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Abstract
Background/objectives: To evaluate the safety and efficacy of aflibercept in eyes with persistent
diabetic macular edema (DME) after treatment with bevacizumab and/or ranibizumab.
Subjects/methods: Open-label, prospective study of intravitreal aflibercept injection in eyes with
persistent DME after chronic, recent, and frequent bevacizumab and/or ranibizumab.
Results: Thirty eyes were enrolled. Mean change in best corrected visual acuity (BCVA) from
baseline to 52 weeks was +7 letters. The mean change in optical coherence tomography (OCT) central
subfield thickness (CST) from baseline to 52 weeks was -118 um. At week 52, 70% of eyes with a
baseline CST>350 um demonstrated>15% reduction in OCT CST. Forty-eight percent of eyes
demonstrated no OCT evidence for DME at last visit. OCT-angiography demonstrated vascular density
improvement in the deep capillary plexus. No significant ocular adverse events were observed.
Conclusion: Aflibercept demonstrated beneficial visual and anatomic outcomes in patients with persistent
DME following bevacizumab and/or ranibizumab.
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Introduction
The Diabetic Retinopathy Clinical Research (DRCR) Retina
Network Protocol T compared ranibizumab, aflibercept, and
bevacizumab in center-involved diabetic macular edema
(DME) eyes [1,2]. One-year results showed aflibercept
displaying a statistically significant greater visual acuity (VA)
improvement compared to ranibizumab or bevacizumab for
eyes with a worse baseline VA. The two-year results showed
aflibercept maintained continued superior VA improvement
compared to bevacizumab but not compared to ranibizumab [2].
All three anti-vascular endothelial growth factor (VEGF) drugs
demonstrated similar rates of VA improvement at 1- and 2-year
follow-up for eyes with better baseline VA. At one year, DRCR
Protocol T demonstrated greater optical coherence tomography
(OCT) thinning with aflibercept and ranibizumab compared to
bevacizumab for DME [1,2].
Approximately 40% of eyes demonstrate persistent DME after
6 months of anti-VEGF therapy despite significant VA gains.
While a significant proportion (60%) of eyes with persistent
DME after 6 months of anti-VEGF demonstrate DME resolution
at 3 years with continued use of the same anti-VEGF agent,
clinicians are frequently faced with the clinical dilemma of
determining the optimal therapy for persistent DME after antiVEGF treatment [3]. Due to its low cost, bevacizumab remains
the most frequently used anti-VEGF drug for DME eyes, despite
studies showing superior outcomes with aflibercept in eyes with
worse baseline VA [1,2]. Thus, a common clinical scenario of
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persistent DME after bevacizumab remains with therapeutic
options that include continuing bevacizumab, switching to a
different anti-VEGF agent such as aflibercept or ranibizumab,
or adding or switching to macular laser or steroid therapy [410].
Major DME trials that have required lengthy washout periods
may not adequately represent the frequent clinical scenario
where switching to a different anti-VEGF agent is considered
[1,2,4-6,11]. There is limited prospective data which evaluates
visual and anatomic outcomes in eyes with persistent DME
after recent and frequent anti-VEGF therapy [3,12-17].
Retrospective [18-21] and prospective [12,13,15,16,22]
studies evaluating switching to aflibercept or to ranibizumab
for persistent DME after previous bevacizumab demonstrate
improvement in letter scores and OCT thickness. Despite
limitations including absence of control or comparison groups
and potential improvements with switching agents representing
regression to the mean, clinicians remain frequently confronted
with this clinical dilemma. Given DRCR Protocol T findings of
greater OCT thinning and superior 1-year visual gains and less
frequent dosing recommendations, switching to aflibercept is
often considered for persistent DME after previous anti-VEGF
therapy. We prospectively evaluated the safety and efficacy of
2.0 mg aflibercept for persistent DME after frequent, recent, and
chronic ranibizumab and bevacizumab injections.

Materials and Methods
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label, single-center, and interventional clinical trial studying
intravitreally administered 2.0 mg aflibercept in subjects with
persistent DME after chronic, recent, and frequent bevacizumab
and/or ranibizumab. Eligible subjects were identified and
provided with a copy of informed consent prior to study entry.
Informed consent documentation and relevant supporting
information were submitted and approved by the
institutional review board/executive committee (IRB/EC)
(IRB#NCT03340610) prior to study initiation the study was
conducted in accordance with the FDA, applicable local and
national health authorities, and IRB/EC requirements.

