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IMPORTANCE Macular edema (ME) is the leading cause of decreased visual acuity (VA)
associated with retinal vein occlusion (RVO). Identifying factors associated with better
outcomes in RVO eyes treated with anti–vascular endothelial growth factor (VEGF) therapy
may provide information useful in counseling patients.

OBJECTIVE To investigate baseline characteristics associated with 6-month VA and central
subfield thickness (CST) outcomes in participants in the Study of Comparative Treatments for
Retinal Vein Occlusion 2 (SCORE2).

DESIGN, SETTING, AND PARTICIPANTS A total of 362 patients with central RVO or hemi-RVO
were enrolled between September 17, 2014, and November 18, 2015, and randomized 1:1 in a
masked fashion to receive bevacizumab or aflibercept. At month 6, 348 participants (96%)
had VA outcomes measured and 335 participants (93%) had spectral domain optical
coherence tomography outcomes measured. The current data analysis was conducted from
February 27, 2017, to April 7, 2017.

INTERVENTIONS Eyes were randomly assigned to receive an intravitreal injection of
bevacizumab, 1.25 mg, or aflibercept, 2.0 mg, at baseline and every 4 weeks, with the primary
outcome measured at 6 months.

MAIN OUTCOMES AND MEASURES Change from baseline in VA letter score (VALS), VALS gain
of 15 or more, change from baseline in CST, CST less than 300 μm, and resolution of ME.
Baseline factors associated with 6-month outcome at the 0.05 level in univariate regressions
were included in multivariate regressions, with those significant after multiplicity control by
the Hochberg method reported.

RESULTS The mean (SD) age of patients was 69 (12) years, and 43% were women. Younger
patient age (odds ratio [OR], 0.95 per year of age; 95% CI, 0.93-0.98; P = .007) and lower
baseline VALS (OR, 0.96 per letter; 95% CI, 0.94-0.98; P < .001) were associated with a
6-month VALS gain of 15 or greater. Compared with bevacizumab, aflibercept treatment was
associated with a higher odds of ME resolution (OR, 3.59; 95% CI, 2.22-5.80; P < .001) and
CST less than 300 μm (OR, 5.30; 95% CI, 2.40-11.67; P = .001), but not with a better VA
outcome. Macular edema was less likely to resolve in eyes that received anti-VEGF treatment
prior to study participation (OR, 0.33; 95% CI, 0.17-0.64; P = .03).

CONCLUSIONS AND RELEVANCE In eyes treated with bevacizumab or aflibercept, younger age
and worse baseline VALS were associated with better 6-month VA outcomes. Aflibercept
treatment was associated with more favorable spectral domain optical coherence tomography
outcomes but not VA outcomes. These findings may be useful in assessing expected response
at month 6 after monthly injection of anti-VEGF agents for treating ME due to CRVO and HRVO.
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T he Study of Comparative Treatments for Retinal Vein Oc-
clusion 2 (SCORE2), a phase 3 randomized clinical trial,
was conducted to investigate whether bevacizumab, a

treatment commonly used off-label, is noninferior to afliber-
cept, a treatment approved by the US Food and Drug Admin-
istration, with respect to visual acuity (VA) in eyes with macu-
lar edema (ME) associated with central retinal vein occlusion
(CRVO) or hemiretinal vein occlusion (HRVO).1 Between Sep-
tember 2014 and November 2015, 304 patients with CRVO and
58 patients with HRVO were enrolled at 66 private practice or
academic centers in the United States and randomly assigned
to receive intravitreal injection of bevacizumab, 1.25 mg, or
aflibercept, 2.0 mg, at randomization and every 4 weeks
through month 5. The primary outcome was change from base-
line in best-corrected electronic Early Treatment Diabetic
Retinopathy Study (e-ETDRS) VA letter score (VALS) at month
6, with a noninferiority margin of 5. At month 6, bevaci-
zumab was noninferior to aflibercept (mean VALS improve-
ment from baseline, 18.6 vs 18.9; noninferiority P = .001, lower
1-tailed 97.5% CI = −3.1 to infinity). Central subfield thickness
(CST) measured with spectral domain optical coherence to-
mography (SD-OCT) decreased significantly through month 6
in both arms, with a higher proportion of aflibercept-treated
eyes achieving resolution of ME than bevacizumab-treated eyes
(54% vs 29%, P < .001).1 There were no differences in the ad-
verse event profile between the 2 arms. The purpose of the cur-
rent report is to investigate baseline factors associated with
month 6 VA and SD-OCT outcomes in patients with ME
secondary to CRVO or HRVO in SCORE2.

