N
N

N

HAL

open science

From randomised controlled trials to real-world data:
Clinical evidence to guide management of diabetic

macular oedema

Pierre-Henry Gabrielle, Hemal Mehta, Daniel Barthelmes, Vincent Daien,

Vuong Nguyen, Mark C Gillies, Catherine Creuzot-Garcher

» To cite this version:

Pierre-Henry Gabrielle, Hemal Mehta, Daniel Barthelmes, Vincent Daien, Vuong Nguyen, et
al.. From randomised controlled trials to real-world data:
ment of diabetic macular oedema. Progress in Retinal and Eye Research, 2023, 97, pp.101219.

10.1016/j.preteyeres.2023.101219 . hal-04313539

HAL Id: hal-04313539
https://hal.science/hal-04313539v1
Submitted on 29 Nov 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Clinical evidence to guide manage-


https://hal.science/hal-04313539v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Progress in Retinal and Eye Research 97 (2023) 101219

Contents lists available at ScienceDirect

Progress in Retinal and Eye Research

journal homepage: www.elsevier.com/locate/preteyeres

ELSEVIER

Check for

From randomised controlled trials to real-world data: Clinical evidence to | %
guide management of diabetic macular oedema

Pierre-Henry Gabrielle ", Hemal Mehta ™, Daniel Barthelmes ™, Vincent Daien ™",

Vuong Nguyen ”, Mark C. Gillies ", Catherine P. Creuzot-Garcher *

& Department of Ophthalmology, Dijon University Hospital, Dijon, Burgundy, France

Y The Save Sight Institute, Sydney Medical School, The University of Sydney, Sydney, New South Wales, Australia
¢ Ophthalmology Department, Royal Free London NHS Foundation Trust, London, United Kingdom

4 Department of Ophthalmology, University Hospital and University of Zurich, Zurich, Switzerland

¢ Department of Ophthalmology, Montpellier University Hospital, Montpellier, France

f Institute for Neurosciences of Montpellier, Univ Montpellier, INSERM, Montpellier, France

ARTICLE INFO ABSTRACT

Keywords:
Diabetic macular oedema

Randomised clinical trials (RCTs) are generally considered the gold-standard for providing scientific evidence for
treatments’ effectiveness and safety but their findings may not always be generalisable to the broader population
treated in routine clinical practice. RCTs include highly selected patient populations that fit specific inclusion and
exclusion criteria. Although they may have a lower level of certainty than RCTs on the evidence hierarchy, real-
world data (RWD), such as observational studies, registries and databases, provide real-world evidence (RWE)
that can complement RCTs. For example, RWE may help satisfy requirements for a new indication of an already
approved drug and help us better understand long-term treatment effectiveness, safety and patterns of use in
clinical practice. Many countries have set up registries, observational studies and databases containing infor-
mation on patients with retinal diseases, such as diabetic macular oedema (DMO). These DMO RWD have
produced significant clinical evidence in the past decade that has changed the management of DMO. RWD and
medico-administrative databases are a useful resource to identify low frequency safety signals. They often have
long-term follow-up with a large number of patients and minimal exclusion criteria. We will discuss improve-
ments in healthcare information exchange technologies, such as blockchain technology and FHIR (Fast
Healthcare Interoperability Resources), which will connect and extend databases already available. These reg-
istries can be linked with existing or emerging retinal imaging modalities using artificial intelligence to aid
diagnosis, treatment decisions and provide prognostic information. The results of RCTs and RWE are combined to
provide evidence-based guidelines.

Randomized clinical trials
Real-world data
Real-world evidence
Database

Registry

1. Introduction

1.1. Epidemiology of DMO - incidence, prevalence, rates of visual
impairment

Diabetes is associated with a significant increase in morbidity and
mortality (Garcia et al., 1974; Levine et al., 2022). The World Health
Organization (WHO) estimates that diabetes is now the third-highest
risk factor for premature mortality after high blood pressure and
smoking, accounting for 5 million premature deaths worldwide in 2015
(Ogurtsova et al., 2017). The number of people who have diabetes and

its complications, including DR and DMO, is expected to rise. In 2020,
there were an estimated 103.12 million people in the world with DR,
18.83 million with DMO and 28.54 million with vision-threatening
diabetic retinopathy (VIDR) (Teo et al., 2021). Visual impairment due
to diabetes is rising worldwide (Leasher et al., 2016; Teo et al., 2021).
Worldwide, the overall DMO prevalence is 6.8% in people with diabetes
(Yau et al., 2012). This advanced manifestation of DR is considered
responsible for most of the vision loss experienced by patients with
diabetes (Levine et al., 2022). Approximately 3.7 million and 0.8 million
people are estimated to suffer from DR-related visual impairment and
blindness, respectively, contributing to 1.9% of vision impairment
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worldwide and 2.6% of overall blindness (Leasher et al., 2016).

The estimated prevalence of DR significantly varies across the world
(GBD, 2021 Blindness and Vision Impairment Collaborators and Vision
Loss Expert Group of the Global Burden of Disease Study, 2021). Euro-
pean and North American studies reported varying prevalence of DR in
patients with type I diabetes from 37% to 94% (Bertelsen et al., 2013;
Dedov et al., 2009; Hautala et al., 2014; Pedro et al., 2010). North
American studies reported a prevalence of 28-40% for DR and 4-8% for
VTDR for patients with type II diabetes (The Eye Diseases Prevalence
Research Group*, 2004; Zhang et al., 2010). Studies from Asian coun-
tries have reported a much lower prevalence of 12.1-23.0% for DR in
people with type II diabetes and 4.3-4.6% for VTDR in these regions (Jee
et al., 2013; Kung et al., 2014; Liu et al., 2012; Raman et al., 2022). A
recent systematic review estimated that the prevalence of DR was 30%
and 42% among Indigenous and non-Indigenous Australians, respec-
tively (Chia et al., 2023). Some population-based cohort studies have
reported the incidence of DR. The United States Wisconsin Epidemio-
logic study of diabetic retinopathy (WESDR) study group reported that
the cumulative incidence of any DR was 59% at four years (Klein et al.,
1989), 89.3% at ten years (Klein et al., 1994), 95.9% at 14 years (Klein
etal., 1998) and 97% at 25 years among patients with insulin-dependent
diabetes diagnosed before 30 years of age presumed to be type I diabetes
(Klein et al., 2009). It must be emphasised that those cohorts, which
were recruited from 1979 to 1989, may not represent the current inci-
dence of DR because significant improvements in the diagnosis and
management of diabetes and DR have been achieved since then. More
recently, two separate UK-based studies that recruited patients from
1991 to 1996 and 2000-2007 reported a DR cumulative incidence of
45.3% and 23.9% over 6 and 8 years in patients with type I diabetes,
respectively (Martin-Merino et al., 2014; Younis et al., 2003). Regarding
type II diabetes, UK population-based studies have reported a DR cu-
mulative incidence of 26% over four years (Thomas et al., 2012), 41%
over six years (Stratton et al., 2001), and 66% over ten years from
diagnosis (Younis et al., 2003). Similarly, North American studies have
reported an estimated cumulative incidence of any DR in type II diabetes
patients to be 34% over four years (Varma et al., 2010) and 72% over 14
years.

The prevalence of DR and DMO correlates with the duration of dia-
betes and, to a lesser extent, the type of diabetes. DMO prevalence varied
from 0% in those with type I diabetes for less than five years to 29% in
those with a duration of diabetes of 20 years or more (Klein et al., 1984).
A recent Australian study reported an estimated prevalence of DMO
between 3% and 9% (Chia et al., 2023). The WESDR group observed the
incidence of DMO in type I diabetes at 25 years was 29%, and clinically
significant macular oedema (CSMO) was 17% (Klein et al., 2009), while
in patients with type II diabetes within five years of diagnosis only 3%
had DMO compared with 28% after 20 years duration (Klein et al.,
1984). Other population-based studies have reported the prevalence of
DMO in people with type II diabetes between 1.4 and 12.8% (Lee et al.,
1992). Population-based study data are extremely interesting to
describe the epidemiology of diabetes and its ocular complications in the
general population. However, this type of study remains of limited in-
terest for describing DMO management and treatment decisions since
population-based studies are usually not powered enough due to the
limited number of participants with diabetes.

1.2. The natural history of DMO and its poor prognosis before the era of
intravitreal treatment

1.2.1. The Early Treatment Diabetic Retinopathy Study

The standard of care for DMO management was macular laser before
the advent of intravitreal pharmacotherapy (Campochiaro and Akhlag,
2021; Levine et al., 2022). The Early Treatment Diabetic Retinopathy
Study (ETDRS) trial undertaken in the 1980s confirmed the benefit of
macular laser over no treatment for DMO (“Photocoagulation for dia-
betic macular edema. Early Treatment Diabetic Retinopathy Study
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report number 1. Early Treatment Diabetic Retinopathy Study research
group,” 1985). This trial found that the 3-year risk of moderate visual
loss, defined as a loss of 15 letters or three lines of LogMAR visual acuity,
decreased by approximately 50% in laser-treated eyes. However, less
than 3% of treated eyes experienced 15-letter visual gain when baseline
VA was worse than Snellen 6/12 equivalent. Hence, there was a sig-
nificant unmet need for better treatments for centre-involving DMO
(CIDMO). For non-centre-involving DMO (NCIDMO), focal macular
laser can be a cost-effective option. However, clinicians should be
cautious about applying laser too close to the foveal avascular zone
because of the risk of expanding laser scars, especially with the avail-
ability of pharmacotherapy (Fong et al., 1997).

1.2.2. Recent novel laser technologies

Newer approaches to delivering laser therapy for mild DMO with less
collateral damage, such as subthreshold laser, have shown promising
results. The DIAMONDS clinical trial reported that subthreshold
micropulse laser was equally effective as conventional laser photoco-
agulation in stabilising vision and reducing macular oedema in eyes
with a central retinal thickness (CRT) < 400 pm at baseline with the
potential for less retinal and RPE damage (Lois et al., 2022).

Another potential avenue for laser therapy in DMO includes the use
of near-infrared light exerting a potentially positive beneficial effect at a
retinal cellular level (Shen et al., 2020). However, a randomised clinical
trial (RCT) of photobiomodulation therapy at a much lower dose than
was employed by Shen et al. for centre-involving DMO with good
baseline VA (The Diabetic Retinopathy Clinical Research Network
[DRCR.net] Protocol AE) did not identify a benefit over placebo (Kim
et al., 2022; Shen et al., 2020).

Telangiectatic capillaries (TelCaps), also termed capillary macro-
aneurysms, are commonly observed in retinal vascular diseases and may
cause chronic macular oedema even if distally located. Diagnosis of
TelCaps is facilitated by using indocyanine green angiography (ICG),
particularly in its late frames, since they appear to correlate with ICG
staining and the intensity of blood-retinal barrier breakdown. This is
crucial since TelCaps often escape fundus and optical coherence to-
mography (OCT) examination. Their recognition has been postulated to
be necessary since their targeted photocoagulation may be clinically
beneficial. A randomised trial is currently ongoing in France, named
Targeted Laser in Diabetic Macular oEdema (Tala DME,
NCT03751501), aiming to investigate the potential of targeted photo-
coagulation of TelCaps in DMO to reduce the burden of intravitreal in-
jections (Castro Farias et al., 2020).

1.3. The journey of phase 2/3 randomised clinical trials of intravitreal
treatments and management for DMO

1.3.1. Vascular endothelial growth factor inhibitors for DMO

1.3.1.1. Pegaptanib. Pegaptanib (Macugen, Eyetech Pharmaceuticals,
Inc., New York, USA) is a pegylated aptamer, a chemically synthesised
short strand of a ribonucleic acid molecule, that selectively inhibits the
VEGF isoform A - 165. A short-term study that evaluated intravitreal
pegaptanib for DMO reported more eyes in the pegaptanib group gained
VA of >10 letters at six months than those of the control group (34%
versus 10%, P = 0.003) (Macugen Diabetic Retinopathy Study Group,
2005). Eyes in the pegaptanib group also significantly reduced the mean
CRT (-68 pm versus +4 pm, P = 0.02) and the need for focal laser
treatment (25% versus 48%, p = 0.04). Sultan et al. evaluated the effi-
cacy and safety of pegaptanib treatment for DMO after two years of
treatment (Sultan et al., 2011). Patients in the pegaptanib group had
higher mean VA gains from baseline (6.1 versus 1.3 letters for sham, P <
0.01) and fewer required laser treatments (25.2% versus 45%, P =
0.003). Pegaptanib was well tolerated, with a similar rate of treatment
discontinuation and adverse events between both groups (Sultan et al.,
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2011). These studies confirmed that pegaptanib was effective and safe
for DMO. However, the availability of other VEGF inhibitors that inhibit
all the isoforms of VEGF-A and provided greater efficacy meant that
pegaptanib use did not become widespread.

1.3.1.2. Bevacizumab. The bevacizumab or laser therapy in the man-
agement of DMO (BOLT) trial randomised 80 patients with centre-
involving CSMO and visual acuity of 20/40 to 20/320 to receive
either off-label intravitreal bevacizumab or macular laser (Michaelides
et al., 2010b). At two years, the bevacizumab arm gained a median of 9
letters versus 2.5 letters for macular laser (P = 0.005), with a mean gain
of 8.6 letters for bevacizumab versus a mean loss of 0.5 letters for
macular laser (Rajendram et al., 2012). Forty-nine per cent of patients
gained >10 letters (P = 0.001), and 32% gained >15 letters (P = 0.004)
for bevacizumab versus 7% and 4% for macular laser. The mean
reduction in CRT was 146 pm in the bevacizumab arm versus 118 pm in
the macular laser arm. The treatment interval of intravitreal bev-
acizumab in this trial could not be less than six weeks. The median
number of treatments over 24 months was 13 for intravitreal bev-
acizumab and 4 for macular laser. Fundus fluorescein angiography
confirmed that intravitreal bevacizumab did not worsen macula
ischaemia (Michaelides et al., 2010a). Further reference to intravitreal
bevacizumab in managing DMO is made below in the BEVORDEX and
DRCRnet Protocol T trials.

1.3.1.3. Ranibizumab. Ranibizumab (Lucentis, Novartis Pharma, Basel,
Switzerland), a recombinant monoclonal antibody fragment, binds to
every isoform of human VEGF-A (Ferrara et al., 2006). Its lack of an Fc
region results in quicker clearance from the blood circulation than a
full-sized antibody (Ferrara et al., 2006). The ranibizumab for oedema of
the macula in diabetes-2 (READ-2) study that compared ranibizumab
with laser for DMO found that the mean VA gain at six months was
higher in the ranibizumab group than those in the laser group (+7.2
versus —0.4 letters; p = 0.01) (Nguyen et al., 2009). When continued 18
months further, this study found that combining focal/grid laser with
ranibizumab could help decrease the frequency of injections needed to
control DMO (Nguyen et al., 2010). The third-year extension study
found that aggressive treatment between 24 and 36 months resulted in a
sustained reduction in the central retinal thickness (CRT) and visual
improvement (Do et al., 2013). Ranibizumab for oedema of the macula
in diabetes —3 (READ-3) study that evaluated two doses of ranibizumab
(0.5 mg and 2 mg) showed similar outcomes between both dosages at six
months of treatment (+7.0 in the 2 mg group versus +9.4 letters in the
0.5 mg group; P = 0.161) (Do et al., 2015).

Two methodologically identical parallel trials were carried out for
registration purposes to evaluate the efficacy and safety of ranibizumab
injection for CIDMO (RIDE and RISE) (Nguyen et al., 2012). The par-
ticipants received either 0.3 mg or 0.5 mg of ranibizumab or sham in-
jections monthly for 24 months with a provision of rescue laser at three
months for all patients according to protocol-specified criteria: the CRT
was >250 pm with a <50 pm change from the prior month and if the
treating physician thought laser could be beneficial. Both studies
showed superior functional and anatomical outcomes in the ranibizu-
mab groups at two years compared with sham control groups. The pri-
mary efficacy outcome, the proportion of VA gain >15 ETDRS letters at
two years from baseline, was achieved in 39.2, 44.8 and 18.1 % of pa-
tients in RISE and 33.3, 33.6, and 12.3% of patients in RIDE in the 0.3
mg ranibizumab, 0.5 mg ranibizumab and the sham groups, respec-
tively. The response to VEGF inhibition with ranibizumab was rapid and
substantial. The safety findings were also acceptable, with a rate of
endophthalmitis of 0.8%, non-fatal myocardial infarction, cerebrovas-
cular accident and death from vascular or unknown causes were
4.9-5.5% in the sham group and 2.2-8.8% in the ranibizumab groups
(Nguyen et al., 2012).

The RISE and RIDE studies were extended into the third year when
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patients in the sham-controlled group could also receive monthly rani-
bizumab injections (Brown et al., 2013). When evaluated at 36 months,
the primary endpoint showed improvement of 15 letters in 41.6, 51.2
and 22.0% in RISE and 36.8, 40.2 and 19.2%, respectively, in the three
groups in RIDE (0.3 mg, 0.5 mg and sham). The sham group with
delayed initiation of ranibizumab therapy never caught-up with the
mean VA of initially ranibizumab-treated groups (Brown et al., 2013).
The United States Food and Drug Administration (FDA) approved 0.3 mg
ranibizumab for the treatment of DMO in August 2012. Outside of the
USA, regulatory authorities mainly approved the 0.5 mg dose of rani-
bizumab. The superiority of ranibizumab over laser therapy for DMO
was confirmed by several studies, such as the 12-month core study to
assess the efficacy and safety of ranibizumab in patients with visual
impairment due to DMO and a 24-month open-label extension study
(RESTORE) and the ranibizumab monotherapy or combined with laser
versus laser monotherapy in Asian patients with DMO (REVEAL) (Ishi-
bashi et al., 2015; Mitchell et al., 2011). Patients in the RESTORE study
received DMO treatment with either ranibizumab (combined with laser
or sham laser) or with laser combined with sham injections. Eyes
received injections monthly for three months, then a pro re nata (PRN)
regimen, while laser treatment was at baseline and then PRN. The mean
VA improved significantly in the ranibizumab groups at one year (+6.1
letters [ranibizumab only group] and +5.9 letters [combined with laser]
versus +0.8 letters in the laser only group; P < 0.0001) (Mitchell et al.,
2011). Combining laser treatment did not offer any apparent benefit to
ranibizumab monotherapy, with a mean number of injections of 7 at 12
months (Mitchell et al., 2011). The results of the REVEAL study were
similar (+5.9 letters for the ranibizumab monotherapy group and +5.7
letters for ranibizumab combined with laser group versus +1.4 letters
for laser-only group) from a mean of 8 injections in the ranibizumab only
group and 7 for the ranibizumab combined with laser group (Ishibashi
et al., 2015).

The DRCR.net Protocol I study evaluated VEGF inhibition (0.5 mg
ranibizumab) either alone or in combination with macular laser (at or
after 24 weeks) or intravitreal triamcinolone (4 mg) combined with
prompt laser improved treatment outcomes compared with the standard
treatment of laser alone in patients with DMO (Elman et al., 2010). The
mean VA gain was better (+9 letters; P < 0.001) in the ranibizumab
group (both prompt and deferred laser) at 12 months than in the
triamcinolone plus laser (44 letters) and sham plus laser (+3 letters)
group (Elman et al., 2010). The better visual outcomes in the ranibi-
zumab groups (both prompt and deferred laser) were maintained at two
years (Elman et al., 2011). Eyes in the prompt focal/grid laser treatment
combined with ranibizumab at three years had lower mean VA
improvement (+7 letters) than the deferred laser group (+10 letters)
(Elman et al., 2012). Around 42% of eyes in the prompt laser group
gained >10 letters and 10% lost >10 letters, while 57% of patients in the
deferred laser group gained >10 letters and 5% lost >10 letters (Elman
et al., 2012). There was a mean difference of 2.6 letters between the
ranibizumab plus prompt laser and ranibizumab plus deferred laser
group after five years of treatment (Elman et al., 2015). More than half
of the eyes in the deferred laser group avoided additional laser for at
least five years, but they required more injections than the ranibizumab
+ prompt laser group (Elman et al., 2015). Monthly injections of rani-
bizumab might optimise its effectiveness for DMO. However, this strict
regimen might not be practical in routine clinical practice for most DMO
patients, and the need for injections tends to decrease progressively each
year. The DRCR.net Protocol I study reported significant improvements
in VA with a median of 8-9 injections of ranibizumab in the 1st year, 2-3
injections in the 2 nd year, 1-2 injections in the 3rd year, 0-1 in the 4th
year and none in the 5th year in the ranibizumab + prompt laser and
ranibizumab + deferred laser arms. At least half of eyes in the fourth and
fifth years did not receive any dosing in both the ranibizumab with
prompt laser and ranibizumab with deferred laser arms (Elman et al.,
2015).

The DRCR.net Protocol J evaluated the effects of ranibizumab
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treatment in eyes receiving focal/grid laser for DMO and panretinal
photocoagulation (PRP) for proliferative DR (Googe et al., 2011). This
study demonstrated that additional ranibizumab treatment improved
visual outcomes in eyes that received PRP (Googe et al., 2011). The
DRCR.net Protocol S evaluated PRP versus intravitreal ranibizumab 0.5
mg for PDR (Gross et al., 2015). The ranibizumab group was non-inferior
to the PRP group, with a mean visual gain of 43 letters versus +0 letters
in the PRP group at the two years endpoint. However, fewer eyes on
ranibizumab treatment developed vision-impairing DMO and visual
field loss. Additionally, ranibizumab-treated eyes were less likely to
develop DMO and less likely to require vitrectomy. In eyes with initial
CIDMO, ranibizumab showed superior visual acuity with a gain of +8
letters versus +2 letters in the PRP group, despite both arms receiving
ranibizumab injections for DMO (Gross et al., 2015). Although ranibi-
zumab seems to have additional benefits than PRP for treating PDR,
there are essential differences in treatment burden, cost-effectiveness
and risk of irreversible visual loss if a patient treated with ranibizu-
mab is lost to follow-up. PRP has been proven effective in the long-term
stability of PDR regression, with most eyes remaining stable for as long
as 15 years after laser with no additional treatment. The 5-year protocol
S extension study confirmed that either VEGF inhibitor therapy or PRP
were viable long-term treatment options for adherent patients with PDR
(Gross et al., 2018). However, loss to follow-up was relatively high
during the trial, with approximately 80% of eyes completing the 2-year
visit and only 60% completing the 5-year visit in each group. Severe
vision loss or serious PDR complications were uncommon with PRP or
ranibizumab groups at five years, which is reassuring. The greater visual
field loss observed in the PRP group than in the ranibizumab group at
two years tended to diminish and was similar at five years. However, the
ranibizumab group were less likely to develop vision-impairing DMO
(Gross et al., 2018). Nonadherence remains a concern in treating DR and
DMO since there is always a degree of lack of adherence over the long
term, more in the real-world setting than clinical trials. When applying
protocol S findings in routine clinical practice, patient-specific factors,
such as visit compliance and cost, should be considered when choosing
treatment for patients with PDR.

1.3.1.4. Aflibercept. Aflibercept (Eylea, HealthCare SAS, Berlin, Ger-
many), a 115 kDa recombinant fusion protein, binds and neutralises all
isoforms of VEGF-A, VEGF-B and placental growth factor (Papadopoulos
et al., 2012). The DMO and VEGF Trap-Eye: investigation of clinical
impact (DA VINCI) study, a phase II clinical trial that evaluated afli-
bercept for DMO, found that the mean change in VA (+9.7 to +13.1
letters in the aflibercept groups versus —1.3 letters in the laser group; P
< 0.0001) and CRT (—227 to - 165 pm versus —58um; P < 0.0001) at 12
months was more remarkable in eyes that received aflibercept than
those in the laser group (Do et al., 2012). More eyes treated with afli-
bercept gained >15 letters than those that received laser treatment. This
study provided the first good evidence that aflibercept may be more
effective than laser in improving VA and macular thickness and was well
tolerated.

