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ABSTRACT

Introduction: To evaluate real-world efficacy,
safety, and treatment patterns with the dex-
amethasone intravitreal implant (DEX) in dia-
betic macular edema (DME) in France.
Methods: In this prospective, multicenter,
observational, noncomparative, post-reimburse-
ment study, consecutively enrolled patients with
DME had a baseline evaluation on day 0. Those

treated with DEX on day 0 were to be reevaluated
at week 6 and months 6, 12, 18, and 24. DEX
retreatment and/or alternative therapies were
allowed during follow-up. The primary outcome
measure was the maximum best corrected visual
acuity (BCVA) gain from baseline during follow-
up. Secondary outcome measures included time
to maximum BCVA gain, patients (%) with pre-
specified BCVA gains from baseline at each visit,
maximum central retinal thickness (CRT) reduc-
tion from baseline, patients (%) with CRT reduc-
tion C 20% from baseline at each visit, patients
(%) with DME resolution (per investigator judge-
ment), and adverse events (AEs).
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Results: Of 112 patients/eyes with DME for
3.5 years (mean) at baseline, 80 (including 86.1%
previously treated) received DEX on day 0 and
were analyzed for efficacy. Early study termina-
tion precluded collection of C 12-month efficacy
data. Patients received 1.4 DEX injections over
8.3 months (averages). The maximum BCVA gain
from baseline was 3.6 letters, reached after
77.2 days (averages); 24.6% (week 6) and 15.0%
(month 6) of patients experienced C 10-letter
BCVA gains from baseline. The mean maximum
CRT reduction from baseline was -146.4 lm;
61.4% (week 6) and 36.0% (month 6) of patients
had CRT reductions C 20% from baseline, and
68.1% reported DME resolution at least once
during follow-up. Ocular hypertension (n = 8,
12.1%) was the most frequent treatment-related
AE.

Conclusions: LOUVRE 3 confirmed that DEX
improves BCVA and CRT, even in a patient
population that had predominantly received
DEX before enrollment in the study, and
showed that DME resolution was observed
during follow-up. DEX tolerability was consis-
tent with published data, supporting treatment
benefits in DME.
ClinicalTrials.gov Identifier: NCT03003416.

Keywords: Dexamethasone; Diabetic macular
edema; France; Implant; Intravitreal; Real-world
evidence; Visual acuity
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Key Summary Points

Why carry out this study?

Diabetic macular edema (DME) is a main
cause of vision loss in diabetic patients.

Although anti-vascular endothelial
growth factor (anti-VEGF) therapies have
become the standard of care for DME, not
all affected individuals respond optimally
to anti-VEGF therapy.

The LOUVRE 3 study evaluated real-world
efficacy, safety, and treatment patterns
with the dexamethasone intravitreal
implant (DEX) in DME in France.

What was learned from the study?

LOUVRE 3 confirmed that DEX improves
best corrected visual acuity and central
retinal thickness, even in a population
consisting mostly of patients who had
received DEX before enrollment in the
study, and showed that DME resolution
was observed over the 8.3-month follow-
up period.

Despite a shorter follow-up than
anticipated, the study results show that
positive outcomes are still achievable with
DEX in the aforementioned population.

DIGITAL FEATURES

This article is published with digital features, i.e.
an infographic feature to facilitate understand-
ing of the article. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.21922275.

INTRODUCTION

Diabetic retinopathy and diabetic macular
edema (DME) are main causes of vision loss in
diabetic patients [1–3]. An estimated 25% of

individuals with long-standing type 1 or type 2
diabetes are affected [4], which is concerning as
the number of adults (20–79 years of age) diag-
nosed with diabetes worldwide is expected to
rise from approximately 537 million (2021) to
783 million by 2045 [5]. In France, over 5 mil-
lion people are reportedly diabetic (92% of
whom have type 2 diabetes [6]), and the esti-
mated prevalence of DME (based on 2016 data)
is 3% of the diabetic population (i.e.,[100,000
individuals) [7].

The onset of DME has been strongly associ-
ated with inadequate control of blood glucose
levels and blood pressure [8, 9]. Accordingly,
DME management emphasizes the importance
of controlling those parameters [10]. From a
mechanistic standpoint, however, DME results
from impairment of the blood–retinal barrier,
which leads to fluid accumulation in the retina
and release of proinflammatory and proangio-
genic factors, including vascular endothelial
growth factor (VEGF) [4, 11, 12]. Elucidation of
this mechanism led to the development of
intravitreal anti-VEGF therapies such as ranibi-
zumab (Lucentis, Genentech Inc., South San
Francisco, CA, USA) and aflibercept (Eylea,
Regeneron Pharmaceuticals Inc., Tarrytown,
NY, USA), which have become standard of care
for DME in France, as they reduce retinal
thickness and improve visual acuity [13–19].

Considering that not all individuals with
DME respond optimally to anti-VEGF therapy
[20], and that intravitreal corticosteroids have
been shown to provide broader antiinflamma-
tory effects, inhibiting synthesis of VEGFs as
well as other proinflammatory mediators of
DME [20, 21], the biodegradable intravitreal
dexamethasone implant (DEX; Ozurdex 0.7 mg,
Allergan, an AbbVie company, North Chicago,
IL, USA) was developed as an alternative to
available therapies. Releasing dexamethasone in
the posterior segment for up to 6 months, DEX
reduces the need for frequent injections and the
potential complications associated with repe-
ated intravitreal injections [22].