Methods
The SCORE2 design and methods have been described in detail2

and are summarized here. The study adhered to the tenets of
the Declaration of Helsinki.3 Institutional review board ap-
proval of the protocol was obtained from either a site-specific
or centralized institutional review board, and written in-
formed consent was obtained from all participants before eli-
gibility screening and again before randomization into the
study. Institutional review board approval is not required for
each subsequent analysis. Stratification at randomization oc-
curred within 1 of 3 VA groups: VALS of 73 to 59 (approximate
Snellen VA 20/40 to 20/63), VALS of 58 to 49 (approximate
Snellen VA 20/80 to 20/100), and VALS of 48 to 19 (approxi-
mate Snellen VA 20/125 to 20/400).

Study Population
The analyses included 348 participants (96%) with a 6-month
VALS measurement and 335 participants (93%) with gradable
6-month SD-OCT images of the 362 SCORE2 participants. The
mean (SD) age of SCORE2 participants was 69 (12) years, with
43% women, 76% white, and 15% black. The mean VALS was
50 (approximate Snellen 20/100; VALS range, 19-73) and par-
ticipants had ME for an average of 7 months (range, 0-104
months) before randomization. The mean CST was 666 μm
(range, 219 μm-1420 μm), 33% had received anti–vascular en-
dothelial growth factor (VEGF) treatment prior to study

participation, 8% had prior intravitreal steroid treatment, and
16% were diagnosed as having HRVO.1

Testing and Treatment Protocol
Study visits were scheduled every 4 weeks for 6 months. At
each study follow-up visit, both eyes had VA assessed by the
e-ETDRS method,4 intraocular pressure measurement, and slit-
lamp and dilated funduscopic examinations. Spectral do-
main OCT images were obtained monthly. At the reading cen-
ter, OCT scans were converted to DICOM format, allowing
graders to view and analyze scans in a custom software pro-
gram. This grading method is independent of the OCT de-
vice, minimizing the measurement incongruity between dif-
ferent OCT manufacturers. Central subfield thickness values
presented in this article are based on grading from the read-
ing center. Resolution of ME was defined as CST less than
300 μm, no subretinal or intraretinal fluid, and no cystoid
spaces within the ETDRS grid based on reading center evalu-
ation. Stereoscopic fundus photographs taken at baseline and
month 6 were analyzed for area of retinal hemorrhage and the
presence or absence of other CRVO features such as retinal
neovascularization, macular atrophy, and macular pigment.
At selected sites, ultra-widefield fluorescein angiograms were
obtained at baseline and month 6 to evaluate for retinal non-
perfusion and vascular leakage. Study participants were
masked to treatment assignment through month 6. At month
6, VA examiners and SD-OCT technicians were masked to treat-
ment assignments.

Statistical Analysis
The primary goal of this article is to identify baseline charac-
teristics of the SCORE2 population associated with VA and
SD-OCT outcomes at month 6. For VA, 2 outcomes were in-
vestigated: mean change from baseline in best-corrected VALS
(ie, the baseline score subtracted from the month 6 score) and
a VALS gain from baseline of 15 or greater. Baseline factors as-
sociated with a VALS loss of 15 or greater from baseline were
not analyzed because less than 2% of SCORE2 participants ex-
perienced this visual loss outcome at month 6. Three SD-OCT
outcomes were evaluated based on reading center grading:

Key Points
Question What baseline factors are associated with 6-month
visual acuity (VA) and central subfield thickness outcomes in eyes
with vision loss from macular edema due to central retinal vein
occlusion or hemiretinal vein occlusion treated with bevacizumab
or aflibercept?

Findings In this secondary analysis of a randomized clinical trial
with 362 participants, younger age and worse baseline VA were
associated with better 6-month VA. Aflibercept treatment was
associated with better central subfield thickness but not VA
outcomes than bevacizumab.

Meaning These factors may be useful in assessing expected
response to monthly injections of anti–vascular endothelial growth
factor for eyes with macular edema due to central retinal vein
occlusion or hemiretinal vein occlusion.
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mean change from baseline in CST (ie, the baseline CST sub-
tracted from the CST at month 6), a 6-month CST measure-
ment of less than 300 μm, and resolution of ME at month 6.

For the binary outcomes in the analyses (eg, a VALS gain
from baseline of ≥15), the log odds of the outcome were mod-
eled as a linear function of the baseline variable using logistic
regression to determine whether the baseline factors in ques-
tion were important. For continuous outcomes (eg, change
from baseline in VALS), a standard linear regression was per-
formed, again investigating whether the baseline factors were
important.

The statistical tests of the univariate relationships be-
tween these baseline factors and the 5 outcome variables at
the 6-month follow-up visit resulted in 140 P values. Nomi-
nal P values were used as a “filter” with which to control the
number of baseline variables later included in multivariate
analyses. To control for type 1 error, the familywide error of
the multivariate tests was set at 5% using the Hochberg5 se-
quentially rejective method. A baseline factor was consid-

ered significant if its Hochberg-adjusted multivariate P value
was less than .05 (2-sided).