The two registration trials, the study of intravitreal aflibercept in-
jection in patients with DMO (VISTA-DMO) and intravitreal aflibercept
injection in vision impairment due to DMO (VIVID-DMO), compared
aflibercept (aflibercept 2 mg, either four weekly [2q4] or eight weekly
[2@8 after five initial monthly injections]) with laser in the treatment of
DMO (Korobelnik et al., 2014). Eyes in the aflibercept groups (2q4, 2q8)
had a higher mean gain at 52 weeks than those in the laser group in both
studies: VISTA (+12.5, +10.7 versus +0.2 letters; P < 0.0001) and
VIVID (+10.5, +10.7 versus +1.2 letters; p < 0.0001). There were also
more significant reductions in mean CRT in the aflibercept than in the
laser arms: 185.9 pm, 183.1 pm versus 73.3 pm, P < 0.0001 for VISTA
and 195 pm, 192.4 pm versus 66.2 pm, P < 0.0001 for VIVID). The
overall incidence of adverse events (ocular and non-ocular) was similar
across all groups (Korobelnik et al., 2014). The visual and anatomic
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superiority of aflibercept observed at 52-week was sustained through
100-week with equal efficacy in the two aflibercept groups (Brown et al.,
2015). The mean VA gain at 148 weeks from baseline in the aflibercept
groups and laser group was +10.4 and + 10.5 versus 1.4 letters for
VISTA and +10.3 and + 11.7 versus +1.6 letters for VIVID cohorts
(Heier et al., 2016). The proportion of eyes gaining >15 letters from
baseline at week 148 was 42.9%, 35.8% versus 13.6% for VISTA (P <
0.0001) and 41.2%, 42.2% versus 18.9% for VIVID (P < 0.0001). More
eyes in the aflibercept-treated groups had an improvement of >2 levels
in the DR severity scale than in the laser groups in both studies (Heier
etal., 2016). The FDA approved aflibercept for the treatment of DMO in
March 2015.

The longer-term treatment outcomes of aflibercept were evaluated in
the ENDURANCE extension study, a phase IV, 2-year, open-label
extension trial of the 3-year VISTA-DMO trial (Wykoff et al., 2017,
2018). Sixty patients were enrolled and received aflibercept in the
presence of CSDMO at each visit. The need for aflibercept retreatment
was substantially reduced in the fourth and fifth years of aflibercept
dosing for DMO following the initiation of therapy in the VISTA trial.
Visual and macular thickness improvement at the end of the VISTA trial
was maintained during the ENDURANCE study with a mean number of 8
injections at two years. A quarter of eyes did not require any injection
and half received <5 injections over two years. Of note, a significant
proportion of eyes experienced progression of DR, with 10% converting
to proliferative DR at two years (Wykoff et al., 2017, 2018), which
emphasises that patients with DMO need to be monitored closely for any
sign of DR worsening if intravitreal treatment is stopped. The PHOTON
clinical trial, which investigated the use of high-dose aflibercept (8 mg)
for the treatment of DMO, yielded promising results (unpublished at the
time of this review)(Do, 2023).

1.3.1.5. Comparison between the type of approved VEGF inhibitors. All
these clinical trials confidently established that intravitreal VEGF in-
hibitor therapy was safe and effective for DMO. With a choice of three
different options of VEGF inhibitors, one crucial question remained: was
one of these agents better than the other two for DMO? The DRCR.net
group tried to answer this question with the Protocol T study that
compared the efficacy and safety of the three anti-VEGF agents (bev-
acizumab AVASTIN 1.25 mg [Genentech Inc.], ranibizumab LUCENTIS
0.3 mg [Genentech, Inc.] and Aflibercept EYLEA 2 mg [Regeneron
Pharmaceuticals]) for CIDMO (Wells et al., 2015, 2016b). All drugs
achieved a significant visual improvement at 12 months (mean change
of +13 letters in aflibercept, +10 letters in bevacizumab and +11 letters
in ranibizumab groups). Overall, the differences in the mean visual gain
between all groups were not statistically significant at 12 months.
However, aflibercept provided better visual outcomes than the other
two drugs when the presenting VA was worse than 69 letters (Snellen
equivalent 20/50 or worse). The mean visual improvements in eyes with
presenting VA <69 letters were surprisingly high at +12 letters (2.5 lines
on a logMAR vision chart) for bevacizumab, 14 letters (3 lines) for
ranibizumab and +19 letters (4 lines) for aflibercept (p < 0.001 for
aflibercept versus bevacizumab, p = 0.003 for aflibercept versus rani-
bizumab and p = 0.21 for ranibizumab versus bevacizumab). Aflibercept
and ranibizumab showed a greater reduction in CRT than bevacizumab.
The rates of serious adverse events, hospitalisation, death or cardio-
vascular events among the three groups were not different (Wells et al.,
2015, 2016b). The visual improvement in mean VA at two years was
410 letters in bevacizumab, +12 letters in the ranibizumab and +13
letters in the aflibercept group (Wells et al., 2016a). The visual outcomes
were similar for eyes with better initial VA. Among those with worse VA
at baseline (VA <69 letters), aflibercept was still superior to bev-
acizumab after two years of treatment. Still, the visual difference with
ranibizumab was no longer seen at two years. The mean number of in-
jections over the two years was 15, 16, and 15 in the three groups,
respectively (Wells et al., 2016a).
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A Cochrane meta-analysis confirmed that bevacizumab, ranibizumab
and aflibercept were superior to laser photocoagulation for improving
vision by three or more lines after one year of treatment (Virgili et al.,
2017). This study found that at least 3 in every ten eyes treated with a
VEGF inhibitor for DMO were likely to achieve an improvement of >3
lines at one year, compared with just under 1 in 10 treated with laser.
Eyes receiving ranibizumab were less likely to gain >3 lines of vision at
one year than those receiving aflibercept (Relative Risk [RR] 0.75 [ 95%
Confidence Interval, CI 0.60 to 0.94]). The study concluded that there
was moderate evidence that aflibercept had somewhat better 1-year
visual and anatomical outcomes for DMO than ranibizumab and bev-
acizumab (Virgili et al., 2017).

A recent publication from the DRCR.net, named Protocol AC, has
assessed step therapy (i.e., bevacizumab with deferred aflibercept
depending on treatment response to bevacizumab) for the treatment of
CIDMO and at least moderate vision loss (Jhaveri et al., 2022). Due to
the significant cost difference between the two drugs and without
research-based evidence, many clinicians and patients choose to initiate
treatment with bevacizumab and switch to aflibercept depending on
treatment response. This RCT compared aflibercept monotherapy versus
initial bevacizumab plus a switch to aflibercept therapy if the response
was suboptimal from 12 weeks up until two years if prespecified func-
tional and anatomical protocol criteria were met. As previously
observed in the protocol T trial (Wells et al., 2016a), the mean change in
VA and CRT tended to favour aflibercept monotherapy over the
bevacizumab-first strategy throughout the first year. However, the
rescue treatment with aflibercept mitigated the mean visual and
anatomical differences observed from the initiation of therapy with
bevacizumab before the end of the trial. There was no significant dif-
ference in the mean VA and CRT change at the 2-year visit between both
groups. More than 70% of the patients in the bevacizumab-first group
were switched to aflibercept during the study, with half of them between
12 and 24 weeks (Jhaveri et al., 2022).

Finally, The DRCR.net protocol T extension study assessed long-term
treatment outcomes of VEGF inhibitors for CIDMO (Glassman et al.,
2020Db). Overall, the mean VA change from baseline tended to decrease
to an average of +7 letters at five years (vs +12 letters at two years
protocol T endpoint) without significant change in CRT (—156 pm at five
years vs —154 pm at two years) when eyes exited the 2-years clinical
trial and returned to routine clinical care. The 5-year mean visual acuity
was still better than baseline, with almost half of the eyes with >20/25
vision, two third with >20/40 and only 5% with <20/200 at five years.
The primary purpose was not to compare VEGF inhibitors after two
years since eyes were treated at the physician’s discretion without any
specific protocol. Approximately half of eyes received a VEGF inhibitor
different from the one they were randomised to receive at baseline. The
study reported the same downward trajectory in the vision for the three
groups according to the drug they initially received. Most eyes
continued to be monitored, with a progressive reduction in injection
frequency from years 2-5. Almost 70% of study eyes received at least
one anti-VEGF treatment with a median (IQR) of 4 (0, 12) injections
from 3 to 5 years (vs 15 injections at two years endpoint) (Glassman
et al., 2020b). Further investigation into strategies applicable in daily
practice for approved treatments seems to be warranted to maintain
excellent outcomes over the long term in DMO.

1.3.2. Steroids for DMO

1.3.2.1. Triamcinolone. The Triamcinolone for Diabetic Macular
Oedema (TDMO) study was the first RCT of an intravitreal steroid for
DMO. It was a two-year, double-masked, placebo-controlled trial of
intravitreal triamcinolone (Kenacort 40, Bristol-Myers Squibb Pharma-
ceuticals, Australia) in 69 eyes from 43 patients with DMO refractive to
macular laser therapy (Gillies et al., 2006). Repeated intravitreal in-
jections of 4 mg triamcinolone were allowed at a maximum frequency of
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every six months. The primary outcome of VA improvement by > 5
logMAR letters at two years was achieved in 56% of
triamcinolone-treated eyes and 26% of the placebo group (P = 0.006).
Triamcinolone-treated eyes had 6 letters mean greater improvement in
VA and 59 pm mean greater reduction in CRT than eyes that received
placebo. However, cataract surgery was required in 54% of subjects in
the triamcinolone group compared with none in the placebo group.
Elevated intraocular pressure (IOP) > 5 mmHg was noted in 68% of
triamcinolone-treated eyes compared with 10% in the placebo group
and 5.9% of triamcinolone treated eyes required trabeculectomy surgery
(Gillies et al., 2006).

The TDMO study became open-label after two years and patients in
the original placebo group could also be treated with triamcinolone. By
five years, modest improvement in VA of >5 letters was found in 42% of
those eyes initially treated with intravitreal triamcinolone compared
with 32% initially treated with placebo. Still, this finding was not sta-
tistically significant (P = 0.4). There was also no difference in the mean
CRT reduction between the two groups after five years. The earlier use of
triamcinolone did not reduce the need for retreatment between the third
and fifth years. By five years, 9% of the initial triamcinolone group had
required trabeculectomy, although fewer topical options were available
in this period, and 71% of originally phakic eyes had undergone cataract
surgery (Gillies et al., 2009).

Kenacort 40 is not licensed for intraocular use, with reports that the
preservative it contains may cause sterile endophthalmitis (Otsuka et al.,
2013). This has led to the development of preservative-free triamcino-
lone preparations, including Triescence (Alcon, Fort Worth, Texas, USA)
and Trivaris (Allergan, Irvine, California, USA). These preparations have
different pharmacokinetic properties, likely resulting in a shorter
duration of action than Kenacort 40 (Zacharias et al., 2013).

The DRCR.net has undertaken large RCTs which have compared
preservative-free triamcinolone (Trivaris) to other treatments, including
macular laser and anti-VEGF agents. Protocol B was a RCT comparing
modified ETDRS macular laser (n = 330) against triamcinolone at either
a dose of 1 mg (n = 256) or 4 mg (n = 254) (Diabetic Retinopathy
Clinical Research Network, 2008). All patients were eligible for
re-treatment at four monthly intervals if DMO persisted. Although the
mean VA was better in the 4 mg triamcinolone group compared with the
1 mg triamcinolone and the laser group at four months, by two years, the
mean VA was better in the laser group than in either of the triamcinolone
groups. By three years, the cumulative probability of having cataract
surgery was 83% in the 4 mg triamcinolone group, 46% in the 1 mg
triamcinolone group and 31% in the macular laser group. The IOP
increased >10 mmHg from baseline at any visit over the 3-year study in
33% of the 4 mg triamcinolone group, with 5% having undergone
glaucoma surgery. This compared with an IOP increase >10 mmHg from
baseline in 18% in the 1 mg triamcinolone group and 4% in the macular
laser group, with no glaucoma surgery required in these groups. A
limitation of this study was that only 36% of patients achieved 3-year
follow-up. DRCRnet Protocol B had different baseline characteristics
than the TDMO trial, which excluded eyes that investigators considered
unlikely to benefit from macular laser treatment. This may account for
the contradictory results of the TDMO and DRCRnet trials. A small
subgroup analysis of patients in the DRCRnet Protocol B trial with severe
visual impairment at baseline (VA 6/60 to 6/96) had improvement of
>10 letters in 77% of the 4 mg triamcinolone group versus 42% of the
laser group (Diabetic Retinopathy Clinical Research Network, 2008).

The DRCR.net has also compared the use of 4 mg intravitreal
preservative-free triamcinolone (Trivaris) combined with laser versus
laser alone versus ranibizumab with prompt or deferred laser for the
management of CIDMO (Elman et al., 2010). The trial (Protocol I) re-
ported that VA outcomes for ranibizumab-treated eyes were better than
the triamcinolone-treated eyes, except for those eyes which were pseu-
dophakic at baseline, where the visual acuity results were very similar.
However, raised IOP was more common in the triamcinolone-treated
eyes (Elman et al., 2010).
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1.3.2.2. Fluocinolone acetonide. Fluocinolone acetonide was initially
developed as a nonbiodegradable, surgically implanted device called
Retisert with a sustained release over three years (Bausch and Lomb,
Rochester, New York, USA). A prospective randomised clinical trial of
the Retisert implant (n = 127) against standard of care with macular
laser or observation (n = 69) was carried out in patients with persistent
DMO despite previous macular laser (Pearson et al., 2011). VA had
improved by > 3 lines in 31% of Retisert-treated eyes by three years
versus 20% in the standard-of-care group (P = 0.16). However, the de-
vice required implantation in an operating theatre, and there was a very
high incidence of IOP elevation requiring incisional glaucoma surgery
(34%), with 2.4% of patients having their implant removed to relieve
IOP, regulatory authorities have not approved it for the management of
DMO (Pearson et al., 2011).

Fluocinolone acetonide was later developed into a smaller nonbio-
degradable intravitreal insert called Iluvien (Alimera Sciences, Alphar-
etta, Georgia, USA) for treatment of DMO with sustained release for up
to 3 years. It can be introduced through a 25G needle as an office pro-
cedure. The Fluocinolone Acetonide intravitreal implant for diabetic
Macular Oedema study included over 900 patients randomised to
receive a low dose of 0.2 pg/day fluocinolone insert (n = 375), a high
dose of 0.5 pg/day fluocinolone insert (n = 393) or a sham injection (n
= 185). The treatment efficacy of both fluocinolone acetonide doses was
similar, but fewer adverse events occurred with the lower dose steroid,
so the 0.2 pg/day implant was taken to market. At 36 months, the
proportion of patients who gained >15 letters using the last observation
carried forward method was 28.7% in the 0.2 pug/day group compared
with 18.9% (P = 0.018) in the sham group. The figures in 36-month
completers only were 33.0% compared with 21.4% in the sham group
(P = 0.030) (Campochiaro et al., 2012). For those patients in the 0.2
pg/day implant group, 80% of eyes phakic at baseline had undergone
cataract surgery, 38.4% required IOP lowering medication, and 4.8%
had undergone incisional glaucoma surgery. Pre-planned subgroup
analysis showed a particular benefit compared with control in those
patients with a duration of DMO >3 years. However, there has been
some debate as to how disease duration was calculated (Cunha-Vaz
et al., 2014).

1.3.2.3. Dexamethasone. Ozurdex® is a biodegradable intravitreal
implant (Allergan, Irvine, California, USA) that slowly releases the
corticosteroid dexamethasone. The PLACID study randomised patients
with diffuse DMO to 0.7 mg dexamethasone implant followed by laser
photocoagulation at one month (n = 126) or to sham injection followed
by laser photocoagulation at one month (n = 127) (Callanan et al.,
2013). Subjects were eligible for an additional dexamethasone implant
or sham injection six months after the first injection. Macular laser could
be applied to both groups as needed every three months. There was no
significant difference in VA between the groups at month 12. However,
there was a significantly greater improvement in VA from baseline to
various time points up to 9 months in the group receiving the dexa-
methasone implant. Additionally, the area under the curve analysis for
VA over the 12 months showed a significant benefit for patients treated
with the dexamethasone implant in combination with macular laser
compared with macular laser alone. In eyes that received dexametha-
sone, an increase in IOP of >10 mmHg occurred in 15.2% of eyes, with
no incisional glaucoma surgery such as trabeculectomy required. Cata-
ract surgery was performed in 3.2% of eyes over the 12 months of this
study, although significant cataract formation is more common in the
second year of intravitreal steroid trials. The therapeutic effect of the
Ozurdex dexamethasone implant is around four months. The mistaken
belief that it lasted as long as six months led to some clinical trials not
meeting their originally specified endpoints.

The MEAD trial examined the safety and efficacy of the dexameth-
asone intravitreal implant in DMO over three years (Boyer et al., 2014).
It comprised two parallel randomised, multi-centre, masked phase III
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clinical trials. A total of 1048 patients with DMO were recruited, with
BCVA of 20/50 to 20/200 and OCT-measured CRT of >300 pm. The
patients were randomised 1:1:1 to dexamethasone implant 0.7 mg,
dexamethasone implant 0.35 mg or sham, and they were followed for
three years. Patients could be retreated no more often than every six
months. The primary outcome measure was the improvement in VA >15
logMAR letters. Significantly more participants who received steroid
treatment achieved a 15-letter gain: 22% in the 0.7 mg group and 18% in
the 0.35 mg group, compared with 12% in the sham group (P = 0.018).
The rate of IOP rise >10 mmHg from baseline at any study visit was
27.7%, 24.8% and 3.7% in the 0.7 mg, 0.35 mg and sham groups,
respectively. A total of 2 patients (0.6%) in the 0.7 mg group and 1
(0.3%) in the 0.35 mg group required trabeculectomy surgery. The rate
of cataract surgery during the 3-year study was 59.2%, 52.3% and 7.2%
in the 0.7 mg, 0.35 mg and sham groups, respectively. While mean CRT
decreased significantly in eyes receiving the dexamethasone implant,
loss of efficacy appeared before the minimum of 6-month interval for
retreatment prospectively chosen in this trial. There were protocol
amendments during the trial relating to OCT CRT retreatment criteria
and when exit VA was recorded relative to the last dexamethasone
implant. There was a significant loss to follow-up, with over a third of
patients in the dexamethasone treatment groups and over half of the
patients in the sham group exiting the study early (Boyer et al., 2014).

Removal of the vitreous body can reduce the length of time intra-
vitreal pharmacological agents remain within the eye, making ongoing
management of DMO more difficult (Chin et al., 2005; Yanyali et al.,
2007). In a sub-group analysis of 25 previously vitrectomised eyes
included in DRCR.net Protocol I, the 3-year visual and anatomical out-
comes were not significantly different from the cohort of 335 eyes
without a history of vitrectomy. However, during the first year, CRT
improvement appeared slower in vitrectomised eyes (Bressler et al.,
2015). CHAMPLAIN was a non-controlled prospective study of 55
vitrectomised eyes with treatment-resistant DMO that received the
Ozurdex dexamethasone implant. The study identified a clinically sig-
nificant improvement in both vision and CRT lasting approximately
three months in these difficult-to-treat eyes, with an acceptable safety
profile in this short-term study (Boyer et al., 2011). The Ozurdex implant
is contraindicated if there is communication between the posterior and
anterior segments of the eye because of case reports of anterior segment
migration and corneal endothelial damage (Bansal et al., 2011; Malcles
et al., 2013).

1.3.3. Comparison between dexamethasone and vascular endothelial
growth factor inhibitors for DMO

The BEVORDEX study reported the results of an Australian multi-
centre randomised head-to-head clinical trial that compared off-label
intravitreal bevacizumab (Avastin, Genentech, South San Francisco,
California, USA) with the 0.7 mg dexamethasone Ozurdex implant
(Fraser-Bell et al., 2016; Gillies et al., 2014a). There were 88 eyes of 61
patients with CIDMO enrolled in the study, either unresponsive or un-
likely to benefit from macular laser. The baseline bevacizumab and
dexamethasone groups were well-matched. There were 42 eyes
receiving bevacizumab every four weeks and 46 eyes receiving a dexa-
methasone implant every 16 weeks, both as required (PRN). The pro-
spectively defined minimum time interval between dexamethasone
implants was 16 weeks rather than the six months chosen in MEAD. The
primary outcome was the proportion of eyes with improvement in BCVA
by at least ten logMAR letters at 12 months. This was achieved in 40% of
bevacizumab-treated eyes and 41% of dexamethasone-treated eyes (P =
0.83). Bevacizumab-treated eyes received a mean of 9 injections over 12
months, compared with 3 injections for the dexamethasone group. A
total of 26 of the 88 eyes (29.5%) were pseudophakic at baseline, 10 of
which were treated with bevacizumab, whereas 16 were treated with
the dexamethasone implant. There was no significant effect based on
treatment received for the change in BCVA for the pseudophakic eyes,
with a mean increase in VA for bevacizumab-eyes of 8 letters and a mean
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increase in VA for dexamethasone-treated eyes of 10 letters (P = 0.47).
None of the 42 eyes treated with bevacizumab lost ten or more letters,
but 11% (5/46) of the eyes given the dexamethasone implant did. Of
these, 4 cases were due to an increase in cataract density, but one patient
with undiagnosed secondary syphilis developed the rare complication of
syphilitic chorioretinitis one week after administration of the dexa-
methasone implant with significant loss of vision. An increase in cataract
density by > 2 grades from baseline was reported in 13% (6/46) of eyes
in the dexamethasone group and in 4.8% (2/42) of eyes in the bev-
acizumab group. Over the initial year of the study, 12 eyes demonstrated
an IOP of >25 mmHg at least once during follow-up visits, all in the
dexamethasone group.

Of the initial 88 eyes from 61 patients, 68 eyes from 47 patients
completed 24 months of follow-up in the BEVORDEX study (Fraser-Bell
et al., 2016). There was an equal number of loss to follow-up from each
group (10 eyes). Forty-five per cent of bevacizumab-treated eyes and
43% of dexamethasone-treated eyes maintained a >10 letter improve-
ment from baseline at 24 months. At the same endpoint, 2% of
bevacizumab-treated eyes and 11% of dexamethasone-treated eyes had
a VA decrease of >10 letters. There was no significant difference be-
tween bevacizumab and dexamethasone-treated eyes in terms of visual
gain at 24 months, particularly for pseudophakic eyes. Regarding the
number of injections in year 2, the bevacizumab group received a mean
of 5 (SD 5) compared with 2 (SD 1) in the dexamethasone group. As
expected, dexamethasone-treated eyes had higher rates of increased
IOP, with 10 of 46 eyes (22%) requiring the addition of topical
IOP-lowering medication, whereas no bevacizumab-treated eyes needed
this. Remembering eyes with advanced or uncontrolled glaucoma were
excluded from entry, no study eye underwent incisional glaucoma
drainage surgery in the 24-month BEVORDEX study. A post-hoc analysis
of the BEVORDEX data identified that dexamethasone provided more
rapid regression of hard exudates from the foveal centre. However,
bevacizumab-treated eyes started to catch up by 24 months (Mehta
et al., 2016).

A larger multi-centre, 12-month RCT comparing dexamethasone
intravitreal implant (n = 181) with ranibizumab (n = 182) in patients
with DMO reported similar results to those of BEVORDEX (Callanan
et al.,, 2017). The mean average VA change from baseline over 12
months was 4 letters with the dexamethasone implant and 8 letters with
ranibizumab. The lower 95 % confidence interval limit of the
between-group difference was —4.7 letters. Therefore, dexamethasone
was reported to be non-inferior to ranibizumab based on the pre-
specified noninferiority margin of 5 letters. Both drugs effectively
reduced CRT and reduced the area of fluorescein leakage. There was an
average of 3 dexamethasone implant injections and 9 ranibizumab in-
jections per patient over 12 months. Ocular adverse events in the study
eye were more frequent in the dexamethasone implant group because of
the occurrence of IOP increases and cataract. IOP increases were tran-
sient and generally managed with topical medication (Callanan et al.,
2017).

