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ABSTRACT

Introduction: The prospective, non-interven-
tional OCEAN study examined the use of
intravitreal ranibizumab injections for the
treatment of diabetic macular oedema (DME) in
a real-world setting in Germany.
Methods: Adults with DME receiving
C 1 ranibizumab (0.5 mg) injections were

recruited by 250 ophthalmologists. Best-cor-
rected visual acuity (VA) testing, imaging and
treatments were performed according to the
investigators’ routine practice and documented
over 24 months.
Results: The full analysis set included 1226
participants. Mean baseline VA was 60.6 [95%
CI: 59.7; 61.5] Early Treatment Diabetic
Retinopathy Study letters. VA improved by
C 15 letters in 21.5% and 23.5% of the partici-
pants at 12 months and 24 months, respec-
tively. They received a mean number of 4.42
[95% CI: 4.30; 4.54] injections in the first year
and 5.52 [95% CI: 5.32; 5.73] injections over
24 months, which was markedly lower than in
clinical trials. Only 33.4% of the participants
received an upload with four initial monthly
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injections as recommended by the German
ophthalmologic societies. Time-to-event analy-
ses that account for missing data inherent to a
non-interventional study design demonstrated
that participants receiving C 7 injections in the
first year had a faster response, but the duration
of the response was shorter compared to the
subgroups receiving 1–3 and 4–6 injections.
Serious adverse events were reported for
143/1250 (11.4%) participants in the safety
population.
Conclusion: Under-treatment is a major prob-
lem of DME anti- vascular endothelial growth
factor therapy under real life conditions.
Despite fewer injections given compared to
randomised controlled trials with a conse-
quently reduced overall mean visual gain, a
profound functional improvement (C 15 let-
ters) was achieved over 2 years in 23.5% of eyes
with DME.
Trial Registration Number: NCT02194803,
ClinicalTrials.gov.
Funding: Novartis Pharma GmbH, Nuremberg,
Germany.

Keywords: Diabetic macular edema; Observa-
tional study; Ranibizumab; Treatment outcome;
Vascular endothelial growth factor A

INTRODUCTION

Diabetic macular edema (DME) currently affects
approximately 20 million people worldwide [1].
At the present time intravitreal anti-vascular
endothelial growth factor (VEGF) therapy is the
standard of care [1–6]. A network meta-analysis
that included 24 clinical studies with 6007 par-
ticipants confirmed that anti-VEGF therapy
offers greater improvement in visual acuity (VA)
than does laser photocoagulation, with an
acceptable safety profile [4]. These

improvements usually occur within 1 year and
can be sustained for up to 5 years [2, 3, 7].

For the treatment of visual impairment due
to DME, German medical societies [8] recom-
mend an initial upload of four anti-VEGF
injections at monthly intervals, followed by two
injections monthly and then by a single
monthly injection if further treatment is nee-
ded. Monthly assessments of retinal thickness
by optical coherence tomography (OCT) and
VA should guide re-treatment (Electronic Sup-
plementary Material [ESM] Fig. S1). These soci-
eties also recommend performing fluorescein
angiography (FA) and OCT before initiating
anti-VEGF therapy to confirm DME as the
treatment indication and to detect ischemic
maculopathy or permanent damage to the
retina, both of which predict poor response to
treatment [8].

In the clinical trials reported to date, an
average of 7–12 injections were administered in
the first year and three to six injections in the
second year [2, 3, 9, 10]. Adhering to this
schedule can be difficult outside of clinical tri-
als, which may lead to under-treatment [4].
Moreover, older patients and a higher frequency
of comorbidities in a real-world setting may
further reduce adherence to monitoring and
therapy and impair the effectiveness of ranibi-
zumab for the management of DME [11, 12].
The effects of these factors merit evaluation, but
such evaluations have so far been largely
undocumented or restricted to retrospective
data [13–15].

Therefore, we have prospectively examined
the effectiveness, treatment, monitoring and
safety of ranibizumab (0.5 mg) injections in
individuals with DME in Germany in the real-
world, non-interventional OCEAN (Observation
of treatment patterns with LuCEntis and real-
life ophthalmic monitoring, including optional
OCT in Approved iNdications) study.

