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ABSTRACT

Introduction: AURIGA is the largest real-world
study to date to evaluate intravitreal aflibercept
(IVT-AFL) in the treatment of diabetic macular
edema (DME) or macular edema secondary to
retinal vein occlusion in routine clinical prac-
tice. The 24-month outcomes in the DME

cohort from across 11 participating countries
are reported here.
Methods: AURIGA (NCT03161912) was a
prospective observational study. The study
enrolled eligible patients with DME for whom
the decision to treat with IVT-AFL had previ-
ously been made by the attending physician.
Patients were treated with IVT-AFL for up to
24 months at physician discretion according to
local practice. The primary endpoint was mean
change in visual acuity (VA; Early Treatment
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Diabetic Retinopathy Study [ETDRS] letters)
from baseline to month 12 (M12). All statistical
analyses were descriptive.
Results: In 1478 treatment-naı̈ve and 384 pre-
viously treated patients with DME, the mean
(95% confidence interval) change in VA from
baseline was ?6.7 (5.7, 7.6) and ?7.4 (5.5, 9.4)
letters by M12 and ?5.9 (4.9, 6.9) and ?8.1 (6.1,
10.1) letters by M24 (baseline [mean ± standard
deviation]: 56.0 ± 19.8 and 50.8 ± 19.5 letters),
respectively; 25.9% of treatment-naı̈ve and
32.8% of previously treated patients achieved
C 15-letter gains by M24. The mean change in
central retinal thickness from baseline to M24
was -110 (-119, -102) lm in treatment-naı̈ve
patients and -169 (-188, -151) lm in previ-
ously treated patients. By M6, M12, and M24,
treatment-naı̈ve patients had received

3.8 ± 1.7, 4.9 ± 2.8, and 5.7 ± 3.9 injections,
respectively, and previously treated patients
had received 3.9 ± 1.5, 4.9 ± 2.4, and 6.2 ± 3.6
injections, respectively. The safety profile of
IVT-AFL was consistent with previous studies.
Conclusion: In AURIGA, treatment-naı̈ve and
previously treated patients with DME achieved
clinically relevant functional and anatomic
improvements following IVT-AFL treatment for
up to 24 months in routine clinical practice.
Even with the decreasing injection frequency
observed, these gains were largely maintained
throughout the study, suggesting long-term
durability of the positive effects of IVT-AFL
treatment. Infographic available for this article.
Trial Registration: ClinicalTrials.gov Identifier:
NCT03161912 (May 19, 2017).
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Key Summary Points

Why carry out this study?

Diabetic macular edema (DME) is a
leading cause of vision loss in patients
with diabetes.

Robust real-world data are needed on the
long-term treatment effectiveness and
safety of intravitreal aflibercept (IVT-AFL)
in DME across a variety of clinical settings.

The 24-month AURIGA study evaluated
the effectiveness, treatment patterns, and
safety of IVT-AFL in routine clinical
practice across 11 countries in 1866
patients with DME.

What was learned from the study?

Clinically relevant functional and
anatomic improvements were reported in
both treatment-naı̈ve and previously
treated patients, and the safety profile of
IVT-AFL was consistent with that of
previous studies.

These improvements were largely
maintained across the study period, which
may suggest long-term durability of the
effects of IVT-AFL treatment; although
greater visual acuity gains may have been
achieved with more frequent treatment in
line with label recommendations, other
factors may have played a role.

DIGITAL FEATURES

This article is published with digital features,
including an infographic, to facilitate under-
standing of the article. To view digital features
for this article go to: https://doi.org/10.6084/
m9.figshare.24219940.

INTRODUCTION

Diabetic macular edema (DME) is a leading
cause of vision loss in patients with diabetes,
with approximately 5.5% of all patients clini-
cally diagnosed with this retinal disease world-
wide [1]. DME affects males more than females,
although the severity of DME is generally
greater in females [2]. The global prevalence of
DME is rising, which is associated with the
increasing prevalence of type 2 diabetes melli-
tus [3].

Anti-vascular endothelial growth factor
(anti-VEGF) therapies constitute the first line of
therapy [4]. These therapies target hyperper-
meability of the retinal capillaries by inhibiting
the upregulation of a number of cytokines,
including VEGF and placental growth factor, to
reduce permeability, lower levels of extracellu-
lar fluid, and thin the macula [3–6].

Intravitreal aflibercept (IVT-AFL) is an anti-
VEGF agent [7] that was approved by the Euro-
pean Medicines Agency (EMA) [8] and US Food
and Drug Administration (FDA) [9] for the
treatment of visual impairment due to DME [10]
following the 148-week VIVID and VISTA clin-
ical trials [11–13].

