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anibizumab for Diabetic Macular Edema

esults from 2 Phase III Randomized Trials: RISE and
IDE

an Dong Nguyen, MD, MSc,! David M. Brown, MD,? Dennis M. Marcus, MD,? David S. Boyer, MD,*
nil Patel, MD, PhD,° Leonard Feiner, MD, PhD,° Andrea Gibson,’ Judy Sy, PhD,” Amy Chen Rundle, MS,”
Jill Hopkins, MD,” Roman G. Rubio, MD,’ Jason S. Ehrlich, MD, PhD,’ on behalf of the RISE and RIDE
search Group*

Purpose: To evaluate the efficacy and safety of intravitreal ranibizumab in diabetic macular edema (DME)
tients.
Design: Twoparallel, methodologically identical, phase Ill, multicenter, double-masked, sham injection-
ntrolled, randomized studies.
Participants: Adults with vision loss from DME (best-corrected visual acuity [BCVA], 20/40-20/320 Snellen
uivalent) and central subfield thickness =275 wm on time-domain optical coherence tomography (OCT).
Intervention: Monthlyintravitreal ranibizumab (0.5 or 0.3 mg) or sham injections. Macular laser was available
r-protocol-specified criteria.
Main Outcome Measures: Proportion of patients gaining =15 letters in BCVA from baseline at 24 months.
Results: In RISE (NCT00473330), 377 patients were randomized (127 to sham, 125 to 0.3 mg, 125 to 0.5
). At 24 months, 18.1% of sham patients gained =15 letters versus 44.8% of 0.3-mg (P<0.0001; difference
sham adjusted for randomization stratification factors, 24.3%; 95% confidence interval [Cl], 13.8-34.8) and
.2% of 0.5-mg ranibizumab patients (P<0.001; adjusted difference, 20.9%; 95% Cl, 10.7-31.1). In RIDE
CT00473382), 382 patients were randomized (130 to sham, 125 to 0.3 mg, 127 to 0.5 mg). Significantly more
nibizumab-treated patients gained =15 letters: 12.3% of sham patients versus 33.6% of 0.3-mg patients
<0.0001; adjusted difference, 20.8%; 95% Cl, 11.4-30.2) and 45.7% of 0.5-mg ranibizumab patients
<0.0001; adjusted difference, 33.3%; 95% Cl, 23.8—42.8). Significant improvements in macular edema were
ted on OCT, and retinopathy wasless likely to worsen and morelikely to improve in ranibizumab-treated
tients. Ranibizumab-treated patients underwentsignificantly fewer macular laser procedures (mean of 1.8 and

laser procedures over 24 monthsin the sham groupsvs 0.3-0.8 in ranibizumab groups). Ocular safety was
nsistent with prior ranibizumab studies; endophthalmitis occurred in 4 ranibizumab patients. The total inci-
nceof deaths from vascular or unknown causes,nonfatal myocardial infarctions, and nonfatal cerebrovascular
cidents, which are possible effects from systemic vascular endothelial growth factor inhibition, was 4.9% to
5% of sham patients and 2.4% to 8.8% of ranibizumab patients.
Conclusions: Ranibizumabrapidly and sustainably improved vision, reducedtherisk of further vision loss,
d improved macular edemain patients with DME,with low rates of ocular and nonocular harm.
Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references.
hthalmology 2012;119:789-801 © 2012 by the American Academy of Ophthalmology.

“Group members listed online (http://aaojournal.org).
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abetic retinopathy (DR), the most common microvas-
lar complication of diabetes,’ is the leading cause of
w cases of vision loss and blindness among working-
ed adults in the United States and most developed
untries.2’> Diabetic macular edema (DME), swelling of

central retina that causes vision loss, is an advanced
mplication of DR*; the prevalence of DME increases
m 0%to 3% inindividuals with recent diagnoses of
betes to 28%to 29%in those with diabetes for =20

ars.° Because the population of people with diabetesis

85 million worldwide® and growing rapidly, vision
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s from DRis a significant public health issue, with
nsiderable socioeconomic and quality-of-life impacts.”
In 1985, the Early Treatment Diabetic Retinopathy
dy (ETDRS) established macular laser as standard
e treatment by demonstrating that patients with clini-
ly significant DMEtreated with laser experienced a
% reduction in moderate vision loss over time com-

red with untreated patients.* However, in ETDRS and
ent studies, relatively few patients with vision loss

perienced significant improvements in best-corrected
uticals, Inc.
armaceuticals,Inc.

