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W
et AMD, diabetic macular edema (DME), and 
retinal vein occlusion–related macular edema 
(RVO-ME) are leading causes of legal blindness 
in the industrialized world. In randomized clini-
cal trials (RCTs), anti-VEGF agents have yielded 

meaningful improvements in vision for patients with these 
conditions. However, outcomes studies have demonstrated 
that patients in real-world situations receive fewer anti-
VEGF injections and experience less visual improvement 
after 1 year than do those receiving protocol-based anti-
VEGF therapy in large RCTs, with underperformance by 
approximately 8 to 9 letters for branch RVO-ME (BRVO-ME), 
6 to 9 letters for central RVO-ME (CRVO-ME), 5 to 8 letters 
for DME, and 4 to 8 letters for wet AMD.1-15 

There is a dearth of large long-term clinical outcomes 
studies of anti-VEGF therapy for these disorders. In wet 
AMD, small extension studies of RCTs have shown that 
visual acuity declines over time with a gain from baseline of 
only 2 letters by year 4,16 loss of 3 letters by 5.5 years,17 and 
loss of 8.6 letters by 7.3 years.18 In these studies, injection 
frequency declined meaningfully after cessation of the initial 
clinical trial protocol–mandated treatments. Similarly, in 
a DME extension study, mean VA improved from baseline 
by 7.4 letters at 5 years, but it had decreased by 4.7 letters 
between 2 and 5 years.19

 R E A L-W O R L D S T U D Y 
We recently assessed clinical outcomes in 130,247 eyes out 

to 5 years for DME and wet AMD and 3 years for RVO-ME 
using a large database of electronic health records (EHRs) 
from a demographically and geographically diverse panel of 
retina specialists in the United States.

Mining EHR data has many limitations, including its retro-
spective nature, the use of aggregated data, and lack of stan-
dardization of visual acuity assessments. Still, the data can 
yield important longitudinal insights to better understand 

patient outcomes in clinical practice.
Treatment-naïve wet AMD, DME, CRVO-ME, and 

BRVO-ME patients who underwent anti-VEGF injections 
between 2014 and 2019 were included in this study. To 
understand how treatment intensity and initial visual acuity 
influenced outcomes, results were also stratified by number 
of anti-VEGF injections and by baseline visual acuity.

With respect to baseline features, two-thirds of wet 
AMD patients were women, whereas sex distribution was 
more equal for RVO-ME and DME patients (Table 1). DME 
patients were the youngest on average (mean age of 60). 
Mean age for RVO-ME and wet AMD patients was in the 
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T A B L E 1.  B A S E L I N E F E A T U R E S 

 Wet AMD DME BRVO-ME CRVO-ME

Number of Eyes

1 year 67,666 40,832 12,451 9,298

3 years 21,305 7,728 3,027 2,264

5 years 5,208 1,192

Female

1 year 64% 46% 56% 51%

3 years 65% 48% 56% 51%

5 years 66% 50%

Mean Age (years)

1 year 79.9 60.6 71.9 72.5

3 years 79.2 60.3 71.6 72.2

5 years 78.2 60.0

Mean Baseline VA (letters)

1 year 54.3 60.1 56.2 43.2

3 years 56.7 62.8 57.8 46.7

5 years 57.4 62.7
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early 70s and late 70s, respectively. The mean baseline visual 
acuity was lowest for CRVO-ME and highest for DME.

 O U T C O M E S 
DME patients received the fewest injections on average 

and wet AMD patients received the most during each period 
studied (Table 2). Despite receiving the most injections, wet 
AMD patients gained the fewest letters at each point, where-
as BRVO-ME patients gained the most. Across all disorders, 
3- and 5-year data showed worse outcomes compared with 
1-year outcomes. This study’s 1-year outcomes are consistent 
with those from earlier smaller studies that used the same 
database, revealing underperformance compared with RCTs 
(Figure). Across all disorders, the greatest number of injec-
tions occurred in year 1, which may partially account for the 
declining visual acuity results over time.

Cross-trial comparisons are limited by differences in eligibility 
criteria, therapeutic regimens, and endpoint evaluations, includ-
ing nonstandardized visual acuity assessments in real-world 
studies. Nevertheless, the results presented here are similar to 
those of other long-term real-world studies with smaller sample 
sizes. The LUMINOUS study was a 5-year global, multicenter, 
open-label observational study evaluating real-world ranibi-
zumab use in wet AMD.20 Recent data from the Belgian cohort 
of 229 wet AMD patients showed that injection frequency 
declined over time irrespective of prior treatment status, with 
treatment-naïve eyes receiving a mean of 4.2 ± 2.9 yearly injec-
tions and those with prior ranibizumab treatment receiving 
3.6 ± 2.7. Regression analysis confirmed visual acuity increases for 
treatment-naïve eyes of 3.9 letters (P = .002) in year 1, followed 
by a slight decrease of 1.8 letters per year.20 

Another retrospective study of 95 eyes reported 8-year 
real-world outcomes in eyes with wet AMD receiving as-
needed ranibizumab treatment.21 A mean of 31.6 injec-
tions were given over the 8-year period, with a median of 

six injections in the first year and three injections in the 
eighth year. Baseline median VA was 61 ETDRS letters, 
increasing to 70 letters after initial loading doses but decreas-
ing to 55 letters by year 8 (mean VA change from baseline 
-9.1 letters). Stable or improved vision was maintained in 
47% of eyes at year 8.21 

A 12-year retrospective study of 7,802 wet AMD patients 
reported that patients were more likely to experience posi-
tive visual outcomes (70 letters) within 2 years of beginning 
treatment, maintaining this vision for 1.1 years before dete-
riorating to poor vision (35 letters) within 8.7 years.22 

