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A Clinico-Pathological Study of the Structural and Functional 
Changes to the Retina and Optic Nerve following anti-VEGF 
Treatments for Diabetic Macular Edema
Richard Filek1, 2, Phil Hooper2, Thomas G. Sheidow2, 
John R. Gonder2, Subrata Chakrabarti1, Cindy M. Hutnik2. 
1Pathology and Laboratory Medicine, Western University, London, 
ON, Canada; 2Ophthalmology, St. Joseph’s Health Care London, 
London, ON, Canada.
Purpose: To evaluate and analyze the safety and efficacy of anti-
VEGF drugs on the retina and optic nerve in patients with DME and 
varying levels of diabetic retinopathy (DR)
Methods: DR patients with underlying DME underwent pre-
injection, 6, 12 and 24 month follow-up tests using visual fields, 
Heidelberg retinal tomography, optical coherence tomography and 
OPTOS fluorescein angiography. In vitro, rat retinal cell cultures 
were exposed to 0, 0.0625, 0.125 (clinical dose), and 0.25 mg/mL 
of ranibizumab (Lucentis) for 48 hours. Cytotoxicity was measured 
by LDH, apoptosis by cell death ELISA and MTT assay for cellular 
metabolic activity.
Results: A total of 31 patients were enrolled in the study. From 
baseline the average macular thickness significantly decreased 
(p<0.0001) at 6 months (-33.3 μm), and 12 months (-35.0 μm) 
compared to baseline. Average retinal nerve fiber layer thickness 
significantly decreased (P<0.0001) by 12 months (6 months -9.5 μm; 
12 months -11.4 μm). Visual field mean deviation (MD) improved 
non-significantly compared to baseline (6 months +1.59 dB; 12 
months +0.90 dB). Average cup to disk ratio (+0.045) and vertical 
cup to disk ratio (+0.049) significantly increased (p<0.0001) by 12 
months. Cup volume significantly increased (p<0.009) at 6 months 
(+0.0060 mm3), and 12 months (+0.0066 mm3) compared to baseline. 
In vitro, MTT showed a significant decrease (p<0.003) in cellular 
metabolic activity at the clinical dose (0.125 mg/mL -5.6%) and 
double the clinical dose (0.25 mg/mL -4.4%) compared to control. 
LDH showed a significant increase (p<0.004) in cytotoxicity at the 
clinical dose (0.125 mg/mL +36.6%) and double the clinical dose 
(0.25 mg/mL +39.2%) compared to control.
Conclusions: Clinically, anti-VEGF appears to be potentially 
detrimental to the optic nerve by decreasing retinal nerve fiber layer 
thickness, increasing cup/disk ratio and cup volume over time. In 
vitro, anti-VEGF treatment appears to be detrimental to the retina by 
decreasing cellular metabolic activity and increasing cytotoxicity of 
retinal cells. The results provide a cautionary note to monitor both 
the retina and optic nerve status in patients undergoing frequent 
injections.
Commercial Relationships: Richard Filek, None; Phil Hooper, 
None; Thomas G. Sheidow, None; John R. Gonder, None; 
Subrata Chakrabarti, None; Cindy M. Hutnik, None
Support: Studentship Award – Spring 2015 Lawson Internal 
Research Fund (IRF) Competition
Clinical Trial: NCT02979665
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Real World U.S. Outcomes of Anti-VEGF Therapy in Diabetic 
Macular Edema
Thomas A. Ciulla1, David F. Williams2. 1Retina, Midwest Eye 
Institute, Indianapolis, IN; 2Vitreoretinal Surgery PA, Minneapolis, 
MN.
Purpose: To assess “real world” visual acuity (VA) outcomes of 
anti-vascular endothelial growth factor (VEGF) therapy for diabetic 
macular edema (DME).
Methods: Analysis was performed on a large database of aggregated, 
longitudinal EMR from a demographically diverse sample of U.S. 
retina specialists. The HIPAA-compliant Vestrum Health Retina 
Database was used retrospectively. DME patients who underwent 
at least 3 monthly anti-VEGF injections between January 2011 
and April 2016 were eligible. The eyes were divided into 3 groups 
based on choice of initial anti-VEGF agent. These eyes were 
then subdivided into three cohorts: those with records including 
VA measurements up to and including 6-months but not beyond 
(“6-month cohort”), up to 12-months but not beyond (“12-month 
cohort”), and up to and including 24 months (“24-month cohort”), 
with each cohort being mutually exclusive. VA outcomes were 
assessed on each cohort and also stratified by baseline VA.