Study Population
The ROTATE trial evaluated ranibizumab for persistent DME
after bevacizumab and included 30 eyes [16]. Initially, the
current trial only included eyes with central-involved
persistent DME and a documented history of ROTATE
study completion. Only five ROTATE eyes met inclusion
criteria. Therefore, the inclusion criteria were amended with
IRB approval to include patients with persistent DME after
treatment with bevacizumab and/or ranibizumab. Due to the
protocol amendment, the 5 ROTATE trial patients enrolled
in the current trial finished their visit schedule on week 48
rather than week 52 and were scheduled to receive 8
mandatory aflibercept injections rather than 9. Thirty eyes
from subjects over 18 years of age and type 1 or 2 diabetes
mellitus were enrolled (including 5 ROTATE trial eyes) [16].
Key inclusion and exclusion criteria are summarized in Table 1.

Study design
Treatment and visit schedule are summarized in Figures 1 and
Table 1. Key inclusion and exclusion criteria.
Inclusion criteria
Persistent Clinical DME
BCVA of ≤ 80 and ≥ 20 letters
(20/25 to 20/400)
OCT CST for Males: >305 um,
Females: >290 um
2 Bevacizumab and/or
Ranibizumab injections within 3
Months of Enrollment
At least 6 Bevacizumab and/or
Ranibizumab injections within 9
Months of Enrollment

Exclusion criteria
Macular Edema from a cause other
than DME
History of PRP within 3 months of
enrollment (or anticipated need for
PRP)
Intraocular surgery within 90 days of
baseline
History of YAG capsulotomy within
1 month of enrollment
Women who are pregnant, breastfeeding, or attempting to become
pregnant

2. One study eye per patient was enrolled. Study eyes received
aflibercept per the label recommendations with 5 required
initial monthly intravitreal aflibercept injections (IAI) of
2.0 mg followed by 2.0 mg q8weeks IAI for a total of 48/52
weeks. Starting at week 20, patients were eligible to receive an
additional 2.0 mg IAI (q4weeks) if there was a loss of >5 letters
from baseline or best previously recorded best corrected visual
acuity (BCVA), and presence of new or recurrent intraretinal
fluid or subretinal fluid as assessed by spectral domain (SD)
OCT and the investigator felt the patient would benefit from
additional IAI q4week. Starting at week 24, rescue therapy with
macular laser photocoagulation was available. Early Treatment
Diabetic Retinopathy Study (ETDRS) charts at 4 meters
were used to measure BCVA and the Heidelberg Spectralis
SD OCT measured central subfield thickness (CST) every 4
weeks. Fundus photography and wide-field Optos fluorescein
angiography (FA) was performed at baseline, weeks 20 and
48/52.
For subjects (n=25) participating in the OCT angiography substudy, Optovue OCT angiography (OCT-A) was performed at
baseline, weeks 20 and 48/52 using a commercial 70-kHz SD
OCT system (RTVue XR, Optovue). Two 3 × 3 mm scans, with
a depth of 2 mm centered at the fovea were obtained (software
version V2016.2.0.35). The optical resolution in retina is 15
um and 5 um on transverse and axial directions, respectively.
The digital sampling interval is 15 × 15 × 3 um3/voxel. Two
registered scans, x-fast and y-fast, were combined to form a
single volume to reduce motion artifacts. Secondary outcomes
utilizing FA and fundus photographs were graded by a single
unmasked investigator (DM).

Outcome measurements
Primary outcomes: The primary outcome was the proportion
of eyes with baseline SD OCT CST>350 um demonstrating>15%
reduction OCT CST at week 52 from baseline and the proportion
of eyes demonstrating SD OCT CST<305 um (males) and 290
um (females) at week 52 compared to baseline.
Secondary outcomes: Secondary outcomes included mean
BCVA letter score and change from baseline, mean SD OCT
CST thickness from baseline, proportion of eyes with absence
of FA macular leakage at 52 weeks, proportion of eyes with
unchanged, worsened, improved, or indeterminate FA macular
leakage compared to baseline at week 20 and week 52, and
proportion of eyes with unchanged, worsened, improved, or

