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Management of macular edema due to
central retinal vein occlusion — The role
of aflibercept
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Abstract:

Central retinal vein occlusion (CRVO) can cause vision loss. The pathogenesis of CRVO involves a
thrombus formation leading to increased retinal capillary pressure, increased vascular permeability,
and possibly retinal neovascularization. Vision loss due to CRVO is commonly caused by macular
edema. Multiple treatment modalities have been used to treat macular edema. Currently, the most
common therapy used is intravitreal inhibition of vascular endothelial growth factor (VEGF). The three
most widely used agents are aflibercept, bevacizumab, and ranibizumab and they are effective at
blocking VEGF. In addition, intraocular steroids can be used to treat macular edema. This review will
briefly cover the treatment options and discuss in greater detail the efficacy and safety of aflibercept.
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Background

Central retinal vein occlusion (CRVO) is
a common cause of sight-threatening
retinal disease.!! The pathogenesis of CRVO
is believed to involve vascular endothelial
damage and compression of the retinal
vein, leading to thrombus formation.
This leads to increased retinal capillary
pressure, which causes transudation into the
extracellular space and macular edema.?’!
CRVO may be further divided into ischemic
or nonischemic subtypes, with the ischemic
subtype having worse visual outcomes.*!
In a recent natural history cohort study, the
baseline visual acuity was 20/100 or better
for 78% of patients with nonischemic CRVO,
while only 1% of patients with ischemic
CRVO achieved 20/100 or better. Final
visual acuity was 20/100 or better in 83%
of patients with nonischemic CRVO versus
only 12% of patients with ischemic CRVO.™!
Visual loss from CRVO is most commonly
caused by macular edema but may also be
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caused by macular ischemia, neovascular
glaucoma, retinal neovascularization, or
a combination of these complications.??!
Imaging from a patient with CRVOis shown
in Figure 1.

Globally, CRVO has a large impact
with an estimated 2.5 million affected
people.>®! Prevalence rates are similar
across the world, ranging between 0.3% and
2.1% in data collected from international
epidemiological studies.®”121 CRVO
prevalence rates do not significantly vary
with regard to race or gender. Increasing
age is the biggest risk factor for developing
CRVO, which is likely due to increased
arteriosclerosis and other systemic and
ocular risk factors.>#! Other risk factors for
developing CRVO include hypertension,
diabetes mellitus, atherosclerosis, high
cholesterol, thrombophilia, glaucoma,
and other inflammatory and autoimmune
conditions.!™!

An extensive laboratory workup for the cause
of the CRVO is usually not recommended
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because the majority of testing will not reveal a systemic
coagulopathy. However, in younger patients, especially
those with bilateral CRVO disease, a thrombophilic
workup is recommended." A workup including blood
pressure measurement for hypertension screening,
intraocular pressure (IOP) measurement to screen for
glaucoma, complete blood count with glucose to evaluate
if the patient is a diabetic, and a lipid panel to see if the
patient is hyperlipidemic is recommended in younger
patients under 56-year-old with CRVO. Further work up
with tests for thrombophilias such as homocysteinemia,
anticardiolipin antibodies, antiphospholipid antibodies,
activated protein C resistance, antithrombin III activity,
and proteins S and C can be investigated if the initial
workup is negative on a case by case basis.¥! Additional
testing may be performed to detect other systemic
disorders associated with CRVO including but not
limited to cardiovascular disease, cerebrovascular
disease, chronic obstructive pulmonary disease, lupus,
and blood dyscrasias.

Antivascular Endothelial Growth Factor
Agents in the Treatment of Central Retinal
Vein Occlusion

Vascular endothelial growth factor (VEGF) is a cytokine
produced by hypoxic cells to stimulate vascular
permeability and proliferation by binding to endothelial
cell receptors. This increased vascular permeability leads
to the development of macular edema in CRVO. The
development of macular edema may cause vision loss.
Anti-VEGF agents such as pegaptanib, bevacizumab,
ranibizumab, and aflibercept work by binding to
VEGEF to inhibit endothelial receptor binding. Figure 2
demonstrates the effectiveness of anti-VEGF agents in
decreasing macular edema.

