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Two‑year outcomes 
of the APOLLON observational 
study of intravitreal aflibercept 
monotherapy in France in patients 
with diabetic macular edema
Jean‑François Korobelnik  1,2*, Vincent Daien3,4, Céline Faure  5, Ramin Tadayoni  6,  
Audrey Giocanti‑Aurégan  7, Corinne Dot  8,9, Laurent Kodjikian  10,11, 
Pascale Massin12,13 on behalf of the APOLLON study investigators*

APOLLON (NCT02924311) was a prospective observational study to evaluate the effectiveness of 
intravitreal aflibercept (IVT-AFL) treatment of diabetic macular edema (DME) over 24 months in 
routine clinical practice in France. The primary endpoint was mean change from baseline in best-
corrected visual acuity (BCVA; Early Treatment Diabetic Retinopathy Study letters) by 12 months, 
and safety was monitored throughout the study. Of 402 patients enrolled across 61 participating 
clinics and hospitals in France, 168 patients were followed for at least 24 months and included in the 
effectiveness analyses (79 treatment-naïve and 89 previously treated). After 24 months of IVT-AFL 
treatment, the mean (± standard deviation [SD]) change in BCVA from baseline was + 6.5 (± 10.7) 
letters in treatment-naïve patients (p < 0.001) and + 1.6 (± 17.0) letters in previously treated patients 
(p = 0.415) from a baseline of 63.8 (± 13.6) and 60.5 (± 16.5) letters. The mean number of IVT-AFL 
treatments over 24 months was 11.3 (± 4.9) and 11.9 (± 4.7) for treatment-naïve and previously 
treated patients. This final analysis of the APOLLON study indicated that following 24 months of 
IVT-AFL treatment in routine clinical practice in France, treatment-naïve patients with DME achieved 
significant gains in visual acuity and previously treated patients maintained prior visual acuity gains.

Trial registration number: NCT02924311.

Diabetic retinopathy and a common complication thereof, namely diabetic macular edema (DME), are major 
causes of vision loss in the working-age population1,2. Given the rising prevalence of diabetes and increased life 
expectancy globally, this is cause for concern due to the high level of resources and surgical skills required to 
manage these patients3.

Vascular endothelial growth factor (VEGF) levels are increased in the eyes of patients with diabetic 
retinopathy4, and anti-VEGF treatments have emerged as a first-line therapy for DME1,2. Intravitreal aflibercept 
(IVT-AFL; Eylea®, Regeneron Pharmaceuticals, Inc.; Rensselaer, NY, USA) was approved for the treatment of 
visual impairment due to DME on the basis of two Phase 3 studies (VIVID and VISTA), which showed the clear 
superiority of IVT-AFL over laser therapy in terms of both visual and anatomic outcomes5,6. However, in routine 

OPEN

1Service d’Ophtalmologie, Hôpital Pellegrin, CHU de Bordeaux, Place Amélie Raba Léon, 33000  Bordeaux, 
France. 2INSERM, Bordeaux Population Health Research Center, UMR1219, Université de Bordeaux, Bordeaux, 
France. 3Hôpital Gui De Chauliac, Montpellier, France. 4INSERM, Université de Montpellier, Montpellier, 
France. 5Hôpital Privé Saint Martin, Ramsay Générale de Santé, Caen, France. 6Hôpital Lariboisière, Université 
de Paris, Hôpital I, AP-HP, Hôpital Fondation Rothschild, Paris, France. 7Avicenne, AP-HP, Université Paris 13, 
DHU Vision Et Handicaps, Bobigny, France. 8HIA Desgenettes, Lyon, France. 9École du Val de Grâce, Paris, 
France. 10Department of Ophthalmology, Croix-Rousse University Hospital, Hospices Civils de Lyon, Lyon, 
France. 11UMR‑CNRS 5510 Matéis, University of Lyon, Villeurbanne, France. 12CUDC, Hôpital Lariboisière, Paris, 
France. 13Present address: Centre d’Ophtalmologie Paris, Breteuil, France.  *A list of authors and their affiliations 
appears at the end of the paper. *email: jean-francois.korobelnik@chu-bordeaux.fr