In Europe, DEX is approved for treatment of
DME in patients who are pseudophakic or
refractory to non-corticosteroid therapy, and for
whom non-corticosteroid therapy is con-
traindicated. Following regulatory approval of
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DEX for DME, the French National Authority
for Health (Haute Autorité de Santé) requested
that an observational study (LOUVRE 3) be
conducted to inform the following: clinical
characteristics of patients at initiation of DEX
treatment in clinical settings [e.g., hemoglobin
A1c (HbA1c) levels and prior treatments]; fre-
quency of DEX administration and follow-up
visits; criteria determining reinjection versus
treatment discontinuation; as well as the effi-
cacy and tolerability up to 24 months in the
overall population of DEX-treated patients and
subgroups who were pseudophakic, refractory
to non-corticosteroid therapy, or for whom
non-corticosteroid therapy was contraindi-
cated. Although the study was terminated pre-
maturely due to a product recall [23] that also
limited the number of patients with available
data at C 12 months, efficacy and safety find-
ings up to 6 and 12 months, respectively, are
presented herein for the overall enrolled
population.

METHODS

Study Design

This prospective, multicenter, observational,
longitudinal, noncomparative, post-reimburse-
ment study (ClinicalTrials.gov Identifier:
NCT03003416) was conducted at injection
centers located in metropolitan areas of France
between 27 October 2017 and 19 December
2018. The centers were randomly selected from
a comprehensive nationwide list of intravitreal
injection centers, on the basis of a protocol-
specified ratio of 80% public to 20% private sites
and the average number of DME cases seen
monthly in consultation at the sites.

Prior to study start, the protocol was
approved by the Comité Consultatif sur le
Traitement de l’Information en Matière de
Recherche dans le Domaine de la Santé
(CCTIRS), Commission Nationale de l’Informa-
tique et Libertés (CNIL), and Conseil National
de l’Ordre des Médecins (CNOM). The study was
conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki [24], French
Public Health Code and French Act on Data

Processing, Data Files, and Individual Liberties
[25], Good Epidemiological Practices [26], and
guidelines from the Haute Autorité de Santé on
post-registration studies [27]. Written informed
consent was obtained from all patients.

Study Population and Treatment

Consecutively presenting patients (C 18 years
of age) with type I or type II diabetes and DME
(treatment-naı̈ve or previously treated with
DEX and/or other agents) seen in consultation
during the enrollment period were recruited.
Patients who did not reside in metropolitan
France and/or were concurrently participating
in a non-observational study were excluded.
There were no requirements in terms of best
corrected visual acuity (BCVA) or central retinal
thickness (CRT) at baseline, and no other eligi-
bility criteria.

Enrolled patients had a baseline evaluation
(including medical history and ocular exami-
nation) on day 0, after which decisions related
to treatment selection, including the type and
frequency of therapy, were made by the inves-
tigators on the basis of their clinical judgement.
DEX was supplied by the clinic or practitioner.

Visits and Assessments

All enrolled patients attended the day-0 visit.
For patients who received DEX treatment on
day 0, visits were also planned at week 6
(± 1 month) and months 6 (± 2), 12 (± 3), 18
(± 3), and 24 (± 3). The timing of each visit
followed that of typical French clinical practice,
while scheduling flexibility was reflective of the
real-world nature of the study. Additional visits,
including those following retreatment with
DEX or an alternative therapy, were scheduled
as deemed necessary by the investigator and
recorded. Patients not treated with DEX on
day 0 were not followed prospectively and were
not included in the efficacy analyses.

Patient demographics, baseline characteris-
tics, and the reasons for treating or not treating
with DEX on day 0 were collected on that day.
BCVA (using a logMAR or Monoyer chart),
intraocular pressure (IOP, assessed per standard
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practice), and CRT (evaluated by optical coher-
ence tomography) were assessed bilaterally on
day 0 in all enrolled patients, and at each fol-
low-up visit in patients who received DEX on
day 0. Information on retreatment (if per-
formed) was also recorded for each study eye at
each follow-up visit. Adverse events (AEs) were
recorded on day 0 in all enrolled patients, and
at all follow-up visits in patients who received
DEX on day 0. Study discontinuations were
recorded throughout the study.

Outcome Measures

The primary outcome measure was the mean
maximum gain in BCVA (in Early Treatment
Diabetic Retinopathy Study letters) from base-
line during follow-up. Secondary outcome
measures included the mean time to maximum
BCVA gain from baseline; proportion of
patients with C 10- and C 15-letter BCVA gains
from baseline at each visit; maximum reduction
in CRT from baseline during follow-up; pro-
portion of patients with a C 20% reduction in
CRT from baseline at each visit; proportion of
patients with DME resolution (defined as
CRT\300 lm or disappearance of DME per
investigator judgment) during follow-up; char-
acteristics of patients and DME treated with
DEX on day 0 (compared with those of patients
not treated with DEX on day 0); proportion of
patients retreated during follow-up (along with
the type of and reason for retreatment); mean
number of injections; and mean treatment
interval. Reports of AEs, their relationship to
treatment, and severity were collected. Per pro-
tocol, the proportions of patients with
IOP C 25 mmHg and C 35 mmHg despite IOP-
lowering treatment were also reported.

All outcomes were reported on a per-patient
basis, consistent with the objective of refining
understanding of patients’ clinical characteris-
tics at initiation of DEX treatment in this real-
world, post-reimbursement study. In patients
treated bilaterally, the eye with worse CRT at
enrollment was considered the study eye; if the
CRT values were equal in both eyes, the right
eye was selected as study eye.

