UNIVERSITA
DEGLI STUDI

FIRENZE

DOTTORATO TOSCANO DI NEUROSCIENZE

CICLO XXXVII

Real-Life Evaluation of
Intravitreal Treatment for
Macular Edema Due to Retinal
Vein Occlusion

Settore Scientifico Disciplinare
MEDS-17/A

Dottorando/a Supervisore

Dott. Branchetti Marco Prof. Giansanti Fabrizio

Coordinatore

Prof.ssa Amato Maria Pia



Salvo eventuali pitt ampie autorizzazioni dell'autore, la tesi puo essere liberamente consultata e puo essere
effettuato il salvataggio e la stampa di una copia per fini strettamente personali di studio, di ricerca e di
insegnamento, con espresso divieto di qualunque utilizzo direttamente o indirettamente commerciale.

Ogni altro diritto sul materiale e riservato.



Sommario

INTFOAUCTION ...t 4
Natural History of Visual OQutcomes....................uuuun.... 5
Current Treatment Approaches: Literature and ChoiceS
Real-World Outcomes of Intravitreal Treatment .......... 6
Methodology ........ccccoeeeeeeneiieiiiiiiiiiiiee e 7
RESUILS vttt aeeaaaaaaaeees 8
DISCUSSION c..ceeeeiieeeiiiiiee et e e eeeaaes 24
CONCIUSTON ... 25

RefrencCes .......ccouvvveeeiiiiiiicieeeeeeeeceee e, 26



Introduction

Retinal vein occlusion (RVO) represents, after diabetic retinopathy, the second cause of visual
loss due to retinal vascular disease, and the most frequent occlusive retinal vascular pathology.
Central retinal vein occlusion and branch retinal vein occlusion are the two main subtypes (1).
Global prevalence of retinal vein occlusion, standardised for age and sex, is 5.2 per 1000, of
which 4.42 for Branch Retinal Vein Occlusion (BRVO) and 0.80 for Central Retinal Vein
Occlusion (CRVO). Transferring these data to the world population in 2008, an estimated 16.4
million people in the world are affected by Retinal Vein Occlusion (RVO): the majority (13.9
million) are affected by BRVO and the remainder by CRVO (2).

Retinal vein occlusion (RVO) is an obstruction of the retinal venous system by thrombus
formation and may involve the central, hemi-central or branch retinal vein. The most common
aetiological factor is compression by adjacent atherosclerotic retinal arteries. Other possible
causes are external compression or disease of the vein wall e.g., vasculitis. Central retinal vein
occlusion (CRVO) results from thrombosis of the central retinal vein when it passes through
the lamina cribrosa (3;4). It is classically characterised by disc oedema, increased dilatation
and tortuosity of all retinal veins, widespread deep and superficial retinal haemorrhages, cotton
wool spots, retinal oedema and capillary non-perfusion in all 4 quadrants of the retina. A
previous CRVO may show evidence of optic disc and retinal collaterals, a telangiectatic
capillary bed and persistent venous dilation and tortuosity, perivenous sheathing, arteriolar
narrowing, and macular abnormalities (chronic macular oedema and retinal pigment epithelial
changes). Branch retinal vein occlusion (BRVO) is caused by venous thrombosis at an
arteriovenous crossing where an artery and vein share a common vascular sheath (5;6). It has
similar features to CRVO except that they are confined to that portion of the fundus drained by
the affected vein. Hemi-retinal vein occlusion (HRVO) affects either the superior or inferior
retinal hemisphere, and the retinal haemorrhages are nearly equal in 2 altitudinal quadrants (the
nasal and temporal aspects) of the involved hemisphere. The 2 main complications of RVO
retinal ischaemia leading to iris and / or retinal neovascularization and macular edema (ME).
The latter is the most common complication and can lead to significant visual impairment if
left untreated (7). The incidence of retinal vein occlusion increases with age, especially after

the age of 70 years.



Natural History of Visual Outcomes

According to the literature, the natural history of visual outcomes in patients with ocular
vascular occlusive disorders, such as retinal vein occlusion, is generally unfavorable. In fact,
studies have shown that without intervention, visual acuity typically deteriorates over time in
these patients, with only a small subset experiencing spontaneous visual improvement (8). This
underscores the critical importance of identifying and implementing effective treatment
strategies to manage macular edema and prevent further vision loss in these patients, as the

natural course of the disease is often characterized by progressive visual decline.

Current Treatment Approaches: Literature and Choice

For many years, laser photocoagulation was considered the standard therapy for the treatment
of macular edema secondary to retinal vein occlusion. While this approach has been utilized,
the visual acuity improvements observed in some patients have been quite limited,
underscoring the need for more effective treatment options. Over the past decade, the
intravitreal administration of anti-inflammatory or anti-angiogenic agents, such as
corticosteroids and vascular endothelial growth factor inhibitors, has emerged as a promising
approach, often in combination with laser therapy. These newer treatment modalities have
demonstrated superior efficacy compared to laser therapy alone in numerous studies,

consistently improving visual acuity and reducing macular edema to a greater extent.