Results
Table 1 displays univariate analyses uncorrected for multiple
testing of baseline factors associated with VALS at month 6,
which are consistent across the 2 VA outcomes. Younger age,
lower baseline VALS, shorter duration between diagnosis of ME
and randomization, a natural lens, no prior anti-VEGF treat-
ment, no prior steroid treatment, and larger baseline CST were
all associated with better VA outcomes at month 6 based on
higher odds of a VALS gain of 15 or more and greater positive
mean changes from baseline in VALS at month 6. A larger base-
line CST was associated with positive (beneficial) changes for
odds of a VALS gain of 15 or greater and mean change from base-
line in VALS at month 6. However, compared with bevaciz-
umab, aflibercept treatment was not associated with a better VA

Table 1. Univariate Regression Models for Examining Baseline Factors Associated With 6-Month Visual Acuitya

Baseline Factorb No.

VALS Gain of ≥15 Change From Baseline

No. (%)
Unadjusted
P Value Mean (SD)

Unadjusted
P Value

Total 348 220 (63.2) NA 18.8 (15.8) NA

Treatment arm

Bevacizumab 173 106 (61.3) NA 18.6 (16.4) NA

Aflibercept 175 114 (65.1) .45 18.9 (15.2) .88

Age, y

<65 131 97 (74.0) NA 22.1 (14.6) NA

≥65 217 123 (56.7) NA 16.7 (16.1) NA

Continuous (per 1-y increase) NA NA <.001 NA <.001

e-ETDRS visual acuity letter score

59-73 (20/40 to 20/63) 130 69 (53.1) NA 13.5 (10.1) NA

49-58 (20/80 to 20/100) 82 51 (62.2) NA 18.4 (14.2) NA

19-48 (20/125 to 20/400) 136 100 (73.5) NA 24.0 (19.2) NA

Continuous (per 1-letter
increase in score)

NA NA <.001 NA <.001

Time between diagnosis of macular
edema and randomization, mo

<2 217 147 (67.7) NA 21.1 (16.1) NA

≥2 131 73 (55.7) NA 14.9 (14.5) NA

Continuous (per 1-mo increase) NA NA .008 NA .001

Lens status

Natural lens 259 174 (67.2) NA 20.1 (15.3) NA

Prior lens extraction 89 46 (51.7) .009 14.9 (16.6) .008

Prior anti-VEGF treatment

No 232 158 (68.1) NA 20.8 (16.3) NA

Yes 116 62 (53.4) .008 14.6 (14.0) <.001

Prior steroid treatment

No 323 209 (64.7) NA 19.5 (15.7) NA

Yes 25 11 (44.0) .04 9.7 (14.6) .003

SD-OCT central subfield thickness, μm

<500 97 53 (54.6) NA 15.9 (12.6) NA

≥500 251 167 (66.5) NA 19.9 (16.7) NA

Continuous (per 100 increase) NA NA .003 NA <.001

Abbreviations: e-ETDRS, electronic
Early Treatment Diabetic Retinopathy
Study; NA, not applicable;
SD-OCT, spectral domain optical
coherence tomography; VALS, visual
acuity letter score; VEGF, vascular
endothelial growth factor.
a Effects with unadjusted P < .05 are

noted in bold. Baseline factors for
which an unadjusted P � .05 in
either of the 2 visual acuity
outcomes are not displayed in this
table, with the exception of
treatment group, which was
retained. The following factors were
tested and were not associated with
outcomes: sex, race, ethnicity,
diabetes, hypertension, coronary
heart disease, smoking status,
National Eye Institute Visual
Functioning Questionnaire 25
composite score, type of retinal vein
occlusion, history of open-angle
glaucoma, posterior vitreous
detachment (clinical assessment),
SD-OCT outcomes of retinal
thickness, macular volume,
subretinal fluid, posterior vitreous
detachment, epiretinal membrane,
and retinal traction and distortion;
and color fundus photograph
assessment of area of intraretinal or
subretinal hemorrhage within the
Early Treatment Diabetic
Retinopathy Study grid.

b For continuous variables, the
variable was divided into a
categorical variable to assess the
relationship between factor and
outcome, but the statistical test
considered the variable as
continuous.
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outcome. Further, no other demographic, clinical, or study eye
variables were identified as associated with VA at month 6.