Figure 1. Treatment schedule. This figure outlines the treatment schedule for this trial. Mandatory intravitreal injections of 2.0mg aflibercept were given at
the first five visits, and then again at week 24, week 32, week 40, and week 48. Starting at week 20, patients were eligible to receive PRN injections at the
discretion of the investigator.
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Figure 2. Visit schedule. This figure outlines the visit schedule for this trial. Ophthalmic exams, BCVA, and SD OCT were performed at each visit. OCTAngiography was performed at screening, week 20, week 48, and week 52. Fluorescein Angiography and Fundus Photography were performed at screening,
week 20, and week 52.

indeterminate fundus photographic DME appearance compared
to baseline at week 20 and week 52.
Statistical analysis: In the OCT-A substudy, a paired, twotailed t-test was used to compare average vessel density of the
superficial capillary plexus (SCP) and deep capillary plexus
(DCP), and average foveal avascular zone (FAZ). A p-value
below 0.05 was considered significant.

Results/Observations
Study participants
Thirty eyes from 30 subjects (17 male, 13 females; 15 Caucasian,
15 African-American; average age 63) were enrolled. Baseline
demographics are summarized in Table 2. Twenty-seven of 30
eyes completed their last visit.

Safety
No significant ocular events such as endophthalmitis or retinal
detachment occurred in any study eye. Ocular and systemic AEs
are presented in Table 3.

Treatment burden
Injection burden is presented in Table 4. All subjects received
required monthly injections for the first 5 study visits (screen,
week 4, week 8, week 12, week 16) with the exception of three
subjects-totaling three missed required visits/injections. Three
missed visits occurred in week 52 from three subjects. The
average number of IAI from baseline to week 24, week 24 to
week 52, and baseline to week 52 were 5.3 (range: 5-7), 3.6
(range: 1-6) and 9 (range: 5-11) respectively.

SD OCT CST outcomes
OCT outcomes are presented in Table 5 and Figure 3. At week
48/52, 70% (14/20) of eyes with a baseline CST>350 um
demonstrated>15% reduction in CST. At week 48/52, 59%
(16/27 eyes) of eyes demonstrated>15% decrease in CST
thickness compared to baseline. Mean baseline OCT CST was
459 um. At weeks 24 and 48/52, the mean overall change from
baseline in CST was -54 um and -118 um, respectively.
155

Table 2. Baseline demographics.
Baseline demographics (n=30 eyes)
Gender (male/female)
Race (Caucasian/African American)
Age
Insulin Dependency (Independent/
Dependent)
Diabetic Retinopathy (Proliferative/
Non-Proliferative)
Average Anti-VEGF Injections
Received Prior to Baseline

17/13
15/15
63 (range: 43-85)
13/17
11/19
14.5 (range: 6-48)
64 letters (20/50)
(range: 36-83) (20/25 to 20/200)
459um (range: 310-721um)
7

Baseline Visual Acuity

Baseline OCT CST
Eyes with prior macular laser
Eyes with prior panretinal
9
photocoagulation (PRP)
OCT: Optical Coherence Tomography; CST: Central Subfield Thickness
Table 3. Adverse events.
Adverse events through 52 weeks
Cancer
Common Cold/ Influenza/Sinus Infection/Upper
Respiratory Infection
Cardiovascular Events
Bladder Infection
Hernia
Blepharitis
Subconjunctival Hemorrhage
Cataract Extraction
YAG laser capsulotomy
Trace Epiretinal Membrane
Blurry vision
Kidney/Liver Conditions
Neurotoxicity
Sepsis
Volume Overload
Death

Overall
(n=30)
2/30
9/30
2/30
2/30
3/30
1/30
2/30
1/30
1/30
1/30
1/30
6/30
1/30
1/30
1/30
1/30

Visual acuity outcomes
VA outcomes are presented in Table 6 and Figure 4. At baseline,
mean BCVA was 64 ETDRS letters. At week 24 and week
J Clin Ophthalmol. 2019 Volume 3 Issue 2
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48/52, the mean overall change in BCVA from baseline was +6
and +7 ETDRS letters respectively. Rates of letter loss and gain
can be found in Table 7.

Fundus fluorescein and fluorescein angiographic grading
FA and fundus photographic grading are presented in Tables 8
and 9.

