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Abstract
Background/objectives: To assess injection burden, visual, anatomic and safety outcomes in
proliferative diabetic retinopathy (PDR) eyes after aflibercept monotherapy using wide-field
fluorescein angiographic (WFFA) guided therapy.
Subjects/methods: We retrospectively evaluated 17 non-study fellow LASERLESS trial PDR eyes that
received WFFA guided aflibercept. Fellow eyes prospectively underwent best-corrected visual acuity
(BCVA), optical coherence tomography (OCT) and ocular examinations with quarterly WFFA. After
baseline aflibercept, aflibercept was administered for PDR progression based on clinical examination
and WFFA evaluation.
Results: Through 52 weeks 17 PDR eyes with no previous pan-retinal photocoagulation (PRP) received
an average 5.7 injections. Average BCVA at baseline and 52 weeks were 76 letters (20/32) and 80 letters
(20/25) respectively. Average OCT thickness at baseline and 52 weeks were 279 um and 261 um
respectively. Ocular adverse events included progression or new vitreous hemorrhage, any PDR
progression and new diabetic macular edema (DME).
Conclusion: WFFA monitoring of neovascularization helps guide clinicians to assess PDR status and
may lead to optimal aflibercept monotherapy dosing with excellent outcomes for PDR eyes.
Keywords: Aflibercept, Anti-vascular endothelial growth factor monotherapy, Proliferative diabetic retinopathy,
Wide-field fluorescein angiography.
Abbreviations: BCVA: Best-Corrected Visual Acuity; DME: Diabetic Macular Edema; OCT: Optical Coherence
Tomography; PRP: Pan-Retinal Photocoagulation; PDR: Proliferative Diabetic Retinopathy; WFFA: Wide-Field
Fluorescein Angiographic.

