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ABSTRACT
Purpose: To study optical coherence tomographic (OCT) results and vision at 6 months after transition (post-Tx) from intravitreal
bevacizumab and/or ranibizumab to aflibercept for treatment of neovascular age-related macular degeneration (nAMD). The null
hypothesis was the lack of improvements in OCT metrics and vision outcome in study eyes at 6 months after transitioning from
bevacizumab or ranibizumab to aflibercept.
Methods: This retrospective study assessed 6 monthly OCT (Cirrus) data after transitioning to aflibercept for eyes on prior Legacyranibizumab, Legacy-bevacizumab, or mixed treatment for nAMD. Outcome measures were subretinal fluid (SRF), cystoid macular
edema (CME), pigment epithelial detachment (PED) heights and volumes, central 1- and 3-mm subfield, Macular Volume, and best
spectacle and pinhole visual acuity (VA). A single masked investigator performed all OCT measurements.
Results: One hundred eighty-nine eyes in 172 patients in Legacy-bevacizumab (95 eyes), Legacy-ranibizumab (84 eyes), or Mixed
Group(10 eyes) were switched to aflibercept and followed for 6 months. Significant post-Tx reductions were noted in SRF/CME
heights and volumes (all P<.001). Similar findings were noted for PED heights (122.8 μm vs 79.4 μm) and PED volumes (all P<.001).
Post-Tx VA was better (20/43 vs 20/51, P<.001). There were no differences between Legacy-bevacizumab and Legacy-ranibizumab
groups in OCT and VA changes. Post-Tx VA, SRF/CME, and PED heights and volumes were improved for Nonresponders
(suboptimal response to bevacizumab/ranibizumab) (P=.001 to <.001), but not Responders (good responses to same). The only
adverse event was a retinal pigment epithelial tear in one eye.
Conclusions: Significant improvements in vision and OCT metrics developed in Nonresponders but not in Responders. Post-Tx VA
and OCT measures were similar for eyes on prior bevacizumab or ranibizumab. Post-Tx adverse events were uncommon.
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INTRODUCTION
Age-related macular degeneration (AMD) is considered to be a leading cause of severe vision loss in the developed world for
individuals above the age of 55.1-5 The neovascular subtype of AMD is known to cause particularly rapid and devastating vision loss
for these individuals.5-7 Prior to the introduction of anti–vascular endothelial growth factor (anti-VEGF) therapy for neovascular agerelated macular degeneration (nAMD), the standard of care in treatment of this condition was to limit the amount of vision loss, since
very few eyes developed vision gain after treatment. In the 1980s and 1990s, the National Eye Institute sponsored a series of laser
treatment trials for nAMD under the name of Macular Photocoagulation Study, in which eyes treated with laser were compared with
untreated eyes in the number of lines of vision loss.8-23 There was a high recurrence rate of choroidal neovascularization (CNV), and
successfully treated eyes were frequently left with dense scotomas despite laser treatment. In addition, only less than 20% of eyes with
nAMD were eligible for laser therapy.8-24 Even after the introduction of photodynamic therapy (PDT), whereby intravenously
administered verteporfin is activated by low-intensity infrared laser leading to thrombosis of the CNV, a reduction in the number of
letter loss by 50% (mean of -8 letters) in comparison to the control eyes was still considered to be therapeutic success.25-44 Similar
results in the limitation of vision loss instead of vision gain (mean of -7 letters) were noted to be associated with intravitreal injection
of pegaptanib (Macugen; Eyetech/Valeant Pharmaceuticals, Montreal, Quebec),45-56 which was the first anti-VEGF drug developed
and approved for treatment of nAMD in the United States, after the successful DNA sequencing of VEGF, the discovery of its key
role in tumorigenesis and angiogenesis, and the introduction of targeted VEGF-blockade for treatment of nAMD.24,57-62 This aptamer
was specifically designed to block only the VEGF165 isomer.
It was not until the introduction of the pan-VEFG inhibiting drugs bevacizumab and ranibizumab that vision gain was noted to be a
frequent occurrence for the treatment of eyes with nAMD and other retinal vascular disorders.24,63-69 In 2005, Rosenfeld and
colleagues70,71 discovered the off-label therapeutic benefits of bevacizumab (Avastin; Genentech, South San Francisco, California) for
treatment of nAMD and other retinal vascular diseases, a full-length murine-derived, humanized monoclonal antibody that binds all
isoforms of VEGF-A, and first approved by the US Food and Drug Administration (FDA) as a first-line treatment for metastatic
colorectal cancer. The drug developers at Genentech had believed that full-length antibodies such as bevacizumab (molecular weight
of 149 kDa) would not penetrate the inner retina associated with an exclusion limit of 76.5 kDa, based on their animal study.24,72,73
They were also concerned that the Fc segment of bevacizumab would induce an undesirable immunologic response and also systemic
adverse events due to sustained systemic VEGF suppression associated with its prolonged systemic half-life.24,72,73 Therefore, they
cleaved a Fab-binding fragment from the antibody herceptin-2 (HER2), an anti-VEGF molecule similar to bevacizumab, to create a
48-kDa molecule, rhuFabV2, or ranibizumab (Lucentis; Genentech), which was humanized and affinity enhanced, and subjected to
rigorous testing in clinical trials.74 After the completion of two pivotal clinical trials (MARINA and ANCHOR) in 2006,75,76 which
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demonstrated that monthly injections of ranibizumab resulted in prevention of loss of 15 letters in 94% of treated patients, and the gain
of 15 letters in 40% of treated patients, the FDA approved this drug for treatment of nAMD in 2006.
Despite the approval of ranibizumab, intravitreal bevacizumab had gained widespread use in the United States and around the
world for treatment of nAMD and other retinal vascular diseases, primarily because of its relatively low cost and its general
availability.77 Nevertheless, there was a lack of level 1 data in establishing the efficacy and safety of bevacizumab. Hence the
Comparison of Age-related Macular Degeneration Treatment Trials (CATT) were performed.78 The 1-year data for CATT showed
comparable visual improvements (+8.0 letters vs +8.5 letters) for patients who received monthly bevacizumab and ranibizumab,
respectively, whereas there was somewhat less visual improvements (+5.9 letters vs +6.8 letters) for those who received as-needed
injections. The second-year results of CATT showed continued similar benefits of both drugs with little difference in vision gain
between them.79 The mean gains in vision for patients receiving monthly injections were more than those treated on an as-needed
basis, and patients who were switched from a monthly to the as-needed regimen experienced poorer vision outcome and were less
likely to maintain a dry macula. In addition, patients treated with ranibizumab had a greater chance of maintaining a dry macula.
Despite the substantial benefit associated with both bevacizumab and ranibizumab in vision gain for treatment of AMD, the multiple
clinical trials and common clinical experience have shown that the intravitreal administration of these drugs needs to be continued at a
high frequency (ie, 4- to 6-week intervals) on an indefinite basis in order to maintain the same level of sound anatomical and visual
outcomes for a large proportion of patients with nAMD. The PIER Study, a randomized, double-mask, sham-controlled trial, showed
worse visual outcome for eyes with nAMD treated on a quarterly basis following an initial series of three monthly injections when
compared to eyes treated with monthly injections.80 Soon, it became clear that an anti-VEGF drug with a higher affinity to VEGF or
more durable therapeutic effects in comparison to ranibizumab and bevacizumab was needed to lengthen the interval between drug
administration while maintaining the same level of therapeutic effects.
Aflibercept (VEGF Trap-Eye; Regeneron Pharmaceuticals, Tarrytown, New York) possesses molecular characteristics consistent
with such a requirement. This 115-kDa fusion molecule has a high affinity for all isomers of VEGF and neutralizes VEGF-mediated
biologic activities, including retinal and CNV, leading to a reduction in retinal edema, subretinal fluid (SRF), and hemorrhage.24,81,82
There are five members of the VEGF family (VEGF-A, VEGF-B, VEGF-C, VEGF-D, and placenta growth factor [PlGF]).83,84
Among them, VEGF-A is considered to be most important for angiogenesis.83,84 There are multiple isoforms of VEGF-A, of which
VEGF165 is known to be most critical for angiogenesis.85 Active VEGF binds to three different receptors (VEGFR-1, VEGFR-2, and
VEGFR-3).83,85 VEGFR-1 binds to VEGF with the highest affinity, whereas VEGFR-2 plays a major role in angiogenesis. With this
knowledge, the drug developers at Regeneron Pharmaceuticals created a protein molecule with recombinant technology by fusing the
second immunoglobulin domain (Ig2) of humanVEGFR-1 and the third immunoglobulin domain (Ig3) of VEGFR-2 with the Fc
domain of human IgG1. Thus portions of the two receptors are fused together to form a soluble decoy receptor molecule that possesses
a high binding affinity for VEGF ligands, more so than the individual receptor binding affinity alone and more consistently than
ranibizumab or bevacizumab,81,82,86,87 although Yu and coworkers88 showed similar potencies for ranibizumab and aflibercept for
inhibiting VEGF-stimulated proliferation of bovine retinal microvascular endothelial cells, chemotaxis of human umbilical vein
endothelial cells, and MPA kinase activation. In fact, aflibercept binds to all isoforms of VEGF-A more tightly than the native
receptors of VEGF. Unlike bevacizumab and ranibizumab, it also binds PlGF. Aflibercept is known to bind VEGF dimers in a 1:1
ratio in a “two-fisted” grip without forming multimeric complexes. In contrast, ranibizumab, with one binding site, binds VEGF in a
1:1 or 2:2 ratio, and bevacizumab, with two binding sites, binds VEGF in a 1:2 ratio and tends to form long chains of multimeric
complexes termed “daisy chains.”24 Aflibercept has low potential for immunogenicity due to its entire composition of human amino
acid sequences. However, it binds VEGF of all species, given the native receptor sequences of its ligand-binding domains.
Aflibercept is specially formulated for intraocular injections. In November 2011, the FDA approved aflibercept (Eylea; Regeneron
Pharmaceuticals) for treating nAMD,89,90 following the completion of Vascular Endothelial Growth Factor (VEGF) Trap-Eye:
Investigation of Efficacy and Safety in Wet Age-Related Macular Degeneration (VIEW 1 and VIEW 2) clinical trials sponsored by
Regeneron Pharmaceuticals.91 These two parallel phase 3 pivotal clinical trials established the noninferiority of monthly or bimonthly
dosing of aflibercept to monthly dosing of ranibizumab in treatment-naïve eyes with nAMD. Subsequently, multiple favorable reports
of aflibercept in treatment of nAMD and other retinal vascular disorders have appeared in the literature.92-101.
Meanwhile, clinicians have been encountering increasing numbers of eyes with partial or suboptimal responses to bevacizumab
and ranibizumab in treatment of nAMD, manifesting as persistent SRF and exudative changes due to development of resistance or
other causes. For these patients, the switch of their anti-VEGF drugs to aflibercept would be an attractive option, based on the
knowledge of aflibercept’s high binding affinity to VEGF. However, it is unknown to what extent the bimonthly dosing of aflibercept
after three monthly loading doses, as recommended by the drug label of aflibercept based on the results of the VIEW 1 and 2 trials, is
applicable to the heterogeneous population of patients with nAMD in a clinical practice, particularly concerning patients who have
developed resistance to anti-VEGF therapy prior to conversion to aflibercept treatment.
The purpose of this retrospective study was to assess the spectral domain–optical coherence tomography (SD-OCT) volumetrics
and vision outcomes at 6 months after transition (post-Tx) from bevacizumab, ranibizumab, or bevacizumab/ranibizumab (mixed drug
group) to aflibercept for treatment of nAMD. Our study included a large cohort of 189 eyes. The majority of these eyes (82.0%) were
refractory to anti-VEGF therapy during the time of transition to aflibercept. Besides assessing the frequency of injections, therapeutic
effects, and adverse event profile of aflibercept for the entire cohort of patients, we performed subgroup analyses to compare the same
features between different drug groups (Legacy-bevacizumab, Legacy-ranibizumab, or Mixed Group [see the “Methods” section for
precise definitions]), Responders vs Nonresponders (eyes refractory to specific ant-VEGF drug [see the “Methods” section for precise
definitions]), diabetics vs nondiabetics, phakic vs pseudophakic eyes, and eyes with pigment epithelial detachment (PED) vs eyes
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without PED at 6 months after transitioning to aflibercept. Thus, the goal of this study was to investigate the 6-month outcomes of
eyes with nAMD that were transitioned from bevacizumab, ranibizumab, or both drugs to aflibercept. The null hypothesis was the lack
of improvements in OCT metrics and vision outcome in study eyes at 6 months after transitioning from bevacizumab or ranibizumab
to aflibercept.

METHODS
This was a retrospective study involving two centers (San Diego Retina Associates and Southern California Desert Retina
Consultants). Serial SD-OCT scans were performed before and after transition from (1) Legacy-bevacizumab (L-bevacizumab), (2)
Legacy-ranibizumab (L-ranibizumab), or (3) Mixed Group to aflibercept for eyes with nAMD. The Cirrus HD SD-OCT machines
manufactured by Carl Zeiss Meditec (Dublin, California) were used for all scans of all eyes throughout the study. For an eye to be
considered as a part of a specific “Legacy” anti-VEGF group, it must have received at least three consecutive injections of the same
medication immediately prior to transition to aflibercept. Thus, an eye of a specified Legacy anti-VEGF group had either received
only a specific anti-VEGF medication or received predominantly a specific anti-VEGF medication and also another anti-VEGF
medication in the past during the course of treatment prior to transition to aflibercept. Otherwise, it was considered to be a part of the
Mixed Group. The period of drug transition consisted of the interval from November 2011 through February 2013.
INSTITUTIONAL REVIEW BOARD
Institutional review board exemption was prospectively obtained for this retrospective study through the Western Institutional Review
Board (WIRB, Puyallup, Washington) in December 2012 before the start of the study. All components of research in this study herein
have adhered to the tenets set forth in the Declaration of Helsinki as well as all state and local laws. The WIRB determined and
granted an exemption status for this study due to its retrospective nature and the lack of revelation of any patient identifiers and the
maintenance of confidentiality on all privacy information related to all study subjects. Because it was a retrospective study,
registration for clinical trials was not needed. This study has complied with all regulations stipulated by the Health Insurance
Portability and Accountability Act (HIPAA).
EXAMINATION TASKS AND MASKED MEASUREMENTS
The best spectacle-corrected visual acuity (BSCVA) and pinhole visual acuity (PHVA) measurements were obtained at baseline and at
each study visit. Serial SD-OCT images were obtained at baseline, month 1, month 2, and month 6 for all study eyes. Additional SDOCT images were acquired between month 2 and month 6 whenever it was deemed to be necessary.
The same investigator (A.J.), masked to the identities of the OCT images corresponding to specific pretransitioned and
posttransitioned status as well as the drug treatment groups, performed measurements of all OCT variables in the same fashion
throughout the study. Following the data collection, intragroup comparison (baseline vs 6-month posttransition) and intergroup
comparison of OCT and vision variables were analyzed.
INCLUSION AND EXCLUSION CRITERIA
Strict inclusion and exclusion criteria were followed for this study. Inclusion criteria were as follows: (1) Patient must be 50 years or
older with the diagnosis of exudative or neovascular AMD. (2) Patient must have received at least three prior injections of
bevacizumab, ranibizumab, or both drugs before transition to aflibercept. (3) Patient must have undergone recent transition to
aflibercept with three intravitreal loading doses (month 0, month 1, and month 2) and subsequent additional aflibercept treatment
based on the treat-and-observe strategy, similar to the PRospective Optical cohereNce TOmography imaging of patients with
intraocular ranibizumab (PrONTO) strategy.102,103 (4) Patient must have had 6 months of follow-up after transition to aflibercept.
Exclusion criteria were as follows: (1) any prior major ocular surgery other than uncomplicated cataract extraction, intraocular
implant, and YAG-laser posterior capsulotomy; (2) more than one session of PDT within 6 months prior to transitioning, or history of
more than two sessions of PDT prior to transition, or any PDT after transition to aflibercept; (3) any periocular, intraocular, or
systemic corticosteroid therapy within 6 months prior to transition; (4) any treatment for AMD besides aflibercept other than oral
supplements (multivitamins, beta-carotene, zinc, copper, lutein/zeaxanthin, long-chain polyunsaturated fatty acids); (5) more than mild
background diabetes mellitus; and (6) history of any ocular or systemic condition, diagnosis, or treatment that could confound the
results of the study.
DEFINITION OF RESPONDERS AND NONRESPONDERS
For the purpose of this study, Responders were defined as eyes that responded well to bevacizumab or ranibizumab or both
medications during the time of the drug transition to aflibercept (continued decrease in SRF, cystoid macular edema [CME], macular
thickness, and/or PED height and volume or maintenance of macular dryness), whereas Nonresponders were defined as eyes with
suboptimal responses to the same drugs during the time of drug transition to aflibercept (persistent or recurrent macular edema, SRF,
hemorrhage, exudates, and/or PED).
OUTCOME MEASURES
The primary outcome measures were mean changes in SD-OCT variables, including (1) SRF height and volume, (2) CME height and
volume, (3) PED height and volume, (4) central 1- and 3-mm subfield thickness, and (5) Macular Volume (an automated reading
directly taken off the Cirrus SD-OCT machine).
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The secondary outcome measures were (1) mean changes in BSCVA, (2) mean changes in PHVA, (3) mean number of aflibercept
injections per eye, and (4) ocular and systemic adverse events. The BSCVA was defined as visual acuity obtained with the patient’s
spectacles consisting of his or her last manifest refraction. In addition, PHVA was obtained on all study eyes to enhance the reliability
of the visual data in this study.
MEASUREMENTS OF OCT VOLUMETRICS
The method of simple estimation of clinically relevant lesion volumes using SD-OCT in nAMD per Heussen and coworkers104
(Simplified Method) was utilized for the measurements and tracking of the changes on all serial OCT variables of the study eyes. In
this study, the Simplified Method was applied to the SD-OCT images acquired with the macular cube (512 A-scans × 128 B-scans
over a 6 × 6-mm area centered on the fovea) volume SD-OCT scans obtained by the Cirrus HD SD-OCT device (Carl Zeiss Meditec)
that was first properly calibrated. Following this Simplified Method, the OCT measurements were obtained from the OCT device
(Cirrus HD-OCT, version 5.0.0.326, Carl Zeiss Meditec). B-scan counts and A-scan counts were determined by identifying the first
and last scans containing the measured feature. The last scan was determined by moving forward through the volume scan until the
specific feature was no longer visible (Figures 1 and 2). The difference between the numbers of the first and last scans constituted the
number of scans involved in the measurement (Figures 1 and 2). Thus, difference in A-scan line equals the change in horizontal
dimension of lesion and difference in B-scan line equals the change in vertical dimension of lesion. SRF volume estimation equals
difference in A-scan line × difference in B-scan line × maximum SRF height; CME volume estimation equals difference in A-scan
line × difference in B-scan line × maximum CME height; and PED volume estimation equals difference in A-scan line × difference in
B-scan line × maximum PED height. The Simplified Method was utilized to calculate all of the OCT-measured values, except the
Macular Volume.

