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Abstract: Diabetic macular edema (DME) is a common complication of diabetes mellitus and a
leading cause of visual impairment worldwide. It is defined as the diabetes-related accumulation
of fluid, proteins, and lipids, with retinal thickening, within the macular area. DME affects a
significant proportion of individuals with diabetes, with the prevalence increasing with disease
duration and severity. It is estimated that approximately 25-30% of diabetic patients will develop
DME during their lifetime. Poor glycemic control, hypertension, hyperlipidemia, diabetes duration,
and genetic predisposition are recognized as risk factors for the development and progression of DME.
Although the exact pathophysiology is still not completely understood, it has been demonstrated that
chronic hyperglycemia triggers a cascade of biochemical processes, including increased oxidative
stress, inflammation, activation of vascular endothelial growth factor (VEGF), cellular dysfunction,
and apoptosis, with breakdown of the blood-retinal barriers and fluid accumulation within the
macular area. Early diagnosis and appropriate management of DME are crucial for improving visual
outcomes. Although the control of systemic risk factors still remains the most important strategy
in DME treatment, intravitreal pharmacotherapy with anti-VEGF molecules or steroids is currently
considered the first-line approach in DME patients, whereas macular laser photocoagulation and
pars plana vitrectomy may be useful in selected cases. Available intravitreal steroids, including
triamcinolone acetonide injections and dexamethasone and fluocinolone acetonide implants, exert
their therapeutic effect by reducing inflammation, inhibiting VEGF expression, stabilizing the blood-
retinal barrier and thus reducing vascular permeability. They have been demonstrated to be effective
in reducing macular edema and improving visual outcomes in DME patients but are associated
with a high risk of intraocular pressure elevation and cataract development, so their use requires
an accurate patient selection. This manuscript aims to provide a comprehensive overview of the
pathology, epidemiology, risk factors, physiopathology, clinical features, treatment mechanisms of
actions, treatment options, prognosis, and ongoing clinical studies related to the treatment of DME,
with particular consideration of intravitreal steroids therapy.

Keywords: diabetic macular edema; diabetic retinopathy; vascular endothelial growth factor (VEGF);
intravitreal anti-VEGF; intravitreal corticosteroids; triamcinolone acetonide; dexamethasone;
fluocinolone acetonide

1. Introduction

Diabetes mellitus (DM) is a chronic metabolic disease characterized by prolonged pe-
riods of hyperglycemia [1]. It represents a worldwide pandemic, with increasing incidence
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due to increased obesity and life expectancy [2]. DM represents the major cause of car-
diac infarction, stroke, kidney failure, and blindness, causing high pressure on healthcare,
economic, and government systems [3].

Diabetic macular edema (DME), affecting approximately 5-10% of DM patients [4], is
the most important cause of vision loss in diabetes mellitus and represents the major cause
of impaired vision and blindness in working-age adults in developed countries [5,6].

The pathogenesis of DME is not yet completely understood. It is thought that chronic
hyperglycemia may trigger a cascade of biochemical processes, including increased oxida-
tive stress, retinal ischemia /hypoxia, inflammation, breakdown of the blood-retinal barriers
(BRBs), with accumulation of fluid inside the retina, and ultimate neurodegeneration [7-12].

Although systemic metabolic control represents the most important strategy in DME
management, several different ophthalmological therapeutic approaches are now avail-
able, including macular laser photocoagulation, pharmacotherapy with intravitreal (IV)
anti-vascular endothelial growth factor (VEGF) and corticosteroids (CSs), and pars plana
vitrectomy (PPV) [13-19].

Intravitreal CSs represent a rational therapeutic option in DME, acting by reducing
inflammation, stabilizing the BRBs, and reducing vascular permeability [20,21]. Triamci-
nolone acetonide (TA) IV injections and dexamethasone (DEX) and fluocinolone acetonide
(FAc) IV sustained implants are the CSs most commonly used in DME management and
have shown efficacy in reducing macular edema and improving visual outcomes in DME
eyes [20,21]. However, their possible ocular side effects, in particular, the intraocular
pressure (IOP) elevation and cataract development, require an extremely accurate patient
selection and follow-up [20,21].

The treatment of DME with intravitreal steroids presents several clinical challenges
that healthcare professionals must consider. While intravitreal steroids have shown efficacy
in reducing inflammation and improving visual outcomes in patients with DME, there are
concerns related to their potential side effects. One significant challenge lies in balancing
the therapeutic benefits of intravitreal steroids with the associated risks, such as increased
intraocular pressure (IOP) and the development of cataracts. Managing and monitoring IOP
becomes crucial during the course of treatment, as elevated pressure may lead to glaucoma
and further compromise vision. Additionally, the duration of efficacy and the need for
repeated injections pose logistical challenges for both patients and healthcare providers.
Moreover, individual patient responses to intravitreal steroids can vary, necessitating
careful consideration of factors such as pre-existing conditions, the severity of DME, and
the overall ocular health of the patient.

The clinical course and the prognosis of the DME are extremely variable, mainly
depending on the metabolic control of the hyperglycemia, hyperlipidemia, and systemic
hypertension. The response to the different therapeutic options, including the intravitreal
steroids, is also highly different amongst different patients. The present manuscript aims to
provide a comprehensive overview of the epidemiology, pathophysiology, diagnostic tools,
treatment options, prognosis, and ongoing clinical studies related to the treatment of DME,
with particular regard to IV therapy with steroids.

2. Methodology

The inclusion criteria limited articles to publications involving the use of intravitreal
steroids in diabetic macula edema. The year of publication of articles was set to be a
maximum of 5 years before writing this paper (2018). PubMed keywords were “diabetic
macular edema intravitreal steroid”. Filters were further applied to sift out only articles
with free full text, in the English language, and published between 2018 to 2023.

The search strategy was ((“diabetes”[All Fields] OR “diabetes mellitus”[MeSH Terms]
OR (“diabetes”[All Fields] AND “mellitus”[All Fields]) OR “diabetes mellitus”[All Fields]
OR “diabetes”[All Fields] OR “diabetes insipidus”[MeSH Terms] OR (“diabetes”[All Fields]
AND “insipidus”[All Fields]) OR “diabetes insipidus”[All Fields] OR “diabetic”[All Fields]
OR “diabetics”[All Fields] OR “diabetes”[All Fields]) AND (“macular edema”[MeSH
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Terms] OR (“macular”[All Fields] AND “edema”[All Fields]) OR “macular edema”[All
Fields]) AND (“intravitreal "[All Fields] OR “intravitreal "[All Fields] OR “intravitreally”[All
Fields] OR “intravitreous”[All Fields] OR “intravitreously”[All Fields]) AND (“steroidal"[All
Fields] OR “steroidals”[All Fields] OR “steroidic”[All Fields] OR “steroids”[MeSH Terms]
OR “steroids”[All Fields] OR “steroid”[All Fields])) AND ((ffrft[Filter]) AND (english[Filter])
AND (2018:2023[pdat])). A PRISMA [22] flowchart is included in Appendix A.

3. Diabetic Macular Edema
3.1. Definition and Clinical Features of the Diabetic Macular Edema (DME)

DME is defined as the DM-related accumulation of fluid, proteins, and lipids, with
retinal thickening, within the macular area [5,6]

The fluid can be localized inside the retinal parenchyma (intraretinal fluid or IRF),
mainly in the extracellular space of the inner nuclear, outer plexiform, and outer nuclear
layers; or under the retina, between the neurosensory retina and the retinal pigment
epithelium (RPE) (subretinal fluid or SRF).