Figure 1: Retinal imaging of central retinal vein occlusion. (a) The ultra-wide fundus
photograph shows numerous intraretinal hemorrhages and vascular tortuosity
consistent with central retinal vein occlusion. (b) The ocular coherence tomography
scan shows intraretinal edema with thickening in the central macula. (c-e) The
fluorescein angiogram progresses with time from left to right. The fluorescein
angiogram shows leakage to the macula, perivascular leakage in the periphery, and
shunt vessels due to old central retinal vein occlusion
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The CRUISE study was a double-masked, randomized,
controlled trial (RCT) evaluating the efficacy of
ranibizumab injections in treating CRVO compared to
sham injections." Participants were randomized to one
of three groups to receive monthly sham intraocular
injections or intraocular ranibizumab injections of 0.3 mg
or 0.5 mg. Significant statistical difference was observed
between the ranibizumab groups and the sham group
for those achieving 15-letter improvement in BCVA
at 7 days, 1 month, and 6 months. At 6 months, 46.2%
and 47.7% of participants in the 0.3 mg and 0.5 mg
ranibizumab groups, respectively, had achieved 15-letter
improvement in BCVA compared to only 16.9% of
participants in the sham group.!™®!

A recent meta-analysis of six RCTs described the
positive outcomes associated with anti-VEGF injections
compared to sham injections in patients with macular
edema secondary to CRVO [Table 1].B! These trials
include the GALILEO and COPERNICUS trials for
aflibercept, CRUISE and ROCC trials for ranibizumab,
the Epstein study for bevacizumab, and the Wroblewski
study for pegaptanib sodium.'*?"! This meta-analysis
showed that patients receiving anti-VEGF treatment
were 2.71 times more likely to gain 15 letters or more
of visual acuity after 6 months compared to patients
who were treated with sham injections.® The likelihood
of gaining 15 letters of visual acuity at 6 months did
not show a statistically significant difference among
the different anti-VEGF agents. However, aflibercept
had the highest rate of 15-letter improvement in visual
acuity. Nearly sixty percent (60.2%) of those receiving
aflibercept injections gained 15 letters."! Visual acuity
was largely maintained at 12 months using anti-VEGF
dosing as needed in the applicable studies.”! Similarly,
those who received anti-VEGF agents had a mean visual

Figure 2: Ocular coherence tomography changes with antivascular endothelial
growth factor treatment. (a) Central retinal thickness before antivascular endothelial
growth factor treatment. (b) Central retinal thickness after treatment with aflibercept

demonstrating significantly less macular edema
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acuity 15.23 letters higher than those receiving sham
injections at 6 months.”! These anti-VEGF agents not
only improved visual acuity but were also protective in
deterioration of visual acuity. The same meta-analysis
revealed that receiving intravitreal anti-VEGF treatment
was associated with an 80% lower risk of losing 15 letters
of visual acuity at 6 months."”! Anti-VEGF agents also
demonstrated the ability to decrease macular edema.
Anti-VEGF agents caused an average reduction of
267.4 pm in central retinal thickness (CRT) compared
to participants who received sham injections.?! The
positive outcomes from using anti-VEGF agents in the
treatment of CRVO comes with no increased risk of IOP
elevation or cataract progression. Anti-VEGF therapy
was associated with decreased risk of developing
iris or retinal neovascularization and neovascular
glaucoma compared to sham groups at 6 months.
Endophthalmitis, rhegmatogenous retinal detachment,
and retinal artery occlusion, which are all known
complications of intravitreal injections, occurred at
extremely low frequency in all the studies included
in the meta-analysis."**! No systemic adverse events
were identified in these studies at 6 months. Anti-VEGF
therapy for CRVO macular edema is effective at
improving and maintaining visual acuity with an
excellent safety profile.

