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Purpose: To evaluate diabetic retinopathy (DR) outcomes with ranibizumab (Lucentis, Genentech, Inc.,
South San Francisco, CA) treatment in patients with DR and diabetic macular edema (DME) at high risk of
progression to proliferative disease.

Design: Post hoc analysis of the phase 3 RIDE (ClinicalTrials.gov identifier, NCT00473382) and RISE
(ClinicalTrials.gov identifier, NCT00473330) clinical trials of ranibizumab for the treatment of DME.

Participants: Seven hundred forty-six patients with baseline fundus photographs and randomized for
treatment.

Methods: Diabetic retinopathy outcomes were assessed through month 36 by baseline DR severity level.
Diabetic retinopathy severity was quantified using the Early Treatment Diabetic Retinopathy Study (ETDRS)
Diabetic Retinopathy Severity Scale (DRSS).

Main Outcome Measures: Two-step or more or 3-step or more improvement or worsening on the ETDRS
DRSS and time to new proliferative event (composite end point).

Results: At baseline, most patients were distributed evenly among mild or moderate nonproliferative DR
(NPDR; ETDRS DRSS, 35/43), moderately severe or severe NPDR (ETDRS DRSS, 47/53), and proliferative DR
(ETDRS DRSS, 60e75; 28.8%, 33.2%, and 31.1%, respectively). At month 24, rates of 2-step or more improve-
ment with ranibizumab 0.3 mg, ranibizumab 0.5 mg, and sham treatment were highest among patients with
baseline DR levels 47/53 (78.4%, 81.1%, and 11.6%, respectively) compared with patients with baseline DR levels
35/43 (10.3%, 15.8%, and 1.4%, respectively) or 60 through 75 without panretinal photocoagulation (31.0%,
36.4%, and 6.7%, respectively; all ranibizumab vs. sham comparisons, P < 0.05). In patients with baseline DR
levels 47/53, ranibizumab treatment reduced the probability of patients experiencing a new proliferative event at
month 36 by 3 times compared with sham treatment (12.4% and 11.9% vs. 35.2% for ranibizumab 0.3 mg,
ranibizumab 0.5 mg, and sham, respectively). In patients with baseline DR levels 47/53 who achieved 2-step or
more DR improvement, improvements were independent of all assessed baseline characteristics (P > 0.4).

Conclusions: Ranibizumab treatment resulted in DR improvements in all 3 baseline DR severity subsets
examined. The greatest benefits in DR improvement occurred in patients with baselinemoderately severe to severe
NPDR (DR levels 47/53). Diabetic retinopathy improvementswere rapid, clinicallymeaningful, andsustained through
month 36.Ophthalmology Retina 2018;2:997-1009ª 2018 by the American Academy of Ophthalmology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
See Editorial on page 985.
Supplemental material available at www.ophthalmologyretina.org.
Diabetic retinopathy (DR) is a progressive microangiopathy
associated with both type 1 and type 2 diabetes mellitus that
is mediated by hypoxia-induced upregulation of proangio-
genic, proinflammatory, and vascular permeability factors,
including vascular endothelial grown factor (VEGF) A.1,2

The progressive series of visible pathologic changes that
characterize DR have been codified and standardized,
allowing disease severity comparisons across patients and
clinical trials. The Early Treatment Diabetic Retinopathy
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Study (ETDRS) Diabetic Retinopathy Severity Scale
(DRSS), first published in 1991, is the current standard for
assessing DR severity.3,4 The scale progresses from DR
absent (levels 10e12) through degrees of nonproliferative
DR (NPDR) (levels 35e53) to proliferative DR (PDR;
levels 60e85).4

The ETDRS DRSS has demonstrated predictive value.
Worsening on the ETDRS DRSS is predictive of long-term
visual decline and progression from NPDR to PDR.5,6
997https://doi.org/10.1016/j.oret.2018.06.005
ISSN 2468-6530/18

http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.ophthalmologyretina.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.oret.2018.06.005&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.oret.2018.06.005


Ophthalmology Retina Volume 2, Number 10, October 2018
Progression of DR from NPDR to PDR has implications for
clinical management, because PDR is associated with an
increased occurrence of diabetic macular edema (DME) and
fibroproliferative events, such as retinal traction, retinal
detachment, and vitreous hemorrhage.4,7 Functionally, PDR
is associated broadly with decreased vision-related quality
of life as well as more focused declines in specific vision-
related tasks such as driving.8 The traditional treatments
for PDRdpanretinal photocoagulation (PRP) and
vitrectomydmay lead to untoward effects, including
visual field constriction, impaired night vision, decreased
contrast sensitivity, retinal breaks, cataract progression,
and deterioration of central vision resulting from
exacerbation of macular edema.9e11 Additionally,
although PRP critically reduces the risk for further DR-
related vision loss, most patients do not experience im-
provements in visual function after PRP.12e14

The introduction of anti-VEGF therapies such as ranibi-
zumab (Lucentis�; Genentech, Inc., South San Francisco,
CA) and aflibercept (Eylea; Regeneron Pharmaceuticals,
Tarrytown, NY) for DR and DME13e17 has shifted the focus
away from thermal treatment of retinal tissue for DME and
pathologic neovascularization to addressing the underlying
pathophysiologic feature common among NPDR, DME, and
PDR: progressive retinal vascular deterioration. Neutraliza-
tion of pathologic levels of VEGF with anti-VEGF phar-
macotherapies can reverse disease worsening and can
promote retinopathy improvements, a process likely related
to the stabilization and possible improvement of retinal
circulation.2,18 In patients with DR with and without DME,
anti-VEGF treatment resulted in DR improvements across
multiple randomized, controlled phase 3 clinical trials;
cumulatively, up to 47% of all patients, regardless of baseline
DR level, experienced 2-step or more DR improvement at 24
months with anti-VEGF treatment.13,15,17,19

