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Retinopathy Severity Scale with intravitreal aflibercept in the
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AIMS: To assess time to, cumulative incidence of, and functional benefit of achieving sustained ≥2-step Diabetic Retinopathy
Severity Scale (DRSS) improvement in diabetic macular oedema (DMO).
METHODS: Post hoc analysis of VISTA/VIVID including eyes with DMO treated with intravitreal aflibercept injections (IAI), 2 mg
q4 weeks (2q4, n= 250) or q8 weeks after 5 monthly doses (2q8, n= 249), or laser control (n= 249). Changes from baseline in best-
corrected visual acuity (BCVA) and central subfield thickness (CST) were evaluated in sustained (≥2 consecutive visits) DRSS
subgroups (≥1-step worsening, no change, ≥2-step improvement).
RESULTS: Time to sustained ≥2-step DRSS improvement was shorter for both the IAI 2q4 and IAI 2q8 groups versus laser (both log-rank
p < 0.001). Cumulative incidences of sustained ≥2-step DRSS improvement with IAI 2q4 and IAI 2q8 versus laser were 40.0% and 42.8%
versus 15.5% (both p < 0.001) through week 100. Mean differences (95% CI) in BCVA gains from baseline at weeks 52 and 100 between
eyes with sustained ≥2-step DRSS improvement versus sustained ≥1-step DRSS worsening were –3.0 (–8.9, 2.9) and 6.2 (0.2, 12.2) letters
with laser, and 4.2 (0.8, 7.6) and 4.9 (1.3, 8.4) letters with IAI combined, respectively. Difference (95% CI) in CST reduction was significantly
greater only with IAI combined at week 100 (–83.0 [–140.8, –25.3]). Correlations between BCVA and CST changes were weak.
CONCLUSIONS: DMO eyes treated with IAI achieved sustained ≥2-step DRSS improvement significantly earlier and more frequently
versus laser. This improvement was associated with greater BCVA gains, independent of CST reductions.
TRIAL REGISTRATION: ClinicalTrials.gov (https://clinicaltrials.gov/) identifiers: NCT01363440 and NCT01331681.
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INTRODUCTION
Diabetic retinopathy (DR) is a progressive microvascular complica-
tion of diabetes that, when left untreated, can result in loss of
vision and blindness. The risk of progressing from nonproliferative
DR (NPDR) to proliferative DR (PDR) increases with the severity of
NPDR. Approximately 50% of patients with severe NPDR (Diabetic
Retinopathy Severity Scale [DRSS] score of 53) develop PDR after 1
year as compared with 26% of patients with moderately severe
NPDR (DRSS score of 47) or up to 12% of those with moderate
NPDR or better (DRSS score of ≤43) [1]. Worsening DR is associated
with lower vision-related quality of life and increasing vision-
related functional burden [2–4]. Diabetic macular oedema (DMO)
may occur at any stage of DR but shows higher prevalence with
increasing severity of DR [5]. The hallmark of PDR is angiogenesis
in the retina and anterior segment. In addition to the higher
prevalence of DMO, eyes with PDR have an increased risk for other
vision-threatening complications such as vitreous haemorrhage,
macular ischaemia, and tractional retinal detachment [1].
Anti-vascular endothelial growth factor (anti-VEGF) agents, such

as intravitreal aflibercept injection (IAI), ranibizumab, and off-label
bevacizumab significantly reduce DMO and improve vision and
are the standard-of-care for treatment of DMO. In the VISTA and

VIVID trials, IAI improved DR severity by ≥2 steps on DRSS in
approximately 1/3 of eyes with DMO at both weeks 52 and 100
[6–8]. A recent post hoc analysis of the RIDE and RISE trials
suggested that eyes with DRSS improvement may have greater
visual outcomes [9]. The relationship between DRSS improvement
and visual outcomes in eyes treated for DMO, however, is not fully
understood. In clinical practice when treating eyes with DR, and to
successfully manage patient expectations, it is important to know
the time to achieving clinically meaningful DRSS improvements,
sustainability of the DRSS improvement, and potential functional
benefit thereof. Here, we report the findings of a post hoc analysis
evaluating the time to onset of sustained DRSS improvement and
the potential functional benefit of such improvement in eyes with
DR treated for DMO with IAI or laser in the VISTA and VIVID trials.

