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Purpose: To evaluate the real-world effectiveness of intravitreal ranibizumab 0.5 mg 
(Lucentis) in improving visual acuity (VA) in adults with decreased VA due to diabetic 
macular edema (DME).
Patients and Methods: Real-world prospective observational 24-month study. 
Ranibizumab-naïve patients (n=116) were enrolled, treated and followed up according to 
investigators’ usual procedures. Outcomes included change from baseline to month 24 in 
best-corrected VA (BCVA; primary outcome), central retinal thickness (CRT), treatment 
exposure and safety.
Results: Overall, 62.9% of patients completed the study per protocol, 68.6% completed the 
induction phase (first three injections one month apart). On average, patients had 12.5 
ophthalmologist visits and 5.74 injections in year 1, decreasing to 4.6 visits and 1.94 
injections in year 2. Mean baseline BCVA was 58.4 letters, mean gain at M24 was +6.08 
letters (95% CI: 2.95, 9.21). Gains were higher for patients who completed induction, and for 
patients who did not switch treatment. Mean CRT improved by 149.17 μm at M24. There 
were no new safety signals. BCVA variation of ≥6 letters by M3 was predictive of BCVA 
gains at M24 (p=0.007), as was hypertension medication at baseline (p=0.022).
Conclusion: Real-world ranibizumab treatment improved VA in DME patients, despite 
fewer injections than recommended.
Keywords: real-world study, retinal thickness, visual acuity, switch, induction

Introduction
Diabetic retinopathy (DR) is a common complication of diabetes occurring in 
people with Type 1 and 2 diabetes aged over 20 years.1 Diabetic macular edema 
(DME), a complication of DR, is strongly associated with visual impairment.1,2 In 
diabetes, the prevalence of DR and DME is estimated to be 34.6% and 6.81%, 
respectively, yielding a global DME population of 21 million people in 2010.3 

DME is multifactorial and the pathogenesis is not completely understood. 
Hyperglycemia initiates a cascade of events resulting in hypoxia, increased vascular 
permeability of the blood retinal barrier and retinal fluid accumulation (edema). 
Vascular endothelial growth factor (VEGF) is implicated in retinal vascular perme-
ability and is regulated by hypoxia and hyperglycemia.

Ranibizumab (Lucentis, Novartis) is a humanized monoclonal antibody frag-
ment administered by intravitreal injection that antagonizes VEGF with high 
affinity. The European Medicines Agency (EMA) approved ranibizumab for age- 
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related macular degeneration (AMD) in 2007 and for 
DME in 2011. Ranibizumab’s approval for DME was 
based on significant visual acuity (VA) gains in the studies 
RESOLVE,4 RETAIN5 RESTORE,6 supported by an inde-
pendent Phase 3 study.7 Interventional randomized con-
trolled trials (RCTs) assess efficacy and safety data in 
narrow populations with strict inclusion/exclusion criteria. 
Observational real-world studies offer a complementary 
view of how medicines are prescribed and used, and how 
this affects outcomes. However, most observational trials 
are retrospective with lower levels of evidence.

Here, we report results from ETOILE, a prospective obser-
vational study evaluating the efficacy of ranibizumab in pre-
viously treatment-naïve patients with decreased VA due to 
DME over 24 months, under real-world conditions in France.

Patients and Methods
Study Design
This 24-month Phase 4 prospective multicenter observa-
tional study assessed real-world outcomes of ranibizumab 
in DME. We invited 38 ophthalmologists capable of 
administering ranibizumab injections and who had access 
to spectral domain optical coherence tomography (SD- 
OCT) to be study investigators. Each investigator had 6 
months to include ≥8 consecutive patients.

Investigators informed patients about study objectives 
and data collection. Patients gave their “non-opposition” to 
participation, according to French regulations. The rele-
vant French data protection committee [Comité Consultatif 
sur le Traitement de l’Information en matière de 
Recherche dans le domaine de la Santé (CCTIRS)] 
approved the study protocol. French ethics committee 
approval was not required, according to French law at 
the time of study conduct. Research was performed 
according to the Declaration of Helsinki.