Beyond changes in DRSS level, baseline NPDR severity
alone has predictive value for DR outcomes. In the ETDRS,
patients with moderately severe to severe NPDR (DRSS
levels 47/53) were at greatest risk of progression to PDR. At
1 year, 26.0% and 51.5% of patients with baseline DR levels
of 47 and 53, respectively, had progressed to PDR,
compared with 12.2% of patients with a baseline DR level
of 43. By year 5, 66.4% and 79.5% of patients with baseline
DR levels of 47 and 53, respectively, had progressed to
PDR, compared with 44.3% of patients with a baseline DR
level of 43.4 In RIDE and RISE, a similar predictability of
baseline DR levels was noted in patients randomized to
sham treatment; among them, those with a baseline DR
level of 53 or more were significantly more likely to
progress to PDR by month 24 than patients with a
baseline DR level of 47 or less (P < 0.0001).20 Combined
with the notable decline in visual function in patients with
a DR level of 43 or more in the Los Angeles Latino Eye
Study,8 these data indicate that DR levels of 43, 47, and
53 represent an important tipping point for clinical
outcomes in patients with DR. Similarly, the recent work
by Willis et al21 showed that among 1004 adult patients
with diabetes analyzed in this United States-based study,
vision-related functional burden was greater significantly in
patients with severe NPDR or worse compared with patients
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with less severe retinopathy. Given the association of DR
severity with clinical outcomes, the current investigation
sought to identify those patients who may benefit most from
anti-VEGF treatment by investigating the role of baseline
DR severity in determining DR outcomes in response to
ranibizumab therapy. A particular focus was placed on
patients with baseline DR levels of 47/53.

Methods

Overview of RIDE and RISE

The study methods and primary results for RIDE and RISE have
been published previously.16,20,22 Briefly, RIDE (Clinical
Trials.gov identifier, NCT00473382) and RISE (ClinicalTrials.gov
identifier, NCT00473330) were 2 identically designed phase 3,
randomized, double-blind, sham-controlled clinical trials of rani-
bizumab in 759 patients with DR and DME that were conducted in
parallel.16 The study protocols for each trial were approved by the
institutional review boards or ethics committees of participating
sites, each trial was conducted in accordance with the tenets of
the Declaration of Helsinki, and all patients provided written,
informed consent before enrollment.16 Patients were randomized
1:1:1 to receive monthly intravitreal injections of ranibizumab
0.3 mg, ranibizumab 0.5 mg, or sham for 24 months. From
month 25 through month 36, patients originally randomized to
sham treatment crossed over to receive monthly injections of
ranibizumab 0.5 mg. Patients in the ranibizumab arms continued
monthly treatment with their original ranibizumab dosages.16,22

The primary efficacy outcome for both RIDE and RISE was the
proportion of patients who achieved at least a 15-letter ETDRS
chart improvement from baseline in best-corrected visual acuity
(BCVA) at month 24.16

Diabetic Retinopathy Outcome Analyses

The main objective of this exploratory post hoc analysis of the
RIDE and RISE clinical trials was to examine DR outcomes in
patients who were at highest risk for progressing to PDR (baseline
DRSS levels 47/53). Diabetic retinopathy outcomes were a pre-
specified secondary end point of RIDE and RISE, and all DR data
were collected prospectively. Diabetic retinopathy severity was
assessed throughout the trials using 7-field color fundus photo-
graphs obtained at baseline and at months 3, 6, 12, 18, 24, 30, and
36. Masked evaluators at the University of Wisconsin Fundus
Photograph Reading Center graded the photographs according to
the ETDRS DRSS.3,17 A total of 746 randomized patients had
evaluable fundus photographs obtained at baseline and were
included in the analysis; patients were distributed evenly among
the 3 treatment arms (254, 245, and 247 patients each in the sham,
ranibizumab 0.3 mg, and ranibizumab 0.5 mg arms, respectively).
Patients were stratified into DR severity categories according to
their baseline DRSS score: DR absent or questionable (DRSS
levels 10e20), mild or moderate NPDR (DRSS levels 35/43),
moderately severe or severe NPDR (DRSS levels 47/53), PDR
with and without prior PRP (DRSS levels 60e75), and missing or
cannot grade (DRSS level 90). Example fundus images and
descriptions of the key clinical DR features for the 3 most common
DR severity groups are presented in Figure 1.

Diabetic retinopathy outcomes were assessed through month 36
in these baseline DR severity level patient groups. Diabetic reti-
nopathy worsening or progression was assessed using 2 metrics.
First, DR worsening was assessed using the previously described
composite end point of development of new proliferative events.
This composite end point takes into account clinical outcomes
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Figure 1. Baseline diabetic retinopathy severity groups assessed in RIDE and RISE. All clinical images are from patients enrolled in RIDE and RISE.
DRSS ¼ Diabetic Retinopathy Severity Scale; ETDRS ¼ Early Treatment Diabetic Retinopathy Study; NPDR ¼ nonproliferative diabetic retinopathy;
PDR ¼ proliferative diabetic retinopathy.
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associated with DR worsening, as defined by progression to PDR
on the ETDRS DRSS, occurrence of any new events of vitreous
hemorrhage, newly diagnosed iris or retinal neovascularization,
treatment with PRP or vitrectomy for DR-related reasons, or new
PDR cases identified by ophthalmoscopy.17,20,23 Second, wors-
ening of DR from moderately severe or severe NPDR (DRSS,
47/53) to PDR (DRSS, 60þ) was analyzed.