Statistical Analyses

Per the protocol, the primary and secondary
efficacy outcome measures were to be analyzed
in all patients treated with DEX on day 0 who
had baseline data available and attended C 1
follow-up visit, as well as subgroups of patients
who were pseudophakic, refractory to non-cor-
ticosteroid therapy, or for whom non-corticos-
teroid therapy was contraindicated. However, as
a result of the product recall, physicians were
advised to consider alternative therapies (on the
basis of potential risks and benefits) for their
patients. As switches to other therapies were
expected to bias the analyses, the study steering
committee recommended that the analysis
population should only include patients who
completed at least 1 scheduled visit before 4
October 2018 (the recall date). One exception
was AEs, which were analyzed in all patients
treated with DEX on day 0, regardless of when
they completed the scheduled visit(s). Subgroup
analyses were performed for patients who, on
enrollment in this study, were naı̈ve of all
treatments, DEX-naı̈ve, and previously treated
with DEX.

Statistical analyses were performed using SAS
software version 9.3 or higher (SAS Institute,
Inc., Cary, NC, USA), without imputation for
missing values (unless otherwise noted). Quan-
titative variables were summarized by mean and
standard deviation (SD), while qualitative vari-
ables were summarized by frequency and per-
centage. Comparative analyses were supported
by 95% confidence intervals (CIs) when allowed
by the sample size. Statistical significance of the
mean change in BCVA from baseline was eval-
uated with Student’s t-test (if normal distribu-
tion was verified) or Wilcoxon signed-rank test
for matched series.

The sample size was based on information
from the prospective, randomized, sham-con-
trolled, phase 3 MEAD study, which led to
marketing authorization of DEX for DME in
Europe and showed a statistically significant
difference in BCVA between baseline and
week 6 (period during which the greatest BCVA
gain was observed). Using the sample size
equation N = 1.962/i2 9 SD2 with i = 1 (desired
precision in terms of letter) and SD = 7.2, a
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minimal sample size of 199 patients was
required to determine the greatest BCVA gain
from baseline with an accuracy of 95%.
Assuming that 30% of patients would not have
data available at week 6, enrollment of 260
patients was planned.

RESULTS

Patient Disposition, Demographics
and Baseline Characteristics

In total, 112 patients were enrolled by 27 oph-
thalmologists at 14 injection centers (public,
n = 10, 71.4%; private, n = 4, 28.6%) before the
product recall date of 4 October 2018. Two
additional patients were enrolled after the recall
date and only included in the AE analysis. Of
the 112 patients enrolled pre-recall, 32 (28.6%)
did not receive DEX on day 0 (mostly because
an alternative therapy was used instead), while
80 (71.4%) were treated with DEX that day and
followed prospectively (Figs. 1, 2). Of those 80
patients, 62 (78.8%), 29 (36.3%), and 2 (2.5%)

completed the week-6, month-6, and month-12
visits before 4 October 2018, respectively. All
patients treated with DEX on day 0 discontin-
ued the study before the month-18 visit, the
main reason (n = 79, 98.8%) being early termi-
nation of the study (Fig. 1). Due to the low
number (or lack) of patients whose follow-up
extended beyond the 6-month visit, the study
steering committee recommended that efficacy
data presentation be limited to the 6-week and
6-month visits in the overall population.

At baseline, there were no statistically sig-
nificant differences between patients treated
and not treated with DEX on day 0 in terms of
age, BCVA, CRT, duration of diabetes and DME,
presence of central exudates, lens status, history
of cataract, or any other baseline variable,
except prior treatment status (Tables 1, 2).

Of the 80 patients treated with DEX on
day 0, 51 (64.6%) were pseudophakic (Table 1),
30 (37.5%) had not responded to prior non-
corticosteroid therapy, and 14 (17.5%) had
contraindications to non-corticosteroid ther-
apy. Of the 79 patients treated with DEX on
day 0 who had data regarding treatment status

Fig. 1 Patient disposition. Recall refers to a DEX recall on
4 October 2018. aPer recommendation from the study
steering committee, efficacy data at 12, 18, and 24 months

are not presented, due to the low number (or lack) of
patients who completed those visits. DEX dexamethasone
intravitreal implant
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at baseline, 11/79 (13.9%) were treatment-
naı̈ve, 8/79 (10.1%) were DEX-naı̈ve, and 60/79
(75.9%) had received prior DEX treatments. Of
the 32 patients not treated with DEX on day 0
who had data regarding treatment status at
baseline, 9.4% were treatment-naı̈ve, 40.6%
were DEX-naı̈ve, and 50.0% had received prior
DEX treatments (Table 2).

Treatment

On average (SD), the 80 patients treated with
DEX on day 0 were followed for 8.3 (3.4)
months, completed 2.5 (1.0) visits, and received
1.4 (0.6) DEX injections, with 134.0 (44.9) days
between injections (Table 3).

During follow-up of patients who were trea-
ted with DEX on day 0, 44/79 (55.7%) did not
require retreatment, 32/79 (40.5%) were
retreated with DEX at least once, and 3/79
(3.8%) were retreated with alternative therapies
only (Table 3). The main reason given for
retreating at least once with DEX was increased
CRT following initial reduction (n = 24/32,
75.0%; Table 3). The most frequently reported
reasons for not retreating with DEX were the
initial treatment being successful in managing
DME (n = 42/84, 50.0%), followed by ineligi-
bility for retreatment (n = 8/84, 9.5%), use of
another therapy (n = 5/84, 6.0%), patient refu-
sal (n = 2/84, 2.4%), and other reasons (n = 27/
84, 32.1%).

