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Abstract
Purpose To evaluate the visual and anatomical outcomes fol-
lowing switching therapy from bevacizumab to aflibercept in
patients with persistent diabetic macular edema (DME).
Methods Patients with DME and central macular thickness
(CMT) >300 μm on spectral domain optical coherence tomog-
raphy (SD-OCT) despite at least 4 intravitreal bevacizumab in-
jections in the prior 6 months were recruited for this prospective,
single-armed, single centre, open-label clinical trial. Five loading
doses of intravitreal aflibercept were administered every 4 weeks
until week 16, at which point the treatment interval was extended
to 8 weeks. All participants were reviewed every 4 weeks. At
each visit, examination included best-corrected visual acuity
(BCVA) measured with an Early Treatment of Diabetic
Retinopathy Study chart and CMT measured with SD-OCT.
Primary outcome measures were change in CMT and BCVA at
week 24 compared with baseline.
Results A total of 43 eyes from 43 patients were recruited for the
study. At enrolment, study eyes had a mean ± standard deviation
of 16.6 ± 11.5 previous intravitreal anti-VEGF injections over a

period of 26.9 ± 23.8 months. Mean CMT reduced from 417
± 91 μm at baseline to 380 ± 102 μm at 24 weeks (mean reduc-
tion 37 μm, p < 0.01). Mean BCVA improved from 67.8 ± 10.3
letters at baseline to 71.0 ± 10.1 letters at 24 weeks (mean 3.2
letter gain, p < 0.01). Eyes improving by ≥5 letters at 4 weeks
following the first injection had improved vision outcomes at
24 weeks (6.8 ± 7.1 letters vs. 1.0 ± 4.7 letters, p < 0.01).
Conclusion Intravitreal aflibercept was effective in improving
anatomical and visual outcomes among patients with incom-
plete response to intravitreal bevacizumab with 24 weeks of
follow up.
Clinical trial registration ACTRN12614001307695
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Introduction

Diabetic macular edema (DME) is a leading cause of vision
loss in people aged 16–64 years [1]. The management of this
condition has been revolutionised through the use of drugs
targeting vascular endothelial growth factor A (VEGF-A)
[2–5]. This class of drugs includes the full-length VEGF-A
monoclonal antibody bevacizumab (Avastin, Genentech, Inc.,
San Francisco, CA), the VEGF-A monoclonal antibody frag-
ment ranibizumab (Lucentis, Genentech, Inc., San Francisco,
CA), and aflibercept (Eylea, Regeneron, Tarrytown, NY), a
fusion protein that acts as a decoy receptor binding all iso-
forms of VEGF-A, VEGF-B and placental growth factor
(PlGF).

The efficacy of these three anti-VEGF drugs was compared
head-to-head in the Diabetic Retinopathy Clinical Research
Network (DRCR.net) Protocol T study [4]. The 24-month
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results of this trial have demonstrated efficacy of all three
drugs in improving visual acuity and reducing central macular
thickness (CMT) [6]. Additionally, in eyes with a lower base-
line visual acuity (less than 69 Early Treatment of Diabetic
Retinopathy Study (ETDRS) letters) and thicker CMT (great-
er than 400 μm), aflibercept had superior vision outcomes to
bevacizumab.

Despite regular treatment, there are a proportion of patients
who incompletely respond to anti-VEGF drugs [7]. In the
Protocol T study, treatment failure was defined as persistent
central macular thickening identified by OCT and/or a loss of
10 ETDRS letters in vision despite 4-weekly intravitreal in-
jections. Following 24 weeks of therapy, 41% of those pa-
tients receiving bevacizumab met these criteria, compared
with 27% of those patients in the aflibercept arm [4].

Persistent and chronic macular edema may lead to ultra-
structural changes and neuronal damage within the retina,
contributing to visual impairment and limiting potential for
vision recovery [8]. Due to the differing targets, binding af-
finities, and clinical efficacy, it has been suggested outcomes
in persistent DME may be improved by switching therapy
from other anti-VEGF drugs agents to aflibercept [9–12]. In
this prospective cohort study, we evaluate the visual and ana-
tomical outcomes in switching therapy from bevacizumab to
aflibercept in patients with persistent DME.

