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 PURPOSE:

To compare the efficacy and safety of the
European labels of ranibizumab 0.5 mg vs dexamethasone
0.7 mg in patients with macular edema secondary to central retinal vein occlusion (CRVO).
 DESIGN: Phase IIIb, multicenter, double-masked, randomized clinical trial.
 METHODS: Patients were randomized (1:1) to receive
either monthly ranibizumab followed by pro re nata
(PRN) treatment (n [ 124) or 1 sustained-release dexamethasone implant followed by PRN sham injections
(n [ 119). Main outcomes were mean average change
in best-corrected visual acuity (BCVA) from baseline to
month 1 through month 6, mean change in BCVA, and
adverse events (AEs).
 RESULTS: Of 243 patients, 185 (76.1%) completed the
study. No difference was observed in BCVA between
ranibizumab and dexamethasone at months 1 and 2.
From month 3 to month 6, there was significant difference in BCVA gains in favor of ranibizumab. At month
6, mean average BCVA gain was significantly higher
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with ranibizumab than with dexamethasone (12.86 vs
2.96 letters; difference 9.91 letters, 95% confidence
interval [6.51–13.30]; P < .0001). Mean injection
number of ranibizumab was 4.52. Ocular AEs were reported in more patients in the dexamethasone than in
the ranibizumab group (86.6% vs 55.6%).
 CONCLUSIONS: Using the European labels, similar efficacy was observed for ranibizumab and dexamethasone at
months 1 and 2. However, ranibizumab maintained its
efficacy throughout the study, whereas dexamethasone
declined from month 3 onward. The main limitation of
the study was that dexamethasone patients received
only a single treatment during the 6-month study. In clinical practice, dexamethasone retreatment may be required
earlier than 6 months. Safety findings were similar to
those previously reported. (Am J Ophthalmol
2016;169:258–267. Ó 2016 Elsevier Inc. All rights
reserved.)
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retinal vein occlusion (CRVO) is a common
retinal vascular disease associated with rapid
vision loss.1,2 Two treatment options—anti–vascular
endothelial
growth
factors
(anti-VEGFs)
and
corticosteroids—with different mechanisms of action are
available for the treatment of macular edema secondary
to CRVO.3 Ranibizumab (Lucentis; Novartis Pharma
AG, Basel, Switzerland, and Genentech Inc, South San
Francisco, California, USA), a humanized monoclonal
antibody fragment (Fab), was the first anti-VEGF agent
approved for the treatment of macular edema secondary
to CRVO.4
Ranibizumab 0.5 mg was approved in June 2010 by the
United States Food and Drug Administration (US FDA)
based on the 6-month results of a phase III, randomized,
double-masked controlled trial—Central Retinal vein occlUsIon Study: Evaluation of efficacy and safety trial
(CRUISE).5 In the CRUISE study, a statistically significant improvement in the mean best-corrected visual acuity
(BCVA) was observed with monthly ranibizumab 0.5 mg
injections vs sham at month 6 (14.9 vs 0.8 letters,
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P < .0001), with an average of 5.5 intravitreal injections.
In addition, at month 6, a significantly greater proportion
_15 letters
of patients from the ranibizumab group gained >
compared with those from the sham group (47.7% vs
16.9%, P < .0001).5 During the 6-month pro re nata
(PRN) treatment period of the CRUISE study, improvements observed with monthly dosing during the first
6 months were sustained over 12 months after switching
to an individualized, as-needed dosing regimen guided by
BCVA and central subfield thickness retreatment criteria.6
HORIZON and RETAIN, the subsequent extension
studies, established long-term safety and efficacy of ranibizumab 0.5 mg over a period of 4 years, with no new safety
concerns and maintenance of visual acuity (VA) gain in
CRVO.7,8
Dexamethasone intravitreal implant (Ozurdex; Allergan, Inc, Irvine, California, USA), a potent water-soluble
biodegradable corticosteroid, is an anti-inflammatory agent
that can be delivered to the vitreous cavity. Dexamethasone intravitreal implant was approved in June 2009 by
the US FDA for the treatment of macular edema secondary
to CRVO based on the 6-month results of a phase III shamcontrolled study—Global Evaluation of implaNtable dExamethasone in retinal Vein occlusion with macular edema
(GENEVA).9 In the GENEVA study, a significant
improvement in BCVA with dexamethasone intravitreal
implant vs sham was achieved from day 30 to day 90 (greatest difference at day 60: approximately 9 letters; P < .001)
following 1 intravitreal application for macular edema due
to BRVO and CRVO. In addition, a greater proportion of
_15 letpatients with CRVO showed an improvement of >
ters with dexamethasone intravitreal implant compared
with sham at day 180 (18% vs 12%), with the greatest
response at day 60 (29% vs 9%, P < .001).9 The GENEVA
study was unable to determine the duration of effect of the
dexamethasone intravitreal implant or the optimal retreatment interval. However, 12-month data showed that
repeated dexamethasone intravitreal implant application
was associated with repeated but temporary visual improvement and steroid-related complications such as elevated
intraocular pressure (IOP) and cataracts.10
The optimal retreatment interval for the dexamethasone
intravitreal implant remains unclear.3 The retreatment
protocol in the GENEVA study did not address the possibility of patients requiring treatment earlier than 6 months:
there were no planned visits in the study between months 3
and 6.9 Furthermore, some smaller studies, including a
recent post hoc analysis, have shown that the efficacy of
dexamethasone intravitreal implant does not last over
6 months.11,12 The post hoc analysis by Kuppermann and
associates showed that the effect of the dexamethasone
intravitreal implant in terms of BCVA improvement
started at day 7 and lasted for 2–3 months when
considering >3-line gainers.12 Recently published studies
have investigated the use of the dexamethasone intravitreal implant at shorter intervals (4–6 months) than those
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proposed in the dexamethasone intravitreal implant label,
with better anatomic and functional outcomes.13–15
Separate clinical trials have shown both ranibizumab
and dexamethasone intravitreal implant to be effective in
improving VA in patients with CRVO, but head-to-head
trials directly comparing the efficacy and safety profiles of
these compounds are lacking.11 COMRADE-C is the first
head-to-head phase IIIb study to compare the efficacy
and safety of the European labels of ranibizumab vs dexamethasone intravitreal implant, used according to the
2015 European Medicines Agency (EMA) labels,16,17 in
patients with visual impairment due to macular edema
secondary to CRVO, according to valid treatment
recommendations.