MATERIALS AND METHODS
VISTA and VIVID study design
VISTA (NCT01363440) and VIVID (NCT01331681) were 2 similarly designed,
double-blind, randomised, active-controlled, phase 3 trials as described
previously [8]. Briefly, VISTA was conducted across 54 sites in the United
States and VIVID was conducted in 73 sites across Australia, Europe, and
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Japan. Each clinical site’s respective institutional review board/ethics
committee approved the study protocol. All patients provided written
informed consent. Both studies were conducted in compliance with the
International Conference on Harmonisation guidelines and the Health
Insurance Portability and Accountability Act.
Adult patients with type 1 or 2 diabetes mellitus who presented with

central-involved DMO, defined as retinal thickening involving the 1-mm
central optical coherence tomography (OCT) subfield thickness, were
eligible for enrolment if best-corrected visual acuity (BCVA) was between
73 and 24 letters (20/40–20/320 Snellen equivalent) in the study eye. Only
one eye per patient was enrolled in the study. Eyes were randomised in a
1:1:1 ratio to receive IAI 2 mg every 4 weeks (2q4), IAI 2 mg every 8 weeks
after 5 initial monthly doses (2q8), or macular laser photocoagulation (laser
control group). Eyes were treated through week 96.
In VISTA and VIVID, BCVA was measured at baseline and every 4 weeks

using the Early Treatment Diabetic Retinopathy Study protocol [10]. Central
subfield thickness (CST) was assessed at baseline and every 4 weeks using
spectral-domain OCT. DRSS scores were assessed at baseline and at weeks
24, 52, 72, and 100 using fundus photography. Masked graders at
independent central reading centres evaluated OCT images for CST (Duke
Reading Center, Durham, NC, USA, for VISTA; Vienna Reading Center,
Vienna, Austria, for VIVID) and fundus images for DRSS score assessments
(Digital Angiography Reading Center, Great Neck, NY, USA, for VISTA;
Vienna Reading Center, Vienna, Austria, for VIVID).

Post hoc analysis
This post hoc analysis included eyes that received study medication and
had a baseline and ≥1 postbaseline BCVA assessment (full analysis set)
with gradable baseline fundus images. Three DRSS subgroups of sustained
≥1-step worsening, sustained no change, and sustained ≥2-step improve-
ment were analysed within each treatment group. Sustained was defined
as the indicated changes at both weeks 24 and 52 (for the week 52
analysis) or at both weeks 72 and 100 (for the week 100 analysis). For eyes
that received rescue treatment, data were censored from the time rescue
treatment was given. All analyses were performed using observed data.

Outcome measures
Cumulative incidence of sustained ≥2-step DRSS improvement was
evaluated from baseline through week 100 for the laser control and IAI
treatment groups. For each of the 3 sustained DRSS subgroups, mean
changes from baseline in BCVA and CST were evaluated at weeks 52 and
100 in the laser control and IAI combined (2q4+ 2q8 after 5 initial monthly
doses) treatment groups. The correlation between BCVA gains and CST
reductions within each DRSS subgroup was evaluated at weeks 52 and 100.
PDR events were defined as the incidence of PDR, panretinal photo-
coagulation, or vitrectomy.

Statistical methods
The time to an event was evaluated by Kaplan–Meier analysis. The log-rank
test was used to test the difference between the cumulative incidence
curves of the treatment groups. Hazard ratios comparing the IAI groups
with the laser control group were estimated by Cox proportional hazards
analysis stratified by study (VISTA vs VIVID). The time at risk for each eye
was defined as the minimum time from randomisation to whichever of the
following occurred first: (a) the date a patient discontinued the study, (b)
the date of the episode of the first evaluated event, or (c) the end of the
study. Time at risk was expressed as 100 person-years at risk (PYR), and the
rate was expressed as the number of events/PYR. The relative hazard was
defined as the ratio of the hazard rate in each IAI group to that of the laser
control group. The correlations between BCVA gain and CST reduction
were evaluated by Pearson correlation analysis. The absolute value of the
correlation coefficient (r) ≤0.4 was considered a weak correlation. The
difference in BCVA gain between the 2 groups was evaluated by an
unpaired t-test. The Cochran–Mantel–Haenszel test was used to examine
the difference in the incidence of PDR events between treatment groups.
All p values were considered nominal. Analyses were performed using SAS
version 9.4 (SAS Institute, Inc., Cary, NC, USA).