METHODS

Study Design

The prospective, multicenter, non-interven-
tional OCEAN study examined the use of
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intravitreal ranibizumab in adults with neovas-
cular, exudative or edematous eye diseases,
under real-world conditions in Germany [11].
One eye per patient was included. The OCEAN
study was approved by the ethics committee of
the Eberhard-Karls-University, Tübingen, Ger-
many. All procedures performed in studies
involving human participants were in accor-
dance with the ethical standards of the institu-
tional and/or national research committee and
with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
Informed consent was obtained from all indi-
vidual participants included in the study.

Here we describe the subpopulation treated
with ranibizumab for visual impairment due to
DME, accounting for 21.6% of the OCEAN
safety population (1250 of 5781 participants).
Data were collected between December 2011
and December 2016.

Participants and Study Centers

The aims of the OCEAN study [11] were to
provide a representative picture of ophthal-
mologists in Germany and of the individuals
treated with ranibizumab. Exclusion criteria
were contra-indications based on the Summary
of Product Characteristics, intravitreal anti-
VEGF treatment of the study eye in the
3 months prior to enrolment or previous
intravitreal steroid treatment. The subpopula-
tion described here included only patients with
diabetes mellitus and center-involved DME as
the primary indication for ranibizumab. Partic-
ipants with DME were recruited by 250 of the
369 OCEAN study centers, among which were
49 general ophthalmology practices (of the
4735 such practices in Germany) and 201 retina
specialist centers (of the approximately 1200
such centers in Germany).

Evaluation

Data were collected prospectively by the treat-
ing physicians. Demographics, clinical charac-
teristics, previous ranibizumab injections, VA
and results from OCT and FA were recorded at

baseline. At subsequent visits, the date, whether
an injection was administered or not (plus rea-
son for decision), VA and OCT measurements
and any adverse events (AEs) were captured
along with premature discontinuation of treat-
ment or documentation.

Values for best-corrected VA were converted
to logarithm of minimum angle of resolution
(LogMAR) values and Early Treatment Diabetic
Retinopathy Study (ETDRS) letters [16].

AEs were reported according to World Health
Organization guidelines [17].

Data Analysis

The safety population includes all enrolled
participants receiving C 1 ranibizumab injec-
tion within OCEAN with at least one safety
assessment. The full analysis set (FAS) includes
all eligible participants. The potential influence
of baseline VA was delineated by defining three
subpopulations based on approximate tertiles of
baseline VA (\ 55 ETDRS letters, 55–68 letters,
[ 68 letters). Further subgroup analyses were
conducted stratified by sex, pre-treatment status
(treatment-naı̈ve: no documented previous
intravitreal anti-VEGF treatment and B 90 days
between diagnosis and first injection within
OCEAN; pre-treated: received anti-VEGF treat-
ment[3 months before study entry; remaining
participants were considered to be possibly pre-
treated) and number of injections in the first
year.

Data analysis was performed using SAS�

software, version 9.4 (SAS Institute Inc., Cary,
NC, USA). Data are presented descriptively as
the mean with the 95% confidence interval
(95% CI), the mean with the standard deviation
or the percentage of patients. To account for
missing data inherent to the non-interventional
design of the study [11, 18], time-to-discontin-
uation, time-to-response (to first improvement
of C 15 ETDRS letters from baseline) and dura-
tion-of-response (time from first improvement
of C 15 ETDRS letters to first time point of los-
ing this improvement) were analyzed using
Kaplan–Meier estimates.
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RESULTS

Study Population

After verifying eligibility in 1250 participants
(safety population), data from 1226 participants
(774 treatment-naı̈ve, 181 pre-treated, 301 pos-
sibly pre-treated) were included in the effec-
tiveness analysis (FAS) (Fig. 1).

The mean baseline age was 67.6 years, 57.5%
of the population were men and 77.4% had
type 2 diabetes mellitus (Table 1).

Follow-up, Treatment and Monitoring

Of the 1226 participants in the FAS, 977 (79.7%)
completed the first 12 months of the study and
738 (60.2%) completed 24 months (Fig. 1). Pre-
mature study discontinuation was documented
for 391 participants (31.9%), mainly due to loss
to follow-up (134 participants) or ‘‘other rea-
sons’’ (194 participants).

The mean observational period was
507.1 (95% CI 492.8; 521.3) days.