METHODS
 STUDY DESIGN:

COMRADE-C was a 6-month, phase
IIIb, multicenter, randomized double-masked controlled
clinical trial that enrolled patients with visual impairment
due to macular edema secondary to CRVO. Patients were
enrolled from 66 sites across Germany, Great Britain,
Poland, and Hungary. The study was conducted between
August 2011 and January 2014 in accordance with the International Conference on Harmonization Harmonized
Tripartite Guidelines for Good Clinical Practice, with
applicable local regulations, and the Declaration of
Helsinki. The study protocol was reviewed and approved
by an independent ethics committee, an institutional review board, or a research ethics board for each contributing
center. All patients provided written informed consent
before entering the study. The COMRADE-C study is
registered with clinicaltrials.gov under NCT01396083.

 PATIENTS: The study population consisted of (1) male
_18 years with visual impairment
and female patients aged >
due to macular edema secondary to CRVO diagnosed
<
_6 months before screening, and (2) patients with BCVA
(study eye) of 20/40 to 20/400 (6/12 to 6/120 meters) using
Early Treatment Diabetic Retinopathy Study (ETDRS)like VA testing charts.
Key exclusion criteria were as follows: (1) a history of
radial optic neurotomy or sheathotomy in the study eye,
presence of either dry or wet age-related macular degeneration (AMD) in the study eye, ocular diseases (uveitis,
neovascular glaucoma, diabetic retinopathy, diabetic
maculopathy, or ocular ischemic syndrome) associated
with increased intraocular VEGF levels, macular detachment/subretinal fluid attributable to causes other than
BRVO, hypersensitivity to any of the study drugs or to
drugs with similar chemical structures, or allergy to fluorescein; (2) central subfield retinal thickness (CSRT) of
<250 mm in the study eye; (3) prior episode of retinal
vein occlusion in the study eye; (4) anti-VEGF treatment
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in the study or the fellow eye 3 months before baseline; (5)
panretinal scatter photocoagulation or sector laser photocoagulation within 3 months before baseline or anticipated
within the 4 months following randomization; (6) intraocular corticosteroid use within 6 months before baseline; (7)
_30 mm Hg or uncontrolled glaucoma; patients
IOP of >
could be rescreened after 1 month if they had undergone
treatment; (8) a history of cerebral vascular accident or
myocardial infarction within 12 months prior to baseline;
and (9) a history of pars plana vitrectomy.
 RANDOMIZATION AND TREATMENT:

A randomization
list was produced by a validated system that randomly
assigned the treatment arms to randomization numbers in
the specified ratio. At enrollment, patients were randomly
allocated in a 1:1 ratio to receive either the ranibizumab
0.5 mg intravitreal injections or dexamethasone intravitreal implant 0.7 mg. If both eyes were eligible, the eye
with worse VA (assessed at visit 1) was selected, unless
the investigator deemed that the other eye was more appropriate for study treatment. All patients received treatment
in accordance with the European Union summary of product characteristics (SmPC) for ranibizumab16 or dexamethasone intravitreal implant.17 As mandated by the study
protocol, no adjustments of the ranibizumab or dexamethasone intravitreal implant dosing regimen, or rescue therapy, were allowed.
Ranibizumab group. Patients received intravitreal ranibizumab 0.5 mg injections as per the 2011 European (EU)
SmPC.16 They received a minimum of 3 consecutive
monthly ranibizumab injections or injections until stable
VA (no change in VA for 3 consecutive monthly
assessments based on investigators’ judgment) was
reached; thereafter, the patients were monitored monthly
for VA.16 Monthly treatment was resumed if there was a
loss of VA owing to disease activity, and it was continued
until the VA was again stable for 3 consecutive months
(implying a minimum of 2 injections during stable VA)
(Supplemental Figure 1; Supplemental Material available
at AJO.com).

Dexamethasone group. Patients received a single implant
of
sustained-release
intravitreal
dexamethasone
intravitreal implant 0.7 mg at baseline according to the
approved EMA label.17 Thereafter, they received
monthly sham injections, according to the ranibizumab
injection scheme, for the entire 6-month study period.
The sham injections consisted of empty sterile syringes
without needles and the injections were mimicked by
applying pressure against the globe of the eye
(Supplemental Figure 1; Supplemental Material available
at AJO.com).
Masking and randomization. A minimum of 2 investigators were involved at each study site to fulfill the masking
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requirements. All ocular assessments were carried out by
the evaluating physician, who was masked to the treatment
assignment. The injecting physicians were unmasked and
performed the study drug administration as per protocol;
however, they were not involved in any other aspects of
the study and were not allowed to communicate the details
of the treatment to anyone. Decisions regarding retreatment were made by masked investigators.
 STUDY OBJECTIVES:

The primary objective was to
compare the response to treatment with ranibizumab
with that of dexamethasone intravitreal implant, with
respect to the mean average change in BCVA from baseline to month 1 through month 6. The secondary and
key exploratory objectives were to compare the efficacy,
safety, and health-related quality of life (HRQoL) of ranibizumab with dexamethasone intravitreal implant for the
following: (1) mean change in BCVA and CSRT over
time from baseline to month 6; (2) proportion of patients
_15/>
_10/>
_5 letters at month
with a BCVA gain or loss of >
6; (3) time taken to achieve a significant improvement in
_15 letters at month 6; (4) number of inBCVA, defined as >
jections during the study; (5) IOP increase from baseline to
month 6; (6) safety over time; and (7) changes in HRQoL
according to the National Eye Institute Visual Function
Questionnaire (NEI VFQ-25), the Short Form Health Survey (SF-36), and the Euro Quality of Life (EQ-5D) questionnaire from baseline to month 6.