DME may be focal, due to the leakage from dilated capillaries or microaneurisms, i.e.,
localized saccular outpouchings of the retinal capillary wall, or diffuse, i.e., related to an
overall capillary hyper-permeability.

The term Clinically Significant Macula Edema (CSME), developed by the Early Treat-
ment of Diabetic Retinopathy Study (ETDRS) [23], was defined on the basis of the slit lamp
examination as follows:

- retinal thickening with 500 um of the center of the macula;

- hard exudates within 500 pm of the center of the macula when associated with adjacent
retina thickening;

- retinal thickening of 1 disc area in size, any part of which is located within 1 disc area
of the center of the macula.

The term subclinical DME is used to define eyes with not clinically detectable DME but
leakage or retinal macular thickening visible only with retinal imaging techniques or eyes
in which the severity of DME does not reach the definition of CSME or CIDME [5,6]. DR
involving the macula, named diabetic maculopathy, can be divided into an ischemic form,
due to perifoveal capillary closure, or an exudative or edematous one, with the presence
of DME.

DME can develop at any stage of DR; it typically occurs in mild-to-moderate non-
proliferative DR [5,6]. The visual impairment related to DME has been demonstrated to
be significantly linked to the edema duration and to the presence of macular ischemia,
but not to the fluid amount and macular thickening [5,6]. Other DME symptoms include
floaters, reduced contrast sensitivity, photophobia, changes in color vision, and scotomas,
i.e., localized defects of the visual field [5,6].

3.2. Epidemiology and Natural History of DME

The prevalence of DR and DME is increasing worldwide due to the global epidemic of
type 2 DM and the increased life expectancy, and they have been calculated to affect 35%
and 7.5% of diabetic patients aged between 20 and 79 years, respectively [4].

Although there is no gender predilection, the prevalence of DME varies amongst
ethnic groups, with the highest prevalence in Blacks and the lowest in Asians, and shows
significant differences amongst the different countries, being the highest in North America;
moreover, it appears significantly greater in subjects with type 1 DM and directly related to
disease duration [4-6].

The Wisconsin Epidemiologic Study of Diabetic Retinopathy found that 20-25% of
diabetic patients will develop a DME within 10 years after diagnosis, rising up to 30% after
20-25 years of disease duration [24].

The presence of DME also has systemic implications: it has been suggested that DM
increases the risk of stroke, myocardial infarction, and cardiovascular mortality by 2- to
4-fold as compared to healthy subjects and that the presence of DME increases the risk of
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arterial thromboembolic events (ATEs) by 2-fold as compared to diabetic patients without
DME [25]. Thirty percent (30%) of eyes with subclinical DME have been demonstrated to
progress to CSME over a median follow-up of 14 months [5,6].

The ETDRS study was a multicenter RCT that included 3711 DM patients and was
designed to assess whether argon laser photocoagulation can reduce the risk of visual loss
in patients with DR. The study showed that, over 3 years of follow-up, untreated DME
eyes with BCVA < 5/10 showed a VA gain of >6 letters in 20-25% of cases and a VA loss
of >15 letters in 25% of cases. VA loss rate was inversely related to the baseline VA and
directly related to the DR severity [23].

The Diabetic Retinopathy Clinical Research. Network (DRCR.net) Protocol V, a large
randomized controlled trial (RCT) that enrolled eyes with CIDME and preserved BCVA
(>20/32), found no significant differences in vision loss between prompt anti-VEGEF, laser
therapy, or observation at 2-year follow-up, with 30% of eyes showing a spontaneous
resolution of CIDME by 2 years [26].

DME-related visual dysfunction may be reversible in the short term if adequately
treated, even with metabolic control alone, but long-standing DME may induce irreversible
retinal damage, with neuronal and RPE alterations and sub-retinal fibrosis, resulting in
permanent visual loss [27]. However, the presence of an associated ischemic diabetic
maculopathy represents a negative predictive factor for spontaneous visual recovery and
response to therapies [5,6].

3.3. Diagnosis

DME diagnosis is made by finding an ME due to DM on the fundus examination.
Diagnostic methods useful for DME diagnosis include the following:

a  Stereoscopic slit-lamp examination of the fundus using a Volk fundus lens: This is
the most used method of diagnosing DME worldwide.

b  Color and stereo fundus photographs: These may be used to document clinical
findings to stage DR and DME and identify their progression by comparing
images longitudinally.

¢ Fluorescein angiography (FA): Before the introduction of the OCT, FA has been the
only method to assess and classify DME for several years [28]. FA retains fundamental
importance in DME evaluation because it is the only imaging method able to detect
vascular leakage and identify non-perfused areas and neovascularization in the retinal
periphery [28], whose identification is mandatory to classify the DR severity and guide
the treatment [4]. Non-perfused peripheral areas may indeed release inflammatory
mediators that can sustain and explain a persistent DME, and the laser ablation of
these ischemic areas may improve the central retinal morphology and function [29].

As stated by the European Society of Retina Specialists (EURETINA) guidelines
published in 2017, FA remains the gold standard in assessing DME prior to any treatment
to exactly stage DR and DME and should be repeated in the event of non-responsiveness to
therapy [14].

d  Optical Coherence Tomography (OCT): This non-invasive, highly reproducible imag-
ing method represents the new gold standard in DME diagnosis and follow-up [28,30],
and the current guidelines suggest that OCT should be routinely used in the clinical
evaluation of all DR patients [14].

DME is diagnosed on OCT as intra-retinal and/or sub-retinal hypo-reflective spaces. A
central retinal thickness (CRT) > 250 pm in combination with retinal thickening is generally
considered to be macular edema [30]. A recent systematic review and meta-analysis
reported that the overall worldwide prevalence of DME diagnosed using OCT is 5.5% [31].
In about 44% of cases, DME is visible on FA or on OCT but not on both [28].

Moreover, previous studies have identified OCT morphologic biomarkers that have
shown prognostic value for visual function recovery and could guide the choice of the
different therapeutic options [32]. OCT variables, which are highly inversely related to
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DME eyes’ visual function and represent prognostic indicators of poor treatment response,
include the following: disorganization of the inner retinal layers (DRIL), alterations of
the inner and outer photoreceptor segment lines, alteration of the internal and external
limiting membranes, presence of exudates, and hyper-reflective foci [32]. The parameters
“CRT” and “central subfoveal thickness (CST)” are poorly associated with baseline BCVA or
with VA change after therapy, and the correlation decreases with increasing DME duration
and the presence of ischemia [32]. Considering that VA measurements can have low
reproducibility, they remain the gold standard in evaluating the efficacy of the different
treatment approaches [14,16,17]

e  OCT angiography (OCT-A): This provides high-reproducible and high-resolution
images of the retinal vasculature, segmented in the different retinal layers that cannot
be individually visualized on FA, without intravascular dye injection. OCT-A is
able to show modification of the foveal avascular zone dimension, identify areas of
capillary non-perfusion, and image the deep capillary plexus, which is not visible
on FA, allowing a more accurate DR classification and providing useful data of the
response to the different therapies [33].