Table 2 summarizes the univariate analyses for baseline
associations with SD-OCT outcomes in study participants.
There were many nominally significant factors associated with
SD-OCT outcomes from these unadjusted analyses, and de-
scribed here are only those variables that are statistically sig-
nificant on 2 or more SD-OCT outcomes. Randomization as-
signment of aflibercept, relative to bevacizumab, was
associated with positive (beneficial) SD-OCT changes at month
6, with higher odds of ME resolution and CST of less than 300
μm. Eyes with a natural lens, relative to a prior lens extrac-
tion at baseline, had better SD-OCT outcomes, with higher odds
of ME resolution and a larger CST reduction from baseline.
Shorter duration between diagnosis of ME and randomiza-
tion also had a positive impact on SD-OCT outcomes, with
higher odds of ME resolution and a larger reduction from base-
line in CST than those with a longer duration of ME. Last, the
presence of subretinal fluid as identified on the SD-OCT by the
reading center was associated with positive outcomes based
on higher odds of CST less than 300 μm and greater mean re-
duction from baseline in CST.

The multivariate analyses showing the results only for base-
line factors that were statistically significant with an adjusted
P value less than .05 based on the Hochberg5 method were con-
sistent across the 2 VA outcomes (Table 3). Both younger age and
lower (worse) baseline VALS were associated with greater odds
of a VALS gain of 15 or more and a greater mean increase from
baseline in VALS. More specifically, the estimated odds ratio
for VALS gain of 15 or greater is multiplied by 1/0.95 = 1.05 for
every 1-year decrease in age (P = .007) and by 1/0.96 = 1.04 for
every 1-unit decrease in baseline VALS (P < .001). Also, esti-
mated mean VALS change from baseline increases by 0.27 for
every year of decrease in age (P = .006) and by 0.38 for every
unit of decrease in baseline VALS (P < .001).

For the CST outcomes, many of the nominally significant
univariate variables were no longer significant in the multi-
variate model after adjusting for multiple comparisons
(Table 4). Randomization to aflibercept treatment, compared
with bevacizumab, remained significant, with aflibercept treat-
ment having higher odds of ME resolution (odds ratio, 3.59;
95% CI, 2.22-5.80; P < .001) and higher odds of CST less than
300 μm (odds ratio, 5.30; 95% CI, 2.40-11.67; P = .001). Study
eyes that were anti-VEGF naive at baseline had odds for reso-
lution of ME that were 1/0.33 = 3 times greater than eyes with
prior anti-VEGF treatment (P = .03). Further, higher baseline
CST was associated with a greater decrease in CST from base-
line to month 6 (ie, a mean decrease of 79 μm in CST for every
100 μm in CST at baseline; P = .002) and higher baseline VALS
was associated with less of a decrease in CST from baseline to
month 6 (ie, the decrease was approximately 4 μm less in CST
for every 1-letter increase in VALS at baseline; P = .04).

Discussion
This analysis was conducted to identify baseline factors
associated with VA and SD-OCT outcomes in patients

treated with intravitreal anti-VEGF therapy for ME due to
CRVO or HRVO in SCORE2.

In the multivariate analyses, younger age and lower base-
line VALS were associated with better VA outcomes as as-
sessed by VALS gain of 15 or greater and an increase from base-
line in VALS. Age was also identified in the Standard Care vs
Corticosteroid for Retinal Vein Occlusion (SCORE)-CRVO Trial
(which compared intravitreal triamcinolone with observa-
tion for ME secondary to CRVO) as a significant baseline fac-
tor of 6-month VA outcomes, with younger age associated with
a gain of 15 or greater in VALS.6 As hypothesized when dis-
cussing the SCORE Study findings,6 this may be the result of
an enhanced resilience of younger patients’ photoreceptors that
may permit the retina to recover after an acute insult such as
RVO compared with photoreceptors of older patients. Among
patients treated with grid photocoagulation for ME in the Cen-
tral Vein Occlusion Study, VA outcome tended to be better for
younger patients, although this interaction between treat-
ment effect and age was not statistically significant, perhaps
due to the limited sample size.7 As is the case in SCORE2, the
COPERNICUS Study8 (a randomized trial that compared intra-
vitreal aflibercept with sham injections for CRVO-associated
ME) also found that a lower baseline VALS was associated with
greater improvement from baseline in VALS; this is most likely
due to a ceiling effect (ie, starting from a higher baseline VALS
leaves less room for VA improvement with anti-VEGF therapy
than starting from a lower baseline VALS). With anti-VEGF treat-
ment of diabetic ME, younger age and worse baseline VA have
also been shown to be associated with greater VA improve-
ment, and greater baseline retinal thickening has been shown
to be associated with greater reduction in retinal thickening.9-12

This suggests similarities between treatment response of eyes
with ME from diabetes and CRVO and HRVO.