ual acuity (BCVA) after laser, and improvement
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ded to occur slowly.8 –12 A treatment that rapidly and
rably improves vision would be an important advance.
Diabetic macular edema results from pathologically in-
ased retinal vascular permeability.13 Recognition of vas-

lar endothelial growth factor (VEGF) as the primary
tokine mediating this increase14,15 and observation of
reased intraocular VEGF levels in DME16 led to the
pothesis that VEGF signaling blockade might be benefi-
l both in restoring normal retinal anatomy and reversing
ion loss from macular edema. Ranibizumab is an anti-
GF antibody fragment, designed for intraocular use, that

utralizes the biologic activity of all known active iso-
ms of VEGF.17 Pilot studies demonstrated that intravit-
l ranibizumab reduced macular edema and improved
ual acuity (VA) in patients with DME.18 Subsequent
dies demonstrated that ranibizumab was superior to laser
6 months and superior to both intravitreal steroids and
er at 12 months.9,10,19,20 Herein, we report the results of
o 24-month, phase III, randomized studies designed to
aluate long-term treatment with ranibizumab in patients
th vision loss from DME.

ethods

udy Design

SE (registered on ClinicalTrials.gov as NCT00473330) and
DE (NCT00473382) are parallel phase III multicenter, double-
sked, sham injection–controlled, randomized studies con-
cted at private and university-based retina specialty clinics in
United States and South America (65 principal investigators

r study). One objective was to generate confirmatory evi-

1:1:1 Randomization  ( 

Screening: BCVA 20/40-20/3

Ranibizumab 0.3Sham injection (n  122a) 

Month 36  

Diabetic macu

Ranibizumab 0.5mgc  Ranibizum

24-month controlled
(monthly intravitreal/sham injections; rescu

Month 24  

Long-term open-label extension

ure 1. Study design. BCVA � best-corrected visual acuity; CST � c
ollment, 122 patients per treatment group. bStarting at month 3, patient
eria as described in Methods. cAfter publication of a 12-month trial of ran
h the data monitoring committee, the studies were amended to allow early
sistent edema and vision loss. One patient in RISE and 3 patients in RIDE

  
ginal treatment groups per the intent-to-treat principle used for efficacy analys

0
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Samsung Bioepis Co., Ltd. v. Regeneron Ph

f 
Find authenticated court document
ce for regulatory purposes; thus, 2 identically designed
dies were carried out. Two ranibizumab doses were chosen
regulatory purposes. Patients were recruited from June 2007

January 2009, and the 24-month controlled treatment periods
ed on November 16, 2010 (RISE), and January 12, 2011
DE). The trials adhered to the tenets of the Declaration of
lsinki, were Health Insurance Portability and Accountability
t– compliant, and protocols were approved by institutional
iew boards, ethics committees, or as applicable. Patients
vided written, informed consent.

rticipants

e eye per patient was randomized. Eligible participants were
d �18 years with diabetes mellitus (type 1 or 2), decreased
ion from DME (study eye BCVA, 20/40–20/320 Snellen equiv-
nt using ETDRS testing), and macular edema (time-domain
ical coherence tomography [OCT] central subfield thickness �

�m). Key exclusion criteria were prior vitreoretinal surgery,
a recent history (within 3 months of screening) of panretinal or
cular laser in the study eye, intraocular corticosteroids, or
iangiogenic drugs. Patients with uncontrolled hypertension, un-
trolled diabetes (glycosylated hemoglobin [HbA1c] � 12%), or
ent (within 3 months) cerebrovascular accident (CVA), or myo-
dial infarction (MI) were excluded.