The study participants received on average
4.42 (95% CI 4.30; 4.54) ranibizumab injections

Fig. 1 Flow chart of disposition of patients with diabetic
macular edema (DME) in the OCEAN study. Asterisk
refers to reasons for exclusion from the full analysis set:
pre-treatment of study eye with intravitreal anti-vascular
endothelial growth factor (VEGF) within the last
3 months and/or pre-treatment with intravitreal steroids
in the past (n = 12); not documented that DME was
present and that ranibizumab treatment was medically
indicated and planned (n = 7); pre-treatment with
ranibizumab within the last 3 months (n = 4); and major,
unresolvable errors in the visit chronology (n = 1). Dagger

denotes multiple responses possible. Double dagger denotes
that documentation discontinued before month 24. Dou-
ble S denotes ‘Other reason’ for premature discontinuation
of documentation and was most frequently specified as
change to ‘other anti-VEGF medication’ (n = 49), change
to aflibercept (n = 25) or change to bevacizumab
(n = 19). Hashtag denotes the 947 participants with a
documented visit at month 12 and the 30 participants who
did not have a visit at month 12 but did have a later
documented visit. Degree symbol denotes participants with
a documented visit at month 24
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in the first year and 5.52 (95% CI 5.32; 5.73)
injections over 24 months (Fig. 2). The number
of injections did not differ by baseline VA
(Table 2).

The longest interval was documented
between the third and the fourth injection
(Fig. 3). A four-injection upload was docu-
mented in 33.4% of the participants (Table 2).

Baseline OCT and FA examinations were
reported for 77 and 70% of the participants,
respectively (Table 1).

Over 12 and 24 months, a mean of 3.7 and
5.9 OCT examinations were performed in the
FAS (Table 2). During the first year, 879 partici-
pants (71.7%) had C 2 documented OCT
examinations, 192 (15.7%) had one OCT
examination and 155 (12.6%) did not have a
OCT examination.

All participants received a mean of 8.6 (95%
CI 8.5; 8.8) and 14.2 (95% CI 13.8; 14.7) VA
examinations over 12 and 24 months, respec-
tively. For the 738 participants completing
24 months of the study, 9.8 (95% CI 9.6; 10.0)

Table 1 Baseline characteristics of study participants with
diabetic macular edema (full analysis set, n = 1226)

Parameter Valuesa

Age (years)b 67.6 ± 10.8

Gender

Men 705 (57.5%)

Women 515 (42.0%)

Missing 6 (0.5%)

Anamnestic risk factorsc

Diabetes mellitus 1226

(100.0%)

Type I 118 (9.6%)

Type II 949 (77.4%)

Unknown 90 (7.3%)

Missing 70 (5.7%)

Hypercholesterolemia 184 (15.0%)

Neovascular disease of the other eye 176 (14.4%)

Hyperlipidemia 92 (7.5%)

Myocardial infarction 84 (6.9%)

Family history of coronary artery disease 69 (5.6%)

Apoplexy 66 (5.4%)

Other thromboembolism event 31 (2.5%)

Other metabolic dysfunction 22 (1.8%)

Other risk factors 339 (27.7%)

HbA1c (mmol/mol)b 58 ± 13

HbA1c (%)b 7.5 ± 1.2

HbA1c (categories)

\ 64 mmol/mol (\ 8.0%) 504 (41.1%)

C 64 mmol/mol (C 8.0%) 220 (17.9%)

Missing 502 (41.0%)

OCT examination at baseline

Performed 943 (76.9%)

Not performed 276 (22.5%)

Missing 7 (0.6%)

FA examination at baseline

Table 1 continued

Parameter Valuesa

Performed 852 (69.5%)

Not performed 367 (29.9%)

Missing 7 (0.6%)

OCT and FA examination at baseline

OCT = yes, FA = yes 654 (53.3%)

OCT = yes, FA = no 289 (23.6%)

OCT = no, FA = yes 198 (16.2%)

OCT = no, FA = no 77 (6.3%)

Missing 8 (0.7%)

FA Fluorescein angiography, HbA1c glycated hemoglobin
A1c, OCT optical coherence tomography
a Values are presented as the mean ± standard deviation
(SD) or as a number with the percentage in parenthesis, as
appropriate
b Data for some participants are missing: age (9 missing),
HbA1c (502 missing)
c Multiple responses possible
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and 18.3 (95% CI 17.8; 18.7) VA examinations
were documented, respectively.

Visual Acuity

The mean baseline VA was 60.6 (95% CI 59.7;
61.5) ETDRS letters, with 464, 382 and 371
participants in the VA sub-groups of [68
ETDRS letters, 55–68 letters and \ 55 letters,
respectively.

