Graefes Arch Clin Exp Ophthalmol (2015) 253:2095-2102
DOI 10.1007/500417-015-2947-9

RETINAL DISORDERS
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Abstract

Purpose The objective of his study was to compare the visual
and anatomical outcomes in treatment-naive patients with
macular edema secondary to retinal vein occlusion after intra-
vitreal injections of dexamethasone implants (DEX) and anti-
VEGF.

Methods One hundred two patients (64 in the anti-VEGF
group, 38 in the DEX group) without previous treatment were
included in this multi-center retrospective study and evaluated
at baseline and 1, 3, 6, and 12 months after the onset of treat-
ment. Patients were defined as "good responders" if central
macular thickness (CMT) was less than or equal to 250 pm in
TD-OCT or 300 um in SD-OCT after the injections.

Results At month 3 (n=102), BCVA had increased signifi-
cantly, by 0.1+0.3 logMAR in the anti-VEGF group (p=
0.04) and 0.4+0.4 logMAR in the DEX group (»p<0.001);
the difference between the two groups was statistically
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significant (p=0.007). CMT decreased significantly, by 138
+201 pm (=19 %, p<0.001) in the anti-VEGF group and 163
+243 pum (21 %, p<0.001) in the DEX group. After
3 months, five patients (13 %) in the DEX group and 20
(31 %) in the anti-VEGF group (p<0.001) changed treatment.
Among the 77 patients who did not switch from their initial
treatment, no significant functional or anatomical difference
between the two groups was observed at months 6 and 12.
Elevation of intraocular pressure>21 mmHg was more fre-
quent in the DEX group (21 %) than in the anti-VEGF group
(3 %, p=0.008).

Conclusions Visual acuity recovery was better in the DEX
group than in the anti-VEGF group at month 3, but with no
difference in CMT. In patients who did not change treatment,
the long-term anatomical and visual outcome was similar be-
tween the DEX and anti-VEGF groups.
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Introduction

Macular edema (ME) remains the most frequent complication
of central [1, 2] and branch retinal vein occlusion [3].
Research has shown that ME leads to visual deterioration,
with some studies reporting visual acuity (VA) less than 20/
40 after 3 years [1, 4, 5]. Since 2005, there has been extensive
research on recombinant monoclonal antibodies against hu-
man vascular endothelial growth factor (VEGF), either the
full-length recombinant antibody (bevacizumab) or the Fab
fragment that specifically binds all isoforms of VEGF-A
(ranibizumab) [6—10]. The dexamethasone intravitreal im-
plant (DEX) is a water-soluble synthetic glucocorticoid that
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delivers dexamethasone with an estimated half-life of 5.5 h.
This implant was recently commercialized for the treatment of
ME due to retinal vein occlusion [11-13]. Randomized clini-
cal trials comparing anti-VEGF and DEX are under way, and
will help clinicians in refining the indications and the limita-
tions of these drugs in clinical practice. Real-life use of these
medications has given rise to recommendations for the man-
agement of retinal vein occlusion and associated ME [2, 14].
Recent clinical studies have demonstrated the efficacy and
safety profile of anti-VEGF intravitreal injections using both
ranibizumab (BRAVO [10, 15, 16], CRUISE [15-17],
HORIZON [18]) and bevacizumab [19, 20] for up to
24 months as well as for the dexamethasone intravitreal im-
plant [11, 12].

The objective of this multi-center retrospective study was
to analyze the 3- and 12-month visual outcome in previously
untreated (treatment-naive) patients with ME secondary to
retinal vein occlusion (RVO), who received DEX or anti-
VEGF intravitreal injections.

Methods

This was a retrospective multi-center study conducted at the
University Hospitals of Dijon and Grenoble, France, between
2008 and 2012. The study adhered to the tenets of the
Declaration of Helsinki regarding research involving human
subjects and was approved by the local institutional review
board (#IRB 00008855).

We collected the charts of treatment-naive patients present-
ing with central retinal vein occlusion (CRVO) or branch ret-
inal artery occlusion (BRVO) complicated by ME, with a vi-
sual acuity of +0.3 logarithm of minimum angle of resolution
(logMAR) or worse and a baseline central macular thickness
(CMT) greater than 250 pm using TD-OCT or 295 um using
SD-OCT. Patients presenting with other retinal vascular dis-
eases, particularly diabetic retinopathy and age-related macu-
lar degeneration, were excluded from the study. Patients who
had already undergone treatment for ME (corticosteroids,
anti-VEGF injections, or laser) were also excluded.