Anti - Vascular Endothelial Growth Factor o Anti-VEGF agents are effective in treating MO
due to RVO. The 3 widely used anti-VEGF agents are ranibizumab (Lucentis, Novartis),
aflibercept (Eylea, Bayer) and bevacizumab (Avastin, Roche). The visual outcomes and mean
number of injections have been studied in pivotal clinical trials: HORIZON, BRAVO and
CRYSTAL for Ranibizumab (9;10;11); GALILEO and COPERNICUS for Aflibercept
(12;13;14;15;16;17). Avastin is not formulated for intravitreal use. However, increasing data
support the fact that multiple intravitreal bevacizumab injections reduce ME due to RVO (18:

19). Bevacizumab remains an off-label drug for intravitreal use.

In 2009 a biodegradable intravitreal device with slow-release 0.7 mg Dexamethasone (DEX),
named Slow-release Dexamethasone implant, was introduced in clinical practice for the
treatment of macular edema, and its safety and efficacy were shown in the GENEVA study
(Global Evaluation of Implantable Dexamethasone in Retinal Vein Occlusion with macular

edema) (20;21). Later the outcome and clinical implication of the treatment have been further



investigated in other studies, such as the LOUVRE study commissioned by the French Ministry
of Health (22).

Any of these agents may be used as first line agent after discussing the pros and cons of each
class of drug with the patient. The choice is based on the clinician and patient choice, after
discussion considering injection frequency, risk of IOP rise, formation of cataract. There is no
visual acuity or central macular thickness restriction in the commencement of treatment with

any of these agents.

If ranibizumab or aflibercept are the first line of treatment, monthly intravitreal injections are
initiated until maximum stable visual acuity is achieved. If no improvement in visual acuity
over the course of the first 3 injections is observed, cessation of treatment may be considered,
and it is recommended after 6 injections. Patients who achieve visual acuity stability can be

managed either with a treat and extend regimen or a pro re nata (PRN) regimen.

If an anti-VEGF agent is stopped due to lack of efficacy, there are no randomised controlled

trials that provide evidence that switching to another anti-VEGF agent may be effective.

Real-World Outcomes of Intravitreal Treatment

In recent years, a growing body of research has sought to evaluate the real-world outcomes of
intravitreal therapy for the management of macular edema associated with retinal vein
occlusion. Often, the protocols present in literature are characterised by extreme implacability
in terms of timing and methods of use, as well as having strict inclusion criteria. Moreover,
the economic, organizational and compliance possibilities can in real life represent an obstacle
to their application and are often not compatible with everyday medical practice. It is therefore
necessary to find a new research approach, studying a real-life situation where the problems
and results of a specific treatment in the actual conditions of its use are evaluated. The available
evidence from real-world clinical studies suggests that intravitreal therapy, involving the use
of corticosteroids and anti-VEGF agents, either alone or in combination with laser
photocoagulation, represents a highly effective treatment approach for managing macular

edema due to retinal vein occlusion (23;24).



Methodology

To evaluate the real-world outcomes of intravitreal treatment for macular edema due to retinal
vein occlusion, a retrospective chart review was conducted at the Eye Clinic of Careggi
Hospital, Florence. The study population included 150 patients with a confirmed diagnosis of
macular edema secondary to either central or branch retinal vein occlusion who had received
intravitreal injections of corticosteroids, anti-VEGF agents (in particular Ranibizumab,
Aflibercept and few Bevacizumab), or a combination of both, over the course of their treatment.
We meticulously reviewed the patients' medical records to collect comprehensive data on the
clinical and anatomical effects of intravitreal therapy, including changes in best-corrected
visual acuity (VA), central macular thickness (CRT) measurements, and the incidence of
adverse events. We also carefully examined the potential factors that may have influenced the
treatment outcomes, such as the timing of treatment initiation, the underlying cause of the
macular edema, the presence of concomitant ocular or systemic comorbidities, and the patients'
response to prior therapies. Patients with high refractive defects (myopia > 7D, hyperopia or
astigmatism > 3D), severe opacity of dioptric means and serious ocular diseases apart from
retinal vein occlusion were excluded. First the patients included in the study underwent a
standard ophthalmological examination with measurement of LogMar visual acuity,
biomicroscopy of the anterior segment, tonometry, fundus examination and OCT examination
(Centra Retinal Thickness or CRT from Macula Thickness Map with Heidelberg
Engineering, OCT Spectralis). After the first therapy, all patients were followed up with eye
examinations and OCT after 3,6,12,24 and 36 months, according the availability of the patients

and of the hospital services. Numbers, type and order of injection was recorded for each patient.

The sample under examination includes 150 patients, of which 67 patients diagnosed with
CRVO and 83 with BRVO. For each patient, the order of drugs used and their quantity was
recorded, with particular attention to specific subgroups: patients who only received intravitreal
injections with DEX (57), only injections with AVEGF drugs (44), and patients who underwent
a "switch" (both from DEX to AVEGF and vice versa, 21 and 26 respectively) and "switch
back" (returned to the initial drug after a switch, 12). Cases treated with DEX had an average
of 1.86 injections, while those treated with AVEGF had an average of 4.72. The average
number of injections seems to highlight the primary choice towards a PNR treatment, likely
related to hospital drug availability and appointment scheduling. Among patients treated with

DEX, only 5 cases experienced a significant increase in intraocular pressure (IOP).