 EFFICACY AND SAFETY ASSESSMENTS:

Best-corrected
visual acuity. The BCVA of the study eye was assessed at
every visit using ETDRS-like VA testing charts at a
testing distance of 4 meters by a certified examiner. If the
patient was unable to read at least 4 letters at 4 meters,
the distance was reduced to 1 meter. The primary
endpoint was the average of the changes in BCVA
(letters) from baseline to any postbaseline visit until
month 6. This endpoint provides a more robust estimate,
as it accounts for both interpatient and intramonth
variability in BCVA, as compared with mean change
assessed at a single time point (month 6, end of the study).
Color
fundus
photography
and
fluorescein
angiography. Color fundus photography in conjunction
with fluorescein angiography (FA) was conducted at
screening and at the end of the study. Color fundus photographs and FA images were independently reviewed by a
central reading center (CRC; GRADE reading center,
Bonn, Germany) to ensure standardized evaluation.

Optical coherence tomography. Optical coherence tomography (OCT; if available, spectral-domain OCT was used
(n ¼ 243); if not available (n ¼ 11), time-domain OCT
was used) was conducted at all the visits. Retinal
thickness was assessed in terms of CSRT (by the
investigator) and foveal center point thickness (FCPT) as
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assessed by the CRC, the latter to exclude possible
measuring inaccuracies of different OCT. Here, FCPT
was defined as the distance from the internal limiting
membrane (ILM) to the bottom edge of the Bruch
membrane at the fovea centralis.
Health-related quality of life. HRQoL was assessed using
the vision-specific NEI VFQ-25 and the generic health
assessment utility tool, SF-36, and the indirect utility
questionnaire EQ-5D (0 ¼ worst score; 100 ¼ best
score). All questionnaires were scored by patients at
baseline and at month 6. Endpoints included absolute
scores and absolute change from baseline. The results will
be reported separately.
Treatment exposure. The number of injections (ranibizumab or dexamethasone intravitreal implant or sham)
administered to each treatment group was evaluated over
6 months.
Safety assessments. The incidence of ocular and nonocular adverse events (AEs) and serious adverse events
(SAEs), including their relationship to the study treatment
and/or ocular injection procedure, was assessed during the
6-month study period. Safety was evaluated by slit-lamp
examination and ophthalmoscopy, IOP measurements
_10% increase in IOP at any postbaseline visit), changes
(>
in vital signs, and laboratory evaluations over the 6month study period. AEs were summarized by the
proportion of patients experiencing AEs based on the
standardized Medical Dictionary for Regulatory Activities
by system organ class and preferred term.
Study withdrawal and study drug discontinuation. Patients
deemed to have an unsatisfactory therapeutic effect or
recurrence prior to completion of the trial discontinued
study treatment and received therapy as needed at the
discretion of the investigator. Treatment failure was
defined by the absence of visual improvement at visits 5,
6, and 7 compared to baseline BCVA at visit 1; reduction
_ 10% (250 mm <
_ CRT baseline
of central retinal thickness <
<
_ 500 mm) or 50 mm (CRT baseline >
_ 500 mm) compared
to baseline CRT (CRT baseline) at visit 1; or decrease in
_30 letters in the study eye compared with last
BCVA >
assessment of BCVA prior to most recent treatment. Patients were also withdrawn from the study at any time if
the investigator concluded that participation in the trial
would put their safety at risk or withdrawal would be in
the patient’s best interests.
Conditions requiring discontinuation from treatment
included rhegmatogenous retinal detachment, development of macular hole stage III-IV, transient ischemic
attack (TIA), or stroke. Criteria for study drug (ranibizumab and Ozurdex) interruption until the condition
resolved or had been treated successfully included intraoc_30 mm
ular inflammation, elevated IOP in the study eye >
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Hg, occurrence of retinal break in the study eye, ocular
or periocular infection, or intraocular surgery in the study
eye within the previous 28 days.
 STATISTICAL ANALYSIS:

A sample size of 108 patients in
each of the treatment groups was required to achieve 90%
power to detect a significant difference on a 2-sided, 5% significance level, if the true difference was 6 letters with a
common standard deviation (SD) of 13.5 letters. In order
to compensate for the dropouts and other protocol violations, 120 patients were considered in each treatment group.
Primary analysis was performed on the full analysis set
(FAS) that comprised all the patients who received at least
1 application of study treatment and had at least 1 postbaseline assessment for BCVA. The primary analysis was
performed using the last observation carried forward
(LOCF) approach and analysis of covariance model, with
the average change in BCVA (letters) from month 1
through month 6 as a dependent variable; and with the factors center, treatment, and covariate baseline BCVA.
Raw means, SD, and least-square (LS-) means with
corresponding 95% confidence intervals and P values
were calculated as point estimates for the treatment contrasts. The null hypothesis stated that ‘‘no difference in
the change of BCVA averaged over all postbaseline visits.’’
Sensitivity analysis of the primary analysis was performed
within the FAS by comparing the primary analysis (based
on LOCF) with the as-documented approach that used
the observed values only without imputation for missing
values. Further sensitivity analysis was performed using a
mixed model for repeated measures (MMRM) as well as
repeating the primary analysis on the per-protocol set
_15 letters
(PPS, as observed). The time to BCVA gain of >
was analyzed using the Kaplan-Meier method.
The safety analyses were conducted on the safety set that
comprised all patients who had received at least 1 application of the study treatment and had at least 1 postbaseline
safety assessment. AEs were summarized by presenting the
number and percentage of patients with any ocular/nonocular AEs. Deaths, SAEs, and AEs leading to study discontinuation for study treatment were listed separately and
were summarized by the primary system organ class and
preferred term.

RESULTS
 PATIENT DEMOGRAPHICS AND BASELINE CHARACTERISTICS: Of 325 patients screened, 243 were randomly allo-

cated to receive 1 of the drugs: 124 to ranibizumab and 119
to dexamethasone intravitreal implant. Overall, 113 patients (113/124; 91.1%) in the ranibizumab group and 72
patients (72/119; 60.5%) in the dexamethasone intravitreal implant group completed the 6-month study. The
main reasons for discontinuation in the ranibizumab and
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Total screened (N=325)
Not randomized (N=82)
1:1 randomization (N=243)

Ranibizumab 0.5 mg
(n=124)

Reasons for non-randomization, n (%);
• Not meeting diagnostic/severity
criteria: 43 (46.2)
• Unacceptable test
procedure/laboratory values; 20 (21.5)
• Unacceptable medical
history/medication: 10 (10.8)
• Subject withdrew consent: 7 (7.5)
• Other reasons: 13 (14.0)

Dexamethasone 0.7 mg implant
(n=119)