Study Population
Eligible patients were aged ≥18 years, had decreased best 
corrected VA (BCVA) due to DME linked to type I or II 
diabetes in at least 1 eye that was previously untreated, 
and whose ophthalmologist recommended ranibizumab. If 
both eyes were eligible, the investigator designated the 
studied eye and injected this eye first. Exclusion criteria 
were hypersensitivity to any component of ranibizumab, 
ocular/periocular infection, severe intraocular inflamma-
tion, surgery in the studied eye within 3 months, and 
vitreomacular traction in the studied eye.

Treatment
Patients received ranibizumab 0.5 mg by intravitreal injec-
tion, according to the ophthalmologist’s usual practice. 
Ophthalmologists monitored patients for disease progres-
sion and treatment continued until maximum VA was 
achieved and/or disease absence, according to the ophthal-
mologist’s judgment.

Assessments
Demographics, medical history, diabetes disease character-
istics, prior and concomitant medications were collected at 
baseline.

Data were collected ≥4 times: at baseline, first ranibi-
zumab injection, Month (M) 12 (±2) and M24 (±2). If 
patients visited their ophthalmologists more frequently, 
data were also collected at M3 (±1), M6 (±1), M9 (±1) 
and M18 (±2).

Ophthalmologists assessed BCVA as per their usual 
practice. Data collected in Snellen or Monoyer scales 
were converted to Early Treatment Diabetic Retinopathy 
Study (ETDRS) letters. Central retinal thickness (CRT) 
was measured using SD-OCT. Number of visits and injec-
tions, concomitant DME treatments in studied eye, anato-
mical parameters, adverse events (AEs) were recorded.

Statistical Analysis
The primary outcome was the mean absolute change in 
BCVA at M24 in ETDRS letters. In RCTs, mean BCVA 
gains ranged from 7.9 to 14.9 after 24 months of 
ranibizumab.6,7 Assuming a mid-range gain of +11 letters 
and that 40% of patients would be unevaluable, a sample 
size of 150 patients was needed for an evaluable popula-
tion of 90 patients, with a precision of +2.2273 letters.

We describe quantitative variables using mean, stan-
dard deviation (SD), median and extreme values, and 
2-sided 95% confidence intervals (CIs). We describe qua-
litative variables as absolute frequency and percentage by 
modality. Sub-group analyses were performed by baseline 
disease characteristics and demographics.

Results are presented without imputation of missing 
data. A sensitivity analysis for robustness and reliability 
was performed for the primary outcome, replacing missing 
data with last observation carried forward (LOCF).

We identified predictive factors of the absolute mean 
change of BCVA at M12 using analysis of variance 
(ANOVA) of the absolute mean change of BCVA at M12 
and at M24. Multivariate ANOVA allowed stepwise 
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selection of significant factors identified in the univariate 
analysis.

We used SAS to analyze data.

Results
Patients
Of 38 ophthalmologists solicited, 26 became ETOILE 
investigators, and 20 enrolled ≥1 patient. Six ophthalmol-
ogists were from public hospitals, six from private practice 
and eight had mixed public-private activity.

Between January 2014 and June 2015, 128 patients 
were enrolled and 116 received ≥1 ranibizumab injection. 
Safety analyses were based on these 116 patients 
(Figure 1). Eleven patients had inclusion criteria viola-
tions, missing baseline BCVA or missing follow-up visits. 
The remaining 105 patients comprised the population used 
to assess demographics, drug exposure and efficacy. Of 
this population, 89.5% had a surveillance visit at M3, 
78.1% at M6, 66.7% at Month 9, 75.2% at M12, 68.6% 
at M18 and 62.9% at M24. Overall, 66 patients (62.9%) 
completed the study as planned. The remainder did not 
return for the M24 visit (n=35) or died (n=4).

Mean (SD) age was 65.5 (11.4) years. Mean visual 
acuity at baseline was 58.4 [55.7;61.0] ETDRS letters. See 
Table 1 for other demographics and disease characteristics.

Treatment
Patients had a mean (SD) of 7.31 (4.18) intravitreal injec-
tions over 24 months. Mean injections decreased from 
5.74 (2.5) in year 1 to 1.94 (2.38) in year 2. Patients had 
a mean (SD) of 12.5 (6.5) surveillance visits over the 24 
months. Similarly, the mean (SD) number of visits 
decreased from 8.0 (3.3) in year 1 to 4.6 (3.6) in year 2. 
During induction, 68.6% patients had their first three rani-
bizumab injections one month apart (mean of 32.72 
[13.09] days between injections). The percentage of 
patients receiving an injection decreased from 39.4% at 
M3 to 20.7% at M6, 20.0% at Month 9, 19% at M12, 
16.7% at M18 and 7.6% at M24.