Aflibercept in the Treatment of Central
Retinal Vein Occlusion

Aflibercept is a receptor fusion protein that includes the
second domain of human VEGF receptor 1 and the third
domain of VEGF receptor 2. These are fused to the Fc
domain of human immunoglobulin G1.* Aflibercept has
been designed to have a greater binding affinity for VEGF

than bevacizumab and ranibizumab and has shown this
ability in vitro.?>*! Aflibercept has been associated with
significant visual improvement for patients with CRVO
macular edema and the Food and Drug Administration
has been approved for this indication since September
2012. Two of the most important RCTs evaluating the
use of aflibercept for the treatment of CRVO macular
edema were the COPERNICUS and GALILEO studies.

In the COPERNICUS trial, patients with CRVO-related
macular edema with a BCVA between 20/40 and
20/320 (Early Treatment Diabetic Retinopathy
Study [ETDRS] 73-24 letters) and a CRT of =250 um
were randomized into two groups. The first group
received a 2.0 mg intravitreal injection of aflibercept
every 4 weeks for 24 weeks, while the second group to
receive a sham injection at the same time intervals.?
From weeks 24 to 52, all the patients were evaluated
monthly and received an intravitreal aflibercept
injection if they had a >50 um CRT increase from
their lowest previous measurement, persistent diffuse
edema =250 um, new or persistent cystic retinal
changes or subretinal fluid, or a loss of =5 letters in
BCVA. All the patients were evaluated at a minimum
interval of 3 months from weeks 52 to 100 to assess the
need for intravitreal aflibercept injections based on the
same criteria.?!

The GALILEO trial enrolled patients with CRVO-related
macular edema with the same visual acuity and CRT
requirements in the COPERNICUS trial. Patients were
randomized to the treatment group, which received a
2.0 mg intravitreal injection of aflibercept every 4 weeks
for 20 weeks, or the sham group, which received a sham
injection at the same interval.®! From weeks 24 to 48,
patients in the aflibercept group received another 2.0 mg

Table 1: Comparison of antivascular endothelial growth factor agents in the treatment of central retinal vein

occlusion?
Study Treatment groups BCVA gain of BCVA loss of Mean BCVA Mean change
>15 letters >15 letters change (letters) in CRT (pm)
GALILEO 2013 Aflibercept 2.0 mg (n=106) 60.2% (62/103) Not reported +18.0 -448.6
Sham (n=71) 22.1% (15/68) Not reported +3.3 -169.3
Copernicus 2012 Aflibercept 2.0 mg (n=114) 56.1% (64/114) 1.8% (2/114) +17.3 -457.2
Sham (n=74) 12.3% (9/73) 27.4% (20/73) -4.0 -144.8
CRUISE 2010 Ranibizumab 0.3 mg (n=132) 46.2% (61/132) 3.8% (5/132) +12.7 -433.7
Ranibizumab 0.5 mg (n=130) 47.7% (62/130) 1.5% (2/130) +14.9 -452.3
Sham (n=130) 16.9% (22/130) 15.4% (20/130) +0.8 -167.0
ROCC 2010 Ranibizumab 0.5 mg (n=16) 53.3% (8/15) 13.3% (2/15) +12.0 -304.0
Sham (n=16) 14.3% (2/14) 4/14 (28.6%) -1.0 -151.0
Epstein 2012 Bevacizumab 1.25 mg (n=30) 60.0% (18/30) 6.7% (2/30) +14.1 -426.0
Sham (n=30) 20.0% (6/30) 23.3% (7/30) -2.0 -102.0
Wroblewski 2009 Pegaptanib sodium 0.3 mg (n=33) 36.4% (12/33) 9.1% (3/33) +7.1 -243.0
Pegaptanib sodium 1.0 mg (n=33) 39.4% (13/33) 6.1% (2/33) +9.9 -179.0
Sham (n=32) 28.1% (9/32) 31.2% (10/32) -3.2 -148.0

2Data reported at 6-month follow-up visit for each study. VEGF = Vascular endothelial growth factor, CRVO = Central retinal vein occlusion,

BCVA = Best-corrected visual acuity, CRT = Central retinal thickness
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injection of aflibercept if they met the same criteria in the
COPERNICUS trial, while the sham group participants
continued to receive sham injections. From weeks
52 to 68, all patients were evaluated every 8 weeks and
received an intravitreal aflibercept injection if they met
the specified criteria.[%!