The differential diagnosis of DME includes all other causes of ME [34], including the
following: intraocular surgery, venous occlusive diseases, posterior segment inflammatory
diseases, intraocular tumors, use of local or systemic drugs, etc. An accurate anamnesis
and the presence of other clinical features of DR are of fundamental importance for a
correct diagnosis.

3.4. Pathophysiology of DME as Rationale for Different Therapeutic Strategies

The pathophysiology of DME is highly complex and still not completely understood.

The metabolic and oxidative stress caused by chronic hyperglycemia in vitreous, retinal, and

choroidal cells is thought to induce four main mechanisms leading to DME development

and progression [7-12]:

a  Retinal ischemia/hypoxia: This is considered to be the primum movens in DME
pathogenesis. It is related to the retinal capillary and arterioles closure due to the
pathological adhesion of altered leucocytes to a damaged vascular endothelium. This
phenomenon, called leukostasis, seems to play an early and fundamental role in
diabetic micro-vasculopathy development [8]. The most important consequence of
retinal ischemia/hypoxia seems to be the up-regulation of many pro-inflammatory
molecules [7], including the VEGF, which is considered to be the single most important
mediator in DME pathogenesis [10,12]. VEGF causes inner BRB breakdown with
consequent vascular hyper-permeability; it acts as a potent pro-inflammatory agent
and may induce retinal neovascularization, it being a potent mitogen of the vascular
endothelial cells [35].

b  Inner and outer blood-retinal barriers (BRBs) breakdown: In DME eyes, the long-
standing hyperglycemia causes increased apoptosis of pericytes, vascular endothelial
cells, EPR, and Mueller glial cells, along with diffuse damage of the intercellular
tight-junction. The consequences are the breakdown of both inner and outer BRBs and
the dysfunction of the active cellular transport of fluids out from the retina carried
out by Mueller glial cells and RPE. The inner BRB breakdown seems to play a major
role in DME pathogenesis [7,8].

¢ Low-grade of chronic retinal inflammation: Macular edema is considered to be the
most important clinical manifestation of retinal inflammation, and several studies have
shown that inflammatory mechanisms play a fundamental role in DME development
and progression [7-12].

Retinal cells, damaged by the long-standing hyperglycemia and by the subsequent
retinal ischemia/hypoxia, have been demonstrated to release various pro-flogistic and
pro-angiogenic mediators and activate many inflammatory and immune cells, such as
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macrophages, leucocytes, and retinal microglia. The inflammatory cascade increases
oxidative stress and cellular damage, creating a vicious circle (Table 1).

Table 1. Inflammatory mediators involved in DME pathogenesis.

vascular endothelial growth factor (VEGF)-A

angiopoietin-2 (Ang-2)

tumor necrosis factor (TNF)-«

placental growth factor (PGF)

hepatocyte growth factor (HGF)

insulin-like growth factor (IGF)

platelet activation factor (PAF)
interleukines (IL) IL-1, IL-6, IL-8

reactive oxygen species (ROS)
nitric oxide (NO)
protein kinase C (PKC)

advanced glycation products (AGEs)

monocyte chemoattractant protein-1 (MCP-1)

nitric oxide synthase (iNOS)

matrix metalloproteinases (MMPs)

intercellular adhesion molecule-1 (ICAM-1)
kallikrein-kinins (KKs)

chemokines

prostaglandins

leukotrienes

histamine

complement factors

activated retinal microglia

activated macrophages, lymphocytes, and neutrophyles

Aqueous, vitreous, and retinal concentrations of the inflammatory mediators involved
in DME pathogenesis have been demonstrated to correlate with DME severity, amount of
leakage on FA, and CRT measured by OCT [32].

These data suggest that, although VEGF seems to be the central player in DME
pathogenesis [10,12], several other VEGF-independent retinal inflammatory pathways are
up-regulated and likely exert an important role [7-12].

d  Increased retinal neurons degeneration and apoptosis: This has been demonstrated
to occur early in DME eyes and to be independent of the microvascular alterations [36].
Several pieces of evidence suggest that retinal neurodegeneration may be a conse-
quence of different factors, including chronic low-grade retinal inflammation, micro-
environment alterations, glutamate accumulation, and oxidative stress. The damage
and apoptosis of the retinal neurons cause a reduced retinal function and, if left
untreated, will result in permanent visual loss [36].

3.5. Therapeutic Approaches in the Management of DME

The treatment of DME represents a clinical challenge. Although the control of systemic
risk factors represents the most important strategy in DME management, several other
specific therapeutic options are now available [13-19]: macular laser photocoagulation;
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pars plana vitrectomy; and IV pharmacotherapy with anti-VEGF agents or corticosteroids,
which is currently considered as the first-line approach in DME management [37,38].

The therapy of DME should be personalized to each patient based on the evaluation of
several factors, including DME localization (CIDME or non-CIDME), severity (CIDME with
or without visual loss), DME type and duration, FA, OCT, and OCT-A features, responsive-
ness to previous treatments, associated general and ophthalmological comorbidities, and
patient compliance.

Considering that the final BCVA in DME-treated eyes appears directly related to the
baseline BCVA [39], early diagnosis and timely treatment have been shown to be crucial for
correct DME management.

The current guidelines for the treatment of DME can be summarized as follows [13-19]:

- Non-center involving DME (non-CIDME): As suggested by the ETDRS trial [23], the
management approaches may include observation until the fluid involves the fovea
or laser therapy in the presence of a considerable amount of edema/exudates located
far from the fovea, i.e., >500 um from the foveal avascular zone.

- Center-involving macular edema (CIDME) with preserved VA (VA > 20/32): CIDME
eyes with preserved vision are treated on the basis of the results of the DRCR.net Pro-
tocol V, an RCT that randomized eyes with CIDME and VA > 20/25 to receive either
prompt anti-VEGF, prompt macular laser or observation, and did not find differences
amongst the three groups [26]. In these cases, observation, focal macular laser, IV
injections of anti-VEGF or CSs, or a combination of these options are suggested.

- Center-involving macular edema (CIDME) with visual loss (VA < 20/32): CIDME
eyes with visual loss were eligible for several RCTs that have demonstrated that the IV
injections of anti-VEGF or CSs are significantly more effective than observation or laser
for DME treatment, leading to the approval of the currently used IV pharmaceutic
agents [40-43].

The current guidelines consider IV pharmacotherapies with anti-VEGF and/or CSs as

the gold standard of the treatment of CIDME with visual loss [13-19].

3.6. The Role of Metabolic Control, Laser Photocoagulation, Pars Plana Vitrectomy, and

Intravitreal Anti-VEGF in DME Management

a  Metabolic control: The most important strategy for the prevention and treatment of
DR and DME remains the control of the systemic risk factors favoring DME devel-
opment and progression, including hyperglycemia, hyperlipidemia, systemic hyper-
tension, anemia, and other hematological disorders, renal failure, sleep apnea, and
carotid artery stenosis [4].

The Diabetes Control and Complications Trial [44] and the United Kingdom Prospec-
tive Diabetes Study [45] have demonstrated that an accurate control of glycemic levels
(HbAlc < 7), blood pressure, and serum lipids is able to reduce the cumulative incidence
of DME and the need of laser treatment in diabetic patients.

