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Abstract

Objective: Identify baseline factors associated with change in visual acuity or development of
vision-impairing central-involved diabetic macular edema (CI-DME) over 2 years when initiating
treatment for proliferative diabetic retinopathy (PDR) with ranibizumab or panretinal
photocoagulation.

Design: Post hoc analyses of randomized multicenter clinical trial data.

Participants: Eyes completing the 2-year visit (N = 328) or eyes without vision-impairing Cl-
DME at baseline (N = 302) in Diabetic Retinopathy Clinical Research Network Protocol S.

Intervention: Protocol-defined applications of intravitreous ranibizumab (0.5 mg/0.05 mL) or
panretinal photocoagulation.

Main Outcome Measures: Change in visual acuity (area under the curve) and development of
vision-impairing (20/32 or worse) CI-DME over 2 years.

Results: After multivariable model selection with adjustment for baseline visual acuity and
central subfield thickness, no baseline factors were identified as having an association with change
in visual acuity or development of vision-impairing CI-DME within the ranibizumab group. In the
panretinal photocoagulation group, worse change in visual acuity over 2 years was more likely
with higher Hemoglobin A1 (0.6 [95% confidence interval (Cl), —1.2 to —0.1] letters for every
1% increase, continuous P =.03), more severe diabetic retinopathy (difference between high-risk
PDR or worse vs. moderate PDR or better = -2.8 [95% CI, —5.5 to —0.2] letters, continuous P=.
003), and higher mean arterial pressure (difference between > 100 mmHg vs. < 100 mmHg = -2.0
[95% CI, —4.6 to 0.5] letters, continuous P=.009). Development of vision-impairing CI-DME was
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more likely with higher Hemoglobin A1 (hazard ratio for a 1% increase = 1.31 [95% Cl, 1.13 to
1.52], continuous £<.001), more severe diabetic retinopathy (hazard ratio for high-risk PDR or
worse vs. moderate PDR or better = 1.46 [95% Cl, 0.73 to 2.92], continuous £ = .03) and the
presence of cystoid abnormalities within 500 um of the macula center on optical coherence
tomography (hazard ratio = 2.90 [95% ClI, 1.35 to 6.24], A= .006).

Conclusions: For eyes managed with panretinal photocoagulation, higher glycosylated
hemoglobin and more severe diabetic retinopathy were associated with less vision improvement
and an increased risk of developing vision-impairing CI-DME. When managing PDR with
ranibizumab, on average eyes gained vision, with no baseline characteristics identified as
associated with visual acuity or CI-DME outcomes.

Précis:

HbA, arterial blood pressure, and diabetic retinopathy severity were associated with less
favorable vision outcome when treating PDR with PRP, but no baseline characteristics altered the
ranibizumab outcome (adjusted for baseline vision and central thickness).

INTRODUCTION

Proliferative diabetic retinopathy (PDR) has been managed with panretinal photocoagulation
(PRP) for several decades.! However, with the advent of anti-vascular endothelial growth
factor (anti-VEGF) therapy for the treatment of central-involved diabetic macular edema
(CI-DME), it was recognized that anti-VEGF agents were often simultaneously reducing the
level of diabetic retinopathy and the risk of worsening to more advanced diabetic retinopathy
severity. Neovascularization of the disc (NVD) and retinal neovascularization elsewhere
(NVE) regressed in some eyes receiving anti-VEGF agents, while rates of retinopathy
worsening appeared reduced among eyes with PDR receiving anti-VEGF treatment to
manage Cl-DME compared to eyes receiving focal/grid laser.2: 3

