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ABSTRACT
Background/Aims To assess visual acuity (VA)
outcomes and antivascular endothelial growth factor
(anti-VEGF) therapy intensity in retinal vein occlusion
(RVO)-related macular oedema (ME).
Methods A retrospective study was completed in
treatment-naïve patients with RVO-related ME from 2013
to 2019, using the Vestrum Health Retina Database.
Results Mean baseline age was 72.4 years and 54%were
women. In 6 months, in 8876 eyes with branch retinal vein
occlusion (BRVO)-related ME, after a mean of 4.5 anti-VEGF
injections, VA increased by 9.4 letters (95% confidence
interval (CI) for change in VA +8.94 to +9.78, p<0.001)
from a baseline of 55.1 letters. In 6737 eyes with central
retinal vein occlusion (CRVO)-related ME, after a mean of
4.6 anti-VEGF injections over 6 months, VA improved by 9.2
letters (95% CI +8.50 to +9.87, p<0.001) from a baseline
of 37.2 letters. In 1 year, VA gain was similar (BRVO: 7.4
injections, +8.1 letters, 95% CI +7.55 to +8.57, p<0.001;
CRVO: 7.6 injections, +7.1 letters, 95% CI +6.31 to +7.95,
p<0.001). In 6 months and 1 year, mean letters gain
increased with number of anti-VEGF injections. Patient eyes
with baseline VA of 20/40 or better tended to lose VA in
1 year.
Conclusion Mean change in VA correlates with
treatment intensity, but patients with better VA at
presentation are susceptible to vision loss, reflecting
a ceiling effect. Assessed with the same database, VA
gains compare favourably with 1-year VA gains in
neovascular age-related macular degeneration and
diabetic ME, but exhibit a larger gap when compared with
corresponding randomised controlled trials.

Macular oedema (ME) due to retinal vein occlusion
(RVO) represents a common cause of vision loss
globally. According to the 2017 American Society
of Retina Specialists Preference and Trends survey,
over 90% of US and ex-US retina physicians choose
antivascular endothelial growth factor (anti-VEGF)
agents as first-line therapy for RVO-related ME
with moderate vision loss.1 In randomised clinical
trials (RCTs), three anti-VEGF agents, aflibercept
(Eylea; Regeneron), ranibizumab (Lucentis;
Genentech) and off-label bevacizumab (Avastin;
Genentech), have yielded meaningful improvement
of vision in this disorder.

As healthcare systems increasingly focus on value,
real-world outcomes progressively assume greater
importance, specifically to benchmark therapies
and healthcare providers for quality and

reimbursement. Nonetheless, there have been few
large clinical outcomes studies of anti-VEGF ther-
apy for RVO-related ME.

In the present study, 6-month and 1-year out-
comes were evaluated using a large database of
aggregated, longitudinal de-identified electronic
medical records (EMRs) from a demographically
and geographically diverse panel of US retina spe-
cialists (Vestrum Health Retina Database,
Naperville, Illinois, USA). Treatment-naïve patients
with RVO-related ME who received anti-VEGF
therapy between 2013 and 2019 were included in
this study. These outcomes in RVO-relatedMEwere
also compared with those previously described in
neovascular age-related macular degeneration
(nAMD) and diabetic macular oedema (DME),
using the same database and similar analysis
methodology.2–5

METHODS
Database
The database has been described in prior
publications.2–5 The Vestrum Health Retina
Database holds de-identified visit data from
approximately 1.5 million unique patients with
over 11 million encounters. The panel of 350 US
retina specialists are diversified geographically in
the Southeast (24%), Mid-Atlantic (24%), West
(20%), Southwest (12%), Northeast (8%), Great
Lakes (7%) and North Central (4%) regions. These
practices are based in urban (65%), suburban (32%)
and rural (3%) settings. Aggregated data includes in-
office and outpatient medications, exam findings
including visual acuity (VA) and intraocular pres-
sure, diagnostic test interpretations, systemic and
ophthalmic diagnoses, medical and surgical treat-
ments, and adverse events. A proprietary de-
identification process substitutes alphanumeric
codes for patient identifiers. The system updates
the database weekly. A previously described
ETDRS approximation formula, 85+50×log
(Snellen fraction), derives VA score.6

Study design and dates and inclusion and
exclusion criteria
This analysis retrospectively assessed 6-month and
1-year VA outcomes and associations with anti-
VEGF therapy intensity in treatment-naïve US
patients with RVO-related ME between 2013 and
2019. Indiana University institutional review board
exempted this study from review because it involved
only the assessment of pre-existing de-identified
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data. This analysis involved treatment-naïve patients with RVO-
related ME who underwent anti-VEGF treatment between
January 2013 and October 2019, if they received at least one anti-
VEGF injection and had follow-up data through 6 months and
1 year for each of these respective cohorts. This analysis excluded
patients with other retinal diagnoses. Age, gender, VA and anti-
VEGF agents were extracted from the database.