Results: 5872 patients were included in this analysis. In the 
12-month cohort (mean age 62 years), for 1262 patients who 
initially underwent treatment with bevacizumab, the mean 12-month 
improvement was 6.0 letters after an average of 8.6 injections, 
compared to ranibizumab (609 patients, 6.1 letters, 8.4 injections), 
and aflibercept (444 patients, 7.4 letters, 8.5 injections). The mean 
number of macular laser and pan retinal laser treatment sessions 
was similar in each group (≤0.26 each). In the 12-month cohort, 
when stratified by baseline VA of 20/201 or worse, 20/71-20/200, 
20/41-20/70, and 20/40 or better, the final mean change in number of 
letters gained or lost in the bevacizumab initially group was +37.3, 
+8.7, +3.0, and -2.3 letters respectively, in the ranubizumab initially 
group was +31.3, +10.2, +4.5, and -1.9 letters respectively, and in the 
aflibercept initially group was +36.6, +11.3, +4.3, -2.0 respectively. 
Treatment duration, comparing the 6-, 12-, and 24-month cohorts, 
showed no significant trends with visual acuity outcomes.
Conclusions: Visual outcomes following anti-VEGF therapy for 
DME in the “real world” do not achieve those seen in randomized 
clinical trials. Eyes with better baseline VA are disproportionately 
affected. There was no significant difference in outcomes based on 
choice of initial anti-VEGF agent. Duration of treatment did not 
correlate with visual outcomes.
Commercial Relationships: Thomas A. Ciulla, None; 
David F. Williams, Vestrum Health (I)
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Presentation Time: 4:15 PM–4:30 PM
OCT biomarkers predictive for visual acuity in patients with 
diabetic macular edema
Bianca S Gerendas1, Xiaofeng Hu1, Alexandra Kaider2, 
Alessio Montuoro1, Amir Sadeghipour3, Sebastian M. Waldstein3, 
Ursula Schmidt-Erfurth1. 1Vienna Reading Center and OPTIMA 
Study group, Department of Ophthalmology, Medical University of 
Vienna, Vienna, Austria; 2Center for Medical Statistics, Informatics 
and Intelligent Systems, Medical University of Vienna, Vienna, 
Austria; 3OPTIMA Study group, Department of Ophthalmology, 
Medical University of Vienna, Vienna, Austria.
Purpose: Many recent publications have correlated morphologic 
parameters to visual acuity (VA) to emphasize their importance as 
biomarkers in diabetic macular edema (DME) besides central retinal 
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thickness (CRT). Most of these studies look at a single morphologic 
parameter. Our aim is to identify which of the evaluated 18 imaging 
biomarkers can predict VA when all are analyzed in one patient 
cohort and should therefore be used for automated ophthalmic image 
analysis.
Methods: All 311 Spectralis OCTs of the DRCR.net Protocol 
T trial have been manually evaluated by one trained grader of 
the Vienna Reading Center. The evaluation included presence/
location/configuation of intraretinal cystoid fluid (IRC), shape of 
vitreomacular interface and foveal contour with/without epiretinal 
membrane, presence/height of subretinal fluid (SRF), presence/area 
of disrupted external limiting membrane (ELM) and inner-outer-
segments line (IS-OS), ischemia (ISC), number of hyperreflective 
foci and CRT. To evaluate the predictive value of these parameters on 
baseline VA, multivariable linear regression models were calculated, 
using the backward method for variable selection and a resampling-
based approach with 1000 samples. The source of the data is the 
DRCR.net, but the analyses, content and conclusions presented 
herein are solely the responsibility of the authors and have not been 
reviewed or approved by DRCR.net.
Results: From 18 potential biomarkers, the only predictive were 
area of disrupted ELM/IS-OS (selection percentage 95.90%/90.9%), 
presence of SRF (95%) followed by central mm (CMM)/centerpoint 
CRT (92%/69.6%) and ISC (63.1%). All other parameters showed 
less than 50% (=not important). When correcting for the other 
important parameters an ELM/IS-OS disruption of 0.1mm2 causes a 
VA decrease of 1.3/0.8 letters, the presence of ELM/IS-OS disruption/
ISC causes a mean VA loss of 4.0/1.4/4.8 letters, SRF protects VA by 
4.1 letters and an increase in CRT in the CMM of 10μm causes a drop 
of 0.6 letters. The model performance showed an R2=0.29.