Methods

Study design

This study was a prospective, open label, single-armed, clin-
ical trial of patients referred to a tertiary referral retinal clinic
in Sydney, Australia. The trial was listed on the Australian and
New Zealand Clinical Trials Registry (ACTRN1261400
1307695). Informed consent was obtained from all individual
participants and the study was performed in accordance with
the 1964 Declaration of Helsinki.

Participants

One eye from each patient was included in the study. Eligible
participants were aged 18 or older, with DME secondary to
type 1 or type 2 diabetes mellitus, best corrected visual acuity
(BCVA) between 34 and 85 ETDRS letters, retinal thickness
greater than 300 μm in the central 1 mm ETDRS field on
spectral domain OCT (SD-OCT) and at least 4 previous intra-
vitreal injections of bevacizumab (2.5 mg/0.1 mL) in the
6 months prior to baseline examination. Exclusion criteria
included prior intravitreal steroid therapy or vitrectomy sur-
gery in the study eye within 3 months of baseline, cataract
surgery or macular laser within 2 months of baseline,

pregnancy, active proliferative diabetic retinopathy and un-
controlled diabetes mellitus (HbA1c ≥ 12%).

Study protocol

All participants received 5 loading doses of intravitreal
aflibercept (2.0 mg/0.1 mL) administered at 4-week intervals
(week 0, week 4, week 8, week 12 and week 16). Further
intravitreal aflibercept injections were then given at 8-week
intervals, as per product label indication, with a planned total
follow-up of 48weeks. Participants were reviewed at baseline,
1 week after the initial injection, and then every 4 weeks. At
each visit ophthalmic examination was undertaken, including
BCVA assessed on an ETDRS chart, intraocular pressure
(IOP) measured using Goldman applanation tonometry, and
central macular thickness (CMT) measured with SD-OCT
(Spectralis; Heidelberg Engineering, Heidelberg, Germany).
In phakic eyes, nuclear, cortical and posterior subcapsular lens
opacities were graded according to the Age Related Eye
Diseases Study (AREDS) protocol. Fundus fluorescein angi-
ography was performed at baseline to confirm the diagnosis of
DME and to exclude other causes of macular edema.

Retinal thickness was defined on OCT as the distance be-
tween the inner limiting membrane and Bruch’s membrane.
This distance was measured automatically with the inbuilt
Heidelberg HRA/OCT software and checked manually to en-
sure correct segmentation. Segmentation lines were redefined
manually if required. CMT values were calculated as the av-
erage retinal thickness in the central 1 mm circle of the
ETDRS grid. Progression scans utilising eye and landmark
tracking were undertaken to ensure accurate measurement of
the same anatomical location.

The morphology of DME was analysed and classified on
OCT as diffuse, cystoid and/or serous retinal detachment as
previously described [13]. The presence or absence of
vitreomacular adhesion (VMA), defined as an elevation of
the cortical vitreous above the retina surface in the perifoveal
area without any changes in foveal contour or retinal morphol-
ogy, was graded. The inner segment ellipsoid (ISe) band in-
tegrity was assessed in the central 1 mm circle of the ETDRS
grid with disruption graded from 0 to 2 as previously de-
scribed [14]. Grade 0 was given for an intact ISe band,
Grade 1 for disruption of 200 μm or less, and Grade 2 for
greater than 200 μm of disruption. The presence or absence
of external limiting membrane (ELM) disruption within the
central 1 mm circle of the ETDRS grid was also graded.
Disorganisation of the retinal inner layers (DRIL) affecting
≥50% of the 1-mm central retinal zone was graded as previ-
ously described [15].

All intravitreal injections were given according to a
standardised procedure with strict aseptic technique. The eye
was anesthetized using topical oxybuprocaine hydrochloride
0.4% and the conjunctiva was prepared with an antiseptic
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agent (povidone iodine 5% or chlorhexidine 0.1%). The intra-
vitreal injection was delivered using a 30-gauge needle
through the pars plana. Post-procedure topical antibiotic drops
were not routinely administered.