Additionally, 68 cases required laser treatment, and only 2 patients with CRVO treated solely
with Slow-release Dexamethasone implant developed neovascular glaucoma. This low figure

can be interpreted as an indicator of excellent management of RVO patients by our center.

The data were analyzed using the StataNow 18.5 software. Certainly, the primary endpoint
remains the evaluation of both the anatomical and functional outcomes of the patients who

underwent treatment during the 36 months of follow-up.
Finally, we further divided the cases into two subgroups of interest:

1. Baseline VA groups: 0.4 LogMAR or better; 0.5 — 0.7 LogMAR; 0.8 LogMAR or worse

2. Cases with a very high initial ME (CRT>500 microns) versus less than 500 microns

Results

Visual Acuity (VA) outcomes
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Figure 1: Statistical Analysis of Visual Acuity over Time, BRVO vs CRVO



This graph shows the progression of VA in patients over a 36-month period, divided into four
categories based on their baseline logMAR VA values: 0.4 or better, 0.5-0.7, and 0.8 or worse,
for both BRVO and CRVO. The y-axis represents visual acuity in logMAR units, where lower

values correspond to better vision, and the x-axis represents time in months.

At baseline, there are small and non-significant differences in VA between RVO types (p =
0.128). The blue and red lines represent patients with better initial visual acuity (logMAR 0.4
or better) for both BRVO and CRVO, respectively, while the green and orange lines (0.5-0.7)

and gray and pink lines (0.8 or worse) represent patients with progressively worse initial VA.
- Early Trend (Months 3-6):

o Patients with worse initial VA (gray and pink lines, logMAR 0.8 or worse) show
some early improvement, particularly for BRVO (gray), where there is a
significant drop in the first 3-6 months, indicating a marked improvement in

VA. However, this improvement begins to stabilize after month 6.

o For the patients with intermediate visual acuity (green and orange lines,
logMAR 0.5-0.7), the trend shows a minor improvement, but overall, these

groups maintain fairly stable VA over time.

o Those with the best initial visual acuity (blue and red lines, logMAR 0.4 or

better) remain stable throughout the early months, with minimal fluctuation.

+  Mid-Term Observation (Months 6-12): Between months 6 and 12, all groups show
stabilization in their VA. The gray group (BRVO, 0.8 or worse) experiences a slight
decline but still maintains improvement from the baseline. The other groups show

minimal change.

+ Long-Term Trend (Months 24-36): From month 12 onwards, all groups remain
relatively stable with small fluctuations. The best VA group (blue and red lines, 0.4 or
better) continues to show very stable VA throughout the entire 36 months, while the
intermediate and worse VA groups (green, orange, gray, and pink lines) show a small

but steady decline, particularly in the BRVO subgroup.



Key Insights:

1. Stabilization of VA: Across all groups, there is a trend towards stabilization of visual

acuity after the initial treatment period, with only minor fluctuations observed after the

6-month mark.

2. Improvement in Poor VA Groups: Patients who started with worse visual acuity (gray

and pink lines) showed the most significant early improvement, particularly in BRVO
cases (p = 0.013), but this improvement plateaus after the first year. Patients with
CRVO and low vision did not substantially improve, a difference which was of

borderline significance with respect to BRVO (p = 0.063).

3. Minimal Change in Better VA Groups: Patients with initially better visual acuity (blue

and red lines) maintained stable vision throughout the 36 months, with no significant

deterioration or improvement.

Overall, the graph suggests that while patients with worse baseline visual acuity may
experience some improvement in the short term, the long-term visual outcomes remain
relatively stable across all groups, with those having better initial vision maintaining their

advantage over time.



Central Retinal Thickness (CRT) outcomes
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Figure 2: Statistical Analysis of Central Retinal Thickness (CRT) Over Time, BRVO vs
CRVO, CRT > 500 micron vs CRT < 500 micron.

The graph presents changes in CRT over a 36-month period for patients with BRVO and
CRVO. The patients are categorized based on their baseline edema status (greater than 500
microns or less). The y-axis represents CRT in microns, with higher values at the bottom and

lower values at the top, while the x-axis shows time in months.

- Early Trend (Months 3-6):

o By month 3, all groups show a significant reduction in CRT, particularly those
with higher baseline edema. The most noticeable decreases occur in the green
and orange lines (BRVO and CRVO with edema > 500 microns), where CRT

drops rapidly toward 500 microns.

o The groups with less initial edema (blue and red) also experience a decrease in

CRT but to a lesser extent, indicating stabilization earlier on.