Multivariate analyses identified the following baseline fac-
tors associated with favorable SD-OCT outcomes: aflibercept
treatment, no prior anti-VEGF treatment, and higher baseline
CST. In SCORE2, randomization to aflibercept (compared with
bevacizumab) was associated with higher odds of ME resolu-
tion and higher odds of CST less than 300 μm. These month 6
findings are consistent with results of Diabetic Retinopathy
Clinical Research Network Protocol T, in which aflibercept was
more effective at reducing retinal thickness than bevaci-
zumab at 1 year and at 2 years in eyes with diabetic ME.9,10 The
greater effectiveness of aflibercept relative to bevacizumab in
reducing retinal thickness may be due to aflibercept’s broader
mechanism of action and/or tighter binding affinity. While
aflibercept and bevacizumab inhibit all isoforms of VEGF-A,
aflibercept also inhibits VEGF-B and placental growth factor.11

In addition to its broader mechanism of action, aflibercept has
been reported to have a higher binding affinity to VEGF-A than
bevacizumab.13,14 In SCORE2, eyes with prior anti-VEGF treat-
ment at baseline, compared with anti-VEGF–naive study eyes,
had lower odds of ME resolution. This finding may be ex-
plained by anti-VEGF treatment prior to randomization signi-
fying worse disease, which has already been refractory to anti-
VEGF therapy and which, therefore, may be more likely to be
refractory to additional anti-VEGF treatment. Higher base-
line CST was predictive of a larger reduction from baseline in
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Table 2. Univariate Regression Models for Examining Baseline Factors Associated With 6-Month SD-OCT CST Outcomesa

Baseline Factorb

Resolution of Macular Edema CST < 300 μm Change From Baseline

No. of
Eyes With
Nonmissing
Data

No. (%)
Resolved

Unadjusted
P Value

No. of
Eyes With
Nonmissing
Data

No. (%)
With CST
< 300 μm

Unadjusted
P Value No. Mean (SD)

Unadjusted
P Value

Total 341 141 (41.3) NA 335 281 (83.9) NA 328 −405.5 (245.2) NA

Treatment arm

Aflibercept 169 92 (54.4) NA 164 154 (93.9) NA 160 −425.1 (230.5) NA

Bevacizumab 172 49 (28.5) <.001 171 127 (74.3) <.001 168 −386.8 (257.7) .16

Ethnicity

Non-Hispanic 308 127 (41.2) NA 302 254 (84.1) NA 297 −396.9 (246.5) NA

Hispanic 33 14 (42.4) .89 33 27 (81.8) .73 31 −487.7 (219.3) .05

Smoking status

Never smoker 187 83 (44.4) NA 182 156 (85.7) NA 180 −445.0 (264.4) NA

Prior smoker 120 48 (40.0) .45 120 96 (80.0) .19 116 −350.1 (213.3) .001

Current smoker 34 10 (29.4) .11 33 29 (87.9) .74 32 −384.0 (201.6) .19

e-ETDRS visual acuity
letter score

59-73 (20/40 to 20/63) 128 51 (39.8) NA 127 111 (87.4) NA 123 −302.1 (196.5) NA

49-58 (20/80 to 20/100) 78 43 (55.1) NA 78 64 (82.1) NA 78 −387.1 (182.5) NA

19-48 (20/125 to 20/400) 135 47 (34.8) NA 130 106 (81.5) NA 127 −516.9 (274.0) NA

Continuous (per 1-letter
increase in score)

NA NA .43 NA .89 NA NA <.001

Time between diagnosis
of macular edema and
randomization, mo

<2 213 103 (48.4) NA 213 178 (83.6) NA 210 −432.4 (251.4) NA

≥2 128 38 (26.7) NA 122 103 (84.4) NA 118 −357.6 (226.9) NA

Continuous (per 1-mo
increase)

NA NA .003 NA .48 NA NA .03

Lens status

Natural lens 256 114 (44.5) NA 251 212 (84.5) NA 247 −421.8 (241.8) NA

Prior lens extraction 85 27 (31.8) .04 84 69 (82.1) .62 81 −355.7 (250.0) .04

Prior anti-VEGF treatment

No 228 114 (50.0) NA 227 192 (84.6) NA 222 −421.2 (245.8) NA

Yes 113 27 (23.9) <.001 108 89 (82.4) .61 106 −372.7 (241.8) .09

Prior steroid treatment

No 317 135 (42.6) NA 312 261 (83.7) NA 305 −414.0 (248.0) NA

Yes 24 6 (25.0) .10 23 20 (87.0) .68 23 −293.1 (170.5) .02

Type of occlusion

CRVO 285 124 (43.5) NA 279 235 (84.2) NA 274 −418.4 (245.1) NA

HRVO 56 17 (30.4) .07 56 46 (82.1) .70 54 −339.8 (237.1) .03

SD-OCT

Posterior vitreous
detachment

Absent/questionable 190 80 (42.1) NA 185 160 (86.5) NA 184 −376.0 (234.0) NA

Present 146 58 (39.7) .66 145 116 (80.0) .12 141 −446.3 (255.9) .01

CST, μm

<500 90 41 (45.6) NA 88 74 (84.1) NA 81 −150.9 (102.9) NA

≥500 251 100 (39.8) NA 247 207 (83.8) NA 247 −489.0 (219.3) NA

Continuous (per 100
increase)