Introduction
The 5 year results of the Diabetic Retinopathy Clinical
Research (DRCR) Protocol S and 1 year results of the
CLARITY trial have established anti-vascular endothelial
growth factor (VEGF) therapy with ranibizumab and
aflibercept, respectively, as viable therapy for proliferative
diabetic retinopathy (PDR) eyes not requiring vitrectomy.
Compared to panretinal photocoagulation (PRP), anti-VEGF
therapy demonstrates trends for superior visual acuity
outcomes, lower rates of diabetic macular edema (DME) and
proliferative complications such as vitreous hemorrhage (VH),
traction retinal detachment and need for vitrectomy [1-3].
Despite the above advantages of anti-VEGF therapy over PRP
for PDR treatment, anti-VEGF therapy is more expensive with
a potential greater treatment and visit burden requiring more
frequent monitoring. Noncompliance with follow-up risk
remains a concern for clinicians [4] when determining whether
to exclude PRP and treat with anti-VEGF monotherapy, alone.
Anti-VEGF dosing regimens for PDR eyes in the DRCR S and
Clarity Trials included PRN dosing after at least 4 and 3
mandatory monthly loading anti-VEGF injections, respectively.
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Fluorescein angiography (FA) was not required in either of
these trials and PRN anti-VEGF dosing regimens, in general,
were based on clinical examination of neovascularization status
by the investigator.
Wide-field imaging allows broader views of the retinal
periphery during fluorescein
angiography (FA) and can identify more neovascularization
than conventional 7 standard field images [5,6] and likely more
than clinical examination, alone. When electing anti-VEGF
monotherapy for PDR, wide-field fluorescein angiography
(WFFA) may allow more accurate identification of
neovascularization status and potentially optimize dosing
regimens. We utilize WFFA guided aflibercept (WFFAGA)
dosing in the prospective LASERLESS trial evaluating
endolaserless vitrectomy for 40 PDR eyes requiring vitrectomy
for vitreous hemorrhage [7]. Seventeen non-study
LASERLESS fellow eyes with PDR, not requiring vitrectomy,
received WFFAGA monotherapy and provide us with an
opportunity to evaluate treatment burden, safety, anatomic and
visual outcomes using this approach. Herein, we report 52
week follow-up results.
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Materials and Methods
We previously reported methods and short-term follow-up
results from the LASERLESS trial which has subsequently
enrolled 40 study eyes with PDR-related vitreous hemorrhage
and is ongoing and evaluating endolaserless vitrectomy with
aflibercept monotherapy in a 3-year study [7]. Eligible subjects
were identified and provided with a copy of informed consent
prior to study entry. Informed consent documentation and
relevant supporting information was submitted and approved
by the IRB/EC prior to study initiation. The study was
conducted in accordance with U.S. FDA, applicable national
and local health authorities, HIPAA Regulations, and IRB/EC
requirements.
All study research procedures were performed in accordance
with tenets of Declaration of Helsinki. The clinical trial is
registered (NCT02976012) and publicly available for viewing
at clinicaltrials.gov. The principal investigator was responsible
for keeping the IRB/EC apprised of study progress, of any
changes made to the protocol as deemed appropriate, and of
any significant adverse events.
We retrospectively, evaluated 17 non-study fellow
LASERLESS trial PDR eyes, not requiring vitrectomy,
receiving WFFAGA monotherapy per investigator discretion at
baseline. Fellow eyes with previous PRP prior to baseline were
not treated with WFFAGA and were excluded. Fellow eyes, in
the trial, prospectively underwent identical visit schedules as
previously reported for study eyes. Baseline evaluation and
aflibercept injection for 17 fellow eyes was performed prior to
the study eye undergoing endolaserless vitrectomy, and we
report 52 week (post-vitrectomy for study eyes and
approximately 4-6 weeks after baseline aflibercept injection for
fellow eyes) follow-up results for these 17 fellow eyes.
Monthly best-corrected visual acuity (BCVA), spectral domain
optical coherence tomography (OCT), (Heidelberg Spectralis
OCT, Heidelberg Engineering GmbH, Heidelberg Retina
Angiograph 2, Dossenheim, Germany), and ocular
examinations with quarterly Optos (Optos plc, 200Tx,
Dunfermline, Scotland, United Kingdom) Ultra WFFA were
performed. The first (“baseline” OCT or WFFA data) OCT and
WFFA were performed after the baseline visit aflibercept and
at the 4-week follow-up visit. After baseline aflibercept, PRN
aflibercept dosing was administered for PDR progression
based on clinical examination and WFFA evaluation per
investigator discretion.
If PDR was stable or regressed, in general, eyes were observed
without aflibercept therapy for that visit. PDR progression by
clinical examination included increased or new retinal, iris or
angle neovascularization or new/increased pre-retinal or
vitreous hemorrhage. PDR progression by WFFA included
increased or new neovascularization identified as increase in
neovascularization hyperfluorescent size and/or intensity
and/or leakage.
DME was treated with aflibercept per investigator discretion
with utilization of monthly OCT and clinical exams.
Retrospective review of baseline visit, clinical examination,
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any available fundus photography, and WFFA imaging were
qualitatively graded by one investigator (DMM) for baseline
PDR status regarding high risk characteristics, vitreous or
preretinal hemorrhage. Retrospective review of WFFA images
were qualitatively graded for presence or absence of
neovascularization, capillary dropout and macular leakage and
for comparison to “ baseline ” (post-first baseline visit
aflibercept) WFFA performed at the 4 week follow-up visit.

Results/Observations
Seventeen of 40 fellow eyes, with at least 52 week follow-up,
receiving WFFAGA monotherapy from the LASERLESS trial
were analyzed. Baseline visit patient demographics are
summarized in Table 1. At baseline, average BCVA was 76
letters (20/32 Snellen) and improved 4 letters (range: -15 to
+25 letters) to 80 letters (20/25 Snellen) at 52 weeks (Figure
1). At 52 weeks, 4 eyes lost letters from baseline. One of the
eyes that lost letters from baseline was not treated with
additional aflibercept despite angiographic demonstration of
neovascularization progression representing a single instant of
investigator ’ s deviation from WFFAGA monotherapy. A
second eye that lost letters from baseline missed 4 consecutive
visits.
Table 1. Baseline visit demographics for 17 PDR eyes treated with
WFFAGA monotherapy.
8 Males; 9 Females
Diabetes