+  Mid-Term Observation (Months 6-12):

o After the initial drop, CRT values stabilize across all groups. By month 6,
patients with the highest initial CRT (green and orange lines) have achieved a
significant reduction but still maintain thicker retinas compared to the other

groups, hovering around under 500 microns.

o The blue and red lines (patients with less than 500 microns of initial edema)

remain consistently lower, around under 400 microns.
+ Long-Term Trend (Months 24-36):

o Between months 12 and 36, CRT remains largely stable in all groups, though a
slight increase in CRT is noticeable for the higher-edema groups (green and
orange). The groups with less initial edema (blue and red) maintain the lowest
CRT levels, around 400 microns, showing good long-term control of retinal

thickness.
Key Insights:

1. Significant Early CRT Reduction: The largest reductions in CRT occur within the first

6 months, especially for patients with edema greater than 500 microns (p < 0.001 both
for CRVO and BRVO). This highlights the initial efficacy of treatment in reducing

retinal thickness.

2. Long-Term Stability: Following the initial reduction, CRT values stabilize across all

patient groups, with minimal fluctuations, suggesting effective long-term control of

retinal thickness.

3. Differences in CRT Based on Initial Edema: Patients with higher initial edema (green

and orange) maintain higher CRT values over time, while those with lower initial
edema (blue and red) consistently exhibit lower CRT levels, indicating better long-term

retinal health in these groups.

Overall, the graph demonstrates that treatments are most effective in the early months in
reducing CRT, especially for those with higher initial edema, and provide long-term stability

with manageable CRT levels across all patient groups.



Mixesd CRT and VA outcomes
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Figure 3: Statistical Analysis of CRT over time, related to VA groups

The graph illustrates the evolution of CRT over time, measured in microns, for three different
visual acuity groups: "0.4 or better" (blue line), "0.5-0.7" (red line), and "0.8 or worse" (green
line). The x-axis represents time in months (ranging from 0 to 36 months), and the y-axis

represents CRT in microns, ranging from 200 to 700.

* Initial CRT levels: At time 0, the group with the worst visual acuity ("0.8 or worse")
shows the highest CRT, reaching close to 600 microns. In contrast, the "0.4 or better"
group has the lowest CRT, around 400 microns, while the "0.5-0.7" group falls between

these two, at around 500 microns.

* Rapid decrease (0-3 months): All three groups exhibit a significant decrease in CRT
within the first three months. This drop is steepest for the "0.8 or worse" group, which

falls from about 600 microns to around 400 microns, showing a notable reduction in



retinal thickness. The other two groups also show a reduction in CRT, although less

dramatic.

» Stabilization phase (3-36 months): After the initial rapid decrease, the CRT for all
groups tends to stabilize between 300 and 400 microns. The "0.4 or better" group
maintains the lowest CRT values consistently over time, whereas the "0.8 or worse"
group remains at the highest values, although the difference between the groups

diminishes over time.

* Long-term trends: Beyond 6 months, all groups show relatively stable CRT
measurements, with slight fluctuations. By the 36-month mark, CRT levels appear to
converge somewhat, but the "0.8 or worse" group still has the highest CRT, suggesting
that patients in this group retain thicker retinas compared to those with better visual

acuity.

Key Insights:

This graph highlights a clear relationship between initial VA and CRT. Patients with worse
visual acuity ("0.8 or worse") start with significantly higher CRT values but show a notable
reduction over time. However, they consistently maintain thicker retinas compared to the other
groups, suggesting that visual acuity is linked with the degree of retinal swelling. The CRT
reduction observed in all groups is most rapid in the first three months, followed by a plateau,

indicating a stabilization phase in retinal recovery or treatment response.
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Figure 4: Statistical analysis of AV over time, related to CRT groups (less or greater 500
microns) by type

The graph illustrates the effect of ME Size and Occlusion Type on Visual Acuity Over time.
The four groups are categorized based on the presence ME less or greater than 500 microns in
BRVO and CRVO. The vertical axis represents VA, with higher logMAR values indicating

worse vision. The horizontal axis represents time.

e Baseline (Time = 0):

o Atbaseline, the central occlusion with edema > 500 microns group (orange line)
starts with the worst visual acuity (around 0.8 logMAR), while the other groups
show slightly better initial VA. The branch occlusion with edema > 500 microns
group (green line) starts at a relatively high logMAR VA.

e Initial Change (Time = 3):
o At 3 months, all groups experience changes, but these changes differ based on

the severity of macular edema:



= Branch occlusion with edema < 500 microns (blue line) shows an initial

increase in logMAR VA, suggesting a better visual acuity that stabilizes
at around 0.5 logMAR.

» Central occlusion with edema < 500 microns (red line) exhibits a slight

increase in logMAR VA before stabilizing around 0.5 to 0.6.

» Branch occlusion with edema > 500 microns (green line) shows a

marked improvement by the 3-month point, reducing logMAR VA to
around 0.4, indicating significant visual recovery.

= Central occlusion with edema > 500 microns (orange line) shows minor

improvements in VA and a gradual decline in logMAR VA over time,
remaining the worst-performing group.
* Longer-Term Trends (Beyond 3 Months):
o From 6 months onward, visual acuity stabilizes across all groups, with slight
fluctuations:

= Branch occlusion with edema > 500 microns (green line) maintains a

good VA throughout the follow-up period, despite initial high edema.

= Central occlusion with edema > 500 microns (orange line) shows slow

and not consistent improvement, and it remains significantly worse than
the branch occlusion groups.