OCT-A Substudy: Optovue OCT Angiography
OCT-A grading is presented in Table 10. Scan quality was
measured per patient and graded on a scale of 1-10.

Discussion
Our 1-year results demonstrate a 7 letter mean VA gain, mean
OCT thinning of -118 um, 70% rate of >15% OCT thinning,
48% rate of absence of OCT DME, and improved OCT-A
DCP density for eyes switched to aflibercept for persistent
DME after prior bevacizumab and/or ranibizumab. FA grading
demonstrated an 87% (20/23 eyes) improvement of macular
leakage at 52 weeks from baseline and fundus photographic
grading demonstrated a 43% (10/23 eyes) improvement of DME
appearance. No significant ocular or systemic safety concerns
were identified.
Table 4. Aflibercept injections.
Aflibercept treatment
No. of IAI per eye from baseline to week 24/Visit 7
5.3 (range: 5-7)
(5 mandatory)
No. of IAI per eye from week 24 to week 52
3.6 (range: 1-6)
(4 mandatory)
Total No. of IAI per eye from baseline to week 52
9 (range: 5-11)
(9 mandatory)

Small, retrospective trials [18-21] demonstrate potential
efficacy and safety after switching to aflibercept for persistent
DME after anti-VEGF therapy. There are limited prospective
trials which evaluate switching from bevacizumab and/or
ranibizumab to aflibercept. In the SCORE 2 study evaluating
anti-VEGF therapy for retinal vein associated-macular edema,
eyes switched from bevacizumab to aflibercept demonstrated
significant VA and OCT improvement [23]. We reported visual
and anatomic improvements at 52 weeks after prospectively
switching from bevacizumab to ranibizumab in 30 eyes with
Table 5. OCT CST change through 52 weeks.
OCT Change (um)
Baseline OCT thickness (n=30)
459 ± 116.01 (310 to 721)
Week 4 (n=29)
-67 ± 87.44 (-308 to 45)
Week 8 (n=29)
-66 ± 70.41 (-207 to 55)
Week 12 (n=29)
-82 ± 84.94 (-328 to 19)
Week 16 (n=30)
-85 ± 80.86 (-352 to 15)
Week 20 (n=30)
-92 ± 89.14 (-343 to 41)
Week 24 (n=27)
-54 ± 84.85 (-197 to 170)
Week 28 (n=27)
-116 ± 91.05 (-360 to 10)
Week 32 (n=27)
-80 ± 79.70 (-268 to 71)
Week 36 (n=27)
-107 ± 82.30 (-374 to 6)
Week 40 (n=27)
-93 ± 107.29 (-348 to 79)
Week 44 (n=26)
-100 ± 107.62 (-377 to 161)
Week 48 (n=27)
-98 ± 92.42 (-295 to 22)
Week 48/52 Last Visit (n=27)*
-118 ± 108.50 (-416 to 17)
Average OCT thickness at week 52/
340 ± 107.09 (204 to 662)
Last Visit*
*
Last visit includes 5 eyes initially enrolled eyes that rolled over after
ranibizumab from previous trial; the last visit for these 5 eyes occurred at
week 48 and their last visit 48-week results are combined with last visit
week 52 results of the 22 remaining eyes