FIGURE 1
Simplified Method for OCT-measured variables. B-scan
images demonstrate measurements of subretinal fluid
(SRF), cystoid macular edema (CME), and pigment
epithelial detachment (PED) volumetrics with the
Simplified Method previously validated by the “gold
standard” manual grading with the reading center tool
(3D-OCTOR) (Reprinted with permission from the
Association
for
Research
in
Vision
and
Ophthalmology.104 Labels of the original published figure
have been removed.)
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FIGURE 2
Case example of Simplified Method for OCT
measurement. Top left, A sample case on the simplified
grading of the subretinal fluid (SRF) lesion that shows the
upper boundary of the B-scan. The location of SRF lesion
is marked by the asterisk. Top left and right, A
progression through the lesion (arrows) until reaching the
lower boundary of the B-scan is shown. Middle left, The
simplified grading is applied for measurement of the
horizontal dimension on the A-scan, and the lateral
boundary of the lesion is shown. Middle left and right, A
progression through the lesion (arrows) until reaching the
medial boundary of the lesion is shown on the A-scan.
Bottom left, The maximum lesion height is measured with
a caliper on the OCT axial scan. Lower right, Thus, the
volumetric estimation of the lesion is obtained by
multiplying the difference of the extreme boundaries of the
B-scan with the difference of the extreme boundaries of the
A-scan and the maximum lesion height. (Reprinted with
permission from the Association for Research in Vision
and Ophthalmology.104 Labels of the original published
figure have been removed.)
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DATA COLLECTION
For the purpose of this study, OCT variables collected for all study eyes via the Simplified Method and collated in a master Excel
spreadsheet included SRF height and volume, CME height and volume, and PED height and volume at baseline, month 1, month 2,
and month 6. In addition, the central 1-mm subfield and mean central 3-mm subfield thickness, and the Macular Volume readings
acquired through the automated output of the Cirrus HD SD-OCT device were recorded in the same Excel spreadsheet. The same data
were also collected for most study eyes at months 3, 4, and 5.
Demographic data collected included patient’s age, patient’s gender, right eye vs left eye, phakia vs pseudophakia, and diabetes
mellitus vs no diabetes mellitus. Visual acuity data collected included BSCVA and PHVA logarithm of the minimum angle of
resolution (logMAR) at baseline and at month 1, month 2, and month 6 after transition. The same visual acuity data were obtained for
most study eyes at months 3, 4, and 5.
The injection data included the numbers of bevacizumab and/or ranibizumab injections before transition and the numbers of
aflibercept injections after transition at month 1 to month 6.
ADVERSE EVENTS
Adverse events were recorded and tabulated for all study eyes, paying special attention to uveitis, retinal pigment epithelial (RPE)
tears, endophthalmitis, and systemic complications.
STATISTICAL ANALYSIS
For the visual acuity data, all Snellen visual acuities were converted to logMAR equivalents for statistical calculations. In reporting
the changes in visual acuities, the numbers of letters lost or gained (rounded off to one decimal place) corresponding to the changes in
logMAR were also given.105
Statistical analyses included both parametric tests (paired and independent t tests; one- and two-way analysis of variance
[ANOVA]) and nonparametric tests (chi-square test, Wilcoxon signed-rank test, Friedman test, Mann-Whitney test, and KruskalWallis test). All statistical analyses were performed with Statistical Product and Service Solutions (SPSS) version 22 (IBM SPSS,
Armonk, New York). Stepwise logistical regression was performed to evaluate for any baseline factors predictive for being a
Responder vs a Nonresponder. Pearson correlation coefficient calculations were performed for vision outcome vs OCT-measured
variables. Due to the multiple statistical tests among treatment groups, the Bonferroni adjustments were incorporated into the
statistical calculations, so that only a P value of ≤.001 was considered to be significant.
Statistical Power Calculations
Statistical power calculations for α of .05 and power of 80% involving the entire study cohort showed the following: (1) SRF change:
effect size of .24 corresponding to a sample size of 140, (2) PED change: effect size of .3 corresponding to a sample size of 91, (3)
CME change: effect size of .25 corresponding to a sample size of 140, and (4) vision change: effect size of .31 corresponding to a
sample size of 155. The actual sample size of 189 eyes in 172 patients included in the data set exceeded the minimal sample size
requirements for this study.
In addition, the sample size of 189 eyes is sufficient to detect ≥10% difference in SRF, CME, and PED and an equivalent of 3- to
5-letter difference (0.06 to 0.1 log units) in visual changes from baseline to posttransitioned visits and between subgroups (α = .05,
power = 80%).

RESULTS
DEMOGRAPHICS
There was a total of 189 eyes in 172 patients enrolled in this study. The mean age was 83.4 years. There were 123 women and 66
men. Ninety-eight (51.9 %) were right eyes and 91 (48.1%) were left eyes. One hundred and two eyes (54.0%) had a vascularized
PED, and 87 eyes (46.0%) were without a PED. Ninety-five eyes (50.3%) were in the L-bevacizumab group, 84 eyes (44.4%) eyes
were in the L-ranibizumab group, and 10 eyes (5.3%) were in the Mixed Group. Of the 189 eyes, 155 (82.0%) were refractory to a
specific Legacy anti-VEGF drug (Nonresponders), whereas 34 (18.0%) were Responders. The transitioned period from one of the
anti-VEGF treatment groups to aflibercept included the interval from November 2011 through February 2013. All study patients
underwent a follow-up of 6 months. Detailed records were available in both centers to keep track of all patients transitioning from
bevacizumab and/or ranibizumab to aflibercept during the study period. There were only 11 patients monitored by the HD-Cirrus
OCT machine who transitioned from bevacizumab and/or ranibizumab to aflibercept in both centers but were not included in the study
during the study period. One of the 11 patients developed Hodgkin’s lymphoma and died, whereas 2 of the 11 patients moved out of
the area before the end of the 6-month follow-up period. The other 8 patients had less than 6 months of follow-up. Statistical
comparisons of the OCT-measured variables and vision at baseline for these 11 patients with those of the 172 study patients showed
no differences in all categories. Considering the small number of excluded patients and the lack of differences in baseline features
between them and the patients included in the study, they would not be expected to induce major changes on the results of this study
had they been included in the analyses.
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BASELINE COMPARISON
Comparison of the three drug groups (L-bevacizumab, L-ranibizumab, and Mixed Group) showed comparable baseline characteristics,
including age, gender distribution, right eye vs left eye, SRF height and volume, CME height and volume, PED height and volume,
central 1-mm and central-3 mm subfields, Macular Volume, BSCVA, and PHVA (Table 1).
MEAN INJECTIONS PER EYE
The mean number of anti-VEGF injections over 6 months prior to transition was 6.5. There were significant differences in the mean
numbers of pre-Tx injections among the three drug groups (8.6 for ranibizumab, 4.9 for mixed, and 4.8 for bevacizumab; P<.001,
Kruskal-Wallis test). The mean pre-Tx follow-up time was 12.0 months. The mean number of post-Tx aflibercept injections was 5.4
over 6 months. There were no differences in the mean number of aflibercept injections after transition among the three drug groups
over 6 months (5.4 for L-bevacizumab, 5.5 for L-ranibizumab, and 5.5 for Mixed Group).
RESULTS OF ENTIRE COHORT
For the entire cohort, pre-Tx and post-Tx OCT metrics and vision data are outlined in detail in Table 2.
TABLE 1. BASELINE CHARACTERISTICS (MEAN VALUES) OF THREE DRUG GROUPS
(L-BEVACIZUMAB, L-RANIBIZUMAB, MIXED GROUP)*
BEVA
VALUE (SD)

RANI
VALUE (SD)

MIXED
VALUE (SD)

P VALUE

Age

84.2 (6.8)

83.0 (8.8)

79.4 (6.5)

.16

Sex

62F/33M
65.3%F/34.7%M

54F/30M
64.3%F/35.7%M

7F/3M
70%F/30%M

SRF Ht‡

48RE/47LE
50.5%RE/49.5LE
43.6 (54.5)

44RE/40LE
52.4%RE/47.6%LE
43.7 (67.7)

6RE/4LE
60%RE/40%LE
17.2 (37.4)

.40

SRF Vol

379743.2 (866714.0)

449165.4 (1071317.5)

87166.0 (255599.2)

.51

CME Ht‡

51.0 (84.9)

54.6 (91.6)

100.1 (92.3)

.25

CME Vol

243319.2 (955729.9)

389043.4 (1279420.6)

411046.1 (735187.8)

.65

PED Ht‡

121.5 (151.5)

113.3 (131.0)

202.5 (213.8)

.19

VARIABLE

RE vs LE

PED Vol

1996489.7 (3544238.6) 1563449.5 (2975769.0) 3383260.8 (4641326.6)

.94†
.84†

.24

Central 1-mm‡

249.8 (52.6)

260.9 (63.8)

257.8 (59.5)

.45

Central 3-mm‡

281.8 (43.5)

287.9 (41.1)

296.1 (57.3)

.47

Mac Vol§

9.1 (1.4)

9.3 (0.89)

9.9 (1.9)

.17

BSCVA¶

0.41 (0.31)
20/51
0.35 (0.28)
20/45

0.52 (0.31)
20/66
0.46 (0.32)
20/58

0.54 (0.42)
20/69
0.41 (0.30)
20/51

.05

PHVA¶

.06

Beva, Legacy-bevacizumab; BSCVA, best spectacle-corrected visual acuity; CME, cystoid macular edema; F,
female, Ht, height; LE, left eye; M, male; Mac Vol, Macular Volume; PED, pigment epithelial detachment;
PHVA, pinhole visual acuity; Rani, Legacy-ranibizumab; RE, right eye; SD, one standard deviation; SRF,
subretinal fluid; Vol, volume.
*Mean values for SRF, CME, PED, central 1-and 3-mm subfield, Mac Vol, BSCVA, and PHVA. One-Way
ANOVA for all comparisons except Sex and RE vs LE.
†Chi-square.
‡μm.
§mm3.
¶
logMAR, log 10 of reciprocal of Snellen visual acuity.
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TABLE 2. COMPARISON OF PRE-AFLIBERCEPT AND POST-AFLIBERCEPT TRANSITIONED OUTCOME
(SIX MONTHS) FOR ENTIRE GROUP (PAIRED t TEST) (N=189)
VARIABLES

MEAN
POST-TX VALUE
(SD)
13.8 (33.1)

MEAN
CHANGE

95% CI

%
CHANGE

P
VALUE

SRF Ht*

MEAN
BASELINE VALUE
(SD)
42.5 (59.9)

28.6

20.3, 36.9

69.4

<.001

SRF Vol

395117.2 (944404.6)

65145.1 (327040.3)

NA

NA

62.0

<.001

CME Ht*

55.5 (88.7)

17.5 (48.2)

38.0

26.8, 49.3

70.9

<.001

CME Vol

316959.9 (1100363.2)

56632.4 (281097.9)

NA

NA

65.5

.001

PED Ht*

122.8 (147.2)

79.4 (107.6)

43.4

30.8, 56.0

13.6

<.001

PED Vol

1877401.5 (3375407.6)

1033879.5 (2217905.4)

NA

NA

31.9

<.001

Central 1-mm*

256.5 (55.2)

231.5 (47.0)

24.9

16.6, 33.3

7.6

<.001

Central 3-mm*

286.8 (37.9)

270.2 (29.0)

16.5

11.2, 21.9

4.9

<.001

Mac Vol†

9.3 (1.1)

10.0 (9.8)

-0.73

-2.1, 0.67

-10.9

.31

BSCVA‡

0.46 (0.32)
20/58

0.38 (0.29)
20/48

0.081

0.053, 0.108

15.9

<.001

PH VA‡

0.41 (0.30)
20/51

0.33 (0.27)
20/43

0.077

0.053, 0.102

15.2

<.001

BSCVA, best spectacle-corrected visual acuity; CI, confidence interval; CME, cystoid macular edema; Ht, height; Mac Vol,
Macular Volume; NA, not applicable; PED, pigment epithelial detachment, PHVA, pinhole visual acuity; post-Tx, posttransitioned; SD, one standard deviation; SRF, subretinal fluid; Vol, volume.
*μm.
†mm3 .
‡
logMAR, log 10 of reciprocal of Snellen visual acuity.