Efficacy in Patients Treated with DEX
on Day 0 (Overall)

Among patients with data available (n = 79/80),
the mean maximum (SD) improvement in
BCVA from baseline during follow-up (primary
outcome measure) was 3.6 (8.0) letters (95% CI,
1.5, 5.7; n = 59), and the mean (SD) time to
reaching maximum BCVA improvement was
77.2 (48.2) days (95% CI, 65.0, 89.5; n = 62).
Mean (SD) baseline BCVA was 61.4 (16.5) letters
(95% CI, 57.6, 65.1; n = 76), while mean (SD)
peak BCVA during follow-up was 65.5 (14.8)
letters (95% CI, 61.7, 69.2; n = 62).

At 6 weeks and 6 months, 24.6% and 15.4%
of patients gained C 10 letters in BCVA from
baseline, while 12.3% and 7.7% gained C 15
letters in BCVA from baseline, respectively
(Table 4).

The mean (SD) maximum CRT reduction from
baseline reported during follow-up was -146.4
(158.9) lm (95% CI, -187.1, -105.8; n = 61).
Mean (SD) baseline CRT was 456.9 (188.8) lm
(95% CI, 408.5, 505.2; n = 61), while the mean
(SD) minimum CRT was 310.5 (92.0) lm (95% CI,
286.9, 334.1; n = 61).

The proportion of patients whose CRT
decreased by C 20% from baseline was 61.4% at
week 6 and 36.0% at month 6 (Table 4). During
the 8.3-month follow-up (mean), DME resolu-
tion (as defined in the Outcome measures

Fig. 2 Reasons for not treating with DEX on day 0.
aEligibility/ineligibility was determined based on the
investigators’ experience and judgment and could have

included contraindication to corticosteroids (for example).
BCVA best corrected visual acuity, DEX dexamethasone
intravitreal implant
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Table 1 Patient demographics and characteristics at baseline

Variables Treated with DEX on day 0
(N = 80)

Not treated with DEX on day 0
(N = 32)a

Total population
(N = 112)

Mean (SD) age, years 67.2 (9.0) 67.4 (9.6) 67.3 (9.2)

95% CI 65.2, 69.2 64.0, 70.9 65.6, 69.0

N 80 32 112

Sex, n/N (%)

Female 32/80 (40.0) 12/32 (37.5) 44/112 (39.3)

95% CI 29.3, 50.7 20.7, 54.3 30.2, 48.3

Male 48/80 (60.0) 20/32 (62.5) 68/112 (60.7)

95% CI 49.3, 70.7 45.7, 79.3 51.7, 69.8

Pseudophakic, n (%) 51 (64.6) 17 (53.1) 68 (61.3)

95% CI 54.0, 75.1 35.8, 70.4 52.2, 70.3

N 79 32 111

Study eye, n/N (%)

Right 45/80 (56.3) 17/32 (53.1) 62/112 (55.4)

95% CI 45.4, 67.1 35.8, 70.4 46.2, 64.6

Left 35/80 (43.8) 15/32 (46.9) 50/112 (44.6)

95% CI 32.9, 65.6 29.6, 64.2 35.4, 53.8

Mean (SD) BCVA,

letters

61.4 (16.5) 63.3 (16.7) 61.9 (16.5)

95% CI 57.6, 65.1 56.8, 69.8 58.7, 65.1

N 76 28 104

Mean (SD) CRT,

lm

442.3 (181.8) 382.8 (108.3) 425.2 (165.8)

95% CI 401.6, 483.0 343.8, 421.9 394.0, 456.3

N 79 32 111

Mean (SD) IOP,

mmHg

14.4 (3.7) 15.1 (3.8) 14.6 (3.7)

95% CI 13.6, 15.3 13.7, 16.5 13.9, 15.3

N 76 31 107

Presence of C 1 comorbidities, n/N (%)

Generalb 69/79 (87.3) 29/32 (90.6) 98/111 (88.3)

Ocularc 70/79 (88.6) 30/32 (93.8) 100/111 (90.1)
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section) was reported at least once in 49/72
(68.1%) patients with available data.

Efficacy in Patients Treated with DEX
on Day 0, by Treatment Status at Baseline

In subgroup analyses comparing patients who,
at baseline, were treatment-naı̈ve (n = 11/79),
DEX-naı̈ve (n = 8/79), and previously treated
with DEX (n = 60/79), there was no statistically
significant difference between subgroups in
terms of mean maximum BCVA change from
baseline; mean time to reaching the maximum
BCVA improvement; and proportions of
patients who gained C 10 and C 15 letters in
BCVA from baseline at week 6 and month 6
(Supplemental Table 1). Likewise, there was no
statistically significant difference between sub-
groups in terms of mean maximum reduction in
CRT from baseline; proportion of patients
whose CRT decreased by C 20% from baseline
at week 6 and month 6; and proportion of
patients with DME resolution during follow-up
(Supplemental Table 1).