Figure 3. OCT CST change through 52 weeks. The last visit includes 5 eyes initially enrolled eyes that rolled over after ranibizumab from previous trial;
the last visit for these 5 eyes occurred at week 48 and their last visit 48-week results are combined with last visit week 52 results of the 22 remaining eyes.
The combined last visit data displays a change of -118um ± 108.50 when compared to baseline.
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persistent DME [16]. A short-term prospective trial reported
anatomic improvements but no visual improvements after a
switch from bevacizumab and/or ranibizumab to aflibercept in
eyes with persistent DME [22]. Our current results and study
Table 6. Mean visual acuity change through 52 weeks.
Mean visual acuity change
64 ± 12.75 (36 to 83)
Baseline VA Letter Score (n=30) Snellen Equivalent range: 20/25 to
20/200
VA change at week 4 (n=29)
4.4 ± 3.83 (-5 to 14)
VA change at week 8 (n=29)
4.9 ± 6.17 (-11 to 20)
VA change at week 12 (n=29)
5.6 ± 5.17 (-10 to 16)
VA change a week 16 (n=30)
6.3 ± 5.67 (-12 to 16)
VA change at week 20 (n=30)
6.3 ± 6.08 (-14 to 17)
VA change at week 24 (n=27)
5.9 ± 6.70 (-9 to 21)
VA change at week 28 (n=27)
7.1 ± 6.55 (-12 to 17)
VA change at week 32 (n=27)
6.3 ± 5.46 (-9 to 19)
VA change at week 36 (n=27)
8.4 ± 7.33 (-10 to 21)
VA change at week 40 (n=27)
6.8 ± 7.31 (-9 to 22)
VA change at week 44 (n=26)
8.9 ± 6.68 (-1 to 27)
VA change at week 48 (n=27)
6.6 ± 8.10 (-15 to 22)
VA change at week 48/52 Last
6.7 ± 8.27 (-15 to 22)
Visit (n=27)*
70.8 ± 13.96 (46 to 91)
Average VA letter score at week
Snellen equivalent range: 20/1652/Last visit
20/125
*
Last visit includes 5 eyes initially enrolled that rolled over after
ranibizumab from previous trial; the last visit for these 5 eyes occurred at
week 48 and their last visit 48-week results are combined with last visit
week 52 results of the 22 remaining eyes

design (prospective per label dosing of aflibercept, absence of
anti-VEGF washout period) are similar to the largest reported
prospective evaluation of switching to aflibercept for persistent
DME. At 48 weeks Bahrami et al. demonstrated a 3.9 VA letter
gain and 59 um OCT thinning in 43 eyes after switching to
aflibercept after Bevacizumab [13].
Table 7. Rates of letter loss and gain.
Letter Loss and Gain
≥ 5 Letters ≥ 10 Letters ≥ 15 Letters
Week 24

Gain

19

6

2

(n=27)

Loss

2

0

0

Gain

17

9

4

Loss

2

0

1

Week 52/Last visit
(n=27)

*

Last visit includes 5 eyes initially enrolled that rolled over after
ranibizumab from previous trial; the last visit for these 5 eyes occurred at
week 48 and their last visit 48-week results are combined with last visit
week 52 results of the 22 remaining eyes.

*

Table 8. FA macular leakage compared to baseline.
Week 20 Total

Week 52 Total

Unchanged
0
1
Worsened
1
0
Improved
19
20
Indeterminate
1
0
Missed Visit
1
1
Not Applicable*
8
8
*
N=7 eyes not available due to technical software malfunction. N=1 eye
(baseline through week 52) not available due to fluorescein dye allergy.

Figure 4. Mean visual acuity change through 52 weeks. The last visit includes 5 eyes initially enrolled eyes that rolled over after ranibizumab from previous
trial; the last visit for these 5 eyes occurred at week 48 and their last visit 48-week results are combined with last visit week 52 results of the 22 remaining
eyes. The combined last visit data displays a change of 6.7 ± 8.27 letters when compared to baseline.
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In diabetics, OCT-A decreased vascular density correlates with
FA non-perfusion and studies suggest that OCT-A capillary loss
may be more clearly defined compared to FA as fluorescein
leakage may obscure non-perfusion [24-29]. OCT angiographic
studies [27-29] also demonstrate that FAZ area is an indicator
of diabetic retinopathy (DR) related ischemia and that decreased
VA appears to be associated with macular vascular density loss
in the DCP [30]. Dupas et al. reported a retrospective OCT-A
analysis of a cohort of 22 Type I DR eyes and found an enlarged
mean FAZ and a decreased mean macular vessel density even
prior to clinical evidence for DR. Additional OCT-A analyses
have shown that macular capillary density is impaired regardless
of DR severity and that capillary nonperfusion tends to increase
with DR severity [30-32]. Several additional OCT-A studies
demonstrate that the DCP vascular density is most likely to be
compromised in DR [30,32-34].
To the best of our knowledge, we are the first to report OCT-A
findings after switching anti-VEGF agents for DME. Falavarjani
et al. in a prospective case series of 18 eyes with DME or retinal
vein occlusion showed no significant difference in FAZ, SCP, or
DCP after one intravitreal anti-VEGF injection, but demonstrated
Table 9. Fundus photo. DME appearance compared to baseline.
Week 20 Total
Week 52 Total
Unchanged
17
11
Worsened
4
1
Improved
2
10
Indeterminate
0
0
Missed Visit
1
1
Not Applicable*
6
7
*N=6 eyes not available due to technical software malfunction at week
20; N=7 eyes not available due to technical software malfunction at week
52; N=1 eye missed week 52 visit due to patient death