http://orcid.org/0000-0002-4438-9535
http://orcid.org/0000-0002-7435-7518
http://orcid.org/0000-0001-5616-3579
http://orcid.org/0000-0002-7918-7845
http://orcid.org/0000-0003-4398-3978
http://orcid.org/0000-0002-3908-6716
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-022-22838-1&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2022) 12:18242  | https://doi.org/10.1038/s41598-022-22838-1

www.nature.com/scientificreports/

clinical practice, the long-term persistence of patients on anti-VEGF therapy is poor7, and those patients who 
do continue therapy receive fewer anti-VEGF injections compared with those in randomized clinical trials8.

Although the efficacy of IVT-AFL in DME treatment has been demonstrated in several clinical and real-
world studies9–11, real-world evidence from French patients is not yet available. In France, IVT-AFL treatment 
of patients with DME is provided in accordance with the local product label, which adheres to the European 
Medicines Agency Summary of Product Characteristics for IVT-AFL12. However, decisions regarding dosage, 
duration, treatment frequency, and follow-up assessments are at the discretion of the prescribing physician, 
and for this reason, IVT-AFL treatment patterns may vary markedly. Thus, real-world findings regarding IVT-
AFL effectiveness, treatment patterns, and safety in other countries or regions may not be readily extrapolated 
to France. Long-term observational studies can provide healthcare providers with valuable insights into rou-
tine clinical practice and may inform the conversations that physicians have with their patients. APOLLON 
(NCT02924311) was a 24-month observational study to evaluate the long-term, real-world effectiveness and 
treatment patterns of IVT-AFL in patients with DME in routine clinical practice in France. The preliminary, 
12-month results of this study showed that IVT-AFL treatment was associated with improvements in functional 
and anatomic outcomes in both treatment-naïve and previously treated patients13. Here, we report the final, 
24-month analysis of the APOLLON findings, which provide a long-term perspective of IVT-AFL treatment 
effectiveness, patterns, and persistence in France.

Methods
Study design.  APOLLON (NCT02924311) was a prospective, multi-center, observational study conducted 
between September 2016 and August 2019 across 61 ophthalmology centers at public and private clinics and 
hospitals across France. Based on a report from the Diabetic Retinopathy Clinical Research Network14, in which 
a standard deviation (SD) of ± 11 letters was observed in the mean visual acuity change of patients with DME 
treated with IVT-AFL, a sample size of 385 patients was calculated to be required. Therefore, it was planned to 
enroll at least 400 patients in APOLLON.

Patients were eligible for enrollment if they had been diagnosed with DME; were either treatment-naïve or had 
received previous treatment with laser, steroids, or an anti-VEGF agent other than IVT-AFL; were aged ≥ 18 years 
with type 1 or type 2 diabetes; and had a baseline visual acuity of < 20/40. All treatment decisions, including 
the decision to treat with IVT-AFL, were made at the discretion of the prescribing physician according to local 
practice, with the recommended treatment regimen being five initial monthly doses of 2 mg IVT-AFL followed 
by one injection every 2 months, and that after 12 months of treatment, the interval between doses is shortened 
or prolonged according to the results of visual and anatomic evaluations12.

The APOLLON study was conducted in accordance with the International Conference on Harmonization 
guidelines for Good Clinical Practice and the ethical principles of the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards. The study protocol and informed consent forms were reviewed 
and approved by the French Consultative Committee on the Processing of Information in Health Research and 
by the French National Medical Council prior to any patient being enrolled into the study. All patients provided 
written informed consent for participation in this study.

Study endpoints.  The primary endpoint of APOLLON was change from baseline in best-corrected visual 
acuity (BCVA) at 12 months in the treatment-naïve and previously treated cohorts13. Here, we report findings 
on the secondary endpoints, which included the mean change in BCVA and central retinal thickness (CRT) 
between baseline and 24 months, the presence of visible fluid after 24 months, and the mean number of IVT-AFL 
injections over 24 months. BCVA was recorded using Early Treatment Diabetic Retinopathy Study (ETDRS) 
letters or Snellen chart results converted to approximate ETDRS letter scores. Safety was monitored throughout 
the study.

