 26.7% in the laser group (P<0.001).38,39 At
week 52, the proportions of patients who gained ≥15 letters were
57.1% of patients treated with aflibercept and 41.1% of patients
treated with laser. The BCVA gain was 17 letters at 24 weeks and
17.1 at week 52 when switched to q8w dosing. About one-third
of patients had a decrease in retinal nonperfusion. The most
common ocular AEs in patients treated with aflibercept were con-
junctival hemorrhage (19.8%) and eye pain (4.4%). Traumatic
cataract was the only ocular SAE, occurring in one patient treated
with aflibercept. The incidence rates of  non- ocular SAEs were
8.8% and 9.8% in the aflibercept and laser groups, respectively. 

Myopic CNV

CNV secondary to pathologic myopia (or myopic CNV) is a
common cause of vision impairment in patients younger than 50
years. Recent evidence demonstrated the benefit of anti-VEGF
therapy over photodynamic therapy (PDT) in the treatment of
myopic CNV.

The recently published REPAIR41 (N=65) and RADIANCE42

(N=277) trials demonstrated mean gains from baseline in BCVA
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Figure 5: BRIGHTER and CRYSTAL trials: vision gains in
the presence and absence of ischemia36

A. BRIGHTER trial

B. CRYSTAL trial

80

75

70

65

60

55

50
0 1 2 3 4 5 6

74.9
73.1
72.5
72.2

64.7
63.3

Month

M
ea

n
 B

C
V

A
(E

TD
R

S 
le

tt
er

s)

RBZ, ischemia (n = 85)
RBZ+Laser, ischemia (n = 71)
Laser, ischemia (n = 41)

RBZ, no ischemia (n = 35)
RBZ+Laser, no ischemia (n = 37)
Laser, no ischemia (n = 20)

80

75

70

65

60

55

50
0 1 2 3 4 5 6 7 8 9 10 11 12

67.7
66.1

Month

M
ea

n
 B

C
V

A
 a

t 
b

as
el

in
e

(E
TD

R
S 

le
tt

er
s)

RBZ, ischemia (n = 107)

RBZ, no ischemia (n = 109)



Dr. Lam is a Professor, Vice-Chair of Education, and Director of Con-
tinuing Professional Development, Department of Ophthalmology &
Vision Sciences, University of Toronto, and University Health Network
– Toronto Western Hospital, Toronto, Ontario. Dr. Mavrikakis is a
Consultant Vitreoretinal Surgeon, Ophthalmology Department,
General Hospital of Athens “G. Gennimatas”, Athens, Greece.