1.3.4. Comparison of treatment regimens for DMO

Several trials have shown the effectiveness and safety of a fixed in-
jection regimen of VEGF inhibitors for DMO (Boyer et al., 2015, 2015,
2015; Schmidt-Erfurth et al., 2014; Wells et al., 2016a). However,
although the monthly regimen has demonstrated excellent visual and
anatomical outcomes, this regimen is difficult to apply in routine clinical
practice with capacity issues in clinics, multiple appointments for dia-
betic patients with systemic comorbidities and variable responses to
therapy. This has led to individualised dosing regimens with two main
approaches used: the pro re nata (PRN), wherein patients are monitored
regularly and treated upon signs of activity, and the treat-and-extend
(T&E), in which patients are treated with a progressive increase in
treatment intervals according to disease activity to identify the most
extended interval of dosing and visit-free interval without sign of
activity.
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The PRN regimen was reported to be effective for DMO in the
RESTORE and DRCR.net protocol I trials (Elman et al., 2011, 2015; Lang
et al., 2013; Mitchell et al., 2011; Schmidt-Erfurth et al., 2014). The
visual improvements observed at year one were maintained throughout
the studies up to 5 years with fewer injections than in the fixed regimen
clinical trials. However, the main drawback of the PRN regimen is that it
requires frequent visits to monitor disease activity and administer
treatment if needed, still resulting in a significant treatment burden for
both patient and physician. Individualised T&E dosing for DMO has
been rigorously investigated for DMO (Ehlers et al., 2018; Payne et al.,
2017,2019, 2021; Priinte et al., 2016). The RETAIN (Efficacy and Safety
of Ranibizumab in Two “Treat and Extend” Treatment Algorithms
Versus Ranibizumab As Needed in Patients With Macular Oedema and
Visual Impairment Secondary to Diabetes Mellitus) study was the first
trial to report that this approach was feasible for DMO with a consequent
reduction in the treatment burden. T&E with or without macular laser
had non-inferior mean VA change from baseline to PRN for DMO at 24
months with a 50% reduction in the number of clinic visits but more
injections (median number of injections of 12 in T&E vs 10 in PRN).
Another trial subsequently demonstrated that visual and anatomical
outcomes were similar with either a T&E dosing or monthly dosing of
ranibizumab in eyes with persistent and refractory DMO previously
treated with bevacizumab (Ehlers et al., 2018). The T&E Protocol in
Patients with Diabetic Macular Oedema (TREX- DME) trial was designed
to assess the efficacy of a T&E dosing algorithm of ranibizumab 0.3 mg
with and without navigated focal laser therapy to monthly dosing for
DMO (Payne et al., 2017, 2019, 2021). All eyes were treated with either
monthly (n = 30 eyes) or T&E dosing with (GILA cohort, n = 60 eyes) or
without (TREX cohort, n = 60 eyes) angiography-guided focal laser for
two years. All eyes were then treated with a PRN approach (treatment if
> 5 letters vision loss or CRT >325 pum) from the third year. T&E dosing
of ranibizumab had similar visual and anatomical gains to monthly
dosing of ranibizumab with significantly fewer injections at two years
(25 in monthly vs 18 in the T&E group) and no beneficial effect of
adding focal laser (Payne et al., 2017, 2019). The 2-year visual
improvement was sustained at the 3-year visit, with about three in-
jections during the third year. Most patients still required treatment to
maintain vision during the third year, with approximately 80% of study
eyes requiring at least one injection during the final year (Payne et al.,
2021). The VIOLET trial showed that T&E dosing of aflibercept is
non-inferior to PRN or fixed regimen in previously treated DMO eyes
beyond the first year of treatment, but may also reduce treatment
burden (Garweg et al., 2022). The preliminary results of the LADAMO
trial also suggested that aflibercept could safely and effectively be
delivered with a treat-and-extend regimen without a loading phase
(Fraser-Bell et al., 2022). These trials have demonstrated that an indi-
vidualised T&E is a practical approach for treating DMO. It achieved
similar long-term visual and anatomical outcomes to monthly dosing,
with fewer injections and visits, and better outcomes than the PRN
approach with more injections given at fewer visits, thereby decreasing
the DMO treatment burden for patients and physicians.

1.3.5. Combination therapy with vascular endothelial growth factor
inhibitors and steroids for DMO

The combination of steroid and anti-VEGF intravitreal therapeutic
agents has been postulated to potentially have synergistic effects for
treating DMO (Amoaku et al., 2015; Daruich et al., 2018; Uemura et al.,
2021). Steroid therapy has anti-inflammatory, anti-permeability and
angiostatic effects in treating DMO (Daruich et al., 2018; Uemura et al.,
2021; Wang et al., 2008). By inhibiting VEGF angiogenic activity on
endothelial tight junctions, anti-VEGF agents reduce retinal vascular
permeability (Aiello, 2005; Campochiaro and Akhlaqg, 2021; Uemura
et al., 2021). A Cochrane review of eight randomised controlled trials
identified that a combination of intravitreal anti-VEGF plus intravitreal
steroids does not appear to offer additional visual benefit compared with
monotherapy for DMO; at present, the evidence for this is of
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low-certainty (Mehta et al., 2018a). There was an increased rate of
cataract development and raised intraocular pressure in eyes treated
with anti-VEGF plus steroid versus anti-VEGF alone. Patients were
exposed to both agents’ potential side effects without reported addi-
tional benefits. The largest RCT in the Cochrane Review was DRCR.net
Protocol U which included 129 eyes (Maturi et al., 2018). It is not
known whether the treatment response would be different in eyes that
are pseudophakic at baseline, removing the confounding effect of
steroid-induced cataract progression (Mehta et al., 2018a).

1.3.6. Novel therapies

1.3.6.1. Brolucizumab. Brolucizumab (beovu, Novartis Pharma, Basel,
Switzerland), a single-chain antibody fragment, binds and blocks VEGF-
A isoform with high affinity. It has a significantly lower molecular
weight (26 kDa) than other approved VEGF inhibitors, so more drug can
be given in the same volume which may provide better effectiveness
through higher tissue penetration and longer duration of action. (Q. D.
Nguyen et al., 2020). Two global multicenter, 100-week, randomised,
double-masked, active-controlled, phase III trials, KESTREL and KITE,
evaluated the efficacy and safety of brolucizumab in patients with visual
impairment secondary to DMO (Brown et al., 2022). Eyes were rando-
mised 1:1:1 to brolucizumab 3 mg, brolucizumab 6 mg, or aflibercept 2
mg in KESTREL and 1:1 to brolucizumab 6 mg or aflibercept 2 mg in
KITE. In the loading phase of both trials, patients received brolucizumab
every six weeks for a total of 5 doses, whereas patients in the aflibercept
arm were treated every four weeks for a total of five doses, in line with
its label. Then Brolucizumab arms received intravitreal injections every
12 weeks with the possibility to adjust the injection interval to every
eight weeks for the rest of the study if patients had disease activity
detected by a blinded investigator (e.g., >5 letters VA loss with an in-
crease in CRT on OCT compared with the subject’s disease status at the
previous visit) at predefined assessment visits (Weeks 32, 36, and 48 in
the first year). The aflibercept arm received dosing every eight weeks
regardless of the outcome of disease activity assessment after the loading
phase. Those studies demonstrated the non-inferiority of brolucizumab
6 mg to aflibercept 2 mg for the primary endpoint of change from
baseline in VA at Week 52 with a non-inferiority margin of 4 letters (P <
0.001) (Brown et al., 2022). The adjusted least square mean estimate in
VA change was +9 letters and +11 letters for brolucizumab 6 mg
compared to +11 letters and +9 letters for Aflibercept 2 mg at week 52
in KESTREL and KITE studies, respectively (difference of —1.3 letters
[95% Confidence Interval, CI -2.9 to 0.3] and +1.2 [-0.6 to 3.1]. A
significant improvement in CRT was achieved in all treatment arms at 52
weeks in both studies. The adjusted least square mean in CRT change
was similar between groups in KESTREL over 52 weeks, while greater
reductions were consistently reported in eyes treated with brolucizumab
6 mg in KITE (Brown et al., 2022). More brolucizumab-treated eyes
achieved CRT <280 pum at Week 52 than aflibercept-treated eyes,
despite a lower median number of injections over 52 weeks (7 vs 9 in-
jections, respectively). Fewer eyes on brolucizumab had IRF and/or SRF
at Week 52 than aflibercept-treated eyes. Approximately half of the
brolucizumab-treated eyes remained on injection interval of >12 weeks
at 52 weeks in the KITE and KESTREL studies (Kaplan-Meier [K-M] es-
timates: 47% for the 3 mg arm vs 55% and 50% for the 6 mg arm in
KESTREL and KITE, respectively). If brolucizumab-treated eye
completed the first 12 weeks injection interval without detected disease
activity, the probabilities for remaining on >12 weeks interval at 52
weeks increased to 87%, 88% and 95% for the 3 mg, 6 mg KESTREL arm
and 6 mg KITE arms, respectively (Brown et al., 2022). KESTREL and
KITE studies demonstrated that brolucizumab lasts for up to 16 weeks
for DMO with visual impairment and thus helps improve the treatment
burden of our patients with similar visual and anatomical outcomes to a
standard approved VEGF inhibitor. The FDA initially approved Brolu-
cizumab to treat neovascular AMD in late 2019 from data from the

Progress in Retinal and Eye Research 97 (2023) 101219

HAWK and HARRIER phase III trials. Brolucizumab 6 mg achieved
similar VA gain but better anatomical outcomes than aflibercept 2 mg,
with most eyes receiving injections every 12 weeks at week 48 after the
loading phase (Dugel et al., 2020, 2021). No safety concerns were re-
ported at the end of the trials. Unfortunately, the first reports of severe
uveitis with or without occlusive retinal vasculitis associated with bro-
lucizumab arose in February 2020 after the dug had been approved and
marketed. The American Society of Retina Specialists (ASRS) Research
and Safety in Therapeutics (ReST) Committee published a report of 26
cases associated with 70 000 injections and 37 000 treated patients
concerns in March 2020 (American Society of Retina Specialists
Research and Safety in Therapeutics Committee. 2020. Available at
https://www.asrs.org/about/committees). Novartis and ASRS ReST
committee subsequently recommended careful evaluation for inflam-
mation and continued vigilance in monitoring brolucizumab treatment
outcomes. Previously unnoticed, these adverse events were subse-
quently identified in an unmasked, post hoc review of the pooled bro-
lucizumab arms from HAWK and HARRIER (Monés et al., 2021). The
safety outcomes data of brolucizumab in the treatment of DMO from the
KESTREL and KITE trials were anticipated with particular interest in the
rate of brolucizumab-induced intraocular inflammation (IOI). The
ocular adverse events rate was similar between the treatment arms in
both studies up to Week 52 (Brown et al., 2022). The reported rates of
I0I over 52 weeks in DMO studies were similar to HAWK and HARRIER,
with 4.7% (n = 9), 3.7% (n = 7), and 0.5% (n = 1) for eyes in the
brolucizumab 3 mg and 6 mg, and aflibercept arms in KESTREL,
respectively. In KITE, rates of IOI were much lower with 3 subjects each
(1.7%) in both the brolucizumab 6 mg and aflibercept arms. The inci-
dence of retinal vasculitis was lower in the KESTREL trial, with 3 sub-
jects (1.6%) in the brolucizumab 3 mg arm (1 developed retinal artery
occlusion) and 1 subject (0.5%) in the brolucizumab 6 mg arm who
developed a retinal artery occlusion. No subject developed concurrent
retinal vasculitis or retinal artery occlusion in the KITE trial (Brown
et al., 2022). Although these phase III trials were not designed and
powered enough to detect rare safety concerns, the lower number of
brolucizumab-induced inflammation in DMO may be related to dis-
crepancies in the underlying pathophysiologic mechanisms between
diseases or the less intensive loading phase in KESTREL and KITE. The
European medicine agency (EMA) and FDA approved Beovu for treating
DMO with visual impairment in March and June 2022, respectively.
Caution should be taken regarding the risks of IO, retinal vasculitis, and
retinal vascular occlusion when using brolucizumab for treating DMO
with visual impairment. Patients should be instructed to recognise early
signs and seek medical attention without delay if these side effects are
suspected.

1.3.6.2. Faricimab. Faricimab (vabysmo, Roche, Basel, Switzerland),
formally known as “RG7716”, is a new anti-angiopoietin (Ang) —2/anti-
VEGF bispecific antibody specifically designed for intraocular use. It
independently binds both VEGF-A and Ang-2 with high affinity and
specificity, while its fragment crystallisable (Fc) was modified to reduce
inflammatory potential and increase its systemic clearance. The Ang-
tyrosine kinase with immunoglobulin-like domains (Tie) signalling
pathway regulates vascular homeostasis and controls vessel perme-
ability, inflammation, and angiogenic responses (Saharinen et al.,
2017). The growth factors Ang-1 and Ang-2 interact with the trans-
membrane receptor tyrosine kinase (Tie2) expressed in the vascular
endothelium. Ang-1 activates the Tie2 signalling pathway promoting
barrier function and vascular stability of new and established vessels
and inhibiting vascular permeability related to inflammatory cytokines.
Ang-2, upregulated under pathologic conditions such as DMO,
competitively inhibits Ang-1 binding to Tie2, consequently neutralising
the vasoprotective effects of the Ang-1 and Tie2 signalling pathway,
leading to vascular destabilisation, dysfunction of the blood-retinal
barrier and inflammation (Saharinen et al., 2017). The increased level
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of VEGF-A in DMO also promotes vascular permeability, thus Ang-2 and
VEGF-A factors synergistically contribute to vascular leakage and
inflammation in DMO. Therefore, a dual pathway inhibition in the
treatment of DMO might improve outcomes beyond standard-approved
VEGF inhibitors. The phase II BOULEVARD trial demonstrated prom-
ising results on the safety and effectiveness of faricimab for DMO.
Faricimab-treated eyes (Faricimab 6 mg every four weeks) had better
visual and anatomical gains at 24 weeks than ranibizumab-treated eyes
(ranibizumab 0.3 mg every four weeks), either naive or pretreated, with
no increased safety signals detected (Sahni et al., 2019). The two phase
III non-inferiority trials, YOSEMITE and RHINE, compared the effec-
tiveness and safety of faricimab 6.0 mg either at fixed dosing every eight
weeks after an induction phase of 6 intravitreal injections every four
weeks or faricimab 6 mg according to a personalised treatment interval
(PTI) after an induction phase of 4 injections every four weeks with
aflibercept 2 mg given every eight weeks after an induction phase of 5
injections every four weeks for DMO with visual impairment (Eter et al.,
2022; Wykoff et al., 2022). Eyes in the PTI arm received faricimab in-
jections every four weeks until CRT improved to less than 325 pm at or
after 12 weeks. Once the macula was dry, injection intervals could be
extended to every eight weeks and maintained at 8 weeks, extended
another four weeks to a maximum interval of every 16 weeks, or reduced
by four weeks or eight weeks (as low as every four weeks) based on
prespecified CRT and VA change criteria at injection visits. These trials
met the primary efficacy endpoint of non-inferior 1-year VA change with
either faricimab every eight weeks or faricimab PTI compared to afli-
bercept every eight weeks. The adjusted mean VA change from baseline
at 56 weeks was +11 and + 12 letters for faricimab every eight weeks
and +12 and + 11 letters for faricimab PTI compared to +11 and + 10
letters for aflibercept every 8 weeks at week 56 in YOSEMITE and RHINE
trials, respectively. Both faricimab treatment arms had consistently su-
perior anatomical outcomes than the aflibercept treatment arm with
greater mean CRT change and increased proportion of eyes with CRT
<325 pm and without intraretinal fluid over one year. Faricimab
demonstrated strong durability in YOSEMITE and RHINE, with more
than 70% of patients in the PTI arms achieving every 12 weeks dosing or
longer at one year (20% treated every 12 weeks and 50% treated every
16 weeks at 56 weeks). Only 11-13% of patients received dosing every 4
weeks at 52 weeks, of whom 50-60% maintained monthly dosing over
one year (Wykoff et al., 2022). Faricimab was well tolerated over one
year with a similar rate of ocular and non-ocular adverse events between
faricimab and aflibercept treatment arms. The incidence of IOI events
was low across both studies and statistically similar between all treat-
ment arms though numerically greater in the faricimab treatment arms
than in the aflibercept treatment arm (Wykoff et al., 2022). Both trials
showed excellent visual and anatomical improvement with faricimab
with adjustable dosing for up to 16 weeks, highlighting the extended
durability of faricimab in treating DMO with a good safety profile. The
FDA approved faricimab for DMO in January 2022 based on the
one-year outcomes of those trials. The occurrence of safety concerns a
few months after the approval of brolucizumab without any safety sig-
nals in the phase III trials highlights the need for caution. Further in-
vestigations, such as the 2-year results of those trials and the RHONE-X
extension study combining data from YOSEMITE and RHINE, will pro-
vide the long-term outcomes of faricimab for DMO.

1.3.7. Vitrectomy surgery for DMO

The DRCR.net protocol D trial assessed the potential role of surgical
vitrectomy for DMO with vitreomacular traction (Diabetic Retinopathy
Clinical Research Network Writing Committee, 2010; Flaxel et al.,
2010). The first study reported visual and anatomical outcomes of 87
eyes undergoing vitrectomy without concomitant cataract surgery for
DMO with moderately impaired VA (20/63 to 20/400 Snellen equiva-
lent) and significant macular thickening (CRT >300 pm) associated with
vitreomacular traction on OCT. The visual improvement after vitrec-
tomy from baseline at six months was not clinically significant (median
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+3 letters), with one-third of eyes gaining two lines of vision, whereas
one-quarter lost 2 lines of sight. The improvement was better anatomi-
cally, with approximately half of eyes achieving a CRT of <250 pm, and
most eyes had at least a 50% reduction of macular thickness at six
months. The correlation between VA and CRT outcomes was low. Of
note, 18% (n = 16) of eyes experienced a postoperative complication
(8% requiring treatment for elevated IOP, 6% vitreous haemorrhage, 3%
retinal detachment), which may have been the causes of visual loss in
many eyes that lost vision after surgery (Diabetic Retinopathy Clinical
Research Network Writing Committee, 2010). A subsequent report with
more participants (n = 241 eyes) tried to assess preoperative or intra-
operative factors associated with visual or anatomical outcomes six
months after vitrectomy (Flaxel et al., 2010). This study found only
relatively few significant factors that influenced surgical results of vit-
rectomy for DMO substantially. Eyes with greater preoperative retinal
thickening, worse presenting VA and those who had the internal limiting
membrane removed had better anatomical improvement at six months.
Eyes with worse presenting VA and who had an epiretinal membrane
removed had better visual outcomes at six months. As in the first report,
there was a very low correlation between CRT and VA outcomes (Flaxel
et al., 2010). A meta-analysis evaluated the efficacy of vitrectomy for
DMO using data from 11 heterogeneous studies. It emphasised that there
was no significant evidence to support a surgical approach in the
absence of epiretinal membrane or vitreomacular traction (Simunovic
et al., 2014). Unfortunately, the place of vitrectomy compared with
other approaches to manage DMO remains uncertain when using evi-
dence from RCTs.

1.3.8. Management of DMO with good initial vision

Originating from RCT designs, the accepted threshold for starting
treatment in DMO is clinically significant DMO with impairment of
vision. For a long time, data on outcomes of DMO in eyes with good
vision (>79 letters or 20/25 Snellen equivalent) were limited since RCTs
usually excluded those eyes, even though this scenario was commonly
encountered in clinical practice (N. M. Bressler et al., 2014). Protocol V
by the DRCR.net was the first RCT to compare visual outcomes in
centre-involving DMO with good visual acuity (>79 letters or 20/25
Snellen equivalent) randomly assigned to prompt macular laser photo-
coagulation, prompt observation or prompt intravitreal aflibercept
(Baker et al., 2019). The prompt macular laser photocoagulation and
observation groups could receive intravitreal aflibercept as rescue
treatment if VA decreased by > 10 letters during any visit or by 5-9
letters during two consecutive visits. The three groups showed no sig-
nificant difference in the proportion of 5 letters or more visual loss at
two years. Visual outcomes across all groups were comparable, with a
mean of 20/20 vision at the 2-year visit. The mean CRT change was also
similar between all groups at two years. A minority of eyes (25%) in the
photocoagulation and (34%) in the observation arms received at least
one intravitreal aflibercept for significant visual acuity loss during the
2-year study, with a median number of injections of 7 and 9, respectively
(vs 8 in the prompt aflibercept arm). No case of endophthalmitis was
reported, and the rate of ocular adverse events was not different be-
tween groups throughout the two years (Baker et al., 2019). An ancillary
study within this trial also reported that low-contrast VA was reduced in
approximately 1 in 4 eyes with CI-DMO and good high-contrast VA of
20/25 or better. However, the mean change in low-contrast VA did not
significantly change between groups from baseline to two years (Beau-
lieu et al., 2021). A secondary analysis of eyes initially observed in
protocol V also reported that eyes with more severe DR, thicker maculae,
or a non-study eye that received intravitreal treatment for DMO at
baseline were more likely to receive a rescue treatment for a significant
visual decline during the trial (Glassman et al., 2020a). Finally, a
cost-effectiveness study reported that cost savings might be achieved
with prompt macular laser photocoagulation or observation for DMO
with good baseline VA. This study estimated that, assuming aflibercept
is given if VA worsens following initial laser or observation as in
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protocol V, the 10-year projected costs were $28.80 billion, $14.42
billion and $15.70 billion for patients managed with prompt aflibercept,
prompt macular laser photocoagulation and prompt observation,
respectively (Hutton et al., 2021). The protocol V data suggest that
initial observation without treatment unless VA deteriorates may ach-
ieve similar outcomes to those initially treated eyes with a reduced risk
of injection-related adverse events and better cost-effectiveness.

1.3.9. The effect of targeted peripheral retinal photocoagulation in the
treatment of DMO

It has been postulated that targeted peripheral retinal photocoagu-
lation (TPRP) to areas of peripheral retinal ischaemia in DMO, by
reducing vitreous VEGF levels, may lead to a reduction in the number of
injections required to stabilise DMO, thereby reducing the treatment
burden. The DAVE Clinical Trial evaluated the effect of targeted pe-
ripheral retinal photocoagulation on visual and anatomic outcomes and
treatment burden in eyes receiving 0.3 mg ranibizumab for DMO (Brown
et al., 2018). Forty eyes of 29 patients with CIDMO were included. Eyes
were randomised 1:1 to monotherapy with 0.3 mg ranibizumab or
combination therapy with 0.3 mg ranibizumab and TPRP guided by
widefield fundus fluorescein angiography (FFA). All eyes received
loading with ranibizumab injections for four months, followed by
monthly examinations and PRN re-treatment through 36 months. TPRP
was administered outside the macula to areas of retinal capillary non-
perfusion in the combination therapy arm at week 1, with re-treatment
at months 6, 18, and 25, if indicated. At baseline, the mean VA was
20/63 (Snellen equivalent), and the mean CRT was 530 pm. Thirty-four
eyes (85%) completed month 36, at which point the mean VA had
improved by 14 and 8 letters (P = 0.20) and the mean CRT had improved
by 302 and 152 pm (P = 0.03) in the monotherapy and combination
therapy arms, respectively. The mean number of injections administered
through month 36 was 24 (range, 10-34) and 27 (range, 12-36), with
73% (362/496) and 80% (433/538) of PRN injections administered (P =
0.004) in the monotherapy and combination therapy arms, respectively.
In the DAVE 3-year randomised trial, there was no evidence that com-
bination therapy with ranibizumab and TPRP improved visual outcomes
or reduced treatment burden compared with ranibizumab alone. There
was no significant harm to the eyes receiving additional targeted retinal
photocoagulation (Brown et al., 2018).