Statistical Analyses

Analyses were completed with observed data using the last
observation carried forward method. The proportion of eyes with
2-step or more and 3-step or more changes in DR level in each
ranibizumab treatment arm were compared with the sham treatment
arm using chi-square tests. For the time to new proliferative event
analysis in patients with baseline DR levels of 47/53, a
KaplaneMeier estimate and log-rank test were used to compare
each ranibizumab treatment arm with the sham arm. To determine
whether any baseline characteristics were associated with 2-step or
more DR improvement in ranibizumab-treated patients with base-
line DR levels of 47/53, univariate analyses were completed. The
following baseline patient characteristics were assessed: age, sex,
race, ethnicity, duration of diabetes, hemoglobin A1c level, BCVA,
central foveal thickness, presence of macular nonperfusion, and
DR severity level. In addition, change in BCVA from baseline to
month 3 was assessed for predictive value. Student’s t tests, chi-
square tests, and CochraneArmitage trend tests were used in
these analyses. To determine whether any of the examined baseline
or early response characteristics were predictive of 2-step or more
DR improvement, univariate logistic regression analyses were
conducted for each variable. Analyses were conducted using SAS
software version 9.4 (SAS Institute, Cary, NC).
Results

Patient Population

At baseline, approximately one third of patients showed mild or
moderate NPDR (28.8%), moderately severe or severe NPDR
(33.2%), or PDR (31.1%; Fig 2A). Baseline distribution of DR
severity levels was similar across treatment groups (Fig 2B). The
even distribution of patients among the 3 main baseline DR
severity categories across the treatment arms allowed for the
comparison of DR outcomes by baseline DR severity. In patients
999



Figure 2. Pie charts showing baseline diabetic retinopathy (DR) severity distribution in pooled RIDE and RISE patients (A) in the overall population and
(B) by treatment group. DRSS ¼ Diabetic Retinopathy Severity Scale; ETDRS ¼ Early Treatment Diabetic Retinopathy Study; NPDR ¼ nonproliferative
diabetic retinopathy; PDR ¼ proliferative diabetic retinopathy; PRP ¼ panretinal photocoagulation.
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with baseline DR levels of 60 through 75, patients were divided
into 2 subcategories based on previous PRP treatment status.
A floor effect exists for patients with prior PRP because the
presence of PRP scars automatically results in a DR severity
score of 60, thus making it impossible for patients with prior
PRP to improve to an NPDR level on the DRSS.3,4 As such, pa-
tients with PDR at baseline were separated into those who could
improve to a score lower than 60 (no prior PRP) and those who
could not (prior PRP).

Diabetic Retinopathy Outcomes by Baseline
Diabetic Retinopathy Level

Ranibizumab treatment resulted in significant DR improvements
compared with sham treatment that were maintained through
month 36 in each of the baseline DR severity groups examined (Fig
3; Table S1, available at www.ophthalmologyretina.org).
Ranibizumab treatment also reduced DR worsening compared
with sham treatment in all baseline DR severity groups
(Table S2, available at www.ophthalmologyretina.org). At month
24 in patients with baseline DR levels of 35/43, 10.3% and
15.8% of patients treated with ranibizumab 0.3 mg and 0.5 mg,
respectively, experienced 2-step or more DR improvement
compared with 1.4% of sham-treated patients. The proportions of
patients with 2-step or more DR improvement with ranibizumab at
month 24 were more than 2 times higher in patients with baseline
DR levels of 60 through 75 (no prior PRP; 31.0%, 36.4%, and
6.7% for ranibizumab 0.3 mg, ranibizumab 0.5 mg, and sham,
respectively; Fig 3).

The greatest benefit of ranibizumab treatment was observed in
patients with baseline DRSS levels of 47/53 (Fig 3). Atmonth 24, the
proportions of patients with baseline DR levels of 47/43 with 2-step
or more DR improvement from baseline were 78.4% and 81.1% in
the ranibizumab 0.3 mg and ranibizumab 0.5 mg treatment arms,
compared with 11.6% of patients in the sham arm (P< 0.0001). The
proportion of patients with 2-step or more DR improvements was
consistently higher throughout the trial in patients with baseline DR
1000
levels of 47/53 compared with patients with lesser or greater DR
severity at baseline (Table S1). Given the strength of the ranibizumab
treatment response in patients with baseline DR levels of 47/53 and
the knowledge that patients with this level of DR are at a high risk for
DRworsening and visual deterioration, this populationwas analyzed
further.

Diabetic Retinopathy Improvements in Patients
with Baseline Diabetic Retinopathy Levels of
47/53

The magnitude of DR improvements at progressive time points was
assessed in patients with baseline DR levels of 47/53 (Fig 4).
Ranibizumab treatment resulted in significant improvements in
DR compared with sham treatment as early as month 3, with
more than 30% of ranibizumab-treated patients achieving 2-step
or more DR improvement compared with 0% of sham-treated pa-
tients (P < 0.0001). By month 12, more than 75% of ranibizumab-
treated patients showed 2-step or more DR improvement compared
with 2.3% of sham-treated patients (P < 0.0001). Diabetic reti-
nopathy improvements with ranibizumab were maintained through
month 36, with 78.4% of patients receiving ranibizumab 0.3 mg
treatment and 81.1% of patients receiving ranibizumab 0.5 mg
treatment having achieved 2-step or more DR improvement at
months 24 and 36 (Fig 4A). In addition to 2-step or more DR
improvement, ranibizumab 0.3 mg and 0.5 mg treatment resulted in
3-step or more DR improvements in 22.7% and 28.4% of patients,
respectively, at month 24 (Fig 4B). In contrast, only 1.2% of sham-
treated patients achieved 3-step or more DR improvement at month
24 (P < 0.0001).