References:
Rofagha S, Bhisitkul RB, Boyer DS, Sadda SR, Zhang K; SEVEN-UP Study Group.1.
Seven-year outcomes in ranibizumab-treated patients in ANCHOR, MARINA,
and HORIZON: a multicenter cohort study (SEVEN-UP). Ophthalmology.
2013;120(11):2292-2299. 
Bhisitkul RB, Boyer DS, Rofagha S, Sadda S. Fellow eye comparisons for 7-year2.
vision outcomes in ranibizumab-treated AMD subjects from ANCHOR, MARINA,
and HORIZON (SEVEN-UP study). Presented at the ASRS 32nd Annual Meeting.
San Diego (CA): August 9-13, 2014.
Sadda S MD, Tuomi L, Ding B, Hopkins JJ. Development of atrophy in neovascular3.
AMD treated with anti-VEGF therapy: results of the HARBOR Study. Presented at
AAO 2014 Subspecialty Day/Retina. Chicago (IL): October 17-18, 2014.
Tolentino M. Long-term follow-up of intravitreal aflibercept injection for neovas-4.
cular age-related macular degeneration after the VIEW 1 study. Presented at the
ASRS 32nd Annual Meeting. San Diego (CA): August 9-13, 2014.
Bressler S, Tanaka E, Bressler NM, Chaikitmongkol V. Vision-threatening lesions5.
developing during longer-term follow-up of anti-VEGF treatment of neovascular
age-related macular degeneration. Presented at the ASRS 32nd Annual Meeting.
San Diego (CA): August 9-13, 2014.
Jampol LM. Update on the DRCR studies. Presented at AAO 2014 Subspecialty6.
Day / Retina. Chicago (IL): October 17-18, 2014.
Pieramici DJ. Update on anti-VEGF trials for diabetic macular edema. Presented7.
at AAO 2014. Chicago (IL): October 18-21, 2014.
Brown DM, Stoilov I, Ehrlich JS, Zhang J, Basu, K. Ranibizumab PRN for diabetic8.
macular edema: long-term open-label extension of the Phase 3 RIDE and RISE
trials. Presented at the ASRS 32nd Annual Meeting. San Diego (CA): August 9-13,
2014.
Ip MS. What is the long-term effect of anti-VEGF treatment for diabetic retinopa-9.
thy? Presented at AAO 2014 Subspecialty Day/Retina. Chicago (IL): October 17-
18, 2014.
Nguyen QD, Brown DM, Marcus DM, et al; RISE and RIDE Research Group. Rani-10.
bizumab for diabetic macular edema: results from 2 Phase III randomized trials:
RISE and RIDE. Ophthalmology. 2012;119(4):789-801. 
Brown DM, Nguyen QD, Marcus DM, et al; RISE and RIDE Research Group.11.
Long-term outcomes of ranibizumab therapy for diabetic macular edema: the 36-
month results from two Phase III trials: RISE and RIDE. Ophthalmology.
2013;120(10):2013-2022. 
Elman MJ, Ding B, Stoilov I, Lu N. Open-label extension of the Phase 3 RIDE and12.
RISE trials—characteristics of DME patients associated with treatment frequency.
Presented at the ASRS 32nd Annual Meeting. San Diego (CA): August 9-13, 2014.
Wykoff CC, Ding B, Lu N, Stoilov I. Open-label extension of the RIDE and RISE13.
trials: association of diabetic macular edema patient characteristics with treatment
frequency. Presented at AAO 2014. Chicago (IL): October 18-21, 2014. Abstract
PA079.

Ophthalmology
Scientific Update

to continuously produce a soluble VEGF receptor fusion protein
for the treatment of wet AMD. This product is undergoing dose-
escalation studies.

It has also been observed that prolonged anti-VEGF treat-
ment may lead to resistance. One of the proposed mechanisms
of resistance to anti-VEGF agents involves stimulation of peri-
cytes with platelet-derived growth factor (PDGF) to form a pro-
tective anti-VEGF barrier around the neovascular complex.47

Conversely, blocking PDGF leads to pericyte stripping, which in
turn increases sensitivity of endothelial cells to anti-VEGF. In
addition, PDGF may be associated with the development of
fibrosis, which contributes to vision loss in AMD. These findings
led to investigations of combining anti-PDGF with anti-VEGF in
the treatment of wet AMD. The results of a Phase 2b trial
(N=449 patients) that assessed the safety and efficacy of a PDGF
inhibitor (0.5 mg and 1.5 mg) in combination with ranibizumab
(0.5 mg) compared to ranibizumab monotherapy demonstrated
the superiority of the 1.5 mg combination therapy over ranibi-
zumab monotherapy at 24 weeks (+10.6 versus +6.5 letters;
P=0.019).48 A subanalysis of the study by Chakravarthy et al49

assessed the severity of fibrosis (graded on a 0–4 categorical
scale) in eyes treated with combination therapy (n=33) versus
ranibizumab monotherapy (n=37). At week 24, 27% of eyes
receiving combination therapy and 54% treated with ranibizu-
mab monotherapy experienced a ≥2 step worsening of fibrosis.
Fibrosis developed in more than half (51%) of monotherapy and
10% of combination therapy eyes that had no fibrosis at baseline
(Table 3).