The optimization of the systemic factors control may require a multidisciplinary team
involving ophthalmologists, endocrinologists, and internal medicine specialists.

b  Laser photocoagulation: Focal photocoagulation of the leaking microaneurisms or
grid laser photocoagulation of areas with diffuse leakage of the capillary bed has rep-
resented the gold standard in DME treatment from the mid-1980s for approximately
30 years [23] until the introduction of the intravitreal anti-VEGF therapy [41,43]. The
mechanism of action of laser photocoagulation in the treatment of DME has not been
fully elucidated. Focal photocoagulation laser likely works by destroying the sources
of fluid leakage such as microaneurisms, but it probably may also improve the cy-
tokine release from the RPE or Mueller cells and the RPE active pump of fluid toward
the choroid. The grid laser increases the oxygenation of the inner retina by both
decreasing the number of photoreceptors that are oxygen-consuming and favoring
the diffusion of oxygen from the choroid to the inner retina.
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The efficacy of the focal/grid laser for DME treatment has been validated by the ETDRS
study in the 1980s [23] and by the DRCR.net Protocol B [46], which demonstrated that
CSME eyes treated with focal/grid laser photocoagulation had reduced risk of moderate
visual loss in 50% of cases as compared with the disease natural history.

Laser photocoagulation for CIDME management had several limitations: it did not
specifically address the underlying causes of DME; it was associated with limited or
no visual function improvements; and it showed that potential side effects may cause
irreversible retina damage, including central or paracentral scotomas, subretinal fibrosis,
and secondary choroidal neovascularization [23,46].

Aiming to decrease the thermal destructive effect on RPE and photoreceptors related
to the conventional lasers, subthreshold micropulse grid laser (yellow or infrared) has been
recently proposed as an alternative or adjuvant for DME treatment [47,48]. This treatment
option, which likely acts by improving the RPE function and normalizing the retinal inflam-
matory pathways, has shown a high safety profile and efficacy comparable to conventional
lasers. No standardized treatment parameters are available, the response to treatment is very
slow, and several treatments are necessary to achieve DME elimination [14,15].

Conventional and subthreshold micropulse lasers are actually considered as a second-
line or adjunctive treatment in selected DME eyes and are mostly used in cases of non-
CIDME [13-19].

Laser therapy, however, has a longer duration than IV pharmacotherapies. It can be
particularly useful in developing countries, where access to IV drugs is limited, or when IV
pharmacotherapies are contraindicated, such as during pregnancy or breastfeeding [13-19].

¢ Pars plana vitrectomy (PPV): Although still controversial, the vitreomacular traction
seems to be a relevant factor in the development and maintenance of DME [10]. Ani-
mal and clinical studies have suggested that PPV may work by reducing vitreoretinal
tractions, increasing vitreal and retinal oxygenation, and cleaning the vitreous from
inflammatory mediators including VEGEF, representing, therefore, a rational approach
in DME eyes [49,50].

PPV can be considered in cases of DME associated with vitreomacular traction, epireti-
nal membranes, or the presence of proliferative diabetic retinopathy (PDR) with macular
traction. Although previous authors have demonstrated the efficacy of the PPV in terms
of VA gain in DME eyes with vitreomacular traction, the peeling of epiretinal or internal
limiting membranes has provided structural improvements in the absence of significant
VA gain [49,50]. Therefore, the advantages of PPV in DME patients without vitreomacular
traction remain uncertain and should be considered only in cases when the response to IV
anti-VEGEF or steroids is unsatisfactory [13-19].

d Intravitreal anti-VEGEF: The IV injections of anti-VEGF are currently considered as
the first-line treatment of CIDME [13-19].

The introduction of the anti-VEGF in the 2000s has indeed changed the treatment
paradigm because, as compared to laser photocoagulation, the intravitreal anti-VEGF
therapy was not only able to reduce the risk of vision loss but also to increase visual
acuity [41,43], an outcome uncommonly seen after laser therapy [23,46].

VEGEF has been demonstrated to be the most important single factor responsible for
DME pathogenesis, and its intraocular concentration has been found to correlate to DME
severity [7,10,12], which provides a rationale for the use of the anti-VEGF in DME manage-
ment. Anti-VEGEF is indeed able to antagonize the VEGEF, reducing vasodilation, vascular
hyper-permeability, retinal edema, and neovascularization induced by the VEGF [51].

Several anti-VEGF molecules with different weights, structures, binding affinities, and
targeted VEGF isoforms, are currently available for DME treatment, including the following:
- Bevacizumab (Avastin, Genentech Inc., San Francisco, CA, USA) [52]: This is a full-

length recombinant humanized monoclonal antibody binding the VEGE-A, approved

for the treatment of several tumors, including metastatic colon, rectum, or breast
cancer, that is used off-label in ophthalmology.
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- Ranibizumab (Lucentis, Novartis, Basel, Switzerland) [41,53]: This is a recombinant
humanized monoclonal antibody fragment that binds VEGF-A. It was the first anti-
VEGEF approved in 2012 for the treatment of DME.

- Aflibercept (Eylea, Bayer, Leverkusen, Germany) [43,54]: This is a fusion protein that
binds and inhibits all VEGF-A, VEGEF-B, and PIGF isoforms. Aflibercept comes in
2 mg- and 8 mg-formulations.

- Brolucizumab (Beovue, Novartis): This is a new VEGF-A antagonist with a smaller
molecular weight and a longer duration of action [55].

- Faricimab (Vabysmo, Genentech/Roche): This is a new monoclonal antibody targeting
both VEGF and Angiopoietin-2 [56].

Multicenter RCTs have demonstrated that IV anti-VEGF therapy is superior over no
treatment, placebo treatment, or laser photocoagulation in the management of CIDME,
with visual loss, with an acceptable safety profile [41,43,53,54]. Anti-VEGF agents have
been demonstrated to provide BCVA improvements of > 3 Snellen lines in approximately
30-40% of cases [57], usually developing with the first 3-6 monthly injections [58].

IV anti-VEGF drugs have several drawbacks:

- In total, 40-65% of patients show persistent DME despite regular IV injections of
anti-VEGF [53,59-61], suggesting that other factors beyond VEGF might play a role in
the pathogenesis of DME.

- Anti-VEGEF 1V injections are characterized by short durations of action, with high
rates of DME recurrence and pronounced CRT fluctuations [41,43,51,53,54,59-61],
that have been demonstrated to be risk factors for irreversible retinal damage and
visual loss [62,63]. Moreover, the need for frequent repeated 1V injections leads to
patients’ fatigue and lack of adherence; high costs for the public health service; and
increased risk of side effects related to the intravitreal injections, such as infectious
endophthalmitis, intraocular inflammation, iatrogen cataract, vitreal, and retinal
hemorrhages [64].

- Anti-VEGEF therapy has been associated with several systemic side effects, including
deterioration of systemic hypertension, kidney disease, gastrointestinal perforation,
stroke, and myocardial infarction [57,65,66].

- Anti-VEGF agents have been linked with the risk of persistent IOP rise requiring
IOP-lowering treatment (5-10% of cases); with cataract development (0-15% of cases);
and with the decrease of retinal ganglion cells layer thickness, which seems directly
related with the number of IV anti-VEGEF injections [66].