Observational studies provide real-world
evidence (RWE) that is complementary to data
derived from randomized controlled trials
(RCTs) on the effectiveness and long-term safety
of therapies, treatment patterns, and disease
burden and progression [14–16]. Real-world
visual acuity (VA) gains following intravitreal
anti-VEGF treatment for retinal disease are typ-
ically not as high as those observed in RCTs,
which may be due to the overall lower injection
frequency observed in routine clinical practice,
in which a variety of factors may play a role [3].

AURIGA (NCT03161912) was a prospective
observational study that assessed the long-term
effectiveness, treatment patterns, patient-re-
ported outcomes, and safety of IVT-AFL treat-
ment in real-world settings. Here, we report the
primary endpoint and final 24-month outcomes
of AURIGA in treatment-naı̈ve and previously
treated patients with DME from 11 participating
countries. AURIGA comprises the largest
prospective real-world study of IVT-AFL to date
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in patients with DME, and the overall aim of the
study was to generate global insights into
opportunities for the optimization of DME
management in clinical practice.

METHODS

Study Design

AURIGA (NCT03161912) was a 24-month,
prospective observational study conducted in
11 countries across 243 ophthalmology prac-
tices and eye clinics between November 24,
2017, and December 17, 2021. The study
enrolled a total of 2529 treatment-naı̈ve and
previously treated patients to evaluate the
effectiveness, treatment patterns, and safety of
IVT-AFL in the management of DME and mac-
ular edema secondary to retinal vein occlusion
in routine clinical practice. The initial decision
to treat with IVT-AFL, as well as all retreatment
and monitoring decisions, were made by the
attending physician according to their local
practice and marketing authorization (approval
from a regulatory authority to market/sell a
drug in a particular country or region). Sample
size was calculated to enable sufficient precision
in the assessment of the primary endpoint
(mean change in VA from baseline to month
12) by country and by cohort, resulting in a
planned enrollment of 1925 treatment-naı̈ve
and 825 previously treated patients with DME
(see Supplementary Methods in the electronic
supplementary material for details).

No master independent ethics committee
(IEC) or institutional review board (IRB)
approval was obtained, as no participating
study site was deemed to be the main center for
the study. Appendix I in the Supplementary
Materials lists the local IRB/IEC committee
names and approval numbers in all participat-
ing countries where relevant under local law.
The AURIGA study was an observational study
in which IVT-AFL was prescribed in the cus-
tomary manner in accordance with the terms of
the marketing authorization. There was no
assignment of patients to a particular thera-

peutic strategy. All treatment decisions fell
within current practice, and the prescription of
IVT-AFL was clearly separate from the decision
to include the patient in the study. No addi-
tional diagnostic or monitoring evaluations
were required for participation in the study.
Epidemiological methods were used for the
analysis of the collected data.

The AURIGA study was conducted in accor-
dance with the Helsinki Declaration of 1964.
The applicable EMA guidelines and local laws
and regulations in each country were adhered
to. The recommendations of the European
Federation of Pharmaceutical Industries and
Associations (EFPIA), European Network of
Centers for Pharmacoepidemiology and Phar-
macovigilance (ENCePP), Good Pharmacovigi-
lance Practices (GVP module VI), and the
International Council for Harmonisation
Guideline E3: Good Clinical Practice were also
followed wherever possible. In each country
where required, the protocol and any amend-
ments thereof were reviewed and approved by
the independent ethics committee or institu-
tional review board of each study site. All
patients provided written informed consent for
participation in this study.

Patients and Procedures

All 11 countries participating in the AURIGA
study contributed toward the overall DME
cohort, namely Mainland China, Egypt, France,
Germany, Italy, Kuwait, Lebanon, Russia, Saudi
Arabia, Taiwan, and the United Arab Emirates.
The key inclusion criteria were treatment-naı̈ve
and previously treated patients with DME, aged
18 years or older, for whom the decision to treat
with IVT-AFL had already been made by the
attending physician according to their local
practice (see Supplementary Methods for list of
exclusion criteria).

There were no prespecified treatment or
retreatment criteria in this observational study,
as the aim was to evaluate real-world treatment
practices, effectiveness, and safety of IVT-AFL.
Treatment and monitoring decisions were made
at the discretion of the attending physician
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with consideration of the local IVT-AFL Sum-
mary of Product Characteristics (SmPC), and
visual acuity and anatomic assessments were
performed according to routine clinical practice
at each study site.

Early Treatment Diabetic Retinopathy Study
(ETDRS) charts were the preferred measure of
best-corrected visual acuity (BCVA). Where
ETDRS charts were unavailable, BCVA was
assessed using other methods, including Snellen
charts. In regions where BCVA was not part of
the standard of care, conventional VA mea-
surements were conducted and the data were
later converted into ETDRS letter scores for sta-
tistical analysis [17]. Central retinal thickness
(CRT) was measured by time-domain or spec-
tral-domain optical coherence tomography
(time-domain OCT/SD-OCT) using the instru-
ment available at each site, and data generated
by time-domain OCT were converted to SD-
OCT measurements for later analysis [18]. The
presence of retinal fluid was evaluated with SD-
OCT and the data were interpreted at the study
site.