11 (8.9%) patients discontinued
from the study due to the
following, n (%):
• Adverse events: 2 (1.6)
• Abnormal laboratory value (s):
1 (0.8)
• Unsatisfactory therapeutic
effect: 2 (1.6)
• Subject withdrew consent:
4 (3.2)
• Lost to follow-up: 1 (0.8)
• Administrative problems: 1 (0.8)

47 (39.5%) patients discontinued
from the study due to the
following, n (%):
• Adverse events: 28 (23.5)
• Unsatisfactory therapeutic
effect: 13 (10.9)
• Protocol violation: 1 (0.8)
• Subject withdrew consent:
5 (4.2)

Study completion, n (%)
Month 6: 113 (91.1)

Study completion, n (%)
Month 6: 72 (60.5)

FIGURE 1. Disposition of patients with central retinal vein occlusion receiving either intravitreal ranibizumab injections
(0.5 mg) or a single intravitreal dexamethasone implant
(0.7 mg), administered as per their European Medicines Agency
label.

dexamethasone intravitreal implant groups were AEs
(1.6% and 23.5%, respectively), unsatisfactory therapeutic
effect (1.6% and 10.9%, respectively), and withdrawal of
consent (3.2% and 4.2%, respectively) (Figure 1). Efficacy
and safety analyses were conducted on the FAS and safety
set, respectively, with each set comprising 124 patients
from the ranibizumab group and 119 patients from the
dexamethasone intravitreal implant group.
Overall, patient demographics and baseline ocular characteristics were similar between the 2 treatment groups, as
shown in the Table. At baseline, 93.5% of patients in the
ranibizumab group and 95% of patients in the dexamethasone intravitreal implant group had active concomitant
medical conditions, the most common being hypertension
(62.1% and 65.5%, respectively), hypercholesterolemia
(23.4% and 21%, respectively), and hypothyroidism
(14.5% and 16.0%, respectively). It is important to note
that 18.2% of patients in the ranibizumab group and
16.1% of patients in the dexamethasone intravitreal
implant group showed retinal ischemia at baseline (defined
as enlargement of the foveal avascular zone) and 6.5% in
the ranibizumab group and 4.2% in the dexamethasone
intravitreal implant group were pseudophakic.
Protocol deviation. Noticeable differences for major protocol deviations were observed between the 2 treatment
groups. Differences were mainly linked to the following deviations (which occurred less frequently with ranibizumab
than with dexamethasone intravitreal implant): dropouts
(10 [8.1%] vs 47 [39.5%]), missing study injection
(6 [4.8%] vs 16 [13.4%]), forbidden concomitant medication–anti-VEGF agents (1 [0.8%] vs 12 [10.1%]), and
unmasking (1 [0.8%] vs 7 [5.9%]). Other major protocol
262

TABLE. Baseline Patient Demographics and Ocular and
Disease Characteristics (Randomized Seta)
Ranibizumab
0.5 mg

Dexamethasone
0.7-mg Implant

Total

Characteristics

(n ¼ 124)

(n ¼ 119)

(N ¼ 243)

Mean age (SD), y
Sex, n (%)
Male
Female
Race, n (%)
White
Asian
Black
Other
Mean time (SD)
since
diagnosis
of CRVO, db
Mean time (SD)
since
diagnosis
of macular
edema, days
Mean baseline
BCVA (SD),
letters
Baseline CSRT
N
Mean (SD), mm
Baseline FCPT
N
Mean (SD), mm

65.3 (11.4)

66.9 (12.4)

66.1 (11.9)

72 (58.1)
52 (41.9)

73 (61.3)
46 (38.7)

145 (59.7)
98 (40.3)

119 (96.0)
3 (2.4)
1 (0.8)
1 (0.8)
44 (40)

118 (99.2)
0 (0.0)
0 (0.0)
1 (0.8)
45 (56)

237 (97.5)
3 (1.2)
1 (0.4)
2 (0.8)
45 (48)

38 (36)

42 (56)

40 (47)

51.7 (16.5)

51.5 (15.6)

51.6 (16.1)

122
723.8 (245.9)

119
705.2 (231.1)

241
714.6 (238.4)

117
736.9 (280.5)

116
778.7 (266.9)

233
757.7 (274.0)

BCVA ¼ best-corrected visual acuity; CRVO, central retinal
vein occlusion; CSRT ¼ central subfield retinal thickness;
FCPT ¼ foveal center point thickness; SD ¼ standard deviation.
Percentages are based on the total number of patients in the
randomized set.
a
Comprises all randomized patients who received at least 1
application of the study treatment and had at least 1 postbaseline
assessment for BCVA.
b
Mean time in days from first diagnosis of CRVO to baseline
visit in clinical trial.

deviations were documented in <3% of the overall patient
population. A greater number of patients dropped out from
the dexamethasone intravitreal implant group than from
the ranibizumab group because of AEs or unsatisfactory
treatment. AEs that led to study discontinuation with
dexamethasone intravitreal implant were mainly related
to eye disorders such as reduced VA and macular edema,
mainly because of treatment failure at visits 5, 6, and 7
(Supplemental Table 1; Supplemental Material available
at AJO.com).
 EFFICACY: Best-corrected visual acuity. At months 1 and
2 there was no difference in mean (6 SD) change in
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FIGURE 2. Mean change from baseline in best-corrected visual
acuity (BCVA) to month 6 in patients receiving either intravitreal ranibizumab (0.5 mg) injections or a single intravitreal
dexamethasone implant (0.7 mg), administered as per their European Medicines Agency label for the treatment of macular
edema secondary to central retinal vein occlusion. Missing
data were imputed using the last-observation-carried-forward
method. *P values refer to analysis of covariance model. The error bars are ± 1 standard errors. ETDRS [ Early Treatment
Diabetic Retinopathy Study; SE [ standard error.