The indication for each treatment was left to the discretion
of each physician, depending on the systemic and ocular his-
tory (glaucoma, retinal ischemia, or neovascularization).
Patients with medically uncontrolled glaucoma were not treat-
ed with DEX. Anti-VEGF treatment was available in our cen-
ters from 2008, DEX treatment from 2011.

All patients received intravitreal injection of either anti-
VEGF (bevacizumab 1.25 mg or ranibizumab 0.5 mg) or
DEX. All patients treated with anti-VEGF agents received
three injections within the first 3 months. Patients treated with
DEX received one intravitreal implant for a minimum period
of 4 months before a new injection. Grid laser treatment was
not used during the study period.
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All patients were evaluated at baseline and at months 1, 3,
6, and 12 with best-corrected visual acuity (BCVA), slit-lamp
examination, fundus assessment, intraocular pressure (IOP)
measurement (Goldmann applanation tonometry), and time-
domain (TM-OCT, Stratus®; Carl Zeiss Meditec, Inc., Dublin,
CA, USA) or spectral-domain OCT (SD-OCT, Cirrus®; Carl
Zeiss Meditec, Inc., Dublin, CA, USA; or HRA+OCT";
Heidelberg Engineering, Heidelberg, Germany). For each pa-
tient, the same OCT device was used throughout the follow-
up period. Fluorescein angiography (FA) was performed in all
patients using the Topcon TRC-50IX retinal camera (Topcon
Corp., Tokyo, Japan) or the Spectralis” HRA (Heidelberg
Engineering) to evaluate the perfusion of the macula and pe-
ripheral retina at baseline. Response to treatment was graded
at each visit, and a patient was defined as a "good responder”
if CMT was less than or equal to 250 um in TD-OCT or
300 pwm in SD-OCT [21]. Retinal non-perfusion was defined
as 10 or more disc areas absent of capillary perfusion [22].
Macular ischemia was graded on a five-point scale, as follows:
0, normal; 1, questionable; 2, less than half the original cir-
cumference destroyed; 3, more than half the contour destroyed
but some remnants remaining; and 4, capillary outline
completely destroyed [23].

Intravitreal drug administration

Topical anesthesia was administered by instilling one tetra-
caine eye drop (tetracaine faure 1 %, 1 mg/mL; Novartis
Pharma S.A.S., Paris, France) in the conjunctival fornix.
After skin and conjunctival disinfection (Betadine” 5 %
Sterile Ophthalmic Prep; Méda Pharma, Paris, France) and
draping, a lid speculum was put in place, and the product
was injected 3.5 mm from the limbus, as follows:
bevacizumab (Avastin, 1.25 mg; Genentech, Inc., South San
Francisco, CA, USA), ranibizumab (Lucentis®, 0.5 mg;
Genentech/Novartis Pharma S.A.S.) or the DEX implant
(Ozurdex; Allergan, Inc., Irvine, CA, USA). A prophylactic
antibiotic treatment (Azyter® 15 mg/g; Spectrum Thea
Pharmaceuticals Ltd, Clermont-Ferrand, France) was pre-
scribed twice a day for 3 days, immediately after the injection.

Retreatment

Patients were eligible for retreatment if retinal thickness in-
creased by 50 um and/or if CMT was greater than 250 pm
TD-OCT or 300 um in SD-OCT and/or if visual improvement
was less than three lines on the logMAR scale.

Visual acuity and central macular thickness
A significant change in VA was defined as a gain or loss of

three or more lines on the logMAR scale (increase of three
lines on the logMAR scale is equal to doubling the visual
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angle) [24]. Because of different retinal thickness measure-
ment techniques using OCT, all macular thickness measure-
ments were converted to an SD OCT measurement from the
Cirrus” device. The conversion of CMT measurements was
defined as CMT (using an SD-OCT [Cirrus®]) = CMT
(Spectralis“)x0.6+96.2 or CMT [Stratus®]x0.9+93.5 [25].