Study Endpoints

The AURIGA study endpoints were assessed
using data for each patient in the full analysis
set (FAS) from visits nearest to month 6 (150–-
210 days after baseline), month 12 (300–-
420 days after baseline), and month 24
(660–794 days after baseline). Patients who
received C 1 IVT-AFL injection within the study
period and who underwent C 1 post-baseline
observation were included in the FAS.

The primary endpoint was the mean change
in VA from baseline to month 12. Secondary
endpoints included the proportion of patients
with prespecified VA gains and losses, mean
change in CRT from baseline, mean number of
injections received, mean time in study, and
mean number of visits of each type. All end-
points were assessed at months 6, 12, and 24. In
addition, VA and CRT data collected for the FAS
throughout the study were analyzed at 4-weekly
intervals (every 28 days) within a time window
of ?14/-13 days.

Further analyses included an exploratory
analysis of the effect of IVT-AFL treatment on
health-related quality of life, and a sensitivity
analysis of the impact of the Coronavirus Dis-
ease 2019 (COVID-19) pandemic on study
endpoints. For the COVID-19 sensitivity analy-
sis, the ‘‘pre-COVID’’ group comprised patients
who received their initial IVT-AFL treatment at
least 360 days before the COVID-19 start date in
their country of residence, whereas the ‘‘during
COVID’’ group consisted of all other patients
(see Supplementary Methods for further
details).

Data from the study eye (defined as the first
eye to receive IVT-AFL treatment) of each
patient were used to evaluate the primary and
secondary endpoints. Where treatment began
simultaneously in both eyes, the eye with the
worst VA at baseline was classified as the study
eye.

Safety was monitored throughout the study,
and the safety analysis set (SAS) included all
patients who received C 1 IVT-AFL injection
during the study period. Ocular adverse events
were reported for the study eye as well as the
fellow eye in patients who received IVT-AFL
treatment in both eyes. All treatment-emergent
adverse events (TEAEs) were summarized using
the Medical Dictionary for Regulatory Activities
(MedDRA). Adverse events were defined as
treatment-emergent if they began after the ini-
tial IVT-AFL injection or, at most, 30 days after
the final injection.

Statistical Analysis

Statistical analyses were exploratory and
descriptive in nature, as the study did not aim
to confirm or reject predefined hypotheses. The
data were analyzed descriptively using fre-
quency distributions, percentages, and sum-
mary statistics per cohort and by country, as
well as overall (pooled). For analyses of the
mean change in VA and CRT from baseline,
95% confidence intervals (CI) were calculated,
and any missing data were imputed using the
last observation carried forward (LOCF)
method; however, no baseline VA or CRT mea-
surements were carried forward. No imputation
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was performed for the other endpoints. Statis-
tical analyses were conducted with the Statisti-
cal Analysis System software v9.4 or higher (SAS
Institute Inc., Cary, NC, USA).

RESULTS

In total, 1516 treatment-naı̈ve patients and 386
previously treated patients with DME were
enrolled in the AURIGA study (Fig. 1). Treat-
ment-naı̈ve patients were enrolled from France,
Germany, Italy, Russia, the Middle East, Taiwan,
and Mainland China, whereas previously trea-
ted patients were enrolled from Italy, Russia,
and Mainland China. The SAS comprised 97.6%
of the treatment-naı̈ve patients enrolled (1480/
1516) and all 386 of the previously treated
patients enrolled. The FAS consisted of 1478
treatment-naı̈ve and 384 previously treated
patients, after the exclusion of 38 treatment-
naı̈ve and two previously treated patients.
Overall, 64.6% (n = 248) of previously treated
patients in the FAS had switched to IVT-AFL due

to persistent retinal fluid (intraretinal or sub-
retinal fluid), followed by 19.5% (n = 75) who
switched due to the recurrence of retinal fluid
(Table S1).

In total, 62.7% (n = 926) and 32.4%
(n = 479) of the treatment-naı̈ve cohort com-
pleted the 12- and 24-month visits, respectively;
in the previously treated cohort, 66.1%
(n = 254) and 32.0% (n = 123) completed the
12- and 24-month visits, respectively.