Visually, anatomic DR improvements with ranibizumab were
evident clearly on fundus photographs. In a case example, ranibi-
zumab treatment over 24 months improved baseline retinopathy
features, including intraretinal hemorrhages, intraretinal micro-
vascular abnormalities, micoaneurysms, and hard exudates,
resulting in a 2-step improvement in DR from level 47 at baseline
to level 20 at month 24 (Fig 5A). In a different patient with a
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Figure 3. Bar graph showing 2-step or more diabetic retinopathy (DR) improvement at month 24 by baseline DR level. Comparisons between each
ranibizumab treatment arm and the sham treatment arm in each baseline DR severity group were made using the chi-square test. *P < 0.03; **P < 0.005;
***P < 0.0001. Last observation carried forward data. PRP ¼ panretinal photocoagulation.
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baseline DR level of 53 who showed extensive intraretinal
hemorrhages across all 4 quadrants, venous beading, intraretinal
microvascular abnormalities, retinal nerve fiber layer infarcts
(cotton-wool spots), and hard exudates, ranibizumab treatment
resulted in a 3-step improvement with a substantial reduction in
multiple features by month 12 that was maintained through month
24 (Fig 5B). Conversely, progression from moderately severe to
severe NPDR to active PDR was seen in a sham-treated patient
who experienced a vitreous hemorrhage at month 12 (Fig S1,
available at www.ophthalmologyretina.org).
Diabetic Retinopathy Worsening in Patients
with Baseline Diabetic Retinopathy Levels of
47/53

Diabetic retinopathy worsening also was assessed in patients with
baseline DR levels of 47/53. The proportion of patients with 2-step or
more DR worsening was consistently and significantly lower
throughout the study in ranibizumab-treated patients compared with
sham-treated patients (Table S2 and Fig S2, available at
www.ophthalmologyretina.org). Diabetic retinopathy progression
from NPDR to PDR was assessed using both ETDRS DRSS
criteria and the composite time to new proliferative event end point.
The proportion of sham-treated patients who progressed to PDR as
assessed by theETDRSDRSS (DRSS level�60) increased over time
from 2.3% of patients at month 3 to 18.6% of patients at month 24. In
contrast, 0% and 2.7% of patients treated with ranibizumab 0.3 mg
and ranibizumab 0.5 mg, respectively, had progressed to PDR at
month 24 (each ranibizumab arm vs. sham, P < 0.002; Fig 6A).

Consistent with these results, ranibizumab treatment delayed
the time to new proliferative event and reduced the probability of a
patient experiencing a new proliferative event by 3 times compared
with sham treatment through month 36 (Fig 6B). By month 24, the
probability of experiencing a new proliferative event was 26.6% in
sham-treated patients compared with 6.6% and 10.2% in patients
treated with ranibizumab 0.3 mg and ranibizumab 0.5 mg,
respectively. By month 36, the probability of experiencing a new
proliferative event increased to 35.2% in sham-treated patients
while remaining relatively low in ranibizumab-treated patients
(12.4% and 11.9% of patients treated with ranibizumab 0.3 mg and
0.5 mg, respectively). The time to new proliferative event
KaplaneMeier curves through month 36 were significantly
different between each ranibizumab arm and the sham arm (log-
rank analysis: ranibizumab 0.3 mg vs. sham, P ¼ 0.0004; ranibi-
zumab 0.5 mg vs. sham, P ¼ 0.0018).

Predictors of 2-Step or More Diabetic
Retinopathy Improvement in Patients with
Baseline Diabetic Retinopathy Levels of 47/53

The association of baseline characteristics with response outcomes
to distinguish the nearly 80% of patients who experienced im-
provements from those who did not was considered. The following
baseline characteristics were assessed for their association with 2-
step or more improvement in DR severity at month 24: age, sex,
race, ethnicity, duration of diabetes, hemoglobin A1c level, BCVA,
central foveal thickness, presence of macular nonperfusion, and
DR severity level. Change in BCVA from baseline to month 3 also
was assessed. Examined characteristics were similar between pa-
tients who experienced 2-step or more DR improvement at month
24 and those who did not (Table 1). Further, univariate logistic
regression analyses determined that none of the evaluated
characteristics were predictive of 2-step or more DR improve-
ment in these patients at month 24 (P > 0.4 for all models).
Discussion

Diabetic Retinopathy Outcomes across Baseline
Diabetic Retinopathy Severity Categories

Consistent with previous DR analyses in RIDE and
RISE,17,20,24 ranibizumab treatment resulted in significant
1001
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Figure 4. Bar graphs showing (A) 2-step or more and (B) 3-step or more diabetic retinopathy (DR) improvement in patients with baseline DR levels of 47/53.
**P < 0.005; ***P < 0.0001. Statistical comparisons were made using the chi-square test. Last observation carried forward data. RBZ ¼ ranibizumab.
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DR improvements across baseline DR severity groups. In
the current analysis, DR outcomes were assessed by base-
line DR severity level to characterize the patient subgroup(s)
who experienced the greatest DR benefits with ranibizumab
treatment in RIDE and RISE. Patients with mild or moderate
DR at baseline (DR levels 35/43) experienced the lowest
rates of 2-step or more DR improvement with ranibizumab
(approximately 10% to 15% of patients at month 24). More
robust clinically significant DR improvements were
observed in patients with PDR without prior PRP (DR levels
60e75), with up to 36.4% of these patients experiencing 2-
step or more DR improvement at month 24. Yet patients
with moderately severe and severe NPDR (DR levels 47/53)
experienced the greatest benefit of ranibizumab treatment,
with nearly 80% of ranibizumab-treated patients achieving
2-step or more DR improvement at month 24.