Statistics

For statistical analysis, the BCVA measurements were con-
verted to the logMAR scale [26]. Descriptive statistics are
given as the mean and standard deviation (SD).
Nonparametric tests were used for comparisons between the
two treatment groups (Mann—Whitney test) and for paired
comparisons (Wilcoxon test). We used the chi-square test
(Fisher exact test) for dichotomous data and the Spearman test
for nonparametric correlations. We used the Statistical
Package for the Social Sciences (SPSS, version 17.0; SPSS
Inc., Chicago, IL, USA). A value of P<0.05 was considered
statistically significant. All tests were two-tailed.

Results
Baseline characteristics
One hundred two patients with ME secondary to CRVO or

BRVO were included in the study; 64 treatment-naive patients
comprised the anti-VEGF group and 38 the DEX group. The

main characteristics of the study population are summarized in
Table 1. Both groups were comparable at baseline, with the
exception that pseudophakia was more frequent in the anti-
VEGF group.

After 3 months, 25 patients (5 patients [13 %] in the DEX
group and 20 patients [31 %] in the anti-VEGF group,
p<0.001) switched treatment, i.e., changed from anti-VEGF
to DEX or vice versa. For this reason, the analysis at months 1
and 3 was based on the overall population (n=102) before a
possible switch. Analysis was also performed at months 6 and
12 on the 77 patients who did not switch their initial treatment
(44 patients in the anti-VEGF group and 33 patients in the
DEX group).

Visual acuity

At month 3, for the overall population (=102 eyes), the
BCVA mean values showed no significant difference (p=
0.5) between the anti-VEGF group (0.6+0.5 logMAR) and
the DEX group (0.5+0.4 logMAR) (Fig. 1). BCVA was sig-
nificantly increased, by 0.1£0.3 logMAR in the anti-VEGF
group (p=0.04) and 0.4+£0.4 logMAR in the DEX group
(»<0.001); the difference between the two groups was statis-
tically significant (p=0.007).

For the population that did not change treatment (n=77),
no significant difference in BCVA mean values was noted
between the two groups at months 6 and 12 (p=0.01 and
0.02, respectively; Fig. 2). In the anti-VEGF group, BCVA
was significantly increased from baseline only at month 6,

Table 1  Patient characteristics at baseline in anti-VEGF group and DEX groups, n=102
Total Anti-VEGF group DEX group P value
n=102 n=64 n=38
Age (years) 70+11 70+11 69+12 0.8
Gender (male) 50 (49 %) 36 (56 %) 14 37 %) 0.06
Number of phakic patients 71 (70 %) 40 (60 %) 31 (81 %) 0.04
CRVO 57 (56 %) 35 (54 %) 22 (58 %) 0.75
BRVO 45 (44 %) 29 (46 %) 16 (42 %)
Ischemic forms 29 (28 %) 16 (25 %) 13 (34 %) 0.3
Macular ischemia 0.8
Grade 0 (absence) 46 26 (41 %) 21 (54 %)
Grade 1 23 15 (25 %) 6 (16 %)
Grade 2 18 12 (18 %) 6 (16 %)
Grade 3 11 8 (12 %) 3 (8 %)
Grade 4 4 34 %) 2 (4 %)
Time since diagnosis of RVO (months) 6+9 6.1£8 5.9+10 0.88
Mean baseline VA (logMAR) 0.8+0.5 0.7+£0.5 0.9+0.5 0.06
Mean baseline CMT (pum) 546+185 558+176 527+199 0.4
Eye injected (RE) 54 (53 %) 35 (54 %) 19 (50 %) 0.64

CMT central macular thickness, logMAR logarithm of minimum angle of resolution, RVO retinal vein occlusion, CRVO central retinal vein occlusion,

BRVO branch retinal vein occlusion
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Fig. 1 Visual acuity at 1-month (M1) and 3-month (M3) visits for the
102 treatment-naive patients. There was no significant difference in mean
BCVA values at baseline (p=0.06), M1 (p=0.06), or M3 (p=0.5) between
the anti-VEGF and DEX groups.

by 0.1+0.4 logMAR (p=0.02), but there was a non-significant
increase at month 12 (increase by 0.1+0.5 logMAR, p=0.1).
In the DEX group, BCVA was significantly increased from
baseline at both month 6 (0.3+£0.4 logMAR (p=0.001) and
month 12 (0.3£0.5 logMAR (p=0.005). There was no signif-
icant difference between the two groups in terms of increased
VA at either the 6-month or 12-month visits.