BCVA from baseline between ranibizumab and dexamethasone intravitreal implant, suggesting similar initial efficacy. At month 3, improvement in mean (6 SD) BCVA
was significantly higher with ranibizumab compared to
dexamethasone intravitreal implant (raw mean 6 SD:
16.0 6 13.4 vs 7 6 18.2 letters). This difference between
the treatment groups further increased until month 6
(raw mean 6 SD: þ16.9 6 13.6 letters for ranibizumab
and 0.7 6 22.5 letters for dexamethasone intravitreal
implant; Figure 2). The LS-means [95% CI] at month 6
were 14.78 [11.24–18.32] letters with ranibizumab
and 3.17 [6.8 to 0.46] letters with dexamethasone
intravitreal implant. The difference between the
treatment groups was 17.96 (95% CI: [13.37–22.54])
letters. Sensitivity analyses revealed consistent results for
the MRMM, as well as the as-observed analyses
compared to the primary LOCF approach, showing
robustness of results regardless of the missing values.
However, sensitivity analysis on the PPS (as observed)
yielded a lower difference in the mean average change in
BCVA as compared to the primary result, which may in
part result from the low sample size in the PPS (P ¼ .0904).
There was significant difference with respect to the mean
(6 SD) average change in BCVA from baseline to month 1
through month 6 (þ14.6 6 11.8 vs þ4.8 6 16.2 letters) in
favor of ranibizumab over dexamethasone intravitreal
implant. The adjusted LS-means were 12.86 letters (95%
CI: [10.24-15.48]) with ranibizumab and 2.96 letters
(95% CI: [0.27-5.64]) with dexamethasone intravitreal
implant and the difference of 9.91 letters between the
groups was statistically significant in favor of ranibizumab
(95% CI [6.51-13.30]; P < .0001) over dexamethasone
intravitreal implant. Thus, the primary endpoint was met
(Figure 3).
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Mean average change (±SD)
in BCVA from baseline to month 1
through month 6 (ETDRS letters)

Mean change in BCVA (±SE) from
baseline to month 6 (ETDRS letters)

Ranibizumab 0.5 mg (n=124)
Dexamethasone 0.7 mg implant (n=119)
+16.9

25

30

Ranibizumab 0.5 mg (n=124)
Dexamethasone 0.7 mg implant (n=119)

25
20
15
10
5

14.63
4.75

0
Month 6

FIGURE 3. Mean average change from baseline to month 1
through month 6 in best-corrected visual acuity (BCVA)
assessed using the analysis of covariance model in patients
receiving either intravitreal ranibizumab (0.5 mg) injections
or a single intravitreal dexamethasone implant (0.7 mg), administered as per their European Medicines Agency label for the
treatment of macular edema secondary to central retinal vein occlusion. Missing data were imputed using the last-observationcarried-forward method. LS-mean letter difference [95% CI]
was 9.91 [6.51-13.3] letters, P < .0001. ETDRS [ Early
Treatment Diabetic Retinopathy Study; SD [ standard deviation.

At month 6, a significantly larger proportion of patients
_15 letters with ranibizumab (58.9%) compared to
gained >
dexamethasone intravitreal implant (18.5%, P < .0001;
Figure 4). Similarly, a significantly larger proportion of pa_10 and >
_5 letters with ranibizumab (71.8%
tients gained >
and 83.9%, respectively) compared to dexamethasone
intravitreal implant (31.9% and 45.4%, respectively;
both P < .0001; Figure 4). The proportions of patients
_15, >
_10, and >
_5 letters are presented in
who lost >
Supplemental Figure 2 (Supplemental Material available
at AJO.com).
_15
Time to achieve a significant improvement of >
letters. Kaplan-Meier analysis estimated that 73.8% of patients in the ranibizumab group and 56.3% of patients in
the dexamethasone intravitreal implant group achieved a
_15-letter gain until month 6. The median
significant >
time to achieve this significant improvement was shorter
with ranibizumab (62 days) than with dexamethasone
intravitreal implant (98 days).
 ANATOMIC OUTCOMES:

The mean CSRT, as assessed by
the investigator, decreased substantially in both treatment
groups as early as month 1. The reduction in mean CSRT
observed at month 2 was maintained until the end of the
study in the ranibizumab group, whereas the mean CSRT
increased in the dexamethasone intravitreal implant group
starting at month 3 (mean change from baseline to month 6
6 SD: 376.7 6 274.9 mm with ranibizumab; 168.7 6
288.3 mm with dexamethasone intravitreal implant;
Figure 5). These findings were similar to mean change in
FCPT assessed by the CRC (mean change from baseline
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FIGURE 4. Proportion of patients with best-corrected visual
acuity (BCVA) improvement of ‡5, ‡10, and ‡15 letters at
6 months following either intravitreal ranibizumab (0.5 mg) injections or a single intravitreal dexamethasone implant (0.7 mg),
administered as per their European Medicines Agency label for
the treatment of macular edema secondary to central retinal vein
occlusion. Missing data were imputed using the lastobservation-carried-forward method. P values from Fisher exact
test on odds ratio. ETDRS [ Early Treatment Diabetic Retinopathy Study.

to month 6 6 SD: 426.2 6 297.8 mm vs 236.0 6
349.0 mm; P < .001).
 NUMBER OF INJECTIONS:

The majority of patients (117/
124; 94.4%) treated with ranibizumab received 3 monthly
ranibizumab injections as mandated by the protocol
(Supplemental Table 2; Supplemental Material available
at AJO.com). Overall, patients treated with ranibizumab
received a mean of 4.52 injections, including the mandatory 3 monthly injections. During the PRN retreatment
period, patients received a mean of 1.57 ranibizumab injections. Twenty-eight patients of the 124 patients receiving
ranibizumab (22.6%) had a treatment-free interval of at
least 3 months. Patients in the dexamethasone intravitreal
implant group received a mean of 4.16 injections, which includes 1 implant at the beginning of the treatment and
sham injections thereafter (Supplemental Table 2).