NA NA .30 NA .72 NA <.001

Subretinal fluid

Absent/questionable 94 35 (37.2) NA 90 68 (75.6) NA 89 −270.2 (228.0) NA

Present 183 80 (43.7) .30 181 159 (87.8) .01 179 −418.8 (205.8) <.001

(continued)
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CST compared with a lower baseline CST. This may be be-
cause anti-VEGF therapy is, in general, quite effective in re-
ducing ME and eyes with a higher baseline CST have a greater
potential CST reduction than eyes with a lower baseline CST.
Similar to SCORE2, in the SCORE Study, a higher baseline cen-
tral retinal thickness was also associated with a greater reduc-
tion in central retinal thickness.6 There needs to be caution
when interpreting a variable whose baseline value is part of
the calculation of the outcome because this relationship is af-
fected by “part-whole correlation.”15 For example, the nega-
tive correlation between baseline CST and change in CST from
baseline to month 6 may be because, to calculate the 6-month
change, the baseline value is subtracted from the month 6
thickness. Finally, note that a few of the outcomes in Table 4
could be at least partially the result of regression to the mean.
For example, one inclusion criterion for SCORE2 is a baseline
CST of 300 μm or greater. Because of measurement error, some
participants with true CST less than 300 μm may have been

accidentally included. Even if the participants’ true CST did
not change, these participants will appear improved at 6
months. A similar argument applies to the effect of baseline
VALS on VA outcomes.

In univariate analyses of SCORE2 data, shorter duration be-
tween diagnosis of ME and randomization was associated with
higher odds of a VALS gain of 15 or greater, a larger improve-
ment from baseline in VALS at month 6, higher odds of ME reso-
lution, and a greater reduction in CST from baseline. This is con-
sistent with findings in both of the previously reported
randomized trials, which compared intravitreal aflibercept with
sham injections for CRVO-associated ME (the COPERNICUS8 and
GALILEO16 studies), in which time since diagnosis of CRVO of
2 months or less was associated with better VA outcomes than
time since CRVO diagnosis of greater than 2 months. Similarly,
in the SCORE Study, shorter duration of ME was associated with
a greater reduction from baseline in OCT-measured center point
thickness.6 One may hypothesize that retinal anatomic changes

Table 3. Multivariate Regression Models for 6-Month Visual Acuity Outcomesa

Variable

VALS Gain of ≥15 Change From Baseline

OR (95% CI)b Adjusted P Valuec Difference (95% CI)b Adjusted P Valuec

Age

Continuous (per 1-y increase) 0.95 (0.93 to 0.98)d .007 −0.27 (−0.42 to −0.13)d .006

e-ETDRS visual acuity letter score

Continuous (per 1-letter increase in score) 0.96 (0.94 to 0.98)d <.001 −0.38 (−0.50 to −0.26)d <.001

Abbreviations: e-ETDRS, electronic Early Treatment Diabetic Retinopathy
Study; OR, odds ratio; VALS, visual acuity letter score.
a All variables significant in the univariate models are considered for the

multivariate model. Only effects with adjusted P < .05 based on the
Hochberg5 method are included in the table.

b For change from baseline in VALS, an effect on visual acuity is considered
beneficial if it increases the odds of 15 or greater gain or increases the positive

change from baseline. For example, considering the baseline predictor of age
and an OR of 0.95, a 50-year-old person has a 5% decrease in odds of 15 or
greater gain compared with a 49-year-old person. Confidence intervals are not
adjusted for multiple testing.

c P value adjusted for multiplicity control by the Hochberg5 method.
d Detrimental effect on vision.

Table 2. Univariate Regression Models for Examining Baseline Factors Associated With 6-Month SD-OCT CST Outcomesa (continued)

Baseline Factorb

Resolution of Macular Edema CST < 300 μm Change From Baseline

No. of
Eyes With
Nonmissing
Data

No. (%)
Resolved

Unadjusted
P Value

No. of
Eyes With
Nonmissing
Data

No. (%)
With CST
< 300 μm

Unadjusted
P Value No. Mean (SD)

Unadjusted
P Value

Retinal thickness:
total volume

<10 303 130 (42.9) NA 299 255 (85.3) NA 292 −409.4 (253.8) NA

≥10 38 11 (29.0) NA 36 26 (72.2) NA 36 −373.8 (157.6) NA

Continuous (per 1-unit
increase)

NA NA .84 NA NA .98 NA NA <.001

Color fundus photograph: area of intraretinal and/or subretinal
hemorrhage within ETDRS grid, %

