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Purpose: To evaluate the efficacy of intravitreal aflibercept injection (IAI) for vitrectomized eyes with diabetic macular edema
(DME) at two years.
Methods: This is a prospective, non-comparative, multicenter observational study including diabetic patients with visual acuity
between 20/400 to 20/40 due to DME, who have undergone vitrectomy at least 3 months before the first aflibercept injection.
Treatment protocol included 5 monthly aflibercept injection followed by a ProReNata regimen during the first year. Participants were
managed at clinicians' discretion using Treat and Extend or Observe and Plan regimen during the second year. Visual acuity, OCT
findings and number of IAI were assessed at two years.
Results: Available data for 28 eyes with DME previously vitrectomized treated with aflibercept intravitreal injection during at least 2
years were collected. Visual gain was +5.4 letters (p = 0.01), and central macular thickness decreased significantly −62µm, p < 0.001)
at 2 years. Resolution of macular edema allowing discontinuation of aflibercept was observed in 7 eyes (15%). Mean number of
injections was 14.6, and mean interval injection was 6.4 weeks for 2 years.
Conclusion: These results suggest that IAI is beneficial in vitrectomized eyes leading to improvement of visual and anatomical
outcome which was maintained for 2 years.
Keywords: aflibercept, diabetic macular edema, vitrectomy, anti-VEGF

Key Messages
What is already known: There is little information with inconsistent results in vitrectomized eyes with DME treated with
anti-VEGF. Little information is available on efficacy of Aflibercept in this particular group.

What are the new findings: Aflibercept is effective in previously vitrectomized eyes with DME using higher
frequency than 2q8 during the first year. Improvement of visual function and anatomical gain is maintained at 24 months.

Introduction
Diabetic macular edema (DME) is the leading cause of blindness in patient with diabetic retinopathy.1 Treatment of DME
included blood pressure and glycemic control, grid laser, intravitreal injection of steroid (triamcinolone acetonide,
dexamethasone implant, fluocinolone acetonide implant) or anti-vascular endothelial growth factor (anti-VEGF) (bev-
acizumab, ranibizumab, aflibercept). Randomized clinical trials have established anti-VEGF as first-line therapy for
center-involved DME.2 Several clinical trials have confirmed that Intravitreal aflibercept Injection (IAI) yields greater
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functional and anatomical gains than macular laser treatment of center-involving DME.3,4 Aflibercept is superior to
ranibizumab or bevacizumab in eyes with worse vision at one year.5,6 Aflibercept may also be useful in DME
unresponsive to multiple ranibizumab/bevacizumab injections.7

Vitrectomy is commonly applied in diabetic retinopathy when complications occurred as vitreous hemorrhage,
tractional retinal detachment affecting or threatening the macula, premacular hemorrhage, and tractional rhegmatogenous
retinal detachment8 or when DME is associated with epiretinal membrane.9 It was suggested that the pharmacokinetics of
intravitreally injected drugs were different in vitrectomized eyes. In theory, the anti-VEGF is likely washed away from
the retina faster than when the vitreous is present, resulting to less improvement of anatomic and visual gain and the need
of frequent injection.10 We previously reported in a prospective non-comparative study that IAIs were beneficial in
vitrectomized eyes with refractory DME which required frequent injections (9.3 injections with mean interval injection
of 5.8 weeks for the first year) to obtain visual and anatomical improvement.11 In a retrospective study, ranibizumab and
aflibercept were found to be effective on DME in previously vitrectomized eyes, however the number of injections was
found to be lower in aflibercept group.12

We present in this study the 2-year results of aflibercept in previously vitrectomized eyes with DME of our cohort.

Materials and Methods
Study Design
MODEVA (NCT02874859) was a prospective, multicenter observational cohort study of vitrectomized eyes with
persistent DME treated with IAIs from November 2016 to November 2019 in 8 private and public ophthalmological
clinics in France. This study was performed in accordance with the International Conference on Harmonization guide-
lines for Good Clinical Practice and the Helsinki Declaration. All participants provided informed consent.

Inclusion criteria included DME eyes with a visual acuity (VA) from 20/400 to 20/40 due to DME which have
undergone vitrectomy since at least 3 months, and which did not receive any treatment for DME 3 months prior first
Aflibercept injection. Exclusion criteria included pregnancy and thromboembolic event since less than 3 months.