Some of the differences in DR outcomes across the DR
subsets may be the result of the limitations of the ETDRS
DRSS scoring system. Patients with baseline DR levels of
35/43 have little room for improvement on the ETDRS
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DRSS, making 2-step or 3-step improvements unlikely or
impossible. For example, in patients with a baseline DR
level of 35, DR must be resolved completely to achieve a
2-step improvement in DR severity. In contrast, patients
with PDR are on the other end of the ETDRS DRSS
spectrum and may face different obstacles to achieving
2-step or more DR improvement. Patients with prior PRP
are limited in their improvement to below level 60 on the
ETDRS DRSS because of prior PRP scars, preventing
improvement to a score consistent with NPDR regardless
of other visible anatomic improvements in the unscarred
portions of the retina. The ETDRS DRSS PRP scoring
criterion is consistent with the large difference in the
number of ranibizumab-treated patients with baseline PDR
with and without prior PRP who achieved DR improve-
ments. At month 24, only 3 of 92 (3.3%) ranibizumab-
treated patients with PDR with prior PRP at baseline
achieved 2-step or more improvement at month 24
compared with 21 of 62 (33.9%) ranibizumab-treated
patients with PDR without prior PRP at baseline.



Figure 5. Case examples showing (A) 2-step or more and (B) 3-step or more diabetic retinopathy (DR) improvements from baseline in patients with
baseline DR levels of 47/53. DRSS ¼ Diabetic Retinopathy Severity Scale; ETDRS ¼ Early Treatment Diabetic Retinopathy Study; NPDR ¼ non-
proliferative diabetic retinopathy.
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Regardless of prior PRP treatment status at baseline, DR
improvements with ranibizumab were still lower among
patients with PDR at baseline (0.0%e36.4%) compared
with patients with moderately severe to severe NPDR at
baseline (nearly 80%). These results suggest that the DR
improvements in patients with moderately severe to severe
NPDR at baseline were not solely a result of a reverse
ceiling effect. If a reverse ceiling were in effect, patients
with PDR at baseline would show the highest rates of DR
improvement because they have the greatest room to
improve on the ETDRS DRSS. The reason for the rela-
tively greater proportion of patients experiencing DR
improvement among those with moderately severe and
severe NPDR compared with patients with PDR is un-
known, but it may indicate that the hurdle of DR
improvement with anti-VEGF treatment is higher for pa-
tients with advanced disease in whom proliferation of new
vessels has already occurred. The data indicate that PDR
may be associated with physiologic changes that can limit
DR improvement with anti-VEGF pharmacotherapy, at
least in some eyes.
Diabetic Retinopathy Outcomes in Patients with
Baseline Diabetic Retinopathy Levels of 47/53

The greatest ranibizumab treatment benefit was observed in
patients with moderately severe or severe NPDR at baseline
(DR levels 47/53), with nearly 80% of these patients
achieving 2-step or more DR improvement from month 18
through month 36. Diabetic retinopathy improvements were
rapid, occurring as early as month 3, and sustained with serial
ranibizumab dosing through month 36. Ranibizumab treat-
ment also reduced rates of DR worsening in patients with a
baseline DR level of 47/53, significantly reducing the prob-
ability of patients experiencing a new proliferative event
through month 36 compared with sham treatment. These
results are consistent with findings from the overall popula-
tion, with a slightly lower probability of worsening observed
across all treatment groups in patients with baseline DR levels
of 47/53 compared with the overall population (35% [DR
levels 47/53] vs. 39% [overall population] for sham-treated
patients and 12% [DR levels 47/53] vs. 17%e18% [overall
population] for ranibizumab-treated patients).20
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Figure 6. A, Bar graph showing progression to proliferative diabetic retinopathy (PDR) in patients with baseline diabetic retinopathy (DR) levels of 47/53.
At month 24, ranibizumab 0.3 mg versus sham, P < 0.0001 and ranibizumab 0.5 mg versus sham, P ¼ 0.0015. B, Bar graph showing time to first new
proliferative event (composite end point) in patients with baseline DR levels of 47/53. Cumulative probabilities calculated using the KaplaneMeier method.
Progression was defined by (1) progression from nonproliferative diabetic retinopathy (DR level <60) at baseline to PDR (DR level �60) at a later time
point, (2) need for panretinal photocoagulation laser treatment, (3) vitreous hemorrhage (adverse event [AE] or slit-lamp grade of 0 at baseline to more than
0 at a later time point, (4) cases identified by ophthalmoscopy, (5) vitrectomy, (6) iris neovascularization AE, or (7) retinal neovascularization AE.
1 month ¼ 30 days. RBZ ¼ ranibizumab.
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In contrast to patients with the other baseline DR levels
examined, patients with moderately severe to severe NPDR
at baseline demonstrated the greatest probability of experi-
encing DR improvement. From a scoring perspective, pa-
tients with a baseline DR level of 47/53 sit in the middle of
the ETDRS DRSS and theoretically have room to improve
by 4 to 5 steps.4 Anatomically, the pathologic changes that
characterize moderately severe to severe NPDR, such as
intraretinal hemorrhages, intraretinal microvascular
abnormalities, retinal exudates, and venous beading, may
be easier to reverse with treatment, as compared with the
neovascular changes that occur in PDR. In these patients
with moderately severe and severe NPDR, continued
inhibition of pathologic levels of intraocular VEGF
achieved through serial ranibizumab treatment, and the
subsequent normalization of aberrant vascular permeability
likely restored endothelial integrity and, presumably,
optimized retinal function. Ranibizumab also has been
shown retrospectively to slow the development of retinal
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nonperfusion significantly,18 another aspect of DR
pathophysiologic features that may contribute to the DR
improvement observed in ranibizumab-treated patients
with a baseline DR level of 47/53.