The visual outcomes for DME and RVO patients were 
less favorable in our study compared with other smaller 
long-term studies. With respect to DRCR Retina Network’s 
Protocol T, approximately two-thirds of DME patients had 
5-year follow-up data and had been managed at clinician 
discretion (simulating real-world treatment patterns) dur-
ing the 3 years after Protocol T completion. Between years 
2 and 5, 68% of eyes had at least one anti-VEGF injection (a 
median of four injections). Mean VA improved by 7.4 letters 
from baseline (compared with +3.1 letters in our study) but 
had decreased by 4.7 letters between year 2 and 5.19 

Compared with our study, 8-year vision outcomes for 
anti-VEGF treatment in RVO were favorable in a retrospec-
tive multicenter study of 94 eyes.23 Despite being followed 
for 5 years longer than our study, BRVO-ME eyes gained 
14.3 letters and CRVO-ME eyes gained 14.4 letters from 
baseline (compared with +7.7 and +6.0 in our study, respec-
tively), while receiving a mean of four injections in year 8.23 

 U N D E R T R E A T M E N T 
A common explanation for poor visual outcomes in real-

world studies is undertreatment. For all disease states in our 
study, final visual acuity generally increased with greater 
treatment intensity. Of note, wet AMD patients who were 
treated with ≤ 43 injections over 5 years lost visual acuity 
on average, and the greatest losses were seen in those that 
received ≤ 21 injections. BRVO-ME and CRVO-ME patients 
at 3 years and DME patients at 5 years generally did not lose 
vision in any of the subgroups of treatment intensity. 

One reason for fewer injections in the real world than 
in RCTs is the adoption of variable-frequency anti-VEGF 
therapy regimens that aim to decrease treatment burden 
for patients. The 2015 American Society of Retina Specialists 
Preferences and Trends survey of over 2,700 retina special-
ists in 60 countries found that more than 90% of responding 
retina specialists used OCT-guided variable-frequency anti-
VEGF treatment protocols for patients with wet AMD. 

Multiple prospective RCTs have demonstrated that 
variable-frequency anti-VEGF therapy for wet AMD results 
in a less favorable visual outcome compared with fixed, 
frequent anti-VEGF injections.24-28 In CATT, for example, 
patients assigned to monthly treatment experienced a 

T A B L E 2. T O P-L I N E R E S U L T S

Wet AMD DME BRVO-ME CRVO-ME

Number of Eyes

1 year 67,666 40,832 12,451 9,298

3 years 21,305 7,728 3,027 2,264

5 years 5,208 1,192

Mean Number of Injections

1 year 7.6 6.2 7.1 7.3

3 years 19.5 15.4 18.2 18.8

5 years 32.0 26.0

Mean Change in VA (letters)

1 year +3.1 +4.7  +9.5 +8.3

3 years -0.2 +3.3 +7.7 +6.0

5 years -2.2 +3.1
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statistically significant greater benefit in visual acuity gain 
compared with those receiving as-needed therapy (differ-
ence, 2.4 letters at 2 years; P = .046).24 

Two studies have shown favorable outcomes for a treat-
and-extend (TAE) regimen: the LUCAS study, which com-
pared ranibizumab and bevacizumab for wet AMD,29 and 
the small, prospective, controlled TREX-AMD study, which 
compared TAE versus monthly dosing of ranibizumab.30 The 
mean number of treatments in the first year was 10.1 in the 
TREX study and 8.0 for ranibizumab and 8.9 for bevacizumab 
in the LUCAS study. Like the fixed, frequent regimens, the 
treatment intensity in these TAE studies also exceeded that 
of the current study, further supporting that relative under-
treatment takes place in the real world.

 B A S E L I N E V I S I O N A N D O U T C O M E S 
When eyes were stratified by baseline visual acuity, the 

mean number of injections was similar across all groups; 
however, there was a consistent trend of diminishing 
improvement with better baseline visual acuity for all 
disease states at the end of year 3. Eyes with a mean baseline 
visual acuity of 20/40 or better had worsening vision for all 
conditions at the end of year 3, with losses of 6.4, 3.5, 2.9, 
and 8.0 letters in eyes with wet AMD, DME, BRVO-ME, and 
CRVO-ME, respectively. 

Conversely, eyes with mean baseline visual acuity worse 
than 20/200 had the most impressive improvement, with 
gains of 16.3, 32.8, 36.9, and 23.0 letters for wet AMD, DME, 
BRVO-ME, and CRVO-ME, respectively. Generally, wet AMD 
eyes had worse outcomes compared with the other disease 
states, with visual acuity gains obtained only in eyes with 
baseline VA of 20/70 or worse. 

BRVO-ME eyes had the best visual acuity outcomes across 
all groups, gaining up to 36 letters if baseline VA was 20/200 
or worse, and losing only 3 letters if baseline VA was 20/40 
or better. DME and CRVO-ME eyes followed a similar trend, 
although DME eyes had better outcomes than CRVO-ME 
eyes by approximately 5 letters across all subgroups.

 T H E F U T U R E 
Given the limited outcomes of anti-VEGF therapy for AMD 

in the real world, as highlighted by the studies discussed here, 
along with the burden of repeated intravitreal injections to 
sustain efficacy, long-acting therapies are under development. 
In addition, therapies that address pathways beyond the VEGF 
axis are being studied. These sustained-delivery treatments, 
new classes of therapies, and even combinations of therapies 
may meaningfully enhance outcomes for patients with wet 
AMD, DME, and RVO—leading causes of legal blindness. These 

Figure. Mean 1-year visual acuity change: real-world outcomes versus randomized clinical trials.
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innovations may not only durably restore vision but may also 
prevent vision loss in patients with good baseline visual acuity 
who may be more prone to vision loss in the long term.  n
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