There were significant improvements in all OCT and vision results except for Macular Volume at 6 months in comparison to
baseline. Mean changes were as follows: SRF height, 28.6 µm (69.4%) reduction, 95% CI (20.3, 36.9 µm), P<.001; CME height, 38.0
µm (70.9%) reduction, 95% CI (26.8, 49.3 µm), P<.001; PED height, 43.4 µm (13.6%) reduction, 95% CI (30.8, 56.0 µm), P<.001;
SRF volume, 62% reduction, and PED volume, 31.9% reduction, P<.001 for both; CME volume, 65.5% reduction, P=.001; central 1mm subfield, 24.9 µm (7.6%) reduction, 95% CI (16.6, 33.3 µm), P<.001; central 3-mm subfield, 16.5 µm (4.9%) reduction, 95% CI
(11.2, 21.9 µm), P<.001; BSCVA, 0.08 logMAR or 4.0 letters (15.9%) improvement, 95% CI (0.05, 0.1 logMAR), P<.001; PHVA,
0.08 logMAR or 4.0 letters (15.2%) improvement, 95% CI (0.05, 0.1 logMAR), P<.001.
The only OCT-measured variable that showed the lack of significant change between baseline and 6 months was Macular Volume:
-0.7 mm3 (10.9%) increase, 95% CI (-2.1, 0.7 mm3), P=.31 (Table 2), an automated reading taken directly from the Cirrus OCT
machine.
COMPARISONS OF STUDY GROUPS
Bevacizumab Group
Pre-Tx and post-Tx OCT metrics and vision data of the bevacizumab group are outlined in detail in Table 3.
There were significant improvements in all OCT and vision results except for Macular Volume at 6 months in comparison to
baseline. Mean changes were as follows: SRF height, 33.9 µm (75.2%) reduction, 95% CI (22.8, 44.9 µm), P<.001; CME height, 40.7
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µm (76.1%) reduction, 95% CI (24.4, 56.9 µm), P<.001; PED height, 39.3 µm (12.2%) reduction, 95% CI (24.8, 53.8 µm), P<.001;
SRF volume, 57.1%, reduction, and PED volume, 29.9% reduction, P<.001 for both; CME volume, 88.2% reduction, P=.001; central
1-mm subfield, 25.8 µm (8.6%) reduction, 95% CI (16.3, 35.2 µm), P<.001; central 3-mm subfield, 17.5 µm (5.5%) reduction, 95%
CI (11.1, 24.0 µm), P<.001; BSCVA, 0.07 logMAR or 3.5 letters (12.2%) improvement, 95% CI (0.03, 0.1 logMAR), P<.001; PHVA,
0.06 logMAR or 3.0 letters (11.6%) improvement, 95% CI (0.03, 0.09 logMAR), P<.001.
The only OCT-measured variable that showed the lack of significant change between baseline and 6 months was Macular Volume
as outlined in Table 3.
Ranibizumab Group
Pre-Tx and post-Tx OCT metrics and vision data of the ranibizumab group are outlined in detail in Table 3.
There were significant improvements in all OCT and vision results except for Macular Volume at 6 months in comparison to
baseline. Mean changes were are follows: SRF height, 24.8 µm (59.7%) reduction, 95% CI (10.9, 38.6 µm), P<.001; CME height,
27.7 µm (57%) reduction, 95% CI (12.0, 43.3 µm), P<.001; PED height, 39.1 µm (11.6% ) reduction, 95% CI (23.2, 55.0 µm),
P<.001; SRF volume, 66.9% reduction and PED volume, 32.9% reduction, P<.001 for both; CME volume, 27.6 % reduction, P=.001;
central 1-mm subfield, 23.3 µm (6.3%) reduction, 95% CI (8.0, 38.6 µm), P<.001; central 3-mm subfield, 14.7 µm (4.1% ) reduction,
95% CI (5.6, 23.9 µm), P<.001; BSCVA, 0.07 logMAR or 3.5 letters (18.7%) improvement, 95% CI (0.03, 0.1 logMAR), P<.001;
PHVA, 0.08 logMAR or 4.0 letters (17.5%) improvement, 95% CI (0.04, 0.1 logMAR), P<.001.
The only OCT-measured variable that showed the lack of significant change between baseline and 6 months was Macular Volume,
as shown in Table 3.
Mixed Group
The mean baseline values for SRF height, CME height, PED height, and central 1-mm and central 3-mm subfield thickness were 17.2
± 37.4 µm, 100.1 ± 92.3 µm, 202.5 ± 213.8 µm, 257.8 ± 59.5 µm, and 296.1 ± 57.3 µm, respectively. The mean values for these
variables at 6 months were 7.4 ± 16.0 µm, 0 ± 0 µm, 83.7 ± 117.8 µm, 227.1 ± 35.5 µm, and 274.0 ± 20.7 µm, respectively. The mean
baseline BSCVA and PHVA logMAR values were 0.55 ± 0.42 and 0.41 ± 0.30, respectively, and the mean BSCVA and PHVA
logMAR values at 6 months were 0.28 ± 0.18 and 0.24 ± 0.16, respectively.
Mean changes for the Mixed Group were as follows: SRF height, 9.8 µm (85.7%) reduction, 95% CI (-15.3, 34.9 µm), P=.40;
CME height, 100.1 µm (100%) reduction, 95% CI (34.0, 166.2 µm), P=.01; PED height, 118.8 µm (40.2%) reduction, 95% CI (-43.2,
280.8 µm), P=.13; SRF volume, 93.8% reduction and PED volume, 40.3% reduction, P=.34, P=.09, respectively; CME volume, 100%
reduction, P=.11; central 1-mm subfield, 30.7 µm (9.3%) reduction, 95% CI (-9.8, 71.2 µm), P=.12; central 3-mm subfield, 22.1 µm
(5.5 %) reduction, 95% CI (-10.8, 55.0 µm), P=.16; Macular Volume, 0.5 mm3 (3.0 %) reduction, 95% CI (-0.5, 1.5 mm3), P=.30;
BSCVA, 0.27 logMAR or 13.5 letters (33.2% ) improvement, 95% CI (0.04, 0.50 logMAR), P=.03; PHVA, 0.17 logMAR or 8.5
letters (26.2%) improvement, 95% CI (0.03, 0.30 logMAR), P=.02.
Thus, there were significant improvements in all OCT and visual outcomes with the exception of Macular Volume at 6 months
after transition in comparison to baseline for both L-bevacizumab and L-ranibizumab groups. Intergroup comparisons were
performed on OCT and vision variables for the three drug groups. Figure 3 shows the lack of differences on the plots comparing the
course of SRF, CME, PED heights and volumes, and BSCVA and PHVA from baseline to 6 months for the three drug groups (P=.07
and P>.46 for SRF height and volume comparisons, respectively; P≥.08 for both CME height and volume comparisons; P≥.42 for
both PED height and volume comparisons; P=.03 at baseline and P=.10 at 6 months, respectively, for BSCVA comparisons; P=.05
for PHVA comparison, between groups. One-way ANOVA was used for comparison within groups, whereas Kruskal-Wallis test was
used for comparison between groups for CME height and BSCVA due to group interaction and inequality of variances. KruskalWallis test was also used for comparison between groups for SRF height, CME volume, and PHVA due to inequality of variances. In
addition, Kruskal-Wallis test was used for comparison between groups for PED height due to group interaction. It should be noted
that for all plots in Figure 3, the P values listed for comparing the 6- month post-Tx results with baseline were derived from 1-way
ANOVA for the separate drug groups with smaller sample sizes; therefore, they may differ from the P values derived from 2-way
ANOVA associated with larger sample sizes in Table 3.
Responders vs Nonresponders
There were 155 Nonresponders and 34 Responders. For the Nonresponders in this study, the reason for transitioning to aflibercept was
their refractory response to bevacizumab, ranibizumab, or both drugs. For the Responders, the reasons for transitioning were related to
patients’ requests, ie, preference for receiving a new drug or the latest treatment option, or the possibility of extending the interval
between drug injections after transitioning to aflibercept.
Nonresponders. Pre-Tx and post-Tx OCT metrics and vision data of the Nonresponders are outlined in detail in Table 4.
At 6 months after transition to aflibercept in comparison to baseline, all OCT and visual outcomes with the exception of Macular
Volume were significantly improved for the Nonresponders. Mean changes were as follows: SRF height, 34.8 µm (69.4%) reduction,
95% CI (25.0, 44.7 µm), P<.001; CME height, 46.2 µm (70.9%) reduction, CI (32.9, 59.5 µm), P<.001; PED height, 52.7 µm (13.6%)
reduction, CI (37.8, 67.6 µm), P<.001; SRF volume, 62.0% reduction and PED volume, 31.9% reduction, P<.001; CME volume, 65.5
% reduction, P=.001; central 1-mm subfield height, 29.3 µm (8.8 %) reduction, CI (19.3, 39.3 µm); 3-mm subfield height, 19.6 µm
(5.7%) reduction, CI (13.2, 26.0 µm); BSCVA, 0.09 logMAR or 4.5 letters (11.3%) improvement, 95% CI (0.06, 0.12 logMAR),
P<.001; PHVA, 0.08 logMAR or 4.0 letters (10.9%) improvement, 95% CI (0.06, 0.11 logMAR), P<.001; Macular Volume, -0.8 mm3
(7.9%) worsening, P=.34 (Table 4).
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TABLE 3. COMPARISON OF PRE-AFLIBERCEPT AND POST-AFLIBERCEPT TRANSITIONED OUTCOME (SIX MONTHS)
FOR L-BEVACIZUMAB GROUP AND L-RANIBIZUMAB GROUP (2-WAY ANOVA)
L-bevacizumab GROUP (N=95)
VARIABLE(S)

MEAN
MEAN
BASELINE
POST-TX
VALUE (SD) VALUE(SD)

L-ranibizumab GROUP (N=84)

MEAN
CHANGE

95% CI

%
CHANGE

P VALUE

MEAN
BASELINE
VALUE (SD)

MEAN
POST-TX
VALUE
(SD)

MEAN
CHANGE

95% CI

%
P VALUE
CHANGE

SRF Ht*

43.6 (54.5)

9.8 (29.1)

33.9

22.8, 44.9

75.2

<.001

44.3 (67.7)

19.5 (38.2)

24.8

10.9, 38.6

59.7

<.001

SRF Vol

379743.2
(866714.0)

47014.5
(319871.6)

NA

NA

57.1

<.001

449165.4
(1071317.5)

91585.1
(353369.2)

NA

NA

66.9

<.001

CME Ht*

51.0 (84.9)

10.4 (30.8)

40.7

24.4, 56.9

76.1

<.001

55.2 (92.0)

27.6 (63.4)

27.7

12.0, 43.3

57.0

<.001

CME Vol

243319.2
(955729.9)

8480.8
(39609.7)

NA

NA

88.2

.001

389043.4
(1279420.6)

117831.5
(412757.2)

NA

NA

27.6

.001

PED Ht*

121.5
(151.5)

82.2 (117.8)

39.3

24.8, 53.8

12.2

<.001

114.6
(131.2)

75.5 (94.4)

39.1

23.2, 55.0

11.6

<.001

PED Vol

1996489.7
(3544238.6)

117346.5
(2488310.4)

NA

NA

29.9

<.001

1563449.5
(2975769.0)

856035.0
(1905148.5)

NA

NA

32.9

<.001

Central
1-mm*

252.5 (46.0)

226.7 (39.0)

25.8

16.3, 35.2

8.6

<.001

260.9 (63.8)

237.6 (55.4)

23.3

8.0, 38.6

6.3

<.001

Central
3-mm*

284.8 (32.4)

267.3(26.1)

17.5

11.1, 24.0

5.5

<.001

287.9 (41.1)

273.1 (32.8)

14.7

5.6, 23.9

4.1

<.001

Mac Vol†

9.2 (1.1)

10.9 (13.8 )

-1.71

-4.5, 1.11

-23.8

.32

9.3 (0.89)

9.1(0.73)

0.211

1.8

.32

BSCVA‡

0.41 (0.31)
20/51
0.35 (0.28)
20/45

0.34 (0.26 )
20/44
0.29 (0.24)
20/39

0.068

0.033, 0.102

12.2

<.001

18.7

<.001

0.031, 0.092

11.6

<.001

0.45 (0.33 )
20/56
0.38 (0.31)
20/48

0.073

0.061

0.52 (0.31)
20/66
0.46 (0.32)
20/58

0.044,
0.378
0.033,
0.114
0.044,
0.126

17.5

<.001

PH VA‡

0.085

ANOVA, analysis of variance; BSCVA, best spectacle-corrected visual acuity; CI, confidence interval; CME, cystoid macular edema; Ht, height; L, Legacy; Mac Vol, Macular Volume ; NA,
not applicable; PED, pigment epithelial detachment; PHVA, pinhole visual acuity; post-Tx, post-transitioned; SD, one standard deviation; SRF, subretinal fluid; Vol, volume.
*μm.
†mm3.
‡logMAR, log 10 of reciprocal of Snellen visual acuity.
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FIGURE 3
Comparisons of the three drug groups from
baseline to month 6. Top row left, For
subretinal fluid (SRF) height (P<.001 for
beva,* P<.001 for rani,** P=.44 for Mixed
Group) (P=.07 for comparison between
groups). Top row right, For SRF volume
(P<.001 for beva,* P=.001 for rani,** P=.34 for
Mixed Group) (P>.46 for comparison between
groups). Second row left, For cystoid macular
edema (CME) height (P<.001 for beva*,
P=.001 for rani**, P=.009 for Mixed Group)
(P=.08 for comparison between groups).
Second row right, For CME volume (P=.02 for
beva*, P=.03 for rani**, P=.11 for Mixed
Group) (P>.08 for comparison between
groups). Third row left, For pigment epithelial
detachment (PED) height (P<.001 for beva*,
P<.001 for rani**, P=.13 for Mixed Group)
(P>.42 for comparison between groups). Third
row right, For PED volume (P<.001 for beva*,
P<.001 for rani**, P=.09 for Mixed Group)
(P=.42 for comparison between groups).
Bottom row left, For best spectacle-corrected
visual acuity (BSCVA) in logMAR (P<.001 for
beva*, P=.002 for rani**, P=.04 for Mixed
Group) (P=.03 at baseline and P=.10 at 6
months for comparison between groups).
Bottom row right, For pinhole visual acuity
(PHVA) in logMAR (P<.001 for beva*, P<.002
for rani**, P=.006 for Mixed Group) (P>.05 for
comparison between groups). (beva*, Legacybevacizumab; rani**, Legacy-ranibizumab;
logMAR, logarithm in base 10 of the reciprocal
of the Snellen visual acuity)
Responders. Pre-Tx and post-Tx OCT metrics and vision data of the Responders are outlined in detail in Table 4.
The Responders showed a lack of significant improvements after the transition for all of the OCT and vision results (all P>.05).
For these eyes, the OCT-measured variables, BSCVA, and PHVA were maintained after transition in general, although there was a
mean of 24.7% increase in the Macular Volume after transition. As mentioned above, the accuracy of the automated readings of
Macular Volume is uncertain due to frequent technical errors.
Figure 4 depicts the plots of comparisons between the Responders and Nonresponders from baseline to 6 months for SRF, CME,
and PED heights and volumes, and BSCVA and PHVA, respectively. For the SRF height comparison between the two groups, there
were differences at baseline (P<.001) but not at 6 months (P=.002). For SRF volume comparison between the two groups, there were
differences at baseline (P<.001) and at 6 months (P=.001). For the CME height comparison between the two groups, there was a
difference at baseline (P<.001) but no difference at 6 months (P=.009), since only a P value of ≤.001 was considered to be significant
due to the Bonferroni adjustment. For the CME volume comparison between the two groups, there was difference at baseline (P<.001)
but no difference at 6 months (P=.08) for the same reason. For the PED height comparison between the two groups, there was a
difference at baseline (P<.001) and also at 6 months (P<.001). For the PED volume comparison between the two groups, there was a
difference at baseline (P<.001) and also at 6 months (P<.001). For the BSCVA comparison between the two groups, there were no
differences at baseline and 6 months (P=.45). For the PHVA comparison between the two groups, there was no difference at baseline
(P=.94) and also no difference at 6 months (P=.96). It should be pointed out that for the responders, the “flat-line” shape of the SRF
and CME heights and volume plots along the x-axis is due to the lack of any SRF and CME at baseline, which remained unchanged
after transition to aflibercept throughout the 6-month course. One-way ANOVA was used for all comparisons within groups, whereas
the Mann-Whitney test was used for all comparisons between groups due to inequality of variances except for BSCVA. Two-way
ANOVA was used for comparison between groups for BSCVA. It should be noted that for all plots in Figure 4, the P values listed for
comparing the 6- month post-Tx results with baseline for the individual groups (Responders and Nonresponders) were derived from
the paired t test associated with smaller sample sizes; nevertheless, they turned out to be the same as the P values derived from the 2way ANOVA associated with larger sample sizes in Tables 4.
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TABLE 4. COMPARISON OF PRE- AFLIBERCEPT AND POST-AFLIBERCEPT TRANSITIONED OUTCOME (SIX MONTHS)
FOR NONRESPONDERS AND RESPONDERS (PAIRED t TEST)
NONRESPONDERS (N=155)
VARIABLE (S)

MEAN
MEAN
MEAN
BASELINE
POST-TX CHANGE
VALUE (SD) VALUE(SD)

95%
CI

%
CHANGE

P VALUE

MEAN
BASELINE
VALUE (SD)

MEAN
POST-TX
VALUE(SD)

MEAN
CHANGE

95%
CI

69.4

<.001

0 (0)

0(0)

NA

NA

0

NA

%
P VALUE
CHANGE

SRF Ht*

51.7 (62.4)

16.9 (35.9)

34.8

SRF Vol

481788.1
(1023124.9)
67.3 (93.5)

79435.0
(359758.8)
21.1 (52.4)

NA

NA

62.0

<.001

0 (0)

0 (0)

NA

NA

0

NA

46.2

32.9, 59.5

70.9

<.001

0 (0)

0 (0)

NA

NA

0

NA

386486.6
(1204604.9)
148.9
(149.6)

69054.9
(309188.8)
96.3 (111.4)

NA

NA

65.5

.001

0 (0)

0 (0)

NA

NA

0

NA

52.7

37.8, 67.6

13.6

<.001

0 (0)

0 (0)

NA

NA

0

NA

2289218.6
(3599991.2)
263.1 (57.4)

1260665.9
(2391104.8)
233.8 (49.7)

NA

NA

31.9

<.001

0 (0)

0 (0)

NA

NA

0

NA

29.3

19.3, 39.3

8.8

<.001

225.4 (27.0)

220.8 (29.6)

4.6

-0.46,
9.6

2.0

.07

Central
3-mm*
Mac Vol†

291.0 (39.1)

271.4 (29.9)

19.6

13.2, 26.0

5.7

<.001

267.2 (24.0)

264.9 (24.6)

2.3

.84

.11

9.4 (0.87)

10.2 (10.8)

-0.831

-7.9

.34

8.7 (1.6)

9.0 (0.62)

-0.285

-24.7

.31

BSCVA‡

0.47 (0.33)
20/59

0.38 (0.29 )
20/48

0.091

-2.54,
0.878
0.061,
0.122

11.3

<.001

0.42 (0.26)
20/53

0.38 (0.30)
20/48

0.033

-0.54,
5.1
-0.85,
0.279
-0.028,
0.095

-0.54

.28

PHVA‡

0.41 (0.31)
0/51

0.33 (0.27)
0/43

0.083

0.056,
0.111

10.9

<.001

0.39 (0.26)
20/49

0.34 (0.30)
20/44

0.051

4.7

.08

CME Ht*
CME Vol
PED Ht*
PED Vol
Central
1-mm*

25.0, 44.7

RESPONDERS (N=34)