Factors Predictive of 2-Step or More Diabetic
Retinopathy Improvement

To gain a better understanding of the patients most likely to
experience DR improvement with ranibizumab, we exam-
ined associations with 2-step or more DR improvement in
patients with a baseline DR level of 47/53. Of the 10
baseline characteristics and early response factors examined,
none were associated with or predictive of 2-step or more
DR improvement at month 24. These results indicate that of
the analyses conducted, a baseline DR level of 47/53 itself is
the strongest predictor of DR improvement with ranibizu-
mab. Furthermore, the results of this analysis suggest that in
patients with a baseline DR level of 47/53, 2-step or more



Table 1. Two-Step or More Diabetic Retinopathy Improvement in Ranibizumab-Treated Patients with Baseline Diabetic Retinopathy
Levels of 47/53 Not Found to Be Associated with Examined Baseline or Early Response Characteristics*

Baseline Characteristics

2-Step or More Diabetic Retinopathy Improvement from Baseline at Month 24

P ValueNo (n ¼ 33) Yes (n ¼ 129)

Age, mean (SD)
Age (yrs) 60.5 (10.4) 59.9 (8.7) 0.7567y

Sex, no. (%)
Male 18 (54.5) 73 (56.6) 0.8328z

Female 15 (45.5) 56 (43.4)
Race, no. (%)
White 22 (66.7) 102 (79.1) 0.2525z

Black or African American 5 (15.2) 13 (10.1)
Asian 2 (6.1) 6 (4.7)
American Indian or Alaskan Native 0 (0.0) 3 (2.3)
Native Hawaiian or other Pacific Islander 2 (6.1) 1 (0.8)
Not available 2 (6.1) 4 (3.1)

Ethnicity, no. (%)
Not Hispanic or Latino 22 (66.7) 97 (75.2) 0.5771z

Hispanic or Latino 10 (30.3) 30 (23.3)
Not available 1 (3.0) 2 (1.6)

Diabetes, mean (SD)
Duration of diabetes (yrs) 13.4 (7.7) 12.6 (7.4) 0.5880y

HbA1c (%) 7.7 (1.6) 7.8 (1.4) 0.9203y

Visual acuity, mean (SD)
BCVA (ETDRS letters) 56.9 (11.8) 57.8 (11.4) 0.6899y

Anatomic
Central foveal thickness (mm), mean (SD) 477.0 (210.6) 475.6 (153.4) 0.9718y

Presence of macular nonperfusion, no. (%)x 9 (30.0) 38 (32.2) 0.8169z

Baseline DR severity level (ETDRS DRSS), no. (%)
47A 19 (57.6) 91 (70.5) 0.3714k

47B 3 (9.1) 6 (4.7)
47C 6 (18.2) 13 (10.1)
53A 1 (3.0) 6 (4.7)
53B 4 (12.1) 13 (10.1)

Visual outcomes, mean (SD)
Change in BCVA from baseline to month 3 (ETDRS letters) 8.9 (7.3) 9.2 (8.0) 0.8574y

BCVA ¼ best-corrected visual acuity; DR ¼ diabetic retinopathy; DRSS ¼ Diabetic Retinopathy Severity Scale; ETDRS ¼ Early Treatment Diabetic
Retinopathy Study; HbA1c ¼ hemoglobin A1c; SD ¼ standard deviation.
*None of the evaluated baseline or early response characteristics were associated with 2-step or more DR improvement (P > 0.25). Statistical comparisons
were conducted using Student’s t test analyses for continuous variables and chi-square test analyses for categorical variables; baseline DR severity category
analysis was performed using a CochraneArmitage trend test.
yStudent’s t test.
zChi-square test.
xData are for patients with macular nonperfusion data at baseline. Patients without 2-step or more DR improvement at month 24 from baseline, n ¼ 30;
patients with 2-step or more DR improvement at month 24 from baseline, n ¼ 118.
kCochraneArmitage trend test.
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improvement was independent of baseline age, sex, race,
ethnicity, duration of diabetes, hemoglobin A1c level, cen-
tral foveal thickness, macular nonperfusion status, ETDRS
DRSS subsets within the 47/53 subgroup (level 47AeC and
53AeB), or the magnitude of BCVA gains at month 3. The
result that macular nonperfusion status was not predictive of
2-step or more DR improvement in these patients may seem
surprising because capillary loss was found to be predictive
of progression to PDR in an earlier analysis of data from
RIDE and RISE.20 Although the analyses assessed different
outcomes in different patient populations, precluding a
direct comparison of findings, the lack of continuity across
predictor analyses for changes in DR outcomes suggests
that DR improvement and DR worsening are distinct
processes, necessitating independent assessment. With
regard to the role of nonperfusion specifically, RIDE and
RISE assessed only nonperfusion in the macula; therefore,
additional studies that assess nonperfusion more
comprehensively may be needed to discern fully the
connection between nonperfusion and changes in DR
severity.