Conclusion

These recent annual meetings of the ASRS and AAO pro-
vided more extensive evidence that the long-term benefits of
anti-VEGF therapy outweigh potential risks in the prevention of
vision loss secondary to CNV and non-CNV related retinal con-
ditions. The findings presented at these meetings reflect the
steady progress in improving the selection of appropriate agent
and treatment schedule to maximize effectiveness and safety. The
growing body of real-world studies underlines the results of clin-
ical trials while at the same time highlighting the underuse of
anti-VEGF agents. New treatment delivery methods involving
genomics and ECT offer promise toward more efficient and less
disruptive management.
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a % without any fibrosis at baseline developing fibrosis at week 24; b % with 2-step increase in fibrosis from baseline to week 24

Table 3: Change in severity of fibrosis with anti-PDGF / anti-VEGF combination versus ranibizumab monotherapy48

Severity of fibrosis
(sum of absolute grades)

Severity of fibrosis
(mean value - grades)

Development
of fibrosisa

Progression of fibrosis

Group Baseline Week 24 Difference Baseline Week 24 Difference
Number of
patients

% developing
fibrosis

Combination
therapy (n=33)

21 53 32 0.63 1.6 0.97 0.1 9 0.27

Monotherapy
(n=37)

10 84 74 0.27 2.27 2 0.51 20 0.54



230-016E

Boyer DS. High-dose ranibizumab for diabetic macular edema: month 24 out-14.
comes of the READ-3 study (Ranibizumab for Edema of the Macula in Diabetes,
Protocol 3). Presented at AAO 2014. Chicago (IL): October 18-21, 2014. Abstract
PA078.
Nguyen QD. Two-year outcomes of the VISTA/VIVID trials of intravitreal afliber-15.
cept injection in diabetic macular edema. Presented at AAO 2014. Chicago (IL):
October 18-21, 2014. Abstract PA083.
Boyer DS. Intravitreal aflibercept injection in patients with prior therapy for dia-16.
betic macular edema: outcomes from VISTA. Presented at AAO 2014. Chicago
(IL): October 18-21, 2014. Abstract PA084.
Rosenfeld PJ. Wet AMD treatment: risks and benefits of the 3 anti-VEGF medi-17.
cines. Presentation at AAO 2014. Chicago (IL): October 18-21, 2014. Event
SYM06. 
Major JC. Systematic review of safety across the Phase 2 and 3 clinical trials of18.
intravitreal aflibercept injection. Presented at the ASRS 32nd Annual Meeting. San
Diego (CA): August 9-13, 2014.
Zarbin MA, Bezlyak V, Margaron P. Ranibizumab in diabetic macular edema:19.
review of arterial thromboembolic events from controlled clinical trials. Presented
at AAO 2014. Chicago (IL): October 18-21, 2014. Abstract PA088.
Fine HF, Roth DB, Wheatley HM, Shah SP. Frequency and management of20.
intraocular inflammation following aflibercept injection. Presented at the ASRS
32nd Annual Meeting. San Diego (CA): August 9-13, 2014.
Khanani AM, Cohen G, Zawadzki R. Evaluation of intraocular inflammation and21.
pain post intravitreal injection of ranibizumab or aflibercept: the PLANET study.
Presented at the ASRS 32nd Annual Meeting. San Diego (CA): August 9-13, 2014.
Kiss S, Turpcu A, Huang AS, et al. The pattern of anti-VEGF use in neovascular22.
age-related macular degeneration and diabetic macular edema: a US claims analy-
sis. Presented at the ASRS 32nd Annual Meeting. San Diego (CA): August 9-13,
2014.
Holekamp N, Almony A, Cole AL, et al. Real-world vision outcomes in DME23.
treated with anti-VEGF injections – an analysis of EMR data from a large US
health system. Presented at the ASRS 32nd Annual Meeting. San Diego (CA):
August 9-13, 2014.
Mitchell P. LUMINOUS study. Presented at AAO 2014 Subspecialty Day / Retina.24.
Chicago (IL): October 17-18, 2014.
Peden MC, Suner IJ, Hammer ME, Grizzard WS. Long-term visual outcomes in25.
patients receiving continuous, fixed-interval dosing of anti-VEGF agents for wet