All patients underwent a complete ophthalmic examination including best-corrected visual acuity (BCVA) using Early
Treatment Diabetic Retinopathy Study (ETDRS) or Snellen chart, intraocular pressure assessment and funduscopy.
Spectral-domain optical coherence tomography (SD-OCT) and fluorescein angiography were performed at baseline.
DME was defined as central macular thickness (CMT) > 300µm on OCT. An IAI was administered with 5 doses of
Aflibercept injection (2mg/0.05mL) at 4 weeks-intervals during the loading phase followed by a ProReNata regimen
(retreatment if any fluid on OCT) during the first year then followed by a Treat and Extend or Observe and Plan regimen
during the second year.13 The treatment interval was extended at investigator discretion. Visits were scheduled every 4 to
16 weeks in year 2, depending on treatment response. BCVA and SD-OCT were performed at each visit. The same VA
chart and OCT machine were used for each patient’s follow-up for each center. Data were collected every month from
baseline to 12 months, then at 24 months. The window for data collection at the chosen annual time points was 2 months.

Statistical Analysis
Demographic information, medical history, and clinical characteristics were collected by electronic Case Report Form.
Statistical analysis was performed with the R software (version 3.6.1). Change in visual acuity from baseline to 2 years
was tested using Student paired t-test. The relationship between visual gain at 2 years and different parameters was
studied using Spearman correlation and one-way ANOVA model. Chi-squared test was used to compare the frequency of
qualitative OCT parameters among eyes between baseline and at 2 years. Adherence to protocol and treatment changes
were described. Statistical significance was set as p<0.05.

Results
Study Participants and Ocular Characteristics of Vitrectomized Eyes
We included 46 previously vitrectomized eyes of 44 patients treated with aflibercept injection for DME. Demographic and
clinical data were described in previous report.11 Briefly, mean age was 67.5 years; most patients had type 2 disease (85%),
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with mean duration of diabetes of 16 years. 82.6% of patients have multiple comorbidities. Mean hemoglobin A1c (HbA1c)
was 7.6%. Median duration of DME was 3 years (Q1-Q3, 0.5–5). Pars plana vitrectomy (PPV) was performed with large
variation in timing, ranging from 3 months to 20 years, with median interval of 8 months before the first IAI (Q1-Q3, 4–27).

The vitrectomized eyes included in our cohort have characteristics of refractory persistent DME. Thirty eyes (65%)
were non-naïve and previously received other treatment (macular thermal laser, intravitreal triamcinolone acetonide,
dexamethasone implant, ranibizumab or bevacizumab intravitreal injection. The majority of eyes had panretinal photo-
coagulation prior or during vitrectomy (77%).

Adherence to Treatment Protocol
Data was available for 36 eyes at 6 months, for 34 eyes at 1-year and for 28 eyes at 2 years. Details on withdrawal and
switch to other drugs are summarized in Figure 1. One patient had resolution of DME after 3 monthly injections which
was maintained until 2 years. Six eyes presented improvement of DME and visual gain leading to discontinuation during
the second year. The overall rate of completion was 72% for the 1-year visit and 61% for the 2-year visit (Figure 1).

Effect of Treatment on Visual Acuity
Data was summarized in Table 1. Mean ETDRS score was 53.5 ± 14.7 letters (approximate Snellen equivalent 20/100) at
baseline. Mean improvement in the visual acuity was +4.6 letters (p = 0.002, CI [+1.8; +7.54]) after 5 IAI at 6 months, +
6 letters (p < 0.001, CI [+2.7; +9.4]) at 1 year and +5.4 letters (p = 0.01, [+1.3; +9.5] at 2 years. At this last endpoint, 4
eyes (14%) gained ≥ 15 letters, 23 eyes (82%) lost < 15 letters, and 1 eye (4%) lost ≥ 15 letters. Visual gain at 2 years
was not significantly correlated with the one at 3 months (r = 0.45, p = 0.055, CI [−0.02; 0.78]), but was significantly
related with the one at 6 months (r = 0.52, p = 0.02, CI [0.05; 0.82]). No significant relation was found between gain of
vision at 2 years and age, baseline VA, duration of DME, HbA1c or number of intravitreal injections received. A better
visual gain in treatment-naïve eyes than previously treated eyes is possible, but the relationship did not reach statistical

Assessed for eligibility
(n = 49)

Excluded  (n=3) : not meeting inclusion criteria 
(n=3)

Available data for 
inclusion  (n= 46)

1-year endpoint 
(n= 34)

Withdraw from the study  (n=8)
- Incompliance ( n = 4) without further 

treatment 
- Switch to DEX implant  ( n = 4) 
- Data not available =4

2-year endpoint 
(n=28)

Missing data (n=4) 
Switch to DEX implant (n=2) 

Figure 1 Flow chart from inclusion to 2 years.
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significance (+9.9 ± 8.5 vs. 5.4 ± 10.6 letters, p = 0.07). We did not find difference in visual gain among macula ischemia
severity groups, eyes with and without ellipsoid zone (EZ) disruption, eyes with and without external limiting membrane
(ELM) disruption.