A similar UK multi-centre RCT with shorter follow-up reported no
additional benefit of TPRP for DMO treated with 0.5 mg ranibizumab
(RDP trial) (Talks et al., 2019). Patients with OCT-confirmed DMO and
widefield FFA-confirmed peripheral retinal ischaemia were randomised
to TRP plus ranibizumab or ranibizumab monotherapy. After three
loading injections at monthly intervals, repeat injections were given
until the VA was stable and the macula was dry. Re-treatment was given
if there was a drop in VA and/or a recurrence of intraretinal fluid. There
were 49 patients, 25 in the ranibizumab-only group and 24 in the
ranibizumab + TPRP group. The average number of injections in the
ranibizumab-only arm was 6.8 over one year and 2.5 between months 6
and 12. The average number of injections in the combined arm was 6.7
over one year, with 1.9 injections in the second 6 months. For the pri-
mary outcome, comparing the number of injections between months 6
and 12, there was no significant difference between the ranibizumab
monotherapy arm and the combination therapy arm (P = 0.33) (Talks
et al., 2019).

LADAMO was a prospective, double-masked, randomised, dual-
centre clinical trial of 48 eyes of 47 patients; 27 eyes randomised to
combination therapy (aflibercept and TPRP) and 21 to aflibercept
monotherapy (Fraser-Bell et al., 2022). Thirty-three eyes (68%)
completed the 2-year study. All patients received 2mg/0.05 ml afli-
bercept intravitreally following a treat-and-extend (T&E) protocol with
no loading phase. Those randomised to combination therapy also
received TPRP laser to the ischemic peripheral retina as demonstrated
on ultra-widefield FFA. The aflibercept monotherapy group received a
placebo laser performed similarly, with the laser power set to zero. The
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visual outcome (mean improvement of 4 & 7 letters), macular thickness
(decreased by a mean of 155 & 170 pm) and the median number of
intravitreal treatments given were similar for the combination therapy
(10.5) and monotherapy (11.8) arms. Laser to areas of ischemic pe-
ripheral retina in eyes with severe non-proliferative diabetic retinopathy
did not reduce the burden of intravitreal VEGF injections for DMO.

The DAVE trial treated a 1-disc area margin around areas of pe-
ripheral ischaemia outside the macula arcade, which was not included in
the LADAMO or RDP trials. In the RDP trial, investigators had to apply a
fixed number of 2000 laser burns in the areas of peripheral ischaemia.
The LADAMO trial required at least 10-disc diameters of peripheral
ischaemia on ultra-widefield FFA for inclusion which was not specified
in the DAVE trial. However, in the RDP trial, there was an inclusion
criterion of at least 20% peripheral retinal ischaemia on widefield FFA.
Three RCTs with different TPRP settings and different anti-VEGF drugs/
concentrations found no benefit of TPRP over anti-VEGF monotherapy
for CIDMO.

1.4. Guidelines for the management of DMO

Different societies have published many guidelines for managing DR
and DMO, especially after the results of the main pivotal clinical trials
and approval of novel therapeutic options. Although consensual, these
guidelines may differ according to their publication date, clinical
criteria or the cost-effectiveness of starting treatment. All guidelines
were unanimous on the need for close control of glucose and blood
pressure to lower the risk of DR progression and DMO worsening.
However, the tightening of glycaemic control should not delay therapy.
The main characteristics of the different societies’ guidelines for man-
aging DMO are summarized in Table 1. They all recommended treating
leaking micro- or macro-aneurysms identified with FFA with macular
laser photocoagulation, which remains the leading indication for
NCIDMO.

1.4.1. AAO consensus

The Retina/Vitreous Preferred Practice Pattern® Panel wrote the
Diabetic retinopathy Preferred Practice Pattern® (PPP) updated guide-
lines in 2019 (Flaxel et al., 2020). OCT provides high-resolution DMO
imaging of the vitreoretinal interface with quantitative assessment and
location of CRT. However, there is no limitation related to macular
thickening for starting treatment and experts underlined that retinal
thickness is not always correlated with VA (Bressler et al., 2008).
Fluorescein angiography (FA) can be used to localise leaking micro-
aneurysms or areas of capillary dropout and delineate macular capillary
nonperfusion. Experts confirmed that OCT-angiography (OCT-A) is of
growing interest to offer a practical quantitative assessment of macular
ischaemia (Cheung et al., 2022). NCIDMO can be treated with macular
laser photocoagulation on leaking micro- or macroaneurysms. Intra-
vitreal VEGF inhibitors are considered the first-line treatment of CIDMO
with visual loss as both agents have better outcomes than macular laser
(Regnier et al., 2014). These guidelines include VA and macular thick-
ness thresholds to recommend treatment, but none is mandatory. As in
the Diabetic Retinopathy Clinical Research Network (DRCR.net) study,
CRT that is two standard deviations above the normative data of a
diabetic population without macular oedema is considered a reasonable
clinical threshold for treatment of CIDMO (Chalam et al., 2012). The VA
threshold considered to initiate treatment is 20/30 or worse (Brown
et al., 2013). In patients with CIDMO and VA better than 20/30, treat-
ment should be deferred with patients followed every 2-4 months. The
consensus emphasises that best-corrected visual acuity is the main cri-
terion for initiating treatment. The treatment regimen used in DRCR.net
protocol T for CIDMO is recommended for patients with vision <20/30
(Wells et al., 2015). The treat-and-extend regimen has been recom-
mended as a good option to optimise visit and injection burden (Payne
etal., 2021), beginning with monthly injections for 4-6 months. There is
no recommendation about the choice among anti-VEGF agents, but a


http://DRCR.net
http://DRCR.net

P.-H. Gabrielle et al.

Table 1

Summary of the main guidelines for the management of diabetic macular oedema published in the last 5 years.
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American Academy Ophthalmology (
Flaxel et al., 2020)

EURETINA guidelines (
Schmidt-Erfurth et al., 2017)

UK Consensus
guidelines (Amoaku
et al., 2020)

International Council
of Ophthalmology (
Wong et al., 2018)

Consensual
recommendations from
main guidelines

NCIDMO

CIDMO

Decision making for
treatment

Visual acuity
threshold

Macula thickness
threshold for
initiating anti-
VEGF therapy

First line treatment

Visual acuity >69
letters

Visual acuity <69
letters

Regimen

Corticosteroid
Triamcinolone use
Laser

No treatment except laser on MAs away
from foveal centre

Treatment if visual loss

VA
20/25

No

VEGF inhibitors
Aflibercept, Bevacizumab,
Ranibizumab

Aflibercept, Ranibizumab

DRCR.net protocol injections every 4
weeks unless VA >20/20 or CRT<250
pm and no improvement (>5-letter
increase in VA or >10% decrease in
CRT) or worsening (>5-letter decrease
in VA or >10% increase in CRT)
between the two last injections
Second-line

Yes

Only in poorly responsive DMO with
presence of focally grouped MA and
leaking capillaries

No treatment except laser on
MAs away from foveal centre

Treatment if visual loss

VA
20/25

No

VEGF inhibitors
Aflibercept, Bevacizumab,
Ranibizumab

1Aflibercept®
2) Ranibizumab

Loading phase of 3-6
monthly injections followed
by bimonthly dosing or treat-
and-extend dosing or PRN

Second-line

No

Poorly responsive DMO with
presence of focally grouped
MA and leaking capillaries

No treatment except
laser on MAs away
from foveal centre
Treatment if visual
loss and increased
central macular
thickness

OCT and VA

20/25

400 pm

VEGF inhibitors
Aflibercept,
Ranibizumab

Aflibercept,
Ranibizumab

Loading phase and
then PRN similar to
DRCR.net Protocol
T

Second-line

No

Can be considered if
CRT <400 pm

No treatment except
laser on MAs away
from foveal centre
Treatment if visual
loss

VA
20/30

No

VEGF inhibitors
Aflibercept,
Bevacizumab,
Ranibizumab
Aflibercept,
Bevacizumab,
Ranibizumab
Loading phase and
then PRN

First-line possible
Yes

Can be considered as
first-line treatment

No treatment except laser
on MAs away from foveal
centre

Treatment if visual loss

VA
20/25

No

VEGF inhibitors
Aflibercept, Bevacizumab,
Ranibizumab

Aflibercept, Bevacizumab,
Ranibizumab

Loading phase and then
open choice on the
treatment regimen

Second-line

Not consensual

Poorly responsive DMO
with presence of focally
grouped MA and leaking

Can be considered if CRT capillaries
<300 pm Can be considered if CRT
<350 pm

UK, United Kingdom; MA, microaneurysm; NCIDMO, non center involving diabetic macular oedema; CIDMO, center involving diabetic macular oedema; VA, visual
acuity; OCT, optical coherence tomography; CRT, central retinal thickness; VEGF, vascular endothelial growth factor; PRN, Pro renata; DRCR.net, diabetic retinopathy

clinical research network.
2 the first choice with aflibercept is clearly mentioned in this group.

visual and anatomical superiority of aflibercept over bevacizumab at the
DRCRnet Protocol T year two endpoint is noted. If there is no
improvement in vision or CRT, or if 20/20 vision and/or macular
oedema resolved after initial injections, treatment can be suspended.
Worsening of vision or CRT during follow-up will result in reinjection. If
consecutive visits do not require treatment, the follow up interval is
doubled up to 4 months. Intravitreal steroids are considered a
second-line treatment and generally most suitable in pseudophakic pa-
tients although IOP needs to be monitored and treated if elevated. Ex-
perts did not recommend adding the dexamethasone implant to
anti-VEGF treatment as it reduced central macular thickness without
benefiting visual acuity (Maturi et al., 2018).

1.4.2. EURETINA consensus

EURETINA recommendations were published in 2017 (Schmidt-Er-
furth et al., 2017). Authors considered the management of DMO inde-
pendently from diabetic retinopathy. The diagnosis and follow-up are
based on OCT imaging, widely used for screening and monitoring DMO.
Currently, CRT remains the main anatomic endpoint used in pivotal
studies, though a new classification of DMO based on qualitative criteria
(especially subretinal and intraretinal fluids) has been proposed (Bolz
et al., 2014). FFA remains the only commonly approved modality to
identify leaking micro- or macroaneurysms despite the growing interest
of OCT-A. Although VA is no longer the gold standard to evaluate and
monitor treatment response, VA remains the most critical parameter in
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study design and analyses of previous large phase III clinical trials in
DMO. However, OCT is considered the main parameter for treatment
decisions, as was the case in protocol T (Wells et al., 2016b). It was
recommended to monitor disease activity initially monthly with OCT.
The role of laser treatment was felt to be limited, it might be considered
to treat leaking capillaries in some eyes (Castro Farias et al., 2020).
Based on DRCR Protocol T results (Wells et al., 2016a, 2016b), afli-
bercept and ranibizumab are the drugs of choice for baseline VA letter
score of less than 69, while aflibercept, ranibizumab and bevacizumab
are equivalent in improving vision in eyes with a baseline VA letter score
of 69 or more. Aflibercept was recommended as the first choice in pa-
tients with worse baseline VA due to the better visual outcome over
ranibizumab in these eyes when considering the area under the curve.
The guidelines leaves it an open choice as to whether after the loading
injections at monthly interval (varying from 3 to 6 monthly injections)
should be followed by a fixed bimonthly dosing or treat-and-extend
dosing or PRN regimen with monthly monitoring. The authors under-
lined the much lower cost of off-label intravitreal bevacizumab and
considered that all three medications should be available to ophthal-
mologists. Corticosteroids were recommended as second line treatment.
The switch to a corticosteroid should be considered in non-responders
after a range of 3-6 injections of VEGF inhibitors (Busch et al.,
2019a). Corticosteroids could be considered a first-line treatment in
patients with a recent cardiovascular event since these patients were
excluded from anti-VEGF pivotal trials. It was noted that a metanalysis
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had reported that high-risk patients who received monthly anti-VEGF
treatment over two years may have had an increased risk of death and
cerebrovascular accidents (Avery and Gordon, 2016). Corticosteroids
might also be considered as first-line treatment for patients not willing to
come for frequent injections and visits, although this makes monitoring
for risk of raised IOP more challenging.

1.4.3. UK college guidelines from 2012 and recent UK consensus guidelines

The UK College guidelines were published in 2013 and a recent UK
consensus provided an update in 2020 (Amoaku et al., 2020; The Royal
College of Ophthalmologists, 2012). The main difference between the
UK college guidelines and others is that the National Institute of Clinical
Excellence (NICE) recommends public funding for the treatment of DMO
with intravitreal therapy only in eyes with CRT >400 pm. There is some
ambiguity about the location of CRT (<1 mm or more away from the
centre of the fovea) and the type of OCT device used. The authors also
underlined the need to analyse qualitative in addition to quantitative
parameters of macular thickness. For eyes with CIDMO and CRT <400
pm (i.e. not meeting NICE criteria), whatever the visual acuity, it is
recommended either to observe or to treat with macula laser photoco-
agulation if appropriate or to try to make a special funding request for
anti-VEGF treatment. For DMO as specified by the NICE criteria, afli-
bercept or ranibizumab could all be considered as there is no difference
in their long-term outcomes. The authors recommended a VA and OCT
guided regimen similar to Protocol T to limit the risk of undertreatment.
Intravitreal corticosteroid treatment is considered to be a second-line
treatment and may be considered in pseudophakic patients where
other treatments have not been effective. A preliminary response
assessment should be done at months 5-6, with a suboptimal response
defined if CRT is reduced by less than 20% from baseline on OCT. Early
switching can be considered after the three initial loading doses if the VA
gain is less than five letters with unchanged CRT. Steroids may also be
considered when anti-VEGF is contraindicated. Among steroids, dexa-
methasone implant is initially preferred because of the shorter duration
of action, especially if unsure of the IOP profile. Triamcinolone is not
recommended for routine use as it is not licensed for intravitreal injec-
tion in the UK. Fluocinolone acetonide implant can be considered if a
longer-lasting effect is required.

1.4.4. International council of ophthalmology guidelines

The International council of ophthalmology (ICO) guidelines pub-
lished in 2018 were proposed after the results of the main pivotal RCTs
had been published, taking into account the economic conditions of
countries with high-resource settings (i.e. United States, United
Kingdom and Western Europe) versus low- or intermediate-resource
settings (i.e. rural areas in China, India, Africa and South America)
(Wong et al., 2018). The diagnosis of DMO is made with OCT imaging to
localise macular thickening. Colour fundus photographs are more
helpful for diagnosing DR. FFA is of limited interest. The guidelines
recommend that NCIDMO be observed or treated with laser on leaking
micro- or microaneurysms. In the case of CIDMO with good visual acuity
(better than 20/30), close follow-up is recommended, though intra-
vitreal anti-VEGF can be considered in some cases. Intravitreal
anti-VEGF is started if VA worsens. Protocol T data found that afli-
bercept and ranibizumab had similar long-term visual outcomes, but
bevacizumab provided somewhat inferior visual and anatomical results
at two years (Wells et al., 2016a). Bevacizumab still gives good results,
so it may be considered in countries with low or intermediate resources.
They recommended three monthly injections and then monthly obser-
vation. They recommended laser treatment should be used only after 24
weeks if there is persisting macular thickening, but this delay can be
shortened in low to intermediate-resource settings. Triamcinolone can
be used in persistent DMO, especially in pseudophakic patients.
Sustained-release steroid implants are not easily accessible in
low-resource settings.
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1.4.5. Other guidelines

1.4.5.1. French national guidelines. There is a discrepancy between the
national consensus of French retina specialists recommending a visual
threshold at 20/30 while the defined criteria for intravitreal therapy
reimbursement is set at 20/40 (Massin et al., 2015). In a patient with
NCIDMO, the only treatment should be laser on leaking micro or mac-
roaneurysms located more than 750p-1000pm from the foveal centre.
First line treatment for a patient with CIDMO and visual loss is intra-
vitreal injection with VEGF inhibitors. Both aflibercept and ranibizumab
can be considered as no RCT data compare both treatments at doses
marketed in Europe, and bevacizumab is not approved for DMO in
France. Corticosteroids may be used as first-line treatment for pseudo-
phakic patients. At least 5 monthly injections should be given if the
reduction of CRT is less than 10 % before switching from a VEGF in-
hibitor to a steroid. In some late responders with a partial anatomic
response (<10-20% reduction in CRT), 3 more injections of anti-VEGF
should be performed (Couturier et al., 2020).

1.4.5.2. Position statement by the American diabetes association. These
guidelines, published in 2017, considered that the treatment threshold is
based on the presence of oedema affecting the centre of the macula
rather than only clinically significant macular oedema (CSMO) (Solo-
mon et al., 2017). All three anti-VEGF agents are indicated in CIDMO
with good levels of visual acuity (20/40 or better), but aflibercept is
considered more effective with patients with visual acuity lower than
20/50. The panel used corticosteroids rarely as they felt they provide
poorer visual outcomes with more adverse events.

1.4.5.3. Guidelines from the Emirates Society of Ophthalmology. The
DMO guidelines from the Emirates Society of Ophthalmology have just
been published (Al Qassimi et al., 2022). The VA threshold to initiate
treatment is 20/30 with or without central retinal thickening of more
than 300 pm. However, treatment can be initiated in patients with
CIDMO and vision better than 20/25 and/or CRT less than 300 pm who
are symptomatic. NCIDMO can be observed or treated with macular
laser photocoagulation on leaking micro and/or macroaneurysms. A
switch from a VEGF inhibitor to a steroid is recommended if a poor
response is observed after 3 to 6 monthly injections. Poor response was
defined by a VA improvement of less than 5 letters and/or 10% CRT
reduction. The switching can be considered for other VEGF inhibitors or
corticosteroids.

1.4.5.4. Australian NHMRC guidelines for the management of diabetic
retinopathy from 2008. These guidelines were edited in 2007 and need
revising (Mitchell, 2007). It recommends performing FFA if diffuse DMO
is present and identifying sources of periocular leakage and
non-perfusion to guide focal and grid laser treatments. FFA is also useful
for assessing signs of likely macular ischaemia. OCT imaging is consid-
ered an effective and quantitative method for diagnosing and following
DMO. These guidelines did not consider anti-VEGF and dexamethasone
intravitreal therapy, which were unavailable when published. The laser
is regarded as the first-line treatment in CSMO and was deferred in DMO
not meeting CSME criteria. The decision for laser treatment was un-
dertaken depending upon the progression of signs, the status of the
fellow eye, or the ability to follow a target closely and after patients had
been warned of potential risks. PRP was delayed when DMO was asso-
ciated with high-risk PDR until focal or grid macular treatment had been
completed. Only intravitreal triamcinolone (IVTA) was recommended
for DMO that persisted after focal/grid laser treatment or in cases with
extensive macular hard exudate deposition. These guidelines were edi-
ted before the publication of main pivotal RCTs of anti-VEGF agents and
resulted in delayed treatment of DMO as only CSME with visual loss was
considered.



P.-H. Gabrielle et al.

1.4.6. Discrepancies and outdated guidelines in different countries justify
up-to-date evidence-based guidelines based on RCTs and RWE

Most guidelines emphasised that therapeutic decisions in DMO are
driven mainly by functional and anatomic observations. Guidelines are
usually a compromise between what was found in pivotal studies, the
results from first post-marketing studies and the requirement of the
health care system to optimise health expenditure. There were some
differences in recommendations on the following points:

- The threshold to begin or select treatment is based on visual acuity
for many countries but can also include anatomic endpoints, as in the
UK. These conditions can result in delayed treatment.

- The date of publication: guidelines edited before VEGF inhibitors
approval cannot include this option and are outdated.
The conditions for reimbursement or settings can influence guide-
lines. These points concern, for instance, 1) examination to decide
treatment (OCT widely recommended but not reimbursed in all
countries), 2) treatment: triamcinolone is not approved in the UK and
cannot be used as it is the case for bevacizumab in France. On the
contrary, initial use of off label drug can be recommended (i.e. initial
treatment with bevacizumab is mandatory in some countries with
switch only possible with local conditions), 3) regimen (some
countries strictly follow the regimen used in pivotal studies and
flexible regimens are not approved).

Finally, low-income countries can have limited access to screening

and treatment and prioritise cost-effectiveness — at the country scale

-rather than efficacy.

Interestingly, the dosage of ranibizumab 0.3 mg used in protocol T is
not the dosage found in Europe (i.e. 0.5 mg), and this point was
mentioned in most European guidelines. However, most approaches
considered that Protocol T results also applied to the 0.5 mg dose.

These findings underlined the interest of RWD to update or provide
complementary evidence to the design and conditions used in pivotal
and first post-marketing studies.

2. Registries and databases to record real-world outcomes in
DMO

2.1. The need for real-world evidence in DMO

Phase IV studies encompass post-marketing surveillance of the effect
of an intervention and implementation research that investigates how
interventions are best delivered (Smith et al., 2015). These observa-
tional, non-interventional studies assess the “effectiveness” of an inter-
vention in routine clinical practice, which complements phase III RCTs
(Sherman et al., 2016). They evaluate the effectiveness, tolerability and
safety of authorised and marketed devices or medications in routine
clinical practice where the decision of treatment is based on recom-
mended prescribing patterns in line with current practice and other
aspects of patient care (clinical examination, investigations, instru-
mentation, non-invasive and invasive procedures) that are consonant
with current practice (Sado, 2002). Phase IV studies serve three primary
functions: (a) Support pharmacovigilance systems in monitoring the
safety of new interventions used in large populations and specific patient
groups, (b) determine the effectiveness of an intervention in real-world
clinical practice, and (c) assess new ways of using approved products or
interventions (Smith et al., 2015). The European Medicine Agency
(EMA) defined real-world data (RWD) as “data collected outside rand-
omised clinical trials usually during normal clinical care”, such as
registry-based studies for which they have provided methodological
guidelines (European Medicines Agency, 2016, 2020). The FDA has also
published definitions and guidelines on the use of real-world data. The
FDA defined RWD as “data relating to patient health status and/or the
delivery of health care routinely collected from a variety of sources”,
such as electronic health records, product and disease registries, claims
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and billing data, and data gathered through personal health devices or
applications, while real-world evidence (RWE) is “the clinical evidence
about the usage and potential benefits or risks of a medical product
derived from analysis of RWD” (US Food and Drug Administration,
2018). There is a growing need to acceptance real-world evidence with
the transition of the healthcare system to evidence-based practice. We
have summarized the main sources of RWD and procedures to produce
RWE in the Fig. 1.

Although phase III RCTs remain the standard approach for testing
new interventions, they have several limitations. The stringent inclusion
and exclusion criteria, relatively small patient numbers, intensive
treatment regimens and limited duration of these RCTs may not neces-
sarily reflect daily practice, so their results cannot necessarily be
generalised to the broader population. RWE can complement findings
from RCTs with a higher external validity since they reflect everyday
clinical practice (Mehta et al., 2018b; Sherman et al., 2016). The large
sample sizes and lower cost of RWD have already shown their value in
identifying significant drug adverse events of drugs that were not
detected in RCTs which are not designed and powered enough to detect
rare safety concerns. A recent example in ophthalmology was the issue
with brolucizumab-induced intra-ocular inflammation with severe
uveitis with or without occlusive retinal vasculitis. These adverse events
related to brolucizumab arose after its approval for AMD and its use in
the real-world with ten thousand injections and treated patients
(American Society of Retina Specialists Research and Safety in Thera-
peutics Committee. 2020. Available at https://www.asrs.org/about/co
mmittees). RWE may find small but significant intervention effects in
routine clinical practice by monitoring more patients for a longer time
and reporting a more comprehensive set of endpoints, including quality
of life, safety, treatment and long-term anatomical and functional
effectiveness (Sherman et al., 2016). The establishment of a minimum,
patient-centred treatment outcome set for diabetic retinopathy would
facilitate global data collection from routine clinical practice and make
it easier to compare effectiveness, treatment, quality of life and safety
outcomes between studies. The International Consortium for Health
Outcomes Measurement (ICHOM) has established such a data set for
AMD (Rodrigues et al., 2016).

2.2. The Fight Retinal Blindness! Registry

The Fight Retinal Blindness! registry is an online, web-based plat-
form for tracking real-world outcomes of retinal diseases and is the
flagship module of the Save Sight Registries (SSR: http://savesightregist
ries.org/) (Gillies et al., 2014b). Initially established in 2009 to monitor
outcomes of neovascular age-related macular degeneration (nAMD) in
Australia, it has since expanded its scope to include outcomes on DMO
and retinal vein occlusion and has clinicians from over 20 countries
across Europe, Asia, Africa and Pacific.