age-related macular degeneration. Presented at the ASRS 32nd Annual Meeting.
San Diego (CA): August 9-13, 2014.
Regillo CD, Ho AC, Rayess N, Gupta OP, Houston SKS. Long-term treatment out-26.
comes for neovascular age-related macular degeneration using a treat-and-extend
regimen. Presented at the ASRS 32nd Annual Meeting. San Diego (CA): August 9-
13, 2014.
Yee DSC, Apte RS, Eck TW. A systematic review (meta-analysis) of PRN vs treat-27.
and-extend anti-VEGF regimens for neovascular AMD. Presented at the ASRS
32nd Annual Meeting. San Diego (CA): August 9-13, 2014.
Eichenbaum DA, Billiris Findlay KK, Cohen SM. One-year results from a prospec-28.
tive study of ranibizumab for DME: monthly vs treat-and-extend. Presented at the
ASRS 32nd Annual Meeting. San Diego (CA): August 9-13, 2014.
Houston SS, Ho AC, Regillo CD, Cohen MN, Rayess N. Influence of vitreomacu-29.
lar interface on anti-VEGF therapy using treat-and-extend treatment protocol for
age-related macular degeneration. Presented at the ASRS 32nd Annual Meeting.
San Diego (CA): August 9-13, 2014.
Campochiaro PA, Sophie R, Pearlman J, Brown DM, Boyer DS; RETAIN Study30.
Group. Long-term outcomes in patients with retinal vein occlusion treated with
ranibizumab: the RETAIN study. Ophthalmology. 2014;121(1):209-219. 
Campochiaro PA, Brown DM, Awh CC, et al. Sustained benefits from ranibizumab31.
for macular edema following central retinal vein occlusion: twelvemonth outcomes
of a Phase III study. Ophthalmology. 2011;118(10):2041-2049.
Campochiaro PA, Heier JS, Feiner L, et al. Ranibizumab for macular edema fol-32.
lowing branch retinal vein occlusion: six-month primary end point results of a
Phase III study. Ophthalmology. 2010;117(6):1102-1112.
Brown DM, Campochiaro PA, Bhisitkul RB et al. Sustained benefits from ranibi-33.
zumab for macular edema following branch retinal vein occlusion: twelve-month
outcomes of a Phase III study. Ophthalmology. 2011;118(8):1594-1602.
Brown DM, Campochiaro PA, Singh RP, et al. Ranibizumab for macular edema fol-34.
lowing branch retinal vein occlusion: six-month primary end point results of a
Phase III study. Ophthalmology. 2010;117(6):1124-1133.
Heier JS, Campochiaro PA, Yau L, et al. Ranibizumab for macular edema due to35.
branch retinal vein occlusion: long-term follow-up in the HORIZON trial. Oph-
thalmology. 2012;119(4):802-809.

© 2015 Department of Ophthalmology and Vision Sciences, Faculty of Medicine, University of Toronto, which is solely responsible for the contents. Publisher: SNELL Medical Communication Inc. in cooperation
with the Department of Ophthalmology and Vision Sciences, Faculty of Medicine, University of Toronto. ™Ophthalmology Scientific Update is a Trade Mark of SNELL Medical Communication Inc. All rights reserved.
The administration of any therapies discussed or referred to in Ophthalmology Scientific Update should always be consistent with the approved prescribing information in Canada. SNELL Medical Communication Inc.
is committed to the development of superior Continuing Medical Education.

SNELL Medical Communication acknowledges that it has received
educational funding from Novartis Pharmaceuticals Canada Inc.
to support the  distribution of this issue of Ophthalmology  Scientific
Update. Acceptance of this funding was conditional upon the spon-
sors’ acceptance of the policy established by the  Department of
 Ophthalmology and Vision  Sciences and SNELL Medical Communi-
cation guaranteeing the  educational integrity of the publication. This
policy ensures that the author and editor will at all times  exercise
unrestricted, rigorous,  scientific independence free of interference
from any other party. This publication may include discussion of
products or product indications that have not been granted
approval by Health Canada. This content is intended for medical,
scientific, and educational purposes only.