-0.0056,
0.107

BSCVA, best spectacle-corrected visual acuity; CI, confidence interval; CME, cystoid macular edema; Ht, height; Mac Vol, Macular Volume ; NA, not applicable; PED, pigment epithelial
detachment, PHVA, pinhole visual acuity; post-Tx, post-transitioned; SD, one standard deviation; SRF, subretinal fluid; Vol, volume.
*μm.
†mm3.
‡logMAR, log 10 of reciprocal of Snellen visual acuity.
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FIGURE 4
Comparison of Responders with Nonresponders from baseline to month 6. Top row left, For
subretinal fluid (SRF) height (P<.001 for Nonresponders), (P<.001 at baseline and P=.002 at 6
months for comparison between Nonresponders and Responders). Top row right, For SRF
volume (P<.001 for Nonresponders), (P<.001 at baseline and P=.001 at 6 months for
comparison between Nonresponders and Responders). Second row left, For cystoid macular
edema (CME) height (P<.001 for Nonresponders), (P<.001 at baseline and P=.009 at 6 months
for comparison between Nonresponders and Responders). Second row right, For CME volume
(P<.001 for Nonresponders), (P<.001 at baseline and P=.008 at 6 months for comparison
between Nonresponders and Responders). Third row left, Pigment epithelial detachment
(PED) height (P<.001 for Nonresponders), (P<.001 at baseline and 6 months for comparison
between Nonresponders and Responders). Third row right, For PED volume (P<.001 for
Nonresponders), (P<.001 at baseline and 6 months for comparison between Nonresponders
and Responders). Bottom row left, For best spectacle-corrected visual acuity (BSCVA) in
logMAR (P=.13 for Responders and P<.001 for Nonresponders), (P=.45 between groups
indicating no difference between Responders and Nonresponders). Bottom row right, For
pinhole visual acuity (PHVA) in logMAR (P=.03 for Responders and P<.001 for
Nonresponders), (P>.94 between groups at baseline and 6 months, indicating no significant
difference between Responders and Nonresponders). (logMAR, logarithm in base 10 of the
reciprocal of the Snellen visual acuity; Nonresponders, eyes with suboptimal response to
specific anti-VEGF drug at the time of the transition; Responders, eyes with good response to
specific anti-VEGF drug at the time of the transition. For the Responders, the “flat-line” shape
of the SRF and CME heights and volume plots along the x-axis is due to the lack of any SRF
and CME at baseline, which remained unchanged after transition throughout the 6-month
course.)
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Diabetic vs Nondiabetic Eyes
In this study, only diabetic patients with no diabetic retinopathy or mild background diabetic retinopathy were allowed for inclusion,
in case of a history of diabetes mellitus. Patients with more serious diabetic retinopathy were excluded from the study. (See the
“Discussion” section on the rationale for assessing diabetic vs nondiabetic eyes.) There were 172 nondiabetic eyes and 17 diabetic
eyes.
Diabetic eyes. Pre-Tx and post-Tx OCT metrics and vision data of the diabetic eyes are outlined in detail in Table 5. The
mean changes were as follows: SRF height, 24.5 µm (70.2%) reduction, 95% CI (-4.6, 53.6 µm), P<.001; CME height, 33.2 µm
(49.5%) reduction, 95% CI (-13.1, 79.4 µm), P<.001; PED height, 35.2 µm (27.0%) reduction, 95% CI (-8.5, 78.8 µm), P<.001; SRF,
55.2% reduction, and CME volume, 67.3% reduction, P=.02 and P=.08, respectively; PED volume, 31.5% reduction, P<.001; central
1-mm subfield, 10.2 µm (3.9%) reduction, 95% CI (-17.3, 37.8 µm), P=.01; central 3-mm subfield, 9.9 µm (3.0%) reduction, 95% CI
(-9.3, 29.2 µm), P=.005; BSCVA, 0.097 logMAR or 4.9 letters (13.0% ) improvement, 95% CI (0.0028, 0.19 logMAR), P<.001;
PHVA, 0.087 logMAR or 4.4 letters (13.8% ) improvement, 95% CI (0.014, 0.16 logMAR), P=.001; Macular Volume, 0.65 mm3
(6.7%) reduction, P=.01.
Nondiabetic eyes. Pre-Tx and post-Tx OCT metrics and vision data of the nondiabetic eyes are outlined in detail in Table 5.
The mean changes were as follows: SRF height, 29.1 µm (69.4%) reduction, 95% CI (20.3, 37.8 µm), P<.001; CME height, 38.6 µm
(72.9%) reduction, 95% CI (26.9, 50.2 µm), P<.001; PED height, 44.2 µm (12.5%) reduction, 95% CI (31.0, 57.5 µm), P<.001; SRF,
62.5% reduction, and CME volume, 65.3 % reduction, P=.02 and P=.08, respectively; PED volume, 31.9 % reduction, P<.001; central
1-mm subfield, 26.4 µm (8.0%) reduction, 95% CI (17.6, 35.3 µm), P=.01; central 3-mm subfield, 17.2 µm (5.1%) reduction, 95% CI
(11.6, 22.8 µm), P=.005; BSCVA, 0.079 logMAR or 4.0 letters (8.8% ) improvement, 95% CI (0.05, 0.11 logMAR), P<.001; PHVA,
0.076 logMAR or 3.8 letters (9.4%) improvement, 95% CI (0.05, 0.10 logMAR), P<.001; Macular Volume, -.87 mm3 (12.7% )
increase, P=.93.
Thus, at 6 months after transition in comparison to baseline, many of the OCT and vision results showed improvements for both
diabetic and nondiabetic eyes (Table 5).
Figure 5 depicts the plots of comparisons between the diabetic and nondiabetic eyes from baseline to 6 months for SRF, CME, and
PED heights and volumes, and BSCVA and PHVA, respectively. There were no differences between the two groups for all eight plots
(P=.92 for SRF height; P=.88 at baseline and P=.56 at 6 months for SRF volume; P=.64 for CME height; P=.85 for CME volume;
P=.99 for PED height; P=.99 for PED volume; P=.04 for BSCVA; P=.04 for PHVA). One-way ANOVA was used for all comparisons
within groups, whereas 2-way ANOVA was used for all comparisons between groups except for SRF volume. Mann-Whitney test was
used for between-group comparison for SRF volume due to inequality of variances. It should also be noted that for all plots in Figure
5, the P values listed for comparing the 6-month Post-Tx results with baseline for the individual groups (diabetics vs nondiabetics)
were derived from the paired t test associated with smaller sample sizes; therefore, they may differ from the P values derived from 2way ANOVA in Table 5 associated with larger sample sizes.
Phakia vs Pseudophakia
There were 74 phakic eyes, 114 pseudophakic eyes, and 1 aphakic eye in this study. All except one pseudophakic eye had posterior
chamber implants (PCIOLs). The one eye with an anterior chamber implant and the one aphakic eye were eliminated from the
statistical analysis, in order to maintain consistency and reduce confounding effects.
Pseudophakic Eyes. Pre-Tx and post-Tx OCT metrics and vision data of the pseudophakic eyes are outlined in detail in
Table 6.The mean changes were as follows: SRF height, 27.6 µm (67.3%) reduction, 95% CI (16.5, 38.8 µm), P<.001; CME height
,38.1 µm (71.9 %) reduction, 95% CI (23.9, 52.2 µm), P<.001; PED height, 38.6 µm (5.7%) reduction, 95% CI (22.1, 55.1 µm),
P<.001; SRF volume ,49.3% reduction and CME volume, 86.9 % reduction, P<.001 and P=.001, respectively; PED volume, 28.0 %
reduction, P<.001; central 1-mm subfield ,17.7 µm (5.4%) reduction, 95% CI (8.8, 26.6 µm), P<.001; central 3-mm subfield, 13.5 µm
(4.0%) reduction, 95% CI (7.4, 19.6 µm), P<.001; BSCVA, 0.084 logMAR or 4.2 letters (10.0%) improvement, 95% CI (0.048, 0.12
logMAR), P<.001; PHVA, 0.081 logMAR or 4.1 letters (10.7%) improvement, 95% CI (0.048, 0.11 logMAR), P<.001; Macular
Volume, -1.4 mm3 (19.9%) increase, P=.44 (Table 6).
Phakic Eyes. Pre-Tx and post-Tx OCT metrics and vision data of the phakic eyes are outlined in detail in Table 6. The
mean changes were as follows: SRF height, 29.9 µm (71.7%) reduction, 95% CI (17.0, 42.8 µm), P<.001; CME height, 40.8 µm
(74.7% ) reduction, 95% CI (22.0, 59.6 µm), P<.001; PED height ,51.9 µm (24.5%) reduction, 95% CI (31.6, 72.1 µm), P<.001; SRF
volume, 79.9% reduction and CME volume, 39.9 % reduction, P<.001 and P=.001, respectively; PED volume, 37.3 % reduction,
P<.001; central 1-mm subfield, 38.9 µm (12.0%) reduction, 95% CI (23.6, 54.2 µm), P<.001; central 3-mm subfield, 22.5 µm (6.7%)
reduction, 95% CI (12.8, 32.2 µm), P<.001; BSCVA, 0.086 logMAR or 4.3 letters (12.1%) improvement, 95% CI (0.047, 0.13
logMAR), P<.001; PHVA, 0.077 logMAR or 3.9 letters (12.0%) improvement, 95% CI (0.044, 0.11 logMAR), P<.001; Macular
Volume, 0.28mm3 (2.5%) reduction, P=.44 (Table 6).
Thus, at 6 months after transition in comparison to baseline, all OCT and visual results with the exception of Macular Volume
were improved in both phakic and pseudophakic eyes (Table 6). Two-way ANOVA was used for intragroup comparisons except for
central 1-mm subfield thickness, for which the Wilcoxon signed-rank test was used due to interaction between variables.
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TABLE 5. COMPARISON OF PRE-AFLIBERCEPT AND POST-AFLIBERCEPT TRANSITIONED OUTCOME (SIX MONTHS)
FOR DIABETICS AND NONDIABETICS (2-WAY ANOVA)
DIABETICS (N=17)
VARIABLE(S)

SRF Ht*

MEAN
MEAN
MEAN
BASELINE
POST-TX CHANGE
VALUE (SD) VALUE(SD)
38.0 (58.9)
13.5 (48.6)
24.5

NONDIABETICS (N=172)

95% CI

%
CHANGE

P
VALUE

-4.6, 53.6

70.2

<.001

MEAN
MEAN
MEAN
95% CI
%
P
BASELINE POST-TX CHANGE
CHANGE VALUE
VALUE (SD) VALUE(SD)
42.9 (60.2)
13.9 (31.4)
29.1
20.3, 37.8
69.4
<.001

SRF Vol

385923.3
(837102.9)

149691.2
(591237.8)

NA

NA

55.2

.02

396025.9
(956552.4)

56788.8
(289999.8)

NA

NA

62.5

.02

CME Ht*

54.9 (98.3)

21.8 (51.5)

33.2

-13.1,79.4

49.5

<.001

55.6 (88.0)

17.0 (48.0)

38.6

26.9, 50.2

72.9

<.001

CME Vol

238913.4
(706324.4)

39486.5
(109605.2)

NA

NA

67.3

.08

324673.9
(1133060.2)

58327.0
(292771.7)

NA

NA

65.3

.08

PED Ht*

126.8
(154.3)

91.7 (103.4)

35.2

-8.5, 78.8

27.0

<.001

122.4(146.9)

78.1 (108.2)

44.2

31.0, 57.5

12.5

<.001

PED Vol

1751689.0
(3339163.3)

960009.1
(1918171.7)

NA

NA

31.5

<.001

1889826.6
(3388369.7)

1041180.6
(2250171.6)

NA

NA

31.9

<.001

Central
1-mm*

257.5(33.8)

247.2 (62.9)

10.2

-17.3, 37.8

3.9

.01

256.4 (56.9)

230.0 (45.0)

26.4

17.6, 35.3

8.0

.01

Central
3-mm*

290.1(29.6)

280.1(35.1)

9.9

-9.3, 29.2

3.0

.005

286.5 (38.7)

269.3 (28.3)

17.2

11.6, 22.8

5.1

.005

Mac Vol†

9.6 (0.59)

8.9 (0.96)

0.65

0.176, 1.13

6.7

.01

9.3 (1.09)

10.1 (10.3)

-.87

-2.4, 0.67

-12.7

.93

BSCVA‡

0.31 (0.22)
20/41

0.21 (0.19)
20/32

0.097

0.0028, 0.191

13.0

<.001

0.48 (0.32)
20/60

0.40 (0.30)
20/50

0.079

0.05, 0.108

8.8

<.001

PH VA‡

0.25 (0.20)
20/36

0.17 (0.16)
20/30

0.087

0.014, 0.16

13.8

.001

0.42 (0.31)
20/53

0.34 (0.28)
20/44

0.076

0.05, 0.103

9.4

<.001

ANOVA, analysis of variance; BSCVA, best-spectacle corrected visual acuity; CI, confidence interval; CME, cystoid macular edema; Ht, height; Mac Vol, Macular Volume;
μm, microns; NA, not applicable; PED, pigment epithelial detachment, PHVA, pinhole visual acuity; post-Tx, post-transitioned; SD, one standard deviation; SRF, subretinal
fluid; Vol, volume.
*μm.
†mm3.
‡log Mar, log 10 of reciprocal of Snellen visual acuity.
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FIGURE 5
Comparison of diabetic with nondiabetic eyes from baseline to month 6. Top row left, For subretinal fluid (SRF) height
(P=.09 for diabetics and P<.001 for nondiabetics), (P=.92 between groups, indicating lack of significant difference between
diabetic and nondiabetics). Top row right, For SRF volume (P=.31 for diabetics and P<.001 for nondiabetics), (P=.88 at
baseline and P=.56 at 6 months between groups, indicating lack of significant difference between diabetics and nondiabetics).
Second row left, For cystoid macular edema (CME) height (P=.15 for diabetics and P<.001 for nondiabetics), (P=.64
between groups, indicating lack of significant difference between diabetic and nondiabetics). Second row right, For CME
volume (P=.26 for diabetics and P=.001 for nondiabetics), (P=.85 between groups, indicating lack of significant difference
between diabetics and nondiabetics). Third row left, For pigment epithelial detachment (PED) height (P=.12 for diabetics and
P<.001 for nondiabetics), (P=.99 between groups, indicating lack of significant difference between diabetics and
nondiabetics). Third row right, For PED volume (P=.07 for diabetics and P<.001 for nondiabetics), (P=.99 between groups,
indicating lack of significant difference between diabetics and nondiabetics). Bottom row left, For best spectacle-corrected
visual acuity (BSCVA) in logMAR (P=.15 for diabetics and P<.001 for nondiabetics), (P=.04 between groups, indicating
lack of significant difference between diabetics and nondiabetics). Bottom row right, For pinhole visual acuity (PHVA) in
logMAR (P=.07 for diabetics and P<.001 for nondiabetics), (P=.04 between groups, indicating lack of significant difference
between diabetics and nondiabetics). (diabetics, eyes with no diabetic retinopathy or only mild background diabetic
retinopathy; logMAR, logarithm in base 10 of the reciprocal of the Snellen visual acuity)
Figure 6 depicts the plots of comparisons between phakic and pseudophakic eyes from baseline to 6 months for SRF, CME, and
PED heights and volumes, and BSCVA and PHVA, respectively. There was no difference between the two groups for all eight plots
(P=.96 for SRF height; P=.37 for SRF volume; P=.60 for CME height; P=.79 at baseline and P=.24 at 6 months for CME volume;
P=.24 for PED height; P=.36 at baseline and P=.27 at 6 months for PED volume; P= .68 for BSCVA; P=.96 for PHVA. One-way
ANOVA was used for all comparisons within groups, whereas 2-way ANOVA was used for all comparisons between groups except
for CME volume and PED volume. Mann-Whitney test was used for between-group comparisons for CME volume and PED volume
due to inequality of variances. One eye with aphakia and one eye with anterior chamber intraocular implant were eliminated from
analysis to avoid confounding the results.
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TABLE 6. COMPARISON OF PRE-AFLIBERCEPT AND POST-AFLIBERCEPT TRANSITIONED OUTCOME (SIX MONTHS)
FOR PSEUDOPHAKIC EYES AND PHAKIC EYES (2-WAY ANOVA)*
PSEUDOPHAKIC EYES (N=113)
VARIABLE (S)

MEAN
BASELINE
VALUE (SD)

MEAN
MEAN
POST-TX CHANGE
VALUE(SD)

PHAKIC EYES (N=74)

95%
CI

%
CHANGE

P
VALUE

MEAN
MEAN
MEAN
BASELINE POST-TX CHANGE
VALUE (SD) VALUE(SD)

95%
CI

%
CHANGE

P
VALUE

SRF Ht†

42.2 (62.3)

14.6 (33.2)

27.6

16.5, 38.8

67.3

<.001

43.1 (57.1)

13.1 (33.6)

29.9

17.0, 42.8

71.7

<.001

SRF Vol

350270.2
(896815.6)

49377.9
(238753.3)

NA

NA

49.3

< 001

449278.0
(1012800.6)

90982.8
(432217.5)

NA

NA

79.9

< .001

CME Ht†

56.5 (90.0)

18.4 (47.0)

38.1

23.9, 52.2

71.9

<.001

53.2 (87.1)

12.4 (38.8)

40.8

22.0, 59.6

74.7

<.001

CME Vol

338626.3
(1137893.1)

63207.4
(302852.4)

NA

NA

86.9

.001

284405.3
(1061812.3)

22962.6
(129892.7)

NA

NA

39.9

.001

PED Ht†
PED Vol

113.0 (138.3)
1562164.7
(2651875.6)

74.3 (101.8)
832248.6
(1714954.1)

38.6
NA

22.1, 55.1
NA

5.7
28.0

<.001
<.001

141.0(159.6)
2409517.2
(4244399.4)

89.1 (116.4)
1369717.9
(2819486.9)

51.9
NA

31.6, 72.1
NA

24.5
37.3

<.001
<.001

Central
1-mm†

248.7(49.5)

231.0 (39.4)

17.7

8.8, 26.6

5.4

<.001

268.4 (61.8)

229.5 (51.5)

38.9

23.6, 54.2

12.0

<.001

Central
3-mm†

284.1 (36.3)

270.6 (27.1)

13.5

7.4, 19.6

4.0

<.001

291.3 (40.3)

268.8 (31.5)