Ocular and systemic adverse events were recorded. An
increase in lens opacity grading of 2 or more AREDS levels
in either nuclear, cortical, or posterior subcapsular cataract,
IOP of 25 mmHg or more or a rise in IOP of 10 mmHg or
more compared with baseline were considered adverse events.

Statistical analysis

All statistical analyses were performed using IBM SPSS soft-
ware (version 22; SPSS Inc, Chicago, Illinois, USA). Visual
statistical analyses included mean change in BCVA and per-
centage of patients with a gain or loss of ≥ 5 ETDRS letters at
week 24 compared with baseline. Anatomic statistical analy-
ses included mean change in CMTat week 24 compared with
baseline and percentage of patients with a decrease or increase
in CMTof ≥50 μm compared with baseline. If patients missed
a scheduled visit, the previous observation for CMT and
BCVAwere carried forward and included in the analysis.

Normality of data was confirmed using Shapiro-Wilk tests.
Levene’s test for equality of variance was used to assess ho-
mogeneity and suitability for subsequent independent sam-
ples’ t-tests. Paired t-tests were used to compare differences
in means of BCVA and CMT. Independent samples’ t-tests
and analysis of variance were performed to compare mean
changes in CMT and BCVA, grouping patients by baseline
CMT (<400 μm and ≥400 μm) and BCVA (<69 and ≥69
ETDRS letters), BCVA gain ≥5 letters following one injec-
tion, prior vitrectomy and OCT morphology. Two multiple
regressions were performed to analyze the association of
24 week CMT and BCVA with baseline variables, including
gender, age, duration and type of diabetes mellitus, glycated
hemoglobin, number of previous intravitreal injections, previ-
ous panretinal photocoagulation or macular laser, lens status,
presence of hypertension and hypercholesterolemia. For all
analyses, a p-value of less than 0.05 was considered to be
statistically significant. Only significant potential confound-
ing factors were included in the final model.

Results

Baseline patient characteristics

The baseline characteristics of the 43 participants enrolled in
the study are summarized in Table 1. Of these, 18 eyes had
previous macular laser for DME, 17 had panretinal photoco-
agulation for proliferative diabetic retinopathy and 5
underwent prior vitrectomy. All eyes received at least 4
bevacizumab injections 6 months prior to switching to

aflibercept. One patient withdrew consent from the study after
the first injection, and one patient had a retinal detachment
after two injections; both of these were excluded from the final
analysis. Baseline mean ± standard deviation BCVAwas 67.8
± 10.3 letters, and baseline CMT was 417 ± 91 μm on OCT.
Other baseline morphological OCT findings are summarized
in Table 2.

Visual and anatomical outcomes

BCVA improved significantly at all follow up visits compared
to baseline (p < 0.01) with a mean gain of 3.2 ± 6.3 letters at
week 24 (Fig. 1). A significant improvement in CMT was
observed at all follow up visits compared to baseline
(p < 0.01) (Fig. 2), with a mean reduction of 37 ± 63 μm at
24 weeks. Maximum reduction in CMT occurred prior to ex-
tension of the treatment interval to 8 weeks at week 20 (−59
± 78 μm).

Eyes that improved by 5 or more ETDRS letters at 4 weeks
following the first aflibercept injection had significantly better
vision outcomes at 24 weeks than those that did not (6.8 ± 7.1
letters vs. 1.0 ± 4.7 letters, p < 0.01). There was no significant
difference in CMT between these groups of patients (−48
± 75 μm vs. -29 ± 55 μm, p = 0.34).

Eyes with a baseline BCVA <69 ETDRS letters showed a
greater reduction in CMT at 24 weeks (−58 ± 60 μm vs. -3 ±
54 μm, p < 0.01) compared with those with a better visual
acuity. This difference was not explained by a higher baseline
CMT in patients with baseline BCVA <69 letters compared to
those with better acuity (437 ± 109 μm vs. 404 ± 77 μm,
p < 0.27).