Mones JM. BRIGHTER and CRYSTAL studies. Presented at AAO 2014 Subspe-36.
cialty Day / Retina. Chicago (IL): October 17-18, 2014.
Campochiaro PA, Wykoff CC, Singer M, et al. Monthly versus as-needed ranibi-37.
zumab injections in patients with retinal vein occlusion: the SHORE study. Oph-
thalmology. 2014 Jul 21. [Epub ahead of print]
Kitchens JW, Sternberg G, Wang P. Effect of Intraretinal edema on BCVA gains in38.
patients with retinal vein occlusion receiving alternate ranibizumab dosing regi-
mens in the SHORE study. Presented at the ASRS 32nd Annual Meeting. San Diego
(CA): August 9-13, 2014.
Campochiaro PA. Intravitreal aflibercept injection for macular edema secondary39.
to branch retinal vein occlusion: results of the VIBRANT study. Presented at the
ASRS 32nd Annual Meeting. San Diego (CA): August 9-13, 2014.
Brown DM. Intravitreal aflibercept injection for macular edema due to branch40.
retinal vein occlusion: 52-week outcomes. Presented at AAO 2014. Chicago (IL):
October 18-21, 2014. Abstract PA091.
Tufail A, Narendran N, Patel PJ, et al. Ranibizumab in myopic choroidal neovas-41.
cularization: the 12-month results from the REPAIR study. Ophthalmology.
2013;120(9):1944-1945.
Wolf S, Balciuniene VJ2, Laganovska G3, et al. RADIANCE: a randomized con-42.
trolled study of ranibizumab in patients with choroidal neovascularization sec-
ondary to pathologic myopia. Ophthalmology. 2014;121(3):682-692.
Cheung GCM. The MYRROR Study: Efficacy and safety of intravitreal aflibercept43.
for choroidal neovascularization secondary to pathological myopia. Presented at
the ASRS 32nd Annual Meeting. San Diego (CA): August 9-13, 2014.
Lad EM, Hammill BG, Qualls LG, Wang F, Cousins SW, Curtis LH. Anti-VEGF44.
treatment patterns for neovascular age-related macular degeneration among
Medicare beneficiaries. Am J Ophthalmol. 2014;158(3):537-543.
Heier JS. Update on gene therapy for AMD. Presented at AAO 2014 Subspecialty45.
Day / Retina. Chicago (IL): October 17-18, 2014.
Boyer D. Update on encapsulated cell technology. Presented at AAO 2014 Sub-46.
specialty Day / Retina. Chicago (IL): October 17-18, 2014.
Reichel E. Update on anti-PDGF drugs for AMD. Presented at AAO 2014 Sub-47.
specialty Day / Retina. Chicago (IL): October 17-18, 2014.
Boyer D. A Phase 2b study of Fovista™, a platelet derived growth factor (PDGF)48.
inhibitor in combination with a vascular endothelial growth factor (VEGF)
inhibitor for neovascular age-related macular degeneration (AMD). Presented at
ARVO 2013. Seattle (WA): May 5–9, 2013. Abstract 2175.
Chakravarthy U, Jaffe GJ. Dual Antagonism of Platelet Derived Growth Factor49.
(Fovista 1.5 mg) and Vascular Endothelial Growth Factor (Lucentis 0.5 mg)
Results in Reduced Subretinal Fibrosis and Neovascular Growth. Presented at
AAO 2014. Chicago (IL): October 18-21, 2014. Abstract PA092.

The authors gratefully acknowledge the contribution of Radmila Day
in assisting with the drafting of this manuscript.

Dr. Lam has received research grants from Allergan, Novartis, and
Bayer, and participated in advisory boards for Alcon, Novartis, and
Bayer. Dr. Mavrikakis stated that he has no disclosures to report in
association with the contents of this issue. 