22.5

12.8, 32.2

6.7

<.001

Mac Vol‡
BSCVA§

9.3 (1.2)
0.45 (0.33)
20/56
0.40 (0.31)
20/50

10.7 (12.7)
0.37 (0.30 )
20/47
0.32 (0.27)
20/42

-1.4
0.084

-3.8, 0.95
0.048,
0.120
0.048,
0.114

-19.9
10.0

.44
<.001

0.083, 0.47
0.047, 0.126

2.5
12.1

.44
<.001

<.001

9.1 (0.68)
0.39 (0.26)
20/49
0.32 (0.25)
20/42

0.28
0.086

10.7

9.3 (0.75)
0.47 (0.31)
20/59
0.40 (0.29)
20/50

0.077

0.044, 0.110

12.0

<.001

PHVA§

0.081

BSCVA, best-spectacle corrected visual acuity; CI, confidence interval; CME, cystoid macular edema; Ht, height; Mac Vol, Macular Volume (mm3); μm, microns; NA, not applicable;
PED, pigment epithelial detachment, PHVA, pinhole visual acuity; post-Tx, post-transitioned; SD, one standard deviation; Vol, volume.
*2-way ANOVA used for comparisons except for central 1-mm subfield thickness, for which Wilcoxon signed rank test was used for the comparison due to interaction between
variables.
†μm.
‡mm3.
§logMAR, log 10 of reciprocal of Snellen visual acuity.
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FIGURE 6
Comparison of phakic eyes with pseudophakic eyes from baseline to month 6. Top row left, For subretinal fluid (SRF) height
(P<.001 for phakia and P<.001 for pseudophakia), (P=.96 between groups, indicating a lack of significant difference between
phakia and pseudophakia). Top row right, For SRF volume (P=.004 for phakia and P=.001 for pseudophakia), (P=.37 between
groups, indicating a lack of significant difference between phakia and pseudophakia). Second row left, For cystoid macular
edema (CME) height (P<.001 for phakia and P<.001 for pseudophakia), (P=.60 between groups, indicating a lack of significant
difference between phakia and pseudophakia). Second row right, For CME volume (P=.04 for phakia and P=.004 for
pseudophakia), (P=.79 at baseline and P=.24 at 6 months between groups, indicating a lack of significant difference between
phakia and pseudophakia). Third row left, For pigment epithelial detachment (PED) height (P<.001 for phakia and P<.001 for
pseudophakia), (P=.24 between groups, indicating a lack of significant difference between phakia and pseudophakia). Third
row right, For PED volume (P<.001 for phakia and P<.001 for pseudophakia), (P=.36 at baseline and P=.27 at 6 months
between groups, indicating a lack of significant difference between phakia and pseudophakia). Bottom row left, For best
spectacle-corrected visual acuity (BSCVA) in logMAR (P<.001 for phakia and P<.001 for pseudophakia), (P=.68 between
groups, indicating a lack of significant difference between phakia and pseudophakia). Bottom row right, for pinhole visual
acuity (PHVA) in logMAR (P<.001 for phakia and P<.001 for pseudophakia), (P=.96 between groups, indicating a lack of
significant difference between phakia and pseudophakia). (logMAR, logarithm in base 10 of the reciprocal of the Snellen visual
acuity; PCIOL, posterior chamber intraocular lens; pseudophakic eyes, eyes with PCIOL;[1 eye with aphakia and 1 eye with
anterior chamber intraocular lens were eliminated from analysis])
It should be noted that for all plots in Figure 6, the P values listed for comparing the 6- month post-Tx results with baseline for the
individual groups (phakic vs pseudophakic eyes) were derived from the paired t test associated with smaller sample sizes;
nevertheless, they turned out to be the same as the P values derived from 2-way ANOVA in Table 6 associated with larger sample
sizes.
Eyes With PED vs Eyes Without PED
In this study, there were 102 eyes with a vascularized PED and 87 eyes without any PED.
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Ped Eyes. Pre-Tx and post-Tx OCT metrics and vision data of the eyes with PED are outlined in detail in Table 7.
The mean changes were as follows: SRF height, 42.1 µm (72.5%) reduction, 95% CI (29.7, 54.5 µm), P<.001; CME height,
29.5 µm (78.3% ) reduction, 95% CI (16.8, 42.2 µm), P<.001; PED height, 81.0 µm (13.6%) reduction, 95% CI (60.4, 101.6 µm),
P<.001; SRF volume, 81.5% reduction and CME volume, 91.2% reduction, P<.001 and P=.001, respectively; PED volume, 31.9%
reduction, P<.001; central 1-mm subfield, 34.9 µm (10.6%) reduction, 95% CI (23.3, 46.6 µm), P<.001; central 3-mm subfield, 21.0
µm (6.3%) reduction, 95% CI (13.7, 28.3 µm), P<.001; BSCVA, 0.094 logMAR or 4.7 letters (12.3%) improvement, 95% CI (0.056,
0.13 logMAR), P<.001; PHVA, 0.082 logMAR or 4.1 letters (11.5%) improvement, 95% CI (0.049, 0.12 logMAR), P<.001; Macular
Volume, -1.5mm3 (14.0%) increase, P=.35 (Table 7).
Non-Ped Eyes. Pre-Tx and post-Tx OCT metrics and vision data of the non-PED eyes are outlined in detail in Table 7.
The mean changes were as follows: SRF height, 13.1 µm (61.1%) reduction, 95% CI (3.1, 23.1 µm), P=.004; CME height,
48.3 µm (65.5% ) reduction, 95% CI (28.7, 67.8 µm), P<.001; SRF volume, 7.0% reduction and CME volume, 46.6% reduction,
P=.04 and P=.001, respectively; central 1-mm subfield, 13.2 µm (4.0%) reduction, 95% CI (1.5, 25.0), P=.03; central 3-mm subfield,
11.3 µm (3.2%) reduction, 95% CI (3.3, 19.2 µm), P<.001; BSCVA, 0.065 logMAR or 3.3 letters (5.5%) improvement, 95% CI
(0.026, 0.10 logMAR), P<.001; PHVA, 0.072 logMAR or 3.6 letters (7.8%) improvement, 95% CI (0.035, 0.11 logMAR), P<.001;
Macular Volume, 0.14 mm3 (7.2%) decrease, P=.35 (Table 7).
At 6 months after transition in comparison to baseline, there was highly significant improvement in all OCT and visual results for
eyes with PED (all P≤.001, paired t test), except for Macular Volume (Table 7). For eyes without a PED, similar but somewhat less
significant improvements were noted for all OCT and visual results with the exception of Macular Volume (P values ranged from .04
to .004), paired t test (Table 7).
Figure 7 depicts the plots of comparisons between eyes with a vascularized PED vs eyes without a PED from baseline to 6 months
for SRF and CME heights and volumes, and BSCVA and PHVA, respectively. For SRF height comparison, there was a significant
difference between the two groups at baseline (P<.001); at 6 months, the P value was .002 between the two groups. For SRF volume
comparison, there was a significant difference between the two groups at baseline (P<.001); at 6 months, the P value was .002
between the two groups.. For the CME height comparison, there was no significant difference between the two groups (P=.05). For
the CME volume comparison, there was no significant difference between the two groups (P=.69). For the BSCVA comparison, there
was no significant difference between the two groups (P=.97). For the PHVA comparison, there was no difference between the two
groups (P=.47). One-way ANOVA was used for all comparisons within groups, while 2-way ANOVA was used for all comparisons
between groups except for SRF height, SRF volume, PED height, and PED volume comparisons. Mann-Whitney test was used for
comparisons between groups for SRF height, SRF volume, PED height, and PED volume due to group interaction and inequality of
variances.
It should be noted that for all plots in Figure 7, the P values listed for comparing the 6- month post-Tx results with baseline for the
individual groups (eyes with PED vs eyes without PED) were derived from the paired t test associated with smaller sample sizes;
therefore, they may differ from the P values derived from 2-way ANOVA or Wilcoxon signed-rank test in Table 7.
OCT RESULTS CATEGORIZED AS IMPROVED, UNCHANGED, OR WORSE
For this study, power calculations showed a sufficient sample size to detect a 10% or greater change in OCT-measured values when
comparing pretransitioned and posttransitioned results and also between-group results. Therefore, a magnitude of >10% of increase or
decrease in OCT-measured value was considered to be a real change from baseline. Table 8 outlines the percentages of eyes with
improved, unchanged, or worse SRF height and volume when comparing baseline with 6 months for the entire cohort as well as for
the drug groups, Responders and Nonresponders, diabetic and nondiabetics eyes, phakic and pseudophakic eyes, and eyes with PED
and eyes without PED. Table 9 outlines the percentages of eyes with improved, unchanged, or worse CME height and volume when
comparing baseline with 6 months for the entire cohort as well as for all of the same subgroups outlined in Table 8. Table 10 outlines
the percentages of eyes with improved, unchanged, or worse PED height and volume when comparing baseline with 6 months for the
entire cohort as well as for all of the same subgroups outlined in Tables 8 and 9. For Tables 8 and 9, eyes with data entry of zero value
at baseline and also at 6 months were excluded from the calculation in percentage change, in order to avoid confounding the results.
There were 7 eyes with no SRF and 1 eye with no CME at baseline, which subsequently developed increased SRF and CME,
respectively, in 6 months after transition. For these eyes, the magnitude of the respective changes was compared to the other eyes in
the same cohort, in order to properly categorize them as “unchanged” or “worse” (Tables 8 and 9).
For the entire cohort, SRF height and volume were improved in 73 eyes (82.0%) and 75 eyes (84.3%), respectively; unchanged in
2 eyes (2.2%) and 1 eye (1.1%), respectively; and worse in 14 eyes (15.7%) and 13 eyes (14.6%), respectively (Table 8). For the
subgroup analyses, SRF height and volume were improved for 66.7% to 91.7% of eyes and 66.7% to 91.7% of eyes, respectively;
were unchanged for 0 to 5.3% of eyes and 0 to 2.1% of eyes, respectively; and were worse for 8.3% to 33.3% of eyes and 6.3% to
33.3% of eyes, respectively (Table 8).
Likewise, CME height and volume associated with the entire cohort were improved in 65 eyes (91.5%) and 68 eyes (95.8%),
respectively; unchanged in 2 eyes (2.8%) and 1 eye (1.4%), respectively; and worse in 4 eyes (5.6%) and 2 eyes (2.8%), respectively
(Table 9). For the subgroup analyses, CME height and volume were improved for 66.7% to 100% of eyes and 92.3% to100% of eyes,
respectively; were unchanged for 0 to 16.7% of eyes and 0 to 3.8% of eyes, respectively; and were worse for 0 to 16.7% of eyes and 0
to 7.1% of eyes, respectively (Table 9).
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TABLE 7. COMPARISON OF PRE- AFLIBERCEPT AND POST-AFLIBERCEPT TRANSITIONED OUTCOME (SIX MONTHS)
FOR EYES WITH PED AND FOR EYES WITHOUT PED (2-WAY ANOVA)
EYES WITH PED (N=102)
VARIABLE (S)

EYES WITHOUT PED (N=87)

MEAN
BASELINE
VALUE (SD)

MEAN
POST-TX
VALUE(SD)

MEAN
CHANGE

95% CI

%
CHANGE

MEAN
CHANGE

95% CI

SRF Ht*

60.1 (63.3)

18.0 (34.0)

42.1

29.7, 54.5

72.5

<.001

22.2 (48.7)

SRF Vol

589352.6
(1162150.6)

64304.4
(314192.9)

NA

NA

81.5

<.001

167393.1
(516104.6)

9.0 (31.6)

13.1

3.1, 23.1

61.1

.004

66130.8
(343325.4)

NA

NA

7.0

.04

CME Ht*

43.5 ( 81.4)

14.0 (45.5)

29.5

16.8, 42.2

78.3

<.001

69.7 (95.1)

21.5 ( 51.2)

48.3

28.7, 67.8

65.5

<.001

CME Vol

278602.1
(840421.8)

61607.1
(316598.8)

NA

NA

91.2

.001

361931.2
(1346688.6)

50799.9
(234417.0)

NA

NA

46.6

.001

PED Ht*

226.3
(128.5)

145.3
(108.3)

81.0

60.4, 101.6

13.6

<.001

0

0

NA

NA

0

NA

PED Vol

3478714.6
(3947380.0)

1915250.0
(2729845.5)

NA

NA

31.9

<.001

0

0

NA

NA

0

NA

Central
1-mm*

263.8 (58.6)

228.9 (42.1)

34.9

23.2, 46.6

10.6

<.001

247.9 (49.9) 234.7 (52.2)

13.2

1.5, 25.0

4.0

.03

Central
3-mm*

289.4 (38.8)

268.4 (27.0)

21.0

13.7, 28.3

6.3

<.001

283.7 (36.7) 272.4 (31.3)

11.3

3.3, 19.2

3.2

<.001

Mac Vol†

9.5 (0.91)

11.0 (13.3)

-1.5

-4.1, 1.1

-14.0

.35

9.1 (1.2)

8.9 (0.82)

0.14

-.15, 0.43

-7.2

.35

BSCVA‡

0.47 (0.32)
20/59

0.38 (0.28)
20/48

0.094

0.056,
0.133

12.3

<.001

0.46 (0.32)
20/58

0.39 (0.31)
20/49

0.065

0.026,
0.104

5.5

<.001

PHVA‡

0.39 (0.29)
20/49

0.31 (0.26)
20/41

0.822

0.049,
0.116

11.5

<.001

0.42 (0.31)
20/53

0.35 (0.29)
20/45

0.072

0.035,
0.108

7.8

<.001

P
VALUE

MEAN
MEAN
BASELINE
POST-TX
VALUE (SD) VALUE(SD)

%
P
CHANGE VALUE

BSCVA, best spectacle-corrected visual acuity; CI, confidence interval; CME, cystoid macular edema; Ht, height; Mac Vol, Macular Volume; NA, not applicable;
PED, pigment epithelial detachment; PHVA, pinhole visual acuity; post-Tx, post-transitioned; SD, one standard deviation; SRF, subretinal fluid; Vol, volume.
*μm.
†mm3.
‡
logMAR, log 10 of reciprocal of Snellen visual acuity.
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FIGURE 7
Comparison of eyes with pigment epithelial detachment (PED) with eyes without PED from baseline to month 6. Top row left,
For subretinal fluid (SRF) height (P<.001 for PED and P=.01 for no PED), (P<.001 at baseline and P=.002 at 6 months
between groups, indicating significant difference at baseline and a trend toward difference at 6 months between the two group).
Top row right, For SRF volume (P<.001 for PED and P=.08 for no PED), (P<.001 at baseline and P=.002 at 6 months between
groups, indicating significant difference at baseline and a trend toward difference at 6 months between the two groups). Middle
row left, For cystoid macular edema (CME) height (P<.001 for PED and P<.001 for no PED), (P=.05 between groups,
indicating a lack of significant differences between PED and no PED). Middle row right, For CME volume (P=.001 for PED
and P=.04 for no PED) (P=.69 between groups, indicating a lack of significant differences between PED and No PED). Bottom
row left, For best spectacle-corrected visual acuity (BSCVA) in logMAR (P<.001 for PED and P=.001 for no PED), (P=.97
between groups, indicating a lack of significant differences between PED and no PED). Bottom row right, For pinhole visual
acuity (PHVA) in logMAR (P<.001 for PED and P<.001 for No PED), (P=.47 between groups, indicating a lack of significant
differences between PED and no PED). (logMAR, logarithm in base 10 of the reciprocal of the Snellen visual acuity)
PED height and volume associated with the entire cohort were improved in 82 eyes (80.4%) and 86 eyes (84.3%), respectively;
unchanged in 16 eyes (15.7%) and 10 eyes (9.8%), respectively; and worse in 4 eyes (3.9%) and 6 eyes (5.9%), respectively (Table
10). For the subgroup analyses, PED height and volume were improved for 62.5% to 88.4% of eyes and 50.0% to 89.4% of eyes,
respectively; were unchanged for 9.3% to 20.3% of eyes and 7.4% to 37.5% of eyes, respectively; and were worse for 0 to 16.7% of
eyes and 2.1% to 16.7% of eyes, respectively (Table 10).
VISUAL RESULTS CATEGORIZED AS IMPROVED, NO CHANGE, OR WORSE
In this study, power calculations showed a sufficient sample size to detect a threshold of 3- to 5-letter change (0.06 to 0.1 log unit)
from baseline to post-Tx visits and between groups. Table 11 categorizes vision changes based on a 4-letter (0.08 log units) threshold,
and Table 12 categorizes vision changes based on a 5-letter (0.1 log unit) threshold.
For the 4-letter equivalent threshold, BSCVA was improved in 80 eyes (42.3%) and PHVA was improved in 77 eyes (40.7%).
BSCVA was unchanged in 80 (42.3%) and PHVA was unchanged in 87 (46.0%), and BSCVA was worse in 29 (15.3%) and PHVA
was worse in 16 eyes (8.5%). Regarding the subgroups, BSCVA was improved in 38.9% to 52.9% of eyes, and PHVA was improved
in 36.8% to 60.0% of eyes. BSCVA was unchanged in 23.5% to 45.1% of eyes, and PHVA was unchanged in 23.5% to 48.7% of
eyes. BSCVA was worse in 10.0% to 23.5% of eyes, and PHVA was worse in 0 to 17.6% of eyes (Table 11).
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TABLE 8. CATEGORIZATION OF SUBRETINAL FLUID HEIGHT AND VOLUME AS IMPROVED, NO CHANGE, OR WORSE AT SIX
MONTHS AFTER TRANSITION TO AFLIBERCEPT
SUBRETINAL FLUID HEIGHT (MICRONS)
VARIABLE(S) TOTAL
EYES*

WORSE
(%)†

NO
CHANGE
(%)‡

IMPROVED
(%)§

SUBRETINAL FLUID VOLUME

95% CI
IMPROVED EYES
(%)

TOTAL
EYES*

WORSE
(%)†

NO CHANGE IMPROVED
(%)‡
(%)§

95% CI
IMPROVED EYES
(%)

Entire cohort

89

14 (15.7)

2 (2.2)

73 (82.0)

74.0, 90.0

89

13 (14.6)

1 (1.1)

75 (84.3)

76.7, 91.9

Drug groups
Beva
Rani
Mixed

48
38
3

4 (8.3)
9 (23.7)
1 (33.3)

0
2 (5.3)
0

44 (91.7)
27 (71.1)
2 (66.7)