Analysis
Analysis methods were similar to previous studies, which facili-
tated comparison of anti-VEGF treatment outcomes in RVO-
related ME with those previously described in other disease states
using the same database.2–5 Outcomes were analysed at the patient
eye level, separately for branch retinal vein occlusion (BRVO)-
related ME and central retinal vein occlusion (CRVO)-related
ME. As a sensitivity analysis, main outcome measures were
assessed, excluding patientswithRVO-relatedMEwho underwent
bilateral anti-VEGF treatment during the study period. The study
analysed baseline characteristics with descriptive statistics, includ-
ing mean values for baseline age and VA (letters). These baseline
characteristics were also stratified by initial anti-VEGF agents.

The study assessed, as main outcome measures, mean 6-month
and 1-year VA change from baseline with 95% CIs and nominal
pvalues, using paired t-tests. For all eligible patients, mean
6-month and 1-year VA change was determined and stratified
by initial anti-VEGF agents. As a sensitivity analysis, mean
6-month and 1-year VA change was also determined after exclud-
ing those patients who switched from initial therapy.

The study assessed mean and median 6-month and 1-year
injection frequency. Distribution of injection frequency over
these time periods was assessed and charted on a histogram,
between 1 and 7 for the 6-month time period and between 1
and 13 for the 1-year time period. The study assessed for baseline
age and VA relationships with 6-month and 1-year injection
frequency, through stratification by injection frequency.
Stratification separately by injection frequency and by baseline
VA was carried out to assess resulting mean 6-month and 1-year
VA change from baseline, with 95% confidence intervals (CIs)
and nominal p values, using paired t-tests. Stratification was also
carried out concurrently by injection frequency and baseline VA.

RESULTS
Patient characteristics
Based on eligibility criteria, this study evaluated 15 613 patient
eyes in the 6-month cohort and 12 214 patient eyes in the 1-year
cohort; these cohorts were not mutually exclusive, but the 1-year
cohort was smaller due to the requirement for a longer 1-year
follow up within the study inclusion dates, as well as patient
dropout. Table 1 summarises baseline demographics. In the
6-month cohort, in those 8876 patient eyes with BRVO-related
ME, the mean age at presentation was 71.8 years and 55% were
women. Mean baseline VA was 55.1 letters (20/80 Snellen
equivalent). Initial anti-VEGF agents were distributed as follows:
14% aflibercept (1271 eyes), 36% ranibizumab (3214 eyes) and
49% bevacizumab (4391 eyes). The baseline characteristics of the
1-year BRVO-related ME cohort were very similar.

In those 6737 patient eyes with CRVO-related ME within the
6-month cohort, the mean age at presentation was 72.8 years and
51% were women. Mean baseline VA was 37.2 letters (20/200
Snellen equivalent). Initial anti-VEGF agents were distributed as
follows: 20% aflibercept (1374 eyes), 32% ranibizumab (2140
eyes) and 48% bevacizumab (3223 eyes). The baseline character-
istics of the 1-year CRVO-relatedME cohort were very similar. In

addition, while all patients in this analysis received anti-VEGF
therapy, a minority of patient eyes also underwent focal laser and
panretinal laser or intravitreal corticosteroids, as detailed in
table 1, reflecting the real-world nature of this study. Of note,
the mean number of anti-VEGF injections was over 60 times
greater and over 40- imes greater than the mean number for
any of these treatments over 6 months and 1 year, respectively.

Mean change in visual acuity
Table 1 also summarises mean VA change in 6 months and 1 year.
In 6 months, for BRVO-related ME, after a mean of 4.5 anti-
VEGF injections, there was a mean gain of 9.4 letters (95%CI for
change in VA, +8.94 to +9.78; p<0.001). Similarly, in 1 year,
after amean of 7.4 anti-VEGF injections, there was amean gain of
8.1 letters (95%CI for change in VA,+7.55 to+8.57; p<0.001).
For CRVO-related ME, in 6 months, after a mean of 4.6 anti-
VEGF injections, there was a mean gain of 9.2 letters (95%CI for
change in VA, +8.50 to +9.87; p<0.001). Likewise, in 1 year,
after amean of 7.6 anti-VEGF injections, there was amean gain of
7.1 letters (95%CI for change in VA,+6.31 to+7.95; p<0.001).
Assessment, excluding patients with RVO who received bilat-