4. Corticosteroids for the Management of DME
4.1. The Corticosteroids

a Definition

Corticosteroids (CSs) are a group of hormones produced by the adrenal cortex; they are
classified into glucocorticoids, including cortisol and cortisone, that regulate the metabolism
of carbohydrates, proteins, and lipids and mineralocorticoids, such as aldosterone, that
control salt and water balance in the body [67,68].

b  History of the CSs’ pharmacological use

The idea to use glucocorticoids to treat inflammatory diseases dates back to 1948 and
was related to the observation that rheumatoid arthritis had a tendency to improve during
pregnancy and in patients affected by jaundice, with both conditions being characterized
by high glucocorticoid levels [67,68]. After that, CSs were used to treat several different
inflammatory diseases, and ophthalmologists introduced their use to treat uveitis in the
early 1950s [67,68]. During the last 70 years, several new steroids have been synthesized
and released for therapeutic use. The first treatment of DME with CSs was published in
2001 [69].
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¢ Biological effects

CSs have extremely complex biological effects that involve the regulation of multiple
genes. Both endogenous and synthetic steroids bind specific glucocorticoid receptors and
regulate the expression of approximately 10-20% of the human genome in almost all cell
types, resulting in glucose metabolism, growth, development, survival, and inflammation
control [67,68]. Different steroid molecules differ in molecular weight and structure, recep-
tor binding affinity, and gene modulation pattern profile. Their biological properties and
side effects vary in different cells and different subjects depending on many variables that
may explain the resistance or hypersensitivity to steroids, including receptor expression, re-
ceptor polymorphisms, sex, and disease variables, such as the glycemic status, and therapy
duration [67,68].

d  Therapeutic effects

Corticosteroids are commonly prescribed with a variety of indications due to their
wide range of effects on the human body [67,68]. Because of their anti-inflammatory and
immune-suppressive effects, CSs are used to treat many inflammatory, allergic, and au-
toimmune diseases, including asthma, allergic rhinitis, hay fever, urticaria, atopic eczema,
chronic obstructive pulmonary disease, rheumatoid arthritis, lupus, Crohn’s disease, ulcer-
ative colitis, giant cell arteritis, polymyalgia rheumatic, multiple sclerosis, inflamed joints,
muscles and tendons, non-infective uveitis, etc. [67,68].

e Side effects

Steroids have many side effects targeting different tissues and organs, including
hypertension, dyslipidemia, glucose intolerance and diabetes mellitus, obesity, hirsutism,
gastrointestinal irritation, peptic ulcer, osteoporosis, delayed wound healing, increased risk
of infections, virus reactivation, fluid retention, growth retardation, hypothalamic-pituitary
axis suppression, mood disturbance, depression, insomnia, psychosis, etc. [67,68]. The CSs’
side effects on the eye include mainly ocular hypertension (OHT), glaucoma and cataract
development, and, less frequently, central serous chorioretinopathy (CSCR) and infections
reactivation [70-75].

- Steroid-induced OHT and steroid-induced glaucoma (SIG) are the most frequent and
dangerous side effects of the systemic and, most frequently, local use of CSs [74].
Subjects who respond to treatment with glucocorticoids with an IOP rise are referred
to as “steroid-responders”, whose definition is not univocal and may include the
following cases: IOP increase of >5 mmHg or >10 mmHg from baseline or IOP > 21 o
24 mmHg [74]. SIG can be considered to be a dangerous form of secondary open-angle
glaucoma because it is frequently diagnosed late and is characterized by IOP levels
that can be particularly high and lead to significant optic disc and perimetric damages
within a short time [74].

The pathogenesis of the steroid-induced OHT and SIG is still unclear. It has been
demonstrated that steroids regulate the expression of several genes at the level of the
trabecular meshwork and can cause an increased aqueous humor outflow resistance by
both increasing deposition of extracellular matrix proteins as well as inducing trabecular
meshwork cell dysfunction [74].

The prevalence of the steroid-induced OHT and SIG is variable. Considering a normal
population, approximately 61-63% can be classified as non-responders, showing an IOP
rise of <5 mmHg; 33% are low-moderate responders, with an IOP elevation ranging from 6
to 15 mmHg; and 4-6% are high responders, with an IOP increase of >15 mmHg [76]. On
the other hand, amongst glaucomatous patients, 46-92% show a significant IOP rise after
topical steroid administration [76].

Risk factors for the development of steroid-induced OHT and SIG are as follows:
individual susceptibility, likely related to different isoforms of the glucocorticoids receptors;
older and younger age, especially children younger than 6 years; glaucomatous patients
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and first-degree relatives of glaucomatous patients; connective tissue diseases; and high
myopia, DM type I [74].

Steroid-induced OHT is usually reversible by the interruption of CS therapy, with IOP
usually returning to normal levels in 2—4 weeks after discontinuing the steroids [74].

- Steroid-induced cataract: Prolonged use of high doses of CSs, especially if systemically
administered, is a significant risk factor for the development of bilateral posterior
subcapsular cataracts, with a higher incidence in children and susceptible subjects [73].
CSs are the fourth leading risk factor for cataract development, following diabetes,
myopia, and glaucoma, and it has been calculated that approximately 4.7% of all
cataracts are steroid-induced [73].

The mechanisms underlying lens opacification, also when associated with CS-therapy,
are still unknown. It is supposed that the steroid-induced reduction of the VEGF and other
growth factors in the aqueous humor may prevent the normal differentiation of the lens
epithelial cells into fiber cells. The undifferentiated lens epithelial cells migrate along the
capsule until reaching the posterior pole, where they form an irregular aggregate of cells
that scatter light [73]:

- Because of their immunosuppressive effect, steroids may favor opportunistic bacterial,
viral, and fungal ocular infections that are most often associated with the topical use
of CSs [70,75].

- Central serous chorioretinopathy (CSCR) development or recurrence: CSCR is an
idiopathic retinal disease characterized by leakage of fluid through the RPE into the
subretinal space, with serous detachments of the neurosensory retina and RPE, leading
to central vision loss and metamorphopsia. Although still debated, the association
between CRSC and CSs has been widely reported [71,72]. The proposed pathogenic
mechanisms are a steroid-induced RPE active fluid pump impairment and an increase
in the choroidal vessel permeability [71,72].

f  The rationale of the use of steroids in the pharmacological approach to DME

CSs have gained great interest in DME management over the last years, and the
rationale for their use is clear evidence that inflammation plays a fundamental role in DME
pathogenesis and that several inflammatory pathways beyond VEGF are involved in this
process [7,10,12].

CSs represent an alternative therapeutic strategy in DME because of their multiple
anti-inflammatory and anti-angiogenic effects [20,21] (Table 2), and their use in DME may
be theoretically more rationale and comprehensive [20] than that of anti-VEGF agents that
target only a part of the inflammatory cascade [51].

Table 2. Anti-inflammatory and anti-angiogenic properties of intra-vitreal corticosteroids.

Down-regulation of VEGF-A by reducing the expression of the VEGF-A genes and by regulating
the expression of the VEGF-A receptors

Down-regulation of several other pro-inflammatory mediators, including interleukin-6,
intercellular adhesion molecule-1 (ICAM-1), P-selectine, nitric oxide (NO), prostaglandins,
and leukotrienes

Inhibition of leukostasis, with significant reduction of the neutrophil, lymphocyte, and
macrophage migration through the blood vessel walls to the inflammation tissue sites

Restoration of the structural integrity of the tight junctions of the blood-retinal barriers

Inhibition of the collagenase with reduction of the vascular permeability

Downregulation of the expression of the aquaporin-4 in the Mueller cells’ membrane, thus
reducing the intracellular edema
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Animal experiments and clinical studies on DME patients have shown that IV injec-
tions of CSs are able to reduce the aqueous and vitreal levels of several pro-inflammatory
chemokines and cytokines, including VEGF, whereas anti-VEGF agents decrease the VEGF
concentration but do not alter the levels of other inflammatory molecules [77]. These find-
ings can explain the persistence of DME despite repeated anti-VEGF IV injections [53,59-61].