=  Groups with edema < 500 microns (blue and red lines) maintain

moderate logMAR VA levels, with the central group generally

performing worse than the branch group.

Key Statistical Insights:

« Macular Edema Size: The size of the macular edema (above or below 500 microns)

significantly affects visual acuity outcomes:
o For branch occlusions, having macular edema > 500 microns (green line)
surprisingly leads to an initial improvement in VA, reaching a more favorable

outcome compared to those with smaller edema (blue line).



o In contrast, central occlusions with larger macular edema (orange line)
experience slower improvement, and even by the 36-month point, visual acuity
remains worse than in branch occlusions.

« Branch vs. Central Occlusion: Central occlusions consistently result in worse visual

acuity than branch occlusions, irrespective of edema size. This suggests that the
location of the occlusion (branch vs. central) is a strong predictor of poorer visual
outcomes, with larger edema exacerbating the effects in central occlusions.

« Early vs. Late Changes: The most significant changes in VA occur within the first 3

months, especially in patients with larger macular edema (green and orange lines). After
this, visual outcomes tend to stabilize, with minimal changes between 12 and 36

months.

Visual acuity outcomes are strongly influenced by both the location of the occlusion (branch
vs. central) and the size of the macular edema. While branch occlusions with larger edema (>
500 microns) show significant early improvements and better long-term outcomes, central
occlusions with larger edema consistently result in poorer VA. These findings highlight the
importance of considering both occlusion location and edema size in predicting visual

outcomes and tailoring treatment strategies.

Anti — VEGF versus Slow-release Dexamethasone implant: outcomes
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Figure 5: Global CRT and AV over time, only AVEGF vs only Slow-release

Dexamethasone implant



The two graphs compare the effects of anti-VEGF treatment and Slow-release Dexamethasone

implant on CRT and visual acuity over time.
Focusing on CRT, we can observe:
e Initial Improvement (Time = 3 Months):

o Both treatments lead to a rapid decrease in CRT by 3 months around 400
microns. The rapid decline suggests both treatments are highly effective in

reducing retinal thickness during the early phase of treatment.
* Mid- to Long-Term Trends (Beyond 3 Months):

o After 3 months, the CRT stabilizes and remains relatively constant for both

groups, with small fluctuations reaching around 300 microns by 36 months.

Focusing on VA, we can observe:
 Initial Changes (Time = 3 Months):

o The anti-VEGF group shows a marked improvement, with logMAR dropping

to about 0.5. This means better visual acuity in this group.

o The Slow-release Dexamethasone implant group also shows an improvement,
though less pronounced, with logMAR decreasing to about 0.6-0.7. This
indicates better vision compared to baseline, though not as strong as the anti-

VEGF group
+ Mid-Term Trends (3 to 12 months):

o At 6 months, the visual acuity in the anti-VEGF group remains relatively stable,

with logMAR staying at around 0.5-0.6.

o The Slow-release Dexamethasone implant group also stabilizes at
approximately 0.6 logMAR, showing consistent improvement over baseline but

still lagging behind the anti-VEGF group.



o By 12 months, both groups maintain their respective positions, with the anti-
VEGF group maintaining slightly better visual acuity than the Slow-release

Dexamethasone implant group.

* Long-Term Trends (24 to 36 months):

o From 24 to 36 months, the anti-VEGF group continues to exhibit slightly better

visual acuity, maintaining a logMAR value around 0.5 or slightly higher.

o The Slow-release Dexamethasone implant group shows stable performance,
with logMAR values hovering around 0.6. There is no significant further
improvement in the Slow-release Dexamethasone implant group beyond the 6-

month mark.

Key Statistical Insights:

Both anti-VEGF and Slow-release Dexamethasone implant appear equally effective in
reducing CRT in naive patients over the study period, with the most significant improvements
occurring within the first 3 months. Both treatments lead to a long-term reduction and stability
in retinal thickness. About VA, both anti-VEGF and Slow-release Dexamethasone implant lead
to improvements, particularly in the first 3 months. However, anti-VEGF provides a greater
and more sustained improvement in VA over time. Slow-release Dexamethasone implant also
results in visual gains but to a lesser extent, and its effect plateaus earlier. The overall results

suggest that anti-VEGF may be the more effective treatment for long-term VA improvement.

To better show the difference between the data, we split between CRVO and BRVO.
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Figure 6. changes in VA over time for patients with BRVO and CRVO, treated with

either anti-VEGF or Slow-release Dexamethasone implant
Analysing VA changing over time, we can observe:
1. Short-Term Response (3 months):

o Both BRVO and CRVO patients treated with anti-VEGF show a significant

improvement in visual acuity by 3 months.

» The anti-VEGF BRVO group (blue line) improves the most, reaching a
logMAR of ~0.5.

= The anti-VEGF CRVO group (red line) also shows a strong
improvement, though slightly less pronounced, with a logMAR of
~0.55.

o Slow-release Dexamethasone implant-treated patients also show improvement:

= The Slow-release Dexamethasone implant BRVO group (green line)

reaches a logMAR of ~0.6.

» The Slow-release Dexamethasone implant CRVO group (orange line)

shows the least improvement, with logMAR still around 0.7.