The safety analysis set (SAS) included all patients who received ≥ 1 injection of IVT-AFL. Treatment-emergent 
adverse events (TEAEs) were summarized using the Medical Dictionary for Regulatory Activities coding system. 
The full analysis set (FAS) included all patients who received ≥ 1 injection of IVT-AFL in the study eye and who 
had a BCVA evaluation available at baseline for the study eye.

The study eye was defined as the eye in which IVT-AFL treatment was initiated at the initial visit (baseline). 
If both eyes were treated at baseline, the study eye was considered to be the eye with worse visual acuity. All 
effectiveness analyses were performed for the study eye only, whereas the safety analysis included all eyes receiv-
ing IVT-AFL.

Statistical analysis.  All patient-based data required for the purposes of this study were collected at baseline, 
after each IVT-AFL treatment during the first 5 months, and at Months 6, 12, and 24 thereafter. The Month 6, 
Month 12, and Month 24 data comprised data assessed within the timeframe of 4.5–6.5 months, 11–13 months, 
and 23–25 months from the first IVT-AFL treatment, respectively. All variables were analyzed descriptively with 
the appropriate statistical methods: categorical variables by frequency tables (absolute and relative frequencies) 
and continuous variables by sample statistics (i.e., mean, SD, minimum, median, quartiles, and maximum). 
Continuous variables were described by absolute values and as the mean change from baseline per analysis time 
point, where applicable. The Student t-test was applied to compare the mean BCVA at baseline with the mean 
BCVA at Months 12 and 24. All statistical analyses were explorative and descriptive in nature, and the study did 
not aim to confirm or reject pre-defined hypotheses.

In contrast with the 12-month APOLLON analysis in which the last observation carried forward approach was 
used13, this 24-month analysis used the available data only (i.e., excluded the missing values) and then compared 
these results to those of a sensitivity analysis based on multiple imputation with the Markov chain Monte Carlo 
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(MCMC) method, in which 10,000 iterations were used to impute missing values (i.e., where no BCVA or CRT 
assessment data were available at defined time points)15. Statistical analyses were performed with SAS version 
9.2 or higher (SAS Institute, Inc.; Cary, NC, USA).

Results
Patient disposition and baseline characteristics.  Of 402 patients enrolled, 13 did not receive IVT-
AFL and were excluded from the SAS, whereas 25 patients were excluded from the FAS (Fig. 1). Of the 377 
patients in the FAS, 338 patients were followed for ≥ 6 months, 290 patients were followed for ≥ 12 months, and 
168 patients were followed for ≥ 24 months. Of the 168 patients followed for ≥ 24 months, 116 patients had BCVA 
assessments and 109 patients had CRT assessments available at both baseline and 24 months (i.e., between 23 
and 25 months after the first IVT-AFL injection) (Fig. 1). The numbers of patients with BCVA and CRT data 
available at baseline, 6 months, 12 months, and 24 months are shown in Supplementary Fig. 1. The baseline 
demographics and disease characteristics of patients in the overall FAS and in the treatment-naïve and previ-
ously treated cohorts are shown in Table 1. For previously treated patients, the main reason for starting IVT-AFL 
treatment was the lack of efficacy of previous DME treatments (78.2%).

Visual acuity at month 24.  For patients from the FAS who had a BCVA assessment at both baseline 
and Month 24 (n = 116), the mean (± standard deviation [SD]) change in BCVA was + 6.5 (± 10.7) letters in the 
treatment-naïve cohort (baseline, 63.8 [± 13.6]; p < 0.001), + 1.6 (± 17.0) letters in the previously treated cohort 
(baseline, 60.5 [± 16.5]; not significant, p = 0.415), and + 3.9 (± 14.6) letters in the overall population (p < 0.01); 
see Fig. 2. A mean BCVA of ≥ 70 letters was achieved in 50.9% (59/116) of patients overall by Month 24, and 
in 61.1% (33/54) of treatment-naïve and 41.9% (26/62) of previously treated patients. A greater proportion of 
treatment-naïve patients experienced letter gains compared with previously treated patients (Supplementary 
Fig. 2); over 24 months, 6 patients overall (5.2%) lost 15 or more letters, whereas 22 patients (19.0%) gained 15 or 
more letters. As expected, patients with a higher BCVA at baseline reported the lowest change in BCVA at Month 
24 (Supplementary Fig. 3). The sensitivity analysis (based on MCMC imputation of missing values) of the mean 
change in BCVA from baseline to Month 12 produced similar results (data not shown).