 SAFETY:

Serious adverse events. Ocular SAEs were reported in 1 patient treated with ranibizumab (macular
edema and retinal vein occlusion) and in 9 patients treated
with dexamethasone intravitreal implant (Supplemental
Table 3; Supplemental Material available at AJO.com).
In both groups, there were no deaths or cases of
endophthalmitis, retinal tear, retinal pigment epithelial
tear, retinal detachment, or traumatic cataracts reported
during the study. Nonocular SAEs were reported in 9
patients in
each group
(ranibizumab,
7.3%;
dexamethasone intravitreal implant, 7.6%). None of the
ocular and nonocular SAEs in the ranibizumab group
were suspected to be related to the study drug or
injection procedure. Three cases of ocular SAEs
(hyphema, glaucoma, and VA reduced) and 1 case of
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Mean change in CSRT (±SE) from
baseline to month 6 (μm)
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FIGURE 5. Mean change from baseline in central subfield
retinal thickness (CSRT) to month 6 in patients receiving either
intravitreal ranibizumab (0.5 mg) injections or a single intravitreal dexamethasone implant (0.7 mg), administered as per their
European Medicines Agency label for the treatment of macular
edema secondary to central retinal vein occlusion. CSRT was
measured with optical coherence tomography. Missing data
were imputed using the last-observation-carried-forward
method. The error bars are ± 1 standard error (SE).

nonocular SAE (TIA) in the dexamethasone intravitreal
implant group were suspected to be related to the study
drug. Two cases of ocular SAEs (both hyphema and
glaucoma in 1 patient and IOP decrease, hyphema, and
vitreous hemorrhage in another patient) and none of the
nonocular SAEs in the dexamethasone intravitreal
implant group were suspected to be related to the
injection procedure (Supplemental Table 3).
Adverse events (study eye). Ocular AEs were reported in
69 of the 124 ranibizumab group patients (55.6%) and 103
of the 119 dexamethasone intravitreal implant group patients (86.6%) (Supplemental Table 4; Supplemental
Material available at AJO.com). Elevated IOP was
reported for 7 patients in the ranibizumab group (5.6%)
and 38 patients in the dexamethasone intravitreal
implant group (31.9%). The other most frequent ocular
AEs were macular edema (ranibizumab, 11.3%;
dexamethasone intravitreal implant, 17.6%), eye pain
(ranibizumab, 12.1%; dexamethasone intravitreal
implant, 12.6%), and reduced VA (ranibizumab, 6.5%;
dexamethasone intravitreal implant, 18.5%). Cataract
was reported for 1 patient in the dexamethasone
intravitreal implant group (0.8%) and for no patients in
the ranibizumab group. Ocular AEs suspected to
be related to the study drug were less common in the
ranibizumab group (7 patients, 5.6%) than in the
dexamethasone intravitreal implant group (43 patients,
36.1%; Supplemental Table 4).
Nonocular AEs were reported in 72 patients in the ranibizumab group (58.1%) and 65 patients in the dexamethasone intravitreal implant group (54.6%) (Supplemental
Table 4).
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FIGURE 6. Mean change from baseline in intraocular pressure
(IOP) from baseline (BSL) to month 6 in patients receiving
either intravitreal ranibizumab (0.5 mg) injections or a single
intravitreal dexamethasone implant (0.7 mg), administered as
per their European Medicines Agency label for the treatment
of macular edema secondary to central retinal vein occlusion.
Safety analysis set. The error bars are ± 1 standard error (SE).
SCN [ screening.

Mean intraocular pressure. Over the 6-month treatment
period, the mean IOP was stable for patients treated with
ranibizumab (mean IOP at baseline, 14.9 6 3.0 mm Hg;
mean IOP at month 6, 15.9 6 2.7 mm Hg). In contrast,
the mean IOP increased from a mean of 15.4 6 3.1 mm
Hg to 20.7 6 6.9 mm Hg at month 2 with
dexamethasone intravitreal implant and subsequently
decreased to a mean of 16.6 6 3.4 mm Hg at month 6
(Figure 6), reflecting the diminishing ocular
pharmacologic activity of the steroid implant.

DISCUSSION
COMRADE-C IS THE FIRST COMPARATIVE RANDOMIZED

controlled trial to investigate the clinical efficacy and
safety of the European labels16,17 of ranibizumab vs
dexamethasone intravitreal implant in patients with
macular edema secondary to CRVO over 6 months.
There was no difference in BCVA between the
treatments prior to month 3, suggesting similar initial
efficacy. The mean BCVA improvement observed during
the first 2 months of treatment was sustained until the
end of the study in the ranibizumab group and decreased
until the end of the study in the dexamethasone
intravitreal implant group. The improvements in mean
BCVA were accompanied by a statistically significant
reduction in CSRT in ranibizumab-treated patients between months 1 and 6. With dexamethasone intravitreal
implant, CSRT was initially reduced but increased after
month 3.
Overall, results from the COMRADE-C study are
consistent with those reported in pivotal studies of
VOL. 169