These observations prompted the Diabetic Retinopathy Clinical Research Network to
conduct Protocol S, a randomized multi-center clinical trial comparing intravitreous
ranibizumab injections with PRP in eyes with PDR. The 2-year study outcomes provided
several forms of evidence that anti-VEGF therapy is a reasonable alternative to PRP when
managing PDR. These included non-inferior change in visual acuity at 2 years (5-letter non-
inferiority margin), greater visual acuity improvement over 2 years, less visual field loss,
reduced chance of vision-impairing (20/32 or worse) CI-DME development, and a lower
vitrectomy rate. More recently, results from the CLARITY study, which compared
aflibercept with PRP for eyes with PDR in the absence of CI-DME, supported many of the
findings from Protocol S.4 > A post hoc analysis of Protocol S data did not identify any
subgroups in which PRP was superior to ranibizumab with respect to change in visual acuity
(area under the curve analysis) or development of vision-impairing CI-DME over 2 years.®
However, the relative benefit of ranibizumab over PRP for change in visual acuity was
potentially greater for individuals with more advanced levels of PDR or higher mean arterial
blood pressure.®
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Ophthalmologists now have anti-VEGF treatment without PRP as an alternative therapy to
PRP to manage eyes with PDR. Therefore, an enhanced understanding of patient and ocular
factors that are associated with clinically relevant outcomes when using ranibizumab or PRP
may be helpful in refining patient and physician expectations. This post hoc analysis seeks
to identify factors within each treatment arm of Protocol S that are associated with two
clinically important outcomes: change in visual acuity over 2 years and development of
vision-impairing CI-DME.

The full protocol is available on the Diabetic Retinopathy Clinical Research Network
website (http://drcrnet.jaeb.org/Studies.aspxt; accessed: 15 January 2015). Study procedures
were reported previously and are summarized here.® Three-hundred and five participants
(394 study eyes) were enrolled at 55 clinical sites. Study eyes had PDR, no prior PRP, and
best corrected visual acuity letter score of at least 24 (Snellen equivalent 20/320 or better)
using the Electronic-Early Treatment Diabetic Retinopathy Study test.% 7 Participants with
one study eye were randomly assigned to prompt PRP (completed in 1 to 3 sittings) or
intravitreous ranibizumab injections (0.5 mg/0.05 mL) with a structured retreatment
algorithm. Participants contributing two study eyes were randomly assigned to PRP in one
eye and ranibizumab in the other eye. Eyes with baseline vision-impairing CI-DME received
ranibizumab at baseline followed by as-needed retreatment for DME, regardless of treatment
group assignment. Vision-impairing CI-DME was defined as visual acuity letter score less
than or equal to 78 (Snellen equivalent 20/32 or worse) and central subfield thickness (CST)
greater than 2 standard deviations above the sex/instrument-specific norm for the population
(Heidelberg Spectralis = 320 um for men and = 305 um for women, Zeiss Cirrus and
Optovue RTVue = 305 pm for men and = 290 um for women, Zeiss Stratus = 250 um for
both sexes). In addition, eyes in either arm could receive ranibizumab to treat DME at
investigator discretion at any time during study participation.

Participants in both treatment groups had assessment visits approximately every 4 months
(16, 32, 52, 68, 84, and 104 weeks). In the ranibizumab group, participants had additional
study visits every 4 weeks in the first year to evaluate the need for ranibizumab to treat PDR.
In the second year, visits in the ranibizumab group could be extended up to 16 weeks if
injections for PDR were continually deferred based on the retreatment algorithm.
Participants in either group who received ranibizumab for DME at investigator discretion
may have had additional study visits for DME assessment and treatment. Supplemental PRP
was permitted in the PRP group if the size or amount of neovascularization increased
following completion of the initial PRP. Eyes in the ranibizumab group were eligible to
receive PRP if pre-specified failure criteria were met. Best-corrected visual acuity using the
Electronic-Early Treatment Diabetic Retinopathy Study test was obtained at all study visits.
Optical coherence tomography (OCT) scans were obtained at all DME-treatment visits and
at all annual visits.
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Outcomes and Analysis Cohorts

Change in visual acuity over 2 years (area under the curve of time versus change in visual
acuity) was calculated using the trapezoidal rule with data from the assessment visits, which
were common to both treatment groups.® This is analogous to a weighted average of the
change in visual acuity with weights proportional to the time between visits. Only eyes that
completed the 2-year visit (328 of 394 [83%]) were included. Complete-case analysis is an
unbiased method for handling missing data, assuming that the 2- year data are missing at
random.8 In this cohort, the mean baseline visual acuity was 76 letters (approximate Snellen
equivalent 20/32) and the mean baseline central subfield thickness (CST) was 255 um (Zeiss
Stratus equivalent).