2. Mid-Term Response (6 to 12 months):



o At 6 months:

= The anti-VEGF BRVO group maintains its improved visual acuity at
~0.55 logMAR, showing stable results.

» The anti-VEGF CRVO group’s visual acuity slightly declines but

remains better than baseline at ~0.6.

= Slow-release Dexamethasone implant BRVO group continues to show

improvement, stabilizing at a ~0.55 logMAR value.

» Slow-release Dexamethasone implant CRVO patients continue to show
gradual improvement, with logMAR values reducing to ~0.65, although

not reaching the same level of improvement as the other groups.
o At 12 months, the visual acuity remains relatively stable across all groups:

* Anti-VEGF BRVO patients continue to perform better than the other

groups.

= Slow-release Dexamethasone implant CRVO patients remain the most

visually impaired group.

3. Long-Term Response (24 to 36 months):

= Visual acuity in the anti-VEGF BRVO group remains superior
compared to other groups, while anti-VEGF CRVO shows further
decline to approximately 0.65 logMAR.

= Slow-release Dexamethasone implant BRVO remains relatively stable.

= Slow-release Dexamethasone implant CRVO patients maintain the

worst visual acuity with a logMAR of ~0.65-0.7.

Key Statistical Insights:

«  BRVO patients (both anti-VEGF and Slow-release Dexamethasone implant) achieve
better visual acuity improvements compared to CRVO patients, regardless of the

treatment type.



« Anti-VEGEF treatment demonstrates more substantial early improvements (3-6 months)
and better long-term stability, particularly for BRVO patients, with visual acuity

remaining stable up to 36 months.

« Slow-release Dexamethasone implant treatment leads to improvement, but visual acuity
remains lower overall compared to anti-VEGF, especially in the CRVO group, where

the response is less pronounced and stabilizes at a higher logMAR value.

« CRVO patients have generally poorer visual outcomes with either treatment, although

both treatments show some degree of improvement.

In conclusion, anti-VEGF shows greater efficacy in improving visual acuity, particularly in
BRVO patients, while Slow-release Dexamethasone implant provides a modest improvement,

especially for those with CRVO, though it is not as effective as anti-VEGF.
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Figure 7. changes in CRT over time for patients with BRVO and CRVO, treated with

either anti-VEGF or Slow-release Dexamethasone implant



Analysing CRT changing over time, we can observe:

1. Short-Term Response (3 months):

* At time 0 (baseline), patients with CRVO appear to have slightly higher CRT
levels compared to those with BRVO. There is a rapid reduction in CRT
within the first three months, especially in CRVO patients. Both anti-VEGF
and Slow-release Dexamethasone implant treatments show significant
effectiveness in reducing CRT for both BRVO and CRVO during this period.
The drop is sharp for all groups, bringing the CRT closer to 400 microns.

2. Mid and Long-Term Response (6 to 36 months):

* After the initial decrease, CRT stabilizes in both treatment groups (anti-VEGF
and Slow-release Dexamethasone implant) for BRVO and CRVO. The CRT
remains around 300-400 microns, with minimal fluctuations over the

subsequent months (6, 12, 24, and 36 months).

Key Statistical Insights:

* Both anti-VEGF and Slow-release Dexamethasone implant are effective in reducing

and maintaining lower CRT values in both BRVO and CRVO.

* The overall trend between the BRVO and CRVO groups does not differ significantly
in terms of CRT reduction or stabilization. Although CRVO starts with a higher CRT,

the rate of CRT reduction is comparable between treatments.

* Both treatments seem equally effective in the long-term stabilization of CRT, with

only minor differences between BRVO and CRVO cases.

This data shows that both anti-VEGF and Slow-release Dexamethasone implant are reliable
therapeutic options for reducing macular edema and improving CRT in patients with retinal

vein occlusions over a 36-month period.



Discussion

The extensive case series examined in our center highlights important aspects of clinical
practice for managing retinal vein occlusions (RVO). As noted in the literature, reviews suggest
a benefit to receiving long-term intravitreal treatments for macular edema (ME) due to RVO
(25). In a real-life clinical setting, major studies confirm that dexamethasone (DEX) implants
and/or anti-VEGF drugs improve visual acuity (VA) and central retinal thickness (CRT) in
patients with RVO (26, 27, 28).

As can be easily understood, from a prognostic point of view, BRVO has an advantage over
CRVO. If we consider CRT trends over 36 months, all cases, whether starting above or below
500 microns, show a tendency to reduce CRT throughout the follow-up period, with an initial
peak (Figure 2). Conversely, if we look at VA trends over time, considering three groups based
on initial visual acuity, we see that the difference in visual improvement between BRVO and
CRVO is not significant for cases with high or intermediate baseline VA, except for CRVO

with low initial VA, which has the worst prognosis (Figure 1).

By crossing the variables considered so far, we can deduce that, especially for patients with
high initial VA, more intensive management between 3 and 6 months is crucial to avoid
dangerous fluctuations in CRT and, consequently, in VA (Figure 3). Finally, in the different
VA groups, the prognostic difference between ME types stands out: a CRT < 500 seems not to
interfere with the long-term prognosis for either BRVO or CRVO. The trend is similar in
BRVO cases > 500 microns but differs in CRVO cases > 500 microns (Figure 4). This suggests
that in these cases, anatomical improvement can be achieved with treatment, but it does not
impact the patient’s functional potential. A more conservative approach may be considered in

these cases.