In the FAS, the mean VA was above baseline
throughout the observation period (Table 3;
ESM Table S1). VA improvement peaked ini-
tially at month 3 (? 4.9 [95% CI 4.1] 5.6 ETDRS
letters), then remained relatively stable until

month 12 (? 4.0 ETDRS letters) and increased at
the end of year 2, reaching ? 5.2 ETDRS letters
at month 24 (Fig. 4a; Table 3). In general, the
discontinuation rate was constant (Fig. 4b).

At months 12 and 24, [ 20% of the partici-
pants gained C 15 ETDRS letters versus baseline,
whereas VA deteriorated by C 15 letters in
about 7% of participants (Table 3). The VA
improvement was highest in participants with
the lowest baseline VA and lowest in those with
the highest baseline VA (ESM Fig. S2a). Baseline
VA and changes from baseline (ESM Table S2,
ESM Fig. S2b) were similar for participants given
one to three or four to six ranibizumab injec-
tions, with a slightly greater improvement in

Fig. 2 Mean number of injections administered during
the first 12 months and during the entire 24-month
observational period of the OCEAN study compared to
current German recommendations. Error bars depict
confidence intervals. Asterisk denotes the expected number
of injections is based on an initial upload of four injections
at monthly intervals, followed by two additional monthly

injections as needed and then by single monthly injections
as needed, as recommended by German medical societies.
According to these recommendations it is expected that on
average seven to eight injections are given during the first
year and fewer than four injections are given in the second
year [2, 8, 30]
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Table 2 Treatment with ranibizumab for diabetic macular edema and monitoring by optical coherence tomography in the
OCEAN study (full analysis set, n = 1226)

Parameter All participants Treatment-naı̈ve Pre-treated

n Valuesa n Valuesa n Valuesa

All participants, including those who discontinued prematurely

Number of injections in the first year (to month 12), by baseline VAb in ETDRS letters

\ 55 Letters 371 4.52 [4.29; 4.74] 217 4.61 [4.30; 4.91] 53 4.87 [4.19; 5.55]

55–68 Letters 382 4.26 [4.05; 4.47] 241 4.33 [4.06; 4.60] 55 4.24 [3.62; 4.85]

[ 68 Letters 464 4.50 [4.29; 4.71] 309 4.56 [4.31; 4.82] 72 4.79 [4.21; 5.37]

Number of injections over the observational period (to month 24), by baseline VAb in ETDRS letters

\ 55 Letters 371 5.62 [5.25; 5.99] 217 5.72 [5.22; 6.21] 53 6.32 [5.15; 7.49]

55–68 Letters 382 5.34 [4.99; 5.69] 241 5.30 [4.86; 5.73] 55 6.05 [4.98; 7.13]

[ 68 Letters 464 5.64 [5.30; 5.99] 309 4.64 [5.25; 6.04] 72 6.38 [5.26; 7.49]

Participants receiving a four-injection uploadc

Total 1226 (100.0%) 774 (100.00%) 181 (100.0%)

Yes 410 (33.4%) 270 (34.9%) 46 (25.4%)

No 816 (66.6%) 504 (65.1%) 135 (74.6%)

Number of OCT examinations

To month 12 1226 3.7 [3.5; 3.9] 774 3.7 [3.5; 3.9] 181 4.0 [3.6; 4.4]

To month 24 1226 5.9 [5.6; 6.2] 774 5.9 [5.5; 6.4] 181 6.5 [5.7; 7.3]

Only participants completing the 24 months observational period

Number of injections in the first year (to month 12), by baseline VAb in ETDRS letters

\ 55 Letters 210 4.92 [4.61; 5.23] 120 5.05 [4.63; 5.47] 36 5.22 [4.36; 6.09]

55–68 Letters 239 4.62 [4.35; 4.89] 148 4.77 [4.43; 5.11] 34 4.68 [3.87; 5.48]

[ 68 Letters 288 4.80 [4.52; 5.07] 186 4.88 [4.54; 5.21] 45 5.29 [4.51; 6.06]

Number of injections over the observational period (to month 24), by baseline VAb in ETDRS letters

\ 55 Letters 210 6.61 [6.06; 7.16] 120 6.72 [5.99; 7.45] 36 7.31 [5.75; 8.87]

55–68 Letters 239 6.16 [5.68; 6.65] 148 6.15 [5.55; 6.74] 34 7.32 [5.86; 8.79]

[ 68 Letters 288 6.48 [6.00; 6.96] 186 6.50 [5.95; 7.05] 45 7.64 [6.07; 9.21]

Participants receiving a four-injection uploadc

Total 738 (100.0%) 455 (100.0%) 115 (100.0%)