In the treatment-naïve patients from the FAS who were followed up for 24 months (n = 54), the mean (± SD) 
change in BCVA from baseline to Month 24 was + 5.6 (± 8.9) letters (95% confidence interval [CI]: 1.9, 9.2) in 
those who received five initial monthly doses of IVT-AFL (n = 25) and + 7.2 (± 12.1) letters (95% CI: 2.6, 11.8) 
in those who did not receive all five initial doses (n = 29).

Anatomic outcomes at Month 24.  For patients followed for 24 months, the mean (± SD) decrease in 
CRT was similar in the two treatment cohorts: from 446 (± 101) µm at baseline to 312 (± 82) µm at Month 24 
in treatment-naïve patients (mean change: − 134 [± 123] µm; 95% CI: − 168, − 99), and from 442 (± 122) µm at 
baseline to 313 (± 104) µm at Month 24  in previously treated patients  (mean change: − 130 [± 158] µm; 95% 
CI: − 171, − 88) (Fig. 3). The sensitivity analysis (based on MCMC imputation of missing values) of the mean 
change in CRT from baseline to Month 12 produced similar results (data not shown).

At baseline, subretinal fluid (SRF) was observed in 31.3% (61/195) of treatment-naïve and 23.3% (37/159) 
of previously treated patients who were assessed. At Months 12 and 24, the proportion of assessed patients with 
SRF decreased to 5.9% (6/102) and 7.0% (4/57) of treatment-naïve patients and 4.6% (4/87) and 5.4% (3/56) of 
previously treated patients. Baseline intraretinal fluid (IRF) was observed in > 95% of patients in both treatment 
cohorts, and at Months 12 and 24, the proportion of assessed patients with IRF decreased to 69.6% (71/102) and 

Figure 1.   Patient disposition. BCVA, best-corrected visual acuity; CRT, central retinal thickness; FAS, full 
analysis set; IVT-AFL, intravitreal aflibercept; SAS, safety analysis set. aPatients could have been excluded from 
the FAS for more than one reason. bPatients had follow-up data available to at least 23 months, with a visit, 
injection, BCVA assessment, or optical coherence tomography evaluation between 23 and 25 months from the 
first IVT-AFL injection.
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68.4% (39/57) of treatment-naïve patients and 69.0% (60/87) and 69.1% (38/55) of previously treated patients. In 
the overall FAS, the change from baseline in the proportion of affected patients was − 27% for intraretinal fluid 
and − 22% for subretinal fluid by Month 24.

Treatment exposure.  The mean (± SD) number of IVT-AFL injections over 24 months was 11.3 (± 4.9) 
for treatment-naïve and 11.9 (± 4.7) for previously treated patients (11.6 [± 4.8] for the overall FAS). The mean 
(± SD) number of follow-up visits per patient was 19.8 (± 5.3), and 82.7% of patients had ≥ 15 clinic visits dur-
ing the 24-month observational period. The number of injections over 24 months was similar in patients with 
BCVA > 39 letters irrespective of prior treatment status but was numerically higher in previously treated patients 
with BCVA ≤ 39 letters and numerically lower in treatment-naïve patients with BCVA ≤ 39 letters (Fig. 4). The 
recommended five initial monthly doses of IVT-AFL were received by 40.8% of treatment-naïve patients, 34.5% 
of previously treated patients, and 37.9% of patients in the overall cohort. The mean (± SD) number of injections 
over 24 months in treatment-naïve patients was 12.6 (± 3.4) in those who received five initial monthly doses, and 
11.1 (± 6.1) in those who did not receive all five initial doses.

In APOLLON, the two main reasons for early study discontinuation in the FAS (148/377 patients; 39.3%) 
were loss to follow-up (65/148; 44.2%) and switch to another treatment (57/148; 38.8%), and the main reason 
for switching treatment was lack of efficacy/response (32/57; 56.1%).