Finally, it is important to analyze data related to the drugs used. As confirmed by the literature,
both available drugs—anti-VEGF and Slow-release Dexamethasone implant—offer long-term

improvement in both CRT and VA for patients with RVO (29, 30).

In our case series, anatomically, both BRVO and CRVO patients experience a similar reduction
in CRT. However, the functional outcome is different. Anti-VEGF appears to be more effective
in terms of VA. While corticosteroid treatment remains effective for BRVO, visual prognosis

in CRVO appears worse. The longer-lasting effect of Slow-release Dexamethasone implant,



which requires less frequent monitoring, may also influence this outcome. Limited data in the

literature seem to support these findings (31, 32).

Conclusion

The results of this real-world evaluation demonstrate that intravitreal therapy, involving the
use of corticosteroids and anti-VEGF agents, either alone or in combination, is a highly
effective and well-tolerated treatment approach for managing macular edema secondary to
retinal vein occlusion over the long term. Baseline VA has proven to be an essential prognostic
indicator to consider. The therapeutic approach should be evaluated based on baseline VA and

CRT, as anatomical and functional outcomes do not always align.



10.

11.

12.

13.

14.

15.

16.

17.

18.

References

Karia, N. (2010, July 1). Retinal vein occlusion: pathophysiology and treatment options. Dove Medical
Press, 809-809. https://doi.org/10.2147/opth.s7631

Rogers S, McIntosh RL, Cheung N, et al. The prevalence of retinal vein occlusion: pooled data from
population studies from the United States, Europe, Asia, and Australia. Ophthalmology 2010;

Green WR, Chan CC, Hutchins GM, Terry JM. Central retinal vein occlusion: a prospective
histopathologic study of 29 eyes in 28 cases. Retina. 1981;1(1):27-55.

Green WR. Retina. In Spencer WH (Ed): Ophthalmic pathology. An Atlas and Textbook. 3rd Ed.
Philadephia. WB Saunders. 1985; p589.

Hockley DJ, Tripathi RC, Ashton N. Experimental retinal branch vein occlusion in the monkey.
Histopathological and ultrastructural studies. Trans Ophthalmol Soc UK. 1976;96(2):202-209.

Orth DH, Patz A. Retinal branch vein occlusion. Surv Ophthalmol. 1978;22(6):357-376.

Kuo, C., & Gillies, M C. (2009, January 1). Role of Steroids in the Treatment of Diabetic Macular Edema.
Lippincott Williams & Wilkins, 49(2), 121-134

Hayreh, S S. (2014, July 1). Ocular vascular occlusive disorders: Natural history of visual outcome.
Elsevier BV, 41, 1-25. https://doi.org/10.1016/j.preteyeres.2014.04.001

Heier JS, Campochiaro PA, Yau L, et al. Ranibizumab for macular edema due to retinal vein occlusions:
long-term follow-up in the HORIZON trial. Ophthalmology. 2012;119(4):802-809.

Larsen M, Waldstein SM, Priglinger S, et al. Sustained Benefits from Ranibizumab for Central Retinal
Vein Occlusion with Macular Edema: 24-Month Results of the CRYSTAL Study. Ophthalmol Retina.
2018;2(2):134-142.

Larsen M, Waldstein SM, Boscia F, et al. Individualized Ranibizumab Regimen Driven by Stabilization
Criteria for Central Retinal Vein Occlusion: Twelve-Month Results of the CRYSTAL Study.
Ophthalmology. 2016;123(5):1101-1111.

Brown DM, Heier JS, Clark WL, et al. Intravitreal aflibercept injection for macular edema secondary to
central retinal vein occlusion: 1-year results from the phase 3 COPERNICUS study. Am J Ophthalmol.
2013;155(3):429-437 7.

Korobelnik JF, Holz FG, Roider J, et al. Intravitreal Aflibercept Injection for Macular Edema Resulting
from Central Retinal Vein Occlusion: One-Year Results of the Phase 3 GALILEO Study.
Ophthalmology. 2014;121(1):202-208.

Holz FG, Roider J, Ogura Y, et al. VEGF Trap-Eye for macular oedema secondary to central retinal vein
occlusion: 6-month results of the phase III GALILEO study. Br J Ophthalmol. 2013;97(3):278-284.

Ogura Y, Roider J, Korobelnik JF, et al. Intravitreal aflibercept for macular edema secondary to central
retinal vein occlusion: 18-month results of the phase 3 GALILEO study. Am J Ophthalmol.
2014;158(5):1032-1038.

Boyer D, Heier J, Brown DM, et al. Vascular endothelial growth factor Trap-Eye for macular edema
secondary to central retinal vein occlusion: six-month results of the phase 3 COPERNICUS study.
Ophthalmology. 2012;119(5):1024-1032.