Yes 241 (32.7%) 155 (34.1%) 31 (27.0%)

No 497 (67.3%) 300 (65.9%) 84 (73.0%)

Number of OCT examinations

To month 12 738 4.1 [3.8; 4.3] 445 4.2 [3.8; 4.5] 115 4.6 [4.0; 5.2]

To month 24 738 7.5 [7.0; 7.9] 445 7.6 [6.9; 8.2] 115 8.4 [7.3; 9.4]

CI confidence interval, ETDRS Early Treatment Diabetic Retinopathy Study, VA visual acuity
a Values are presented as the mean with the 95% confidence interval (CI) in square brackets or as a number with the percentage in
parenthesis, as appropriate
b VA was assessed as best-corrected VA
c Counted are patients with three injections after the baseline injection, with not more than 37 days between each injection in this series
and the previous one
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those receiving C 7 injections. The number of
injections was similar in the subgroups ac-
cording to baseline VA (Table 2). Overall, VA
improvements were comparable between pre-
treated and treatment-naı̈ve participants in the
first year, but slightly better in the pre-treated
group towards the end of the study (Fig. 4a). At
24 months, 32.7% of the pre-treated but only
20.3% of the treatment-naı̈ve participants had
gained C 15 ETDRS letters.

Time-to-Event Analyses

The rate of premature study discontinuation
was relatively constant throughout the study
(Fig. 5a). The probability of a participant
remaining in the study up to month 12 and
month 24 was approximately 75 and 60%,
respectively. The rate and time course of dis-
continuations did not differ by pre-treatment
status (Fig. 5b), sex and baseline VA (ESM
Fig. S3a, b). A higher proportion of participants
receiving one to three injections during the first
12 months were documented for a shorter per-
iod of time compared to those receiving more
injections (ESM Fig. S3c).

Time-to-response and duration-of-response
were analyzed by pre-treatment status and
number of documented ranibizumab injections
in the first year.

About 20% of treatment-naı̈ve participants
had a C 15 ETDRS letter response within the
first 3 months in all injection subgroups.
Thereafter, the response rate was higher in
participants receiving C 7 injections than in
those receiving fewer injections (Fig. 6a). In
participants who showed a C 15 ETDRS letter
response, the duration-of-response was lowest
in those with the most injections and highest in
those with the least injections. The probability
of a C 15 ETDRS letter response last-
ing C 3 months was 58 and 37% in the sub-
groups receiving one to three
and C 7 injections, respectively (Fig. 7a). Time-
to-response and duration-of-response did not
vary by sex. More participants with low baseline
VA (\55 ETDRS letters) responded, and their
response was faster and lasted longer than that
in the subgroups with higher VA (ESM Figs. S5a,
b, S6a, b).

The results were similar for the pre-treated
population (Figs. 6b, 7b; ESM Figs. S4c, d, S5c, d)
but less reliable due to the small group size.

Fig. 3 Time intervals between the first five injections during the OCEAN study and the respective next injection. Number
of patients are plotted against the respective category of time intervals (days)
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Safety

One or more AEs (non-serious and/or serious)
were reported for 256 of the 1250 participants
in the safety population (20.5%). The most
common ocular AEs were increased intraocular
pressure (2.6%), reduced VA (2.4%), vitreous
hemorrhage, cataract operation (1.4% each) and
posterior capsule opacification (1.0%) (ESM

Table S3). Serious AEs (SAEs) were reported in
143 participants (11.4%). The most frequent
ocular SAEs were vitreous hemorrhage and
reduced VA (1.0% each). One SAE of endoph-
thalmitis was reported (0.1%). The main non-
ocular SAEs were death (1.0%) and cerebrovas-
cular accident (0.7%).

Table 3 Visual acuity of participants with diabetic macular edema in the OCEAN study, at baseline and at months 12
and 24 of the observational period (full analysis set, n = 1226)

Parameter All participants Treatment-naı̈ve Pre-treated

n Valuesa n Valuesa n Valuesa

Visual acuityb, ETDRS letters

Baseline 1217 60.6 [59.7; 61.5] 767 61.5 [60.4; 62.5] 180 61.2 [59.0; 63.3]

Month 12 642 65.0 [63.5; 66.5] 418 65.6 [63.8; 67.5] 87 64.8 [60.7; 68.8]

Month 24 371 65.5 [63.5; 67.4] 238 66.4 [64.1; 68.6] 49 67.0 [61.9; 72.2]