Safety analysis at Month 24.  Ocular TEAEs in the study eye occurred in 64.8% of patients in the SAS 
(Table 2); the most common event was cataract, which occurred in 8.5% of patients. Endophthalmitis occurred 
in one patient from each cohort. In one of these patients, endophthalmitis began 10 months after IVT-AFL treat-
ment initiation and was considered serious and related to IVT-AFL, and IVT-AFL treatment was temporarily 
interrupted. Both cases of endophthalmitis were considered resolved/resolving at the end of the study. The sec-
ond serious, treatment-related ocular TEAE reported was vitreous detachment, which occurred approximately 
3 months after the first IVT-AFL treatment; this TEAE was resolved with sequelae and did not lead to any treat-
ment interruption.

Table 1.   Demographics and baseline characteristics of patients in the full analysis set. BCVA best-corrected 
visual acuity; BMI body mass index; CRT​ central retinal thickness; DME diabetic macular edema; ETDRS Early 
Treatment Diabetic Retinopathy Study; FAS full analysis set; HbA1c, glycated hemoglobin; IRF intraretinal 
fluid; OCT optical coherence tomography; SRF subretinal fluid; VEGF vascular endothelial growth factor. 
Values are mean (± standard deviation) unless otherwise stated. a Patients may have received more than one 
previous treatment for DME.bn = 161;cn = 165; dn = 83; en = 76; fn = 159; gn = 74; hn = 157; in = 124; jn = 100; 
kn = 224; ln = 206; mn = 170; nn = 376; on = 204; pn = 167; qn = 371; rn = 197; sn = 362; tn = 202; un = 169.

Overall FAS

Treatment-naïve (n = 206) Previously treated (n = 171) Total (N = 377)

Age, years 64.8 (± 12.0) 67.2 (± 9.8) 65.9 (± 11.1)

Male, n (%) 120 (58.3) 90 (52.6) 210 (55.7)

BMI, kg/m2 28.8 (± 6.2) 29.5 (± 5.4) 29.1 (± 5.8)

Prior treatmenta

Median time since last DME treatment, months (range) – 9.8 (0–72) –

Anti-VEGF agent, n (%) – 107 (66.5)b –

Ranibizumab, n (%) – 102 (63.4)b –

Photocoagulation laser, n (%) – 107 (64.8)c –

Intraocular steroids, n (%) – 45 (27.3)c –

Metabolic characteristics

Systolic blood pressure, mmHg 141.6 (± 20.3)d 141.5 (± 17.9)e 141.5 (± 19)f

Diastolic blood pressure, mmHg 77.6 (± 12.5)d 78.0 (± 11.5)g 77.8 (± 12.0)h

HbA1c, % 7.8 (± 1.5)i 7.5 (± 1.3)j 7.7 (± 1.4)k

Type of diabetes, n (%)

Type 1 30 (14.6)l 25 (14.7)m 55 (14.6)n

Type 2 176 (85.4)l 145 (85.3)m 321 (85.4)n

Median time since DME diagnosis, months (range) 1.2 (0–121)o 28.6 (0–258)p 6.4 (0–258)q

Visual and anatomic characteristics

BCVA, ETDRS letters 60.8 (± 15.9) 58.6 (± 16.7) 59.8 (± 16.3)

 < 24 letters, n (%) 8 (3.9) 7 (4.1) 15 (4.0)

24–70 letters, n (%) 139 (67.5) 125 (73.1) 264 (70.0)

 > 70 letters, n (%) 59 (28.6) 39 (22.8) 98 (26.0)

CRT, μm 441 (± 123)r 453 (± 136)c 447 (± 129)s

SRF visible on OCT, n (%) 61 (31.3)t 37 (23.3)u 98 (27.7)q

IRF visible on OCT, n (%) 187 (95.4)t 156 (96.9)u 343 (96.1)q
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One patient experienced a serious, treatment-related, non-ocular TEAE, namely coronary artery stenosis, 
approximately 1 month after the first IVT-AFL treatment; this TEAE was resolved 7 days later without any 
interruption to IVT-AFL treatment. Eight (2.1%) patients died during the study, but none of the TEAEs lead-
ing to death were considered by the attending investigator to be related to the study drug or IVT-AFL injection 
procedure. The majority (6/8) of these deaths were due to cardiac disorders (including myocardial infarction, 