The lack of identified predictive factors for DR
improvement with anti-VEGF treatment is consistent with
previous studies25 and illustrates the broad efficacy of
ranibizumab treatment in patients with moderately severe
to severe NPDR. It also indicates that patients in this
high-risk category may be good candidates for anti-VEGF
treatment regardless of disease phenotype. An additional
1005



Ophthalmology Retina Volume 2, Number 10, October 2018
factor that was not analyzed, but that may affect the likeli-
hood of 2-step or more DR improvement, was renal func-
tion. Because patients with renal failure requiring dialysis or
renal transplantation were excluded from RIDE and RISE,
further research is needed to determine if treatments such as
dialysis or renal transplantation can affect DR outcomes.
Other diabetic eye disease complications, such as cataract or
glaucoma, also could be investigated for association with
DR improvements.

Diabetic Retinopathy Improvement in Context

Diabetic retinopathy improvements with ranibizumab and
other anti-VEGF treatments have been assessed in a number
of clinical trials, including the Diabetic Retinopathy Clinical
Research Network Protocol I, Protocol S, and Protocol T
studies as well as the CLARITY clinical trial. Trials varied
in the number of patients in each DR level at baseline, how
patients with different baseline DR levels were grouped for
analysis, and the methodology used to assess changes in DR
severity. Trials also differed in the reading centers used to
assess DR severity. Finally, the timing of trials also varied,
with study start dates ranging from 2007 through 2014.
Taken together, these factors make it difficult to compare
DR outcomes across trials.

Protocol I, which examined the safety and efficacy of
ranibizumab plus prompt or deferred macular laser, triam-
cinolone plus prompt macular laser, and sham plus prompt
macular laser for the treatment of DME, included patients
with clinically significant DME and a wide range of baseline
DR severity levels (DRSS levels 10e71),19 similar to RIDE
and RISE. However, unlike RIDE and RISE, in which
subgroups were distributed equally across the range of DR
levels at baseline,17 most patients in Protocol I had DR
levels of 35/47 (51%e59% of patients) at baseline.19

Overall in Protocol I, ranibizumab 0.5 mg reduced DR
worsening and resulted in 2-step or more DR improve-
ments in approximately 21% of all patients treated with
ranibizumab at 12 months (pooled analysis for patients in the
ranibizumab plus prompt and deferred laser groups). In the
pooled ranibizumab treatment arms, the proportion of pa-
tients with 2-step or more improvement at 12 months was
similar in patients with moderately severe NPDR or better
(DRSS levels 10e47) at baseline compared with patients
with severe NPDR or worse (DRSS levels 53e71) at baseline
(25% vs. 28%).19 The rates of 2-step or more DR improve-
ment with ranibizumab treatment were consistent with the
results of the overall population in RIDE and RISE17 but
were low compared with the rates of improvement noted in
patients with baseline DR levels of 47/53 in RIDE and
RISE. Factors limiting the comparability of Protocol I with
RIDE and RISE include the variable distribution and
grouping of patients with different DR severity levels at
baseline and the number of patients with nonevaluable
fundus photographs in Protocol I that decreased the sample
size.19 Additionally, differences in treatment frequency also
may have contributed to differences in DR outcomes
between trials. In RIDE and RISE, the median number of
ranibizumab injections through month 24 was 24,16

whereas the median numbers of ranibizumab injections
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were 11 and 13 for the same period for ranibizumab-treated
patients in Protocol I.19

Diabetic retinopathy outcomes also were assessed in
Protocol S, which directly compared the efficacy of ranibi-
zumab versus PRP for the treatment of PDR.13 In contrast to
RIDE and RISE and Protocol I, Protocol S focused
primarily on patients with PDR (>85% of patients had
DR levels of 61e85 at baseline) and included patients
both with and without DME at baseline. Further, all
patients with prior PRP treatment were excluded. At 24
months, 47% of evaluable patients (no on-study PRP;
baseline DR level �61B) in the ranibizumab 0.5 mg group
experienced 2-step or more DR improvement.13 In contrast,
in RIDE and RISE, 36% of patients with PDR at baseline
without prior PRP treated with ranibizumab 0.5 mg
showed 2-step or more DR improvement at month 24.
The small differences between trials may not be clinically
meaningful and could be related to the relatively small
sample sizes in RIDE and RISE, which had approximately
100 fewer evaluable patients with PDR compared with
Protocol S. Other variations in baseline characteristics,
including the absence of DME at baseline in more than 70%
of patients in Protocol S, also could have contributed to the
differences in outcomes between trials.13 Taken together,
the DR outcomes from RIDE, RISE, Protocol I, and
Protocol S demonstrate that ranibizumab treatment can
lead to DR improvements in a clinically meaningful
proportion of patients across DR severity levels and
regardless of DME status at baseline.