Central macular thickness

At month 3, mean CMT values in the anti-VEGF Group (430
+160 pm) were significantly higher (»p=0.04) than those of
the DEX group (368+141 pum) (Fig. 3). CMT had decreased
significantly, by 138+£201 um (=19 %, p<0.001) in the anti-
VEGEF group and 163+243 pum (—21 %, p<0.001) in the DEX
group. There was no statistically significant difference in
CMT changes from baseline between the two groups (p=0.8).

At month 6 (Fig. 4), there was no significant difference (p=
0.2) between CMT mean values in the anti-VEGF group (409
+158 um) and the DEX group (378£164 um). CMT de-
creased by 138+207 pm (—20 %) in the anti-VEGF group
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Fig. 2 Visual acuity at the 6-month (M6) and 12-month (M12) visits for
the 77 treatment-naive patients. No significant difference in mean
BCVA values were noted between the two groups at M6 (p=0.1) or M12

(p=02).
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Fig.3 CMT in both groups at 1-month (M 1) and 3-month (M3) visits for
the 102 treatment-naive patients. At M3, there was a statistically
significant difference (p=0.04) in the mean CMT value between the
two groups. However, CMT changes from baseline were not
significantly different between the two groups (p=0.8)

(»=0.001) and 153+234 pum (=17 %) in the DEX group
(»=0.001). The CMT values from baseline were not statisti-
cally different between the two groups (p=0.2)

At month 12 (Fig. 4), there was no significant difference
(»p=0.5) in mean CMT values between the anti-VEGF (342+
140 pm) and DEX (386+192 pum) groups. CMT was de-
creased by 210211 pm (=32 %) in the anti-VEGF group
(»<0.001) and 137+178 pum (—20 %) in the DEX group
(»=0.005). There was no statistically significant difference
in change in CMT values from baseline between the two
groups (p=0.2).

The frequency of “good responders” was significantly low-
er in the anti-VEGF group (11 %) than in the DEX group
(28 %) at M1 (p=0.04). There was no longer a significant
difference between the two groups at M3 (9 % vs 13 %)
(Fig. 5a). Within the population that had not changed treat-
ment (n=77), the “good-responder” rate was similar between
the two groups, 11 % at month 6 and 25 % at month 12 in the
anti-VEGF group, and 21 % and 26 % in the DEX group at
months 6 and 12, respectively (Fig. 5b).

700

= ¢ Anti-VEGF
DEX

M6 ‘ M12

Month
Fig. 4 CMT in both groups at the 6-month (M6) and 12-month (M12)
visits for the 77 treatment-naive patients. There was no significant
difference in mean CMT values between the two groups at M6 (p=0.2)
or M12 (p=0.5).
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Fig. 5 a Good-responder rate at 1-month (M1) and 3-month (M3) visits
for the 102 treatment-naive patients. The number of “good responders”
was significantly lower in the anti-VEGF group than in the DEX group at
M1 (p=0.04). There was no significant difference between the two
groups at M3. b Good-responder rate at 6-month (M6) and 12-month

(M12) visits for the 77 treatment-naive patients. There was no
significant difference between the two groups at M6 or M12.
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Intravitreal injection

During the follow-up, patients received 6+ 1.5 injections in the
anti-VEGF group and 1.6+0.6 intravitreal injections (IVIs) in
the DEX group. The period between two injections was 1.7+
1.2 months and 3.3+3.6 months in the anti-VEGF and DEX
groups, respectively.

Adverse events

Ocular hypertension defined as an intraocular pressure
(IOP)>21 mmHg occurred significantly more frequently in
the DEX group than in the anti-VEGF group (21 % and
3.1 %, respectively; p=0.008). No endophthalmitis or ocular
inflammation was noted during the follow-up. Three patients
(7.9 %) in the DEX group versus seven patients (10.9 %) in
the anti-VEGF group had cataract surgery during the follow-
up period (p>0.05).