Effect of Treatment on Retinal Thickening
Mean central subfield thickness (CST) was 430 ± 143µm at baseline. CST decreased by 15% (−65µm, CI [−107; −22.7],
p < 0.001) at month 6, by 25% (−108µm, CI [−67; −149], p <0.001) at 1 year, by 14% at 2 years (−62µm, CI [−118;
−38.5], p<0.001). Mean macular volume (MV) at baseline was 10.1 ± 2.5 mm3. Mean reduction of MV was −0.9 mm3 at
6 month (CI [−1.4; 0.4, p < 0.001]) and −1mm3 at 1 year (CI [−1.6; −0.4], p = 0.001 and −1 mm3 at 2 years (CI = −1.6;
−0.4], p=0.003). Resolution of sub retinal fluid was obtained in all eyes and persistence of intraretinal cyst was observed
in 12/28 eyes (43%). The frequency of eyes with intraretinal cyst decreased significantly from baseline (89%) to 2 years
(64%, p = 0.046). Proportions of eyes with EZ disruption, ELM disruption did not change significantly during the 2 years
period (data not shown).

Aflibercept Intravitreal Injections Frequency
At month 6, 36 eyes of 46 included eyes (74%) received 5 IAI during the loading phase as required. To calculate the
frequency of IAI, we excluded patients who abandoned treatment or who were switched to dexamethasone. Of 28 eyes
which achieved the 2-year end point, 18 (64%) received regularly injections according to the scheduled appointments.
Ten patients (36%) missed appointments with lapses > 2 months due to illness, leading to unintentional under treatment.
Mean number of injections was 9.3 ± 1.8 for the first year and 5.2 ± 3.1 for the second year. Mean number of Aflibercept
injections was 14.6 ± 4.8 injections and mean interval injections was 6.4 ± 1.2 weeks for overall 2-year period (Table 2).

Discontinuation of Aflibercept During the 2-Year Follow-Up
Reasons for discontinuation of Aflibercept were: 1) Non-compliance during the loading phase without treatment in 5 eyes
(11%); 2) switch to DEX implant in 6 eyes (13%); 3) severe illness (stroke, renal failure) in 3 eyes (7%); and 4)
improvement of visual acuity and resolution of fluid were obtained leading to discontinuation of Aflibercept in 7 eyes
(15%), and among these, 2 eyes were still followed without recurrence of DME and 5 other eyes were lost of follow-up.

Table 1 Change in Mean Best Corrected Visual Acuity, CMT and VM Relative to Baseline

Baseline
(n=46)

Mean ± SD

6
Months
(n= 36)

p value CI 12
Months
(n= 34)

p value CI 24
Months
(n = 28)

p value CI

ETDRS (score letters) 53.3 ± 14.7

Visual gain (letters) +4.6 0.002 [1.8; 7.4] +6 0.007 [0; 11.4] +5.4 0.01 [1.3; 9.5]

CMT (µm) 430 ± 143

Reduction of CMT (µm) −64.7 0.003 [−106.8; −22.7] −54 <0.001 [−100;-29] −62 <0.001 [−118; −38.5]

Macula volume (mm3) 10.1 ± 2.5

Reduction of Macular Volume −0.9 0.001 [−1.4; −0.4] 0.001 [−1.6; −0.4] −1 0.03 [−1.6; −0.4]

Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study (ETDRS); CMT, central Macular thickness; VM, macular volume; CI, Confidence Interval.

Table 2 Number and Interval of Aflibercept Intravitreal Injection in DME Vitrectomized Eyes

Year 1 Year 2 Overall 2 Years

Number of eyes (n) 34 28 28

Number of injections Mean ± SD (Min-Max) 9.3 ± 1.8 (3–13) 5.2 ± 3.1 (0–12) 14.6 ± 4.8 (3–25)

Interval of injection Mean ±SD (Min-Max) (weeks) 5.8 ± 3.1 7.6 ± 3.6 (3.6–16) 6.4 ± 1.2 (4–10)
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Safety
Over the 24-month study periods, two patients (4.3%) underwent uneventful cataract. No case of endophthalmitis was
reported. Stroke was reported in two patients, which was resolved without any sequelae. Colon cancer treated by
chemotherapy was reported in one patient.