The baseline demographics and disease
characteristics of the patients in the FAS are
listed in Table 1. Overall, patients were aged
22–92 years (mean age: treatment-naı̈ve, 61.9;
previously treated, 62.9), with over 75% of
patients aged 55 years and over in each cohort.
Mean VA and CRT at baseline was 56.0 letters
and 437 lm for the treatment-naı̈ve cohort, and
50.8 letters and 465 lm for the previously trea-
ted cohort, respectively. Median time from
diagnosis to first IVT-AFL treatment was
0.9 months in the treatment-naı̈ve cohort, and
15.7 months in the previously treated cohort.
There were no marked differences among the

Fig. 1 Patient disposition of the global diabetic macular
edema cohort. aAll patients who received an IVT-AFL
treatment within ± 60 days of the 12-/24-month visit

window. FAS, full analysis set; IVT-AFL, intravitreal
aflibercept; SAS, safety analysis set
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Table 1 Baseline demographics and disease characteristics

Treatment-naı̈ve (n = 1478) Previously treated (n = 384)

Patient demographics

Age, years 61.9 ± 10.5 62.9 ± 9.3

Female, n (%) 723 (48.9) 222 (57.8)

Race, n (%)a

Asian 515 (40.8) 35 (9.1)

Black 8 (0.6) 0

White 736 (58.4) 346 (90.3)

Multiple 2 (0.2) 2 (0.5)

Missing, nb 217 1

Time from DME diagnosis to first IVT-AFL treatment, months

Meanc 9.0 ± 29.8 24.8 ± 31.5

Median 0.9 15.7

Visual characteristics

VA, letters 56.0 ± 19.8 50.8 ± 19.5

Missing, n 67 6

VA categories, n (%)a

\ 35 letters 163 (11.6) 54 (14.3)

35–69 letters 791 (56.1) 244 (64.6)

C 70 letters 457 (32.4) 80 (21.2)

Anatomic characteristics

CRT, lm 437 ± 140 465 ± 148

Missing, n 186 24

SRF present, n (%)a 340/1011 (33.6) 106/299 (35.5)

Missing, n 467 85

IRF present, n (%)a 939/1019 (92.1) 287/299 (96.0)

Missing, n 459 85

Data are mean ± standard deviation unless otherwise stated
CRT, central retinal thickness; DME, diabetic macular edema; IRF, intraretinal fluid; IVT-AFL, intravitreal aflibercept;
SRF, subretinal fluid; VA, visual acuity
aProportions calculated based on the number of patients with data available at baseline
bFrance does not allow the collection of race data in clinical studies
cThe median is considered to be a more accurate reflection of the time from DME diagnosis to first IVT-AFL treatment,
due to the effect of outliers on the mean value
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participating countries in baseline demograph-
ics except for race (data not shown); however,
there was some variation in time to treatment
initiation (Table S2) and baseline VA and CRT
(Table S3) among the different countries.

Functional and Anatomic Outcomes

At baseline, the treatment-naı̈ve patients had a
higher mean VA than the previously treated
patients (56.0 ± 19.8 vs 50.8 ± 19.5 letters).
The primary endpoint, mean (95% CI) change
in VA from baseline to month 12, indicated an
improvement in both treatment cohorts: ?6.7
letters (5.7, 7.6) in the treatment-naı̈ve cohort
and ?7.4 letters (5.5, 9.4) in the previously

Fig. 2 Change in mean VA from baseline to months 6, 12,
and 24 in each country and CRT over 24 months in
a treatment-naı̈ve and b previously treated patients with
diabetic macular edema who were treated with intravitreal
aflibercept in routine clinical practice. BL, baseline; CRT,
central retinal thickness; VA, visual acuity; W, week

Fig. 3 Absolute mean VA over 24 months in a treatment-
naı̈ve and b previously treated patients with diabetic
macular edema who were treated with intravitreal afliber-
cept in routine clinical practice. BL, baseline; VA, visual
acuity; W, week

Fig. 4 Change in mean VA from baseline to months 12
and 24 following intravitreal aflibercept treatment in
treatment-naı̈ve and previously treated patients stratified
by their baseline. VA, visual acuity
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treated cohort. The primary outcome stratified
by gender is provided in Table S4.

Improved VA was reported within the first
6 months of IVT-AFL treatment in both cohorts,
and these gains were generally maintained
across the 24-month study (Figs. 2 and 3;
Table S5). Letter gains of ?7.3 at month 6, ?6.7
at month 12, and ?5.9 at month 24 were
reported in treatment-naı̈ve patients; and letter
gains of ?8.7 at month 6, ?7.4 at month 12,
and ?8.1 at month 24 were reported in previ-
ously treated patients. Keeping in consideration
that the mean baseline VA varied from 48.5 to
67.1 letters among the seven participating

countries/regions, the greatest VA gains in
treatment-naı̈ve patients were observed in Tai-
wan, and the lowest VA gains were reported in
Germany and Italy (Fig. 2). Among the three
countries contributing to the previously treated
cohort, the greatest VA gains were observed in
patients from Russia.