ndomization, Intervention, and Masking

gible patients were randomized21 to monthly sham injections or
ravitreal injections of 0.3 or 0.5 mg of ranibizumab. Beginning
month 3 all patients were evaluated monthly for the need for
cular laser according to protocol-specified criteria: Central fo-
l thickness (CFT) �250 �m with a �50-�m change from the

or month, with no prior macular laser in the previous 3 months,
an assessment by the evaluating physician that macular laser

per patient)  

CT CST ≥ 275 µm 

  122a) Ranibizumab 0.5 mg (n  122a)

ema 

3 mg Ranibizumab 0.5 mg  

ent period
r, if eligible, beginning month 3b)   

Primary 
endpoint  

 0.5 mg ranibizumab 

subfield thickness; OCT � optical coherence tomography. aTarget
evaluated monthly for rescue laser based on objective and subjective

mab, laser, and steroids for diabetic macular edema,10 and consultation
ver (before month 25) to ranibizumab for patients receiving sham with
ed over early (before month 25). These patients were analyzed in their
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uld be beneficial. The goal of laser treatment was to apply
otocoagulation in a grid pattern or directly to leaky microaneu-
ms in areas of retinal thickening and edema, avoiding treatment
thin the foveal avascular zone. Randomization was stratified by
dy eye BCVA (�55 vs �55 ETDRS letters), baseline HbA1c
8% vs �8%), prior DME therapy in the study eye (yes vs no),

study site. Dynamic randomization was used to obtain approx-
ately a 1:1:1 ratio among groups (Fig 1). Randomization was
ne via interactive phone system. The sponsor developed the
cifications for the randomization, and a third party programmed
held the randomization algorithm. The studies were unmasked

February 10, 2011 (RISE), and March 22, 2011 (RIDE), when
atment assignments were made available to the study analysis
m of the sponsor. Ocular assessments, including the need for
cular laser, were made by evaluating ophthalmologists masked to
ients’ treatment assignments. Study treatments were administered
treating ophthalmologists unmasked to treatment assignments but
sked to ranibizumab dose. To improve patient masking, all patients
eived subconjunctival anesthesia before sham or active injections
rformed as previously described).22 Study site personnel (except
ating physicians and assistants), central reading center personnel,

the sponsor and its agents (except drug accountability monitors)
re masked to treatment assignment. Treating physicians were
sked to the assigned dose of ranibizumab. An independent statis-
l coordinating center performed the unmasked interim analyses for
data monitoring committee.

ssessments

aluations included vital signs, safety assessments, visual func-
n questionnaires, and ocular assessments: BCVA measured with

Table 1. Patient Demographic

Characteristic

RISE

Sham
(n � 127)

R

0.3 mg
(n � 125

an age (SD), yrs* 61.8 (9.8) 61.7 (8.9
ange, yrs 39–85 38–82

le, n (%) 74 (58.3) 73 (58.
ce, n (%)†

sian 6 (4.7) 7 (5.6
merican Indian or Alaska Native 0 0
lack or African American 19 (15.0) 18 (14.
ative Hawaiian/other/Pacific Islander 1 (0.8) 2 (1.6
hite 101 (79.5) 97 (77.
ot available 0 1 (0.8

panic or Latino ethnicity, n (%) 24 (18.9) 20 (16.
an body mass index (SD)‡ 31.4 (7.1) 32.3 (6.8
itive history of smoking, n (%) 60 (48.0)§ 64 (51.
an duration of diabetes (SD), yrs*,¶ 14.5 (9.9) 15.9 (9.9
an HbA1c (SD), %** 7.7 (1.5) 7.7 (1.5
8%, n (%) 80 (65.0) 81 (67.
8%, n (%) 43 (35.0) 39 (32.