Conclusions: Baseline VA correlates best with ELM and IS-OS 
integrity and SRF presence. Earlier studies allow the conclusion 
that SRF protects these layers. Automated analysis of ELM/IS-OS 
might allow VA prediction as their disruption is directly related to 
irreversible photoreceptor destruction and VA loss. ELM/IS-OS 
disruption area might be used as a clinical endpoint in future clinical 
trials.
Commercial Relationships: Bianca S Gerendas, Roche (C); 
Xiaofeng Hu, None; Alexandra Kaider, None; Alessio Montuoro, 
None; Amir Sadeghipour, None; Sebastian M. Waldstein, Novartis 
(C), Bayer (C); Ursula Schmidt-Erfurth, Novartis (C), Bayer (C), 
Böhringer-Ingelheim (C), Alcon (C)
Support: Christian Doppler Laboratory for Ophthalmic Image 
Analysis (OPTIMA)
Clinical Trial: NCT01627249
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Pretreatment levels of vitreous protein biomarkers correlate with 
visual acuity outcome in response to intravitreal triamcinolone in 
Diabetic Macular Edema
Bert M. Glaser1, 2, Natsumi Takahashi2, Matthew S. Katz1. 1The 
National Retina Institute, Towson, MD; 2Ocular Proteomics, LLC, 
Towson, MD.
Purpose: Diabetic macular edema (DME) is a complication of 
diabetes that can lead to blindness if left untreated. Currently there 
are no biomarkers available for prediction of treatment response in 
eyes with DME. In this study, we sought to identify vitreous protein 
biomarkers that correlate with the change in visual acuity in response 
to intravitreal injection of triamcinolone (Triesence®).
Methods: Vitreous aspirates (50-120μL) were obtained from patients 
treated for DME with intravitreal injection (Triesence®) in a study 
approved by the institutional review board. Vitreous samples were 

acquired immediately prior to intravitreal injection. 10 samples 
obtained from 9 eyes of 9 patients between 10/1/10 and 4/7/15 were 
analyzed by Reverse Phase Protein Microarray. The samples were 
tested for 76 different protein biomarkers. A linear regression analysis 
was performed to elucidate the relationship between the baseline 
(pretreatment) biomarker levels and the change in visual acuity at 
approximately 2-3 month (50-100days) after treatment.
Results: Out of 76 biomarkers, the baseline levels of 14 biomarkers, 
including p38 MAPK T180/Y182 and VEGF, were found to show 
statistically significant correlation (p < 0.0001) with the change in 
visual acuity at 50-100 days after treatment. These biomarkers were 
also highly predictive of the visual acuity outcome with R2 values 
ranging between 0.86 and 0.90.
Conclusions: Our results suggest that some protein biomarkers may 
be able to predict the visual acuity outcome in response to intravitreal 
injection of triamcinolone in eyes with DME. Further analysis of 14 
biomarkers identified in this study is required to select a biomarker 
panel that can potentially be used in the management of DME.
Commercial Relationships: Bert M. Glaser, None; 
Natsumi Takahashi, None; Matthew S. Katz, None
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Optical Coherence Tomography (OCT) Screening at Diabetes 
Visits Increases Retina Referral for Patients with Diabetic 
Macular Edema (DME)
Jennifer K. Sun1, 2, Ruth Weinstock3, Mark Warren4, 
Marcel Twahirwa5, Joshua I. Barzilay6, Madhu K. Mohan7, 
Traci E. Clemons8. 1Beetham Eye Institute, Joslin Diabetes Center, 
Boston, MA; 2Ophthalmology, Harvard Medical School, Boston, MA; 
3Clinical Research Unit and Joslin Diabetes Center, SUNY Upstate 
Medical University, Syracuse, NY; 4Physicians East, Greenville, NC; 
5Joslin Diabetes Center Affiliate, Doctors Hospital at Renaissance, 
Edinburg, TX; 6Kaiser Permanente of Georgia, Duluth, GA; 7Doctors 
Community Hospital, Lanham, MD; 8EMMES, Rockville, MD.
Purpose: To determine whether nonmydriatic OCT retinal imaging 
and an OCT-guided referral algorithm during diabetes (DM) care 
visits improves identification and referral of patients with DME.
Methods: This interventional study enrolled adults with type 1 or 2 
DM from 9 primary DM clinics with DM duration ≥10 yrs or recent 
A1c ≥10%. OCT imaging led to an automated report detailing need 
for retina referral based on retinal thickness and image quality. Ocular 
therapy data was collected from retina specialists who saw referred 
patients and by phone calls at 3, 6 and 9 mo. Chart review at the same 
sites assessed historical rates of retina care for patients with matching 
eligibility criteria during the prior 6 mo.