However, there was no significant difference in vision for
eyes with a baseline BCVA < 69 ETDRS letters compared to
those with a better acuity (4.6 ± 7.0 letters vs. 2.0 ± 5.6 letters,
p = 0.19). Similarly, there was no difference in 24-week
BCVA for eyes with a baseline CMT ≥400 μm compared to
those with a CMT <400 μm (4.7 ± 7.5 letters vs. 1.9 ± 5.0
letters, p = 0.15). Inclusion of potential confounding variables
in the multiple regression analysis did not significantly alter
BCVA or CMT outcomes at 24 weeks. Other vision and ana-
tomical outcomes are presented in Table 3.

Baseline characteristics and response to therapy

All patients had diffuse DME, with seven of these having
subretinal fluid and two displaying a cystoid pattern. No dif-
ference was found between baseline DME morphology and
change in mean CMT or BCVA at 24 weeks (p > 0.05 for all
comparisons). Baseline ISe band, DRIL or ELM disruption
did not predict the visual outcome at 24 weeks.

Non-vitrectomized eyes at baseline had a greater mean re-
duction in CMT at 24 weeks (−46 ± 59 μm vs. 30 ± 51 μm,
p = 0.01) but no significant difference was noted in BCVA
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(3.1 ± 6.6 vs. 4.2 ± 4.5 ETDRS letters, p = 0.72). Eyes with
VMA at baseline had a greater mean reduction in CMT at
24 weeks (−84 ± 83 μm vs. -27 ± 55 μm, p = 0.03) but no
significant difference in BCVA (6.3 ± 4.9 vs. 2.6 ± 6.5
ETDRS letters, p = 0.17). Two of these seven patients had
subsequent separation of the vitreous from the macula at 24-
week of follow up.

Adverse events

Ocular and systemic adverse events are listed in Table 4. The
one serious ocular adverse event was a rhegmatogenous reti-
nal tear and detachment in the study eye occurring after the
second injection. There were no cases of endophthalmitis.
There were no occurrences of raised IOP or progression of
cataract. One patient commenced on renal hemodialysis for
diabetic nephropathy related chronic renal failure during the
study.

Table 1 Baseline Characteristics
of Patient Cohort Characteristic Data

Number of participants 43

Age (years), mean ± SD 62.9 ± 9.7

Male, n (%) 27 (62.7)

Right eyes, n (%) 21 (48.8)

Pseudophakic eyes, n (%) 13 (30.2)

Systolic blood pressure (mmHg), mean ± SD 144 ± 28

Hypertension, n (%) 33 (76.7)

History of ischaemic heart disease, n (%) 11 (25.6)

Statin use, n (%) 33 (76.7)

Fenofibrate use, n (%) 4 (9.3)

Type 1 Diabetics, n (%) 5 (11.6)

Duration of diabetes (years), mean ± SD 17.4 ± 10.6

HbA1c (%), mean ± SD 8.0 ± 1.7

Duration of anti-VEGF treatment (months), mean ± SD 26.9 ± 23.8

Total number of anti-VEGF injections, mean ± SD 16.9 ± 11.5

Interval between last bevacizumab and baseline aflibercept injection
(days), mean ± SD

42.4 ± 13.1

Prior treatments in study eye

Focal/grid macular photocoagulation, n (%) 18 (41.9)

Panretinal photocoagulation, n (%) 17 (39.5)

Vitrectomy, n (%) 5 (11.6)

Triamcinolone, n (%) 2 (4.6)

SD = standard deviation, VEGF = vascular endothelial growth factor

Table 2 Baseline anatomical features prior to switch from
bevacizumab to aflibercept for diabetic macular edema

Characteristic Data

DME pattern at baseline

Diffuse, n (%) 41 (100)

Cystoid, n (%) 7 (17)

Subretinal fluid, n (%) 2 (5)

VMA at baseline, n (%) 7 (17)