D Mo 12–BL 638 ? 4.0 [2.9; 5.2] 414 ? 4.1 [2.7; 5.6] 87 ? 3.6 [0.0; 7.1]

D Mo 24–BL 370 ? 5.2 [3.7; 6.7] 237 ? 5.4 [3.7; 7.0] 49 ? 6.3 [2.8; 9.9]

Participants with documented response at month 24 in ETDRS letters

Total 638 (100.0%) 414 (100.0%) 87 (100.0%)

C 15 Letter gain 137 (21.5%) 89 (21.5%) 18 (20.7%)

Change between C 15 and\ 15 letters 455 (71.3%) 297 (71.7%) 61 (70.1%)

C 15 letter loss 46 (7.2%) 28 (6.8%) 8 (9.2%)

Participants with documented response at month 24 in ETDRS letters

Total 370 (100.0%) 237 (100.0%) 49 (100.0%)

C 15 Letter gain 87 (23.5%) 48 (20.3%) 16 (32.7%)

Change between C 15 and\ 15 letters 257 (69.5%) 176 (74.3%) 29 (59.2%)

C 15 Letter loss 26 (7.0%) 13 (5.5%) 4 (8.16%)

BL Baseline, Mo month
a Values are presented as the mean with the 95% CI in square brackets or as a number with the percentage in parenthesis, as
appropriate
b Visual acuity was assessed as best-corrected VA
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Fig. 4 Mean change of best-corrected visual acuity (VA)
from baseline in participants with DME by pre-treatment
status (a), and the corresponding total number of patients
who discontinued the study (b) during the 24-month

observational period. ETDRS Early Treatment Diabetic
Retinopathy Study, Boxes in a represent mean changes and
error bars represent 95% confidence intervals (CI). Gray
bars represent number of patients
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Fig. 5 Time-to-discontinuation in all patients (full anal-
ysis set [FAS] n = 1226) (a) and by pre-treatment status
(b). If the time of discontinuation was not documented, it
was set to day 1. Estimators are based on the

Kaplan–Meier (KM) product-limit methodology. BL
Baseline, mo Months. The dashed line represents the
1 year time point
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Fig. 6 Time-to-response (VA improvement of
C 15 ETDRS letters from baseline) in treatment-naı̈ve
(a) and pre-treated participants (b). Time-to-response was
defined as the first time an improvement of C 15 letters
from baseline was reached. Participants who did not reach

a response were censored at the last documented time
point. If no visual acuity data were documented after
baseline, the participant was censored on day 1. Estimators
are based on the Kaplan–Meier product-limit methodol-
ogy. See Fig. 5 caption for abbreviations
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DISCUSSION

The real-world treatment of visual impairment
due to DME with intravitreal ranibizumab sug-
gests insufficient monitoring and potential
under-treatment in Germany. Similar problems
have been described in neovascular age-related
macular degeneration (nAMD) [19, 20], but
only retrospective data are available on DME
[13, 14, 21–24]. Even though the mean number
of injections and OCT examinations in our
study did not meet current German recom-
mendations, VA gains of C 15 ETDRS letters
were reported for over 20% of the participants.
Improvements occurred largely within
3 months and were sustained up to month 24.
The participants receiving the most (C 7)
injections in the first year responded the fastest,
but their response was less sustained than that
of participants receiving fewer injections.

With a mean of 4.42 and 5.52 ranibizumab
injections administered over 12 and 24 months,
respectively, OCEAN participants with DME
received notably fewer than the 7–12 and three
to six injections administered in the first and
second year, respectively, in previous clinical
trials [2, 3, 9, 10]. A complete four-injection
upload as recommended for DME [8] was doc-
umented only in one-third of the participants.
These low re-injection rates observed in the
study were obtained under conditions of a
phase 4 study; as such, they may indicate an
even worse re-treatment rate in the ‘‘unob-
served’’ routine real-life setting.

Under-treatment with anti-VEGF injections
was also observed in retrospective chart reviews

of DME. A median of six injections in year 1 and
one to two injections in year 2 were docu-
mented for 333 individuals with DME at a single
German center [14]. Similarly, a recently pub-
lished German chart review study with 235
patients documented an average of 5.7 injec-
tions in the first year of DME treatment [24].
This is below the recommendations but still
slightly higher than the number of injections in
OCEAN, potentially due to a selection bias, as
only individuals with C 1 year of follow-up and
still actively followed in the clinic were inclu-
ded. OCEAN participants with DME were
recruited from 250 centers, including 49 general
ophthalmology practices, where monitoring
and treatment were documented, but patients
were referred to a retina specialist for the
injections. Such referrals have been shown to
delay treatment start [16] and may also affect
further treatment [25, 26].