4.2. Intravitreal Corticosteroids Used for the Treatment of DME

Intravitreal injection represents the most common route for the CSs” ophthalmic ad-
ministration in DME management, allowing rapid delivery of a large volume of drugs im-
mediately available to the target site and limiting possible systemic side effects. Sustained-
release CS implants have been developed in order to reduce the need for frequent IV
injections [20,21].

Intravitreal CSs used to treat DME include triamcinolone acetonide (TA), dexametha-
sone (DEX), and fluocinolone acetonide (FAc) [20,21]. These three molecules have different
receptor affinity, solubility, pharmacokinetic, and different gene regulation patterns, with
consequently different clinical effects and safety characteristics [20,21].

a  Tiamcinolone acetonide (TA) [46]: This is commercially available as Kenalog-40
(Bristol-Myers Squibb, New York, NY, USA) or Tajoftal (Sooft Italia s.p.a. Montegior-
gio, Udine, Italy), which is a crystalline powder available as an injectable suspension
containing 40 mg/mL TA in isotonic saline solution and is delivered using a 30-gauge
needle. TA is not approved for intraocular use, but it is used off-label to treat vit-
reoretinal diseases in a dose ranging between 1 and 4 mg [78], with functional and
anatomical efficacy within 3—6 months post-injection [79]. Two other administration
routes of TA tested in DME eyes, the posterior sub-tenon injection of 20 or 40 mg of
TA [80] and the suprachoroidal injection of 2 or 4 mg of TA [81], have shown results
comparable to those obtained with the IV TA injections, with less side effects. There is
a preservative-free TA approved for intraocular use, though it is not for DME per se
and not easily available, Triesence (Alcon Pharmaceuticals, Ft. Worth, TX, USA).

b  Dexamethasone (DEX) [42]: This is commercially available as a sustained-release
biodegradable insert, the Ozurdex intravitreal implant (Allergan, Dublin, Ireland),
which is a cylindrical tube (6 mm x 0.46 mm) composed of polylactic-co-glycolic
acid polymers containing 0.7 mg of DEX, degrading into carbon dioxide and water as
DEX is released into the vitreous body [82]. Ozurdex is delivered into the vitreous
cavity using a single-use applicator with a 22-gauge needle for IV injection, and it
was projected to endure a continuous IV release of micronized DEX over a period
of <6 months. The peak of the functional and anatomical efficacy of the Ozurdex
insert is typically reached at 2 months post-injection and has a duration of action of
approximately 6 months [82].

The 3-year, randomized, multicenter, masked, sham-controlled clinical trial MEAD
study led to the approval of the DEX 0.7 mg implant (Ozurdex) [42]. The FDA approved
the Ozurdex IV implant for the treatment of adult patients with DME in 2014; the EMA
approved Ozurdex in 2014 for the treatment of adult patients with visual impairment
due to DME, retina vein occlusion, and noninfectious posterior segment uveitis, who
are pseudophakic or who are considered insufficiently responsive or unsuitable for non-
corticosteroid therapy [14]. The official product label in Europe recommends re-treatment
of Ozurdex after approximately 6 months, and it does not recommend simultaneous
administration in both eyes.

C Fluocinolone acetonide (FAc) [40]: This is commercially available as an Muvien™ 1V
implant (Alimera Sciences Inc., Alpharetta, GA, USA), which is a sustained-release
non-biodegradable IV insert containing 0.19 mg of FAc. [luvien is a cylindrical tube
(3.5 mm x 0.37 mm) of polymer loaded with FAc that is inserted into the vitreous
cavity through a 25-gauge needle and releases 0.2 ng/day of FAc. The FAMOUS
study has demonstrated that the Iluvien IV implant is able to maintain a therapeutic
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concentration of FAc over a period of 36 months [83]. The peak of the functional
and anatomical efficacy of the [luvien IV insert has been observed between 6 and
11 months post-injection [84,85]. Being a non-biodegradable implant, floaters have
been complained about by some patients after Iluvien implant [84,85].

The Fluocinolone Acetonide in diabetic Macular Edema (FAME) study [40], a 3-year,
randomized, sham injection-controlled, double-masked, multicenter clinical trial, led to
the FDA approval, in 2014, of the FAc 0.19 mg IV implant (Mluvien™) for the treatment
of DME in patients who were previously treated with steroids and did not have a clini-
cally significant IOP elevation, excluding patients with confirmed or suspected ocular or
periocular infections, patients with glaucoma and CRD > 0.8, and patients with known
hypersensitivity to any component of the implant [14,84].

In 2014, the EMA approved the [luvien IV implant for the treatment of vision impair-
ment associated with non-infectious uveitis or chronic DME insufficiently responsive to
other available therapies [14,84].

The official product label in Europe recommends retreatment after at least 1 year and
does not recommend the simultaneous treatment of both eyes.

4.3. Pharmacology of Intravitreal Corticosteroids Used for the Treatment of DME

a  Water solubility: DEX is the one that is the most water soluble, which implies
increased bioavailability but rapid elimination. For these reasons, it is available
commercially as a sustained-release biodegradable implant [21]. Fac is 50% less water
soluble than DEX but still requires a sustained-release delivery system to maintain
an efficient IV concentration of the drug over time. TA has low water solubility,
and it is available as an IV injectable suspension [21]. Sustained IV inserts have the
advantage of reducing the frequency of IV injections, with a subsequent decrease in
complications related to repeated IV injection procedures, higher patient compliance,
and lower healthcare costs [21].

b  Intravitreal pharmacokinetics: Human studies analyzing aqueous humor samplings
have demonstrated that the 4 mg TA IV injection has a mean elimination half-time of
15.4 +1.9 days [86].

Animal studies (monkeys and rabbits) have shown that the Ozurdex IV implant has
the highest rate of drug release during the first 2 months, followed by a prolonged lower
level of release, with IV DEX levels not more detectable 6 months after the implant [82].
Moreover, DEX was detected in the plasma only in a small percentage of samples (12%) [82],
suggesting a high systemic safety profile of the Ozurdex IV insert.

Human studies have demonstrated that, after the Iluvien IV implant, FAc was de-
tectable in the aqueous humor at 36 months, and that the plasma levels of FA were always
below the limits of quantification [83].

In comparison with both IV TA injection and FAc implant, Ozurdex IV insert has been
demonstrated to provide extremely higher doses of steroids delivered into the vitreous
body and the retina during the first 2 months of therapy. Conversely, the Iluvien insert
was projected to release a sustained low concentration of steroids for a long period of time.
Studies in rabbits have calculated that the vitreous maximum concentration after the IV
injection of 4 mg TA, DEX 0.7 mg, and FAc 0.59 mg implants were 460 ng/mL, 1300 ng/mL,
and 18 ng/mL, respectively [21]. The Ozurdex implant represents, therefore, a pulse
administration of a high dose of CSs, which is a therapeutic modality successfully used to
treat important inflammatory or autoimmune diseases, such as acute optic neuritis [67,68].
Moreover, the well-known phenomenon of reduced responsiveness to steroid treatment
over time, likely related to the downregulation of the glucocorticoid receptors, is alleviated
by a pulse dosing of CSs, as provided by the Ozurdex insert [21].
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4.4. Clinical Efficacy and Safety Profile of Intravitreal Corticosteroids Used in DME Treatment

a Triamcinolone acetonide (TA)

The studies investigating the efficacy and safety of the IV triamcinolone acetonide
(IVTA) injections are summarized in Table A1.