A1c � glycosylated hemoglobin; SD � standard deviation.
t randomization.
tients who are of �1 race were counted for each category that they indi
umber of patients: 124, 122, and 124 (RISE) and 128, 125, and 126 (RID
umber of patients: 125.
mber of patients: 128, 124, and 125 in the sham, 0.3-mg, and 0.5-mg gr

umber of patients: 123, 118, and 118 (RISE) and 122, 119, and 124 (RID
umber of patients: 123, 120, and 120 (RISE) and 125, 120, and 123 (R
Regeneron Pharmace
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ETDRS chart (4-m starting distance), contrast sensitivity,
raocular pressure, slit-lamp examination, indirect ophthalmos-
y, OCT, fluorescein angiography (FA), and fundus photogra-
(FP). Study visits were scheduled every 30�7 days. The OCT,

, and FP images were graded at a central reading center.

tcomes
e primary efficacy measure was the proportion of patients
ning �15 ETDRS letters in BCVA score from baseline at 24
nths (corresponding to 3 lines on the eye chart). Secondary
comes at 24 months were mean change from baseline BCVA
re over time, proportion of patients with BCVA Snellen equiv-
nt of �20/40, mean change from baseline BCVA score over
e in patients with focal edema as assessed on FA, proportion of
ients losing �15 letters in BCVA score from baseline, mean
nge from baseline in OCT CFT over time, proportion of pa-
ts with a �3-step progression from baseline in ETDRS reti-
athy severity on FP, proportion of patients with resolution of

kage on FA, and the mean number of macular laser treatments
r time. Certain secondary endpoints were amended after the

dies commenced but before unmasking study results, to be more
sistent with literature and regulatory guidance received subse-
nt to initiation of the studies (Appendix 1; available at http://
journal.org).

alysis

cacy Analyses. The sample size of 366 patients (122 per
tment group) per study provided 90% experiment-wise power

detect a statistically significant difference in the primary effi-

Baseline Characteristics

RIDE

zumab

Sham
(n � 130)

Ranibizumab

0 5 mg
(n � 125)

0.3 mg
(n � 125)

0 5 mg
(n � 127)

62.8 (10.0) 63.5 (10.8) 62.7 (11.1) 61.8 (10.1)
21–87 22–91 24–88 29–84

65 (52.0) 66 (50.8) 73 (58.4) 80 (63.0)

7 (5.6) 2 (1.5) 5 (4.0) 5 (3.9)
0 1 (0.8) 1 (0.8) 2 (1.6)

14 (11.2) 15 (11.5) 14 (11.2) 13 (10.2)
1 (0.8) 0 1 (0.8) 0

97 (77.6) 104 (80.0) 99 (79.2) 105 (82.7)
6 (4.8) 8 (6.2) 5 (4.0) 2 (1.6)

25 (20.0) 37 (28.5) 33 (26.4) 31 (24.4)
32.9 (8.5) 32.3 (8.9) 32.3 (8.6) 31.3 (7.2)

58 (46.4) 43 (33.6)� 64 (51.6)� 57 (45.6)�

16.3 (8.5) 16.6 (10.6) 16.0 (9.8) 15.3 (10.1)
7.7 (1.4) 7.6 (1.4) 7.6 (1.3) 7.6 (1.5)
82 (68.3) 84 (67.2) 79 (65.8) 83 (67.5)
38 (31.7) 41 (32.8) 41 (34.2) 40 (32.5)

.
the sham, 0.3-mg, and 0.5-mg groups, respectively.

respectively.
n the sham, 0.3-mg, and 0.5-mg groups, respectively.
in the sham, 0.3-mg, and 0.5-mg groups, respectively.
and

anibi

)

)

4)

)

4)
)
6)
)
0)
)
2)
)
)
5)
5)

cated
E) in

oups,
E) i
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y measure between 1 or both ranibizumab groups and the
trol (expecting percentages of 35% for 0.5-mg ranibizumab-

ated patients, 25% for 0.3-mg, and 13% for sham patients). The
dies were not designed or powered to compare the 2 selected
ses of ranibizumab, but rather to compare each ranibizumab
se against the sham comparator (2 doses were used for regula-
y purposes). The intent-to-treat principle was used for efficacy
lyses, with missing data imputed using the last observation
ried forward method. To account for potential differences in
eline characteristics between treatment groups that may affect
outcome measures, efficacy analyses were stratified by the

domization stratification factors baseline BCVA (�55, �55

Table 2. Study Eye Cha

Characteristic

R

Sham
(n � 127)