eral treatment during the 6-year study period, yielded nearly
identical outcomes, as only 3% of patients with BRVO and 4%
of patients with CRVO were treated bilaterally during this time.
The analysis was also stratified by anti-VEGF agents, excluding

patient eyes that switched between anti-VEGF agents. In the
6-month cohort, in those eyes with BRVO-related ME, baseline
VAs were well balanced and the outcomes were clinically similar.
Specifically, 1157 patient eyes were treated with a mean of 4.2
aflibercept-only injections and improved by 9.6 letters, while
3255 were treated with a mean of 4.3 bevacizumab-only injec-
tions, improving by 10.1 letters, and 2876 were treated with
a mean of 4.5 ranibizumab-only injections, improving by 8.8
letters. In 1 year, outcomes stratified by anti-VEGF agents were
similar (mean 6.9 aflibercept-only injections in 845 patient eyes
yielding 7.8 letters, mean 6.6 bevacizumab-only injections in
2106 patient eyes yielding 8.2 letters and mean of 4.5 ranibizu-
mab-only injections in 2081 patient eyes yielding 7.9 letters).
In those eyes with CRVO-related ME, baseline VAs were not

balanced when stratified by anti-VEGF agents, with the lowest
baseline VA group improving most, possibly reflecting a ceiling
effect and potentially confounding outcomes. In the 6-month
cohort, baseline VAs were 36.8, 35.8 and 39.7 letters for 1268
aflibercept-only injected eyes, 2364 bevacizumab-only injected
eyes and 1879 ranibizumab-only injected eyes, with improve-
ments of 8.8, 11.2 and 7.4 letters, despite similar injections of
4.3, 4.3 and 4.6, respectively. In the 1-year cohort, baseline VAs
were 38.8, 39.4 and 40.3 in 910 aflibercept-only injected eyes,
1569 bevacizumab-only injected eyes and 1400 ranibizumab-
only eyes with improvements of 7.3, 8.4 and 5.7 letters after
7.0, 6.8 and 7.7 injections, respectively.

Anti-VEGF treatment intensity and baseline features
Figure 1, a series of histograms, depicts the distribution of patient
eyes stratified by number of injections in 6 months between 1 and
7, and in 1 year, between 1 and 13. In BRVO-relatedME, patient
eyes received a mean of 4.5 with a median of 5 anti-VEGF injec-
tions in 6 months and a mean of 7.4 with a median of 8 injections
in 1 year. In CRVO-related ME, patient eyes received a mean of
4.6 with a median of 5 anti-VEGF injections in 6 months and
a mean of 7.6 anti-VEGF injections with a median of 8 injections
in 1 year. The distribution of injections/eye is not normal and
shows negative skew. For example, in both BRVO-related and
CRVO-related ME, nearly 25% of patient eyes received three or
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Table 1 Baseline features and outcomes