Non-injection was most common because the purpose 
of the visit was follow-up, or due to disease improvement 
or stabilization. Concomitant treatment was reported for 
14 patients (13.3%), who received ≥1 additional laser 
treatment during the study, of whom 12 were treated 
during year 1.

Figure 1 Flow chart of patients in study.
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Efficacy
Visual Acuity
Mean BCVA improvement from baseline to M24 (Figure 
2A) was +6.08 letters (95% CI: 2.95, 9.21). In the sensi-
tivity analysis with missing data imputed by LOCF, mean 
improvement was 5.51 (95% CI: 3.32, 7.71). Patients 
achieved a mean BCVA of 64.3 letters (95% CI: 60.5, 
68.1). Improvements were evident from M3 (+5.5 letters 
[95% CI: 3.5, 7.4]). Gains of ≥10 and ≥15 letters from 
baseline to M24 were reported for 44.4% and 22.2% of 
patients, respectively. Loss of ≥15 letters was reported for 
6.3% of patients.

The proportion of patients with BCVA ≥70 letters 
increased from 26.7% at baseline to 45.2% at M3, 40% 
at M12 and 42.9% at M24.

Induction: Patients who completed induction (receiving 
three initial monthly injections) had higher mean (SD) 
BCVA change at M12 than patients who did not (+6.4 
[10.7] letters vs +3.0 [17.2] letters). We observed similar 
trends at M24 (Figure 3A).

Switch: Overall, 74.3% patients were treated with rani-
bizumab only (non-switchers) and 25.7% switched from 
ranibizumab to another anti-VEGF or corticosteroid 
(switchers) after a mean (SD) of 14.2 (6.3) months. 
Similar proportions of patients switched to aflibercept 
(12.4%) and to dexamethasone implant (14.3%). Just one 
patient switched twice: to aflibercept then to dexametha-
sone implant. Baseline BCVA was similar in switchers and 
non-switchers. Non-switchers had higher mean (SD) 
BCVA gains than switchers at M12 (+7.4 [8.5] letters vs 
+1.7 [18.0] letters) and at M24 (+8.2 [10.1] letters vs +2.1 
[15.4] letters) (Figure 4A and B).

Anatomical features at baseline: Baseline BCVA was 
worse in patients with loss of integrity of internal segment- 
outer segment (53.5 letters) and external limiting mem-
brane (52.2 letters). These patients had mean (SD) BCVA 
gains from baseline to M24 of +6.7 (12.6) and +8.8 (11.9) 
letters, respectively.

Central Retinal Thickening
CRT improved from baseline to M12 (Figure 2B) by an 
absolute mean (SD) decrease of −111.4 μm (95% CI: 
−148.5, −74.2) and to M24 by −149.2 μm (95% CI: 
−187.3, −111.0). CRT improvement was evident from 
M3 onwards.

Table 1 Patient and Studied Eye Baseline Characteristics

Total (N=105)

Mean age (SD) (years) 65.5 (11.4)

Male gender, n (%) 62 (59.0)

Diabetes type, n (%)

Type I 15 (14.3)
Type II 90 (85.7)

Years since diagnosis of diabetes, mean (SD) 17.9 (10.2)

Mean HbA1c % (SD) 7.7 (1.2)

HbA1c ≥ 8%, n (%) 24 (31.6)

Months since DME diagnosis, mean (SD) 12.4 (25.6)

≤3 months since DME diagnosis, n (%) 52 (50.0)

DME type, n (%)

Diffuse 52 (66.7)
Focal 20 (25.6)

Mixed 6 (7.7)

Bilateral DME, n (%) 80 (76.2)

Months to bilateral DME, mean (SD) 3.12 (16.7)

Diabetic retinopathy, n (%) 78 (74.3)

Non-proliferative, n (%) 60 (75.0)

Proliferative, n (%) 18 (22.5)