ranibizumab and dexamethasone intravitreal implant in
CRVO.5,6,9,18,19 Caution should be exercised when
making cross-trial comparisons owing to study design differences in inclusion and exclusion criteria and baseline
characteristics. The main difference between the pivotal
phase III CRUISE study of ranibizumab in CRVO and
the COMRADE-C study is in the dosing regimen
(ie, monthly vs 3 initial injections and then individualized
treatment). The baseline characteristics are fairly similar
between the 2 studies, with the exception of baseline
BCVA, which was higher in the COMRADE-C study
(51.7 letters) than in the CRUISE study (48.1 letters),
and the time from occlusion to treatment, which was
shorter in the COMRADE-C study (approximately
1.5 months) compared to the CRUISE study (3.3 months).
At month 6, the mean BCVA improvements were numerically higher in the COMRADE-C study (16.9 letters) than
those reported in the CRUISE study (14.9 letters). The difference of 2 letters may be partly because of the differences
in time from diagnosis to treatment. Moreover, a larger pro_15 letters in the COMRADE-C
portion of patients gained >
study (58.9%) than the CRUISE study (47.7%). We noted
that these results were obtained despite the fact that the
CRUISE study mandated monthly injections and patients
received an average of 5.5 ranibizumab injections in the
CRUISE study vs 4.6 in the COMRADE-C study in which
patients followed an individualized treatment regimen.
These results indicate that not all patients require monthly
injections and that patients with CRVO can be managed
with an individualized dosing.
In the GENEVA study (N ¼ 427), patients received a
single dexamethasone intravitreal 0.7 mg implant over a
6-month time period. Mean BCVA improved by approximately 9 letters at month 2; this value declined progressively and reached baseline BCVA value at month 6.
A similar trend was observed in the dexamethasone intravitreal implant arm of the COMRADE-C study, in which
mean BCVA improved to 11.9 letters at month 2 and
declined to baseline BCVA (0.7 letters) at month 6.
Datasets from these studies showed that a single dexamethasone intravitreal implant leads to BCVA improvements
that typically last for 2–3 months. A steady decline thereafter suggests that patients need treatment sooner than
6 months.9,10,12 Other recent studies have investigated
the use of dexamethasone intravitreal implant at
intervals shorter than 6 months,20,21 with Gado and
Mackey20 suggesting a retreatment with dexamethasone
at approximately 4 months after the initial first treatment.
BCVA improvements were paralleled by a significant
reduction in mean FCPT from baseline with ranibizumab
vs dexamethasone intravitreal implant (426.2 vs
236.0 mm; P < .001). In addition, mean CSRT reduction
at months 1 and 2 was comparable in both treatment
groups. From month 3 to month 6, mean CSRT values
were maintained with ranibizumab PRN, whereas they
increased after dexamethasone intravitreal implant with
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sham injections. These observations were consistent with
the results obtained from the pivotal CRUISE and
GENEVA studies. Reduction in CSRT with ranibizumab
treatment was similar to the upper limit of normal CSRT
(approximately 275 mm), suggesting that macular edema
completely resolved after individualized treatment with
ranibizumab, whereas it reoccurred until month 6 of treatment with a single dexamethasone intravitreal implant.
We observed no new safety risks with either ranibizumab
or dexamethasone intravitreal implant treatment. Overall,
the incidences of ocular and nonocular AEs were higher
with dexamethasone intravitreal implant than with the
ranibizumab treatment. No deaths or endophthalmitis
cases reported in this study. No cases of cataracts were reported in the ranibizumab group, whereas 1 case of cataract
was reported in the dexamethasone intravitreal implant
group. Treatment-related IOP increase is a well-known
risk with corticosteroid therapy.22,23 Change in IOP
reflecting the ocular pharmacologic corticosteroid
activity was highest at month 2 and decreased thereafter
with the use of topical IOP-lowering medications. This
observation was consistent with the findings from the
GENEVA study.
The main limitation of the study was that patients were
only treated once during 6 months in the dexamethasone
intravitreal implant group. The reason is that the study
was designed according to the then-valid European treatment recommendations (EU SmPC) for ranibizumab and
dexamethasone intravitreal implant in CRVO-related
ME. Another limitation is the higher percentage of protocol violations (63.0%) in the dexamethasone intravitreal
implant group, and more patients in this group discontinued the study (39.5%) compared with the ranibizumab

group (33.1% and 8.1%, respectively). However, analysis
of the primary endpoint on the observed dataset, without
imputing missing values, as well as using an MMRM analysis, confirmed that the discontinuations in this study did
not impact the primary endpoint (Supplemental Figure 3;
Supplemental Material available at AJO.com). A prospective trial using a PRN regimen also in the dexamethasone
group is required for a robust comparison between the 2
treatment groups.
In conclusion, the results of the COMRADE-C study
demonstrate that when patients are treated according to
the European label for ranibizumab and dexamethasone,
similar efficacies are achieved in the first 2 months for patients with macular edema secondary to CRVO. In line
with previous studies, our study found that treating patients
with a single dose of dexamethasone was not sufficient to
maintain efficacy over the 6-month study and retreatment
should be given more frequently. Our study design, treating
according to the European labels, favored patients in the
ranibizumab group, as they continued to achieve high visual acuity outcomes over the 6-month study interval. No
new safety findings were reported in this study other than
those reported in previous studies. Patients treated with
dexamethasone intravitreal implant had a higher incidence of ocular AEs, including IOP increase and cataract
formation. Outstanding issues such as improvements in
VA maintained beyond month 6, long-term outcome of
continued treatment with ranibizumab and dexamethasone
intravitreal implant based on prespecified PRN retreatment criteria, or number of injections required to achieve
optimal outcomes will be addressed in the phase IV
12-month
extension
study
of
COMRADE-C
(NCT01580020).24
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(Switzerland), Bayer HealthCare (Germany), and Allergan (Ireland); has received research funding from Novartis (Switzerland), Bayer HealthCare (Germany), and Théa Pharm (Germany); and has been lecturer for Novartis (Switzerland), Bayer HealthCare (Germany), Allergan (Ireland), Heidelberg Engineering (Germany), Pfizer (USA), and Alimera Sciences (USA). Peter Wiedemann has received grants from Genentech (USA), Ophthotec (USA), and
Bayer HealthCare (Germany). Gabriele E. Lang is a consultant for Novartis (Switzerland), Bayer Health Care (Germany), Boehringer Ingelheim (Germany), Allergan (Ireland), and Alcon (USA), and has received financial research support from Novartis (Switzerland) and Bayer Health Care (Germany).
Matus Rehak is a lecturer for Novartis (Switzerland), Allergan (Ireland), Bayer HealthCare (Germany), Heidelberg Engineering (Germany), and Alimera
Sciences (USA); is a consultant for Bayer HealthCare (Germany) and Novartis (Switzerland); and has received clinical trial support from Novartis
(Switzerland). Armin Wolf has received research funding and clinical trial support from Novartis (Switzerland). Thomas Bertelmann has received funding
for research and clinical trials from Alcon (USA), Alimera Sciences (USA), Allergan (Ireland), Bayer HealthCare (Germany), and Novartis
(Switzerland), as well as consulting fees, honoraria, and travel reimbursement from Alcon (USA), Alimera Sciences (USA), Allergan (Ireland), Bayer
HealthCare (Germany), and Novartis (Switzerland). He is a scientific staff member of Philipps-University Marburg, Germany and a medical advisor
for Novartis Pharma GmbH (Nuremberg, Germany). Lars-Olof Hattenbach is a consultant and lecturer for Novartis (Switzerland), Allergan (Ireland),
and Bayer HealthCare (Germany) and has received funding for research from Novartis (Switzerland) and Pfizer (Germany). All authors attest that
they meet the current ICMJE criteria for authorship.

266

AMERICAN JOURNAL OF OPHTHALMOLOGY

SEPTEMBER 2016

The authors thank Karen O’Leary (Novartis Ireland Limited, Dublin, Ireland), Chris Incles (CMI Medical Writing Limited, Cambridge, UK), and Usha
Gutti (Global Business Services-Global Medical and Clinical Services, Novartis Healthcare Pvt Ltd, Hyderabad, India) for medical writing and editorial
assistance as well as Monika Schwager, Winicker Norimed, Nuremberg, Germany for statistical support toward the development of this article.