Discussion
Anti-VEGF therapy is considered as first-line therapy in centrally involved DME. Pars plana vitrectomy with internal
limiting membrane peeling in DME could be considered when the response to anti-VEGF or dexamethasone implant is
incomplete.2 The PPV allowed a better oxygen access from the anterior segment to the retina improved macular edema
and visual acuity in the short term, with recurrence rate of 6% during the 6 months follow-up.14 Patients with diabetes
may also undergo PPV for other reason before the occurrence of macular edema.

Vitrectomized eyes included in our study had similarities with previously vitrectomized DME eyes reported in DRCR.net
trial. These eyes had long duration of diabetes, worse visual acuity, and higher rates of previous cataract surgery, worse
diabetic retinopathy severity level (PDR and/or previous scatter laser.15 Our study showed that aflibercept is effective in
vitrectomized DME eyes, leading to improvement of +5.4 letters, reduction by 14% of central macular thickness
and reduction by 10% of MV with mean number of 14.6 injections at 2 years. The visual outcome seems to be better and
the injection frequency is higher in this study than previously published 2-year real-world study: +3.36 letters with 12.4–13
injections.16 The number of injections found in our study is as high as the one of clinical trial in naïve DME eyes: +10 to 12.8
letters with 15–16 injections after 2 years. Since only 64% of our patients came to scheduled visits and 36%missed injections
with lapses > 2 months leading to under treatment, the number of injections would be higher if the patients strictly followed
the treatment protocol.6 Overall, in vitrectomized DME eyes, visual and anatomical improvement is achieved in studies with
high frequency of anti-VEGF injection: 5 injections for 6 months or 10 injections for 1 year for ranibizumab17 and 9.3
injections for aflibercept at 1 year in our previous report.11 We also showed that visual and anatomical improvement was
maintained with a decreased number of injections (5.2 injections) in year 2.6 Resolution of fluid and improvement of VA
without further treatment observed during the second year in seven eyes might be encouraging to engage the patient to the
protocol treatment.

We did not find difference in visual gain among treatment-naïve and previously treated eyes, since the response to
aflibercept has been showed to be independent of the status of history of anti-VEGF therapy3 and to the macula ischemia
severity.18 Unsurprisingly, VA response to Aflibercept at 12 weeks was correlated with 1-year and 2-year response in VA
in our study. This individual variability in the course of vision gain in DME treated with anti-VEGF drugs and early
response may predict the visual outcome.19

The pharmacokinetics of drugs injected into the vitreous in animal models20 showed a faster clearance rate in
vitrectomized eyes. Niwa et al found that aflibercept suppressed VEGF levels during only 4 weeks in vitrectomized macaque
eyes.10 If the clearance of the drug increases after vitrectomy, we need to adapt the injection frequency to achieve
improvement. Based on results of pharmacokinetics of intravitreally administered aflibercept in animal models and results
of our study in human models, we would recommend a frequent dosing regimen until resolution of macula edema.

Despite the efficacy and the safety of anti-VEGF therapy in DME, the need of frequent visits and injections is
a limiting factor in DME patients since compliance is problematic: withdrawal occurred in 10 eyes (22%) during the
loading phase requiring switching to another drug with lower frequency. Diabetic population has systemic comorbidity
(82%) leading to unintentional treatment interruption in 10 eyes (22%).

The study has several limitations. Observational open studies encompassed bias of dropped out patients and break-up
visit and treatment due to comorbidities. Only eyes observed for 2 years were assessed, so eyes with prompt recovery
after brief intervention or with treatment failure and discontinued follow-up were not taken in account. The study has the
strength of a prospective design allowing investigation of the aflibercept discontinuation decision, switching therapy and
information about systemic and ocular side effects during 2 years of follow-up.
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Conclusion
In conclusion, aflibercept intravitreal injection is beneficial in previously vitrectomized eyes with DME, leading to visual
and anatomical gain from baseline to 2 years, with high number of injections in year 1 and a decreased number of
injections in year 2. Updating this cohort data with a longer period may also give more information since most DME eyes
have not been cured in 2 years.
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