Visual acuity in ETDRS letters, mean [95% CI] 58.4 [55.7, 61.0]

Patients with BCVA ≤69, n (%) 75 (71.4)
Patients with VA letter score ≥69, n (%) 30 (28.6)

CRT (μm), mean [95% CI] 480.7 [455.7, 
505.7]

CRT < 350, n (%) 16 (15.5)

CRT ≥ 350, n (%) 87 (84.5)

Intraocular pressure (mmHg), mean (SD) 15.4 (3.0)

Macular volume (mm3), mean (SD) 10.7 (2.2)

Other anatomical features

Serous retinal detachment, n (%) 27 (26.0)

Loss of integrity of external limiting membrane, 

n (%)

43 (41.7)

Loss of integrity of the internal/external segment, 

n (%)

50 (48.5)

Retrofoveolar exudates, n (%) 28 (27.2)

Foveolar atrophy, n (%) 4 (3.9)

Epiretinal membrane, n (%) 20 (19.2)

Note: Percentages were calculated for the number of patients with available data 
for each variable. 
Abbreviations: CRT, central retinal thickness; DME, diabetic macular edema; SD, 
standard deviation; VA, visual acuity; HbA1c, glycosylated hemoglobin.
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Baseline mean (SD) CRT was 487.0 μm (124.2) for 
patients with full induction phase (3 initial monthly injec-
tions) and 467.2 μm (135.8) for patients without. Similarly 
to BCVA, CRT improvement (Figure 3B) appeared better 
in patients who completed induction than those who did 
not at M12 (−133 µm vs −51 µm) and M24 (−171 µm vs 
−80 µm). Final CRT was 321.9 μm (76.9) in patients with 
full induction and 376.7 μm (137.8) without.

Baseline mean (SD) CRT was higher in switchers 
(518.0 μm [141.2]) than non-switchers (who stayed on 
ranibizumab) (468.1 μm [121.3]). Switchers had a bigger 
decrease than non-switchers at M12 (−149 µm vs −95 µm) 
and M24 (−174 µm vs −137 µm) (Figure 4C and D). 
However, final CRT was similar in both sub-groups at 12 
and 24 months: 364 µm and 328 µm in non-switchers 
versus 359 µm and 348 µm in switchers.

Predictive Factors
According to multivariate ANOVA, BCVA variation of ≥6 
letters in the first 3 months of follow-up (p= 0.007) and ≥1 
hypertension medication at baseline (p=0.022) predicted 
BCVA gains at M24. Baseline CRT ≥ 300 μm was pre-
dictive of BCVA loss at M24.

Safety
Overall, 75.9% of patients had ≥1 AE: 10.3% had AEs in 
both eyes, 51.7% in the studied eye only and 19% in the 
contralateral eye only. Ocular AEs occurring in >5% of 
patients were cataract (9.5%), diabetic retinal edema 
(7.8%), ocular hypertension (5.2%), vitreous hemorrhage 
(5.2%), drug ineffective (24.1%) and inappropriate sche-
dule of drug administration (24.1%). 36.2% of patients had 
non-ocular AEs.

Figure 2 Change from baseline in (A) visual acuity and, (B) central retinal thickness.

Figure 3 Change from baseline in (A) visual acuity and (B) central retinal thickness, according to completion of induction phase.
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Seventeen patients had AEs considered related to rani-
bizumab. The only related AE reported by >1 patient was 
“drug ineffective” (reported by 15/17 patients).

Serious AEs (SAEs) were reported by 26.7% of 
patients. The only ocular SAE reported by >2% of patients 
was cataract (2.6%). No patient had an SAE considered 
related to ranibizumab; 3 (2.6%) had SAEs that the inves-
tigator considered related to the intravitreal injection (cat-
aract, retinal detachment and vitreous hemorrhage).

Four patients (3.4%) died following cardiac disorder, 
SAEs that were not considered related to ranibizumab or 
its administration.