15 type 2; 2 type I

Insulin

11 dependent; 6 independent

Race

6 white; 11 African-American

Age

Avg: 55 (range: 27-74)

Lens status

15 phakic; 2 pseudophakic

Previous Anti-VEGF

4/17 eyes prior bevacizumab (Avg: 2.5
injections per eye; range: 1-6)

Injections

0/17 Ranibizumab 0/17 Aflibercept

Previous PRP

0

Previous macular laser

0

Previous steroid injections

0

Figure 1. Baseline visit demographics for 17 PDR eyes treated with
WFFAGA monotherapy.
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At the “baseline” OCT (post first aflibercept injection at 4
week visit) 4 eyes demonstrated central subfield thickness
(CST) ≥ 300 um and at the 52 week visit 0 eyes demonstrated
CST ≥ 300 um. Average OCT CST thinned 18 um (range: -155
to +18 um) (Figure 2). On average, eyes received 5.7
aflibercept injections through 52 weeks. Indications for
aflibercept injections included PDR alone (average 4.4
injections), PDR and diabetic macular edema (DME) (average
1.1 injections) and DME alone (average 0.2 injections).
Aflibercept injections occurred more frequently within the first
12 weeks for PDR and for DME. Most eyes required
aflibercept injections at the week 40 visit for PDR progression
identified by WFFA (Figure 3).

Week
Baseline Week
Total
4 Total 16 Total

Week 28 Week 40 Week 52
Total
Total*
Total

Unchanged

n/a

n/a

11

7

5

8

Worsened

n/a

n/a

2

6

8

6

Improved

n/a

n/a

3

4

2

3

Indeterminate

n/a

0

1

0

1

0

Absent

n/a

7

8

6

2

4

Present

n/a

10

8

11

13

13

HRC

9

n/a

n/a

n/a

n/a

n/a

PRH

2

n/a

n/a

n/a

n/a

n/a

VH

4

n/a

n/a

n/a

n/a

n/a

*HRC: High Risk Characteristics (present at baseline); PRH: Preretinal
Hemorrhage (present at baseline); VH: Vitreous Hemorrhage (present at
baseline); WFFA: Wide-Field Fluorescein Angiography

Table 2B. Wide-field fluorescein angiography grading. Capillary
dropout compared to baseline.
Week
Total

Figure 2. Average OCT CST through 52 Weeks. At 52 weeks, OCT
CST thinned on average 18 um (range: -155 to +18 um). Four eyes
demonstrated OCT CST of>300 um at “baseline” week 4 after one
aflibercept and 0 eyes demonstrated OCT ≥> 300 um at 52 weeks.

4 Week 16 Week
Total
Total

28 Week
Total*

40 Week
Total

Unchanged

n/a

16

16

12

15

Worsened

n/a

0

1

3

2

Improved

n/a

0

0

0

0

Indeterminate

0

1

0

1

0

Absent

0

0

0

0

0

Present

17

16

17

15

17

52

Table 2C. Wide-field fluorescein angiography grading. Proportion of
eyes with unchanged, worsened, improved, or indeterminate FA
macular leakage Compared to Baseline.
Week
Total

Figure 3. Chronologic distribution and indications for aflibercept
monotherapy.