The cohort for development of vision-impairing CI-DME included the 302 eyes without
vision-impairing CI-DME at baseline (77% of 394 randomized). The analysis did not require
these eyes to complete the 2-year visit as it incorporated all available data and censored data
from any participant in which vision-impairing CI-DME had not developed by the final visit
prior to 2 years. In this cohort, the mean baseline visual acuity was 78 letters (approximate
Snellen equivalent 20/32) and the mean baseline CST was 218 pm. Two-hundred fifty-six
eyes were in both analysis cohorts, 72 eyes not in the DME cohort were in the change in
visual acuity cohort, and 46 eyes in the DME cohort were not in the change in visual acuity
cohort.

Statistical Analyses

Twenty-eight baseline characteristics were explored. To increase statistical precision, a
minimum of 20 eyes within each subgroup was required for analysis (Table 1, available at
www.aaojournal.org). All analyses were adjusted for baseline visual acuity (a component of
each outcome) and CST (a pre-randomization factor that determined whether ranibizumab
for DME was required at baseline). Change in visual acuity over 2 years was analyzed using
analysis of covariance. Development of vision-impairing CI-DME was analyzed using
proportional hazards regression. For the purpose of tabulation, continuous characteristics
were dichotomized in tables based on approximate median values from the entire cohort.
However, continuous variables were used for generating AP-values (Table 1, available at
www.aaojournal.org).

For each outcome, characteristics with £<.10 were entered into a multivariable model and
backward stepwise selection was used to produce a final model in which only factors with P
<.05 remained. A separate model was constructed for each treatment group. There was no
formal adjustment for multiple hypothesis testing in these exploratory analyses. Therefore, P
<.05 was considered suggestive (rather than definitive) of a true relationship. All analyses
were conducted using SAS 9.4 (SAS Institute Inc., Cary, North Carolina).

RESULTS

Ranibizumab Group

The adjusted mean improvement in visual acuity over 2 years was 4.7 (95% confidence
interval [CI], 3.8 to 5.6) letters in the ranibizumab group. Tables 2 and 3 show adjusted
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means for individual subgroups and P-values for each factor. After adjustment for baseline
visual acuity (worse baseline visual acuity associated with greater improvement, £<.001)
and CST (P=.12), no baseline factors were associated with change in visual acuity over 2
years. The R? for the final model including visual acuity and CST was 0.41.

A secondary analysis was conducted that was limited to eyes without vision-impairing CI-
DME at baseline that also completed the 2-year visit (N = 126 of 160 [79%]; Table 4,
available at www.aaojournal.org). In this cohort, the adjusted mean improvement in visual
acuity over 2 years was 3.7 (95% Cl, 2.7 to 4.7) letters. After multivariable model selection,
the only characteristic associated with this vision outcome was prior DME treatment. Eyes
with prior DME treatment had a less favorable change in visual acuity over 2 years
(difference between with vs. without prior DME treatment = -2.4 [95% CI, —4.7 to —0.1]
letters; P=.04). Adding prior DME treatment to the model with baseline visual acuity and
CST increased R2 from 0.36 to 0.38.

Fifteen of 147 (10%) ranibizumab-assigned eyes without vision-impairing CI-DME at
baseline developed vision-impairing CI-DME by 2 years. Tables 5 and 6 show the
cumulative probabilities of developing vision-impairing CI-DME for individual subgroups
and P-values for each factor. After adjustment for baseline visual acuity (P=.27) and CST
(greater CST associated with increased likelihood of vision-impairing CI-DME, P<.001),
there were no additional factors identified as associated with development of vision-
impairing CI-DME.

Panretinal Photocoagulation Group

The adjusted mean change in visual acuity over 2 years was —0.3 (95% ClI, -1.5t0 1.0)
letters in the PRP group. Tables 2 and 3 show adjusted means for individual subgroups and
P-values for each factor. After simultaneous adjustment for baseline visual acuity (worse
baseline visual acuity associated with greater improvement, £<.001) and CST (P = .20),
multivariable model selection identified Hemoglobin A (HbA1¢) (0.6 [95% CI, -1.2 to
—0.1] letters for every 1% increase, continuous P=.03), mean arterial pressure (difference
between = 100 mmHg vs. < 100 mmHg = -2.0 [95% ClI, —-4.6 to 0.5] letters, continuous P
=.009), and diabetic retinopathy severity (difference between high-risk PDR or worse vs.
moderate PDR or better = —2.8 [95% CI, —-5.5 to —0.2] letters, continuous £ =.003) as
factors associated with change in visual acuity over 2 years. When these factors were added
to the model that included baseline visual acuity and CST, R? increased from 0.23 to 0.33.
Among eyes with complete data, we identified 16 of 161 (10%) in the PRP group as having
all three baseline factors that were associated with a less favorable vision outcome (HbA; =
9%, mean arterial pressure = 100 mmHg, and high-risk PDR [= ETDRS level 71]).