The FRB! registry distinguishes itself from other sources of real-
world data with standardised fields that capture a minimum dataset
with in-built data validation, ensuring that the data are of higher quality
than has previously been the case from an most electronic medical re-
cords. The DMO data collected by the FRB! software were kept to a
minimum to deliver an efficient data collecting tool and were deter-
mined by a steering committee of retinal experts to focus on tracking
valid and relevant outcomes and emerging treatments in routine clinical
practice. Data fields of patient details, baseline visit and follow-up visits
are summarized in Table 2. Data, which are entered at each clinical visit,
include key outcomes, including the visual acuity (best of uncorrected,
corrected, or pinhole), treatments given, if any, ocular adverse events
and other ocular procedures such as cataract surgery. Additional infor-
mation is collected at the baseline visit, such as patient demographics
and previous treatments received. Treatment decisions, including choice
of drug and re-treatment criteria, are at the clinician’s discretion in
consultation with the patient with no interference by the FRB! in-
vestigators, thereby reflecting real-world practice. The screen to collect
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Fig. 1. Main real-world data sources and procedures to produce real-world evidence.
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Table 2
List of data fields collected for the DMO audit of the FRB! registry.
Field Description Visit type Mandatory
Gender Gender of patient Baseline Yes®
only
Year of birth Patient year of birth Baseline Yes
only
Ethnicity Ethnicity of patient Baseline No?
only
Postcode Postcode of patient Baseline No
only
Smoking status Smoker, ex-smoker or non- Baseline No?
smoker only
Year of diabetes Patient year of diabetes Baseline No
diagnosis diagnosis only
Type of Diabetes Type 1 or type 2 diabetes Baseline No
only
Age of diagnosis of  Patient age at diagnosis of DMO  Baseline Yes
DMO only
Ocular conditions Other significant ocular Baseline Yes
conditions that may affect only
vision such as glaucoma, age-
related macular degeneration,
amblyopia, Axial myopia,
vitreomacular traction
Type of diabetic Diabetic retinopathy described Baseline Yes
retinopathy as “Mild NPDR”, “Moderate only
NPDR”, “Severe NPDR”, “PDR —
high risk”, “PDR — Non high
risk”, or “Treated PDR”, judged
by treating physician
Previous treatment ~ History of panretinal Baseline Yes
photocoagulation, macular only
laser, intravitreal therapy of
VEGEF inhibitors or steroids,
vitrectomy, or cataract surgery
Date of visit Date of patient visit Baseline Yes
and follow-
up
Treatment Treatment administered for Baseline Yes
that visit if any (VEGF and follow-
inhibitors [aflibercept, up
bevacizumab, ranibizumab,
brolucizumab], steroids
[dexamethasone implant,
fluocinolone acetonide
implant, triamcinolone],
macular laser, panretinal
photocoagulation laser or
vitrectomy.
Visual acuity Number of letters read on a Baseline Yes
(LogMAR letters) logMAR scale. Best of and follow-
uncorrected, corrected or up
pinhole. May be entered in
Snellen
Intraocular Intraocular pressure in mmHg Baseline No
pressure and follow-
up
Central subfield Mean central subfield thickness ~ Baseline Yes
thickness of OCT imaging and follow-
up
DMO activity Type of DMO: centre involving,  Baseline Yes®
non-centre involving and no and follow-
DMO up
Adverse events Treatment complications such Follow-up Yes
as pre-retinal/vitreous only
haemorrhage, retinal
detachment, rubeosis, or
infectious/non-infectious
endophthalmitis
Procedures Other procedures given not Follow-up Yes
directly related to treatment for ~ only

DMO such as cataract
extraction, vitrectomy, YAG
laser capsulotomy or other
intraocular surgery.
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Table 2 (continued)

Field Description Visit type Mandatory

Discontinuation
and reason

Treatment discontinuation and Follow-up No
reason for discontinued only

treatment (treatment

successful, further treatment

futile, patient goes to another

doctor, patient declines,

medically contraindicated, or

deceased)

Abbreviations: DMO, diabetic macular oedema; FRB!, Fight Retinal Blindness!;

AMD, age-related macular degeneration; VEGF, vascular endothelial growth

factor; DR, diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy;

PDR, proliferative diabetic retinopathy; LogMAR, logarithm of minimum angle

of resolution; CST, central subfield thickness; YAG, yttrium-aluminum-garnet.
# Option to select undisclosed or unknown even if mandatory.

data from baseline visits was designed to be filled out in <30 s and
follow-up visits in <15 s. The web-based software displays visual acuity,
central sub-foveal thickness and respective treatments given over time in
an interactive, user-friendly graph. Additional details, such as a change
in the number of letters read at the selected visit compared with the
previous visit and to the baseline visit can be revealed by hovering over
various features with the help of the computer mouse (Fig. 2).

A detailed summary of the key insights produced from the FRB!
registry on the real-world treatment outcomes of nAMD has been pub-
lished previously (Nguyen et al., 2021). In Section 3, we will similarly
describe the numerous findings on DMO by the FRB! investigators. The
continued growth and expansion of the FRB! registry places it in a prime
position to answer essential questions regarding the real-world treat-
ment of DMO, including long-term outcomes of current therapies, and
the real-world effectiveness of the next generation of treatments such as
brolucizumab, faricimab and high-dose aflibercept.

2.3. Other national registries (IRIS and UK EHR)

The American Academy of Ophthalmology launched the Intelligent
Research in Sight (IRIS) Registry in 2014 in response to the growing
popularity of electronic health records (EHR) in routine clinical care.
Unlike the FRB! registry, which currently requires double data entry by
clinicians, the IRIS registry anonymously extracts and stores data from
the EHRs without needing clinicians to put in any additional effort
(Chiang et al., 2018). The quality of such data is subject to the same
limitations associated with EHRs, including missing data, lack of
standardisation in documentation between clinics and data entry errors
without validation (Chiang et al., 2018; Pershing and Lum, 2022).
Additionally, the IRIS registry is more general and may therefore only
capture some of the relevant information of interest for patients with
DMO, which limit the insights that can be drawn. By contrast, the
standardised fields of the FRB! Registry were selected specifically to
report on outcomes pertinent to DMO. Nonetheless, the scale and ease
with which data are extracted have allowed the IRIS registry to grow
into one of the largest single-speciality clinical data repositories in the
world (Parke et al., 2017). As of 1% January 2022, the IRIS registry had
data from more than 70 million patients with more than 400 million
visits. Several insights have been generated from the IRIS registry; for
DME, these have included research on racial and insurance-based dis-
parities in the initiation of anti-VEGF treatment, real-world treatment
patterns in patients with DME and the effect of anti-VEGF therapy on
intraocular pressure (Atchison et al., 2018; Cantrell et al., 2020; Mal-
hotra et al., 2021).

The United Kingdom Diabetic Retinopathy Electronic Medical (UK
DR EMR) Users Group is a collaboration of several centres in England
and Northern Ireland using the Medisoft EHR system (Medisoft
Ophthalmology, Medisoft, Leeds, UK) in which data are extracted
directly from the EHR (Denniston et al., 2019; Egan et al., 2017).
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Fig. 2. Screenshot of the visual acuity and central subfield thickness map interface of the FRB! registry diabetic macular oedema module. Visual acuity and central
subfield thickness of a single patient starting treatment in July 2019 for the left eye (red graph = visual acuity and faint red graph = Central subfield thickness [CST])
for the right eye (blue graph = visual acuity and faint blue graph = CST). Intravitreal treatment (green bars = Avastin®, purple bars = Lucentis®, yellow bars =
Eylea®, blue bars = Ozurdex® and white bars = no treatment) and clinically significant macular oedema (CSMO) (red bars = center involving CSMO, yellow bar =
non-center involving CSMO and green bars = no CSMO) is indicated on top of the graph for the right eye and below for the left eye. Visual acuity of both eyes
improved and the CST decreased with the initiation of VEGF inhibitors. For the right eye, the period of improved vision was briefly stopped in May 2020 with a slight
drop in vision due to an increased in CST. The hover-over shows that the visual acuity at last visit was 69 logMAR letters (a gain of 12 letters from the previous visit, a
gain of 49 letters from the baseline visit) and CST was 350 pm in the right eye, while in the left eye visual acuity was 85 logMAR letters (a gain of 10 letters from the
previous visit, a gain of 15 letters from the baseline visit) and CST was 292 pm.

Medisoft EHR does not currently have the capability to have mandatory
fields and this can limit the quality of data captured. Additionally, there
is no automated data export and the company has to be engaged to ‘clean
data’ adding costs and time delays to analyses (Denniston et al., 2017;
Writing Committee for the UK Age-Related Macular Degeneration EMR
Users Group, 2014, p. 9). The most recent report published by the Users
Group extracted data from 22 centres and almost 80000 patients with
diabetic retinopathy (Denniston et al., 2019). Key findings from the UK
DR EMR Users Group include the 12-month outcomes of anti-VEGF in
patients with DME, the impact of cataract surgery on the rate of visually
significant DME, predictors of progression of diabetic retinopathy, and
the impact of inequalities on the presentation of diabetic eye diseases
(Denniston et al., 2017, 2019; Egan et al., 2017; Lee et al., 2017).

2.4. Prospective observational studies in DMO

The LUMINOUS study was a 5-year prospective, observational,
multicentre, global study conducted from 2011 to 2016 in 488 centres
across 42 countries looking at the long-term safety, effectiveness,
treatment patterns, and quality of life outcomes of 30 138 patients
treated with ranibizumab (Mitchell et al., 2020). The investigators
demonstrated that the RWE obtained in this study was consistent with
the findings of the previous RCTs. One analysis from Luminous assessed
one-year data from the 1,063 treatment-naive DMO patients. They found
a mean VA gain of +3.5 letters that was improved with a mean number
of 4,5 injections. They also found that an adequate number of injections
(at least 5 during the first year) and a loading dose of three initial
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monthly ranibizumab injections were important predictors of better VA
outcomes (Mitchell et al., 2020).

A total of 290 patients from 84 ophthalmologists in France received
intravitreal ranibizumab for DMO in the observational BOREAL study
(Massin et al., 2019). This was a 36-month cohort study set up between
December 2013 and April 2015 and requested by the French Health
Technology Assessment Agency to determine the effectiveness and
safety of ranibizumab as well as treatment patterns in DMO patients in a
real-life setting. The initial French guidelines recommended a loading
phase of three intravitreal monthly injections, followed by a mainte-
nance phase where patients were retreated being made based on pro-
gression of disease according to visual acuity and/or anatomical
parameters. Patients received a mean number of ranibizumab injections
of 5.1 (median = 5; min = 1, max = 11) over 12 months, with a sig-
nificant mean visual gain from baseline to month 12 of +7.4 letters (95%
CI: 5.4-9.4). A total of 203 (83.9%) eyes received an initial loading dose
of 3-monthly injections as recommended by the French guidelines, and
the main reasons for retreatment after the loading phase were persistent,
worsening or recurrence of oedema on OCT (23.6%) and maximal BCVA
not attained (58.0%) (Massin et al., 2019). A cross-sectional study of the
BOREAL cohort was carried out in 2014 to assess initial management
pattern of ophthalmologists in the treatment of DMO patients with vi-
sual impairment in France. This analysis found that patients were pri-
marily treated at time of DME diagnosis with intravitreal VEGF
inhibitors (49.6%) followed by observation (41.1%) in 2014. Steroids
were prescribed less frequently (6.5%), while macular laser photoco-
agulation was rarely performed (only 2.2% of eyes) (Creuzot-Garcher
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et al., 2016).

APOLLON was a 2-year prospective, observational, multicentre
study conducted in clinics throughout France between 2016 and 2019,
which evaluated the effectiveness of aflibercept monotherapy treatment
in 402 patients with DMO (Korobelnik et al., 2020). A 12-month interim
analysis of the study compared efficacy outcomes in treatment naive
patients with non-naive patients. They confirmed that aflibercept
treatment was associated with improvements in functional and
anatomic outcomes in both treatment-naive and previously treated pa-
tients and that results were consistent with those observed in RCTs. They
found that change in mean BCVA from baseline was +7.8 letters in the
treatment-naive cohort compared to +5.0 letters in the previously
treated cohort. Treatment-naive patients had a mean CRT decrease of
130 pm compared with 138 pm for the previously treated cohort (Kor-
obelnik et al., 2020).

ETOILE was a 2-year prospective, observational, multicentre study
run in clinics throughout France which included 116 Ranibizumab-naive
DMO patients (Kodjikian et al., 2021). Kodjikian et al. found that pa-
tients had an average of 5.7 injections in year 1, decreasing to just 1.9
injections in year 2, which is significantly fewer than recommended.
They also reported that VA gains were higher for patients who
completed induction versus those who did not (+6.4 letters vs +3.0
letters) and for patients who did not switch treatment (48.2 letters vs
+2.1 letters for switchers at month 24) (Kodjikian et al., 2021).

LOADEX is a pilot phase 2 study assessing the efficacy of a new
treatment protocol with a loading phase of dexamethasone implant for
DMO. It started recruitment in 2020 and at the time of writing is still
ongoing. This study aimed to test the hypothesis that a loading dose of 2
dexamethasone implants within 3 months followed by a PRN regimen
using dexamethasone implants may improve the effectiveness of the
dexamethasone implant for DMO.

2.5. Improvement and evaluation of data quality in RWD

Over the last 2 decades, significant progress has been made in digi-
talization of data sources making them widely available and accessible
which is ideal for generating RWD, which in turn yields RWE. However,
unlike RCTs where the data is meticulously measured and controlled,
RWD is more prone to data discrepancies so the quality of data must be
taken into consideration when producing RWE.

2.5.1. Guidelines and principles for analysing and reporting RWE

Our FRB! group and the task force of the international society for
pharmacoeconomics and outcomes research (ISPOR) and the interna-
tional society for pharmacoepidemiology (ISPE) have provided similar
good practice guidelines to analyse, interpret and report RWE (Berger
et al., 2017; Teo, 2023). The STrengthening the Reporting of OBserva-
tional studies in Epidemiology (STROBE) statement guides transparent
reporting of observational studies and should be applied to RWE (von
Elm et al., 2008).

Prior to analysing RWD, researchers should formulate an “a priori”
project proposal in which clinical questions and hypotheses are set. A
statistical analysis plan (SAP) is then developed to choose the appro-
priate statistical method dependent on different factors, such as study
design, primary outcome and dataset selection (inclusion and exclusion
criteria, comparator group and sample size power). The proposal and
SAP should be discussed by the study group for improvement and, if
possible, publicly published on the study group site when finalised.
Based on the SAP, the data scientist performs the dataset analysis in a
subsequent stage. Using appropriate statistical methods, issues related to
heterogenicity of baseline characteristics or treatment exposure or loss
to follow-up selection bias should be addressed (Teo, 2023). Some of
those methods are developed in further sections of the review. The final
stage is interpreting the statistical analysis results to present their
findings and conclusions in a publication. Authors should clearly
acknowledge the limitations of their analysis and which methods were
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used to mitigate them. It is also recommended to discuss the general-
izability of their results to the population beyond their dataset and
provide a summary of the essential findings and their clinical utility
(Berger et al., 2017; Teo, 2023).

2.5.2. Management of loss to follow up

Due to the nature of data collection, loss to follow up (LTFU) rep-
resents one of the major limiting factors for data quality in RWD leading
to biased. The STROBE checklist for observational studies requires re-
searchers to report and justify their handling of LTFU (von Elm et al.,
2008). A cut-off of 20% of LTFU is used in Evidence-Based Medicine
“Levels of Evidence’’ to separate “high’’ and “low” quality RCTs
(“Oxford Centre for Evidence-Based Medicine,” n.d.). Bias from LTFU
can be significantly reduced through detailed and meticulous data
quality management.

The simplest method for handling missing data is to exclude them
and perform a completers-only analysis. However, this would likely
overestimate the treatment benefits if attrition bias was present. To be
valid, the participants with missing data are assumed to be similar to
those with complete data, otherwise known as missing completely at
random (MCAR) (Karahalios et al., 2012). Single imputation methods
for addressing missing data include using the last observation carried
forward (LOCF), mean value substitution, and the missing indicator
method for categorical variables whereby an additional category is
created for those with missing data (Karahalios et al., 2012). While these
methods are easily implemented, they are also subject to bias and un-
verifiable assumptions. The last observation carried forward, for
example, assumes there is no further improvement or deterioration in
the missing variable, an unlikely scenario if one is looking to impute VA
in patients with DME or other retinal conditions. Mean value substitu-
tion introduces severe statistical problems since it artificially reduces the
variance of the imputed variable since all patients with missing data will
have the same value. Multiple imputations is a much more effective
method as it accounts for statistical uncertainty in the imputations by
imputing several plausible values. Imputation can be achieved by sam-
pling from an imputation model such as chained equations, the analysis
(e.g., multivariate regression) performed on each of the imputed data-
sets and the results subsequently pooled (Azur et al., 2011). In the case
of incomplete longitudinal data, mixed-effects regression models can be
used to estimate treatment effects via maximum likelihood without the
need for imputation (Molenberghs et al., 2004).

2.5.3. In-built data validation system

A significant limitation of the utility of registries for research is the
quality of the data they collect may be low and is rarely validated. To
ensure that the RWD it collects are verified, standardised and of high-
quality, the FRB! registry has built quality assurance measures into the
system. Data can only be saved and audited if all the mandatory data are
entered and within predetermined ranges (Table 2). The visit can only
be ‘Finalised” when all mandatory fields have been filled completely.
Categorical data, such as diabetic retinopathy status, are entered via a
drop-down menu of pre-specified options, avoiding errors in free text.
Only finalised data are available for analysis.

2.5.4. Audits of data quality measurements

As noted above, the utility of registries and RWE may be limited by
the quality of data collected. To improve the quality of the data and
therefore the use of RWE as a credible tool for tracking outcomes in
ophthalmology, retrospective audits can be performed. The level of
agreement between the RWD collected and the patient files can be
ranked using Cohen’s kappa (x), intraclass correlation coefficients and
positive and negative predictive values (V. Nguyen et al., 2020).

An audit carried out on data collected by FRB! performed a retro-
spective analysis of data recorded in the database compared with the
doctors’ own clinical records. The authors looked at sex, birth year,
previous treatments received, treatment, and visual acuity. They found
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an overall error rate of 3.5% with VA being the most common discrep-
ancy (5.1%). The discrepancy in VA was thought to be due to incorrect
conversion of VA scales and failure to record the best recorded VA (best
of corrected, uncorrected, or pinhole). Overall, this audit supported the
high quality of RWD contained in the Fight Retinal Blindness! database
by showing an overall very good accuracy (>95% for all fields exam-
ined) (V. Nguyen et al., 2020).

2.6. Unique features of real-world studies compared with other study
designs

2.6.1. Strengths

The use of randomization, control groups, placebos, blinding and
washout periods in a well-designed RCT substantially reduces the po-
tential for bias and allow researchers to establish a genuine causal effect
between an intervention and an outcome. These strict inclusion and
exclusion criteria reduce the generalizability of the results to the broader
population seen in practice, including many who would have been
excluded from a RCT such as children, pregnant women, the elderly and
those with comorbidities, such as recent a cerebrovascular event or
myocardial infarct. (Dhruva and Redberg, 2008; Weiss et al., 2008). In
contrast, real-world evidence monitors outcomes for all patients
receiving treatment for a condition giving the findings greater external
validity so the results may therefore be more relevant for patients, cli-
nicians, regulators and reimbursement committees when making de-
cisions regarding treatment (Katkade et al., 2018).

The high cost of recruitment and implementation of RCTs also
severely restricts their ability to monitor long-term outcomes and they
may lack the sample sizes necessary to detect rare and potentially
dangerous side-effects of treatment. On the other hand, many sources of
real-world data, including electronic medical records (EMR) and claims
data, are obtained as part of routine clinical care, making it highly cost-
effective to study large sample sizes and ideal for detecting rare adverse
events (Sherman et al., 2016; Vandenbroucke, 2006). Furthermore,
monitoring safety and treatment outcomes can continue long after new
drugs have been approved. Such crucial postmarket drug safety moni-
toring has resulted in several instances in which treatments previously
approved based on evidence from RCTs were subsequently withdrawn
from the market (Lavertu et al., 2021).

2.6.2. Limitations

Despite its strengths, RWE has several limitations. In particular, the
lack of randomization can often lead to unintended selection bias and
confounding. Without control over the assignment of treatments to pa-
tients by the investigators, choice of treatment is likely to instead be
influenced by factors such as patient characteristics, disease severity,
clinicians preference, cost, local healthcare systems and the environ-
ment which may confound the analysis of the data (Starks et al., 2009).
For example, observational research on the use of steroids for DME
found that these patients tended to be older with worse vision and
thicker maculas than those that started treatment with anti-VEGF
(Bhandari et al., 2022a).

Long-term adherence to treatment in patients with retinal diseases is
a major concern (Okada et al., 2021). Dropout rates from observational
studies of patients treated in real-world practice are much higher than in
RCTs which can offset the advantage of having an initially larger sample
size and limit the ability to accurately predict long-term outcomes of
treatment. The overall dropout rate in a comparison of three-year results
between ranibizumab and aflibercept for DME was almost 40%
(Gabrielle et al., 2022¢). In contrast, the DRCR.net Protocol T extension
study had a lower dropout rate of 32% at five years (Glassman et al.,
2020b). While an effort can be made in RCTs to contact and follow up on
patients enrolled in the study, this is not viable in observational studies.
Further complicating this issue is the high likelihood of attrition bias, the
increased tendency of those who are unhealthy or respond poorly to
treatment to drop out compared with healthier individuals with better
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response to treatment.

Evidence from RWD is generally perceived as being of lower quality
compared to RCTs (Grimberg et al., 2021). The lack of standardised
fields and data quality control measures to ensure entries are valid,
together with much of the data appearing within free text fields, makes
such data highly susceptible to inaccurate or missing data. The less
organised nature of RWD also necessitates that they undergo complex
data cleaning, manipulation and curation before they can be useful for
analysis. Additionally, since most sources of RWD were not designed
with specific hypotheses in mind, they may only sometimes have the
information needed to address a specific research question.

A summary of the strengths and limitations of RWD and RCTs is
shown in Table 3.

2.6.3. Addressing selection bias

Fortunately, most of the issues with RWD can be addressed with
proper research design and the application of the appropriate statistical
methods. The two primary methods for addressing selection bias are
multivariate adjustment and propensity scores. Multivariate adjustment
is a standard statistical technique incorporating important covariates
into a regression model to adjust for differences between treatment
groups. Propensity scores represent the probability of receiving a
treatment conditioned on the patient’s covariates (Rosenbaun and
Rubin, 1983). Patients in different treatment groups with similar pro-
pensity scores can therefore be interpreted as having similar charac-
teristics. Patients can subsequently be matched, for which there are a
variety of methods such as exact, nearest neighbour and subclass
matching. Additionally, matching can be based on different distance
metrics, such as the Mahalanobis distance (Ho et al., 2011). Propensity
score methods can also be easily combined with regression-based
adjustment to effectively reduce bias further (Rubin and Thomas,
2000). Another less frequently used technique is the instrumental vari-
able. However, it may be challenging to identify and implement in
practice. Briefly, an instrumental variable should be associated with
what treatment was received and is only associated with the outcome
indirectly via its association with the treatment administered (Martens
et al., 2006).

3. What have we learned from the real-world data?

A large amount of RWE has been published on DMO, much of it of
poor quality (von Elm et al., 2008; Ziemann et al., 2022). We have
mainly focused on significant findings from the FRB! registry and the
French Medical-Administrative Database for Epidemiology and Safety in
Ophthalmology (EPISAFE) program related to DMO and the safety of
intravitreal therapy. Table 4 summarized main results and findings
discussed in this section.