Discussion

In patients naive to any therapeutic intervention for ME, this
non-randomized interventional study demonstrated that over

the short term (3 months), the DEX implant induced greater
improvement in VA than three anti-VEGF injections, with
similar anatomical (OCT) results and a lower switch rate.
For patients who underwent the same treatment for 12 months,
the longer-term results (months 6 and 12) were similar be-
tween the two treatments with regard to VA, retinal thickness,
and good-responder rates as defined by OCT measurements.

This study is unique in that it reports the first-line use of
DEX and anti-VEGF therapy in treatment-naive patients un-
der conditions of daily practice, which differ from those of
randomized studies in which the choice of therapy was depen-
dent on the patients' ophthalmological and systemic history. In
addition, our results at 6 and 12 months take into account only
patients who did not change treatments (for reasons of effica-
cy, compliance, or side effects), and therefore reflect the effi-
cacy of a medication in optimal conditions of use. Results
analyzed in a “real-life environment” could thus differ signif-
icantly from the “intention to treat” analysis normally used in
randomized trials. Our results may overestimate the efficacy
of one or both treatments. Among studies including patients
who were naive to any treatment, only three have investigated
patients with BRVO [20, 27, 28] and five have studied patients
with CRVO [27-31]. The absence of prior treatment suggests
that the time to treatment is often shorter and there is less
inclusion bias (patients presenting significant recurrence or
resistance to treatment). On the other hand, prior treatment is
susceptible to introducing greater response variability.

Two therapeutic families, DEX and anti-VEGFs, are cur-
rently authorized for use in treating RVO. Macular edema in
retinal vein occlusion results in the rupture of the
hematoretinal barrier via two associated processes: one
hemorheologic, with an increase in venous pressure, and one
metabolic, with secretion of angiogenic factors (VEGF) and
pro-inflammatory substances [32]. Dexamethasone has an
anti-inflammatory action, including reduction in vascular per-
meability, inhibition of inflammatory cell migration, stabiliza-
tion of the tight junctions of endothelial cells, and inhibition of
VEGEF synthesis, cytokines (IL-6, IL-8, MCP-1), and prosta-
glandins [33, 34]. Ranibizumab inhibits endothelial cell pro-
liferation and reduces vascular permeability by blocking the
liaison between VEGF-A and its receptor [35]. There are cur-
rently at least five ongoing prospective randomized studies
comparing the efficacy of DEX and ranibizumab (see clinical
trials NCT01427751, NCT01231633, NCT01580020,
NCT01827722, and NCT01427751). One published study
(31 treatment-naive eyes with CRVO) compared the efficacy
of intravitreal injections of triamcinolone and bevacizumab
[19], demonstrating no significant differences between the
two groups in terms of VA or CMT at 3, 6, and 9 months.
Given the paucity of comparative data between DEX and anti-
VEGEF [36, 37], we analyzed the results obtained with these
two treatments over the short (3-month) and intermediate (12-
month) terms. Before treatment, the two groups of patients in
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our series were similar with regard to the main prognostic
factors, including VA, age, retinal ischemia, type of
RVO, time from diagnosis to treatment, and baseline
CMT [22, 38, 39]. Macular ischemia is associated with poor
visual outcome [6], and most often does not deteriorate after
anti-VEGF treatment [40].

The functional improvement observed after 3 months of
anti-VEGF treatment in the present study was less than that
described in the CRUISE [17] and BRAVO [10] studies, in
which a gain in visual acuity > 15 letters (0.3 logMAR) was
reported in 3650 % of cases 3 months after injection of
ranibizumab, with a mean gain in visual acuity of 16 letters
for BRVO and 12.7 letters for CRVO. Similarly, in a random-
ized study of eyes with BRVO, Moradian et al. reported a
mean increase of 0.4+0.3 logMAR at month 3 after two in-
travitreal injections of bevacizumab, similar to what was
found in the sham group [20]. Over the longer term (12
months), our series describes a population for which the poor
responders and patients presenting side effects were excluded,
which induced a bias. However, the less favorable results ob-
tained at month 3 in comparison to BRAVO and CRUISE
were confirmed at month 12 (mean increase of 0.1£0.5
logMAR in the present series compared to a mean VA im-
provement of 0.3 logMAR for BRAVO and CRUISE). The
less favorable results in our series are likely related to the less
stringent injection protocol (based on patient needs and not
systematically every month) and to the selection of treated
populations (BRVO/CRVO ratio, naive eyes, preferential in-
dications for one of the two products) in our study. There are
no available data in the literature for comparing the effects of
bevacizumab and ranibizumab in vein occlusions, but there is
little difference among published studies with regard to the
efficacy of the two drugs in patients with age-related macular
degeneration [41-44].