Figure 2.   Change in visual acuity for all patients in the FAS with a BCVA assessment at baseline and Month 24, 
stratified according to treatment cohort. Values above each bar indicate the mean (± standard deviation) change 
in BCVA letter score from baseline to Month 24. BCVA, best-corrected visual acuity; ETDRS, Early Treatment 
Diabetic Retinopathy Study; FAS, full analysis set. ***p < 0.001 and **p < 0.01 for mean change at Month 24 
versus baseline (Student t-test).

Figure 3.   Mean CRT change over 24 months according to treatment cohort. Data are for all patients in the FAS 
with a CRT assessment at Month 24; error bars denote standard deviation. CRT, central retinal thickness; FAS, 
full analysis set.

Figure 4.   Number of injections received over 24 months according to baseline BCVA and treatment cohort in 
the overall FAS. Data are for all patients in the FAS with follow-up data on treatment exposure available to at 
least 23 months (i.e., with an injection between 23 and 25 months from the first IVT-AFL treatment). BCVA, 
best-corrected visual acuity; FAS, full analysis set; IVT-AFL, intravitreal aflibercept.
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congestive cardiac failure, and cardiogenic shock), with the other two being due to renal and urinary disorders 
(renal failure and chronic kidney disease).

Discussion
In France, IVT-AFL treatment of DME is fully reimbursed and prescribed in accordance with the European 
Medicines Agency Summary of Product Characteristics, which recommends five initial consecutive monthly 
injections, followed by one injection every 2 months12. After 12 months of treatment, the intervals between 
injections can be shortened or prolonged based on the outcomes of visual and anatomic assessments. According 
to the guidelines of the Haute Autorité de Santé (HAS; French Health Authority), only patients with a baseline 
visual acuity of < 20/40 are eligible for anti-VEGF treatment.

Although the efficacy of IVT-AFL in DME treatment has previously been demonstrated in several clinical 
and real-world studies9–11, no real-world evidence has yet been obtained in France, and the HAS requested the 
marketing authorization holder to perform further analyses regarding the use of IVT-AFL in routine clinical 
practice. In particular, the HAS requested information regarding the treated population, the conditions of use of 
the product, factors affecting persistence, and long-term evaluation of its effectiveness and safety. In response to 
the HAS requirements, APOLLON was conducted as the first prospective observational study to describe the use 
of IVT-AFL in treatment-naïve and previously treated patients with DME in routine clinical practice in France.

In APOLLON, treatment-naïve patients achieved a significant gain in BCVA of + 6.5 letters after 24 months of 
treatment with IVT-AFL (baseline, 63.8 letters; p < 0.001). Previously treated patients also experienced a gain in 
BCVA; although this gain was not statistically significant (+ 1.6 letters from a baseline of 60.5 letters; p = 0.415), 
this outcome indicated that overall, prior BCVA gains in these patients were maintained. More treatment-naïve 
patients (61.1%) than previously treated patients (41.9%) achieved a mean BCVA of ≥ 70 letters. Over 24 months, 
patients received a mean of 11.6 IVT-AFL injections, with a mean of 7.6 IVT-AFL injections received over the 
first 12 months of treatment.

Although it is important to note that the 24-month population was not identical to the 12-month population, 
the trends here are consistent with those of the 12-month analysis of APOLLON13. However, the visual acuity 
gain at 24 months was inferior to that at 12 months in both treatment-naïve patients (+ 6.5 letters at 24 months 
versus + 7.8 letters at 12 months) and previously treated patients (+ 1.6 letters at 24 months versus + 5.0 letters 
at 12 months). The treatment-naïve patients and previously treated patients had a similar baseline BCVA at the 
start of the APOLLON study and both groups received a similar mean number of injections over 12 months13 
and 24 months. One possible reason for previously treated patients having a lower mean change in BCVA by 
24 months compared with the treatment-naïve patients is that long-lasting DME may lead to chronic edema and 
the accumulation of structural changes in the retina that contribute to reduced visual function16. Secondly, this 
difference may have been driven by the higher proportion of patients who gained letters in the treatment-naïve 
cohort compared with those in the previously treated cohort (Supplementary Fig. 2).