After 6 months, 56.1% of patients who received aflibercept
injections had a 15-letter increase in visual acuity versus
12.3% receiving sham injections in the COPERNICUS
study.™ About 60.2% of patients receiving aflibercept
injections had at 15-letter improvement compared to
22.1% of participants receiving sham injections in the
GALILEO study." Combined, 58.1% of participants
in these studies had a 15-letter increase in visual acuity
after receiving aflibercept injections, and participants
receiving aflibercept were 3.37 times more likely to have
a 15-letter increase in visual acuity compared to those
who receive sham injections.

After the 6-month primary endpoint, the GALILEO
and COPERNICUS trials continued to show promising
results for treatment of CRVO macular edema with
aflibercept. At week 52, 55.3% of participants in the
original aflibercept group had gained =15 letters
of visual acuity, and 49.1% of the participants in the
aflibercept had achieved this increase in visual acuity at
100 weeks while adhering to study protocol."”! Similarly,
60.2% of participants in the aflibercept group of the
GALILEO study had gained =15 letters of visual acuity
compared to 32.4% in the original sham group at week 52.
By 76 weeks, 57.3% of the aflibercept group participants
had achieved this increase in visual acuity compared to
29.4% of participants in the sham group.!'?!

The findings of the COPERNICUS and GALILEO trials
suggest that patients with CRVO-related macular edema
may benefit from early aflibercept injections following
the initial event. Visual outcomes were best in the groups
that initially received aflibercept injections rather than
the groups that initially received sham injections and
then received aflibercept as needed many weeks later.
Intravitreal aflibercept was generally well tolerated,
with the most common adverse events being those
typically associated with intravitreal injections or events
related to the progression of underlying CRVO. When
the intervals between treatments were increased in
both trials, decreased visual and anatomic gains were
observed. This suggests that the treatment interval may
be extended after the initiation of treatment, but the
monitoring and treatment intervals should be chosen
carefully based on clinician discretion."*! No significant
difference in the rate of adverse events was noted
between the aflibercept groups and sham groups for
both trials.'"*!”! The results of the COPERNICUS and
GALILEO trials suggest that early, regular intravitreal
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aflibercept injections are effective at improving visual
and anatomic outcomes in patients with CRVO-related
macular edema.

Recently, the results from the The Study of Comparative
Treatments for Retinal Vein Occlusion 2 trial (SCORE 2)
trial demonstrated that intravitreal bevacizumab was non-
inferior to intravitreal aflibercept with respect to visual
acuity outcomes in patients who had macular edema
from CRVO or hemiretinal vein occlusion. Patients were
randomized 1:1 to receive either intravitreal aflibercept (2
mg) or intravitreal bevacizumab (1.25 mg) every 4 weeks
for 6 months. In the SCORE2 trial, mean visual acuity letter
score improved over 6 months from 50.3 to 69.3 in patients
treated with bevacizumab and from 50.4 to 69.3 in patients
treated with aflibercept (P = 0.001 for non-inferiority). In
addition, there were no significant differences in adverse
events between the two treatment groups.