0.3
(n �

an ETDRS letter score (SD) 57.2 (11.1) 54.7
an approximate Snellen equivalent 20/80�2 20
20/200, n (%) 10 (7.9) 17
20/200 but �20/40, n (%) 92 (72.4) 91
20/40, n (%) 25 (19.7) 17

an CFT (SD), �m 467.3 (152.0) 474.5
an time from first known CSME diagnosis to
andomization (SD), yrs*

2.3 (3.0) 2.1

tive or previously treated PDR present, n (%)† 34 (26.8) 28
vious treatment for CSME, n (%)
ny 94 (74.0) 94

ocal/grid laser 86 (67.7) 86
teroids‡ 35 (27.6) 39
ther 21 (16.5) 20

T � central foveal thickness; CSME � clinically significant macular e
liferative diabetic retinopathy; SD � standard deviation.
umber of patients: 127, 124, and 123 in the sham, 0.3-mg, and 0.5-mg g
ctive PDR was a study enrollment exclusion criterion.
traocular or subtenon injection.

Outcomes at Month 24 (

mber of macular focal/grid rescue laser treatments, mean (SD) 1.8 (1.
ifference vs sham (95% CI)†

est for treatment difference vs sham‡

edian
ange

ceived macular laser treatment, n (%; 95% CI) 94 (74
ifference vs sham (95% CI)†

est for treatment difference vs sham§

portion of patients who received PRP laser, n (%)� 14 (11

� confidence interval; PRP � panretinal photocoagulation; SD � stand
e last-observation-carried-forward method was used to impute missing da
arting at month 3, patients were evaluated monthly for macular focal/g

ifference is adjusted for baseline visual acuity (�55, �55 Early Treatm
ilcoxon test stratified by baseline visual acuity (�55, �55 ETDRS letter

ochran-Mantel-Haenszel �2 (stratified by baseline visual acuity [�55, �5

t a prespecified endpoint; no statistical testing performed. Data are reported in

2
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ers), baseline HbA1c (�8%, �8%), and prior therapy for DME
s or no); reported differences and 95% confidence intervals
re also adjusted for these baseline variables. For the primary
point and secondary efficacy endpoints based on binary vari-
es, a comparison between each ranibizumab group and the
trol group was made using the Cochran-Mantel-Haenszel chi-
are test stratified (adjusted) by the randomization stratification
tors. For secondary efficacy endpoints that were continuous in
ure (e.g., mean change from baseline in BCVA score), com-
isons were made by fitting either an analysis of variance or
lysis of covariance model, adjusting for the randomization
tification factors. For the secondary efficacy endpoint of mean

ristics at Baseline

RIDE

nibizumab

Sham
(n � 130)

Ranibizumab

)
0 5 mg

(n � 125)
0.3 mg

(n � 125)
0 5 mg

(n � 127)

) 56.9 (11.6) 57.3 (11.2) 57.5 (11.6) 56.9 (11.8)
20/80�2 20/80�2 20/80�2 20/80�2

) 10 (8.0) 10 (7.7) 9 (7.2) 11 (8.7)
) 91 (72.8) 95 (73.1) 92 (73.6) 91 (71.1)
) 24 (19.2) 25 (19.2) 24 (19.2) 25 (19.7)
8) 463.8 (144.0) 447.4 (154.4) 482.6 (149.3) 463.8 (175.5)

2.1 (2.1) 2.4 (3.2) 1.6 (2.0) 1.9 (2.4)

) 32 (25.6) 28 (21.5) 31 (24.8) 34 (26.8)

) 102 (81.6) 92 (70.8) 86 (68.8) 88 (69.3)
) 90 (72.0) 84 (64.6) 72 (57.6) 79 (62.2)
) 50 (40.0) 36 (27.7) 32 (25.6) 37 (29.1)
) 21 (16.8) 21 (16.2) 27 (21.6) 25 (19.7)

; ETDRS � Early Treatment Diabetic Retinopathy Study; PDR �

respectively, in RISE and 126 in the 0.5-mg group in RIDE.