Stratified by diagnosis and follow-up interval

BRVO
6 months

BRVO
1 year

CRVO
6 months

CRVO
1 year

No. of patient eyes 8876 6914 6737 5300

Female sex 55% 56% 51% 51%

Mean baseline age (years) 71.8 72.3 72.8 72.9

Mean baseline VA

Letters 55.1 56.6 37.2 39.5

Snellen equivalent 20/80 20/80 20/200 20/160

Initial anti-VEGF agent

Bevacizumab 49% 49% 48% 46%

Aflibercept 14% 14% 20% 21%

Ranibizumab 36% 37% 32% 33%

Mean no. of anti-VEGF injections 4.5 7.4 4.6 7.6

Median no. of anti-VEGF injections 5 8 5 8

Other treatments

Steroid injections, mean # 0.06 0.15 0.06 0.17

Steroid injections, % patients 5% 9% 8% 9%

Focal laser, mean # 0.07 0.13 0.01 0.03

Focal laser, % patients 7% 12% 1% 2%

Panretinal laser, mean # 0.02 0.03 0.04 0.09

Panretinal laser, % patients 2% 3% 5% 6%

Mean VA change ( letters) 9.4 8.1 9.2 7.1

P value for change <0.001 <0.001 <0.001 <0.001

CI (95%) 8.94 to 9.78 7.55 to 8.57 8.50 to 9.87 6.31 to 7.95

Stratified by diagnosis, follow-up interval and baseline visual acuity

20/40 or better 20/40–20/70 20/70–20/200 20/200 or worse

BRVO 6 months

No. of patient eyes 2428 2946 2442 1060

% Patient eyes 27% 33% 28% 12%

Female sex 53% 55% 55% 59%

Mean baseline age (years) 69.3 72.2 72.9 73.9

Mean no. of anti-VEGF injections 4.3 4.5 4.6 4.8

Mean VA change (letters) −0.2 5.2 12.9 34.6

P value for change 0.318 <0.001 <0.001 <0.001

CI (95%) −0.53 to 0.17 4.77 to 5.64 12.22 to 13.61 32.51 to 36.69

BRVO 1 year

No. of patient eyes 2041 2363 1786 715

% Patient eyes 30% 34% 26% 10%

Female sex 53% 55% 58% 61%

Mean baseline age (years) 70.0 72.7 73.8 73.7

Mean no. of anti-VEGF injections 7.0 7.4 7.5 7.5

Mean VA change (letters) −1.3 4.2 12.0 37.6

P value for change <0.001 <0.001 <0.001 <0.001

CI (95%) −1.76 to −0.81 3.64 to 4.79 11.02 to 12.89 35.02 to 40.21

CRVO 6 months

No. of patient eyes 954 1620 1995 2167

% Patient eyes 14% 24% 30% 32%

Female sex 47% 50% 49% 53%

Mean baseline age (years) 68.7 71.9 73.0 74.9

Mean no. of anti-VEGF injections 4.3 4.5 4.6 4.7

Mean VA change (letters) −4.5 0.3 7.0 23.9

P value for change <0.001 0.529 <0.001 <0.001

CI (95%) −5.6 to −3.45 −0.68 to 1.28 5.91 to 8.04 22.41 to 25.37

Continued
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fewer injections in 6 months and nearly 33% of patient eyes
received six or fewer injections in 1 year.

Table 2 summarises baseline features stratified by the number
of anti-VEGF injections over 6 months and 1 year. For both
BRVO-related and CRVO-related ME, the mean number of anti-
VEGF injections over 6 months and over 1 year did not trend
with baseline age or baseline VA, except in those patients receiv-
ing six or seven injections in 6 months who tended to show
baseline VA worse than the overall mean.

Visual outcomes stratified by anti-VEGF treatment intensity
and baseline visual acuity
For both BRVO-related and CRVO-related ME, when stratified by
anti-VEGF injection frequency, final VA in 6 months and 1 year
generally increased with increasing treatment intensity, as sum-
marised in table 2 and figure 2.Also,mean1-yearVAchangebroadly
demonstrated a linear relationship withmean number of anti-VEGF

injections, especially beyond two injections, as depicted in table 2
and figure 2. At the lower range, those patient eyes that received≤3
injections in 6 months or ≤6 injections in 1 year improved mini-
mally, generally gaining≤5 letters in 6 months or 1 year.
When stratified by baseline VA, visual outcomes demonstrated

ceiling effects, as summarised in table 1 and figure 3. In particular,
stratified by baseline VA of 20/200 or worse, 20/70 to 20/200, 20/
40 to 20/70 and 20/40 or better, mean number of injections was
similar, but there was a consistent trend of diminishing improve-
ment with better baseline VA in both BRVO-related and CRVO-
related ME in 6 months and 1 year. In addition, despite greater
improvement with worse baseline VA, the final 6-month and
1-year VA remained in the same stratum as the baseline VA. For
instance, although patient eyes with baseline VA of 20/40 or
better generally risked VA mild loss in 1 year, they generally
demonstrated better VA in both 6 months and 1 year versus
those with worse baseline VA.

Figure 1 Histograms showing distribution of patient eyes with retinal vein occlusion stratified by number of antivascular endothelial growth factor
injections received in 6 months and 1 year. BRVO, branch retinal vein occlusion; CRVO, central retinal vein occlusion.