Results: The cohort of 385 subjects had mean ± SD age 55±14 yrs, 
diabetes duration 19±11 yrs, and HbA1c 9.1±1.9%, with 50% female, 
65% Caucasian, and 36% type 1 DM. Only 76% reported a prior 
eye examination (67% within 1 yr, 18% at 1-2 yrs and 14% >2 yrs). 
Of these, 62% were dilated, 11% undilated and 27% did not recall 
dilation status. Over 99% of participants were imaged in at least one 
eye, and 98% in both eyes. The OCT-based algorithm referred 11.5% 
of subjects and 7.8% of eyes based on central-involved retinal edema 
(64%), thickening threatening the center (25%) or low OCT signal 
(11%) suggestive of possible ocular pathology. In a multivariable 
model controlling for A1c, longer DM duration was related to greater 
referral likelihood. Only 23% of referred patients had prior retinal 
care. Of the 77% who followed up with a retina provider, 41% had 
vision threatening diabetic retinopathy (DR) and 53% underwent or 
planned therapy within the next 9 mo. Review of 564 charts from 
recent visits prior to this study found documentation of retina care in 
6%.
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Conclusions: These data suggest that targeted OCT screening is 
feasible within the non-ophthalmic, primary diabetes care setting and 
may identify pathology warranting referral in nearly 12% of patients. 
Nearly 80% of patients had not previously received retina care, and 
yet 41% had confirmed vision threatening DR and >50% needed 
treatment within 9 mo. By allowing effective detection of diabetic 
eye disease and enabling access to specialty care, OCT screening may 
potentially improve future visual outcomes in patients with diabetes.
Commercial Relationships: Jennifer K. Sun, Optovue (F), 
Genentech (F); Ruth Weinstock, None; Mark Warren, 
None; Marcel Twahirwa, None; Joshua I. Barzilay, None; 
Madhu K. Mohan, None; Traci E. Clemons, None
Support: Juvenile Diabetes Research Foundation International 17-
2012-371, Genentech, Optovue
Clinical Trial: NCT01875783
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Topline results from prospective, double-masked, placebo 
controlled phase 2b clinical study evaluating Luminate® in 
patients with diabetic macular edema
Peter K. Kaiser1, David S. Boyer2, Peter A. Campochiaro3, 
Jeffrey Heier4, Julie Kornfield5, Baruch D. Kuppermann6, 
Hugo Quiroz-Mercado7, Lisa Karageozian8, Linda Kutscher8, 
Mary Karpus8, John Y. Park8, Hampar L. Karageozian8, 
Vicken Karageozian8. 1Division of Ophthalmology, Cole Eye 
Institute, Whippany, NJ; 2Retina Vitreous Assoc Med Group, Los 
Angeles, CA; 3Johns Hopkins Wilmer Eye Inst, Baltimore, MD; 
4Ophthalmic Consultants of Boston, Boston, MA; 5Caltech, Pasadena, 
CA; 6Gavin Herbert Eye Institute, Irvine, CA; 7Department of 
Ophthalmology, University of Colorado, Aurora, CO; 8Allegro 
Ophthalmics, LLC, San Juan Capistrano, CA.
Purpose: Luminate® is an RGD class synthetic anti-integrin 
oligopeptide. Studies have shown that it inhibits integrin receptors 
in vitro and arrests aberrant blood vessel growth in vivo meditated 
by αvβ3, αvβ5 as well as α2β1 and α5β1 - integrin sites that are 
expressed in neovascular ocular tissue from patients with diabetic 
retinopathy. A more recent Phase 1 study demonstrated its safety 
when injected intravitreally in human subjects with diabetic macular 
edema (DME). The purpose of this Phase 2b study was to investigate 
the safety and efficacy of Luminate, as compared to Avastin® 
(bevacizumab), administered intravitreally in patients with DME.
Methods: 136 patients from 32 U.S. sites were randomly assigned to 
four groups. Groups received 1.0 mg, 2.0 mg, or 3.0 mg of Luminate, 
or 1.25 mg of Avastin. The Luminate groups received 3 monthly 
intravitreal injections (week 0, 4, and 8) while the Avastin group 
received up to 6 monthly injections (week 0, 4, 8, 12, 16, 20). The 
efficacy outcomes were change (from baseline) in BCVA and central 
macular thickness (CMT) at week 20. The safety outcomes were 
adverse events.