Safety

Of the total enrolled population (N = 114;
Fig. 1), 30 (26.3%) patients reported 66 AEs
(Table 5); 45 (68.2%) were ocular in nature, 18
(27.3%) were nonocular, and 3 (4.5%) had

missing information. A total of 44 (66.7%) of
the 66 AEs resolved without sequelae, 4 (6.1%)
resolved with sequelae, 15 (22.4%) were ongo-
ing at study end, and 3 (4.5%) had missing
details (patients having been lost to follow-up).
Overall, 5 (4.4%) patients discontinued treat-
ment due to AEs, including cataract (n = 3,
2.6%), panophthalmitis (n = 1, 0.9%, in the
fellow/non-study eye), and ocular hypertension
(n = 1, 0.9%, reported post-recall).

Of the aforementioned 66 AEs, 30 (45.5%)
were reported as treatment related (TRAEs) by
the investigator. The most frequently reported
TRAEs were ocular hypertension (n = 8, 12.1%),
cataract development/progression (n = 7, 10.6%,
including two eyes of one patient that required
surgery), and subconjunctival hemorrhage
(n = 5, 7.6%) (Table 5). A total of 17 (25.8%) of
the 66 AEs were serious AEs, of which 3 (4.5%)
were considered treatment related by the inves-
tigator (Table 5).

Among patients treated with DEX on day 0
who had available data, 4/56 (7.1%) reported an
IOP increase[10 mmHg from baseline at
week 6, compared with 1/26 (3.8%) at month 6
(Fig. 3). IOP-lowering medication was pre-
scribed in 30.6% (n = 19/62) of patients at
week 6 and 41.4% (n = 12/29) at month 6,
compared with 21.3% (n = 17/80) at baseline.
IOP C 25 mmHg was reported in 6.9% (n = 4/
58) and 3.7% (n = 1/27) of patients at week 6
and month 6, while IOP C 35 mmHg was only

Table 1 continued

Variables Treated with DEX on day 0
(N = 80)

Not treated with DEX on day 0
(N = 32)a

Total population
(N = 112)

Cataractd 15/79 (18.8) 9/32 (29.0) 24/111 (21.6)

BCVA best corrected visual acuity, CI confidence interval, CRT central retinal thickness, DEX dexamethasone intravitreal
implant, IOP intraocular pressure, SD standard deviation
aReasons for not treating with DEX included use of an alternative therapy (n = 14, 44.1%), patients were not eligible for
DEX treatment (n = 7, 20.6%), and other reasons (n = 11, 35.3%)
bIncluded at least one of the following: diabetes (type 1 or 2), hypercholesterolemia, hypertension, and cardiovascular
diseases; N = 112 (total)
cIncluded at least one of the following: glaucoma, intravitreal hemorrhage, ocular hypertension, and posterior vitreous
detachment
dN = 80 (treated with DEX on day 0) and 31 (not treated with DEX on day 0)
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Table 2 Disease characteristics at baseline

Variables Treated with DEX on day 0
(N = 80)

Not treated with DEX on day 0
(N = 32)a

Total population
(N = 112)

Mean HbA1c, % (SD) 7.8 (1.9) 7.3 (1.1) 7.7 (1.7)

95% CI 7.3, 8.3 6.7, 7.8 7.3, 8.1

B 8%, n/N (%) 36/54 (66.7) 14/17 (82.4) 50/71 (70.4)

[ 8%, n/N (%) 18/54 (33.3) 3/17 (17.6) 21/71 (29.6)

Diabetes type, n/N (%)

Type 1 13/78 (16.7) 9/31 (29.0) 22/109 (20.2)

95% CI 8.4, 24.9 13.1, 45.0 12.6, 27.7

Type 2 (insulin treated) 30/78 (38.5) 8/31 (25.8) 38/109 (34.9)

95% CI 27.7, 49.3 10.4, 41.2 25.9, 43.8

Type 2 (not insulin treated) 34/78 (43.6) 14/31 (45.2) 48/109 (44.0)

95% CI 32.6, 54.6 27.6, 62.7 34.7, 53.4

MODY 1/78 (1.3) 0/31 1/109 (0.9)

95% CI 0, 3.8 0, 0 0, 2.7

Mean (SD) duration of

diabetes, years

18.8 (11.3) 16.7 (10.1) 18.2 (11.0)

95% CI 16.0, 21.5 12.6, 20.8 15.9, 20.4

N 69 26 95

Diabetic retinopathy stage, n/N (%)

Proliferative 5/80 (6.3) 1/32 (3.1) 6/112 (5.4)

95% CI 0.9, 11.6 0, 9.2 1.2, 9.5

Nonproliferative 44/80 (55.0) 21/32 (65.6) 65/112 (58.0)

95% CI 44.1, 65.9 49.2, 82.1 48.9, 67.2

Proliferative inactivated by

PRP

29/80 (36.3) 10/32 (31.3) 39/112 (34.8)

95% CI 25.7, 46.8 15.2, 47.3 26.0, 43.6

Nonproliferative inactivated

by PRP

2/80 (2.5) 0/32 2/112 (1.8)

95% CI 0, 5.9 0, 0 0, 4.2

Severity of nonproliferative diabetic retinopathy, n/N (%)

Minimal 4/21 (19.0) 7/46 (15.2) 11/67 (16.4)

95% CI 2.3, 35.8 4.8, 25.6 7.5, 25.3

Moderate 12/21 (57.1) 16/46 (34.8) 28/67 (41.8)

95% CI 36.0, 78.3 21.0, 48.5 30.0, 53.6
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reported once at week 6 (1.7%; n = 1/58),
despite IOP-lowering treatment. Importantly,
no laser treatments or filtration surgeries were
required to control IOP during follow-up.