Table 1 Continued
Stratified by diagnosis, follow-up interval and baseline visual acuity

20/40 or better 20/40–20/70 20/70–20/200 20/200 or worse

CRVO 1 year

No. of patient eyes 768 1372 1577 1575

% Patient eyes 15% 26% 30% 30%

Female sex 47% 51% 49% 53%

Mean baseline age (years) 70.0 72.4 72.9 74.7

Mean no. of anti-VEGF injections 7.2 7.6 7.9 7.6

Mean VA change (letters) −5.8 −2.3 6.0 22.9

P value for change <0.001 <0.001 <0.001 <0.001

CI (95%) −7.16 to −4.49 −3.59 to −1.11 4.65 to 7.31 21.09 to 24.71

BRVO, branch retinal vein occlusion; CRVO, central retinal vein occlusion; VA, visual acuity; VEGF, vascular endothelial growth factor.
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For both BRVO-related and CRVO-related ME in 6 months and
1 year, when stratified by both anti-VEGF injection frequency and
baseline VA, subgroup size became limiting. However, compared
with BRVO-related ME, patient eyes with CRVO-related ME

generally performed worse for a given injection frequency and
baseline VA. In both BRVO-related and CRVO-related ME, those
patient eyes with baseline VA of 20/40 or better risked mild VA loss
in both 6 months and 1 year, regardless of injection frequency. In

Table 2 Mean 6-month and 1-year changes in visual acuity stratified by diagnosis, follow-up interval and anti-vascular endothelial growth factor
injection frequency

Number of anti-VEGF injections

1 2 3 4 5 6 7 8 9 10 11 12 13

BRVO 6 months

No. of patient eyes 354 635 1082 1699 2637 2049 413

% Patient eyes 4% 7% 12% 19% 30% 23% 5%

Female sex 56% 55% 57% 54% 55% 54% 54%

Mean baseline
age (years)

72.1 73.6 73.2 71.9 71.9 70.7 70.3

Mean baseline va
(letters)

58.8 59.0 57.5 56.7 54.2 52.3 51.9

Mean VA change
(letters)

4.5 2.9 5.4 8.0 10.7 13.1 12.7

P value for change <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

CI (95%) 2.65 to
6.41

1.5 to
4.32

4.3 to
6.57

7.08 to
8.89

9.89 to
11.46

12.17 to
13.95

10.39 to
14.95

BRVO 1 year

No. of patient eyes 206 241 353 438 516 691 857 964 946 790 521 292 90

% Patient eyes 3% 3% 5% 6% 7% 10% 12% 14% 14% 11% 8% 4% 1%

Female sex 56% 56% 58% 52% 58% 57% 55% 57% 57% 56% 53% 54% 56%

Mean baseline
age (years)

72.5 73.2 73.0 72.8 74.0 73.6 72.8 72.8 72.1 70.6 70.3 69.5 70.9

Mean baseline VA
(letters)

57.3 57.6 59.3 58.3 57.3 56.9 59.3 55.0 56.1 55.3 55.2 53.4 55.1

Mean VA change
(letters)

2.85 1.76 4.48 5.36 4.82 6.24 6.46 10.35 10.60 11.00 10.32 11.62 9.03

P value for change 0.031 0.114 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

CI (95%) −0.13 to
5.83

−1.09 to
4.6

2.57 to
6.4

3.34 to
7.39

2.97 to
6.67

4.63 to
7.85

5.16 to
7.77

9.01 to
11.7

9.23 to
11.97

9.47 to
12.53

8.34 to
12.3

8.98 to
14.26

4.41 to
13.66

CRVO 6 months

No. of patient eyes 203 440 837 1311 2043 1567 327

% Patient eyes 3% 7% 12% 19% 30% 23% 5%

Female sex 51% 55% 49% 52% 50% 50% 49%

Mean baseline
age (years)

72.2 74.3 73.4 73.2 73.1 71.3 71.8

Mean baseline VA
(letters)

38.0 38.7 38.8 40.3 36.6 35.4 29.4

Mean VA change
(letters)

4.6 2.1 2.0 5.3 11.7 14.4 15.5

P value for change 0.001 0.050 0.016 <0.001 <0.001 <0.001 <0.001

CI (95%) 1.61 to
7.64

−0.4 to
4.66

0.18 to
3.76

3.74 to
6.76

10.42 to
12.87

12.91 to
15.9

12.1 to
18.79

CRVO 1 year

No. of patient eyes 99 144 231 295 394 511 719 724 780 628 446 234 87

% Patient eyes 2% 3% 4% 6% 7% 10% 14% 14% 15% 12% 8% 4% 2%

Female sex 60% 53% 48% 54% 53% 48% 51% 49% 53% 51% 47% 48% 43%

Mean baseline
age (years)

75.2 71.6 73.4 74.4 73.7 73.8 73.7 73.3 72.7 71.9 71.1 69.7 72.1

Mean baseline VA
(letters)

29.9 39.2 37.9 37.8 42.2 41.3 39.8 42.2 39.2 38.3 36.9 37.7 43.5

Mean VA change
(letters)