When mean change in VA was stratified by
baseline VA (\35 letters, 35–69 letters, and
C 70 letters), the greatest gains by month 12
were observed in patients with the lowest
baseline VA, with ?26.5 and ?25.4 letters
achieved in the treatment-naı̈ve and previously
treated cohorts, respectively (Fig. 4). In contrast,
treatment-naı̈ve and previously treated patients
with the highest baseline VA experienced VA
losses of -0.1 and -1.3 letters by month 12,
respectively. A similar trend was observed in the
mean change in VA by month 24.

The proportions of treatment-naı̈ve patients
who achieved C 5-letter, C 10-letter, and C 15-
letter VA gains by month 24 were 55.6%, 37.7%,
and 25.9%, respectively; in previously treated
patients, these proportions were 60.6%, 44.4%,

Fig. 5 Mean number of IVT-AFL treatments received in
each country and the overall treatment cohorts by a month
6, b month 12, and c month 24. IVT-AFL, intravitreal
aflibercept

Table 2 Reasons for end of observation in the global
diabetic macular edema cohort

Reason, n (%) Treatment-naı̈ve
(n = 1478)

Previously
treated (n = 384)

Planned end of

study

836 (56.6) 236 (61.5)

Death 21 (1.4) 4 (1.0)

Lost to follow-

up

374 (25.3) 121 (31.5)

Withdrawal by

patient

15 (1.0) 1 (0.3)

Pregnancy 1 (0.1) 0

Switching to

other therapy

126 (8.5) 13 (3.4)

Physician

decision

8 (0.5) 2 (0.5)

Other 60 (4.1) 2 (0.5)

Missing 37 (2.5) 5 (1.3)
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and 32.8%, respectively (Figure S1). The pro-
portions of treatment-naı̈ve and previously
treated patients who maintained vision over the
24-month study (i.e., lost fewer than 15 letters)
were 90.1% and 91.1%, respectively.

In AURIGA, the proportions of patients who
achieved C 70 letters by months 12 and 24 were
43.9% (649/1478) and 43.0% (635/1478) in
treatment-naı̈ve patients, and 37.8% (145/384)
and 42.4% (163/384) in previously treated
patients. Of patients with a baseline VA of C 70
letters, 73.7% (337/457) of treatment-naı̈ve
patients and 77.5% (62/80) of previously treated
patients had maintained a VA of C 70 letters by
month 24.

Surprisingly, the baseline CRT of the previ-
ously treated cohort (465 ± 148 lm [n = 360])
was slightly higher than that of the treatment-
naı̈ve cohort (437 ± 140 lm [n = 1292])
(Table S3). A robust rapid reduction in the mean
CRT was observed within the first 6 months of
treatment in both cohorts (Figs. 2 and 3), with a
reported mean (95% CI) change from baseline
of -117 (-125, -109) lm for the treatment-
naı̈ve cohort and -175 (-193, -157) lm for the
previously treated cohort. These reductions in
CRT were maintained throughout the study,
with a mean change from baseline of -110
(-119, -102) lm for the treatment-naı̈ve
cohort and -169 (-188, -151) lm for the pre-
viously treated cohort by month 24. At each
time point, the decrease in CRT was higher in
the previously treated cohort than in the treat-
ment-naı̈ve cohort.

Treatment Pattern

The mean ± standard deviation (SD) number of
IVT-AFL treatments received by each treatment
cohort by months 6, 12, and 24 was similar
across the two cohorts: 3.8 ± 1.7, 4.9 ± 2.8, and
5.7 ± 3.9, respectively, in treatment-naı̈ve
patients and 3.9 ± 1.5, 4.9 ± 2.4, and 6.2 ± 3.6,
respectively, in previously treated patients.
Country-specific differences in the mean num-
ber of IVT-AFL treatments were noted, with
treatment-naı̈ve patients in France and Ger-
many receiving the highest number of injec-
tions by each time point (Fig. 5 and Table S6). A

low number of injections was received by
patients in China due to their later study start
date (only 31.7% and 5.4% of patients in China
were able to complete the 12- and 24-month
visits across both cohorts). The majority of
patients (86.0%) in the overall treatment-naı̈ve
group did not receive all five of the initial
monthly doses recommended as per the IVT-
AFL product label. The mean ± SD time in the
study was 16.9 ± 6.5 months in the treatment-
naı̈ve cohort and 17.9 ± 5.5 months in the
previously treated cohort, with some differences
observed among the participating countries
(China had the lowest mean time in study
[13.2 months], whereas Russia had the greatest
[21.2 months]).