Discussion
In this prospective real-life study of French DME 
patients, we observed visual gains with ranibizumab 
from M3 (+5.5 letters) that were maintained up to M24 
(+6.1 letters). This effect was maintained in a sensitivity 
analysis imputing missing data with LOCF (+5.5 letters). 
Gains of ≥15 letters were achieved by 22.2% of patients, 
and 42.9% had final BCVA ≥70 letters. VA gain 
appeared higher when patients completed induction 
(+6.4 and +7.1 letters at M12 and M24, respectively). 
Patients who stayed on ranibizumab with no switch 
appeared to have better VA results, although these 
patients may represent “good responders” to 

ranibizumab. Further work and statistical comparisons 
are needed to confirm these findings. Mean CRT also 
improved from baseline to M3 (−125.8 μm) and to 
M24 (−149.1 μm). Safety was similar to the established 
safety profile of ranibizumab.

RCTs of ranibizumab in DME reported BCVA gains of 
+7.24 letters after 6 months,9 +10.3 letters after 12 months 
(with mean [SD] numbers of injections: 10.2 [2.5]),4 +7.7 
letters after 24 months (with 3 monthly injections initially, 
and a mean of 5.3 injections during the 18 months follow- 
up)10 and +7–9 letters after 24 months (with a median 
number of 8–9 and 2–3 injections during years 1 and 2).11

RESTORE used a less intensive regimen, comprising 
a 3-month induction followed by pro re nata (PRN) “as 
needed” injections. BCVA gain was +6.8 letters after 12 
months of ranibizumab alone6 and +8.0 letters after the 
2-year extension study.12 We observed similar gains in 
ETOILE.

In RETAIN, mean BCVA change at M24 was similar 
between the treat and extend (T&E) and laser (+8.3 let-
ters), T&E (+6.5) and PRN (+8.1) groups. Mean injections 
over the 24 months numbered 12.4 and 12.8 in the T&E 
+laser and T&E groups, and 10.7 in the PRN group.5

Taken together, these RCTs show that BCVA and cen-
tral retinal thickness improvements observed after 
one year are maintained during the second and third 

Figure 4 Change from baseline in visual acuity in patients (A) without and (B) with treatment switch, and change from baseline in central retinal thickness in patients (C) 
without and (D) with treatment switch.
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years, while the number of injections required declined 
progressively.

A 2018 meta-analysis of observational studies investigat-
ing pharmacological interventions in DME included 32 stu-
dies of anti-VEGF treatments, totaling 6842 studied eyes. 
After a 15.6-month mean follow-up, mean BCVA gain was 
+4.7 letters, with a final BCVA of 62 letters. Mean injections 
numbered 5.8 over the 15.6-month period, notably fewer 
than in RCTs.13 Anti-VEGF treatment response therefore 
appears to depend on the number of injections.

In ETOILE, only 68.8% of patients completed the 
3-month induction. These patients appeared to have better 
outcomes, a key message for daily practice. French guide-
lines recommend intensive treatment during the first year 
of treatment, with 7–9 injections.14 In ETOILE, patients 
had a mean (SD) of 7.31 (4.18) injections over 24 months. 
More injections were administered in year 1 (mean 5.74) 
compared to year 2 (1.94) and patients were not injected at 
each visit, a well-known bias of the PRN regimen. On 
average patients had 12.5 visits and 7.31 injections. 
Patients are therefore under-treated compared to the 
French recommendations; this could be partially due to 
the PRN regimen. Under-treatment was also reported in 
another three-year French prospective real-world study of 
ranibizumab in DME that showed fewer visits (mean 13.4) 
and injections (mean 5.1) than recommended in year 1, 
decreasing further in subsequent two years.15

One third of patients in ETOILE were lost to follow-up 
by M24, for any reason. This rate was similar to previous 
real-world studies by Best et al (25.45% after one year of 
follow-up)16 and Massin et al (35.5% after three years).15 

In ETOILE, 25.8% of patients had switched to other 
intravitreal therapy by M24. A similar rate of switching 
was observed after 4 years (25.4%) in a Danish retro-
spective cohort of 566 DME patients.17 In this study, as 
observed in ETOILE, there was no difference in baseline 
VA between the switchers and non-switchers, but switch-
ers had higher baseline CRT. This phenomenon of switch-
ing treatments is not well documented.

ETOILE shows that ranibizumab achieves good visual 
results in real life. BCVA gains were lower than those 
observed in RCTs but were achieved with fewer injections. 
Moreover, the ETOILE cohort had a bad prognosis at 
baseline; with nearly half of patients showing loss of 
integrity of external limiting membrane and the internal/ 
external segment. On average, patients in ETOILE had 
a one-year average delay between DME diagnosis and 
treatment initiation.