REFERENCES
1. Shahid H, Hossain P, Amoaku WM. The management of
retinal vein occlusion: is interventional ophthalmology the
way forward? Br J Ophthalmol 2006;90(6):627–639.
2. Rogers S, McIntosh RL, Cheung N, et al. The prevalence of
retinal vein occlusion: pooled data from population studies
from the United States, Europe, Asia, and Australia. Ophthalmology 2010;117(2):313–329.e1.
3. Scott IU. Management of macular edema associated with
retinal vein occlusion. Arch Ophthalmol 2012;130(10):
1314–1316.
4. Ferrara N, Damico L, Shams N, Lowman H. Kim, R. Development of ranibizumab, an anti-vascular endothelial growth
factor antigen binding fragment, as therapy for neovascular
age-related macular degeneration. Retina 2006;26(4):
859–870.
5. Brown DM, Campochiaro PA, Singh RP, et al. Ranibizumab
for macular edema following central retinal vein occlusion:
six-month primary end point results of a phase III study.
Ophthalmology 2010;117(6):1124–1133.e1.
6. Campochiaro PA, Brown DM, Awh CC, et al. Sustained benefits from ranibizumab for macular edema following central
retinal vein occlusion: twelve-month outcomes of a phase
III study. Ophthalmology 2011;118(10):2041–2049.
7. Heier JS, Campochiaro PA, Yau L, et al. Ranibizumab for
macular edema due to retinal vein occlusions: long-term
follow-up in the HORIZON trial. Ophthalmology 2012;
119(4):802–809.
8. Campochiaro PA, Sophie R, Pearlman J, et al. Long-term outcomes in patients with retinal vein occlusion treated with
ranibizumab: the RETAIN study. Ophthalmology 2014;
121(1):209–219.
9. Haller JA, Bandello F, Belfort R, et al. Randomized, shamcontrolled trial of dexamethasone intravitreal implant in patients with macular edema due to retinal vein occlusion.
Ophthalmology 2010;117(6):1134–1146.e3.
10. Haller JA, Bandello F, Belfort R, et al. Dexamethasone intravitreal implant in patients with macular edema related to
branch or central retinal vein occlusion twelve-month study
results. Ophthalmology 2011;118(12):2453–2460.
11. Pielen A, Feltgen N, Isserstedt C, Callizo J, Junker B,
Schmucker C. Efficacy and safety of intravitreal therapy in
macular edema due to branch and central retinal vein occlusion: a systematic review. PLoS One 2013;8(10):e78538.
12. Kuppermann BD, Haller JA, Bandello F, et al. Onset and
duration of visual acuity improvement after dexamethasone
intravitreal implant in eyes with macular edema due to retinal
vein occlusion. Retina 2014;34(9):1743–1749.
13. Coscas G, Augustin A, Bandello F, et al. Retreatment with
Ozurdex for macular edema secondary to retinal vein occlusion. Eur J Ophthalmol 2014;24(1):1–9.

VOL. 169

14. Parravano M, Oddone F, Boccassini B, et al. Exploring the
morphological and functional retinal changes after dexamethasone intravitreal implant (OzurdexÒ) in macular
edema due to retinal vein occlusion. Ophthalmic Res 2014;
51(3):153–160.
15. Mathew R, Pearce E, Muniraju R, Abdel-Hay A, AbdulHey A, Sivaprasad S. Monthly OCT monitoring of Ozurdex
for macular oedema related to retinal vascular diseases: retreatment strategy (OCTOME Report 1). Eye (Lond) 2014;
28(3):318–326.
16. European Medicines Agency. Summary of Product Characteristics. Lucentis 10 mg/ml solution for injection. Novartis
2013. Available at: http://www.ema.europa.eu/docs/ en_GB/
document_library/EPAR_-_Product_Information/human/00
0715/WC500043546.pdf. Accessed September 18, 2014.
17. European Medicines Agency. Summary of Product Characteristics. Ozurdex 700 micrograms intravitreal implant in
applicator. Allergan 2015. Available at: http://www.ema.
europa.eu/docs/en_GB/document_library/EPAR_-_Product_
Information/human/001140/WC500095499.pdf. Accessed
October 12, 2015.
18. Spaide RF, Chang LK, Klancnik JM, et al. Prospective study
of intravitreal ranibizumab as a treatment for decreased visual
acuity secondary to central retinal vein occlusion. Am
J Ophthalmol 2009;147(2):298–306.
19. Kinge B, Stordahl PB, Forsaa V, et al. Efficacy of ranibizumab
in patients with macular edema secondary to central retinal
vein occlusion: results from the sham-controlled ROCC
study. Am J Ophthalmol 2010;150(3):310–314.
20. Gado AS, Macky TA. Dexamethasone intravitreous implant
versus bevacizumab for central retinal vein occlusion-related
macular oedema: a prospective randomized comparison. Clin
Experiment Ophthalmol 2014;42(7):650–655.
21. Maturi RK, Chen V, Raghinaru D, et al. A 6-month,
subject-masked, randomized controlled study to assess
efficacy of dexamethasone as an adjunct to bevacizumab
compared with bevacizumab alone in the treatment of
patients with macular edema due to central or branch
retinal vein occlusion. Clin Ophthalmol 2014;8:
1057–1064.
22. Aref AA, Scott IU, Oden NL, et al. Incidence, risk factors,
and timing of elevated intraocular pressure after intravitreal
triamcinolone acetonide injection for macular edema secondary to retinal vein occlusion: SCORE Study Report 15. JAMA
Ophthalmol 2015;133(9):1022–1029.
23. Yannuzzi NA, Patel SN, Bhavsar KV, Sugiguchi F,
Freund KB. Predictors of sustained intraocular pressure elevation in eyes receiving intravitreal anti-vascular endothelial
growth factor therapy. Am J Ophthalmol 2014;158(2):
319–327.e2.
24. COMRADE-Extension. Available at: https://clinicaltrials.
gov/ct2/show/NCT01580020. Accessed September 2014.

CENTRAL RETINAL VEIN OCCLUSION: RANIBIZUMAB OR DEXAMETHASONE

267