Two additional trials that evaluated the efficacy of anti-
VEGF treatments for DR were the phase 2b CLARITY
study and the Diabetic Retinopathy Clinical Research
Network Protocol T study. CLARITY was similar to Pro-
tocol S in design and compared the efficacy of aflibercept
versus PRP laser for the treatment of patients with PDR with
or without prior PRP treatment. Unlike Protocol S, patients
with DME at baseline were excluded. At baseline, 77% of
patients evaluable for DR outcomes had low-risk PDR
(DRSS levels 61/65) and 23% had high-risk PDR (DRSS
levels 71/75).14 Although CLARITY focused primarily on
vision outcomes and did not use 2-step or more or 3-step
or more changes on the ETDRS DRSS to report DR out-
comes, anti-VEGF monotherapy did result in DR
improvements from baseline that were comparable with
rates of 2-step or more improvement in PDR patients from
RIDE and RISE. At month 12, approximately 22% of
aflibercept-treated patients improved from baseline and were
graded at a DR level of 53 or below compared with 10% of
PRP-treated patients. Data regarding patients with severe
NPDR (DRSS levels 47/53) as a separate subgroup have not
been presented.14

Protocol T was similar to Protocol I in patient population
and directly compared the efficacy of 3 anti-VEGF agentsd
ranibizumab, bevacizumab (Avastin, Regeneron Pharma-
ceuticals, Inc, Tarrytown,NY), and afliberceptdfor DME.At
baseline, most patients (62%e68%) in Protocol T showed
mild to moderately severe NDPR (DRSS levels 35e47).26

For DR outcome analyses, patients were grouped into 2
categories (NPDR or PDR at baseline) and changes in DR
severity were assessed using a compilation of potential end
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points that varied according to baseline DR severity level.
Using this methodology, ranibizumab and aflibercept
resulted in comparable improvements in DR at month 12 in
patients with NPDR (31.2% for aflibercept and 37.7% for
ranibizumab; P ¼ 0.51). In the small number of patients
with PDR who were evaluable for DR outcome assessment
(n � 35 per group), greater proportions of eyes with PDR
were reported to demonstrate DR improvements with anti-
VEGF treatment in Protocol T compared with RIDE and
RISE (31.4%e75.9% in Protocol T vs. 27.6%e33.3% in
RIDE and RISE).27 The variety of results between trials may
be related to the differences in patient grouping and DR
grading methodologies. Similar to CLARITY, patients with
severe NPDR (DRSS levels 47/53) have not been presented
as a subgroup.

Clinical Relevance and Implications for Patient
Management

Patients with baseline DR levels of 47/53 are at high risk of
experiencing visual decline and of PDR developing in a
short period without treatment.4 Progression of DR
negatively affects patient quality of life even in the
absence of DME and PDR. In the Los Angeles Latino
Eye Study, vision-related quality of life decreased signifi-
cantly when DR worsened beyond level 43 in 1 eye.8

Further, progression on the ETDRS DRSS correlated with
increased difficulty with driving, a tangible outcome
important to patients with DR and DME, many of whom
are of working age.

The results from the current analysis support the impor-
tance of considering earlier treatmentwith anti-VEGF therapy
for patients with DR. Approximately 45%more patients with
moderately severe and severe NPDR at baseline achieved
2-step or more DR improvement at months 24 and 36 than
patients with PDR. This notable difference in DR outcomes
between patients with moderately severe to severe NPDR and
patients with PDR at baseline suggests that anti-VEGF dosing
may be warranted before eyes progress to PDR. Further, the
low rates of DR worsening in ranibizumab-treated patients
with baseline DR levels of 47/53 indicate that anti-VEGF
treatment in patients with NPDR may be able to reduce
significantly the probability of progression to PDR and to
reduce the risk of vision-threatening DR complications in
many patients. In all baseline DR severity groups, DR im-
provements with ranibizumab were maintained through
month 36, indicating a sustained response in the context of
ongoing anti-VEGF dosing.

The occurrence of DR worsening in both sham- and
ranibizumab-treated patients speaks to the chronic nature of
DR, highlighting the need for close monitoring and ongoing
treatment of patients with DR regardless of baseline DR
severity. Although anti-VEGF treatment markedly reduced
DR worsening, it did not eliminate such progression, indi-
cating that there is still a need for additional treatment
options that target different aspects of DR beyond VEGF.
Panretinal photocoagulation certainly retains an important
role in the clinical management of PDR, and some patients
may benefit from a combination of pharmacologic and laser
treatment.28 It is important to recognize that all current
treatments have limitations, and no option consistently
controls DR progression in all patients. Even PRP, which
is sometimes perceived as a single-use treatment for PDR,
can fail to curtail DR progression in some patients.13

Study Limitations and Summary

Because of the retrospective, post hoc nature of this anal-
ysis, the results should be interpreted accordingly. The
statistical analyses reported here were not prespecified, and
therefore were not powered prospectively for comparisons.
In addition, the last observation carried forward method was
used to impute missing data for DR severity. These findings
are hypothesis generating and require confirmation in
additional prospective analyses. In addition, because all
patients in RIDE and RISE demonstrated DME at baseline,
the application of these findings to patients with DR without
DME deserves further investigation.

The current results provide important insights into DR
outcomes with ranibizumab treatment. This analysis is the
first to focus on patients with moderately severe to severe
NPDR (DR levels 47/53) who were at highest risk of pro-
gressive visual decline and PDR development. In these
patients, ranibizumab resulted in rapid, clinically meaning-
ful, and sustained DR improvements, with more than 75%
of patients achieving 2-step or more improvements by
month 12, and these improvements were maintained through
3 years of management.
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Pictures & Perspectives

OCT of a Large Macular Fold
A 48-year-old man with a 120-degree giant retinal tear sustained a postoperative superotemporal macular fold in his right eye. Vision

was count fingers, which improved to 20/200 after surgical unwrapping of the fold. A and B, Intraoperative views of the fold, which was
draped nasally over the fovea. C, An OCT scan through the central macula showing the fold surrounded by attached retina temporally (*)
and nasally (**). The hyper-reflective band (arrow) within the fold is a double layer of outer retina sandwiched between 2 inner retinas.
Postoperatively, the retina was reattached with mild subfoveal hemorrhage (D).
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