83.9, 99.5
56.7, 85.8
13.4, 100

48
38
3

3 (6.3)
9 (23.7)
1 (33.3)

1 (2.1)
0
0

44 (91.7)
29 (76.3)
2 (66.7)

83.9, 99.5
62.8, 89.8
13.4, 100

Diabetic
Nondiabetic

6
83

1 (16.7)
13 (15.7)

0
2 (2.4)

5 (83.3)
68 (81.9)

53.5, 100
73.4, 90.2

6
83

1 (16.7)
12 (14.5)

0
1 (1.2)

5 (83.3)
70 (84.3)

53.5, 100
76.5, 92.1

PCIOL
No PCIOL

54
34

9 (16.7)
5 (14.7)

2 (3.7)
0

43 (79.6)
29 (85.3)

68.9, 90.4
73.4, 97.2

54
34

8 (14.8)
5 (14.7)

1 (1.9)
0

45 (83.3)
29 (85.3)

73.4, 93.2
73.4, 97.2

PED
No PED

66
23

9 (13.6)
5 (21.7)

1 (1.5)
1 (4.3)

56 (84.8)
17 (73.9)

76.1, 93.5
56.0, 91.9

66
23

8 (12.1)
5 (21.7)

1 (1.5)
0

57 (86.4)
18 (78.3)

78.1, 94.7
61.5, 95.2

Beva, Legacy-bevacizumab; CI, confidence interval; PCIOL, posterior chamber intraocular lens; PED, pigment epithelial detachment; Rani, Legacyranibizumab.
*Total number of eyes does not add up to 189, since eyes with absence of subretinal fluid at baseline and also throughout the course of study were excluded
from analysis to avoid confounding the results.
†>10%increase.
‡-10% to +10% change.
§>10% decrease.
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TABLE 9. CATEGORIZATION OF CYSTOID MACULAR EDEMA HEIGHT AND VOLUME AS IMPROVED, NO CHANGE, OR WORSE AT SIX MONTHS
AFTER TRANSITION TO AFLIBERCEPT
CYSTOID MACULAR EDEMA HEIGHT (MICRONS)
VARIABLE(S)

TOTAL
EYES*

WORSE NO CHANGE
(%)†
(%)‡

CYSTOID MACULAR EDEMA VOLUME

IMPROVED
(%)§

95% CI
IMPROVED EYES
(%)

TOTAL
EYES*

WORSE
(%)†

NO CHANGE IMPROVED
(%)‡
(%)§

95% CI
IMPROVED EYES
(%)

Entire cohort

71

4 (5.6)

2 (2.8)

65 (91.5)

85.0, 98.0

71

2 (2.8)

1 (1.4)

68 (95.8)

91.1, 100

Drug groups
Beva
Rani
Mixed

36
28
7

2 (5.6)
2 (7.1)
0

2 (5.6)
0
0

32 (88.9)
26 (92.9)
7 (100.0)

78.6, 99.2
83.4, 100
NA

36
28
7

1 (2.8)
2 (7.1)
0

0
0
0

35 (97.2)
26 (92.9)
7 (100.0)

91.8, 100
83.4, 100
NA

Diabetic
Nondiabetic

6
65

1 (16.7)
3 (4.6)

1 (16.7)
1 (1.5)

4 (66.7)
61 (93.8)

29.0, 100
87.9, 99.7

6
65

0
2 (3.1)

0
1 (1.5)

6 (100.0)
62 (95.4)

90.3, 100

PCIOL
No PCIOL

44
26

2 (4.5)
1 (3.8)

1 (2.3)
1 (3.8)

41 (93.2)
24 (92.3)

85.8, 100
82.1, 100

44
26

0
1 (3.8)

0
1 (3.8)

100
24 (92.3)

82.1, 100

PED
41
4 (9.8)
2 (4.9)
35 (85.4)
74.6, 96.2
41
2 (4.9)
1 (2.4)
38 (92.7)
84.7, 100
No PED
30
0
0
100
NA
30
0
0
100
NA
Beva, Legacy-bevacizumab; CI, confidence interval; PCIOL, posterior chamber intraocular lens; PED, pigment epithelial detachment; Rani, Legacy-ranibizumab.
*Total number of eyes does not add up to 189, since eyes with absence of cystoid macular edema at baseline and also throughout the course of study were excluded from
analysis to avoid confounding the results.
†>10%increase.
‡-10% to +10% change.
§>10% decrease.
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TABLE 10. CATEGORIZATION OF PIGMENT EPITHELIAL DETACHMENT HEIGHT AND VOLUME AS IMPROVED,
NO CHANGE, OR WORSE AT SIX MONTHS AFTER TRANSITION TO AFLIBERCEPT
PIGMENT EPITHELIAL DETACHMENT HEIGHT (microns)
VARIABLE(S)

TOTAL
EYES*

WORSE†
(%)

Entire cohort
Drug groups
Beva
Rani
Mixed

102

4 (3.9)

49
47
6

2 (4.1)
1 (2.1)
1 (16.7)

Diabetic
Nondiabetic
PCIOL
No PCIOL
PED

8
94
59
43
102

0
4 (4.3)
3 (5.1)
1 (2.3)
1 (2.3)

No PED

NO
CHANGE
(%)‡
16 (15.7)

IMPROVED
(%)§

PIGMENT EPITHELIAL DETACHMENT VOLUME

82 (80.4)

95% CI
IMPROVED
EYES (%)
72.7, 88.1

8 (16.3)
7 (14.9)
1 (16.7)

39 (79.6)
39 (83.0)
4 (66.7)

68.3, 90.9
72.3, 93.7
29.0, 100

49
47
6

4 (8.2)
1 (2.1)
1 (16.7)

5(10.2)
4 (8.5)
1 (16.7)

40 (81.6)
42 (89.4)
4 (66.7)

70.8, 92.5
80.6, 98.2
29.0, 100

3 (37.5)
13 (13.8)
12 (20.3)
4 (9.3)
16 (15.7)

5 (62.5)
77 (81.9)
44 (74.6)
38 (88.4)
82 (80.4)

29.0, 96.0
74.1, 89.7
63.5, 85.7
78.8, 98.0
72.7, 88.1

8
94
59
43
102

1 (12.5)
5 (5.3)
3 (5.1)
3 (7.0)
6 (5.9)

3 (37.5)
7 (7.4)
6 (10.2)
4 (9.3)
10 (9.8)

4(50.0)
82 (87.2)
50 (84.7)
36 (83.7)
86 (84.3)

15.4, 84.6
80.5, 94.0
75.5, 93.9
72.7, 94.7
77.2, 91.4

TOTAL
EYES*
102

WORSE
(%)†
6 (5.9)

NO
CHANGE
(%)‡
10 (9.8)

IMPROVED
(%)§
86 (84.3)

95% CI
IMPROVED
EYES (%)
77.2, 91.4

87 eyes without PED were excluded

Beva, Legacy-bevacizumab; CI, confidence interval; PCIOL, posterior chamber intraocular lens; PED, pigment epithelial detachment; Rani, Legacy-ranibizumab.
*Total number of eyes does not add up to 189, since eyes with absence of pigment epithelial detachment at baseline and also throughout the course of study were excluded from
analysis to avoid confounding the results.
†>10% increase
‡-10% to +10% change.
§>10% decrease.
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TABLE 11. CATEGORIZATION OF VISION CHANGES AS IMPROVED, NO CHANGE, OR WORSE AT SIX MONTHS AFTER TRANSITION
TO AFLIBERCEPT (FOUR-LETTER THRESHOLD), EYES (PERCENT)*
BSCVA
VARIABLE(S)

TOTAL
EYES*

PH VA

WORSE†

NO
CHANGE‡

IMPROVED§

Entire cohort
Drug groups
Beva
Rani
Mixed

189

29 (15.3)

80 (42.3)

80 (42.3)

95% CI
IMPROVED
EYES (%)
35, 49

95
84
10

17 (17.9)
11 (13.1)
1 (10.0)

41 (43.2)
36 (42.9)
3 (30.0)

37 (38.9)
37 (44.0)
6 (60.0)

29, 49
33, 55
30, 90

16 (16.8)
9 (10.7)
0

44 (46.3)
39 (46.4))
4 (40.0)

35 (36.8)
36 (42.9)
6 (60.0)

27, 47
32, 53
30, 90

Diabetic
Nondiabetic

17
172

4 (23.5)
25 (14.5)

4 (23.5)
76 (44.2)

9 (52.9)
71 (41.3)

29, 77
34, 49

3 (17.6)
22 (12.8)

4 (23.5)
83 (48.3)

10 (58.8)
67 (39.0)

35, 82
32, 46

PCIOL
No PCIOL

113
74

14 (12.4)
14 (18.9)

51 (45.1)
28 (37.8)

48 (42.5)
32 (43.2)

33, 52
32, 54

13 (11.5)
11 (14.9)

55 (48.7)
32 (43.2)

45 (39.8)
31 (41.9)

31, 49
31, 53

PED

102

15 (14.7)

42 (41.2)

45 (44.1)

34, 54

12 (11.8)

49 (48.0)

41 (40.2)

31, 50

WORSE†

NO
CHANGE‡

IMPROVED§

25 (13.2)

87 (46.0)

77 (40.7)

95% CI
IMPROVED
EYES (%)
34, 48

No PED
87
14 (16.1)
38 (43.7)
35 (40.2)
30, 51
13 (14.9)
38 (43.7)
36 (41.4)
31, 52
Beva, Legacy-bevacizumab; CI, confidence interval; PCIOL, posterior chamber intraocular implant; PED, pigment epithelial detachment; Rani, Legacyranibizumab.
*Change is defined as Pre logMAR – Post logMAR.
†Difference ≥.08 log units increase.
‡ within-.08 to +.08 log units change.
§≥.08 log units decrease; .08 log units = 4-letter difference.
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TABLE 12. CATEGORIZATION OF VISION CHANGES AS IMPROVED, NO CHANGE, OR WORSE AT SIX MONTHS
AFTER TRANSITION TO AFLIBERCEPT (FIVE-LETTER THRESHOLD), EYES (PERCENT)*
BSCVA
VARIABLE(S)

TOTAL
EYES

WORSE†

NO
CHANGE‡

PH VA
IMPROVED§

Entire cohort
Drug groups
Beva
Rani
Mixed
Diabetic
Nondiabetic

189

20 (10.6 )

106 (56.1)

63 (33.3)

95% CI
IMPROVED
EYES (%)
26.6, 40.0

95
84
10
17
172

11 (11.6)
9 (10.7)
0
2 (11.8)
18 (10.5)

54 (54.6)
48 (57.1)
4 (40.0)
7 (41.2)
99 (57.6)

30 (31.6)
27 (32.1)
6(60.0)
8 (47.1)
55 (32.0)

22.3, 40.9
22.1, 42.1
29.6, 90.4
23.4, 70.8
25.0, 39.0

10 (10.5)
6 (7.1)
0
2 (11.8)
14 (8.1)

58 (61.1)
46 (54.8)
4 (40.0)
6 (35.3)
102 (59.3)

27 (28.4)
32 (38.1)
6 (60.0)
9 (52.9)
56 (32.6)

19.3, 37.5
27.7, 48.5
29.6, 90.4
29.2, 76.6
25.6, 39.6

PCIOL
No PCIOL
PED
No PED

113
74
102
87

11 (9.7)
8 (10.8)
9 (8.8)
11 (12.6)

65 (57.5)
40 (54.1)
56 (54.9)
50 (57.5)

37 (32.7)
26 (35.1)
37 (36.3)
26 (29.9)

24.1, 41.3
24.4, 46.0
27.0, 45.6
20.3, 39.5

10 (8.8)
5 (6.8)
7 (6.9)
9 (10.3)

64 (56.6)
44 (59.5)
59 (57.8)
49 (56.3)

39 (34.5)
25 (33.8)
36 (35.3)
29 (33.3)

25.7, 43.3
23.0, 44.6
26.0, 44.6
23.4, 43.2

WORSE†

NO
CHANGE‡

IMPROVED§

16 (8.5)

108 (57.1)

65 (34.4)

95% CI
IMPROVED
EYES (%)
27.6, 41.2

Beva, Legacy-bevacizumab; CI, confidence interval; PCIOL, posterior chamber intraocular lens; PED, pigment epithelial detachment; Rani, Legacy- ranibizumab.
*Change is defined as Pre logMAR – Post logMAR.
†Difference≥.10 log units increase.
‡-.10 to +.10 log units change.
§≥.10 log units decrease; .10 log units = 5-letter difference.
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For the 5-letter equivalent threshold, BSCVA was improved in 63 eyes (33.3%) and PHVA was improved in 65 eyes (34.4%).
BSCVA was unchanged in 106 eyes (56.1%) and PHVA was unchanged in 108 eyes (57.1%), and BSCVA was worse in 20 eyes
(10.6%) and PHVA was worse in 16 eyes (8.5%). Regarding the subgroups, BSCVA was improved in 29.9% to 60.0% of eyes, and
PHVA was improved in 28.4% to 60.0% of eyes. BSCVA was unchanged in 40.0% to 57.6% of eyes, and PHVA was unchanged in
35.3% to 61.1% of eyes. BSCV was worse in 0 to 12.6% of eyes, and PHVA was worse in 0 to 11.8% of eyes (Table 12).
CORRELATION OF OCT-MEASURED VARIABLES WITH VISION OUTCOME
Pearson correlation analysis was performed to assess OCT-measured variables (SRF, CME, and PED heights and volume, and central
1-mm subfield) vs BSCVA and PHVA, respectively, for the entire cohort, as well as for the subgroups (drug groups, diabetic and
nondiabetic eyes, Responders and Nonresponders, phakic eyes and pseudophakic eyes, and eyes with PED vs eyes without PED).
Despite the seemingly inverse relationship between OCT-measured variables and vision, correlation analysis has shown highly
variable correlation coefficients for the entire cohort as well as for the subgroups. For the entire cohort, the Pearson correlation
coefficients ranged from r= -0.01 to 0.15 at baseline and from r= -.11 to .099 at 6 months when correlating the various OCT-measured
variables with BSCVA (all P>.05), and they ranged from r=-.035 to .094 at baseline and from r= -.17 to .09 at 6 months when
correlating the various OCT-measured variables with PHVA (all P>.05) (Table 13). Similarly variable correlation coefficients were
noted for the individual drug groups.
PREDICTOR ANALYSIS
Stepwise logistical regression was performed to assess whether any of the baseline variables were significant predictors of being
Responders or Nonresponders. The baseline variables examined included age, gender, right eye vs left eye, SRF, CME, and PED
heights and volumes, vision metrics (BSCVA, PHVA), central 1- and 3-mm subfield thickness, Macular Volume, drug groups (Lbevacizumab, L-ranibizumab, or Mixed ), presence or absence of diabetes mellitus, phakia vs pseudophakia, and PED vs no PED. The
results indicated that only PED height (OR=.19, 95% CI [0.0-1.1]) and PED volume (OR=1.0, 95% CI [0.99-1.0]) stayed in the model.
However, none of the variables were found to be significant predictors for being Responders or Nonresponders.