ELM disruption at baseline, n (%) 20 (49)

ISe band disruption at baseline

Grade 0 (none), n (%) 8 (19)

Grade 1, n (%) 2 (5)

Grade 2, n (%) 31 (76)

DRIL ≥50% in central 1 mm at baseline, n (%) 36 (88)

CMT = central macular thickness, VMA = vitreomacular adhesion,
ELM = external limiting membrane, ISe = inner segment ellipsoid,
DRIL = disorganisation of retinal inner layers
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Fig. 1 Graph showing the change in mean best-corrected visual acuity
(in ETDRS letters) over 24 weeks compared with baseline values
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Discussion

This clinical trial demonstrates a visual and anatomical benefit
in switching therapy to aflibercept for patients with DME
incompletely responsive to bevacizumab. The improvements
observed in this study are likely due to the differing pharma-
codynamics of these two drugs.

Aflibercept is a recombinant fusion protein consisting of
the binding domains of VEGF receptor (VEGFR) -1 and
VEGFR-2, binding all isoforms of VEGF-A, VEGF-B and
PlGF [16]. This contrasts with bevacizumab, a monoclonal
antibody that only binds to and inactivates VEGF-A. PlGF
may play a role in the pathogenesis of DME and blockade
of this protein may be beneficial in its management.
Increasing intravitreal concentrations of PlGF have been as-
sociated with progressively advancing degrees of diabetic ret-
inopathy [17]. Additionally, intravitreal injection of PlGF into
rat eyes has been shown to disrupt the outer blood retinal
barrier, leading to edema [18].

Pathological elevation of VEGF-A appears to be higher in
DME than other exudative retinal conditions driven by
VEGF-A, including retinal vein occlusion and neovascular
age-related macular degeneration [19]. Increased binding

affinity of aflibercept to VEGF-A compared to bevacizumab
may be another reason why a switch in therapy is effective
[16, 20]. Furthermore, the trough binding activity of
aflibercept is 200-fold to 800-fold greater than that of
bevacizumab, suggesting that the effect of aflibercept may
be longer lasting [21].

Incomplete response to therapy reflects the multifactorial
and complex pathophysiology of DME [7]. There is no con-
sensus regarding how to define patients with persistent DME
following treatment with one anti-VEGF agent. There are dif-
fering opinions about persisting with the same agent, as well
as when a switch in therapymay be appropriate [22]. Alternate
management options may include increasing the dose of drug,
increasing dose frequency, intravitreal steroid therapy, macu-
lar laser, vitrectomy surgery or any combination of these [7].

Switching from bevacizumab or ranibizumab to aflibercept
for persistent DME has been previously reported [9–12]. In
the only other published prospective study with 1 month of
follow up, there was a significant reduction in CMT in 14 eyes
but no significant change in BCVA [11]. Three retrospective
series have also showed a benefit in reduction of CMT, with
the larger of these not demonstrating a significant improve-
ment in visual function [9, 10, 12].

In our study, eyes with prior vitrectomy had poorer ana-
tomical outcomes, as reported in a previous study of DME
[23]. This may be due to a significantly shorter half-life of
intravitreal drugs in vitrectomized eyes [24]. Conversely, pa-
tients with VMA had a significantly improved CMT at
24 weeks in our trial. This was not explained by subsequent
PVD, which occurred in two of these seven patients by
24 weeks. Previous studies have shown that VMA is associ-
ated with DME [25]. Additionally, patients with VMA may
respond better to anti-VEGF treatment [26]. An attached pos-
terior hyaloid may trap VEGF-A in the macula making DME
in these cases more responsive to anti-VEGF therapy [27].

The effect of additional macular focal/grid laser photoco-
agulation, utilised as an adjuvant in Protocol T, was eliminated
in this study. The dose of bevacizumab used prior to switch
(2.5 mg) was higher than that in Protocol T as well as other
randomized clinical trials of bevacizumab in DME, which all
utilize a 1.25 mg dose [4, 28, 29]. Higher doses of anti-VEGF
drugs may be more effective in a treatment-resistant cohort in
which DME may be increasingly driven by VEGF-A [30].