RCTs failed to demonstrate the non-inferiority of IVTA in comparison with IV sham
injections [87], macular laser photocoagulation [46], or anti-VEGF agents [59] so TA did not
receive approval for DME treatment.

In particular, the DRCR.net Protocol B, a 3-year RCT including CIDME 840 eyes
randomized to receive IV injections of TA 1 mg or 4 mg or focal/grid laser photocoagulation,
demonstrated that IVTA was associated with lower VA gain and higher risk of IOP rise
and cataract development than laser [46].

The DRCR.net Protocol I, a 5-year RCT including CIDME 854 eyes randomized to
receive sham injection + prompt laser, 4 mg IVTA injection + prompt laser, or ranibizumab
injection + prompt or deferred laser, showed that the VA gain was significantly higher
in both ranibizumab groups (comparable between ranibizumab and TA in pseudophakic
eyes), with lower local side effects [59].

IVTA has been widely used off-label with different dosages and intervals between
administrations, showing to be an effective and relatively inexpensive method for DME
management [88].

TA intravitreal injection has shown a clear time-limited therapeutic effect, with clinical
efficacy for approximately 3 months [87-90].

The cumulative incidence of OHT after IVTA injections ranges between 13% and
50% [46,59,87-93]. The time required for the IOP elevation after a TA injection is 1-8 weeks,
IOP reaches the peak value in 2-16 weeks, remains elevated for 1-9 months, and returns to
pre-treatment values after 4-9 months [94]. The majority of cases of steroid-induced IOP
rise post-IVTA (95-97% of cases) can be managed with ocular hypotensive drugs, whereas
a minority of cases should receive glaucoma surgery [59,74,87].

The incidence of cataract extraction requirement after IVTA injections ranges between
10% and 83%, with a higher incidence in younger patients [46,59,87-93].

As compared to the anti-VEGF agents, IVTA provided lower functional results when
both phakic and pseudophakic eyes were considered [59,91-93,95], and there was similar
VA gain in pseudophakic eyes, where the confounding factor of the cataract development
is excluded [59]. The morphological outcomes were comparable or lower than those related
to the anti-VEGF agents [59,91,93,96].

The functional and anatomical outcomes of the association of IVTA with macular
laser [97] or with anti-VEGF [96,98] were comparable to those obtained with macular
laser or anti-VEGF as monotherapy and were linked to a higher risk of IOP rise and
cataract development.

In conclusion, although IVTA has shown to be effective in DME management, its short
duration of action and the high incidence of IOP elevation and cataract development, espe-
cially in younger patients, have limited its use in favor of other approved intravitreal CSs.
More recently, TA administered as supra-choroidal [81,99] and sub-tenon injections [80] in
DME eyes has shown promising although time-limited results.

b Dexamethasone

RCTs and real-life studies investigating the therapeutic and side effects of the IV
dexamethasone implant are reported in Table A2.

The registration study “MEAD” [42] was a 3-year, randomized, multicenter, masked,
sham-controlled clinical trial including 1048 CIDME eyes (25% eyes were treatment-naive)
randomized to receive 0.7 mg or 0.35 mg DEX implant or sham procedure. Re-treatment
was allowed no more often than every 6 months. The study demonstrated that both 0.7 mg
and 0.35 mg DEX implants were significantly more effective than sham in improving VA
and decreasing macular edema, although approximately 25% of eyes developed an IOP,
1.5% required glaucoma surgery, and 50-60% of phakic eyes required cataract surgery. The
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MEAD study demonstrated that the high-dose DEX insert provided the best benefit/risk
ratio and led to the approval of the DEX 0.7 mg implant (Ozurdex) [42].

Another RCT [100] and numerous real-world studies [101-104] have demonstrated
the effectiveness of the Ozurdex IV implant in DME treatment.

Published studies about Ozurdex implants having at least 24-36 months of follow-
up reported a BCVA gain ranging between +2.8 and +9.6 letters [42,103,105,106]. The
BCVA improvement was higher in pseudophakic eyes, where the confounding factor
of the cataract development could be excluded [42,107,108]. The long-term functional
response to Ozurdex seems to be predictable on the basis of the BCVA gain at 3 months
post-injection [109]. Although the registration MEAD study allowed re-injections after
6 months, 35% of patients in the real-life studies required a re-injection between 3 and
5 months [101,110,111].

The Ozurdex IV implant has shown better functional and morphological results in
treatment-naive and in recent DME eyes [104,105,110-112], as well as when it was ad-
ministered at need as opposed to a fixed regimen of 5 or 6 months of interval between
re-injections [110,113]. The incidence of IOP elevation after the Ozurdex intravitreal im-
plant ranges from 8% and 38% of cases [42,100-104,107,108,110,114-117]. Previous studies
found that the IOP elevation after DEX implants was highly predictable, with the IOP
peak occurring between 6 to 8 weeks post-op and returning to baseline values by around 3 to
4 months post-op [42,74,114,117]. Patients should, therefore, undergo a safety visit
6-8 weeks after the Ozurdex implant in order to evaluate the therapeutic response to
the drug and to measure the IOP. Repeated injections of Ozurdex implants were not found
to have any cumulative effect on the IOP [117].

The majority of cases of IOP elevation after the Ozurdex implant were generally
transient and successfully managed with topical treatment, whereas filtration surgery
was needed in 0-1.7% of cases [42,100,101,110,114,117], and the surgical options include
trabeculectomy, shunts implant, and minimally invasive glaucoma surgery [118].

Cataract development or progression in phakic eyes after 0.7 mg DEX implant was
68% in the approval MEAD study [42], whereas real-life studies reported a lower inci-
dence, ranging between 0% and 50%, due to the predominant selection of pseudophakic
eyes [100-103,107,108,110,116,117,119]. The incidence of cataract development after Ozur-
dex varies depending on follow-up duration and type of treated pathology and seems to
be directly correlated with the number of Ozudex implants [103,105,117].

Both RCTs and real-world studies showed that the Ozurdex implant is associated with
high systemic safety, with systemic side effects involving less than 1% of patients, with the
most frequent being hypertension worsening [42,110,117,120].

When compared to the macular focal/grid laser photocoagulation for CIDME man-
agement, Ozurdex has shown comparable functional results and better anatomical out-
comes [102].