At the baseline visit prior to the first aflibercept injection, just
over half of eyes demonstrated high risk characteristics with 6
eyes demonstrating mild vitreous and/or preretinal
hemorrhage, not requiring vitrectomy (Table 2). WFFA grading
demonstrated absence of neovascularization in 7 eyes at the
“baseline” 4 week visit (after the first aflibercept injection); 8
eyes demonstrated absence of neovascularization at the 16
week visit. Only 2 and 4 eyes demonstrated absence of
neovascularization by WFFA at weeks 40 and 52, respectively
(Table 2).
Table 2A. Wide-field fluorescein angiography grading. WFFA
neovascularization progress compared to baseline.
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4 Week 16 Week
Total
Total

28 Week
Total*

40 Week
Total

Unchanged

n/a

13

12

11

11

Worsened

n/a

1

2

4

3

Improved

n/a

2

3

0

3

Indeterminate

0

1

0

1

0

Absent

13

14

13

9

12

Present

4

2

4

7

5

52

WFFA qualitative assessment of capillary dropout and macular
leakage are also summarized in Table 2. Ocular adverse events
through 52 weeks included 4 eyes with progression or new VH
(3 of these 4 eyes did not have VH at baseline visit), 1 eye with
new DME, 0 eyes with 30 letters loss and 0 eyes needing
vitrectomy or PRP for PDR complications. Any progression of
PDR was observed in 10 eyes through 52 weeks.
Endophthalmitis, neovascular glaucoma or iris/angle
neovascularization, progression of traction or new
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rhegmatogenous retinal detachment were not observed (Table
3). Case examples are illustrated in Figures 4-6.

Figure 4. Case Presentation of a 74 year-old African American female with PDR OD treated with WFFAGA monotherapy at weeks 4, 8, 12, and
40. Neovascularization was present at baseline, improved at week 16, and was absent at week 28. WFFA demonstrated neovascularization at week
40. Visual acuity was 20/125 at baseline and improved to 20/100 at post-op week 52; best recorded visual acuity was 20/80.

Figure 5. Case presentation of a 65 year-old White male with PDR OD treated with WFFAGA monotherapy at baseline and weeks 4, 8, 12, 24,
40, 44, and 48. Neovascularization regressed after initial loading doses of aflibercept and then progressed at week 40. Neovascularization
regressed again at week 52 after 3 additional aflibercept injections. Mild vitreous hemorrhage was observed clinically at weeks 44 and 48. Visual
acuity remained relatively constant from baseline to post-op week 52 (20/20); best recorded visual acuity was 20/13.
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Figure 6. Case presentation of a 41 year-old Caucasian male with PDR OD treated with WFFAGA monotherapy at screening and weeks 4, 8, 12,
16, 24, 32, 40, 44, 48. Neovascularization was present at baseline with improvement but persistence. Neovascularization progression was
observed at week 40. Visual acuity improved from 20/25 at baseline to 20/20 at week 52.
Table 3. Key ocular and systemic safety outcomes.
Adverse events through 52 weeks

Overall n=17

Worsened acuity>30 letters

0/17

Central subfield thickness>300 um

4/17

New rhegmatogenous retinal detachment

0/17

New or increased vitreous hemorrhage

4/17

Proliferative diabetic retinopathy progression

11/17

New or progressed tractional retinal detachment

0/17

Endophthalmitis

0/17

cataract progression or surgery

2/17

New Iris/angle neovascularization or neovascular
0/17
glaucoma
Need for vitrectomy or scleral buckle

0/17

Need for panretinal photocoagulation

0/17

Development of New DME
documentation of absence of DME

after

OCT

1/17

Systemic thromboembolic events

2/17
(non-ST
elevated
myocardial infarction, DKA)

Systemic serious adverse events

4/17
(non-ST
elevated
myocardial infarction, DKA)

Deaths

0/17

*DKA:

Diabetic Ketoacidosis

Discussion

WFFAGA monotherapy for PDR eyes, not requiring
vitrectomy, resulted in average visual acuity letter gain of 4
letters at 52 weeks. At 52 weeks, no eyes demonstrated OCT
evidence of DME. Four of 17 eyes demonstrated new (3 eyes)
or worsened (1 eye) vitreous hemorrhage at any time through
52 weeks. No eyes required vitrectomy or PRP and
neovascular glaucoma or iris/angle neovascularization were not
observed through 52 weeks.
While it is difficult to compare our outcomes and injection
burden to the larger PDR trials, our cohort may be more severe
than the previous larger DRCR S and Clarity studies [1-3]. At
baseline, 6 eyes in our cohort had vitreous and/or preretinal
hemorrhage and all contralateral eyes required vitrectomy for
PDR-related vitreous hemorrhage. While comparisons to the
larger trials are limited, our new or worsened vitreous
hemorrhage rate at one year (24%) is similar to that (27%)
reported with ranibizumab at 2 years but is higher to that (9%)
reported with aflibercept at 1 year.
At 5 years, almost half of DRCR S eyes in both PRP and
ranibizumab groups developed any vitreous hemorrhage with a
greater vitrectomy rate in the PRP group. Our eyes required an
average of 5.7 aflibercept injections through 52 weeks which
was higher than the 4.4 aflibercept injections required in the
Clarity trial. This difference may be related to a reduced need
for DME therapy in the Clarity study where baseline DME was
an exclusion criteria. Our injection need was lower than 7-8
required through 1 year and the 10-14 ranibizumab injections
required through 2 years in the DRCR S [1] (Table 4).

Our prospective trial provides a unique opportunity to
retrospectively evaluate ultra WFFAGA monotherapy in fellow
PDR eyes undergoing monthly evaluations including BCVA.
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Table 4. Injection Burden. Through 52 weeks, 17 eyes received an
average of 5.7 total injections per eye (range: 1-10).
Average Number of Aflibercept Injections per Eye
PDR and DME

1.1
range: 0-4

PDR alone

4.4
range: 0-10

DME alone

0.2
range: 0-2

Average total injections

5.7
range: 1-10

Despite the increasing use of wide-field fluorescein
angiography in clinical practice, there is limited data
evaluating our approach utilizing it as a helpful gauge for
proliferative disease activity for PRN anti-VEGF dosing. Case
reports and series using ranibizumab [8,9] and bevacizumab
for PDR demonstrate retinal neovascularization regression and
reperfusion using wide-field fluorescein angiography. Other
case series and trials using standard 55-degree fluorescein
angiography similarly demonstrate regression of PDR-related
neovascularization after bevacizumab [10] and pegaptanib
[11,12].
Our grading of ultra wide-field fluorescein angiography images
demonstrates absence of neovascularization in 7 of 17 eyes at 4
weeks after only one aflibercept injection (Table 2) which is
consistent with previous reports noting neovascularization
regression after anti-VEGF therapy [1-3,8-12]. In retrospect,
given our data at 4 and 16 weeks (Table 2) demonstrating
frequent regression and absence of neovascularization,
predominance and frequency of early aflibercept dosing
(Figure 3) after the first injection may be unnecessary.
With time, however, progression after regression of
neovascularization occurred with PRN aflibercept dosing as
only 2 eyes demonstrated absence of neovascularization at 40
weeks (Table 2) often necessitating PRN aflibercept at this
visit. DRCR DME studies [13,14] indicate that aflibercept may
be the more effective anti-VEGF agent for promoting
neovascularization
regression
but
differences
from
ranibizumab or bevacizumab decrease with time. In the Clarity
trial, 64% of aflibercept-treated PDR eyes had total regression
of neovascularization at 1 year as determined by clinical
examination, alone. Our findings may indicate that wide-field
fluorescein angiography may better define neovascularization
regression and progression compared to clinical examination,
alone.
Using clinical examination and not fluorescein angiography for
monitoring neovascularization, the DRCR S demonstrated
significant 2 year rates of PDR progression in both PRP (42%)
and ranibizumab (34%) treated eyes [15]. At 2 years, only 35%
of ranibizumab DRCR S eyes demonstrated quiescent PDR [1],
with neovascularization resolution noted in 43% of eyes [16].
At 5 year follow-up, fundus photograph grading of 90 DRCR S
ranibizumab-treated eyes showed 29% with visible
neovascularization [2].
J Clin Ophthalmol 2019 Volume 3 Issue 2