DISCUSSION
DEMOGRAPHICS
A large number of the study eyes (102 [54%]) contained a PED. Although the precise reasons for more eyes with a PED than eyes
without a PED in this study are unknown, this finding is consistent with prior clinical and natural history studies showing that among
eyes with nAMD, type 1 CNV (vascularized PED) predominates over type 2 CNV in frequency.106-109 Furthermore, since eyes with
vascularized PED are known to be difficult to treat, it is not surprising that many of these eyes became refractory to treatment with
bevacizumab or ranibizumab before transitioning to aflibercept in our study.
SIMPLIFIED METHOD FOR OCT MEASUREMENTS
The Simplified Method as first described by Heussen and associates104 was utilized for tracking the SD-OCT measurements of all
study eyes throughout this study. For the sake of consistency and reducing confounding factors in measurements, only eyes measured
with the Cirrus OCT machines in both clinics were included in the study. A prior study has validated the Simplified Method for
providing reliable and reproducible grading of OCT volumetrics for cross-sectional as well as longitudinal OCT image data in a rapid
manner.104 The major advantage of the Simplified Method is that it provides sufficiently accurate and consistent data to be utilized in
the setting of a reading center for conducting measurements of OCT volumetrics in clinical trials, and yet it also yields rapid but
reliable quantitative results for busy clinicians in tracking serial OCT images for patient management in a clinical setting. By reducing
the image grading to only three key components (A-scan count, B-scan count, and maximum lesion height), sufficiently high
sensitivity and specificity as well as correlation coefficients are retained with this method when compared with the “gold standard” of
manual volumetric measurements.
The sensitivity and specificity analysis has shown favorable results associated with this method of volume estimation
(sensitivity/specificity for changes in CME volume, 100%/100%; SRF volume, 91.7% to 100%/66.7 to 85.7%; PED volume, 66.7 to
100%/31.3 to 56.3%).104 Pearson correlation analysis comparing the Simplified Method to the “gold standard” of manual volumetric
measurement for longitudinal OCT grading has also shown sufficiently high correlation, being more favorable for SRF volumetrics
(R2, 0.88 to 0.99) and CME volumetrics (R2, 0.95 to 0.99) than PED volumetrics (R2, 0.39 to 0.53). The basic premise of the
Simplified Method is that fluid-based components have similar morphologies among patients (eg, CME is spherical, and SRF and
PEDs are dome-shaped), so that a single dimension of these lesions can be utilized to predict the lesion volume with a high degree of
accuracy. Thus, the basically round, oval, regular, and relatively symmetrical contour of CME and SRF lesions is expected to result in
higher accuracy, whereas the frequently irregular contour of a vascularized PED may result in lower accuracy. These reasons explain
the higher sensitivity, specificity, and correlation coefficients of CME and SRF than the same associated with PED utilizing this
method when compared to the “gold standard.” It should be pointed out that the Simplified Method provides a volume estimation that
correlates with the actual volume, and the units of this measure are not actual volume units.
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TABLE 13. PEARSON CORRELATION COEFFICIENTS FOR OPTICAL COHERENCE
TOMOGRAPHY–MEASURED VARIABLES VS VISION VARIABLES (ENTIRE COHORT)
VARIABLE

BSCVA BASELINE
r (P VALUE)

BSCVA 6 MONTH
r (P VALUE)

PHVA BASELINE
r (P VALUE)

PHVA 6 MONTH
r (P VALUE)

SRF Ht

.012 (.870)

.057 (.436)

-.002 (.981)

-.024 (.749)

SRF Vol

.083 (.257)

.074 (.314)

.094 (.197)

.053 (.469)

CME Ht

.126 (.085)

.099 (.177)

.165 (.024)

.090 (.221)

CME Vol

.149 (.040)

.011 (.881)

.176 (.015)

-.019 (.790)

PED Ht

.050 (.496)

-.021 (.778)

-.005 (.946)

-.069 (.347)

PED Vol

.000 (.996)

-.006 (.930)

-.035 (.634)

.059 (.418)

Central 1-mm

-.011 (.880)

-.112 (.126)

-.013 (.858)

-.167 (.022)

BSCVA, best spectacle-corrected visual acuity; CME, cystoid macular edema; Ht, height; PED, pigment epithelial detachment;
PHVA, pinhole visual acuity; r, Pearson correlation coefficient; SRF, subretinal fluid; Vol, volume.
In our study, the Simplified Method has allowed consistent tracking of SRF, CME, and PED heights and volumes before and after
transition from bevacizumab or ranibizumab to aflibercept. A number of steps were also taken in our study to enhance the consistency
and reliability of the quantitative results. For instance, only eyes with SD-OCT measurements performed by the Cirrus-HD OCT
machine (Carl Zeiss Meditec) were included in this study. There are two advantages in limiting the measurements to the Cirrus-HD
OCT unit. First, the limitation of the OCT instrument associated with a single manufacturer reduces intermachine variability in lesion
measurements. Second, although B-scan count and maximum lesion height are measures that are easily obtained with software
provided by most OCT manufacturers, A-scan count is much more difficult to acquire. The Cirrus HD-OCT unit is the only OCT
instrument that provides a natively supported A-scan display of SD-OCT volume data. For all the other commercially available OCT
units, an estimation of the A-scan count is required. By avoiding the utilization of other SD-OCT units for data acquisition for the
Simplified Method, shortcomings and potential errors associated with estimating the A-scan counts are circumvented in this study.
Finally, all of the OCT measurements were performed by a single investigator (A.J.) in precisely the same manner and in a masked
fashion, which further enhanced the integrity and accuracy of the quantitative data in this study.
Superiority of Simplified Method Over Automated OCT Measurements
It is noteworthy to point out the consistent lack of significance in the measure of Macular Volume compared with the consistent
presence of significance in SRF, CME, and PED volumes for the overall cohort of patients as well as most of the subgroup analyses in
this study. The reason for this contrast is likely related to the technical flaws associated with the automated measurements by the SDOCT instrument for Macular Volume (eg, segmentation errors and other inaccuracies) and the more precise measurements of SRF,
CME, and PED OCT volumetrics with the Simplified Method. Another plausible explanation for the frequent lack of significant
changes corresponding to the Macular Volume reading is the relatively small area of subfoveal pathological changes surrounded by a
much larger area of unaffected macula for many of the study eyes.
FREQUENCY OF ANTI-VEGF DRUG INJECTIONS
Regarding the issue concerning the frequency of anti-VEGF injections for the treatment of eyes with nAMD, there is currently a high
level of interest in the ophthalmic community in comparing the numbers of intravitreal injections for bevacizumab and ranibizumab
with the number of intravitreal injections for aflibercept within a defined period, due to the potential impact of treatment frequency on
the treatment and cost burdens for the patients and the treating clinicians. Preclinical animal studies have shown the intravitreal halflife of aflibercept (molecular weight, 115 kDa) in rabbits to be 4.7 days (Furfine E et al, IOVS 2006;47:ARVO Abstract 1430), which
is longer than the half-life of 2.88 days for ranibizumab, but similar to the half-life of bevacizumab (4.32 days).24,110-116 Based on
mathematical modeling and preclinical studies, Stewart and colleagues24,83,116 estimated similar findings in the half-lives of
ranibizumab, bevacizumab, and aflibercept listed above: 3.2 days, 5.6 days, and 4.8 days, respectively, assuming the molar binding
activities of ranibizumab, bevacizumab, and aflibercept to VEGF to be 1.0, 0.05 to 0.2, and 140, respectively. Although there has not
been a conclusive study of the half-life of aflibercept in human eyes, the theoretical half-life of aflibercept in the human eye has been
estimated to be 7.1 days, considering its molecular size in comparison to the bevacizumab macromolecule associated with a half-life
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of 8.25 days in the human eye.116 Thus, the preclinical studies suggest the potential for a longer duration of aflibercept in the human
eye in comparison to ranibizumab before its clearance once administered.
Based on the data derived from the preclinical studies and the subsequent pivotal phase 3 VIEW 1 and 2 trials,91 the
manufacturer’s package insert for aflibercept approved by the FDA recommends the administration of three monthly doses of
intravitreal aflibercept injections, followed by subsequent injections every 8 weeks. VIEW 1 and VIEW 2 showed the noninferiority
of bimonthly and monthly aflibercept - in comparison to monthly ranibizumab in preventing vision loss (less than 15-letter loss) and
also vision gains and safety.91 If this recommendation were to be adopted for all eyes with nAMD treated with aflibercept, the
frequency of injections would be reduced by approximately 50% over the long term in comparison to the monthly injections for
ranibizumab as recommended by its manufacturer’s package insert. However, not all eyes receiving ranibizumab require monthly
injections indefinitely, and not all eyes receiving aflibercept on a bimonthly basis maintain vision and are free of recurrent submacular
leakage associated with nAMD in a clinical setting. The PIER Study, a randomized, double-masked, sham-controlled trial, and the
HORIZON study, a long-term safety and efficacy study of multiple intravitreal ranibizumab injections administered at the
investigator’s discretion in patients with nAMD enrolled in earlier trials, showed that a dosing regimen less frequent than monthly
injections of ranibizumab may result in worse vision outcome.80,117 However, clinicians utilizing the treat-and-extend strategy do
encounter certain patients with nAMD who require less than the monthly dosing of ranibizumab without vision loss once vision
stability is reached and the macula is devoid of hemorrhage and fluid on subsequent OCT imaging.118,119 In addition, the inclusion of
only treatment-naïve patients in VIEW 1 and VIEW 2 raises the question of whether the noninferiority of efficacy associated with the
bimonthly injections of aflibercept in comparison to monthly ranibizumab is applicable to nonnaïve patients.91 It is possible that
patients who have received prior anti-VEGF treatment might require a more robust regimen of injections for aflibercept after
transitioning from other anti-VEGF medications. Other than anecdotal experience, there is a lack of publication of clinical data in the
literature relating to a rigorous assessment of the dosing requirements of aflibercept in comparison to bevacizumab and ranibizumab
for a large cohort of patients with heterogeneous characteristics of nAMD and variable experiences and responses associated with their
treatment.
In a cohort consisting of 189 eyes, our study shows an average of 6.5 injections for eyes receiving either bevacizumab,
ranibizumab, or both in 6 months prior to the transition. Statistical comparison shows the highest mean number of injections to be 8.6
for eyes in the L-ranibizumab group, followed by 4.9 injections for eyes in the Mixed Group, and 4.8 for eyes in the L-bevacizumab
group (P<.001). The overall mean injection was reduced to 5.4 during the 6 months after transition, showing no differences in the
three drug groups. The pretransition and posttransition treatment strategy at both centers was similar to the PrONTO algorithm.102,103
After three monthly loading doses of intravitreal injections of the same anti-VEGF drug, monthly follow-up was carried out and
additional injections of the same drug were performed, if indicated, based on OCT and visual findings. If necessary, more frequent
than monthly follow-up was performed, depending on the findings. Any persistent or recurrent subretinal/sub-RPE or intraretinal
fluid, hemorrhage, or exudates seen on OCT or biomicroscopy deemed to be related to nAMD would trigger another injection of the
same medication. A decrease in vision (2 or more lines on the Snellen chart) deemed to be related to nAMD would also trigger
another injection. The higher-than-monthly injection frequency for the entire cohort (average of 6.5) and also for the L-ranibizumab
subgroup (8.6) reflects the relatively resistant nature of the majority of the eyes in response to their specific anti-VEGF drugs before
transition. This finding is consistent with the subgroup analysis showing the majority of the pretreatment eyes (155 [82.0%]) to be
Nonresponders (defined as eyes with suboptimal response to the specific anti-VEGF drug) at the time of the transition. Since the
mean follow-up time before transition was 12 months, it means that there was sufficient time for the pharmacokinetics and
pharmacodynamics to take their courses and the plateau of the drug effects to be established prior to transitioning to aflibercept. In this
study, 84 (44.4%) of the study eyes were in the L-ranibizumab group. The higher frequency of injections for L-ranibizumab in
comparison to L-bevacizumab and the Mixed Groups is consistent with the shorter half-life of ranibizumab in comparison to
bevacizumab shown by prior pharmacokinetic studies. In fact, the mean number of injections for the L-ranibizumab group of 8.6
correlates to an average of 3.0 weeks per injection, a frequency that is higher than the usually recommended monthly injection
frequency for ranibizumab. This higher frequency suggests the possible development of a partial resistance of this subgroup of eyes to
ranibizumab at the time of the transition.
In a prior publication, Stewart and colleagues116 have shown the theoretical advantage of more frequent dosing of an anti-VEGF
drug in managing eyes with nAMD refractory to monthly anti-VEGF injections. They pointed out the greater importance of the trough
drug binding level in comparison to the peak binding level. They reported that the key to the success of the increased dosing regimen
in overcoming the poor responses to prior anti-VEGF injections on a monthly or longer frequency is the substantially enhanced trough
binding level when an anti-VEGF drug is dosed every 2 weeks, since it is not the peak level but rather the amount of residual drug or
its trough level that will dictate its efficacy.116 They showed that the 28-day trough binding activity for ranibizumab administered at
every 14 days was 21.75 times higher than the same dose given at every 28 days. Regarding bevacizumab, the frequency of 4.8
injections per 6 months for the L-bevacizumab group also points to an increased mean frequency of one injection per 5.4 weeks, in
comparison to the often cited frequency of 6 weeks for bevacizumab injections. One previous study showed the therapeutic benefit of
bevacizumab of up to 8 weeks for some patients with nAMD in a clinical setting.120
However, the data of our study need to be interpreted with caution, given the inherent limitations associated with a retrospective
study. Unknown confounding factors beyond pharmacokinetics and pharmacodynamics could have influenced the frequencies of the
drug doses, eg, differences in the patterns of clinicians’ and patients’ personal preferences in drug choices and frequencies of
injections, visit frequencies, and insurance issues. In addition, the mean frequency of 5.3 weeks per injection for bevacizumab is still
within the commonly accepted range of the 4- to 6- week interval for bevacizumab injections in patients with nAMD in many clinical
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practices and clinical trials. It should also be pointed out that although predominated by the effects of one drug, many of the Legacyanti-VEGF eyes in this study frequently had received more than a single anti-VEGF drug during the pretransitioned period, which
adds complexities to the interpretation of the injection data. Despite such limitations, there is ample evidence of increased resistance to
anti-VEGF therapy associated with the majority of eyes in this study before and after transition to aflibercept. It is interesting to note
that after factoring out the three monthly loading doses of aflibercept, there was still an increased frequency above the frequency of
bimonthly injections recommended by the package insert for aflibercept following transition. In contrast to pretransition, however,
there were no longer any differences in injection frequencies when comparing the three Legacy anti-VEGF groups after transition.
These data underscore the disparities in injection frequencies compared to prior clinical trials, likely related to differences in the
characteristics of the patient populations in a clinical setting in comparison to patients enrolled in randomized clinical trials, such as
the CATT and VIEW 1 and VIEW 2 trials, in which only treatment-naïve patients were included.78,79,91 Such differences were
particularly highlighted by the cohort of Nonresponders in this study, which demonstrated resistance to the specific pretransition antiVEGF drugs. The lower mean posttransition frequency of 5.4 (5.5 for Nonresponders) in comparison to pretransition mean frequency
of 6.5 for drug injection provides evidence of longer clinical benefits of aflibercept compared with ranibizumab and bevacizumab, in a
cohort of patients demonstrating resistance to anti-VEGF therapy. These results are consistent with the substantially higher peak and
trough binding activities of aflibercept in comparison to bevacizumab and ranibizumab predicted by mathematical modeling as well as
recent clinical studies of eyes transitioned from bevacizumab or ranibizumab to aflibercept.24,116 Thus, besides a drug’s half-life, the
interaction of multiple complex factors associated with its pharmacokinetics and pharmacodynamics may play a role in determining its
therapeutic effectiveness and duration, eg, VEGF-binding affinity, molecular size and characteristics, injected dose, lesion type, other
growth factors and cytokines, host’s metabolism, and also tachyphylaxis.
COMPARISONS WITH RECENT PUBLICATIONS
There have been a few recent reports in the literature on eyes transitioning to aflibercept after developing refractory responses to
bevacizumab, ranibizumab, or both.121-125 Ho and colleagues121 reported short-term outcomes (4 months after first dose) in 96 eyes (85
patients) that were transitioned to aflibercept after demonstrating persistent or recurrent fluid, exudates, or hemorrhage despite prior
treatment with bevacizumab, ranibizumab, or both. The investigators reported that 7 (7.0%) of their study eyes developed visual
improvement, 82 (85.0%) of their study eyes developed no changes in vision, and 7 (7.0%) of their study eyes developed vision loss
after transitioning to aflibercept. In our study, we defined changes in 0.1-log units or more in visual acuity (equivalent to 5 or more
letter changes) as increase or decrease in vision; otherwise the vision was considered unchanged.
For the 5-letter change threshold, BSCVA was improved in 63 eyes (33.3)% and PHVA was improved in 65 eyes (34.4%).
BSCVA was unchanged in 106 eyes (56.1%) and PHVA was unchanged in 108 eyes (57.1%). BSCVA was worse in 20 eyes (10.6%)
and PHVA was worse in 16 eyes (8.5%) in our study (Table 12). The differences in visual outcome between our study and the study
by Ho and colleagues are likely due to multiple factors. For instance, there may be differences in the definition of vision changes in
the two studies. In addition, disparities in the baseline characteristics of the study groups in the two studies cannot be ruled out.
In a recent study, Bakall and coworkers122 reported the results of 36 eyes of 31patients that converted from either bevacizumab or
ranibizumab injections to aflibercept due to recurrent or persistent SRF. They indicated that after receiving three aflibercept injections,
18 (50.0%) of the transitioned eyes showed reduced intraretinal or SRF, 15 (41.7%) of the transitioned eyes showed stable fluid level,
and 3 (8.3%) of the transitioned eyes showed worsening of the fluid level. In contrast, our study showed that 75 eyes (84.3%) and 68
eyes (95.8%) of the transitioned eyes developed reduced SRF and CME volumes, respectively; 1 eye (1.1 %) and 1 eye (1.4%) of the
transitioned eyes developed unchanged SRF and CME volumes, respectively; and 13 eyes (14.6%) and 2 eyes (2.8%) of the
transitioned eyes developed worsening of SRF and CME volumes in 6 months. In our study, we defined only an increase or decrease
in more than 10% in the amount of SRF or CME height or volume to constitute real changes in the fluid level. As mentioned in the
“Results” section, those eyes with a data entry of zero at baseline and also subsequent visits were excluded from the calculations for
changes in SRF and CME heights and volumes, in order to avoid confounding the results (Tables 8 through 10).
MAGNITUDE OF THERAPEUTIC EFFECTS OF POSTTRANSITION INJECTIONS
Regarding the magnitude of therapeutic effects for aflibercept at 6 months after transition, this study provides ample evidence of
substantial clinical benefits. The most substantial results were the decrease in SRF heights and volumes (69%, 62% for entire cohort;
75%, 57% for L-bevacizumab; 60%, 67% for L-ranibizumab, respectively) and reduction in CME heights and volumes (71%, 66% for
entire cohort; 76%, 88% for L-bevacizumab; 57%, 28% for L-ranibizumab, respectively). The reductions for PED heights and
volumes for the entire cohort, as well as the individual drug groups, were also significant but less in magnitude (14%, 32% for entire
cohort; 12%, 30% for L-bevacizumab; 12%, 33% for L-ranibizumab, respectively). The reason for the lower magnitude of reductions
of the PED is likely the deeper location of the RPE layer in relation to the retina, so that a smaller amount of the anti-VEGF drug
likely reached the receptors associated with the RPE layer in comparison to the amount of drug attached to the more superficially
located intraretinal and subretinal receptors after each drug administration. The RPE barrier also likely limited the quantity of
aflibercept molecules that migrated to the sub-RPE space to resolve the vascular lesions under the PED. This finding of relative
difficulty in reducing the PED and the relative ease in resolving the SRF and CME associated with anti-VEGF treatments for eyes
with nAMD is consistent with previous publications as well as the clinical experience.106-109 Nevertheless, 12% to 33% reductions in
the PED heights and volumes associated with aflibercept treatment are still remarkable, particularly given the history of suboptimal
response to other anti-VEGF drugs at the time of the transition, and are consistent with recent anecdotal clinical reports regarding
aflibercept on treatment of vPED.98
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In this study, statistically significant improvements were noted when comparing the posttransitioned BSCVA and PHVA with their
corresponding pretransitioned values for the entire cohort as well as the subgroups, with the exception of the Mixed Group. It is
interesting to note that although only a mild to moderate amount of visual acuity improvements were noted for the entire cohort (mean
of 4.0 letters gain) and for the subgroups (mean ranging from 3.0 to 4.9 letters gain), statistical significance was reached (P≤.001) due
to their sufficiently large sample sizes. In contrast, despite a seemingly large mean gain of 13.5 letters for BSCVA and 8.5 letters for
PHVA for the Mixed Group, the results were considered not significant (P=.03 and P=.02, respectively) due to the Bonferroni
adjustments and also the small sample size (10 eyes[5.3%]). Had there been a much larger sample size for the Mixed Group, there is a
reasonable chance that statistical significance would have been found for the corresponding visual changes.
COMPARISONS OF DRUG GROUPS
An important issue to address in this study is the question of any therapeutic differences of aflibercept for eyes with nAMD that
received prior treatment with different anti-VEGF drugs. The lack of differences in responses of the L-bevacizumab and Lranibizumab groups after transition to aflibercept is clearly shown in this study (Table 3 and Figure 3). Thus, the comparisons of these
two drug groups showed consistently similar effects of aflibercept in reducing SRF, CME, and PED metrics and also visual recovery
in eyes refractory to prior bevacizumab, ranibizumab, or both. It is noteworthy that the levels of statistical significance of the multiple
variables listed in the Tables were frequently more robust in comparison to the levels of significance associated with the Figures. The
disparities in the degree of statistical significance between the Tables and the Figures are due to the differences in sample sizes
relating to the statistical tests, namely, the use of 2-way ANOVA for the Tables and the use of other statistical tests for the Figures (ie,
paired t test, Wilcoxon signed-rank test, Mann-Whitney test). Due to the lack of interaction between groups and the lack of
inequalities in variance, 2-way ANOVA was applicable for most of the statistical comparisons in the Tables, whereas other statistical
tests were more appropriate for the Figures. The 2-way ANOVA allows a more robust sample size by combining the sample sizes of
the comparison groups, whereas the other statistical tests limit the sample sizes to the individual study groups. Thus, the statistical
comparisons generated by 2-way ANOVA yielded significant P values more frequently or P values with higher degree of significance
when compared to the other statistical tests. There are legitimate statistical reasons associated with the choice of the specific statistical
tests for all of the situations in this study.
RESPONDERS VS NONRESPONDERS
Most patients who were responding well to ranibizumab or bevacizumab for treatment of their nAMD were accustomed to continuing
the same anti-VEGF drug that was working well for them, and they had no compelling reasons to switch to another drug. On the other
hand, those patients who developed a suboptimal response to ranibizumab or bevacizumab were motivated to switch to a new drug
that might work better for them. This was likely the reason why Nonresponders predominated over Responders in number in our study
cohort. Regarding the substantial differences in responses to aflibercept for Responders vs Nonresponders after transitioning, the
results are not surprising. This study shows consistent reductions in SRF, CME, and PED metrics for Nonresponders in response to
aflibercept after transitioning, whereas there was a lack of reductions in the same for the Responders. There is a logical explanation
for the differential responses to aflibercept after transition associated with these two groups of eyes. The primary reason is likely the
ceiling effect associated with the Responders, since little or no reductions in OCT metrics would be expected irrespective of the
effectiveness of aflibercept due to the resolution of most of the SRF, CME, and PED prior to transition for the Responders given their
continued favorable responses to the respective Legacy-anti-VEGF drugs prior to transition. Despite the lack of further improvements
of most of the OCT-measured variables, there was maintenance of the anatomical outcome and visual results after transition for the
Responders.
DIABETIC VS NONDIABETIC, PHAKIA VS PSEUDOPHAKIA, AND PED VS NO PED
Subgroup analyses showed similar responses after transitioning to aflibercept when comparing diabetic with nondiabetic eyes, phakic
with pseudophakic eyes, and eyes with a PED vs eyes without a PED. Regarding the diabetic eyes included in the study, it should be
pointed out that only diabetic patients with no diabetic retinopathy or minimal background diabetic retinopathy were included in the
study. Any diabetic patients with serious preproliferative diabetic retinopathy (eg, substantial diabetic maculopathy) or with
proliferative diabetic retinopathy were excluded from the study, in order to avoid confounding the results pertaining to the responses
associated with the treatment of the nAMD in this study. However, diabetic eyes without or with minimal retinopathy might still be
expected to be more prone to vascular leakage due to potentially higher intraocular VEGF level in comparison to nondiabetic eyes.126129
Therefore, diabetic eyes in the study might be expected to have less favorable responses after transitioning to aflibercept in
comparison to nondiabetic eyes. However, this study shows the lack of differences when comparing diabetic patients without diabetic
retinopathy or with minimal diabetic retinopathy with patients without diabetes mellitus for all of the OCT-measured variables and
vision outcome (ie, SRF, CME, and PED heights and volumes, as well as BSCVA and PHVA [Figure 5]). This means that the antiVEGF capacity of aflibercept after transitioning is sufficiently robust to suppress any extra VEGF activities associated with diabetes
mellitus in addition to the VEGF effects associated with the nAMD in these diabetic patients. The overabundance of anti-VEGF
effects associated with an intravitreal dose of aflibercept in inhibiting any extra VEGF activities associated with a diabetic eye may be
related to the markedly higher binding activity of aflibercept for VEGF in comparison to bevacizumab and ranibizumab (140 times
greater than ranibizumab, and 700 to 2,800 times greater than bevacizumab). Thus, substantially higher relative peak and trough
binding activities of aflibercept to VEGF in comparison to bevacizumab and ranibizumab may account for its uniform effectiveness
irrespective of the presence or absence of diabetes mellitus.
Trans Am Ophthalmol Soc / 112 / 2014