The main reasons for end of observation
before study closure included loss to follow-up
(25.3% [374/1478] and 31.5% [121/384]) and

Table 3 National Eye Institute Visual Function Ques-
tionnaire 25 scores at baseline, month 12, and month 24
for the global diabetic macular edema cohort

Composite
score

Treatment-naı̈ve
(n = 1478)

previously treated
(n = 384)

BL

n 697 160

Missing 781 224

Mean ± SD 69.4 ± 20.2 66.2 ± 21.1

Change from BL to month 12

n 253 48

Missing 1225 336

Mean ± SD 5.2 ± 13.9 5.2 ± 12.9

95% CI 3.4, 6.9 1.4, 8.9

Change from BL to month 24

n 96 15

Missing 1382 369

Mean ± SD 4.1 ± 15.4 5.7 ± 17.2

95% CI 1.0, 7.2 -3.8, 15.3

BL, baseline; CI, confidence interval; NEI VFQ-25,
National Eye Institute Visual Function Questionnaire 25;
SD, standard deviation
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switch to another therapy (8.5% [126/1478] and
3.4% [13/384]) in the treatment-naı̈ve and pre-
viously treated cohorts, respectively (Table 2).

The last completed treatment interval
was C 12 weeks in 34.1% (121/355) and 26.7%
(352/1317) of patients at month 12, and 38.6%
(137/355) and 32.4% (427/1317) of patients at
month 24 in the previously treated and treat-
ment-naı̈ve cohorts, respectively.

Impact of COVID-19 Pandemic

Patients in both cohorts treated during the
COVID-19 pandemic had similar functional and

anatomic outcomes by month 12 and month 24
and received a similar number of injections
compared with those treated prior to the pan-
demic (data not shown).

Patient-Reported Outcomes

In AURIGA, the patient-reported outcomes
(PROs) assessed comprised the National Eye
Institute Visual Function Questionnaire 25 (NEI
VFQ-25) [19], Falls Efficacy Scale International
(FES-I) [20], and Hospital Anxiety and Depres-
sion Scale (HADS) [21]. In addition, indirect
costs and resource use were evaluated with the

Table 4 Safety outcomes following intravitreal aflibercept treatment for 24 months

Safety event, n (%) Treatment-naı̈ve (n = 1480) Previously treated (n = 386)

Any TEAE 291 (19.7) 12 (3.1)

Oculara 194 (13.1) 5 (1.3)

Any TEAE (treatment-related) 29 (2.0)b 3 (0.8)c

Oculara 21 (1.4) 0

Discontinuation due to TEAE 3 (0.2) 0

Discontinuation due to treatment-related TEAE 1 (0.1) 0

Any serious TEAE 71 (4.8)d 5 (1.3)e

Oculara 7 (0.5) 0

All serious ocular TEAEsa 7 (0.5) 0f

Retinal detachment 2 (0.1) 0

Cataract 1 (0.1) 0

Eye hemorrhage 1 (0.1) 0

Tractional retinal detachment 1 (0.1) 0

Uveitis 1 (0.1) 0

Vitreous hemorrhage 1 (0.1) 0

TEAE, treatment-emergent adverse event
aTEAEs listed under the ‘‘eye disorders’’ category in MedDRA
bSeven cases of conjunctival hemorrhage and four cases of intraocular pressure increased; all other TEAEs deemed study
drug-related by the investigator occurred B 3 times
cOne case of endophthalmitis and two cases of transient ischemic attack were deemed study drug-related by the investigator
dThe most common serious TEAEs were cerebrovascular accident (n = 6, 0.4%) and myocardial infarction (n = 4, 0.3%).
All other serious TEAEs occurred B 3 times
eOne case each of endophthalmitis, femur fracture, and diabetic complication, and two cases of transient ischemic attack
fThe case of endophthalmitis was listed under the ‘‘infections and infestations’’ category in MedDRA
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Costs and Outcomes of Retinal Disease
(COMETA) questionnaire developed by Bayer
AG (Appendix II).

Participation in the PRO questionnaires was
voluntary. Only a small proportion of patients
contributed, and the number of responses to
the questionnaires decreased markedly between
baseline, month 12, and month 24. This pre-
vented the completion of some of the analyses.
The majority of data were collected for the NEI
VFQ-25, which are reported in Table 3. There
was a clinically relevant improvement in the
patients’ vision-related quality of life (i.e., C 4-
point change [22, 23]) from baseline to month
12 of 5.2 ± 13.9 and 5.2 ± 12.9 points in both
the treatment-naı̈ve and previously treated
cohorts, respectively. By month 24, patients
had maintained a clinically relevant improve-
ment in this outcome versus baseline
(4.1 ± 15.4 [treatment-naı̈ve] and 5.7 ± 17.2
[previously treated] points).

Safety

In the SAS for the treatment-naı̈ve and previ-
ously treated cohorts, 19.7% (291/1480) and
3.1% (12/386) of patients, respectively, experi-
enced TEAEs (Table 4), with ocular TEAEs
occurring in 13.1% (194/1480) and 1.3% (5/
386) of patients, respectively. The most com-
mon ocular TEAEs across both cohorts were
conjunctival hemorrhage (1.5% [28/1866]),
cataract (1.4% [26/1866]), and epiretinal mem-
brane (1.1% [21/1866]).