Blood 1 to <25 of grid 167 64 (38.3) NA 162 136 (84.0) NA 161 −352.1 (233.7) NA

Blood 25 to <50 of grid 90 45 (50.0) .07 89 75 (84.3) .95 86 −422.4 (234.4) .03

Blood 50 or more of grid 64 24 (37.5) .91 64 51 (79.7) .45 62 −559.5 (240.2) <.001

Abbreviations: CRVO, central retinal vein occlusion; CST, central subfield
thickness; e-ETDRS, electronic Early Treatment Diabetic Retinopathy Study;
ETDRS, Early Treatment Diabetic Retinopathy Study; HRVO, hemiretinal vein
occlusion; NA, not applicable; SD-OCT, spectral domain optical coherence
tomography; VEGF, vascular endothelial growth factor.
a Effects with unadjusted P < .05 are noted in bold. Baseline factors for which an

unadjusted P � .05 in any of the 3 SD-OCT outcomes are not displayed in this
table. The following factors were tested and were not associated with

outcomes: sex, race, diabetes, hypertension, coronary heart disease, National
Eye Institute Visual Functioning Questionnaire 25 composite score, history of
open-angle glaucoma, posterior vitreous detachment (clinical assessment),
and SD-OCT outcomes of epiretinal membrane, retinal traction, and distortion.

b For continuous variables, the variable was divided into a categorical variable to
assess the relationship between factor and outcome, but the statistical test
considered the variable as continuous.
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of shorter duration are more likely to be reversible compared
with more chronic changes in retinal architecture. However, in
multivariate models analyzing SCORE2 data after adjustment
for multiple testing, duration between diagnosis of ME and ran-
domization was not identified as significantly associated with
VALS or SD-OCT outcomes.

In SCORE2, systemic factors investigated were not asso-
ciated with either VALS or SD-OCT outcomes. While history
of coronary artery disease may be a marker for more underly-
ing systemic ischemia, which may be hypothesized to por-
tend a graver VA and anatomic prognosis after CRVO, history
of coronary artery disease was not found to be an important
baseline factor in the SCORE-CRVO trial6 or SCORE2, perhaps
because patients judged by the investigator to have an ische-
mic CRVO were excluded from these trials. Although hyper-
tension is a well-reported risk factor for the development of
an RVO,17-25 a history of hypertension was not significantly as-
sociated with outcome in either SCORE2 or the SCORE Study.6

As hypothesized previously,6 this may be due, at least in part,
to the fact that patients with a history of hypertension (which
was assessed in SCORE2 and in the SCORE Study based on pa-
tient self-report) were aware of their diagnosis and, thus, were
likely being treated for hypertension. The association be-
tween undiagnosed, untreated, or poorly controlled hyper-
tension and outcome in patients with RVO is unknown.

Limitations
Extrapolating results from clinical trials to clinical practice
should be made with caution. For example, the findings re-

ported in this article need to be interpreted in light of excel-
lent adherence, with approximately 90% of participants re-
ceiving 6 monthly anti-VEGF injections. There are also caveats
that should be considered with cross-trial comparisons. For ex-
ample, this analysis focuses on 6-month outcomes (which is
consistent with the primary outcome time point in the previ-
ously reported phase 3 studies of aflibercept for CRVO-
associated ME [the Copernicus8 and Galileo16 studies]) while
the primary outcome time point in the SCORE Study was at 1
year.26 Timing of measuring outcome may influence the iden-
tification of baseline factors based on short-term vs longer-
term impact of treatment.

Conclusions
The SCORE2 Study identified a number of baseline factors as-
sociated with 6-month outcomes. Consistent with other stud-
ies, younger age and worse baseline VA are consistently asso-
ciated with greater improvement in VA at month 6. Compared
with bevacizumab, aflibercept treatment was associated with
better SD-OCT outcomes of CST less than 300 μm and resolu-
tion of ME but not VA outcomes. These findings may assist cli-
nicians in assessing response to treatment over a 6-month pe-
riod for patients with ME secondary to CRVO or HRVO who
receive monthly anti-VEGF treatment, but they do not change
the conclusions of the primary outcome results that bevaci-
zumab was noninferior to aflibercept for mean VA improve-
ment at 6 months.
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Table 4. Multivariate Regression Models for 6-Month SD-OCT Central Subfield Thickness Outcomesa

Variable

Resolution of Macular Edema Central Subfield Thickness <300 μm Change From Baseline

OR (95% CI)b
Adjusted
P Value OR (95% CI)b

Adjusted
P Valuec

Difference
(95% CI)b

Adjusted
P Valuec

Treatment arm

Bevacizumab 1 [Reference] NA 1 [Reference] NA NA NA

Aflibercept 3.59 (2.22 to 5.80)d <.001 5.30 (2.40 to 11.67)d .001 NA NA

Prior anti-VEGF treatment

No 1 [Reference] NA NA NA NA NA

Yes 0.33 (0.17 to 0.64)e .03 NA NA NA NA

SD-OCT central
subfield thickness

Continuous (per
100-μm increase)