RESULTS
Patients
Of 872 eyes in VISTA and VIVID, 10 eyes were excluded from the post
hoc analysis due to a missing BCVA assessment (either at baseline or

during the study), and an additional 114 eyes were excluded due to
nongradable fundus images at baseline (Fig. 1). Hence, 748 eyes
were included in this post hoc analysis (Table 1). Baseline
characteristics of these patients were similar across treatment groups
with respect to age, gender, duration of diabetes mellitus,
haemoglobin A1c status, and DRSS severity (Table 1).
At baseline, 710 of 748 eyes had NPDR (DRSS score ≤53).

Among these eyes, 11.1% (26/235) of eyes in the laser control
group and 4.4% (21/475) of eyes in the IAI combined group
subsequently experienced a PDR event through week 100
(difference –6.7% [95% CI –11.7, –1.6]; p= 0.0008). In these eyes,
mean BCVA at baseline and weeks 52 and 100 were, respectively,
60.5, 60.3, and 60.6 letters in the laser control group, and 57.0,
66.9, and 63.6 letters in the IAI combined group. In contrast to
eyes experiencing a PDR event, 35.3% (88/249) of eyes in the laser
control group and 66.3% (331/499) of eyes in the IAI combined
group subsequently experienced an improvement in DRSS score
(≥1 step) through week 100.

Sustained ≥2-step DRSS improvement
Time to first sustained ≥2-step DRSS improvement was shorter
with IAI 2q4 and IAI 2q8 versus laser (both log-rank p < 0.001;
Fig. 2). The cumulative incidence of first sustained ≥2-step DRSS
improvement from baseline to week 100 was higher with IAI 2q4
and IAI 2q8 compared with eyes treated with laser control (40.0%
and 42.8% vs 15.5%, respectively; both p < 0.001; Fig. 2). Overall,
compared with laser control, eyes treated with IAI 2q4 and 2q8
were 3.8-fold and 3.7-fold more likely to achieve a sustained ≥2-
step DRSS improvement, respectively (Fig. 2).

BCVA outcomes in sustained DRSS subgroups. Visual benefits of
achieving a sustained DRSS improvement were assessed across
DRSS subgroups within both the laser control and IAI combined
treatment groups at weeks 52 and 100. Changes in CST were also
evaluated to examine the correlation between BCVA gain and CST
reduction within each DRSS subgroup. Baseline characteristics of
patients in the sustained DRSS subgroups of ≥1-step worsening,
no change, and ≥2-step improvement in each treatment group at
weeks 52 and 100 are shown in Supplementary Tables 1 and 2,
respectively. Mean baseline BCVA and CST among eyes assessed
at weeks 52 and 100 were similar across DRSS subgroups in both
the laser control and IAI combined treatment groups.

872 patients randomised in 
VISTA and VIVID

Laser control: n=291
IAI 2q4: n=292
IAI 2q8: n=289

862 patients in 
full analysis set

Laser control: n=286
IAI 2q4: n=290
IAI 2q8: n=286

748 patients with gradable 
DRSS at baseline 

Laser control: n=249
IAI 2q4: n=250
IAI 2q8: n=249

n=114 had 
nongradable 
DRSS at baseline

n=10 missing 
BCVA at baseline 
or post baseline

Fig. 1 Flow diagram. IAI intravitreal aflibercept injection, 2q4 2mg
q4 weeks, 2q8 2mg q8 weeks after 5 initial monthly doses, BCVA
best-corrected visual acuity, DRSS Diabetic Retinopathy Severity
Scale.
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Changes from baseline to week 52. In the laser control group,
mean BCVA gains from baseline were 6.3, 5.3, and 3.2 letters at
week 52 in eyes with sustained ≥1-step worsening, no change,
and ≥2-step DRSS improvement, respectively (Fig. 3). The
corresponding CST reductions from baseline were –99.9, –152.6
and –23.4 µm at week 52, respectively. Across the sustained DRSS
subgroups, the differences in BCVA gains and CST reductions were
not statistically significant within the laser control group. The
correlation (r) between BCVA gain and CST reduction within each
sustained DRSS subgroup was also weak, ranging from –0.40 to
0.06 (Fig. 3).
In the IAI combined group, mean BCVA gains from baseline

were 10.5, 9.4, and 14.7 letters at week 52 in eyes with sustained
≥1-step worsening, no change, and ≥2-step DRSS improvement,
respectively. Mean BCVA gain in eyes with ≥2-step DRSS
improvement was greater than in eyes with sustained ≥1-step
worsening (difference 4.2 [95% CI 0.8–7.6]; p= 0.02). The
corresponding CST reductions from baseline were –170.8,
–156.8, and –217.7 µm for eyes with sustained ≥1-step worsening,
no change, and ≥2-step DRSS improvement, respectively, and
were not statistically different from each other. The correlation (r)
between BCVA gain and CST reduction within each sustained
DRSS subgroup was also weak, ranging from –0.28 to –0.10 (Fig. 3).