Table 3

Reproduced from real-world outcomes in patients with neovascular age-related
macular degeneration treated with intravitreal vascular endothelial growth
factor Inhibitors (Mehta et al., 2018b). Strengths and limitations of real-world
data and randomised clinical trials.

Randomised controlled trials Real-world data

Randomization Yes No
Control arm Yes Not necessarily
Sample size Smaller Larger
Internal validity Higher Lower
External validity Lower Higher
Exclusion criteria Multiple None or few
Patient comorbidities Fewer More
Treatment regimen Fixed and protocol guided Variable
Cost More expensive Less expensive
Duration Shorter Longer
Patient retention Greater Less
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Summary of main evidence published in the management of diabetic macula oedema in randomized clinical trials and real-world studies.

Variables & Key
messages

Evidence

Baseline demographic and clinical characteristics

RCT

RWE

Age
VA
Metabolic control

Ethnicity

Similar ranging from 62 to 64 years on average
DMO with VA between 24 and 73-78 letters
Strict inclusion and exclusion criteria

Lack of diversity in RCT

Patients with poor metabolic control such as uncontrolled blood pressure or glycemia and poor renal function excluded

No restriction in starting VA
All patients included

All patients included in
international registry-based
study

Key message

Results from RCT may cannot be generalised to broader population
RWE can complement findings from RCT with higher external validity

VEGF inhibitors

Short term and long-term outcomes

RWE

RCT
RISE/RIDE (Brown et al., VIVID/VISTA (Brown DRCR.net PROTOCOL T (Glassman et al., 2020b; Wells et al., FRB! registry (Bhandari et al.,
2013; Nguyen et al., 2012) et al., 2015; 2016b; 2015) 2021; 2019; Biechl et al., 2020;
RAN Korobelnik et al., AFL 2 mg Gabrielle et al., 2022¢)
0.5mgQ4/0.3mgQ4 2014) BEV 1.25 mg AFL 2 mg
AFL 2mgQ8 RAN 0.3 mg BEV 1.25 mg
Mean baseline VA 0.3 mg 56 59 AFL 56 AFL 65
letters 0.5 mg 57 BEV 57 BEV 68
RAN 57 RAN 68
Mean VA change NA at 12 months at 12 months If baseline VA 69-78 letters: at12 If baseline VA >
from baseline +11 AFL +13 AFL +8 months 69 letters:
letters BEV +10 BEV +8 AFL +5 AFL +1
RAN +11 (P < 0.001 for RAN +8 (P > 0.69) RAN +3 (P RAN +0 (P =
AFL vs. BEV, P = 0.03 for < 0.01) 0.4)
AFL vs. RAN) If baseline VA <69 letters: If baseline VA
AFL +19 <69 letters:
BEV +12 AFL +11
RAN +14 (P < 0.001 for AFL vs. RAN +8 (P =
BEV, P = 0.003 for AFL vs. RAN 0.01)
and BEV vs. RAN P = 0.21) at 12 NA
months
BEV +3
at 24 months at 24 months at 24 months If baseline VA 69-78 letters: NA
0.3mg + 12 +10 AFL +13 AFL +8
0.5mg + 12 BEV +10 BEV +7
RAN +12 (P = 0.02 for AFL RAN +9 (P > 0.31)
vs. BEV, P = 0.47 for AFL If baseline VA <69 letters:
vs. RAN and BEV vs. RAN AFL +18
P =0.11) BEV +13
RAN +16
P = 0.02 for AFL vs. BEV,
P = 0.18 for AFL vs. RAN and
BEV vs. RAN P = 0.18)
At 36 months At 36 months NA NA At 36 If baseline VA >
0.3 mg + 11 —193 months 69 letters:
0.5mg + 11 AFL +1.6 AFL +4
RAN +2.4 RAN +4 (P =
P =0.001 0.137)
If baseline VA
<69 letters:
AFL +9
RAN +7 (P <
0.001)
NA NA NA At 60 months At 60 months
Overall +7 Overall +3
Eyes presenting with VA >70
letters (20/40) maintained
better final vision despite lower
gain than those starting with VA
<35 letters (20/200) achieved
higher gains with improvement
towards overall mean final
vision
Mean baseline CRT 0.3 mg 478 499 AFL 450 AFL 407
pum 0.5 mg 464 BEV 471 BEV 402
RAN 430 RAN 433
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Variables & Key
messages

Evidence

Mean CRT change NA
from baseline ym

at 24 months
0.3 mg —255
0.5 mg —262

At 36 months
0.3 mg —262
0.5 mg —267

NA

Treatment protocol Every 4 weeks
and Median At 12 months
number of 13
injections At 24 months
25
At 36 months
37

at 12 months
—188

at 24 months
-194

At 36 months
+10

NA

Every 8 weeks after 5
monthly injections
At 12 months
9
At 24 months
15
At 36 months
21

at 12 months
AFL -169
BEV -101
RAN -147

at 24 months
AFL -171
BEV -126
RAN -149

NA

NA

If baseline VA 69-78 letters:
AFL -129
BEV -67

RAN -119 (P < 0.001 for AFL vs.

BEV, AFL vs. RAN and BEV vs.
RAN)
If baseline VA <69 letters:
AFL -210
BEV -135
RAN-176 (P < 0.001 for AFL vs.
BEV, P = 0.22 for AFL vs. RAN
and P < 0.001 for BEV vs. RAN)

If baseline VA 69-78 letters:
AFL -133
BEV -68
RAN -125 (P < 0.001 for AFL vs.
BEV, P = 0.26 for AFL vs. RAN
and BEV vs. RAN P < 0.001)
If baseline VA <69 letters:
AFL -211
BEV -185
RAN -174 (P = 0.013 for AFL vs.
BEV, P = 0.19 for AFL vs. RAN
and BEV vs. RAN P = 0.19)
NA

At 60 months
Overall —154

DRCR.net protocol T guided algorithm
Injections were given at baseline and every 4 weeks unless VA
was >20/20 or CRT<250 pm and no improvement or
worsening observed between the two last injections

At 12 months
AFL 9
BEV 10
RAN 10
At 24 months
AFL 15
BEV 16
RAN 15
At 36 months
NA
At 60 months
Overdll 19

at12 If baseline VA >
months 69 letters:
AFL -126 AFL -85
RAN -89 RAN -55
(P <0.01) (P <0.01)
If baseline VA
<69 letters:
AFL -148
RAN -102
(P =0.02)
At12 NA
months
BEV -29
NA
At 36 If baseline VA >
months 69 letters:
AFL -114 AFL -92
RAN -89 RAN -68
P < 0.001 (P < 0,001)
If baseline VA
<69 letters:
AFL -137
RAN -111
(P =0.002)
At 60 months
Overall —88

Treatment decision based on VA
and OCT at the discretion of the
practitioner
At 12 months
AFL 8
RAN 6
BEV 6
At 24 months
NA
At 36 months
AFL 8
RAN 7
BEV NA
At 60 months
Overall 17

Dexamethasone intravitreal implant

Short-term outcomes

RCT

RWE

MEAD
(Boyer et al., 2014)
Dexamethasone implant

BEVORDEX
(Gillies et al., 2014a)

FRB! registry (Bhandari et al., 2022a)
Dexamethasone implant

Dexamethasone implant 0.7 mg
0.7 mg 0.7 mg
Mean baseline VA 56 56 56
letters
Mean VA change At 36 months At 12 months At 12 months
from baseline +4 +6 +2
letters
Mean baseline CRT 465 474 459
um
Mean CRT change At 36 months At 12 months At 12 months
from baseline ym -112 —187 -79
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Dexamethasone intravitreal implant

Short-term outcomes

RCT RWE
Treatment protocol Retreatment 6 months after the first Retreatment possible at each visit 4 months after ~ Treatment decision based on VA and OCT at the discretion
and Median injection at baseline if CRT >175 pm or the first injection and 4 months apart from the of the practitioner
number of presence of residual fluid on OCT last injection if CRT >300 or VA<79 letters
injections At 36 months At 12 months At 12 months
4 3 2
Evolution of visual and anatomical outcomes over time
RCT RWE
FRB! registry (Bhandari et al., 2022b)
NA

Visual and anatomical outcomes of treatment of DMO in
routine practice had stabilised over the years and remained
inferior to outcomes of RCT
Key message Real-world DMO outcomes of intravitreal treatment were meaningfully worse than RCT
Eyes presenting with good vision maintained better final vision despite lower gain than those starting with worse vision achieved higher gains
Undertreatment in RWE may partially limit therapeutic outcomes
Adherence to treatment regimens may be easier for participants in RCT than in daily practice where patients may have more severe disease

Managing DMO with good baseline vision

RCT RWE
DRCR.net Protocol V (Baker et al., 2019) FRB! registry (Gabrielle et al., 2022b)
Protocol DRCR.net protocol V guided algorithm No specific guided protocol of treatment
Prompt-aflibercept group: Injections were given at baseline and every 4 weeks unless VA was ~ Treatment was started based on symptoms, VA and OCT at
>20/20 or CRT<250 pm and no improvement or worsening observed between the two last the physician’s discretion in consultation with the patient,
injections thereby representing routine clinical practice
Prompt-observation group: injections were initiated if visual acuity decreased from baseline

by at least 10 letters at any visit or by 5-9 letters at 2 consecutive visits. Then retreatment
followed the same regimen as the aflibercept group

Findings No significant difference in visual loss at two years whether eyes were initially treated with The risk of developing a 5-letter visual loss at 24 months
aflibercept, laser photocoagulation or observation was similar between initially observed vs. initially treated

eyes. However, eyes initially observed tended to be more
likely to have a moderate visual loss over 24 months than

eyes initially treated
One third of eyes in the prompt-observation group started aflibercept treatment due to visual Two third of initially observed eyes received at least one
loss over the study period intravitreal injection over 24 months
Eyes that lost VA and initiated aflibercept treatment in the prompt-observation group had Both groups had similar number of injections but initially
similar number of injections over 2 years than eyes originally randomized to aflibercept observed eyes had more visits than initially treated eyes
Key message

Real-world DMO patients with good vision are more prone to vision loss
Initiating treatment may be a better management option for good vision DMO in daily practice since it reduced the risk of visual loss and the patient’s
management burden

Safety

Ocular safety

Endophthalmitis
RCT (Brown et al., 2013; Heier et al., 2016; Wells et al., 2016a)

RWE (Baudin et al., 2022; 2018; Daien et al., 2018;
Dossarps et al., 2015)
Findings Similar low rates of infectious endophthalmitis after intravitreal injection between RCT and RWE varying from 0.02% to 0.08%
Steroid intravitreal injection was at an increased risk of infectious endophthalmitis, while intravitreal injection with prefilled syringe were at a lower risk
Antibiotic prophylaxis around intravitreal injection did not reduce the risk, whereas combination of antibiotic and steroid increased the risk

j(0) 4

RCT RWE
Findings Dexamethasone implant (Bhandari et al., 2022a; Rezkallah et al., 2021)
RWE confirmed RCT data that Dexamethasone implant was safe regarding ocular hypertension with one third of patients developing ocular hypertension and
almost all of them manageable with topical treatment
Preexisting glaucoma eyes are at a higher risk of ocular hypertension and most cases were reported before the third dexamethasone implant
VEGF inhibitors (Atchison et al., 2018; Gabrielle et al., 2020b)
Clinically significant IOP elevation occurred in a small proportion of eyes receiving VEGF inhibitors over time
Eyes with preexisting glaucoma were at a higher risk clinically significant IOP elevation
Aflibercept treated eyes had less IOP spikes than other VEGF inhibitors

RRD

RCT RWE
Findings RRD after intravitreal injection were an extremely rare complication (0,014%) associated with severe visual loss one year after RRD

Systemic safety
RCT

RWE

(continued on next page)
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Dexamethasone intravitreal implant

Short-term outcomes

RCT

RWE

Findings

RCT included a limited number of patients, while some others excluded patients at high risk of cardiovascular events which limit

RWE from administrative medical database analysis reported that there was no evidence of increased risk of cardiovascular morbidity and mortality with VEGF

inhibitor intravitreal therapy

Key message

Intravitreal injection has been of the fastest-growing procedure in medicine

RWE reported that intravitreal injection has a good ocular and systemic safety profile

RCT, randomized clinical trials; RWE, real-world evidence; DMO, diabetic macula oedema; VA, visual acuity; VEGF, vascular endothelial growth factor; AFL, afli-
bercept; BEV, bevacizumab; RAN, ranibizumab; CRT, central retinal thickness; IOP, intraocular pressure; RRD, rhegmatogenous retinal detachment.

3.1. Baseline demographic and clinical characteristics

Patient baseline demographic and clinical characteristics must be
collected to allow benchmarking for the comparison of outcomes.

The mean age of patients in pivotal RCTs of DMO is similar to real-
world practice, ranging from 62 to 64 years across several studies
(Bhandari et al., 2019; Boyer et al., 2014; Campochiaro et al., 2011b;
Korobelnik et al., 2014; Mitchell et al., 2011; Nguyen et al., 2012). Older
age has been shown to influence both short- and long-term outcomes in
RCTs and RWD (Shah et al., 2022; Sophie et al., 2015; Veritti et al.,
2021). Older diabetes patients are likely to have more comorbidities and
advanced disease with inferior treatment outcomes. The prevalence of
DR and DMO correlates with the duration of diabetes and, to a lesser
extent, the type of diabetes (Charlot et al., 2022; Klein et al., 1984),
which are relevant clinical characteristics to collect. By contrast to data
from RCT data, RWD do not exclude patients with uncontrolled diabetes
or blood pressure and poor renal function. It is important to collect data
on systemic metabolic parameters, such as glycaemic control (glycosy-
lated haemoglobin) or renal function, which have been shown to in-
fluence anatomical and functional outcomes in DMO (Hwang et al.,
2021; Torjani et al., 2023). Country of treatment and ethnicity are also
meaningful information in RWD since they can help interpret outcomes
and establish whether results are generalisable to a specific or broader
population. For example, treatment reimbursement criteria, such as the
visual loss threshold for starting treatment for DMO, may vary across
countries. Countries starting treatment with higher VA with less strict
reimbursement policies have better visual outcomes over time (Mehta
et al., 2022). The impact of local reimbursement policies can be better
understood by comparing international results. Furthermore, ethnicity
representativeness is an issue in RCT data (Kaakour et al., 2022). Col-
lecting ethnicity data in an international unselected RW database can
also give useful information on treatment effectiveness and safety in
those patients in daily practice.

Baseline ocular characteristics such as DR severity, panretinal
photocoagulation status, previous DMO treatment and DMO location
and duration are crucial data to collect for the interpretation of results.
Treatment naive patients with less severe DR and shorter period of
centre-involving DMO are likely to have higher visual and anatomical
improvement with treatment (Bressler et al., 2012; Gabrielle et al.,
2020a; Sophie et al., 2015).

3.2. Short and long-term outcomes in the real-world

3.2.1. Baseline visual acuity

The five-year real-world outcomes of treatment naive DMO eyes that
started treatment between 2009 and 2014 with either macular laser or
intravitreal injection of steroids or VEGF inhibitors from the FRB! reg-
istry stratified by baseline VA are shown in Fig. 3 (Biechl et al., 2020).
We found that long-term visual outcomes were strongly related to the
baseline VA. Eyes with better presenting vision (VA >70 letters LogMAR
or 5/10 Monoyer chart or 20/40 Snellen chart) maintained their VA for
longer with better final VA throughout the five years follow-up, despite

o
‘C_’ ] —— Baseline VA 70 letters or better
—— Baseline for entire cohort
—— Baseline VA 35 letters or worse
o
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Fig. 3. Reproduced from Changes in real-world treatment patterns for DMO
from 2009 to 2019 and 5-year outcomes: Data from the Fight Retinal Blindness!
Registry (Biechl et al., 2020). Loess regression curves of visual acuity over 5
years of intravitreal anti-VEGF therapy stratified by baseline visual acuity.

the much lower net gain due to a ceiling effect. Eyes with the worst
presenting vision (VA <35 letters or 20/200) achieved higher gains with
improvement towards the mean. However, VA remained poor at five
years, though those eyes received a similar number of injections as those
with good presenting VA. A recently published analysis from our group
confirmed that poor baseline VA was independently associated with a
higher likelihood of VA <55 letters at two years (Hazards ratio [HR] =
0.68 per 5 letters; 95% CI, 0.65-0.72, P < 0.001) (Shah et al., 2022).

The implications of baseline VA must be considered when inter-
preting visual acuity gains over time. The mean baseline VA when
treatment is started reflects how well patients can access a service, while
the mean visual acuity change over time stratified by baseline VA
demonstrates the quality of the injection service. It is now well estab-
lished from numerous DMO real-world studies that the “ceiling effect” of
visual gain as an outcome measure was not necessarily a good measure
of the quality of care that a service provides (Mehta et al., 2022). A
service that detects DMO late may report good gains in vision, but fewer
of their patients will achieve reading and driving vision than a service
that detects the disease and starts treatment before vision is lost (Mehta
et al., 2022).

3.2.2. Short-term outcomes

The FRB! investigators reported short-term outcomes of the three
main used intravitreal VEGF inhibitors for treatment-naive DMO in
routine clinical practice (Bhandari et al., 2019, 2021). Data from 383
eyes from 291 patients starting intravitreal injections of either ranibi-
zumab (0.5 mg) or aflibercept (2 mg) for DMO between 2013 and 2018
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were included in a first published FRB! analysis (Bhandari et al., 2019).
Consistent with pivotal RCTs and the Cochrane meta-analysis, afli-
bercept and ranibizumab were both effective and safe for DMO in daily
practice (Korobelnik et al., 2014; Nguyen et al., 2012; Virgili et al.,
2017; Wells et al., 2015). Overall, both drugs were similar at one year.
The mean adjusted VA improved by +5 vs + 3 LogMAR letters from 65
vs 68 letters at baseline to 71 vs 71 letters at 12 months in the afli-
bercept- and ranibizumab-treated eyes, respectively. Aflibercept-treated
eyes had significantly greater reductions in macular thickness over one
year (mean CRT change: 126 pm vs —90 pm in the ranibizumab group, P
< 0.01). The number of injections was similar between drug groups over
one year (8 vs 6 in the ranibizumab group; P = 0.13). Consistent with the
findings of DRCR.net protocol T using ranibizumab 0.3 mg (Wells et al.,
2016b), one-year visual and anatomical improvements were signifi-
cantly lower for ranibizumab 0.5 mg (+8 letters and —102 pm) than
aflibercept 2 mg (+11 letters [P = 0.01] and —148 pm [P = 0.02]) in
DMO eyes with worse presenting VA (<68 letters or 20/50), while
one-year visual gains were similar between the two groups in eyes with
better presenting VA (>68 letters or 20/50) (Bhandari et al., 2019).

The use of bevacizumab to treat DMO remains off-label. However, it
is still one of the most widely used VEGF inhibitors worldwide since it
remains the cheapest of the three VEGF currently available inhibitors.
The use of bevacizumab varies among regions according to drug regu-
latory processes, reimbursement policies and availability. Treatment
outcomes of bevacizumab (1.25 mg) for DMO over one year were
assessed in routine clinical practice in another FRB! analysis (Bhandari
et al.,, 2021). The study reported that bevacizumab was effective and
safe over one year but with outcomes that were somewhat inferior than
the real-world treatment outcomes of ranibizumab and aflibercept
(Bhandari et al., 2019; Ciulla et al., 2018; Egan et al., 2017; Holekamp
et al., 2018; Lukic et al., 2019; Patrao et al., 2016). The mean VA gain
was +3 letters, whereas the mean reduction in CRT was —29 pm after a
median number of 6 bevacizumab injections over one year. This suggests
that bevacizumab may be less effective than either aflibercept or rani-
bizumab in reducing macular thickness in eyes with DMO in daily
practice, confirming findings from RCT data (Bressler et al., 2018; Wells
et al., 2016b). However, functionally, the mean final vision at year one
was excellent (71 letters) and was one of the best 12-month VA out-
comes of published DMO RWE, which ranges from 54 to 71 letters
(Bhandari et al., 2019; Ciulla et al., 2018; Egan et al., 2017; Holekamp
et al., 2018; Lukic et al., 2019; Patrao et al., 2016). This was most likely
due to the high mean VA at baseline of 67.9 letters in this study. Thus, it
provides good evidence that bevacizumab achieves similar outcomes for
DMO when presenting vision is good, similar to approved VEGF in-
hibitors, while some uncertainty remains when presenting vision is poor
(Bhandari et al., 2021).

The sustained release dexamethasone intravitreal implant device is
usually used second line in DMO eyes that respond poorly to the initial
injections if VEGF inhibitors, which commonly occurs in the clinic
(Bressler et al., 2016a, 2018). Steroids may be considered as first line
treatment for pseudophakic eyes or if VEGF inhibitors are contra-
indicated (Flaxel et al., 2020; Schmidt-Erfurth et al., 2017). The FRB!
registry has reported the one-year real-world outcomes of intravitreal
dexamethasone implant for DMO (Bhandari et al., 2022a). Of the 4282
eyes (of 2518 patients) that started treatment for DMO, 267 eyes (6%) of
204 patients started with a dexamethasone implant between 2013 and
2019 in the registry. Interestingly, eyes that started treatment for DMO
with the dexamethasone implant tended to be older with worse vision
and thicker maculas than those starting with VEGF inhibitors. Overall
the mean VA gain was +2 letters from 56 letters at baseline to 58 letters
at 12 months with a significant reduction in CRT of —79 pm from 459
pm. The median number of dexamethasone implants was 2 at 12
months, with a few eyes (6%) requiring additional treatment. There was
no difference in treatment outcomes between naive and pre-treated
DMO eyes (Bhandari et al., 2022a). The VA gain and CRT reduction in
the present study tended to be one of the lowest reported by RWE, but
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the mean final VA was one of the best 12 months VA outcomes of
dexamethasone implants (Chatziralli et al., 2017; Iglicki et al., 2019;
Malcles et al., 2017a; Ozkaya et al., 2016).

Unsurprisingly, one year VA gains using VEGF inhibitors (Ciulla
et al., 2018; Holekamp et al., 2018; Lukic et al., 2019; Patrao et al.,
2016) or with dexamethasone implant (Chatziralli et al., 2017; Iglicki
etal., 2019; Malcles et al., 2017a; Ozkaya et al., 2016) in FRB! analyses
were similar to published RWE, which were usually lower than those
reported by pivotal clinical trials varying between +7 and +13 letters at
one year for VEGF inhibitors (Korobelnik et al., 2014; Nguyen et al.,
2012; Virgili et al., 2017; Wells et al., 2015) and dexamethasone implant
(Boyer et al., 2014; Gillies et al., 2014a). Eyes with DMO received fewer
injections in routine clinical practice than in RCTs, which is likely the
reason for the inferior outcomes. Our group’s recently published
metanalysis of DMO RWD confirmed those findings (Mehta et al., 2022).

3.2.3. Long-term outcomes and evolution of treatment pattern over time

Biechl et al. evaluated the change in the treatment patterns and the
five-year outcomes in eyes that started treatment for DMO in routine
clinical practice in Australia, New Zealand, Switzerland and the United
Kingdom from 2009 to 2014 using FRB! registry data (Biechl et al.,
2020). Approximately half of the included eyes completed five-year
follow-up. Before the introduction of intravitreal therapy, the macular
laser was the standard of care for “clinically significant” DMO. Subse-
quently, intravitreal triamcinolone acetonide was found to be effective
for DMO, although secondary cataract and elevated intraocular pressure
were common (Gillies et al., 2006). VEGF inhibitors superseded macular
laser and intravitreal triamcinolone acetonide for DMO from 2011 on-
wards (Fig. 4). The choice of the VEGF inhibitor agent shifted from
bevacizumab (2009-2011) to ranibizumab (2012-2015) and then to
aflibercept later in those developed countries with excellent health in-
surance system coverage. The choice of intravitreal steroid also turned
from intravitreal triamcinolone (2009-2015) to intravitreal dexameth-
asone implants (2016-2019) (Fig. 4). Furthermore, the increased use of
VEGF inhibitors to treat DMO coincided with a reduction in the use of
PRP. PRP may be less necessary in some cases since VEGF inhibitors may
improve DR clinically (Fig. 4) (Gross et al., 2015).