Heier JS, Clark WL, Boyer DS, et al. Intravitreal aflibercept injection for macular edema due to central
retinal vein occlusion: two-year results from the COPERNICUS study. Ophthalmology.
2014;121(7):1414-1420.el.

Gado AS, Macky TA. Dexamethasone intravitreous implant versus bevacizumab for central retinal vein
occlusion-related macular oedema: a prospective randomized comparison. Clin Experiment Ophthalmol.
2014;42(7):650-655.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Epstein DL, Algvere PV, von Wendt G, Seregard S, Kvanta A. Benefit from bevacizumab for macular
edema in central retinal vein occlusion: twelve-month results of a prospective, randomized study.
Ophthalmology. 2012;119(12):2587-2591.

Haller J.A., Bandello F. Randomized, sham-controlled trial of dexamethazone intravitreal implant in
patients with macular edema due to retinal vein occlusion. Ophthalmology 2010; 117:1134-1146.

Haller JA, Bandello F. Dexamethazone intravitreal implant in patients with macular edema related to
branch or central vein occlusion. Ophthalmology 2011;

Korobelnik J.F., Kodjikian L., Delcourt C., Gualino V., Leaback R., Velard M.E. Multicentre
longitudinal study of the use of dexamethasone intravitreal implant for treatment of macular edema due
to retinal vein occlusion in the French clinical setting- an interim analysis; 2011.

Yeh, S., Kim, S J., Ho, A C., Schoenberger, S D., Bakri, S J., Ehlers, J P., & Thorne, J E. (2015, April
1). Therapies for Macular Edema Associated with Central Retinal Vein Occlusion. Elsevier BV, 122(4),
769-778. https://doi.org/10.1016/j.ophtha.2014.10.013

Simsek M1, Citirik M2, Ozates S3, Ozkoyuncu D2. The efficacy of intravitreal dexamethasone implant
as the first-line treatment for retinal vein occlusion-related macular edema in a real-life scenario.

Hunter A, Williams M. Long-term outcomes for patients treated for macular oedema secondary to retinal
vein occlusion: a systematic review. BMJ Open Ophthalmol. 2022 Jun;7(1):e001010. doi:
10.1136/bmjophth-2022-001010. PMID: 36063388; PMCID: PMC9198693.

Maggio E, Mete M, Maraone G, Attanasio M, Guerriero M, Pertile G. Intravitreal Injections for Macular
Edema Secondary to Retinal Vein Occlusion: Long-Term Functional and Anatomic Outcomes. J
Ophthalmol. 2020 Feb 13;2020:7817542. doi: 10.1155/2020/7817542. PMID: 32104597; PMCID:
PMC7040414.

Arrigo A, Crepaldi A, Vigand C, Aragona E, Lattanzio R, Scalia G, Resti AG, Calcagno F, Pina A,
Rashid HF, Bandello F, Battaglia Parodi M. Real-Life Management of Central and Branch Retinal Vein
Occlusion: A Seven-Year Follow-Up Study. Thromb Haemost. 2021 Oct;121(10):1361-1366. doi:
10.1055/s-0041-1725197. Epub 2021 Mar 11. PMID: 33706397.

Nicolo M, Bonetto M, Rosa R, Musetti D, Musolino M, Traverso CE, Giacomini M. Real-Life
Management of Patients with Retinal Vein Occlusion Using I-Macula Web Platform. J Ophthalmol.
2017;2017:5601786. doi: 10.1155/2017/5601786. Epub 2017 Jul 24. PMID: 28811936; PMCID:
PMC5546074.

Drozdova EA. Dolgosrochnye rezul'taty anti-VEGF-terapii makulyarnogo oteka pri okklyuzii ven
setchatki [Long-term outcomes of anti-VEGF therapy for macular edema in retinal vein occlusion]. Vestn
Oftalmol. 2022;138(3):140-148. Russian. doi: 10.17116/oftalma2022138031140. PMID: 35801893.

Jirarattanasopa P, Jiranoppasakdawong S, Ratanasukon M, Bhurayanontachai P, Dangboon W. Results
of intravitreal dexamethasone implant (Slow-release Dexamethasone implant®) for retinal vascular
diseases with macular edema: An observational study of real-life situations. Medicine (Baltimore). 2022
Jul 8;101(27):¢29807. doi: 10.1097/MD.0000000000029807. PMID: 35801769; PMCID: PM(C9259138.

Ming S, Xie K, Yang M, He H, Li Y, Lei B. Comparison of intravitreal dexamethasone implant and anti-
VEGEF drugs in the treatment of retinal vein occlusion-induced oedema: a meta-analysis and systematic
review. BMJ Open. 2020 Jun 28;10(6):e032128. doi: 10.1136/bmjopen-2019-032128. PMID: 32595145;
PMCID: PMC7322510.

de Salles MC, Epstein D. Real-life study of the use of anti-VEGF therapy versus dexamethasone implant
for treatment of macular edema in retinal vein occlusion. Graefes Arch Clin Exp Ophthalmol. 2021
Sep;259(9):2653-2660. doi: 10.1007/s00417-021-05146-8. Epub 2021 Mar 18. PMID: 33738625;
PMCID: PMC8380569.