Changes from baseline to week 100. In the laser control group,
mean BCVA gains from baseline were 5.1, 9.9, and 11.3 letters at
week 100 in eyes with sustained ≥1-step worsening, no change,
and ≥2-step DRSS improvement, respectively. Mean BCVA gain
in eyes with sustained ≥2-step DRSS improvement was greater
than in eyes with sustained ≥1-step worsening (difference 6.2
[95% CI 0.2, 12.2]; p= 0.04). The corresponding CST reductions
from baseline were –149.8, –144.9, and –110.2 µm for eyes with
sustained ≥1-step worsening, no change, and ≥2-step DRSS
improvement, respectively. Differences in CST reductions were
not significant across the DRSS subgroups. The correlation (r)
between BCVA gain and CST reduction within each sustained
DRSS subgroup was also weak, ranging from –0.48 to 0.10
(Fig. 4).
In the IAI combined group, mean BCVA gains from baseline

were 10.5, 12.4, and 15.4 letters at week 100 in eyes with
sustained ≥1-step worsening, no change, and ≥2-step DRSS
improvement, respectively. Mean BCVA gain in eyes with
sustained ≥2-step DRSS improvement was greater than in
eyes with sustained ≥1-step worsening (difference 4.9 [95% CI
1.3, 8.4]; p= 0.008). The corresponding CST reductions from

baseline were –168.8, –209.9, and –251.9 µm for eyes with
sustained ≥1-step worsening, no change, and ≥2-step DRSS
improvement, respectively. Mean CST reduction in eyes with
sustained ≥2-step DRSS improvement was greater than in those
with sustained ≥1-step worsening (difference –83.0 [95% CI
–140.8, –25.3]; p= 0.005). The correlation (r) between BCVA gain
and CST reduction within each sustained DRSS subgroup was
relatively weak, ranging from –0.47 to –0.30 (Fig. 4).

DISCUSSION
The findings from the current analysis of the VISTA and VIVID trials
demonstrate that with continued IAI treatment approximately
40% of patients achieved and maintained ≥2-step DRSS improve-
ment for ≥1 year. In this patient population, time to achieving
sustained ≥2-step DRSS improvement was shorter with IAI 2q4
and IAI 2q8 than with laser treatment over the 100-week study.
Compared with laser control, nearly 4 times as many eyes treated
with IAI achieved such improvement and did so significantly
earlier.
These findings suggest that in patients with DR and DMO,

achieving and sustaining a ≥2-step improvement in DRSS score
requires a long-term commitment to the therapy, which is
expected given the chronic nature of the underlying disease.
We also further explored whether there is a functional benefit
associated with such anatomic improvement. Our findings
demonstrate that a sustained ≥2-step DRSS improvement with
IAI was associated with greater visual acuity improvements
compared with a sustained ≥1-step DRSS worsening, at both
weeks 52 and 100. The association between sustained ≥2-step
DRSS improvement and greater visual acuity gain was indepen-
dent of reductions in CST, as shown by no or weak correlation
between changes in BCVA and CST from baseline. This finding is
consistent with the preponderance of data to date, suggesting
that there is at best a moderate correlation between changes in
visual acuity and changes in CST in DMO [11, 12]. A recent post
hoc analysis of the Protocol T trial data found that there was a
broad range of changes in BCVA from baseline for any given
change in CST from baseline (and vice versa) at 1 and 2 years,
suggesting that CST changes are not a reliable guide to inform
about changes in BCVA with anti-VEGF treatment [12]. Our
findings up to 100 weeks confirm the results of a past post hoc
analysis of the RISE and RIDE trials that looked at the relationship
between DRSS changes and visual outcomes over 24 weeks,
suggesting that DRSS improvement may be associated with better

Table 1. Baseline characteristics of patients with gradable baseline DRSS.