A Possible Role for Switching Antivascular
Endothelial Growth Factor Agents

There is limited data on how to treat eyes with persistent
macular edema and a suboptimal response to a particular
anti-VEGF agent. Currently, retina specialists do not
have a consensus definition of a suboptimal responder.
Multiple retrospective studies have indicated that
aflibercept may be an effective agent in treating
CRVO refractory to other anti-VEGF agents. Eadie
et al. described a review of six patients who received
a minimum of 10 monthly intravitreal ranibizumab
or bevacizumab injections and were transitioned to
intravitreal aflibercept every 4-6 weeks for refractory
macular edema.® All of the patients had improvement
in their macular edema with a mean decrease in central
optical coherence tomography thickness of 316 um
at 1 month and 290 um at 3 months. Three of the six
patients had lasting modest VA improvement, while
four of the six had subjective visual improvement.®!
Similarly, Lehmann-Clarke et al. reported a retrospective
series of six patients with CRVO who were switched
to aflibercept for persistent macular edema after a
minimum of 6 monthly ranibizumab injections. These
patients had a mean improvement of 9.2 ETDRS letters
and a mean decreased central macular thickness of 248.0
um after switching to monthly intravitreal aflibercept.*!

In a retrospective study by Pfau et al., 13 patients had 48
months of persistent macular edema due to CRVO despite
treatment with ranibizumab and / or bevacizumab. These
eyes were switched to treatment with aflibercept.*”!
After 1 year of aflibercept treatment, the mean injection
interval increased by 0.51 months, and the relapse-free
interval increased by 3.02 weeks. The mean ETDRS score
increased from 66.15 to 76.54 letters, and the mean CRT
decreased by 195.84 um.*! Another retrospective study
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was performed by Papakostas et al. who evaluated
the efficacy of aflibercept injections in 42 eyes from
42 patients with CRVO-related macular edema refractory
to treatment with ranibizumab and/or bevacizumab.
Median visual acuity before aflibercept treatment was
20/126. One month after switching to aflibercept, acuity
was 20/89, and acuity was 20/100 at the end of the
follow-up period, which averaged 14 months.” Median
CRT before aflibercept was 536 um, 293.5 pm at 1 month
after the first aflibercept injection, and 279 pm at the
end of the follow-up period. These results are limited
by their retrospective nature and possible recall bias.
It is possible that aflibercept may improve visual acuity
and anatomy of patients with CRVO-related macular
edema that is not responsive to intravitreal injections of
bevacizumab and/or ranibizumab. In addition, some
clinicians suggest adding intravitreal steroids in eyes
with a suboptimal response to aflibercept, ranibizumab,
or bevacizumab.®*! Prospective studies are necessary
to determine how to best manage eyes with recalcitrant
macular edema secondary to CRVO who have had a
suboptimal response to anti-VEGF agents.

Other Treatment Options for Central
Retinal Vein Occlusion

Laser-induced chorioretinal venous anastomosis
Moderate efficacy was demonstrated in a small,
randomized RCT comparing laser-induced chorioretinal
venous anastomosis to sham treatment in adults with
nonischemic CRVO macular edema.F"! Efficacy was
highest in the 76% of patients who developed a functional
anastomosis. However, 9% of patients required
vitrectomy for macular traction or nonresolving vitreous
hemorrhage, and 18% in the treatment arm developed
neovascularization at the treatment site.”"! Currently, this
type of laser procedure is not commonly used because
there are more effective pharmacologic agents available.

Surgically induced chorioretinal venous
anastomosis

A non-RCT comparing surgically induced chorioretinal
venous anastomosis to controls for treatment of patients
with ischemic CRVO demonstrated improvement of VA
in 80% of patients undergoing surgery compared to 28% of
the controls after 8 months.®™ The mean improvement of
VA at 8 months was 1.5 logM AR units more in the surgical
group than the controls, and all the patients had at least
one successful shunt formation. Despite these positive
results, three of the ten surgical patients developed
significant side effects, including cataract formation,
retinal detachment, and vitreous cavity hemorrhage.*”

Radial optic neurotomy
RON involves a radial incision through the cribriform
plate, scleral rim, and adjacent sclera to relax the scleral
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outlet and was first proposed by Opremcak et al.® Its
efficacy has been demonstrated in multiple studies.
A recent meta-analysis evaluated 200 patients from
five studies and found there was no improvement in
VA at 6 months for those receiving RON compared
to controls, but those receiving RON had significantly
improved VA at 12 months compared to controls.
Those who had received RON had a pooled risk ratio
of 2.27 for improvement of =3 lines of logMAR scale
after 12 months when compared to controls.* RON
also demonstrated the ability to decrease the risk of
neovascular glaucoma and had similar rates of retinal
detachment and vitreous hemorrhage compared to
control groups.!