Results: At study week 20, continuous monthly Avastin was 
compared to 12 weeks post loading with Luminate. The mean (SD) 
change in BCVA were 5.2(6.86), 2.7(7.31), -1.5(9.97) and 7.0(8.21) 

letters gained in 1.0 mg, 2.0 mg and 3.0 mg Luminate versus 1.25 mg 
Avastin, respectively. The mean (SD) change in CMT were -77(141), 
-16(110), -1(152) and -104(107)μm, respectively. There were no drug 
related serious adverse events in the Luminate groups.
Conclusions: Data from this Phase 2b DME trial demonstrated 
that Luminate met its primary and secondary endpoints of BCVA 
and CMT change at study week 20. Three doses of Luminate 
demonstrated non-inferiority to 6 doses of Avastin (≤3 letters 
difference in BCVA and ≤30mm difference in CMT) at the primary 
endpoint of 20 weeks. Moreover, Luminate showed 12 week 
durability from the last dose in monotherapy use. Consistent with 
prior animal work, Luminate appears to have a U-shaped dose 
response curve with decreasing efficacy with increasing dosing above 
1.0 mg Luminate.
Commercial Relationships: Peter K. Kaiser, Allegro Ophthalmics 
(C), Allegro Ophthalmics (I); David S. Boyer, GlaxoSmithKline 
(C), Ophthotech (C), Alimera Sciences (C), Alcon (C), Aerpio 
(C), Ohr (I), GenSight Biologics (C), Ocular Therapeutics (C), 
Ohr (C), Regeneron (C), Bausch+Lomb (C), CoDa Therapeutics 
(C), Roche (C), Bayer (C), Nuerotech (I), Allegro Ophthalmics 
(I), Neurotech (C), Boehringer Ingelheim Pharmaceuticals (C), 
Foresight Biotherapeutics (C), Genentech (C), Novartis Ophthalmics 
(C), GrayBug Vision (C), Allegro Ophthalmics (C), Ophthotech 
(I), Allergan (C); Peter A. Campochiaro, Genzyme (F), Applied 
Genetic Technologies (C), Rxi (F), Regeneron (F), Genentech/Roch 
(C), Allegro Ophthalmics (F), Allergan (F), Aerpio Therapeutics (F), 
GrayBug (I), Aerpio Therapeutics (C), Intrexon (C), AsclipiX (C), 
Rxi (C), Regenxbio (F), Genentech/Roch (F), AsclipiX (F), Oxford 
Biomedica (F), Merck (C), Regenxbio (C), Allegro Ophthalmics (I), 
GrayBug (C), Alimera (C), Allegro Ophthalmics (C), Alimera (F), 
Allergan (C); Jeffrey Heier, EyeGate (F), Regeneron (F), Aerpio 
(C), Scifluor (C), Regeneron (C), Genentech (F), EyeGate (C), 
Stealth Biotherapeutics (C), Novartis (F), Allegro Ophthalmics (I), 
Scifluor (F), Kala (C), Alimera (C), Genentech/Roche (C), Allegro 
Ophthalmics (C), Allergan (C), Shire (C); Julie Kornfield, Allegro 
Ophthalmics (C), Allegro Ophthalmics (I); Baruch D. Kuppermann, 
Ohr (F), Regeneron (F), Dose (C), ThromboGenics (F), Allegro 
Ophthalmics (F), Ophthotech (C), Allergan (F), Alcon (C), Aerpio 
(C), Lumenis (C), Ampio (C), Regeneron (C), Genentech (F), 
Novartis (C), Eleven Biotherapeutics (C), Allegro Ophthalmics (I), 
Glaukos (C), Genentech (C), Alimera (C), Alcon (F), Ophthotech 
(F), Alimera (F), Allegro Ophthalmics (C), Apellis (F), Allergan 
(C); Hugo Quiroz-Mercado, Allegro Ophthalmics (C), Allegro 
Ophthalmics (I); Lisa Karageozian, Allegro Ophthalmics (E), 
Allegro Ophthalmics (I); Linda Kutscher, Allegro Ophthalmics 
(E), Allegro Ophthalmics (I); Mary Karpus, Allegro Ophthalmics 
(E), Allegro Ophthalmics (I); John Y. Park, Allegro Ophthalmics 
(P), Allegro Ophthalmics (E), Allegro Ophthalmics (I); 
Hampar L. Karageozian, Allegro Ophthalmics (P), Allegro 
Ophthalmics (E), Allegro Ophthalmics (I); Vicken Karageozian, 
Allegro Ophthalmics (P), Allegro Ophthalmics (E), Allegro 
Ophthalmics (I)
Clinical Trial: NCT02348918