DISCUSSION

In this study, 80/112 patients with DME
received 1.4 DEX injections over 8.3 months
(means), and had a mean maximum BCVA gain
of 3.6 letters from baseline. The limited clinical
significance could have been due to the large
number of patients treated with DEX on day 0
who had received DEX before study entry,
which in turn could explain the relatively high

mean BCVA at baseline (61.4 letters, compared
with 56.1 letters in the pivotal randomized,
phase 3 MEAD study [28] and 50.5 letters in the
real-world, French, Reldex study [29]), as well as
the limited BCVA gain (ceiling effect) observed
herein. The fact that 37.5% of patients had not
responded to prior non-corticosteroid therapy
and that 35.4% were phakic at baseline could
also have contributed to the small maximum
BCVA gain observed [30–38]. However, the low
number of DEX injections administered during
this study suggests a low risk of developing
cataract that argues against lens status being a
contributing factor.

The mean time to achieving the maximum
BCVA gain in our study (77.2 days) was in line

Table 2 continued

Variables Treated with DEX on day 0
(N = 80)

Not treated with DEX on day 0
(N = 32)a

Total population
(N = 112)

Severe 5/21 (23.8) 23/46 (50.0) 28/67 (41.8)

95% CI 5.6, 42.0 35.6, 64.4 30.0, 53.6

Mean (SD) duration of

DME, months

44.4 (34.4) 37.1 (40.7) 42.4 (36.1)

95% CI 36.7, 52.1 21.6, 52.6 35.5, 49.3

N 79 29 108

Treatment status of DME, n/N (%)

Treatment-naı̈ve 11/79 (13.9) 3/32 (9.4) 14/111 (12.6)

95% CI 6.3, 21.6 0, 19.5 6.4, 18.8

DEX-naı̈ve 8/79 (10.1) 13/32 (40.6) 21/111 (18.9)

95% CI 3.5, 16.8 23.6, 57.6 11.6, 26.2

Prior DEX treatmentb 60/79 (75.9) 16/32 (50.0) 76/111 (68.5)

95% CI 66.5, 85.4 32.7, 67.3 59.8, 77.1

Presence of central exudates,

n/N (%)

20/73 (27.4) 9/32 (28.1) 29/105 (27.6)

95% CI 17.2, 37.6 12.5, 43.7 19.1, 36.2

CI confidence interval, DEX dexamethasone intravitreal implant, DME diabetic macular edema, MODY maturity onset
diabetes of the young, PRP panretinal photocoagulation, SD standard deviation
aReasons for not treating with DEX included use of an alternative therapy (n = 14, 44.1%), patients were not eligible for
DEX treatment (n = 7, 20.6%), and other reasons (n = 11, 35.3%)
bAmong patients with available data (n = 18), the mean (SD) number of previous DEX injections was 4.2 (4.1), with a
median of 3 injections (range, 1–15)
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with that reported by Rosenblatt et al. [39]
(81.9 days) and Pareja-Rios et al. [40]
(* 90 days). Mean age was similar across these
studies [67.3 (our study), 66.3 [39], and 69 [40]
years], and the mean number of injections
reported herein (1.4 over 8.3 months & 2.0
over 12 months) was higher than that in the
aforementioned studies (* 1.2 [39] versus 1.4
[40] over 12 months).

It seems reasonable to think that the maxi-
mum BCVA gain from baseline observed in our
study population could have been greater had
the study not been terminated prematurely. We
cannot, however, exclude the possibility that
the duration of DME prior to enrollment
(42.4 months in this study; 24.4 months [39])
might have impacted the outcome, as clinical
evidence and expert consensus support an
association between early treatment and posi-
tive visual outcomes [31, 39, 41–44]. Whether
the inclusion of 40.2% of patients with prolif-
erative retinopathy (at baseline) in the current
study could have lessened the effects of DEX on
outcomes is also unknown, but it is worth not-
ing that of the other studies cited above, only

Table 3 Treatment patterns and follow-up for patients
treated with DEX on day 0

Variables Patients treated with
DEX on day 0 (N = 80)

Mean (SD) follow-up,

months

8.3 (3.4)

Range 2.7, 13.7

N 80

Mean (SD) number of

follow-up visits, n
2.5 (1.0)

Range 1, 5

N 80

Patients with the indicated retreatment during follow-up,

n (%)

0 44 (55.7)

C 1 with DEX and/or

alternative therapies

35 (44.3)

C 1 with DEX only 32 (40.5)

C 1 with an alternative

therapy only

3 (3.8)

N 79

Reasons for retreatment with DEX, n (%)a,b

Increase in CRT following

improvement

24 (75.0)

BCVA decrease following

improvement

4 (12.5)

No restoration of normal

foveolar contour

3 (9.4)

Otherc 2 (6.5)

Mean (SD) number of DEX

injections, n
1.4 (0.6)

Range 0, 3

Mean (SD) interval between

DEX injections, days

134.0 (44.9)

Ranged 18, 292

Table 3 continued

Variables Patients treated with
DEX on day 0 (N = 80)