Laser control (n= 249) IAI 2q4 (n= 250) IAI 2q8 (n= 249) IAI combined (n= 499) Total (N= 748)

Age, mean (SE), years 62.6 (0.6) 61.9 (0.6) 63.4 (0.6) 62.7 (0.4) 62.7 (0.3)

Female, n (%) 107 (43.0) 103 (41.2) 104 (41.8) 207 (41.5) 314 (42.0)

Duration of diabetes mellitus

N 247 248 248 496 743

Mean (SE), years 16.5 (0.6) 15.6 (0.6) 16.3 (0.7) 15.9 (0.5) 16.1 (0.4)

Haemoglobin A1c

N 248 246 249 495 743

>8%, n (%) 75 (30.1) 95 (38.0) 88 (35.3) 183 (36.7) 258 (34.5)

DRSS score, n (%)

≤43 108 (43.4) 96 (38.4) 97 (39.0) 193 (38.7) 301 (40.2)

47 50 (20.1) 44 (17.6) 59 (23.7) 103 (20.6) 153 (20.5)

≥53 91 (36.5) 110 (44.0) 93 (37.3) 203 (40.7) 294 (39.3)

IAI intravitreal aflibercept injection, 2q4 2mg q4 weeks, 2q8 2mg q8 weeks after 5 initial monthly doses, SE standard error, DRSS Diabetic Retinopathy
Severity Scale.
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visual outcomes, and provide further evidence that such benefit
may be independent of CST reduction in patients with DMO [9].
Although the dosing regimen in VIVID and VISTA for IAI was

either 2q4 or 2q8 (following 5 initial monthly doses), recent data
from the PANORAMA trial suggest that a longer dosing interval
can also lead to long-term ≥2-step DRSS improvements in patients
with moderately severe or severe NPDR without central-involved
DMO at baseline [13]. These data provide additional evidence to
help inform physicians regarding appropriate treatment options
and injection intervals for patients with DR.
Despite treatment, some patients with DMO may still experi-

ence progression to PDR [14]. In the current study, 2.5-fold higher
proportion of eyes treated with laser control experienced a PDR

event compared with those treated with IAI. Vision did not appear
to be clinically affected by the occurrence of PDR events in this
subpopulation of eyes treated with laser control or IAI.
A strength of the current analysis is the use of data from large,

controlled clinical trials using fixed dosing schedules. BCVA
measurements and OCT evaluations were performed by indepen-
dent, masked examiners and reading centres, respectively,
according to a standardised protocol. The results, however, must
be interpreted with caution due to the post hoc nature of this
analysis. There were a small and unbalanced number of patients,
particularly in the laser group among those who achieved
sustained ≥2-step DRSS improvement. This was due to the strict
criteria for this analysis, which included only patients who had not

Fig. 2 Cumulative incidence of sustained ≥2-step DRSS improvement from baseline through week 100. DRSS was assessed at baseline and
at weeks 24, 52, 72, and 100. DRSS Diabetic Retinopathy Severity Scale, PYR patient-years at risk, HR hazard ratio, IAI intravitreal aflibercept
injection, NE not estimable, 2q4 2mg q4 weeks, 2q8 2mg q8 weeks after 5 initial monthly doses.

Fig. 3 Change from baseline in BCVA and CST by treatment and sustained DRSS subgroups at week 52. Observed cases. Full analysis set.
Data from rescued patients were censored after rescue. Patients who did not have available BCVA at week 52 were excluded. BCVA best-
corrected visual acuity, CST central subfield thickness, DRSS Diabetic Retinopathy Severity Scale, IAI intravitreal aflibercept injection, ETDRS
Early Treatment Diabetic Retinopathy Study, Δ difference.

D.S. Dhoot et al.

2023

Eye (2023) 37:2020 – 2025



received rescue treatment, had available BCVA at weeks 52 or 100,
and had sustained ≥2-step DRSS improvement over 2 consecutive
visits.
In conclusion, the data reported here suggest that a substantial

proportion of patients treated with IAI for DMO achieve sustained
DRSS improvement, which may confer an additional benefit of a
greater magnitude of visual acuity improvements, over 2 years of
continued treatment. These findings may help clinicians establish
an optimal anti-VEGF treatment strategy and appropriately
manage patient expectations.

Summary

What was known before

● In clinical practice, for managing expectations of patients with
diabetic retinopathy, it is important to know the time to
achieving clinically meaningful DRSS improvements as well as
the sustainability and potential functional benefit of these
improvements. However, the relationship between DRSS
improvement and visual outcomes in patients treated for
DMO is not fully understood.

What this study adds

● Approximately 40% of patients treated with IAI for DMO
achieved sustained DRSS improvement for over 1 year, which
was accompanied by a greater magnitude of vision gains.
These findings on the clinical importance of the sustained
DRSS improvements may help clinicians establish an optimal
anti-VEGF treatment strategy and appropriately manage
patient expectations.
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