4.3 5.1 −0.2 2.0 1.9 3.0 5.1 7.3 10.9 11.1 11.7 15.2 7.7

P alue for change 0.043 0.013 0.450 0.134 0.099 0.014 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

CI (95%) −0.56 to
9.13

0.66 to
9.48

−3.84 to
3.38

−1.52 to
5.48

−1.01 to
4.9

0.34 to
5.66

2.88 to
7.36

5.16 to
9.41

8.68 to
13.09

8.62 to
13.51

8.74 to
14.57

11.2 to
19.2

2.83 to
12.5

BRVO, branch retinal vein occlusion; CRVO, central retinal vein occlusion; VA, visual acuity; VEGF, vascular endothelial growth factor.
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contrast, those patient eyes with moderately severe VA loss at pre-
sentation (baseline VA between 20/70 and 20/200) who received
≥5 injections in 6 months or ≥9 injections in 1 year improved by
approximately 15 and 10 letters for BRVO-related and CRVO-
related ME, respectively.

DISCUSSION
This real-world study is limited by its retrospective design, non-
standardised VA assessment and non-standardised diagnostic cri-
teria for ME and RVO. These limitations may partly account for
different outcomes in real-world studies compared with RCTs,
which include protocol BCVA testing as well as explicit inclusion
and exclusion criteria. However, the strengths of this study
include the large sample size which facilitated stratification to
further evaluate injection frequency and baseline VA. Notably,
this study yields relevant insights on unmet need, as the health-
care system adopts value-based approaches with increasing
accountability for clinical practice outcomes. In particular, this
US-based study demonstrates that patients receive fewer anti-
VEGF injections and experience less visual improvement by
approximately 2 lines of vision (10 letters), compared with
patients undergoing protocol-based anti-VEGF therapy in rando-
mised controlled trials (RCTs). In addition, visual outcomes gen-
erally correlate with treatment intensity in 6 months and in
1 year, with ceiling effects related to baseline VA.

Real-world patients with RVO-related ME receive fewer
anti-VEGF injections and experience worse outcomes
compared with RCTs
In clinical practice, patients with RVO-relatedME undergo fewer
anti-VEGF injections and experience worse visual outcomes,
compared with patients receiving therapy in RCTs. This

conclusion suggests unmet needs related to treatment burden
with current medications. In particular, for BRVO-related ME,
VA improved by 9.4 letters after a mean of 4.5 anti-VEGF injec-
tions in 6 months and improved by 8.1 letters after a mean of 7.4
anti-VEGF injections in 1 year. These results are consistent with
the one large real-world analysis of outcomes, in BRVO-related
ME, from the UKNational Health Service EMR system, in which
1598 patient eyes treatedwith amean of 3.8 anti-VEGF injections
gained 8.8 letters in 6 months; 1042 patient eyes treated with
a mean of 5.1 anti-VEGF injections gained 9.6 letters in 1 year.7

In contrast, theBRAVO registration trial for ranibizumab
demonstrated an improvement of 18.3 letters in both 6 months
and 1 year.8 9 In BRAVO, patients underwent monthly treatment
for the first 6 months, followed by as-needed treatment for
the second 6 months (mean 2.7 injections).9 Of note, while 7%
of the real-world patient eyes underwent focal laser treatment
over 6 months, an even larger 19.8% of ranibizumab-treated
patient eyes in BRAVO also underwent focal laser over the same
time period.8 For aflibercept, the VIBRANT registration trial
showed a similar improvement to BRAVO, with 17.0 and 17.1
letter gain in 6 and 12 months, respectively, using monthly treat-
ment for the first 6 months, followed by bimonthly treatment for
the second 6 months.10 11

For CRVO-related ME, in the current study, VA improved by
9.2 letters after amean of 4.6 anti-VEGF injections over 6months
and improved by 7.1 letters after a mean of 7.6 anti-VEGF injec-
tions in 1 year. In contrast, the CRUISE registration trial for
ranibizumab showed a BVCA improvement of 14.9 letters and
13.9 letters in 6 months and 1 year, respectively.12 13 In CRUISE,
patients underwent monthly treatment for the first 6 months,
followed by as-needed treatment for the second 6 months
(mean 3.3 injections). In two registration trials for aflibercept
(COPERNICUS and GALILEO, respectively), BVCA improved