Table 3 Anatomic and visual changes 24 weeks after switching from
bevacizumab to aflibercept for treatment-resistant diabetic macular
edema

Characteristic Data

BCVA change at 24 weeks

≥ 5 letter gain, n (%) 16 (39.0)

< 5 letters lost or gained, n (%) 20 (48.8)

≥ 5 letter loss, n (%) 5 (12.2)

CMT change at 24 weeks

≥ 50 μm reduction, n (%) 15 (36.6)

< 50 μm reduction or gain, n (%) 22 (53.7)

≥ 50 μm gain, n (%) 4 (9.7)

BCVA= best corrected visual acuity, CMT= central macular thickness
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Fig. 2 Graph showing the change in mean central macular thickness (in
micrometres) over 24 weeks compared with baseline

Table 4 Ocular and
systemic adverse events Event Frequency

Retinal detachment 1 (2%)

Cellulitis in leg 1 (2%)

Renal dialysis 1 (2%)

Transient Ischemic Attack 1 (2%)

Diabetic Ketoacidosis 1 (2%)
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Additionally, there was no washout period between cessa-
tion of bevacizumab therapy and initiation of aflibercept ther-
apy, that is, treatment with aflibercept was on average initiated
within 42 days of prior intravitreal bevacizumab injection.
This is another confounding factor in studies including
VIVID/VISTA and Protocol T, which had washout periods
of 3 and 12 months, respectively. These washout periods like-
ly allowed DME to progress so that patients had poorer vision
and CMT at baseline, exaggerating the benefits of treatment.
This may also explain why in VISTA/VIVID, there was no
apparent difference between participants who had and had not
received prior anti-VEGF treatment [31].

In Protocol T, poorer baseline visual acuity (<69
ETDRS letters) and thicker CMT (>400 μm) were
shown to be predictive factors for visual outcomes at
12 months. These factors were not found to be associ-
ated with outcomes at 24 weeks in this study cohort.
The reasons for this may relate to the demographic of
the study group presented, with participants having sig-
nificant recent history of treatment with anti-VEGF
drugs. Furthermore, the effect of baseline vision and
CMT may not be apparent due to the smaller sample
size of this study.

However, we did find that patients with a poorer baseline
BCVA (<69 letters) had improved reduction in CMT at
24 weeks. Interestingly, this was not explained by a thicker
CMT at baseline for these patients. Poorer visual acuity may
be a consequence of increased macular ischemia in patients
with diabetic retinopathy. [32] Consequently, DME in these
patients may be increasingly driven by VEGF released in re-
sponse to macular, and perhaps peripheral, ischemia and
switching from bevacizumab to aflibercept may better treat
these patients.

The significant ocular adverse event encountered in
this study was a macula-on rhegmatogenous retinal de-
tachment. This occurred approximately three weeks fol-
lowing the second intravitreal injection and was consid-
ered to be related to a posterior vitreous detachment [33].
The systemic adverse events encountered are more likely
to be complications of diabetes, which is associated with
significant comorbidity, rather than relating to intravitreal
injection. The local and systemic safety of aflibercept has
been validated in multiple clinical trials [34].

The strengths of this study are the prospective trial
design, standardized examinations, inclusion and exclu-
sion criteria as well as a significant prior history of ther-
apy with bevacizumab. The limitations of this study in-
clude the lack of a control group, a relatively small sam-
ple size and short follow up. The small sample size limits
the power of the subgroup statistical analyses performed,
which are included not to guide treatment but for explor-
atory purposes. Further follow up is planned in this cohort
to continue with an extended injection interval of 8 weeks

through 48 weeks to assess maintenance of these changes
in the longer-term.

Patients with persistent DME despite regular anti-VEGF
therapy represent a management challenge. This prospective
clinical trial shows that switching therapy to aflibercept may
be an effective strategy for patients who have incomplete re-
sponse to bevacizumab.
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