stability of mean retinal capillary density [29]. Casselholmde et al.
prospectively studied 24 patients with central retinal vein occlusion
without macular edema and found a significant correlation between
VA and FAZ area [33]. Erol et al., in a prospective trial of 29 eyes,
reported that after 3 months of intravitreal bevacizumab in
chronic DME eyes that FAZ area improved most significantly
in cases of mild to moderate DR [35].
Our OCT-A outcomes demonstrate improved DCP vascular
density at weeks 20 (p=0.032) and 52 (p=0.001) compared to
baseline after switching to aflibercept. OCT-A DCP vascular
density improvement with aflibercept may further support
our other positive VA, FA, fundus photographic, and OCT
thickness findings with switching to aflibercept. However,
OCT-A “reperfusion” may be misinterpreted with resolution of
intraretinal cystic spaces which appear black, block signal, and
are interpreted as decreased vascular density. Non-perfusion
and cystic spaces colocalize especially in the DCP and thus
improvement of OCT thickness with switching to aflibercept
may not necessarily equate to actual vessel reperfusion [36,37].
Our study’s strengths include its prospective design, use of
ETDRS chart based BCVA, lack of an anti-VEGF washout
period, and inclusion of OCT-A data. Our study’s limitations
include a small sample size and absence of a control group
continuing the same anti-VEGF agent. The protocol amendment
to include more eyes not originally in the ROTATE trial
resulted in a more heterogeneous cohort and potentially creates
unforeseen biases. Retrospective examination of 59 DRCR eyes
with persistent DME after anti-VEGF therapy and meeting VA
and OCT thickness switching criteria found a 3-5 letter gain
and 40-70 um OCT thinning with continuing the same antiVEGF agent [17]. Additional data demonstrates that a
significant

Table 10. OCT-A sub study grading.
OPTOVUE OCT ANGIOGRAPHY SUB STUDY GRADING
Average vessel density of the superficial capillary plexus
Visits
Average vessel density (%) of superficial capillary plexus
Baseline
44.05
(N=17) range: 33.5-50.8
Week 20
42.28
(N=15) range: 30.5-49
Week 52
42.18
(N=18) range: 30.2-49.4
Average vessel density of the deep capillary plexus
Visits
Average vessel density (%) of deep capillary plexus
Baseline
41.48
(N=17) range: 31.6-49.4
Week 20
44.58
(N=15) range: 32.8-51.4
Week 52
43.99
(N=18) range: 38.2-51.7
Average foveal avascular zone
Visits
Average FAZ (mm2)
Baseline
0.27
(N=17) range: 0.088-0.672
Week 20
0.31
(N=15) range: 0.035-0.716
Week 52
0.36
(N=18) range: 0.039-1.036
*
Scan qualities below 5 were not considered quality scans and excluded from the analysis.
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SD

p-value vs BL

p-value wk 20vs52

5.39
5.56

0.11

4.4

0.2

0.683

SD

p-value vs BL

p-value wk 20vs52

5.22
4.69

0.03

4.06

0

0.749

SD

p-value vs BL

p-value wk 20vs52

0.15
0.19

0.85

0.23

0.17

0.266
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proportion of eyes with persistent DME at 3 or 6 months after
anti-VEGF therapy continue to improve, in the long-term, using
the same agent [38,39].

Statement of Informed Consent

DRCR Protocol U failed to show a benefit when adding
dexamethasone implant compared to continuing the same antiVEGF agent for persistent DME [7]. Thus, the absence of a
control group challenges our results as our positive outcomes
after switching to aflibercept may not be a switching effect but
rather a result of regression toward the mean.

Eligible subjects were identified and provided with a copy
of informed consent prior to study entry. Informed consent
documentation and relevant supporting information were
submitted and approved by the institutional review board/
executive committee (IRB/EC) (IRB#NCT03340610) prior to
study initiation the study was conducted in accordance with the
FDA, applicable local and national health authorities, and IRB/
EC requirements.

Conclusion
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