NA NA NA NA −79.72 (−117.25 to −42.18)d .002

e-ETDRS visual acuity
letter score

Continuous (per
1-letter increase
in score)

NA NA NA NA 3.94 (1.54 to 6.33)e .04

Abbreviations: e-ETDRS, electronic Early Treatment Diabetic Retinopathy
Study; NA, not applicable; OR, odds ratio; SD-OCT, spectral domain optical
coherence tomography; VEGF, vascular endothelial growth factor.
a All variables significant in the univariate models are considered for the

multivariate model. Only effects with adjusted P < .05 based on the
Hochberg5 method are included in the table.

b For SD-OCT central subfield thickness, an effect on vision is considered

beneficial if it increases odds of resolution of macular edema or a thin macula
(<300) or decreases the positive change from baseline (ie, negative change).
Confidence intervals are not adjusted for multiple testing.

c P value adjusted for multiplicity control by the Hochberg5 method.
d Beneficial effect on vision.
e Detrimental effect on vision.
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Invited Commentary

Comparing Anti–Vascular Endothelial Growth Factor
Therapies for Central Retinal Vein Occlusion
Jennifer K. Sun, MD, MPH

Central retinal vein occlusion (CRVO) is a common problem
encountered in general ophthalmology and retina clinics world-
wide. Macular edema can result from abnormal vascular per-

meability due to CRVO and
lead to substantial vision loss
in some patients if left un-
treated. Over the last de-
cade, multiple clinical trials
have established the efficacy

of intravitreous anti–vascular endothelial growth factor (VEGF)
therapy for improving visual acuity with CRVO. However, it has
been largely unclear which, if any, of the available anti-VEGF
agents provides the best functional or anatomic outcomes.
Given substantial differences in cost and availability between
anti-VEGF drugs, a rigorous comparison of efficacy and
safety among the most widely used agents has major impli-
cations for both individual patient treatment decisions and
public health policy.

To address this issue, the Study of Comparative Treat-
ments for Retinal Vein Occlusion 2 (SCORE2) trial, through
funding from the National Eye Institute, randomly assigned
patients with macular edema from CRVO or hemi-RVO to
monthly treatment with either aflibercept or bevacizumab.
The primary results from this study are reported in JAMA.1

At 6 months, the primary outcome of mean visual acuity let-
ter score improvement from baseline was similar in the 2
groups among 362 study participants: 18.9 in the aflibercept
group and 18.6 in the bevacizumab group (equivalent to a
mean improvement of slightly less than 4 Snellen lines in
each group). The lower bound of the confidence interval for
the treatment group difference was less than the prespeci-
fied noninferiority margin of 5 letters. Thus, one can con-
clude from these results that average visual acuity outcomes
at 6 months are not worse in eyes treated with bevacizumab

compared with aflibercept for macular edema from CRVO.
The proportions of eyes with 15 or more letter visual acuity
gain were similar between the treatment groups (aflibercept,
65% vs bevacizumab, 61%), as were the percentages of eyes
that achieved visual acuity of approximately 20/40 or better
(aflibercept, 58% vs bevacizumab, 57%). Interestingly,
although the visual outcomes were equivalent between
aflibercept- and bevacizumab-treated eyes, retinal thickness
outcomes were better with aflibercept, with more eyes
attaining resolution of macular edema after treatment with
aflibercept as compared with bevacizumab (54% vs 29%). No
major differences were found in ocular or systemic adverse
events between the treatment groups.

The SCORE2 report is encouraging in that it suggests that
the lower cost and presumably most globally used anti-VEGF
agent, bevacizumab, can be used to provide similar visual
acuity gains to those obtained with aflibercept through at
least 6 months in eyes with macular edema from CRVO. It
should be noted that bevacizumab is not approved for this
indication by the US Food and Drug Administration. Further-
more, there are clinical questions that remain after the
SCORE2 primary results. These include whether alternate
dosing regimens or use of commercially available repackaged
or compounded bevacizumab will impact patient outcomes
and whether these findings will generalize to eyes with
branch RVO. Also critical is the question of whether equiva-
lent visual acuity results in the bevacizumab vs aflibercept
groups at 6 months will be maintained as patients continue
in their randomized treatment assignments over longer-term
follow-up. The fact that eyes in the SCORE2 bevacizumab
group were more likely to have persistent macular edema at 6
months suggests the possibility that there could be worse
visual outcomes in the bevacizumab vs the aflibercept group
as these eyes are followed up for a longer period.
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