Gabrielle et al. reported the 3-year outcomes of aflibercept and
ranibizumab for DMO in daily practice (Gabrielle et al., 2022c). Overall,
both approved drugs were effective and safe for DMO after three years of
treatment with around +2.4 vs + 1.6 letters of final VA gain and —114 vs
—88um of final CRT reduction with a similar median number of in-
jections (8 vs 7) mostly given during the first year for aflibercept and
ranibizumab, respectively. Interestingly, this analysis showed that some
protocol T 2 years’ findings could be translated into the real-world using
a dosage of ranibizumab 0.5 mg. Protocol T reported that aflibercept 2
mg was functionally superior to ranibizumab 0.3 mg at one year for
DMO when starting VA moderately impaired (VA < 20/50), which was
confirmed by FRB! RWD using ranibizumab 0.5 mg (Bhandari et al.,
2019; Wells et al., 2016a). However, the visual superiority of aflibercept
over ranibizumab 0.3 mg was no longer evident at two years in this
subset of DMO eyes (Wells et al., 2016a). Our RWD confirmed that the
greater and faster visual improvement with aflibercept 2 mg over rani-
bizumab 0.5 mg at one year when the starting vision is moderate lasts
two years without any clinically significant difference in visual out-
comes at three years in routine clinical practice. Furthermore, a sec-
ondary analysis of protocol T trial data reported that the rate of chronic
persistent DME at two years tended to be less frequent using aflibercept
2 mg than ranibizumab 0.3 mg (Bressler et al., 2018). Similarly, eyes
treated with aflibercept 2 mg had significantly greater improvement in
CRT and the rate of CIDMO at three years over ranibizumab 0.5 inde-
pendently of baseline visual impairment in our analysis, suggesting that
aflibercept still had somewhat better anatomical outcomes than rani-
bizumab 0.5 mg in routine clinical practice (Gabrielle et al., 2022c).

Another FRB! analysis found that 5-year visual outcomes improved
from 2011 to 2014, partly due to better presenting vision at the start of


http://DRCR.net

P.-H. Gabrielle et al.

Progress in Retinal and Eye Research 97 (2023) 101219

A. Proportion of treatment used per visit year

=}
e
® Bevacizumab
o ® Ranibizumab
3 )
o 8 - = Aflibercept
c = Triamcinolone
g Ozurdex
© o Macular photocoagulation
©
£
L3
(o]
§ %
p =
2
e & T
o
o -
Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Results . ° . ) .
1 year Protocol | VISTANIVID Protocol T
BOL BEVORDEX
2 years RIDE & RISE VISTANIVID Protocol T
BOLT BEVORDEX
5 years Protocol |
Approval
FDA Ranibizumab Ozurdex  Aflibercept
PBS Ranibizumab Aflibercept  Ozurdex

B. Proportion of eyes receiving panretinal photocoagulation per visit year

X 2 T
o

&

> 3
£

2>

@ =
3 -
8 @
-

7]

()]

> o
@ <
-

(o]

=

[e] e
£ «
[o]

Q.

o

o o -

Year 2009 2010 2011
Eyeson PRP 3 18 39 58 65 31
Eyes observed 35 76 168 283 353 399

335

2012 2013 2014 2015 2016 2017 2018 2019

30 8 7 1 0
294 209 106 44

Fig. 4. Reproduced from Changes in real-world treatment patterns for DMO from 2009 to 2019 and 5-year outcomes: Data from the Fight Retinal Blindness! Registry
(Biechl et al., 2020). A) Stacked bar plot showing the proportions of treatments used for diabetic macular oedema for initial therapy and at follow up visits.
BEVORDEX - Bevacizumab or Dexamethasone implants for DMO study (Fraser-Bell et al., 2016; Gillies et al., 2014a); BOLT (Michaelides et al., 2010b); Diabetic
retinopathy clinical research network (DRCR.net) Protocol I study (Bressler et al., 2016b; Elman et al., 2010); DRCR.net Protocol T study (Wells et al., 2015, 2016b);
RIDE & RISE - Ranibizumab for DMO: results from 2 phase III randomised trials (Nguyen et al., 2012); VISTA/VIVID - Intravitreal aflibercept for DMO (Heier et al.,
2016; Korobelnik et al., 2014); FDA — U.S. Food and Drug administration; PBS — Pharmaceutical benefits scheme (Note: Eyes could have received more than one
treatment at each visit). B) Bar plot showing the proportion of eyes receiving panretinal photocoagulation (PRP) per visit over time in addition to treatment for

diabetic macular oedema between 2009 and 2019.

treatment (Biechl et al., 2020). The mean VA gain of +3 letters at five
years was inferior to those reported by the DRCR.net clinical trial even
though the baseline characteristics were similar (Bressler et al., 2016b;
Glassman et al., 2020b). The main reason seemed to be that eyes in this
FRB! analysis were treated less frequently than RCTs, suggesting that
under-treatment remained an issue in routine clinical practice leading to
suboptimal outcomes (Biechl et al., 2020). However, the results of those
trials were unavailable when many patients started treatment in this
analysis. Did practice patterns and outcomes improve further over time
in routine clinical practice after the results of those trials were
published?

The FRB! investigators analysed 12-month outcomes over time for
macular diseases, including DMO, from 2015 to 2019 (Bhandari et al.,
2022b). This analysis found that the mean visual and anatomical out-
comes at 12 months remained satisfactory but static across the years
without noticeable trends, as did the presenting vision. The number of
injections over the first12 months remained steady, ranging from 6 to 7.
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The findings suggested that, after some improvement earlier in the
decade, the 12-month visual outcomes of treatment of DMO in routine
practice had stabilised over the previous five years and still remained
inferior to outcomes of RCTs even when the mean VA at baseline (65
letters) had been higher than the mean baseline VA in those trials (Heier
et al., 2016; Korobelnik et al., 2014; Nguyen et al., 2012). The mean
final VA and the proportion of eyes with final VA > 20/40 were like
those of RCTs, suggesting that the lower gains in the present study may
be the result, in part, of the better presenting VA. It may indicate that a
“ceiling” have been reached in what can be achieved in the real-world.
One possible reason would be the difference in baseline characteristics
between RWE and RCTs. The strict inclusion criteria to be eligible for
RCTs may inflate outcomes by excluding patients more likely to have a
poor response, such as those with comorbidities or more severe diseases.
Adherence to treatment regimens, which may be onerous, may be easier
for participants in RCTs than in routine clinical practice, where patients
may have more severe disease. There are complex issues around
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compliance and adherence to regimes in eyes with DMO in the
real-world related to diabetes management burden, not just for DR or
DMO but also for systemic comorbidities secondary to diabetes (Ehlken
et al., 2018; Schnabel et al., 2016; Weiss et al., 2018). Barriers to
adherence could include long waiting times at clinic, comorbidities,
forgetting clinic visits, and fear of intravitreal injections (Fajnkuchen
etal., 2020; Lu et al., 2019). The importance of the number of injections
on visual outcomes is well established (Mitchell et al., 2020; Peto et al.,
2022). Better VA gains at one year were observed in patients who
received >5 injections in the LUMINOUS study (Mitchell et al., 2020). A
Preliminary under peer-review analysis of the FRB! registry compared
the one-year outcomes of reactive versus proactive dosing of VEGF in-
hibitor injections in eyes with DMO treated in routine clinical practice.
Eyes were stratified according to the proportion of visits at which an
injection was received on <80% (reactive dosing) versus >80% (pro-
active dosing) of visits. The threshold of 80% has been taken from an
analysis of nAMD outcomes in the FRB! registry where clinicians using a
T&E regimen injected eyes at >80% of visits (Arnold et al., 2015). We
found that overall visual and anatomical outcomes were better in eyes
treated proactively with intravitreal VEGF inhibitors in the first year for
DME, with fewer clinic visits but more injections. However, boosting
injection frequency to improve outcomes further may be difficult to
achieve in these patients. Promising new long-acting drug agents or
devices are under investigation, such as the port delivery system, or have
been recently approved for DMO, such as brolucizumab, high-dose
aflibercept or faricimab, with effectiveness that is non-inferior to con-
ventional, approved VEGF inhibitor regimen using longer injection in-
tervals and, additionally, a better drying effect on retinal fluid. They
promise easier translation of good RCT outcomes into real-world prac-
tice with reduced treatment burden for our patients. DMO RWD of these
newer long-acting drugs will have a significant role in assessing their
effectiveness, treatment outcomes and safety in routine clinical practice.

Dexamethasone and fluocinolone acetonide implants entered the
market later than VEGF inhibitors for DMO and, therefore, FRB! ana-
lyses of their long-term outcomes in routine practice have not been
published yet.

3.3. Managing DMO with good baseline visual acuity

There are limited data on the visual prognosis of eyes with good
vision (VA > 79 letters or 20/25 Snellen equivalent) with or without
treatment since they are usually excluded by RCTs despite being
commonly encountered in clinical practice (N. M. Bressler et al., 2014).
Protocol V by the DRCR.net was the first RCT on CIDMO with good vi-
sual acuity comparing prompt macular laser photocoagulation, obser-
vation and prompt intravitreal aflibercept and reported that there was
no significant difference in visual loss at two years whether eyes were
initially treated with aflibercept, laser photocoagulation or observation.
However, outcomes of patients in routine clinical practice can differ
from those in RCTs. DMO patients were managed according to a strict
guided regimen protocol in this trial, which is possibly challenging to
apply in routine clinical practice. At the time of protocol V results, in-
formation on how best to manage those eyes in real-world practice was
still limited (Busch et al., 2019b). Thus, The FRB! study group conducted
an analysis to compare outcomes in DMO eyes with good baseline vision
24 months after receiving initial treatment versus initial observation
with treatment possible after at least four months of observation (simi-
larly to the initial management of the prompt observation group in
protocol V) in routine clinical practice (Gabrielle et al., 2022b).
Consistent with protocol V primary outcomes, we found that the risk of
developing a 5-letter visual loss at 24 months was similar between both
groups. However, of clinical interest, eyes initially observed tended to
have greater loss of mean VA and to be more likely to have a moderate
visual loss over 24 months than eyes initially treated, which differs from
the protocol V findings. Approximately 80 % of initially observed eyes
received at least one treatment over 24 months, 66% at least one
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intravitreal injection and 20% at least one session of macular laser,
which is also higher than in protocol V. By contrast with protocol V, no
specific guided protocol of treatment was defined in our study. Treat-
ment was started based on symptoms, VA and OCT at the physician’s
discretion in consultation with the patient, thereby representing routine
clinical practice. Of note, physicians started treatment in initially
observed eyes with relatively similar VA loss (mean VA loss at the
initiation of injection was —12 letters) to the Protocol V study treatment
initiation criteria (i.e., at least 10 letters VA loss from baseline at one
visit). Similarly to protocol V, it is worth noting that the median number
of injections was similar between groups over 24 months, even though
treatment was delayed for at least four months in the observation group.
However, eyes initially observed had significantly more visits over 24
months. Thus, initial observation in DMO with good vision may result in
more intensive treatment and monitoring to maintain good vision. The
relative drawbacks of starting treatment early, such as the increased risk
of endophthalmitis and the economic strain on the healthcare system
from drugs and procedures, may thus be offset by reducing the long-term
visit burden for both patients and physicians. Initiating treatment may
be a better management option for good vision DME even in patients
with poor adherence since it seems to decrease the risk of visual loss and
reduces the patient’s management burden. Potential novel minimally
invasive or longer-acting treatment may further tilt the balance in
favour of starting treatment earlier in DMO eyes with good vision soon.

3.4. Outcomes of DMO in patients undergoing cataract surgery

Diabetic patients develop cataract earlier and more frequently than
non-diabetic patients (Klein et al., 1995). Exacerbation of DMO may
complicate cataract surgery postoperatively in eyes with diabetes
resulting in poor outcomes (Baker et al., 2013; Kim et al., 2007). The UK
diabetic retinopathy EMR users group reported that the rate of cases
requiring treatment for macular oedema after cataract surgery increased
in a diabetic patient cohort (Denniston et al., 2017). A post-hoc analysis
of the RISE and RIDE trials found a 3-line improvement in vision in eyes
receiving monthly ranibizumab injections for DMO three months after
cataract surgery (Moshfeghi et al., 2018). Data on visual and anatomical
outcomes of DMO eyes receiving intravitreal therapy undergoing cata-
ract surgery in a real-world clinical setting are still limited. The FRB!
study group compared results of cataract surgery of eyes receiving
intravitreal therapy for DMO with a control group of phakic DMO eyes
receiving intravitreal therapy and matched on baseline characteristics
such as baseline age, VA and CRT, treatment duration, prior treatment
status and the year of first DMO treatment (Bhandari et al., 2020). DMO
eyes undergoing cataract surgery had excellent visual outcomes with a
mean VA gain of 11 letters six months after surgery. Mean visual gain
was somewhat less in this study of routine clinical practice than reported
by RCTs, which ranged from +12 to +15 letters, but the higher preop-
erative mean VA in the FRB! analysis (58 letters) than in those trials
(47-55 letters) could easily explain this (S. B. Bressler et al., 2014;
Moshfeghi et al., 2018). The mean final VA 6 months after surgery in our
study was excellent and similar to the mean final VA observed in those
trials (S. B. Bressler et al., 2014; Moshfeghi et al., 2018). The cataract
surgery group had thicker maculas and received more injections than
the matched phakic group during the 6-month period before (mean 2.4
vs 1.6 injections; P < 0.001) and after (mean 2.1 vs 1.5 injections; P <
0.001) the time of surgery, suggesting that those eyes were treated more
intensively before and after surgery to control worsening of DMO related
to cataract surgery (Bhandari et al., 2020). Most eyes received VEGF
inhibitors preferably during the six months before and after the surgery.
Ninety-two per cent and 91% of the injections received before and after
the surgery were VEGF inhibitors, respectively, with the remaining in-
jections being intraocular steroids. The UK diabetic retinopathy elec-
tronic medical record users group reported that the proportion of DMO
eyes with CRT >400 pm increased from 2.9% in the year before cataract
surgery to 5.3% in the year after surgery (Denniston et al., 2017).
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Literature on outcomes of intravitreal injections (steroids or VEGF in-
hibitors) at the same time as cataract surgery or a few weeks before it in
eyes with DMO are inconsistent (Lam et al., 2005; Rauen et al., 2012;
Takamura et al., 2009). The FRB! real-world analysis found that eyes
receiving intravitreal injection in the month preceding surgery or at the
time of surgery had a better visual gain six months after cataract surgery.
It emphasised that DMO eyes undergoing cataract surgery can achieve
excellent anatomical and visual outcomes in the real-world with an
increased injection frequency in the pre- and post-operative period and
that an intravitreal injection at the time or within the month preceding
the surgery should be considered to optimise postoperative outcomes in
eyes with DMO (Bhandari et al., 2020).

3.5. Preliminary data on quality of life in DMO

Visual impairment secondary to retinal disease can lead to an overall
significant decline in quality of life (QoL) related to complications such
as falls, injury, depression, loss of independence and the early need for
nursing home placement (Lamoureux et al., 2010; Scott et al., 2016;
Slakter and Stur, 2005; Stevenson et al., 2004; Wysong et al., 2009). The
main objective of health care is to improve the QoL impact of any disease
(Kandel et al., 2017). Unfortunately, clinical measures such as visual
acuity do not capture the influence of eye diseases and their treatment
on patients’ general visual function, psychological stress, well-being and
QoL (Massof, 2002). The impact of eye disease on QoL can be evaluated
using patient-reported outcome (PRO) measures that capture the pa-
tient’s perspective on their disease. PRO measures are becoming more
widely used to comprehensively report the impact of disease and
treatment effectiveness on patients since they have been recommended
by regulatory agencies, such as EMA or FDA, (Fehnel et al., 2013; Finger
et al., 2014; Pesudovs, 2006). However, there are limited data on
comparable studies that used identical PRO measure methods, and most
of them are mainly inconclusive on the influence of eye diseases on QoL.
Furthermore, the applicability of those findings to routine clinical
practice is not established since the PRO measures were reported in an
academic setting (Chia et al., 2004; Fenwick et al., 2016; Robert P.
Finger et al., 2011; Lamoureux et al., 2008). Recently, the ICHOM rec-
ommended using the Impact of Vision Impairment (IVI) questionnaire as
a non-disease-specific ophthalmic PRO measure (Robert P Finger et al.,
2011; Khadka et al., 2013; Lamoureux et al., 2006). The IVI question-
naire has originally twenty-eight different psychometric properties
evaluating the visual function (VF; 20 scales) and emotional well-being
(EM; 8 scales) QoL and was shortened to 15 items (called the Brief IVI or
B_IVI) using traditional and Rasch analysis techniques (Fenwick et al.,
2017).

The FRB! study group have recently assessed the QoL impact of
anterior (keratoconus) and posterior (nAMD, retinal vein occlusion
[RVO] and DMO) eye diseases using the IVI questionnaire (Kandel et al.,
2022). When looking specifically at retinal disease results, DMO patients
had the worst overall IVI score with an adjusted mean of 58.8 units,
followed by RVO (64.6 units) and AMD (67.6 units). DMO had a lower
mean adjusted VF and EM scores (59.4 and 63.1 units) compared to RVO
(65.9 and 69.2 units) and AMD (68.9 and 71.8 units). Due to the small
sample size for the disease-specific subgroup analysis, firm conclusions
could not be derived. However, type 1 diabetes patients (vs type 2) with
worse visual acuity or treatment-naive (vs treated patients) tended to
have worse mean IVI scores. Interestingly, the analysis found a statis-
tically significant but weak strength of the correlations between IVI
scores and visual acuity, which emphasises that standard clinical mea-
sures like VA cannot explain the total effect of eye disease on a patient’s
life perspective in routine clinical practice. Real-world data on eye dis-
eases such as DMO should be complemented with PRO measures to
evaluate better the impact of eye disease and its treatment effectiveness
and burden on QoL (Kandel et al., 2022).

26

Progress in Retinal and Eye Research 97 (2023) 101219
3.6. Safety

Intravitreal injection has been one of the fastest-growing procedures
in medicine because of expanding indications for ocular diseases and the
ageing of the population. It is a relatively safe procedure, but serious
complications may occur locally, including rhegmatogenous retinal
detachment, cataract formation, retinal artery occlusion, non-infectious
or infectious endophthalmitis, and potential systemic adverse events,
such as cardiovascular events. Fortunately, these adverse events seem to
remain relatively rare. RWD have already shown their value in detecting
them compared to RCTs that are not designed and powered enough to
detect those rare safety concerns. The FRB! registry and the French
Medical-Administrative Database for Epidemiology and Safety in
Ophthalmology (EPISAFE) program have gathered interesting safety
evidence on intravitreal drug therapy in ophthalmology (Daien et al.,
2017).

3.6.1. Ocular safety outcomes

The most feared complication related to intravitreal therapy is
endophthalmitis. Its incidence is low, ranging from 0.02% to 0.08%
(Baudin et al., 2018, 2022; Daien et al., 2018; Dossarps et al., 2015;
Fileta et al., 2014; Rayess et al., 2016; Shah et al., 2011) for infectious
endophthalmitis and from 0.01 to 0.08 for non-infectious (Daien et al.,
2018; Rosenfeld et al., 2006; Williams et al., 2016). Daien et al. assessed
the incidence and cumulative rate of non-infectious and infectious
endophthalmitis in eyes receiving VEGF inhibitors for nAMD from 2006
to 2016 using data from the FRB! registry (Daien et al., 2018). This study
found a similar low incidence of infectious endophthalmitis per injection
of 0.020% and that the risk did not increase with each successive in-
jection (Daien et al., 2018). Similarly, using the French
medical-administrative database (Systeme National d’Information
Inter-régime de I’ Assurance Maladie [SNIIRAM]), Baudin et al. recorded
444 endophthalmitis cases after 1 811 977 intravitreal injection (1 per
4082 injections) in patients treated for retinal diseases in France from
2012 through 2015 with a crude incidence of 0.025% (Baudin et al.,
2018). The incidence of infectious endophthalmitis after corticosteroid
injections (0.0667%) was 3-fold higher than VEGF inhibitor injections
(0.0204%). One interesting finding was that the prefilled ranibizumab
syringe (available only for ranibizumab at that period) decreased the
rate of endophthalmitis after injection by 40% compared with the
nonprefilled ranibizumab syringe confirming the hypothesis that fewer
manipulations during intravitreal injection and preparation of prefilled
syringe in a controlled environment was safer. In this analysis, women
and younger patients were also at higher risk of endophthalmitis, while
people with diabetes were not (Baudin et al., 2018). The considerable
variation in the incidence of infectious endophthalmitis after IVT in the
literature may be due to many factors, including the conditions under
which the injections are done. The use of povidone-iodine on the ocular
surface has been the only measure proven effective in decreasing the risk
of endophthalmitis (Bhavsar et al., 2012; Ciulla et al., 2002). The
administration of antibiotic and/or anti-inflammatory drops around the
injection is still debated. A recently published study from the EPISAFE
group found that antibiotic prophylaxis around injection did not reduce
the risk of endophthalmitis and could be detrimental through the se-
lection of resistant germs in the conjunctival flora, leading to more
aggressive endophthalmitis (Baudin et al., 2022). The administration of
a combination of antibiotics with corticosteroids should be avoided
since this procedure increased the risk of endophthalmitis by two-fold.
Patients receiving intravitreal therapy should not be given topical
anti-infectious prophylaxis around injection (Baudin et al., 2022).

Noninfectious endophthalmitis was rare (0.012%) in routine clinical
practice (Daien et al., 2018) using the three main VEGF inhibitors.
Previous studies found a similar low rate of non-infectious endoph-
thalmitis, but a comparison of incidence is difficult due to varying def-
initions of this condition (Rosenfeld et al., 2006; Williams et al., 2016).
The occurrence of inflammatory safety concerns a few months after the
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approval of brolucizumab without any safety issues noticed in the phase
III trials emphasises the need for caution when a newly approved drug is
introduced in routine clinical practice. RWD will be essential for
monitoring those rare drug related-inflammatory adverse events.

All corticosteroids (systemic, topical, periocular, and intravitreal)
can cause ocular hypertension (OHT). RWD of dexamethasone implant
for DMO reported that it was safe regarding OHT: of the third of treated
eyes that developed OHT, almost all were manageable with topical
treatment (Bhandari et al., 2022a; Malcles et al., 2017b; Rajesh et al.,
2020; Rezkallah et al., 2021). Glaucoma filtering surgery was rarely
required, ranging from 0 to 2% of eyes (Bhandari et al., 2022a; Rajesh
etal., 2020; Rezkallah et al., 2021). Preexisting glaucoma seemed to be a
reliable risk factor for OHT after dexamethasone implant, notably if
treated with dual or triple topical therapy (Rajesh et al., 2020; Rezkallah
et al., 2021). Care should be taken when dexamethasone implant is
started for DMO in those eyes. Most of the cases (87%) of OHT were
diagnosed before the third dexamethasone implant, while late OHT
(after the third dexamethasone implant) seemed to be relatively rare
(13%) (Rezkallah et al., 2021). The fluocinolone acetonide implant has
been approved as a second-line treatment for DMO in patients who have
received prior corticosteroids without a clinically significant rise in IOP.
The main reason was that RWE of fluocinolone acetonide implant for
DMO showed that these implants lead to predictable and manageable
rises in IOP, especially in patients with prior history of OHT after
corticosteroid treatment such as dexamethasone implant (Bailey et al.,
2022; Lebrize et al., 2022). As with dexamethasone implants, patients of
younger ages or with high IOP measures before the injection should be
monitored closely for OHT (Lebrize et al., 2022; Rezkallah et al., 2021).