In terms of intraocular inflammation, one
case each of endophthalmitis, eye infection,
hypopyon, and vitreous fibrin was reported in
the treatment-naı̈ve cohort, none of which were
considered serious; there was also a case of
uveitis in this cohort, which was considered
both serious and study drug-related. One case of
endophthalmitis was reported in the previously
treated cohort, and this was considered both
serious and study drug-related. The treatment-
naı̈ve cohort had one case each of retinal vas-
cular occlusion and retinal vein occlusion, nei-
ther of which were considered serious. There
were no cases of retinal vasculitis or retinal
neovascularization in either cohort.

Serious TEAEs occurred in 4.8% (71/1480)
and 1.3% (5/386) of patients in the treatment-
naı̈ve and previously treated cohorts, respec-
tively (Table 4). Retinal detachment was the
most common serious ocular TEAE (0.1% [2/
1866]), with the remaining serious ocular TEAEs
occurring in one patient each (all in treatment-
naı̈ve patients). The most common serious non-
ocular TEAEs were cerebrovascular accident
(0.4% [6/1480]) and myocardial infarction
(0.3% [4/1480]) in the treatment-naı̈ve cohort,
and transient ischemic attack (0.5% [2/386]) in
the previously treated cohort.

There were no discontinuations of IVT-AFL
treatment due to TEAEs in the previously trea-
ted cohort. In the treatment-naı̈ve cohort, three
patients discontinued the study due to TEAEs,
one of which was considered study drug-related
and serious (cerebrovascular accident); the
remaining TEAEs were altered state of con-
sciousness, pregnancy, and dyspnea.

Four deaths were reported during the study,
none of which were deemed to be study drug-
related: three in the treatment-naı̈ve cohort and
one in the previously treated cohort. Deaths
were due to coma, an unknown cause, and liver
cirrhosis in the treatment-naı̈ve cohort (n = 1
each), and as a complication of diabetes melli-
tus in the previously treated cohort (n = 1).

DISCUSSION

In AURIGA, the real-world effectiveness, treat-
ment patterns, and safety of IVT-AFL were
assessed in patients with DME enrolled from
across 11 countries. Here, we reported the pri-
mary endpoint and final, 24-month results from
the AURIGA DME cohort, which consisted of
patients from France, Germany, Italy, Mainland
China, the Middle East, Russia, and Taiwan.

From baseline to month 12, the mean
change in VA was ?6.7 letters in the treatment-
naı̈ve cohort and ?7.4 letters in the previously
treated cohort following a mean of 4.9 injec-
tions in both. By month 24, the mean change in
VA decreased slightly in treatment-naı̈ve
patients to ?5.9 letters after a mean of 5.7
injections, and increased slightly in previously
treated patients to ?8.1 letters after a mean of
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6.2 injections. Patients with a lower mean
baseline VA achieved the greatest gains,
whereas the opposite trend was observed for
patients with a higher mean baseline VA. In
both the treatment-naı̈ve and previously treated
cohorts, a robust decrease in CRT was observed
at month 6 and was maintained through
months 12 and 24. At each time point, the
decrease in CRT was numerically higher in the
previously treated cohort than in the treatment-
naı̈ve cohort; by month 24, the mean change in
CRT from baseline was -110 lm in treatment-
naı̈ve patients and -169 lm in previously trea-
ted patients. Overall, the mean time in the
study was 16.9 months in the treatment-naı̈ve
cohort and 17.9 months in the previously trea-
ted cohort.

The functional and anatomic improvements
achieved in patients with DME in AURIGA were
similar to or greater than the gains observed in
other prospective real-world studies of IVT-AFL.
In the APOLLON study conducted in France,
treatment-naı̈ve and previously treated patients
gained ?6.5 letters overall between baseline and
month 12 following 7.6 IVT-AFL injections
(n = 147) [24]; this decreased to ?3.9 letters by
month 24 after a mean total of 11.6 injections
(n = 168) [25]. From baseline to month 12, the
reduction in CRT in APOLLON ranged from 130
to 138 lm across the two treatment cohorts. In
the DRAKO study in the United Kingdom,
treatment-naı̈ve patients (n = 488) gained ?1.9
letters by month 12 after 6.3 IVT-AFL injections
[26].

Gains in VA in real-world studies are typi-
cally lower than those observed in clinical trials
[3]; in AURIGA, the VA gains were lower than
those reported in key RCTs of IVT-AFL in DME.
In the VIVID and VISTA studies, patients
receiving IVT-AFL were administered 2 mg
every 4 weeks (2q4) or 2 mg every 8 weeks (2q8)
[11]. From baseline to week 52 in the 2q4 and
2q8 cohorts, patients in VIVID gained ?10.5
and ?10.7 letters, respectively, and patients in
VISTA gained ?12.5 and ?10.7 letters, respec-
tively, with a mean reduction in CRT that ran-
ged from 183 to 195 lm across the four IVT-AFL
cohorts. The gains achieved by week 52 in these
RCTs were maintained to week 100 [12] and
week 148 [13]. In VIVID and VISTA, the mean

number of IVT-AFL injections received by week
52 ranged from 8.4 to 12.2 [11], which was
notably higher than that received by month 12
in the AURIGA cohorts. Further, in the Protocol
T trial, patients receiving IVT-AFL achieved
?13.3 and ?12.8 letters after 1 and 2 years of
treatment, respectively, following a median of 9
and 15 injections [27, 28].