Based on retrospective data from the U.S.
IRIS� Registry, a comprehensive eye disease and
condition registry, only 47% of people with
DME were treated within 1 year of diagnosis.
Those given anti-VEGF in the first year received
on average 4.2 injections, similar to the number
of injections received by participants in OCEAN
[27]. In another USA-based retrospective multi-
center study, 156 individuals with DME
received on average 5.8 injections in year 1 and
5.0 injections in year 2 [13], while a third ret-
rospective real-world study in the USA found
that patients only received 3.1 injections in the
first year of DME treatment [28]. A Danish ret-
rospective cohort study including 566 patients
found that on average 6.1 intravitreal anti-
VEGF injections were received in year 1 and 3.0
in year 2 [29]. Discrepancies between these
studies and OCEAN in terms of the number of
injections may be due to selection bias or dif-
ferent clinical practice and reimbursement in
the USA.

The low number of ranibizumab injections
in OCEAN may be due to insufficient OCT
monitoring, which is not routinely provided in
Germany [20]. On average, only 3.7 and 5.9
OCT examinations were reported over 12 and
24 months. Very similar figures for Germany
were described in another European study
(POLARIS), which supports the meaningfulness

bFig. 7 Duration-of-response (time from first improve-
ment of C 15 ETDRS letters to first time point of losing
this improvement) in treatment-naı̈ve (a) and pre-treated
participants (b). Duration-of-response was defined as the
time from first improvement of C 15 letters from baseline
to the first time point of losing this improvement.
Participants who did not lose the response were censored
at the last documented time point where the response was
still present. If no visual acuity data were documented after
the response date, the participant was censored on day 1.
Estimators are based on the Kaplan–Meier product-limit
methodology. See Fig. 5 caption for abbreviations
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of the OCEAN data [30]: the rare use of OCT was
also evident in the POLARIS study from the
high number of VA examinations. One possible
reason for the lower use of OCT may be that
OCT examinations in Germany are not reim-
bursed by the national health insurance and is
therefore only included in individual selective
contracts or offered as a self-payer service. Some
of the OCEAN centers did not even have an
OCT device at the start of the study despite the
importance of the morphological re-treatment
criteria. Many German ophthalmologists
refrained from OCT controls during the follow-
up. Another finding reported by the authors of
the POLARIS study enables comparison between
European countries: in Germany treatment
often stops or is delayed after the first three
injections; in comparison, the higher rate of
OCT examinations in the UK was also associ-
ated with a considerably higher number of
ranibizumab injections [30].

Non-adherence to monitoring and treatment
is a known problem in DME [28]. In a German
real-world study that included 136 individuals
with DME receiving anti-VEGF only 35%
adhered to the visit schedule [12]. Another real-
world study in Germany that included 134
individuals with DME receiving anti-VEGF
found a non-adherence rate of 44%, which was
mostly patient associated [23]. Possible reasons
for non-adherence include comorbidities,
patient age [12, 23] and/or the high visit bur-
den, particularly since individuals with DME
also require frequent diabetes monitoring. It has
also been suggested that adherence may be
hampered by reimbursement issues, mobility
limitations, a lack of patient motivation and
interference with work schedules [28]. Even
with appropriate monitoring, some physicians
may use re-injection criteria that differ from the
recommendations. It is also possible that rec-
ommendations were followed but that partici-
pants were not treated because they met success
or stop criteria or refused treatment; while this
last possibility cannot be discerned from the
data, but it is unlikely.

Despite under-treatment, VA notably
improved in OCEAN participants with DME
after 12 months (? 4.0 ETDRS letters) and
24 months (? 5.2 letters). Participants with low

baseline VA (\ 55 letters) and those receiv-
ing C 7 injections in year 1 showed the highest
gains. The VA improved less than in patients
with DME in randomized controlled trials such
as. RESTORE [7], Protocol I [31] and Protocol T
[2] where participants given ranibizumab with
or without laser photocoagulation gained
between ? 7 and ? 12 ETDRS letters. Clinical
trials have strict treatment and follow-up
schedules and inclusion/exclusion criteria,
which may lead to better outcomes.