Similar to the ranibizumab group, a secondary analysis was conducted that was limited to
eyes without vision-impairing CI-DME at baseline that also completed the 2-year visit (N =
130 of 168 [77%]; Table 4, available at www.aaojournal.org). In this cohort, the adjusted
mean change in visual acuity over 2 years was —1.6 (95% CI, —2.9 to —-0.2) letters.
Multivariable model selection identified HbA; (0.7 [95% CI, —1.4 to —0.1] letters for
every 1% increase, continuous P=.03), diabetic retinopathy severity (difference between
high-risk PDR or worse vs. moderate PDR or better = 1.8 [95% CI, —4.7 to 1.0] letters,
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continuous P=.03) and the number of PRP spots (=0.5 [95% CI, —0.9 to —0.1] letters for
every 100 additional spots placed, continuous P =.03) as associated with change in vision
over 2 years. When these factors were added to the model that included baseline visual
acuity and CST, R? increased from 0.13 to 0.25.

Forty-two of 155 (27%) PRP-assigned eyes without vision-impairing CI-DME at baseline
developed vision-impairing CI-DME by 2 years. Tables 5 and 6 show the cumulative
probabilities of developing vision-impairing CI-DME for individual subgroups and P-values
for each factor. After simultaneous adjustment for baseline visual acuity (worse baseline
visual acuity associated with increased likelihood of vision-impairing CI-DME, P<.001)
and CST (greater CST associated with increased likelihood of vision-impairing CI-DME, P
=.003), multivariable model selection identified HbA. (hazard ratio [HR] for a 1% increase
=1.31[95% Cl, 1.13 to 1.52], continuous P <.001), cystoid abnormalities within 500 um of
the macula center (HR = 2.90 [95% CI, 1.35 to 6.24], A= .006), and diabetic retinopathy
severity (HR for high-risk PDR or greater vs. moderate PDR or better = 1.46 [95% ClI, 0.73
to 2.92], continuous P = .03) as associated with development of vision-impairing CI-DME.
Among eyes with complete data, we identified 11 of 141 (8%) in the PRP group as having
all three baseline factors that were associated with greater risk of vision-impairing CI-DME
development (HbA 1. = 9%, cystoid abnormalities within 500 pm of the macula center, and
high-risk PDR).

An additional analysis broadening the vision-impairing CI-DME outcome definition to
include initiation of ranibizumab for DME during follow-up at investigator discretion was
conducted, in which the 27 eyes that received ranibizumab at baseline per investigator
discretion were excluded (Table 7, available at www.aaojournal.org). Among the 128 of 155
(83%) remaining eyes, the outcome was met in 47 (37%) with 27 of 47 developing vision-
impairing CI-DME and 20 of 47 receiving ranibizumab at investigator discretion during
follow-up. Multivariable model selection identified HbA (HR for a 1% increase = 1.29
[95% CI, 1.11 to 1.50], continuous P <.001), cystoid abnormalities within 500 um of the
macula center (HR =5.49 [95% ClI, 2.57 to 11.72], £<.001), and hard exudates within 1800
pum of the macula center (HR = 2.10 [95% ClI, 1.09 to 4.05], £ =.03) as associated with
development of vision-impairing CI-DME.

DISUSSION

Since PRP or anti-VEGF as monotherapies can be effective treatments for PDR, clinicians
likely will continue to consider both in the care of patients. This report provides information
on factors that potentially modulate the treatment outcomes associated with each modality,
but does not provide information on selecting one treatment over the other. However, it does
present information that may alter expectations regarding prognosis based on baseline
factors after deciding which treatment to administer. In this post hoc analysis, when treating
with PRP and adjusting for baseline visual acuity and CST, eyes that had more severe
retinopathy or higher HbA1. at baseline had less improvement in visual acuity, on average,
and greater incidence of vision-impairing CI-DME over 2 years compared with eyes that had
less severe retinopathy or lower HbA ;.. Furthermore, in the PRP group, participants with
higher mean arterial pressure had, on average, less improvement in vision and eyes with
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cystoid abnormalities within 500 pm of the macula center were more likely to develop vision
impairing CI-DME. However, when treating with ranibizumab, neither these nor the other
factors we evaluated were associated with change in visual acuity or CI-DME development
after adjusting for baseline visual acuity and CST.