Table 4. Use of Macular and

RISE

27)

Ranibizumab

0.3 mg
(n � 125)

0.5 mg
(n � 125)

0.8 (1.2) 0.8 (1.3)
�1.0 (�1.4 to �0.7) �1.1 (�1.5 to �0.7)

P�0.0001 P�0.0001
0 0

0–7 0–6
.4–81.6) 49 (39.2; 30.6–47.8) 44 (35.2; 26.8–43.6)

�35.0 (�46.4 to �23.7%) �39.3 (�50.7 to �28.0)
P�0.0001 P�0.0001

0 1 (0.8)

eviation.
e mean number of macular lasers is reported with no imputation.

ser based on the objective and subjective criteria as described in the
Diabetic Retinopathy Study [ETDRS] letters), baseline glycosylated
seline HbA1c (�8%, �8%), and prior treatment for diabetic macular
DRS letters], baseline HbA1c [�8%, �8%], and prior treatment for
racte

ISE

Ra

mg
125

(12.6
/80
(13.6
(72.8
(13.6
(174.
(2.2)

(22.4

(75.2
(68.8
(31.2
(16.0

dema

roups,
Sham
n � 1

8)

1.0
0–6

.0; 66

.0)

ard d
ta. Th
rid la
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s), ba
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nge from baseline in CFT over time up to 24 months, the
pective baseline CFT value was included as a continuous vari-
e (covariate) in the analysis of covariance model. The mean
mber of macular laser treatments during 24 months was com-
ed between each ranibizumab group and sham using a stratified
lcoxon test. Additional details are in the supplemental material
ppendix 1; available at http://aaojournal.org).
Safety Analyses. Safety was assessed through collection and
mary of ocular and nonocular adverse events (AEs), serious

s (SAEs), ocular assessments, deaths, laboratory results,
al signs, and antibodies to ranibizumab. At each study visit,
ndirective questioning was used to elicit AE reports from
tients. All AEs and SAEs, whether volunteered by the patient,
covered by study site personnel during questioning, or de-
ted by examination, laboratory testing, or other means, were
orded in the patient record and case report forms. Safety

alyses included all patients receiving �1 ranibizumab or
m injection. Patients were analyzed according to actual

atment received before optional crossover for patients ran-
mized to the sham group.
All data analyses occurred after all patients completed the
nth 24 visit or discontinued early. A Data Monitoring Commit-
(3 ophthalmologists and 1 biostatistician) was established to

nitor safety and study conduct by periodically reviewing un-
sked data. Each interim safety analysis was allocated a type I
or � � 0.0001 to account for review of VA data forming the
is of the primary efficacy endpoint.

esults

total, 759 patients were enrolled and randomized to study
atment (377 in RISE and 382 in RIDE; Fig 2, available at
p://aaojournal.org). Randomized groups were generally well-
lanced for baseline demographic (Table 1) and study eye
aracteristics, including history of prior treatment (Table 2);
wever, in RISE, more patients in the 0.3-mg ranibizumab
up had a BCVA �20/200, and more patients in the 0.5-mg
ibizumab group in both studies had previously received

nretinal Photocoagulation*

RID

Sham
(n � 130)

0.3 m
(n � 12

(1.6) 0.7 (1.4)
�0.9 (�1.3 to

P�0.00
1.0 0
0–7 0–7

(70.0; 62.1–77.9) 45 (36.0; 27
�32.8 (�44.2

P�0.00
(12.3) 2 (1.6)

thods. Panretinal laser was available as clinically indicated.
oglobin (HbA1c; �8%, �8%), and prior treatment for DME (yes, no).

ma (DME; yes, no).
E [yes, no]).
inopathy during these studies.
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Samsung Bioepis Co., Ltd. v. Regeneron Ph

f 
Find authenticated court document
raocular or periocular steroids for DME. The 2-year study
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