189

Chan, Jain, Sadda, Varshney

For instance, Stewart and associates116 have shown through mathematical modeling in a prior study that 2.0 mg of aflibercept
administered at every 28 days provides an 838-fold to 3,354-fold higher trough binding activity and 1,486-fold to 5,946-fold higher
peak binding activity for VEGF when compared with 1.25 mg of bevacizumab dosed at every 28 days; similarly, 2.0 mg of aflibercept
administered at every 28 days results in a 1,829-fold higher trough binding activity and 248-fold higher peak binding activity for
VEGF when compared with 0.5 mg of ranibizumab dosed at every 28 days; in addition, 2.0 mg of aflibercept given at every 28 days
yields 84-fold higher trough binding activity and 236-fold higher peak binding activity for VEGF when compared with 0.5 mg of
ranibizumab dosed at every 14 days. Thus, the high-VEGF binding activity of aflibercept is apparently sufficient to compensate for its
expected shorter half-life due to its more rapid clearance in a pseudophakic eye, so that there was a lack of differences in its
therapeutic effects when comparing the phakic with pseudophakic eyes for all OCT and vision variables during the posttransition
period (ie, SRF, CME, and PED heights and volumes, and BSCVA and PHVA) in our study.
Regarding the assessment of eyes with a PED vs eyes without a PED, aflibercept was effective in improving the majority of the
OCT and vision variables for both groups of eyes, although the magnitudes of improvement were somewhat more for the former than
the latter eyes. A plausible explanation for the relatively more robust responses of the eyes with a PED in comparison to eyes without
a PED to aflibercept after transition is the relative ceiling effect involving certain OCT variables in the eyes without a PED, since
there was a substantially smaller amount of SRF height and volume for eyes without a PED in comparison to eyes with a PED (Table
7) at the time of transition given the more resistant nature of the eyes with a PED to treatment.
CORRELATION OF OCT-MEASURED VARIABLES WITH VISION OUTCOME
In this study, the decrease in the magnitudes of the OCT variables including SRF, CME, and PED heights and volumes, as well as the
central 1- and 3-mm subfield thicknesses, corresponded with the increase in vision outcome, ie, BSCVA and PHVA, for the entire
cohort as well as subgroup analyses (Tables 2 through 7). Such an inverse relationship between OCT results and vision outcome is
logical, since the greater the reduction in the intraretinal, subretinal, and sub-RPE fluid, the greater visual improvement would be
expected over the course of treatment. However, Pearson correlation analysis shows highly variable correlation coefficients between
the OCT-measured variables and visual acuities (ranging from -.002 to .18) (Table 13). One plausible explanation for the inconsistent
correlation coefficients is the moderate level of mean visual acuity at baseline for the entire cohort as well as the individual subgroups
(ranging from 20/40 to 20/60). The relatively sound baseline vision likely imposed a ceiling effect on visual changes, since only a
limited amount of visual improvement was possible irrespective of the extent of the reductions associated with the OCT-measured
variables. Furthermore, the variable correlation between the anatomical and visual outcome in our study is consistent with the reports
of variable correlation coefficients between OCT-measured center-point thickness and vision results in multiple previous studies.130-143
For instance, the Diabetic Retinopathy Clinical Research Network (DRCR.net) reported a modest correlation coefficient of -0.38
between OCT-measured center-point thickness and visual acuity at 12 months after focal laser treatment for diabetic macular edema in
251 eyes.139 The Standard Care Versus Corticosteroid Treatment for Retinal Vein Occlusion (SCORE) study group reported a low
correlation coefficient between center-point thickness and visual acuity of -0.27 for eyes with a central retinal vein occlusion and -0.28
for eyes with a branch retinal vein occlusion.140-143 Our study shows the variable correlation coefficients between OCT results vs
vision outcome for not only the OCT-thickness measurements, but also OCT-measured volumetrics (r = -.002 to .18). The variable
correlation of OCT-measured results and vision outcome underscores the point that although OCT-measured thickness and volume
values constitute an important tool for gauging clinical progress with treatment in clinical trials as well as in a clinical setting, they
cannot substitute as surrogates for visual acuity measurements throughout the course of treatment. Other factors besides OCT
measurements may influence the visual results at any time point.
ADVERSE EVENTS
Multiple laboratory studies have demonstrated the safety profile of aflibercept. Ammar and coworkers144 performed testing of various
concentrations of aflibercept on the viability and metabolism of ocular cells in an in vitro cell assay. They found that the
concentrations of aflibercept in the range expected to occur in the human vitreous after an intraocular injection did not induce any
harm. Schnichels and colleagues145 also performed comparative toxicity and proliferation testing of aflibercept, bevacizumab, and
ranibizumab on different ocular cells. Their conclusion was that aflibercept did not induce any toxic effects on retinal cell lines.
Multiple clinical studies conducted by Regeneron Pharmaceuticals (eg, Clear-IT, VIEW 1, VIEW 2) also showed the high safety
profile of aflibercept.91,146-148 The VIEW 1 and VIEW 2 clinical trials reported a mean maximum concentration of 0.02 µg/mL (range,
0-0.054 µg/mL) attained in 1 to 3 days after a single intravitreal administration of 2.0 mg of aflibercept.91 The free aflibercept plasma
concentrations were undetectable at 2 weeks after dosing in all tested patients. However, Avery and coworkers149 recently reported
marked reduced plasma-free VEGF levels for patients treated with intravitreal bevacizumab or aflibercept in contrast to ranibizumab.
In VIEW 1 and VIEW 2, eyes treated with 0.5 or 2.0 mg aflibercept had similar low rates of ocular and systemic adverse events in
comparison to eyes treated with 0.5 mg ranibizumab.91 There was a lack of dose-related correlation to the adverse events in these
trials.
Regarding RPE tears, the natural history of eyes with nAMD includes its development on a spontaneous basis, although multiple
reports have documented such an ocular complication in eyes receiving treatment with PDT, intravitreal corticosteroid injections, and
intravitreal injections of pegaptanib, bevacizumab, ranibizumab, as well as aflibercept.150-183 The product insert of aflibercept lists the
rate of 2.0% for an RPE tear. In our study, a single RPE tear constituted the only adverse event occurring in one of the 189 eyes
evaluated closely over 6 months. Recently, there were anecdotal reports of noninfectious uveitis on clusters of eyes treated with
aflibercept (Roberts WG, written communication to the FDA from Regeneron Pharmaceuticals, Inc, regarding Post Marketing Reports
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on postinjection intraocular inflammation, Feb 13, 2012). No such cases of uveitis were observed in any of the eyes in our study.
Recent studies, including the year-2 results of CATT, also suggested a potential link between anti-VEGF therapy and the expansion of
geographic atrophy for eyes with AMD over the long term.79,184,185 In case of such a complication, its occurrence would be expected
over the long term and therefore beyond the time period and scope of this study.
Regarding systemic adverse events, multiple studies have pointed out the risk of arterial thromboembolic and hemorrhagic events
as set forth by the Anti-Platelet Trialists’ Collaboration (APTC), including myocardial infarction, bleeding, stroke, and mortality
associated with intravitreal anti-VEGF therapy.186-191 However, Curtis and coworkers187 reported that bevacizumab and ranibizumab
use was not associated with increased risk of mortality, myocardial infarction, bleeding, or stroke compared with PDT or pegaptanib
use in a large retrospective cohort study involving 146,942 Medicare beneficiaries aged 65 years or older with a claim for AMD. In an
extensive systemic search of the literature, Van Der Reis and colleagues188 also found a low rate of serious adverse events and the lack
of differences in rates of serious adverse events among eyes receiving pegaptanib, bevacizumab, and ranibizumab. Tolentino189
reported no adverse systemic complications for the use of pegaptanib and a low risk of nonocular hemorrhage and stroke associated
with ranibizumab. Semeraro and coworkers190 warned against the excessive use of anti-VEGF treatments due to their potential
interference with normal vascular physiology. The CATT study reported no differences in ocular and APTC-related thromboembolic
events between intravitreal bevacizumab and ranibizumab.78,79 However, serious adverse events related to hospitalization were higher
in the bevacizumab group in CATT, the meaning of which is unclear. The CATT study was not designed to provide definite answers
to the question of any differences in adverse events among the treatment groups. In our study, there was absence of any systemic
complications throughout the entire study period.
Since all eyes were monitored closely with biomicroscopy, indirect ophthalmoscopy, and OCT essentially on a monthly basis, the
failure to detect an ocular adverse occurrence in this study is unlikely. Despite the use of only SD-OCT imaging (except for certain
eyes that also underwent fundus photography and fluorescein angiography at baseline), the careful clinical examination as well as
meticulous inspection of multiple A- and B-scans and axial views associated with the Simplified Method in the process of obtaining
the OCT measurements likely prevented the failure to spot an adverse ocular event. Theoretically, there is a possibility of the
investigators missing a small ocular lesion outside of the central macular region, eg, a small subclinical RPE tear. However, any such
lesions would be expected to be of minimal or no clinical relevance. Regarding the tracking of the systemic complications, the
investigators kept in close contact with all patients enrolled in the study, their family members, and their general physicians to ensure
appropriate capture of all pertinent systemic events.
STRENGTHS AND LIMITATIONS
The strengths of this study include a large cohort of patients monitored closely in a uniform manner in both study centers with ocular
examination and high-quality SD-OCT imaging, assessment of multiple OCT-measured variables including not only lesion heights but
also lesion volumetrics not available in most other similar studies, and careful and rigorous statistical analyses including extensive
subgroup comparisons and plots while incorporating proper sample size consideration and Bonferroni adjustment for multiple
statistical comparisons in the study. In addition, reliable and detailed records were available for all patients receiving anti-VEGF
treatments in both study centers, allowing accurate data collection for all study patients during the study period. This study also
provides pertinent results involving a large cohort of patients transitioning from bevacizumab or ranibizumab to aflibercept in a “realworld” clinical situation instead of the more controlled and restricted conditions of a clinical trial. Finally, a single investigator
masked to the identities and pretransitioned and posttransitioned status of the study eyes performed all OCT measurements in the same
fashion with a reliable method and on a consistent basis for all of the study eyes. The limitations of this study include shortcomings
inherent in a retrospective study, the nonstandardized measurements of the visual acuity, and the lack of data beyond 6 months.
However, the goal of this study from the outset was to assess the 6-month results of eyes with nAMD transitioned to aflibercept
instead of the long-term findings beyond 6 months, which are beyond the scope of this study. The authors of this study wanted to
know how eyes with suboptimal response as well as eyes with good response to bevacizumab or ranibizumab would fare after
transitioning to aflibercept in terms of anatomic and visual outcomes. Could aflibercept resolve the recalcitrant leakage or preserve
macular dryness while maintaining or improving vision for these eyes without substantial adverse effects over the short and
intermediate terms? This study provides clear answers to these questions.

CONCLUSION
To our knowledge, this is currently one of the largest studies on transition from bevacizumab or ranibizumab to aflibercept for nAMD.
The results of our study indicate the rejection of the null hypothesis for the Nonresponders (the majority of eyes in the study) but not
for the Responders. Thus, the 6-month posttransitioned OCT metrics and vision results were improved for eyes that were suboptimal
in response to bevacizumab, ranibizumab, or both medications but not for eyes with good response to the same at the time of the
transition; for the latter eyes, the OCT measures and vision results were maintained at 6 months. When comparing drug groups, there
were no differences in posttransitioned OCT measures and vision outcomes for eyes treated with prior bevacizumab, ranibizumab, or
mixed drug therapy during the same time period. Posttransitioned adverse events were rare, since only one eye developed a RPE tear
and there was a lack of other ocular complications and any systemic problems.
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