In general, the comparison of the Ozurdex IV implant and anti-VEGF in DME eyes
has shown that Ozurdex is associated with the following:

- lower BCVA gain [107,108,120], which became comparable to anti-VEGF when pseu-
dophakic eyes were analyzed separately [107,108,115];

- better anatomical results, i.e., higher ability in reducing the macular edema, that did
not translate directly into better BCVA improvements [107,115,120-124], which may
be likely due to the cataract development;

- comparative better results in naive than in non-naive eyes, whereas the outcomes in
the two groups appear similar in anti-VEGF studies [105];

- better results in chronic and persistent DME eyes and in eyes with moderate-severe
DME (CRT > 410 microns) [124,125]

- better outcomes in real-life studies than in interventional studies [126]: the possibility
of retreating at an earlier stage and the higher number of naive (2/3 of treatment-naive
eyes in anti-VEGF studies vs. 1/5 in the Ozurdex studies), or short duration DME
eyes with better baseline VA in the real-life studies, may explain these differences
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(on the other hand, systematic review and meta-analysis studies have demonstrated
that IV anti-VEGF showed better anatomical and functional results in RCTs compared
to the observational studies, likely because fewer injections are administered in the
observation studies than those suggested by the RCTs [105,120,126], and VA gain
seems to be strictly related to the number of the IV injections, at least during the first
year of therapy [127,128]);

- higher risk of OHT, glaucoma, and cataracts and lower risk of serious systemic adverse
events [107,108,115,119,120,123];

- lower number of required IV injections [105,107,108,120]: the comparison of the results
of the MEAD study (Ozurdex pivotal study) [42] and RESTORE study (ranibizumab
pivotal study) [129] showed that the VA gain observed in pseudophakic eyes receiv-
ing 0.7 mg DEX in the MEAD study (6 letters over 3 years with 4-5 implants) was
comparable to that achieved in the RESTORE study by eyes receiving a mean of
7 ranibizumab injection/year

- lower treatment costs, including medications, OCT, FA, and surgical procedures. The
global cost of a 1-year therapy with Ozurdex is approximately one-half of that with
anti-VEGEF, which is mainly related to the significantly lower frequency of IV injections,
even when the costs of the cataract and glaucoma surgeries are added [130].

Switching from anti-VEGF therapy to Ozurdex in cases of persistent and unresponsive
DME has shown to be helpful [116,131], providing better functional and anatomical results
and higher cost-effectiveness in cases of “early switch”, i.e., after non-adequate response to
3-monthly anti-VEGF injections [116,132].

As compared with the anti-VEGF agents as monotherapy, the association therapy of
Ozurdex plus anti-VEGF has provided a BCVA gain similar [115] or better in the presence
of high levels of OCT inflammatory biomarkers [119], with better anatomical results, and
higher risks of IOP elevation and cataract development [115,119].

C Fluocinolone acetonide

Table A3 lists the studies concerning the clinical efficacy and side effects of the fluoci-
nolone acetonide IV implant.

The registration study Fluocinolone Acetonide in diabetic Macular Edema (FAME) [40]
was a 3-year, randomized, sham injection-controlled, double-masked, multicenter clinical
trials including 956 patients with persistent DME despite macular laser (median duration
of DME of 3 years) randomized to receive intravitreal inserts releasing 0.2 pug/day or
0.5 ng/day FAc or sham injection. Re-treatment was allowed no more often than every
12 months. FAc-treated eyes showed significantly higher VA gain and CRT reduction
as compared with sham, with better results in chronic DME cases, although they were
associated with an IOP rise in approximately 35% of eyes, needing glaucoma surgery in
4.8-8.1% of cases, and required cataract surgery in 40-50% of phakic eyes. The mean
number of FAc re-treatments was 1.3 over 3 years. FAc-treated eyes required adjunctive
therapies, such as laser, IVTA, or anti-VEGEF intravitreal injections, in more than 50% of
cases. The FAME study demonstrated that the low-dose FAc insert provided the best
benefit/risk ratio as compared with the high-dose one and allowed for the FDA approval
of the 0.2 ug/day (0.19 mg) FAc intravitreal implant (Iluvien ™) [40].

The clinical efficacy of the Iluvien intravitreal insert has been demonstrated by other
RCTs and several real-life observational studies [133-141] and confirmed by systematic
reviews, meta-analyses, and expert panels [142-144].

Published studies with the FAc implant with at least 36 months of follow-up reported
a VA gain ranging between 3.6 and 11 letters [40,85,133-141].

Iluvien has shown higher effectiveness in chronic (>3 years duration) DME eyes [40]
and has provided both functional and anatomic improvements in DME eyes with persistent
DME and refractory to previous therapies with laser, anti-VEGEF, or other intravitreal
steroids (TA or DEX) [133,135,137,138,140,144-146].
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Moreover, real-world studies with long follow-up showed that the long-active FAc
implant was able to provide a long-lasting stabilization of the functional and, more
importantly, of the anatomical outcomes, with decreased CRT variation for up to
3 years [134,136,138,141]. These results are crucial because reduced anatomical fluctu-
ations have been associated with better functional improvements, whereas greater macular
thickness variability in DME patients has been linked with neural damage and poorer
visual outcomes [62,63].

Furthermore, with scheduled follow-ups every 4 months during the 36 months post-
implant and a mean of 1.1 insert/3 years, Iluvien required a significantly lower frequency
of treatment and check-up visits as compared with both anti-VEGF and other intravitreal
steroids (TA and DEX), with a significant saving of time for diabetic patients, who are
frequently pluri-medicated and poor-compliant, and a saving of costs for the public health
system [147].

In steroid-responders, the IOP increase after the FA implant generally occurs within
24 weeks, reaches the peak at 2448 weeks and returns to baseline values 9-12 months
after implantation [74].

The approval study FAME reported that the 0.2 ug/d FAc insert was associated
with an IOP rise > 10 mmHg and the need for glaucoma surgery in 34% and 4.8% of
cases, respectively (FAME). A post hoc analysis of the FAME study demonstrated that all
glaucoma surgeries occurred in eyes with no history of a steroid challenge before the FAc
implant [148], so that the FDA approved the IV FAc insert “in patients who have been
previously treated with a course of corticosteroids and did not have a clinically significant
rise in intraocular pressure”.

In real-world observational studies, the percentages of IOP-related side effects at-
tributable to Iluvien appeared significantly lower than those reported by the FAME pivotal
study [85]. lluvien intravitreal implant was associated with a mean risk of post-operative
IOP elevation of 20%, depending on the different definitions of IOP rise, with a risk of
steroid-induced glaucoma of 0-10% [133-144,149] and a mean requirement of glaucoma
surgeries of 0.6%, ranging from 0% to 4.3% [142,143], whereas a minority of cases should re-
ceive glaucoma surgery, including trabeculectomy, shunts implant, and minimally invasive
glaucoma surgery [148].

This discrepancy between clinical trials and real-world data can be explained consid-
ering that, in clinical practice, almost only patients previously treated with intravitreal
steroids without post-operative IOP elevation were selected [136,137,139,141].

Cataract development after 0.2 ug/d FAcimplant was 82% in the FAME study, whereas
in real-world studies, the incidence is limited by the prevalent selection of pseudophakic
eyes, ranging between 40-65% of cases [133-144]. Phakic patients should expect to have
cataract surgery planned between 13 and 18 months post-FAc injection [85].

Previous studies have shown that, although a single 3-year FAc implant was used in
more than two-thirds of cases [40,142,143], additional treatments, such as laser photoco-
agulation, anti-VEGEF, or intravitreal steroids achieving an acutely higher concentration,
such as the TA or DEX implant, are required in the 33-75% of cases during the 3-year
duration of the FAc implant [40,136,138-142,144]. On the other hand, when the FAc IV
insert is considered as an additional therapy, it has been shown to significantly reduce the
need for IV pharmacotherapy in DME eyes [85,134,141]. These supplementary treatments
may represent