The mean gain in visual acuity achieved in our study
3 months after injection of DEX is comparable to that reported
in the GENEVA study [11] (gain > 0.3 logMAR in 22 % of
eyes and a mean gain of 7 letters at month 3, 8 letters for
BRVO and 4 letters for CRVO). In a recent retrospective study
[29], intravitreal injections of DEX produced a gain of > 0.3
logMAR in VA at month 3, estimated at 30 % of cases for
BRVO and 38 % of cases for CRVO. In the latter study, over
12 months, the number of DEX injections was three or more
for 23 % of the patients.

With regard to changes in CMT, at month 3, the data re-
ported in the literature show a 16 to 59 % decrease in retinal
thickness with anti-VEGF treatment. Over the longer term, at
6 and 12 months, the reduction in retinal thickness ranges
from 31 to 53 %. The GENEVA study reported a significant
decrease in CMT after DEX injections, ranging from 27 % in
patients with BRVO to 41 % in those with CRVO. In our
study, the results for mean change in CMT, like those for
visual acuity, are in the lower range of results published in
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the literature. Considering the CMT results according to the
“good-responder” classification, DEX and anti-VEGF are
equivalent at month 3 (9 and 13 %, respectively) and M12
(25 % and 26 %, respectively).

The recurrence rate (defined as a decrease in macular thick-
ness followed by an increase>30 %) and the rebound effect
rate (defined as recurrence with CMT>110 % compared to
baseline) [45] were similar between patients receiving
bevacizumab injections (52 % and 11 %, respectively) [45]
and DEX (56 % and 13 %, respectively) [46]. The rebound
effect appeared to be associated with excessively early treat-
ment and/or lower retinal thickness (i.e., which is not at the
maximum during treatment) [45]. The mean time to recur-
rence was 8—12 weeks for patients treated with bevacizumab
[45] and 18 weeks for patients treated with DEX [46]. The
incidence of medication switches in our study was higher with
anti-VEGF (31 %, versus 13 % for DEX), with the decision to
change treatment based on an insufficient therapeutic response
or the occurrence of side effects. It is possible that introducing
anti-VEGF treatment earlier (2008-2011) than DEX treatment
(2011-2012) in our daily practice was a bias for switching
medication.

During our study, 8 % of the patients in the DEX group and
11 % of the patients in the anti-VEGF group underwent cata-
ract surgery, which is consistent with the GENEVA study [12].
Intraocular hypertension (IOP>21 mmHg) was more frequent
after injection of DEX (21 % in our study, from 9 % to 27 % in
the literature) [47] compared to anti-VEGF (absence of hyper-
tension in our study, from 5.5 % to 6 % in the literature) [47].
A history of ocular hypertension and/or glaucoma very clearly
conditioned the choice of anti-VEGF treatment, in accordance
with the guidelines.

The limitations of this study were primarily its retrospec-
tive design, the absence of ultrastructural data in OCT, and the
combined analysis of patients presenting CRVO or BRVO,
with different anatomic and functional response to treatment
[12, 18, 28, 48]. Both treatment groups were imbalanced at
baseline with regard to frequency of pseudophakia. Despite
this difference before treatment, the number of cataract sur-
geries was not higher in the DEX group, as would have been
expected. These results should be interpreted with caution, as
lens opacity was not classified according to standardized mea-
sures and a double-blind method.

In conclusion, in previously untreated patients, DEX
appeared to be more effective than anti-VEGF treatment
in terms of improvement in visual acuity and reduction
in macular thickness (higher good-responder rate) at
1 month. At 3 months, the visual gain was better with
DEX compared to anti-VEGF injections, whereas the
decrease in macular thickness was similar. At both
6 months and | year, the anatomic efficacy of the two
treatments was comparable for patients who had not switched
medications.
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