The potential for long-term IOP change and the risk of progression of
preexisting glaucoma in patients treated with intravitreal injections of
VEGF inhibitors for retinal diseases has been debated for decades. RWD
from the IRIS registry (Atchison et al., 2018) and the FRB! registry
(Gabrielle et al., 2020b) tried to address this question. They found that
eyes receiving intravitreal VEGF inhibitors had a slight non-clinical but
statistically significant long-term reduction in IOP over time, which
tends to be higher for aflibercept than ranibizumab or bevacizumab
(Atchison et al., 2018; Gabrielle et al., 2020b). Of more clinical interest,
clinically significant IOP elevation occurred in a small proportion of eyes
receiving VEGF inhibitors and increased over time ranging from 3 to 6%
at one year and 10% at two years (Atchison et al., 2018; Gabrielle et al.,
2020Db). Interestingly, both analyses observed that aflibercept-treated
eyes tended to have fewer IOP spikes than ranibizumab- and
bevacizumab-treated eyes (Atchison et al., 2018; Gabrielle et al.,
2020b). Gabrielle et al. also reported that the syringe packaging (rani-
bizumab prefilled vs ranibizumab non-prefilled) did not seem to influ-
ence IOP outcomes (Gabrielle et al., 2020b). DMO eyes were not at
higher risk of IOP spikes since the type of retinal diseases did not
significantly impact IOP change related to VEGF inhibitor. In contrast,
the risk of IOP spikes was more significant at two years for patients
receiving more injections or those with a pre-existing diagnosis of
glaucoma (Atchison et al., 2018; Gabrielle et al., 2020b). The take-home
clinical message of those analyses was that most patients treated with
VEGF inhibitors for retinal diseases would likely not experience any
glaucomatous visual loss secondary to VEGF inhibitor IOP spikes in their
lifetime. However, caution should be taken for patients with a higher
risk of glaucoma or with preexisting glaucoma with the management of
immediate post IVT IOP spike with IOP-lowering eye drop, close
monitoring of glaucoma.

Although not well-defined in the literature, rhegmatogenous retinal
detachment (RRD) after VEGF inhibitor IVT for macular diseases seems
to be uncommon, with an estimated rate per injection varying from
0.008% to 0.023% from previous RCTs and retrospective single centre
studies (Brown et al., 2013; Campochiaro et al., 2011a; Mammo et al.,
20205 Storey et al., 2019; Wu et al., 2008). Using the FRB! registry RWD,
Gabrielle et al. found a similar rate of RRD “per IVT” (0.014%, 1 RRD per
7383) to the literature (Gabrielle et al., 2022a). The analysis reported
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less than one RRD after IVT per year per 1000 treated patients during the
14-year study period. They also found that each successive injection
without a RRD did not seem to increase the risk of developing a RRD at
the next injection. These reassuring findings support an association
rather than causation between intravitreal injection and RRD develop-
ment. The type of macular disease did not seem to influence the risk of
developing RRD. Unfortunately, this rare complication was associated
with poor outcomes at one year, with a mean visual loss of 3 lines and
only a third of eyes recovering prior RRD VA (Gabrielle et al., 2022a).

3.6.2. Systemic safety outcomes

Numerous studies have reported that intravitreal therapy of VEGF
inhibitors seems to be a safe treatment regarding the risk of cardiovas-
cular events. However, the risk of stroke, myocardial infarction and
death in patients receiving VEGF inhibitors is still debated and poorly
understood. Many of the RCTs included only a limited number of pa-
tients, while some others, notably pivotal RCTs, excluded patients at
high risk of cardiovascular events (Curtis et al., 2010; Dalvin et al., 2019;
Virgili et al., 2017; Yashkin et al., 2016). A meta-analysis of intravenous
bevacizumab therapy for cancer showed an excess risk of cardiovascular
events (Abdel-Qadir et al., 2017). Despite the low dose injected intra-
vitreally, VEGF inhibitors could potentially suppress systemic VEGF
activity even with a low level of systemic absorption because their
median inhibitory concentrations are in the picomolar range (Papado-
poulos et al., 2012; Yu et al., 2011). Administrative medical databases
are potent sources of RWD to study associations involving rare events
due to their larger sample size. Preliminary unpublished analysis of the
French National Health Information database (Systeme National des
Données de Santé [SNDS]) and covering all types of VEGF inhibitors
introduced from 2010 to 2016 in France, compared the rate of cardio-
vascular morbimortality events in patients treated for retinal diseases (n
= 330 000) at 28 days and 2 years after the introduction of an intra-
vitreal VEGF inhibitor with matched control patients undergoing cata-
ract surgery (n = 996 000). There was no evidence of increased risk of
overall cardiovascular morbidity and mortality after the introduction of
IVT anti-VEGF therapy at 28 days (0.24% versus 0.21% in the cataract
group.) or two years (8.97% versus 8.73% in the cataract group).
However, they observed a separate significant but slight increase in the
risk of acute myocardial infarction at 28 days and 2 years (27%
[adjusted HR = 1.274; 95 CI 1.081-1.502] at 28 days and 9% [adjusted
HR = 1.090; 95 CI 1.058-1.123] at two years) and stroke at 2 years (5%
[Adjusted HR 1.046; 95% CI 1.018-1.074] at two years) in patients
treated with VEGF inhibitor than matched controls. Overall intravitreal
therapy with VEGF inhibitors appears to be safe. Still, we should
maintain particular attention to people with cardiovascular risk factors
or with a recent cardiovascular event, especially in patients with DMO.

Exudative retinal diseases such as DMO can affect young people and
women of childbearing age. Due to the ongoing debate on the possible
systemic absorption and activity of intravitreal VEGF inhibitor therapy
and its risk of transplacental passage, their use is not recommended
during pregnancy unless the expected benefits prevail over potential
risks. Only a few alternative drugs exist. Systemic corticosteroids are
commonly used for pregnant women in early pregnancy for fetal lung
maturation (Kemp et al., 2016). Thus, intravitreal corticosteroids can be
used for treating DMO or CMO secondary to RVO or uveitis, even if there
is no consensus regarding their use in pregnant women. Unfortunately,
corticosteroids are not indicated in all retinal diseases, which is prob-
lematic in clinical practice since patients risk irreversible retinal damage
if they remain untreated. Evidence-based medicine is still limited and
conflicting on the safety of VEGF inhibitors during pregnancy, with
mostly preclinical animal studies or case series, with no clear conclusion
on the risk of obstetric and neonatal complications (Capuano et al.,
2018; Fossum et al., 2018; Introini et al., 2012; Jouve et al., 2015;
Naderan et al., 2021; Peracha and Rosenfeld, 2016; Petrou et al., 2010;
Polizzi et al., 2015; Polizzi and Mahajan, 2015; Rosen et al., 2009;
Sarhianaki et al., 2012; Sarmad and Lip, 2016; Sullivan et al., 2014;
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Tarantola et al., 2010; Wu et al., 2010). The EPISAFE program carried
out a 10-year retrospective French nationwide study to report the inci-
dence of obstetric and neonatal complications in pregnant women
treated with intravitreal VEGF inhibitor and corticosteroid using the
French health insurance database (Ben Ghezala et al., 2022). Two
hundred twenty-eight VEGF inhibitor or corticosteroid injections were
administered to 139 women during pregnancy or in the month preced-
ing pregnancy between 2009 and 2018, of which 93 had VEGF in-
hibitors, 39 corticosteroids and 7 both drugs. It represented 0.004% of
the overall injections (n = 5 672 921) administered over the 10-year
study period highlighting that it remains a rare event (Ben Ghezala
et al., 2022). The mean (SD) number of injections during pregnancy was
1.6 (1.1). Overall, the analysis found a high prevalence of obstetric
complications, with 19.4% and 31.3% of pregnancy hypertensive dis-
orders, 17.7% and 12.5% of fetal distress, and 9.7% and 3.1% of intra-
uterine growth restriction in patients treated with anti-VEGF agents or
corticosteroids, respectively. No significant difference was noticed be-
tween either type of drug. The incidence of miscarriage or medical
termination of pregnancy tended to be higher in patients treated with
VEGEF inhibitors than those treated with corticosteroids (16.1% vs 3.1%,
respectively, P = 0.09). Using a multivariate statistical model, intra-
vitreal VEGF inhibitor was not associated with a higher risk of obstetric
or neonatal complications than corticosteroids. Pregnant women treated
with intravitreal therapy in this analysis tended to be older. They had
frequent comorbidities such as preexisting diabetes or hypertension,
which are known risk factor of high-risk pregnancies independently of
the treatment used. Therefore, our study’s high rate of obstetric and
neonatal complications may be due to the preexisting comorbidities and
the older age rather than the intravitreal therapy. Our data are some-
what reassuring, but it is impossible to exclude any relationship between
intravitreal treatment and obstetric or neonatal complications observed
due to insufficient statistical power. Intravitreal VEGF inhibitors or
corticosteroids should continue to be used with caution after carefully
assessing the balance between potential benefits and risks in child-
bearing age and pregnant women (Ben Ghezala et al., 2022).

4. Conclusion and future directions
4.1. Big data

The term “big data” is defined by a dataset that is so large that it
makes the analysis impossible with classical methods and that requires
complex statistical tools. It is known as the 3Vs (volume, velocity and
variety), completed by a fourth item, veracity, and sometimes a fifth
one, variability. The European Union commission recently defined big
data as the following: “Big data in health encompasses high volume,
high diversity biological, clinical, environmental and lifestyle informa-
tion collected from single individuals to large cohorts, about their health
and wellness status, at one or several time points” (Auffray et al., 2016).
Many datasets have been proposed using either:

e Medical administrative database (Medicare or Medicaid in the US,
the French national healthcare system data claim database named
“Systeme National des Données de Santé (SNDS)” in France or Tai-
wan’s national health insurance research database in Taiwan (Chen
et al., 2011)).

Registries using EMR (IRIS registry or UK electronic medical records)
and conventional registries (Fight Retinal Blindness registry) as
detailed earlier (Denniston et al., 2019; Gillies et al., 2014b; Nguyen
etal., 2021; Parke et al., 2017). The IRIS Registry uses a software tool
capable of automatically extracting data from a practice’s EMR
system in the US. The FRB registry needs manual input but gathers
data from more than 20 countries worldwide.

Cohort studies can also provide very interesting results by collecting
clinical and imaging data from population-based studies, the Con-
stance cohort involving 220 000 individuals (Zins et al., 2010), the
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UK biobank including 500 000 individuals (Patel et al., 2016), the
European Eye Epidemiology (E3) consortium cohort that gathers
more than 15 European population-based studies involving more
than 100 000 individuals (Delcourt et al., 2018; Mauschitz et al.,
2018)).

All data provided by these studies are interesting and complemen-
tary. The main weakness is that associations found in big data studies do
not necessarily mean causality. One should remember that a result can
be linked to multiple, varying or, even worse, unknown factors (Cole-
man, 2015). The ultimate goal is to combine both sources of informa-
tion, for instance, registries and medico administrative databases, using
different methods, which will be discussed further below. Although
strongly controlled by the general data protection regulation (GDPR),
the data can provide information on systemic diseases in patients, that
are not always exhaustively collected by registries, as well as social
situations and individual data (area of residence, environmental con-
ditions ...). It may be possible to match precise clinical and imaging data
collected through a registry with an extensive database. The combina-
tion of information sources will dramatically improve our knowledge of
patient conditions. Finally, the registry can also provide a control pop-
ulation for hypotheses raised by analysis of the medicoadministrative
database. Table 5 summarises and compares the strengths and limita-
tions of the foremost large-scale databases to date.

4.2. Linking datasets and harmonising data collection for dataset
software interoperability

Linking large-scale datasets is one of the main goals of future de-
velopments in RWD. One aim is to establish larger datasets where in-
formation from several resources, i.e. several registries, is aggregated to
run large-scale analysis. This will better address questions about how a
medication is used in real-world practice, where it is delivered and how
it is delivered - and what the outcomes associated with treatments are.
This might be relevant when outcomes across countries, different
reimbursement systems and areas with different access to healthcare are
to be compared. Linking imaging to clinical registry outcomes would
enable greater data-driven insights and potentially allow more person-
alised medicine. Another very practical goal, when linking registries is
considered, is to connect registries at a clinic level to an existing EMR.
The use of EMR has been incentivised in several countries, in some
countries it has become mandatory. Considering this, it is reasonable to
establish how the information already electronically captured during
routine clinical practice can be transformed and transferred into an
existing registry. While linking different registries with already estab-
lished data sets is something that can be achieved today, much work
must be done to link registries to existing medical records. There are
various ways such a linkage between an existing EMR and an established
registry can be achieved.

4.2.1. Data mining technologies

One way to gather RWD is by using data mining technologies. Data
mining software trawls through existing medical records and examines
information about patients that are registered electronically. The soft-
ware then tries to identify fields/variables and the information/values
they contain. This can be done by e.g. identifying visual acuity readings
or using codes (e.g. ICD 10), or in some cases information from free text
fields. The advantage of this approach is that a huge number of data
fields can be analysed and extracted from patient records. This mining
method is also less expensive than other approaches. However, the
quality of the information collected by data mining technologies is
generally inferior to other data sources.

Incomplete datasets, either because the information was not recor-
ded or it is there and could not be read using a data mining approach, are
a particular problem of RWD. Only a fraction of patients from the total
cohort may have sufficient data to be included in the analysis. One
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example is a paper published in 2021 on refractive outcomes after im-
mediate or sequential bilateral cataract surgery (Owen et al., 2021)
using the IRIS registry that currently contains approximately 68.5
million unique participants in the United States. Out of the 68.5 million
patients, about 4.2 million patients underwent bilateral cataract sur-
gery. Of those 4.2 million individuals, only 43% could eventually be
included - for the remaining 57%, no documentation of visual acuity
was available. Of the 1.8 million patients with visual acuity recordings,
1.46 million (80%) had a corrected visual acuity test after cataract
surgery. So a refracted visual acuity post cataract surgery was only
available in 35% of the potentially 4.2 million otherwise eligible pa-
tients. This is not unusual, as in routine clinical practice, documentation
and postoperative standard procedures in routine clinical practice can
vary significantly across institutions, countries and healthcare systems.
Visual acuity is not always recorded in a notation that would be needed
for an analysis. In another article from 2018 addressing visual acuity
outcomes in patients receiving VEGF inhibitors to treat nAMD,
approximately 1/3 of eyes included were missing visual acuity values at
baseline or one year of treatment (Rao et al., 2018). Again, this does not
imply that the doctors did not care well for their patients; it merely re-
flects what this approach to collect data produces.

Another issue in data mining technologies is when non-uniform ways
to report visual acuity or when unique abbreviations are used to docu-
ment findings. This can be particularly problematic when free text fields
are mined, making the data analysis very challenging. Nevertheless,
given the scale at which data can be analysed and the impressive number
of patients included in such an analysis, this approach is still something
to consider.

Exhaustiveness of French population

data
Data entry influenced by financial

Diagnosis and demography
valuation of coding

French SNDS

France

Med Adm DB

61 million patients
Summary of billing data
Statistical power

No clinical or biological data

2007
Low*

Clinical examination, blood and

UK Biobank

Biomedical base

500 000 patients

2006

Biological and clinical data
urinary samplings

Clinical, biological, genetic and
environmental data
Imaging collection
Selection bias

High

UK

4.2.2. Converting and exporting EMR data to registries

A different approach to link registries to EMR is to export the data
from an existing EMR and convert it into a format that can be uploaded
to a registry. This can be done in several ways.

One option is to replicate the fields required in a specific registry in
the EMR. This is especially necessary if particular fields are needed for
the registry that are not part of routine clinical evaluation. As a result, no
external software has to travel to the EMR of patients. Still, the user,
practice or hospital information technology (IT) service exports the in-
formation collected during routine clinical visits, converts it and puts it
in a format that can be uploaded or exchanged into a specific registry.
This ensures, for instance, the notation of visual acuity adheres to spe-
cific agreed standards, as well as the reporting of intraocular pressure or
other findings. The great advantage of this approach is that the data
quality is generally very high. Data quality is higher if key fields are
mandatory. If this principle is followed, practically all key data on every
patient entered into the EMR will be transferred to the registry. The
disadvantage of this approach is that it is cost- and labour-intensive to
set up due to the adaptations to the local EMR that are required. This
usually has to be done in conjunction with hospital or practice IT. If any
changes are made to the data that the registry wishes to collect, the local
EMR needs to be adapted again. Another potential disadvantage is that
participation in several registries can become very tricky. An example of
this approach is the Swedish macula register or the FRB! registry, which
track fewer patients but provide higher quality datasets than the IRIS
registry.

54 million patients with 46 million >65

yo
Exhaustiveness of data for individual

>65 yo
Data entry influenced by financial

valuation of coding
Partial information about drug use

Population >65 yo

Diagnosis and demography
Low"

Medicare

Med Adm DB

Summary of billing data
Statistical power

No clinical or biological data

USA
1991

Continuous integration of data

Direct feedback

Quality control
Multicentre and international

International (20 countries)
Mandatory minimum dataset
GDPR compliant

Registry
Clinical diagnosis, imaging

Directly from EMR or web
interpretation

based
No randomization

FRB! registry

600 000 visits

30 000 patients
2007

Manual data entry
No past history

High

4.2.3. Data collection standardisation for electronic medical record
software interoperability

As we can see, each of the two approaches outlined - using data
mining technologies without changing the local software or making
adaptations to the local software, producing standardised output and
submitting to a registry - has pros and cons: technically, financially and
with respect to data quality. The increasing presence of technology and
the need to connect electronic devices handling patient information has
created a demand for a more uniform approach to exchanging data. The
ideal solution would be one that would work in many places and would

No mandatory fields and hence missing data limiting

Clinical diagnosis, imaging interpretation
the overall quality of data

Directly from EMR or web based
Continuous integration of data

Financial incentive
Direct feedback

Multicentre
No randomization

IRIS

USA

Repository

400 million visits
2014

No past history
Very high

weaknesses
# These analyses use data already available in the public health system.

Name

Country

Type

Size

Starting date
Collection
Content

Main strengths
Main

Cost

USA, United States of America; UK, United Kingdom; Medico administrative database, Med Adm DB; yo, year old; EMR, Electronic medical records.

Summary and comparison of the strength and weaknesses of the main large-scale databases.

Table 5
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be a commonly agreed standard on how data is collected and how it is
exchanged.

Interoperability is something that many groups around the world are
working on; the leading institution is Health Level Seven International
(HL7, information available at http://www.hl7.org/index.cfm). Under
HL7’s guidance, a standard was established and named Fast Healthcare
Interoperability Resources (FHIR, pronounced “fire”). This standard
describes data formats and elements and their respective application
programming interfaces to allow exchange between EMRs. The first
implementation guide for Ophthalmology was published in August 2021
(more information at http://build.fhir.org/ig/HL7 /thir-eyecare-ig/).

All software and databases that are FHIR-enabled will be able to
exchange information in the same way. In several countries, such as the
US, France, Netherlands, Austria and Switzerland, national health au-
thorities have focused on implementing these harmonisation strategies
in their national health networks and establishing FIHR as one of the
critical components of interoperability (Brandstatter, 2020; Economic
cooperation and development, 2021; US congress, 2010).

There are many activities worldwide moving towards the common
goal of achieving interoperability. Apart from the technical issues of
standardisation, implementation and dealing with an ever-changing IT
landscape, questions concerning patient data protection, privacy, ano-
nymity, or data usage for research have to be taken into account and
warrant discussion. Once established, FIHR will be an excellent way to
provide information from an EMR to a registry. It will be up to the user
to make sure that the data collected primarily in clinics or practices will
be of good quality (e.g. by introducing mandatory fields or other quality
assurance measures) to avoid the lower quality data produced by data
mining.

The establishment of a standard such as FIHR will allow not only
linkage of registries and EMRs but also patients access to their health
information, thereby involving them more deeply in the therapeutic
process which will improve treatment adherence and, in turn, outcomes.
Apple has implemented FIHR in their smartphone’s health app (infor-
mation at https://www.apple.com/healthcare/health-records/), and
Google published their Android FIHR software development kit (infor-
mation available at https://github.com/google/android-fhir) providing
the basis to access health-related information on a smartphone.

4.3. Applying artificial intelligence algorithms to registry data

The advancement of computing power and image analysis algo-
rithms has opened up opportunities to connect registry data with clinical
images. This linkage can enhance image analysis by incorporating
clinical outcomes, improving patient treatment understanding, and
optimizing real-world care. Traditional automated analyses of retinal
and OCT images primarily focused on data from controlled settings like
randomized clinical trials. These settings provided high-quality images
but had limited applicability in real-world practice. Recent de-
velopments have enabled the transition from study data to clinical
practice data, benefiting patients in remote areas with limited access to
specialists.

OCT has become the primary imaging tool in ophthalmology due to
its speed and detailed retinal cross-sections. Algorithms are being
developed to automatically interpret OCT images, predict treatment
needs, and detect changes in retinal structure, mirroring the shift seen in
fundus photograph analysis (De Fauw et al., 2018; Gallardo et al., 2021;
Schlegl et al., 2018; Schmidt-Erfurth et al., 2022). Similar to the
development applied to the analysis of fundus photographs, a move from
analysing OCT data from randomised trials to real-world clinical data is
also afoot.

One of the first of these algorithms that has been approved for
clinical use by the European Marking medical device regulation (MRD-
CE) is the Vienna fluid monitor (information available at https://retin
sight.com). This algorithm works with routinely acquired OCT images
to detect fluid in various compartments (Schmidt-Erfurth et al., 2022).
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As our knowledge of treating diseases such as macular degeneration
quickly evolves, and it becomes evident that fluid in different com-
partments can affect visual acuity outcomes depending on their location,
it may become even more necessary to have automated tools that sup-
port decision-making and help to identify changes in the retinal struc-
ture. Other companies such as Notal Vision (Tel Aviv, Israel; information
available at https://notalvision.com) or RetinAl (Bern, Switzerland;
information available at https://www.retinai.com) provide algorithms
that also detect changes in retinal structure and can be used to alert or
inform doctors and patients automatically. RetinAl received FDA
clearance in May 2022 for their RetinAl Discovery product. However,
practicality, technology effectiveness, and disease-specific algorithms
still need assessment. Validation in real-world settings is crucial to avoid
missing sight-threatening conditions. Legal, privacy, and data protection
issues may pose challenges in implementing these algorithms in routine
clinical practice.

In summary, Al holds promise for enhancing patient care, but chal-
lenges remain in ensuring real-world applicability and addressing legal
and privacy concerns.

4.4. Conclusion

RWE has provided valuable insights into the optimal management of
DMO. One key insight from RWD was the effectiveness and safety of key
intravitreal drugs, such as VEGF inhibitors and steroids, in routine
clinical practice for the treatment of DMO. Even if treatment outcomes
have significantly improved with time related to better knowledge and
change in practice patterns, a ceiling effect appears to have been reached
in what can be achieved in terms of effectiveness using approved ther-
apy for DMO in the real world, which remains inferior to RCTs. Real-
world settings may have more variability in how the treatment is
administered, leading to poorer results since sicker patients with more
comorbidities may not receive the same amount of treatment and
monitoring as those in clinical trials. RWE reported that treating earlier
(when VA decreases below 80 logMAR letters or 8/10 Monoyer chart or
20/25 Snellen chart) and intensive and personalised dosing, such as
T&E, can refine long-term outcomes in DMO, while decreasing the
burden for patients and improving compliance by optimizing the num-
ber of injections and visits. Novel target therapeutics or promising new
longer-acting drug agents or devices are under investigation, such as the
port delivery system, or have been recently approved for DMO, such as
brolucizumab, faricimab or high-dose aflibercept, with effectiveness
that is non-inferior to conventional, approved treatment with longer
intervals between injections as well as more effective drying of retinal
fluid. Their introduction in our daily practice may address some of the
unmet need in managing our patients with poorly responsive DMO.
RWD will confirm not only whether they are effective in daily practice,
but also provide valuable safety data since registrational trials are not
sufficiently powered enough to detect rare ocular adverse events.
Finally, RWD analysis will benefit from new powerful technologies, such
as Al, big data and software that supports dataset linkage, which will
enhance the ability to analyse RWD to aid diagnosis, treatment decisions
and provide prognostic information to further improve the management
of DME.
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