Notably, treatment-naïve and previously treated patients had a similar CRT at baseline (441 and 453 μm), and 
IVT-AFL treatment markedly reduced the CRT in both subgroups (− 134 and − 130 μm from baseline). Further, 
the two treatment groups contained similar proportions of patients with intraretinal and subretinal fluid visible 
at baseline and Month 24. Thus, IVT-AFL treatment had an appreciable, positive impact on macular edema in 
both treatment-naïve and previously treated patients.

Table 2.   Summary of the main safety events (SAS). a Assessed as unrelated to the study drug. SAS, safety 
analysis set; TEAE, treatment-emergent adverse event.

Patients, n (%) Total N = 389

Any ocular TEAE 252 (64.8)

Any ocular TEAE (> 2.0%)

Cataract 33 (8.5)

Diabetic retinal edema 25 (6.4)

Visual acuity reduced 16 (4.1)

Macular edema 15 (3.9)

Lacrimation increased 8 (2.1)

Ocular hypertension 8 (2.1)

Vitreous floaters 8 (2.1)

Any serious ocular TEAE 14 (3.6)

Any serious non-ocular TEAE 70 (18.0)

Any serious treatment-related ocular TEAE 2 (0.5)

Any serious treatment-related non-ocular TEAE 1 (0.3)

Any ocular TEAE leading to discontinuation 5 (1.3)

Any non-ocular TEAE leading to discontinuation 4 (1.0)

Deathsa 8 (2.1)

Endophthalmitis 2 (0.5)
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Overall, the outcomes of APOLLON are consistent with previously published data on the effectiveness of 
IVT-AFL in DME treatment5,9–11. The safety profile of IVT-AFL was also consistent with previous studies and 
no new safety findings were reported.

One of the most striking observations in this study was the proportion of patients in France who were not 
followed up for more than 1 year: of the 377 patients in the FAS, 77% were followed up for at least the first year, 
whereas less than half (45%) were followed up for 2 years or more. Low persistence and adherence have been 
reported in other real-world studies of IVT anti-VEGF agents, and these factors are associated with inferior 
visual gains7,8. Generally, persistence appears to be poorer in patients with DME compared with neovascular 
age-related macular degeneration, possibly due to complex comorbidities and a greater proportion of working-
age individuals with DME7,17. Further, patients may rely on the superior visual acuity of their fellow eye where it 
is the better-seeing eye. Those patients who were followed up for the full 2 years in APOLLON had an average of 
approximately 20 follow-up visits, indicating the established presence of routine monthly monitoring in clinical 
practice in France.

Limitations of this study are inherent in the observational design, and the results for effectiveness variables 
should be interpreted carefully in the context of the uncontrolled setting. The time periods between follow-up 
visits are much more variable in real-world studies than in controlled clinical trials, in which a fixed visit schedule 
is maintained. Further, ophthalmologic assessments were performed according to routine clinical practice in 
each center; as a consequence, BCVA and CRT were not assessed at each visit, and this led to some missing data 
that could limit interpretation of the results. However, without patient exclusion criteria based on age, baseline 
BCVA, or comorbidities (as are implemented in interventional studies), observational studies such as APOLLON 
tend to better reflect the variety of patients with DME seen in the clinic.

Conclusions
This final analysis of the APOLLON study showed that IVT-AFL treatment of patients with DME was associ-
ated with significant and durable improvements in visual acuity in treatment-naïve patients over 24 months, 
and previously treated patients maintained their initial visual acuity over the study period. Anatomic improve-
ments achieved by 12 months were maintained in both cohorts over 24 months. Although less than half of all 
patients persisted with treatment over the full 24 months, patients who did persist received regular treatment 
and monitoring in line with the recommended treatment regimen. The safety profile of IVT-AFL was consistent 
with previous studies.
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