Corticosteroids

Intravitreal corticosteroids are a treatment option for
CRVO. The “Standard Care versus Corticosteroid for
Retinal Vein Occlusion” trial was a randomized clinical
trial which treated individuals with nonischemic
CRVO macular edema with 1 mg of 4 mg of intravitreal
triamcinolone injections every 4 months compared to
observation alone. At 12 months, those eyes treated
with either dose of triamcinolone were five times more
likely to have a 15-letter gain in visual acuity compared
to the control group.® About 26.5% of participants
who received 1 mg triamcinolone injections achieved
a 15-letter improvement in best-corrected visual
acuity (BCVA) at 12 months, while 25.6% of participants
in the 4 mg injection group achieved this improvement.
Only 6.8% of those in the observation group had
a 15-letter improvement in BCVA at 12 months.?!
However, the participants who received triamcinolone
injections were also more likely to require IOP-lowering
treatment and have new development or progression
of cataract.” In the 1 mg injection group, 16.3% of
individuals had =10 mm Hg elevation in IOP and
5.4% had =35 mm Hg elevation in IOP. In the 4 mg
injection group, 26.4% of participants had =10 mm Hg
IOP elevation and 8.8% had =35 mm Hg IOP elevation.
Control group participants were less likely to develop
elevated IOP with only 2.3% developing =10 mm Hg
elevation in IOP and 1.1% developing =35 mm Hg IOP
elevation.!

The GENEVA trial compared a single dexamethasone
implant injection at a dose of 0.35 mg or 0.7 mg to a
sham implant for participants with nonischemic BRVO
or CRVO macular edema. Participants receiving the
dexamethasone implant had increased visual acuity
at 30 and 60 days, but not at 90 or 180 days.’*! At day
180, 41% of participants in the 0.7 mg implant group
achieved 15-letter improvement in BCVA compared
to 40% and 23% in the 0.35 mg implant and sham
implant groups, respectively.*! There was also a higher
incidence of ocular hypertension (4% vs. 0.7%, P < 0.002),
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requirement for IOP-lowering medication (24% in the
steroid group), and procedural treatment for elevated
IOP among the patients who received dexamethasone
implants. These participants also had increased anterior
chamber activity compared to the sham group.! In an
additional continuation study for the dexamethasone
implant, patients who received a 0.7 mg dexamethasone
implant had increased visual acuity at 60 days but no
evidence of sustained visual acuity gain at 12 months."”!
Participants who received the dexamethasone implant
also had increased progression of cataracts (29.8% in the
retreated 0.7 mg group), increased incidence of elevated
IOP (32.8% of patients in the 0.7 mg group), and more
individuals requiring IOP-lowering medications and
procedures than those who received a sham implant.*”!
A recent retrospective study has also demonstrated
that dexamethasone intravitreal implants are not
only effective as a first-line agent for CRVO-related
macular edema but also for refractory cases as well.l*®!
Corticosteroid treatments have demonstrated the ability
to improve visual acuity in the short-term and have
proven, especially useful in pseudophakic patients or
patient who do not experience significant IOP elevation
with local steroid use. They are a useful option for the
treatment of macular edema due to retinal vein occlusion.

Conclusion

Intravitreal VEGF blockade is a standard treatment for
macular edema due to CRVO. Intravitreal aflibercept is
an effective and safe treatment option. Level 1 medical
evidence has demonstrated that aflibercept can improve
vision and reduce retinal thickening in eyes with macular
edema and CRVO.
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