A secondary post hoc analysis limited to eyes without baseline CI-DME supported the
associations of HbA 1. and baseline diabetic retinopathy severity with change in vision over
2 years for the PRP group. This cohort may represent a better evaluation of PRP treatment
alone because these eyes were not required to receive ranibizumab at baseline to manage
DME, although they could receive it based on investigator discretion at baseline or any time
thereafter.

For the vision-impairing CI-DME outcome, a secondary analysis that broadened the
outcome to include development of CI-DME or initiation of ranibizumab supported the
associations with higher baseline HbA1. and the presence of cystoid abnormalities within
500 pm of the macula center on OCT among eyes treated with PRP.

While no factors were associated with change in vision over 2 years in the ranibizumab
group, a secondary analysis limited to eyes without baseline CI-DME identified a possible
association with prior DME treatment. The treatment naive eyes gained even more vision on
average than eyes with prior DME treatment. Eyes that had no prior treatment for DME may
have had subclinical or very mild macular thickening that was simultaneously treated by the
ranibizumab administered for PDR.

Overall, eyes starting with better visual acuity were less likely to have large gains in vision
compared to eyes starting with worse visual acuity, in part due to a ceiling effect, which is
why visual acuity was included as an adjustment in all analyses.® Similarly, eyes starting
with worse vision or greater CST were closer to meeting the definition of vision-impairing
CI-DME than eyes starting with better vision or lesser CST, which is why both variables
were adjusted for in these analyses. Despite these predictable relationships, only about one
quarter of the variation associated with change in visual acuity over two years in the PRP
group was accounted for by baseline visual acuity and CST. Even after the individual factors
found to be associated with the visual acuity outcome in the PRP group were added to the
model (baseline HbA;., mean arterial pressure, and retinopathy severity), approximately two
thirds of the variation in visual acuity over 2 years remained unexplained. As such, even
though these factors appear to be associated with the outcome, substantial uncertainty about
the precise determinants of 2-year change in visual acuity remains.

Interpretation of these results is limited by the fact that the analyses were undertaken post
hoc and were not specifically powered to detect associations with baseline characteristics.
Therefore, the absence of a definitive association cannot be taken as evidence that an
association does not exist. In addition, a large number of analyses were performed and some
associations could have been identified due to chance. Furthermore, the small number of
eyes in the ranibizumab group that developed CI-DME and the limited number of eyes
manifesting certain characteristics, such as surface wrinkling retinopathy, both limit the
statistical power for detecting associations, particularly for the vision-impairing CI-DME
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outcome. It remains unknown how the findings in the PRP group might have been different
if these eyes were not permitted to receive ranibizumab simultaneously to manage DME.
The secondary analysis excluding eyes from the PRP group that were required to receive
ranibizumab at baseline only partly addresses this issue.

More recently, the CLARITY study reported superior 1-year vision outcomes when
aflibercept was compared with PRP to manage PDR.# The CLARITY study excluded eyes
that had DME at baseline, permitted entry of eyes with active PDR despite prior PRP, and
incorporated a different re-treatment regimen for the anti-VEGF arm than Protocol S.
Whether the features identified in this exploratory analysis as associated with vision or DME
outcomes when using anti-VEGF therapy or PRP to manage PDR would be replicated in the
CLARITY study remains to be seen.

In conclusion, eyes gain vision, on average, and seldom develop vision-impairing CI-DME
over 2 years when ranibizumab is used as in Protocol S to treat PDR. The findings in this
post hoc analysis suggest these outcomes are irrespective of a wide array of baseline factors.
In contrast, when PRP is the primary treatment modality for PDR, eyes with poor glycemic
control or more severe diabetic retinopathy severity may be more apt to lose visual acuity
and develop vision-impairing CI-DME than eyes with lower HbA 1 or less severe diabetic
retinopathy, even when allowing for administration of ranibizumab to treat DME.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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