The VA improvements in patients in the
prospective OCEAN study were also slightly
lower than improvements reported in retro-
spective chart reviews. Two UK-based studies
showed improvements of ? 5 ETDRS letters [22]
and ? 6.6 letters [21] at 12 months. The latter
study selected individuals receiving a C 3-in-
jection upload who may be expected to have
better results. In a German retrospective study
[14], the maximum improvement for DME
within 12 months was ? 6.2 ETDRS letters, but
the change from baseline to month 12 was
- 1.3 letters. This VA loss may be due to bias, as
only patients still under treatment were inclu-
ded, preferentially selecting individuals with
chronically active disease [14]. A second Ger-
man chart review study documented VA gains
of ? 5.6 ETDRS letters in the first year of rani-
bizumab treatment [24]. A small retrospective
study from Taiwan found average improvement
of ? 4.9 ETDRS letters at 12 months with a
mean injection load of 4.3 injections [32].

About 60% of the participants completed the
OCEAN study, which is comparable with other
non-interventional studies, such as the AURA
study on ranibizumab treatment for nAMD,
where 53% completed 2 years [33]. Time-to-
event analyses have the advantage of including
participants irrespective of the length of their
individual observational period and missing
data. The discontinuation rate among the par-
ticipants in the OCEAN study was quite con-
stant, suggesting that no specific factor
triggered discontinuation at a particular time
point. Participants receiving one to three
injections during year 1 were documented for a
shorter period than participants with more
injections. It cannot be determined whether
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participants leaving the study early continued
treatment outside the study.

Over 20% of the OCEAN participants with
DME showed a relevant VA improvement (C 15
ETDRS letters) at months 12 and 24. Most par-
ticipants responded within 3 months, consis-
tent with the fast responses shown in clinical
trials [2, 7]. The response rate was higher in
individuals receiving C 7 injections in year 1,
suggesting that more injections, potentially due
to better adherence, increase VA gains. How-
ever, as a considerable proportion of partici-
pants discontinued the study early, and the
group with C 7 injections was small, this find-
ing may not be transferrable to the general DME
population.

By contrast, the duration-of-response was
shortest in participants receiving the most
injections. This could mean that participants
receiving more injections do so because they
respond to treatment but require additional
ranibizumab injections to maintain the benefi-
cial effects, such as due to higher disease
activity.

Participants with the lowest baseline VA
(\55 ETDRS letters) showed the highest VA
gain (‘floor effect’), and the response was faster
and lasted longer than that in the subgroups
with higher VA, demonstrating that individuals
with DME and significantly impaired VA
achieve sustainable improvements with ranibi-
zumab. Participants with baseline VA of[68
ETDRS letters gained less (‘ceiling effect’) but
maintained higher VA than that of the other
subgroups, supporting the need for prompt
monitoring and treatment to prevent vision loss
from DME [34].

No new safety findings were identified in this
population. The documented incidence of AEs
(20.5%) and SAEs (11.4%) over 2 years was
lower than those reported in randomized trials
[2, 31], potentially due to under-reporting in
this non-interventional setting.

The non-interventional design is a strength
of this study, as it describes the use of ranibi-
zumab therapy for DME in routine clinical
practice, in patients who are older and have
more comorbidities than those in clinical trials
[11, 15] and who may also have more difficul-
ties adhering to the treatment schedule. Seeing

a beneficial effect of ranibizumab with a well-
characterized safety profile in this setting is
encouraging.

Non-interventional studies harbor a number
of important limitations, including non-stan-
dardized diagnostics, high discontinuation
rates, under-reporting, artificial patient selec-
tion and selective reporting; all of these have to
be kept in mind when interpreting the results.
Although even randomized controlled trials
reported a loss of follow-up of between 23.4%
(NCT00473382) and 42.1% (NCT00168389) of
DME patients over 3 years, the group of dis-
continued documentation and treatment in the
daily routine is more strongly associated with a
distortion potential and thus does likely not
reflect the actual distribution of the functional
response. In this study, we have tried to describe
this window of uncertainty and take account
the limited tracking through a transparent and
robust methodology.

CONCLUSION

In conclusion, the large non-interventional
OCEAN study demonstrated that despite insuf-
ficient monitoring and potential under-treat-
ment, substantial improvements of VA could be
achieved with ranibizumab (0.5 mg) in[20% of
adults with DME. As the response rate was
higher in participants receiving more injec-
tions, improving access and adherence to
treatment may increase the benefits of this cost-
and resource-intensive therapy.
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