Our results support other real-world prospective studies 
in DME. A prospective study with 1226 participants (of 
whom 738 completed the 2-year follow-up) reported 
a mean baseline VA of 60.9 letters [95% CI: 59.7, 
61.5].18 VA improved by +4.0 and +5.2 letters at M12 
and M24, respectively. Patients received a mean of 4.4 
injections in year 1 and 5.5 injections over the 2 years. 
Massin reported mean BCVA gains of +4.1 letters after 36 
months.15 However, in this cohort, only half of the patients 
who completed the 36-month follow-up had been treated 
with ranibizumab only, the remaining patients switched to 
other intravitreal drugs. The ETOILE cohort had similar 
baseline BCVA and gains at M24, and similar numbers of 
injections.

Most of the published real-world studies are retrospec-
tive. In a study of ranibizumab in 78 patients (106 eyes),19 

baseline BCVA was 48.3 letters (notably lower than 
ETOILE’s 58.4 letters). Mean BCVA gain was +10.7 let-
ters at M12, with significant CRT reductions. On average, 
patients had 5.4 injections. This study demonstrated better 
BCVA gains than ETOILE, although the 38% of patients 
with BCVA >70 letters at M12 was similar to 
ETOILE (40%).

In a retrospective study in 80 patients (102 eyes), base-
line mean BCVA was 60.8 letters.20 BCVA gain was +6.2 
letters after the 3 initial induction doses and +7.0 letters at 
M24. Gains were sustained over the 4-year follow-up 
(+6.6 letters). Average injections per year was 4.7 in year 
1, decreasing to 1.4, 0.7 and 0.9 during years 2, 3 and 4. 
These results are similar to ETOILE.

A real-world observational study using UK electronic 
medical records evaluated visual outcomes for DME 
patients (3103 eyes) treated with ranibizumab.21 Mean 
baseline BCVA for patients followed ≥2 years was 51.1 
letters. Mean BCVA gain at M12 was +5 letters and 33% 
of patients had mean VA ≥70 letters compared to 25% at 
baseline. Despite a lower mean baseline VA, these BCVA 
gains are lower than in ETOILE. However, eyes followed 
for ≥6 months received only a mean of 3.3 injections over 
a mean of 6.9 surveillance visits in 1 year. Other ranibi-
zumab real-world studies also reported low numbers of 
ranibizumab injections.17,22

ETOILE used multivariate ANOVA to identify two 
factors predictive of BCVA gains at M24. These were 
early BCVA gain of ≥6 letters in the first 3 months of 
follow-up and at least 1 hypertension medication at base-
line. Early BCVA response and higher baseline BCVA 
were previously identified as predictors of better BCVA 
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outcomes with ranibizumab.15,19,23 In post-hoc analyses of 
the RISE and RIDE studies, good baseline BCVA was 
a predictor of a good visual outcome of 20/40 or better. 
However, poor baseline BCVA was associated with an 
improvement in BCVA of ≥15 letters.24 Since better base-
line BCVA and CRT values predicted better BCVA and 
CRT after 12 months, it has been suggested that ranibizu-
mab should be initiated before BCVA and CRT deteriorate.

ETOILE gives insight into the real-life use of ranibi-
zumab in France. The focus on France could limit the 
applicability of results to other countries. Bias could 
exist because ETOILE pre-selected investigators capable 
of administering ranibizumab by intravitreal injection. 
However, including inexperienced ophthalmologists 
would have been unethical. As an observational study, 
the data are inherently variable; however, data underwent 
strict validation and quality control steps. Another limita-
tion was the variation in scales used to assess BCVA. 
However, this variation is a general limitation of real- 
world study designs. Conversion of results to ETDRS 
letters has been used in other studies of anti-VEGF in 
DME.15,18,19

Conclusion
In conclusion, this 24-month prospective observational 
study showed that ranibizumab treatment under normal 
clinical conditions improved VA in DME patients, con-
firming previous clinical studies with restricted popula-
tions. Induction with 3 injections one month apart is not 
yet performed systematically. VA gain at the end of the 
3-month induction seems to predict the VA outcomes after 
24 months of treatment.
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