N 32

BCVA best corrected visual acuity, CRT central retinal
thickness, DEX dexamethasone intravitreal implant, SD
standard deviation
aThere were 80 reinjections in total
bThe total adds up to[ 32 patients as 1 patient was
retreated for more than one reason
cIncluded treatment regimen and persistent temporal
DME (n = 1 each)
dThe interval between injections ranged from 92–292 days
for all patients, except one who returned to his physician
18 days following the first injection because of visual
deterioration after initial improvement. As mentioned in
the ‘‘Methods’’, decisions related to treatment, including
the type and frequency of therapy, were made by the
investigators (on the basis of their clinical judgement) and
retreatment after 18 days was deemed appropriate for this
one patient
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one included such patients, albeit in a lower
proportion (11.1%) [30]. In addition, it is pos-
sible that the large proportion of patients with
an HbA1c[8% at baseline, 33.3% in our study
versus 3.4% in the REINFORCE study [45] (for
example), may have dampened the outcomes
described herein. Nonetheless, in our study,
24.6% and 15.4% of patients experienced C 10-
letter BCVA gains from baseline at week 6 and
month 6, respectively.

The reduction in mean maximum CRT from
baseline of -146.4 lm observed in this study was
statistically significant, clinically meaningful, and
in line with that of other published studies (rang-
ing from * -120 to -200 lm [30, 39, 40, 45]),
despite apparent differences in baseline CRT
(range, 424.6–537.6 lm), proportions of treat-
ment-naı̈ve patients (range, 0–100%), and pro-
portion of phakic patients (range, 25.9–60.3%) in
those studies [30, 39, 40, 45]. In addition, 61.4%

(week 6) and 36.0% (month 6) of patients exhib-
ited CRT reductions C 20%, and 68.1% reported
DME resolution at least once during follow-up.

Although PubMed searches identified several
publications describing real-world studies of[1
injections of DEX in DME, few prospectively
[30, 40, 45, 46] or retrospectively [39] reported
the mean maximum BCVA gain or CRT reduc-
tion from baseline during follow-up, and only
three reported both outcomes [39, 40, 45]. In a
12-month, multicenter, phase 4 study of 180
eyes (177 patients) with treatment-naı̈ve (6.2%)
or previously treated (93.8%) DME that received
a mean of 2.0 DEX injections, 99 (55%) eyes
received DEX without additional therapy [45].

Fig. 3 Change in IOP from baseline at each visit (a) and
proportion of patients requiring IOP-lowering treatment
at each visit (b) in patients treated with DEX on day 0.
DEX dexamethasone intravitreal implant, IOP intraocular
pressure

Table 4 Functional and anatomic response to DEX
treatment in patients treated with DEX on day 0

Variables Week 6
(N = 60a)

Month 6
(N = 27a)

Functional response

Patients with a C 10-letter

BCVA gain from baseline,

n (%)

14 (24.6) 4 (15.4)

Nb 57 26

Patients with a C 15-letter

BCVA gain from baseline,

n (%)

7 (12.3) 2 (7.7)

Nb 57 26

Anatomic response

Patients with C 20% CRT

reduction from baseline,

n (%)

35 (61.4) 9 (36.0)

Nb 57 25

BCVA best corrected visual acuity, CRT central retinal
thickness, DEX dexamethasone intravitreal implant
aTotal number of patients in whom BCVA and CRT were
measured
bTotal number of patients with data available
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In this subgroup, the mean maximum CRT
reduction from baseline [mean, 424.6 lm
(overall population)] was -134.7 lm (n = 74),
with mean maximum BCVA improvements
from baseline [mean, 54.4 letters (overall pop-
ulation)] of 9.4, 7.3, and 7.9 letters after the first
(n = 92), second (n = 51), and third (n = 31)
injection, respectively [45]. In a single-center,
12-month study of 113 eyes (84 patients) that
received a mean of 1.4 DEX injections, includ-
ing 9.7% of eyes that were treatment-naı̈ve,
mean maximum BCVA increases of 9.7 and 8.8
letters from baseline (43.5 and 56.5 letters) were
observed at 3 months in the overall population
and treatment-naı̈ve subgroup, respectively
[40]. On the other hand, CRT reductions
appeared to peak between months 1 and 3 in
both the total population (* -100 lm) and
treatment-naı̈ve subgroup (* -200 lm) [40]. In
a multicenter analysis of 340 eyes (287 patients)
with treatment-naı̈ve (35%) or previously trea-
ted (65%) DME that received a mean of 2.1 DEX
injections over 1.8 years (mean follow-up), the
mean maximum CRT reduction from baseline
[mean, 498 lm (overall population)] was
-174 lm, and the mean maximum BCVA gain
from baseline [mean, 61.9 letters (overall pop-
ulation)] was 6.8 letters. In both analyses, there
were no statistically significant differences
between treatment-naı̈ve and previously treated
patients [39], consistent with our findings.