The 2 year visual acuity benefits of ranibizumab over PRP
diminished for DRCR S eyes at 5 year follow-up. While there
are, numerous potential contributing factors (reduced
compliance over 5 years, reduction of mandatory OCT
monitoring after year 2, investigator and patient fatigue, etc.)
contributing to a reduction of initial ranibizumab advantages
over PRP, it is possible that longer-term persistent and
mandatory OCT and angiographic monitoring may have
initiated more timely anti-VEGF dosing leading to more
optimal longer-term outcomes for the ranibizumab group.
We only qualitatively assessed wide-field angiographic
findings for capillary dropout and ischemia and did not
quantitate peripheral ischemic index or capillary dropout areas
[8,9,17]. Our qualitative grading did not demonstrate
significant impact on reperfusion or capillary dropout. Our
qualitative grading may be consistent with a Clarity trial substudy [18] utilizing wide-field fluorescein angiography and
demonstrating a 52 week increased (rather than decrease)
retinal non-perfusion area from baseline after aflibercept for
PDR. Controversy still exists regarding the interpretation and
accuracy of wide-field fluorescein angiography in determining
retinal reperfusion [19]. None of our eyes demonstrated OCT
CSF>300 um at 52 weeks which supports aflibercept’s and
anti-VEGF’s ability to treat DME, optimizing acuity outcomes
while treating PDR. Interestingly, in our cohort, qualitative
wide-field fluorescein angiographic macular leakage was
generally unaffected.
Limitations to anti-VEGF therapy for PDR exist as PRP is
more cost-effective [20-24] and there is no known treatment
period known after which it is safe to discontinue anti-VEGF
therapy. Our cohort and the PDR population, in general, are
younger, of working age, suffer from systemic diabetic
manifestations, and are socioeconomically strained which all
contribute to reduced compliance.
Our results certainly indicate that even within 52 weeks,
neovascularization reoccurs and is likely to progress without
continued monitoring and treatment. The time and intensity of
anti-VEGF monotherapy is also a burden on patients and the
healthcare system and our WFFAGA approach may increase
this burden. However, when anti-VEGF monotherapy is
preferred, we believe that wide-field angiographic monitoring
is best suited to determine when therapy is needed. This is
especially relevant for this PDR population, where neovascular
status assessment by clinical examination, alone, is challenged
by less examination cooperation, predominance of phakic
status, and frequently profound levels of retinal ischemia with
more occult, flat retinal neovascularization not easily
recognized on clinical examination, alone.

Conclusion
Conclusions from our study are limited by an absence of a
control group (such as aflibercept monotherapy without use of
wide field fluorescein angiography or with use of standard
angiography or a PRP control group), a small number of eyes,
investigator discretion DME treatment, 1 year follow-up, and
its retrospective nature. However, like the early neovascular
age-related macular degeneration studies recognizing the
utilization of OCT as a monitor for disease activity directing
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anti-VEGF dosing, we believe wide-field fluorescein
angiographic
monitoring
may
optimize
monitoring
neovascularization activity when anti-VEGF monotherapy is
chosen for PDR.
Wide-field
fluorescein
angiographic
monitoring
of
neovascularization may help guide clinicians to assess PDR
status and may lead to optimal anti-VEGF monotherapy dosing
with excellent visual acuity, OCT and safety outcomes for PDR
eyes, while avoiding PRP side-effects. While WFFA
neovascularization monitoring has been recognized as
ultimately providing the most sensitive information, the visual
benefits of this approach remain unknown.
In addition, the potential utility of wide-field fundus or FA
imaging is being investigated in the ongoing DRCR Protocol
AA. We hope that our WFFAG findings stimulate further
evaluation of various dosing regimens including the DRCR S
defer and extend algorithm after monthly loading doses.
Further investigation with wide-field fluorescein angiographic
PDR monitoring may form a foundation for non-invasive PDR
monitoring as additional experience with and technologic
advances of wide-angle and wide-field montage OCT
angiography occur.
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