Figure 2 Graphs showing change in visual acuity (VA) versus antivascular endothelial growth factor injections administered to all patient eyes with
retinal vein occlusion in 6 months and 1 year. The 95% CIs are included. Mean VA change tended to increase with greater treatment intensity. BRVO,
branch retinal vein occlusion; CRVO, central retinal vein occlusion.
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by 17.3 letters and 18.0 letters in 6 months and by 16.2 letters
and 16.9 letters in 1 year.14 15 Patients underwent monthly treat-
ment for the first 6 months, followed by as-needed treatment for
the second 6 months (mean 2.7 and 2.5 injections, respectively).
Similarly, the SCORE2 trial in CRVO-related ME showed a 19-
letter and 18.9-letter improvement in 6 months after monthly
aflibercept and bevacizumab, respectively.16

Cross-trial comparisons are limited by differing eligibility cri-
teria, therapeutic regimens and endpoint evaluations, including
non-standardised VA assessments in real-world studies. For
instance, the real-world patients in this study were slightly older
than those patients in the previously discussed RCTs, with similar
baseline VA for patients with BRVO, but with worse baseline VA
for patients with CRVO; some patients also underwent additional
therapies as summarised above, but some of the RCTs also
included laser rescue. Also, real-world studies tend towards
worse therapeutic outcomes, given the more diverse patient pre-
sentations, likely including advanced disease states such as ischae-
mia, which may be ineligible for RCTs. Nonetheless, while the
precise differences in visual gains compared with RCTs may be
uncertain, this current study strongly supports a meaningful
shortfall, highlighting the unmet need for more efficacious and
longer-acting agents to address treatment burden.

In the current real-world study, the comparatively lower treat-
ment intensity suggests that physicians use as-needed or treat-and-
extend dosing regimens that strive to decrease treatment burden.
The distribution of injections/eye, as depicted in figure 1, further
supports this premise, as it is not normal and shows negative skew,
with nearly 25% patient eyes undergoing three or fewer injections

in 6 months and nearly 33% patient eyes undergoing 6 or fewer
injections in 1 year. Notably, age or baseline VA did not affect
treatment frequency decisions, as those who received the fewest
injections in 6 months or 1 year generally did not differ mean-
ingfully from the overall group. Therefore, undertreatment may
partially account for worse visual outcomes in real-world patients
with RVO, in addition to more diverse patient presentations and
advanced disease states typically ineligible for RCTs.

Visual outcomes correlate with treatment intensity in 1 year,
with ceiling effects related to baseline VA
While patients with RVO in the previously discussed RCTs under-
went six fixed monthly treatments initially, nearly 25% of patient
eyes in the current study received three or fewer injections in
6 months. When stratified by anti-VEGF injection frequency,
1-year VA gain increased with increasing treatment intensity on
average, which is not unexpected. For both BRVO-related and
CRVO-related ME, there was generally a linear relationship
between mean letters gained and mean number of anti-VEGF
injections in 1 year, with a gain of nearly 1 letter for each addition
anti-VEGF injection. At the lower range, those patient eyes that
received ≤5 injections in 1 year typically improved minimally,
generally gaining less than 1 line of vision. Those who underwent
≥9 injections in 1 year generally gainedmore than 2 lines of vision.
Given the≤9-day half-life of current anti-VEGF agents,17–21 these
results are not surprising, as fewer treatments would only inter-
mittently inhibit VEGF. As noted previously, these results highlight
the need for longer-acting therapies to address treatment burden
associated with current anti-VEGF agents.

Figure 3 Graphs showing the mean number of anti-vascular endothelial growth factor injections and mean visual acuity (VA) change in patient
eyes with retinal vein occlusion over 6 months and 1 year, overall and stratified by baseline VA. There were ceiling effects related to baseline VA; mean
VA change tended to increase in patient eyes with decreased baseline VA, despite similar treatment intensity. BRVO, branch retinal vein occlusion;
CRVO, central retinal vein occlusion.

1702 Ciulla T, et al. Br J Ophthalmol 2021;105:1696–1704. doi:10.1136/bjophthalmol-2020-317337

Clinical science



When stratified by baseline VA, results were consistent with the
aforementioned real-world outcomes study in BRVO-related
ME, from the UK National Health Service EMR system, in
which the absolute improvement in VA from baseline was sequen-
tially greater in each subsequently worse baseline VA quintile.7 In
this UK-based study and in the current study, despite greater
improvement with worse baseline VA, the 6-month and 1-year
VA remained in the same stratum as the baseline VA; in other
words, those patient eyes starting treatment with lower VA also
remained with lower VA and vice versa. In addition, in the
current study, for both BRVO-related and CRVO-related ME,
patients with good baseline VA, 20/40 or better, generally lost
a small number of letters, reflecting a ceiling effect, which can
limit improvement in eyes with relatively good baseline VA.