In a recent systematic review and meta-
analysis that assessed the effectiveness of IVT-
AFL using literature published up until February
2020, a pooled analysis of VA across 18 eligible
studies (6 RCTs and 12 RWE studies) reported a
?9.3-letter improvement by month 12; a similar
analysis across two RCTs and two RWE studies
indicated a gain of ?6.8 letters by month 24
[29]. For comparison, IVT-AFL treatment yiel-
ded slightly higher gains in VA by month 12
than with ranibizumab based on a pooled
analysis of the six studies that included com-
parator arms (weighted mean difference of
?1.76 letters; 95% CI 0.75–2.76; P = 0.001).

Overall, these findings suggest that despite
the low injection frequency in AURIGA, rela-
tively robust gains in VA were achieved and
were generally maintained in patients treated
for DME with IVT-AFL in a real-world setting.
Greater gains may have been achieved in these
patients with more frequent IVT-AFL treatment,
particularly within the first year, given that a
mean of 4.9 injections were received and 86.0%
of patients in the treatment-naı̈ve group did not
receive all five of the recommended initial
monthly doses [8, 9]. This treatment pattern
was observed across most of the participating
countries, with only France and Germany
reporting a mean number of injections close to
the maximum of five and eight possible treat-
ments within the first 6 months and first year,
respectively, in treatment-naı̈ve patients. This is
an important avenue for further research, as
differences in reimbursement, access, adher-
ence, and clinical practice between countries
may ultimately have a marked effect on patient
outcomes.

The safety profile of IVT-AFL was consistent
with previous studies [13, 25–27]. There was one
case each of uveitis and endophthalmitis that
were considered both serious and treatment-
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related. There were no cases of retinal vasculitis
or retinal neovascularization reported.

The strengths of the AURIGA study include
the prospective design, the large number of
patients enrolled, and the large number of par-
ticipating centers across 11 countries. This
facilitated the collection of robust data from
heterogeneous patient cohorts and real-world
clinical settings, and these data were analyzed
both overall and stratified per country. As the
underlying disease cannot be cured after
12 months of treatment, additional data from
long-term follow-up in studies, such as AUR-
IGA, deliver valuable information on drug
effectiveness, disease progression, and treat-
ment patterns in the management of DME [15].
Indeed, RWE is in increasing demand by regu-
lators and healthcare providers, as these studies
generate valuable information on aspects that
RCTs are not designed to evaluate, and more
measures are being put in place to ensure rig-
orous data collection and mitigate bias [14–16].

There are several limitations inherent in the
observational nature of the AURIGA study,
given that the aim was to assess IVT-AFL treat-
ment outcomes in routine clinical practice. In
contrast with RCTs, real-world treatment and
monitoring schedules are at the discretion of
the attending physician; while treatment deci-
sions will have been made based on clinical
experience in managing the care of patients
with DME, results can be highly variable. This
can lead to missing data that may limit the
interpretation of study findings. Specifically in
AURIGA, the month 24 data from Mainland
China must be interpreted with caution, as
patient enrollment was delayed compared with
the other countries, and most patients were
unable to complete the month 24 visit. Fewer
countries committed to enrolling previously
treated than treatment-naı̈ve patients, and the
exclusion criteria of the study reduced the eli-
gible patient population who could be enrolled
in the previously treated cohort (i.e., patients
could only have been enrolled in this cohort if
they had received prior treatment with steroids
or intravitreal anti-VEGF agents other than IVT-
AFL). Thus, the previously treated cohort is
smaller than the treatment-naı̈ve cohort. In
addition, error and information bias may have

been introduced as a result of the various
methodologies used in AURIGA to assess VA
and CRT across different real-world settings
[30–32].

CONCLUSIONS

The AURIGA study is the largest prospective
observational study to date on the treatment of
DME with IVT-AFL and was conducted across 11
countries in a variety of real-world settings.
Even with the relatively low treatment fre-
quency observed compared with RCTs, clini-
cally relevant functional and anatomic
improvements were reported for both treat-
ment-naı̈ve and previously treated patients, and
these gains were largely maintained throughout
the 24-month study. These findings suggest
long-term durability of the effects of IVT-AFL
treatment, although greater gains may have
been achieved with more frequent treatment in
line with the recommendations on the product
label.
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