Table 5 Potentially treatment-related adverse events
reported during the study in all enrolled patientsa

Adverse events Total population (N = 114)

Adverse events,
n (%)

Patients,
n (%)

Total 66 30 (26.3)

Missing (for

localization)

3 (4.5)

Ocular 45 (68.2)b

Nonocular 18 (27.3)b

Outcome at study

termination

–

Resolved without

sequelae

44 (67.2)

Resolved with sequelae 4 (6.1)

Ongoing 15 (22.4)

Death 0

Status missing (lost at

follow-up)

3 (4.5)

Serious 17 (25.8) 9 (7.9)

Treatment relatedc 3 (4.5)

DEX related 30 (45.5) 18 (15.8)

Ocular 26 (39.4) 17 (14.9)

Nonocular 4 (6.1) 4 (3.5)

DEX related ocular, all

Ocular hypertension 8 (12.1) 7 (6.1)

Cataractd 7 (10.6) 6 (5.2)

Conjunctival

hemorrhage

5 (7.6) 4 (3.5)

Vitreous hemorrhage 2 (3.0) 2 (1.8)

Ocular pain 1 (1.5) 1 (0.9)

Retinal tear 1 (1.5) 1 (0.9)

Macular fibrosis 1 (1.5) 1 (0.9)

Table 5 continued

Adverse events Total population (N = 114)

Adverse events,
n (%)

Patients,
n (%)

Panophthalmitise 1 (1.5) 1 (0.9)

DEX dexamethasone intravitreal implant
aRefers to adverse events that were probably or possibly
due to the injection procedure or implant itself, as well as
those for which there was uncertainty regarding the
causality
bInformation was missing for two events
cIncluded cataract and cataract aggravation in study eyes
(n = 1 each), and panophthalmitis in a fellow eye (n = 1)
dIncluded two eyes (one patient) that were surgically
operated
eOccurred in the fellow eye (as opposed to the study eye)
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In the current study, the definition of TRAEs
was broad, including those that were probably
or possibly due to the implant itself or injection
procedure, and those for which there was
uncertainty regarding causality. Nonetheless,
our safety findings were consistent with those of
other real-world studies of[1 injection of DEX
for DME [29, 30, 39, 40, 45, 47–49], as well as
the product labeling [50, 51]. There were no
unexpected AEs, and ocular hypertension/IOP
increase from baseline was the most frequently
recorded TRAEs. Regardless, no patients
required laser treatment or filtration surgery to
control IOP during follow-up, and the propor-
tion of patients requiring topical IOP-lowering
medications at 6 months (41.4%) is in line with
that reported in the multicenter, retrospective,
observational, French SAFODEX and SAFODEX-
2 tolerability studies, which involved C 421
eyes that received C 1 DEX injection for macu-
lar edema of various etiologies with a relatively
long follow-up [52, 53]. Cataract development/
progression is also a common, known side effect
of DEX [50, 51]; in this study, seven cases were
reported during follow-up, including two that
required surgery. Notably, the proportion of
phakic patients who reported cataract progres-
sion or surgery during the study (14.0%) was
similar to that reported in two retrospective
studies (9% [54] and 13% [55]) and greater than
that reported in two prospective studies
(B 4.5% [56, 57]), but considerably lower than
that reported in other prospective (67.9% [28])
and retrospective studies (21.7–73.3%
[28, 29, 35, 58–63]).

Study limitations included early termination
that precluded full enrollment, restricted the
number of patients with completed 12-, 18-,
and 24-month visits, and prevented statistical
analysis of relevant efficacy data at these visits.
The lack of a statistically significant difference
in outcomes between the patient subgroups
that, at baseline, were treatment-naı̈ve, DEX-
naı̈ve, and previously treated with DEX should
also be interpreted with caution due to the
small sample sizes. Moreover, since assessment
of DME resolution relied on a definition that
was (at least partially) subjective, corresponding
findings should be interpreted with caution.

CONCLUSIONS

Overall, our findings support real-world efficacy
of DEX in improving BCVA and CRT through
month 6 in DME, and indicate that DEX con-
tinues to be used preferentially in pseudophakic
patients; almost two-thirds of patients treated
with DEX on day 0 were pseudophakic at base-
line. Even as the population that received DEX
on day 0 had DME for a mean of 3.7 years and
included 75.9% of patients who had received
prior DEX treatment before enrollment in this
study, 61.4% and 36.0% of patients exhibited
CRT reductions C 20% at 6 weeks and
6 months, respectively. In addition, B 7.1% of
patients reported an IOP increase[ 10 mmHg at
those time points, and no laser treatments or
filtration surgeries were required to control IOP,
confirming DEX’s tolerability. Despite a shorter
follow-up than anticipated, the study results
show that in a population consisting mostly of
patients being already actively treated for rela-
tively long-standing DME, positive outcomes
are still achievable with DEX.
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Pierre-Yves Mérité, Franck Meyer); Centre
Ophta.Kervision (Alexandre Bourhis); Centre
Rétinien Gallien (Marcel Dominguez, Éric
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Laboratoires Théa, Novartis, and Roche. Cécile
Delcourt is a consultant for Allergan (an AbbVie
company), Bausch ? Lomb, Laboratoires Théa,
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D, et al. Safety of intravitreal dexamethasone
implant (Ozurdex): the SAFODEX study. Incidence
and risk factors of ocular hypertension. Retina.
2017;37(7):1352–9.

54. Zhioua I, Semoun O, Lalloum F, Souied EH.
Intravitreal dexamethason implant in patients with
ranibizumab persistent diabetic macular edema.
Retina. 2015;35(7):1429–35.

55. Yucel OE, Can E, Ozturk HE, Birinci H, Sullu Y.
Dexamethasone implant in chronic diabetic mac-
ular edema resistant to intravitreal ranibizumab
treatment. Ophthalmic Res. 2017;57(3):161–5.

56. Bilgic A, Sudhalkar A, Kodjikian L, Vasavada V,
Vasavada S, Bhojwani D, et al. Pro re nata dexam-
ethasone implant for treatment-naive phakic eyes
with diabetic macular edema: a prospective study.
Ophthalmol Retina. 2019;3(11):929–37.
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