When stratified by both baseline VA and treatment inten-
sity, subgroup size became limiting. In general, however, the
mean VA change improved with both increased anti-VEGF
injection frequency and decreased baseline VA. However,
compared with BRVO-related ME, patient eyes with CRVO-
related ME gnerally performed worse for a given injection
frequency and baseline VA. This result is not unexpected as
CRVO generally more severely compromises macular perfu-
sion compared to BRVO. In both BRVO-related and CRVO-
related ME, those patient eyes with baseline VA of 20/40 or
better risked mild VA loss at both 6 months and 1 year,
regardless of injection frequency. In contrast, those patient
eyes with moderately severe VA loss at presentation (baseline
VA between 20/70 and 20/200) improved by approximately
15 and 10 letters for BRVO-related and CRVO-related ME,
respectively, when they received ≥5 injections in 6 months or
≥9 injections in 1 year, a treatment intensity somewhat simi-
lar to registration trials. This outcome reassuring demon-
strates that more intense therapy with current anti-VEGF
agents yields meaningful benefit in clinical practice.

Patients with RVO experience greater 1-year gain than patients
with AMD and DME, but exhibit a larger gap in visual gain when
compared with corresponding randomised controlled trials
As noted previously, cross-trial comparisons are limited, but
can provide clinical context across common retinal disorders
treated with current anti-VEGF agents. Importantly, the real-
world 1-year VA gain for RVO-related ME favourably com-
pares with the real-world 1-year VA gain for nAMD and
DME, assessed with the same database using similar analysis
methodology. In particular, real-world patients with BRVO-
related and CRVO-related ME gain 8.1 and 7.1 letters after
a mean of 7.4 and 7.6 injections, respectively, in 1 year, while
a recent real-world study with corresponding eligibility cri-
teria in 49 485 patient eyes with nAMD showed only a 1.0
letter gain after a mean of 7.3 anti-VEGF injections.4

Similarly, a recent real-world study with corresponding elig-
ibility criteria in 28 658 patient eyes with DME demonstrated
a mean gain of 4.2 letters after a mean of 6.4 anti-VEGF
injections in 1 year.5

Nonetheless, while real-world patients with RVO-related ME
show greater 1-year visual gains than real-world patients with
nAMD and DME, they experience a larger gap in visual gain
when compared with corresponding RCTs. In particular, for
BRVO-related and CRVO-relatedME, the aforementioned regis-
tration trials demonstrate an average 1-year BCVA improvement
of 17.7 letters and 15.7 letters, respectively.9 10 12 14 15 For
nAMD, registration trials for aflibercept and ranibizumab, as
well as the monthly bevacizumab and ranibizumab arms of the
Comparison of Age-Related Macular Degeneration Treatments

Trials, suggest that these anti-VEGF agents perform similarly,
providing an average 1-year BCVA improvement of 8.7
letters.22–25 Similarly, for DME, registration trials for aflibercept
and ranibizumab, as well as the Diabetic Retinopathy Clinical
Research Network comparative effectiveness trial (Protocol T),
show an average 1-year BCVA improvement of 10.9 letters with
these anti-VEGF agents.26–28

CONCLUSION
In summary, patients with RVO-related ME in the US experience
meaningfully worse 6-month and 1-year VA gains compared with
patients in RCTs. However, the mean VA change generally
improved in patient eyes with both increased anti-VEGF injection
frequency and decreased baseline VA, with a ceiling effect asso-
ciated with baseline VA. Specifically, real-world patient eyes with
RVO-related ME with relatively good baseline VA generally risk
VA loss in 1 year, regardless of treatment intensity. In contrast,
those with moderately severe VA loss at presentation who
received treatment intensity somewhat similar to registration
trials generally improved by approximately 3 lines and 2 lines
for BRVO-reated and CRVO-related ME, respectively, which
reassuringly demonstrates the potential of current anti-VEGF
medications. Real-world 1-year outcomes for RVO-related ME
favourably compare with those for nAMD and DME, assessed
with the same database and similar analysis methodology, but
real-world patients with RVO-related ME experience a larger
gap in visual gain when compared with corresponding RCTs.
Importantly, as the healthcare system adopts value-based
approaches, these clinical outcome studies assume greater impor-
tance, particularly for benchmarking. Finally, these results high-
light the need for appropriate patient counselling regarding
treatment frequency with current anti-VEGF agents and also
highlight the unmet need for more effective and longer-acting
therapies, in order to address treatment burden.
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