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ABSTRACT

Introduction: To evaluate long-term out-
comes of neovascular age-related macular
degeneration(nAMD) treatment with aflibercept
in a treat-and-extend (T&E) regimen and explore
correlations between optical coherence tomog-
raphy (OCT) biomarkers and clinical evolution
over 5 years in a real-world setting.

Methods: This retrospective monocentric study
included patients diagnosed with type 1 or type
2 nAMD at the University Magna Graecia of Cat-
anzaro between 2016 and 2024. Inclusion criteria
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were treatment-naive status, diagnosis confirmed
by OCT and optical coherence tomography angi-
ography (OCT-A), exclusive treatment with intra-
vitreal aflibercept following a T&E regimen, and a
minimum S-year follow-up. Best-correct visual acu-
ity (BCVA) and OCT were assessed at baseline, after
the third injection, and yearly up to year 5 (seven
time points). Evaluated OCT biomarkers included
subretinal and intraretinal fluid (SRE, IRF), hyper-
reflective spots (HS), drusenoid pigment epithelial
detachment (dPED), subretinal hyperreflective
material (SHRM), outer retinal tubulations (ORT),
onion sign, retinal pigment epithelium (RPE) tears,
and subretinal fibrosis.

Results: Among 59 cases, 57.6% were type 1 mac-
ular neovascularization (MNV) and 42.4% type 2.
At the baseline, SRF was more common in type
1, SHRM in type 2. Central foveal thickness (CFT)
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decreased significantly in both groups after loading
and remained stable. SRF decreased significantly in
type 1 (p=0.001), but not in type 2. dPED decreased
in both groups, significantly in type 1 (p=0.01). HS
decreased in patients with type 1 MNV (p=0.009).
RPE tears were more frequent in type 2 (12%)
and linked to BCVA loss. For type 2 MNV, ORT
(p=0.035) and subretinal fibrosis appeared from
year 5 (p=0.006). BCVA improved after loading in
both groups, declined after year 2, and was better
preserved in those with better visual acuity after
the loading dose.

Conclusions: Baseline SHRM in type 2 MNV
may predict more IRF, ORT, and RPE tears over
time. Type 1 MNV with baseline SRF often shows
reduced HS and dPED but may develop subreti-
nal fibrosis. BCVA gains after loading wane by
year 5, and eyes needing ongoing treatment for
persistent OCT biomarkers decline gradually in
both subtypes (significant in type 1).

Keywords: Macular neovascularization; Age-
related macular degeneration; Aflibercept; Treat-
and-Extend; Optical coherence tomography
biomarkers

Key Summary Points

Emphasize key findings—especially how opti-
cal coherence tomography (OCT) biomark-
ers (e.g., subretinal hyperreflective material
[SHRM], intraretinal fluid [IRF], outer retinal
tubulations [ORT], retinal pigment epithe-
lium [RPE] tears) predict disease activity.

Our aim was to evaluate neovascular age-related
maculopathy (nAMD) treatment outcomes and
assess the potential correlations between OCT
biomarkers and long-term clinical results over a
S-year follow-up period in a real-world setting.

The presence of SHRM and subretinal fluid
(SRF) at baseline were associated, over the
course of follow-up, with a greater incidence
of retinal alterations and subretinal fibrosis,
respectively.

Despite anti-vascular endothelial growth fac-
tor (anti-VEGF) treatment, the best-corrected
visual acuity (BCVA) tended to worsen due to
instauration of retinal alteration.

INTRODUCTION

Age-related macular degeneration (AMD)
remains one of the leading causes of severe
and irreversible vision loss worldwide [1, 2].
Advanced AMD is characterized by two differ-
ent nosological entities: geographic atrophy
(GA) and macular neovascularization (MNV).
Although neovascular AMD (nAMD) accounts
for approximately two-thirds of late-stage AMD
cases, it contributes to over 80% of cases of legal
blindness attributed to AMD [3]. The advent of
intravitreal injection therapy (IVT) with anti-
vascular endothelial growth factor (anti-VEGF)
agents marked a paradigm shift in the manage-
ment of nAMD [4, 5]. Landmark clinical trials
demonstrated that intravitreal VEGF inhibition
effectively interrupts the pathophysiological
processes of nAMD, restores retinal morphol-
ogy in the early stages of the pathology, and
improves or stabilizes neurosensory function in
most patients [6]. Currently, anti-VEGF agents
are the cornerstone of nAMD management and
are recommended as first-line therapy in inter-
national clinical guidelines [1]. However, in
real-world practice, treatment outcomes with
anti-VEGF agents are heavily influenced by the
choice of dosing regimen [7, 8]. Studies have
shown that fluctuations in central subfield thick-
ness in patients treated with anti-VEGF therapy
correlate with poor functional outcomes, while
better disease control is linked to improved vis-
ual outcomes [6, 7]. Proactive treat-and-extend
(T&E) regimen have been shown to reduce fluid
fluctuations more effectively than reactive pro
re nata dosing strategies [9-12].

Optical coherence tomography (OCT) plays
a central role in the diagnosis and monitoring
of nAMD. It is widely used to assess treatment
response and guide clinical decision-making
[13-16]. Several OCT-derived biomarkers—such
as central foveal thickness (CFT), pigment epi-
thelial detachment (PED), and the presence of
intraretinal or subretinal fluid—have been asso-
ciated with baseline visual acuity and the poten-
tial for visual improvement following anti-VEGF
therapy [17-19]. Nevertheless, debates persist
regarding the prognostic value of certain OCT
biomarkers. Clarifying these uncertainties is
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essential not only for understanding the progres-
sion of nAMD but also for optimizing anti-VEGF
treatment strategies. Furthermore, knowledge
gaps remain regarding the variability in treat-
ment response among patients, as well as the
criteria for switching between different anti-
VEGF agents. Understanding why some patients
respond poorly to therapy and determining the
factors influencing treatment-switching deci-
sions would better equip clinicians to refine
individualized care [20]. In this study, we ret-
rospectively analyzed treatment-naive nAMD
cases treated with aflibercept using a T&E regi-
men. Our aim was to evaluate nAMD treatment
outcomes and assess the potential correlations
between OCT biomarkers and long-term clinical
results over a 5-year follow-up period in a real-
world setting.

METHODS

This retrospective, monocentric study was
conducted at the University Magna Graecia of
Catanzaro. All patients diagnosed with nAMD
between 2016 and 2024 were reviewed to iden-
tify those meeting the inclusion criteria, which
were: treatment-naive status, confirmed diagno-
sis of nAMD type 1 or type 2 using OCT and
optical coherence tomography angiography
(OCT-A), treatment exclusively with IVT of
aflibercept following a T&E regimen, and a mini-
mum follow-up period of 5 years. Type 3 MNV
lesions were excluded from enrollment because
they characteristically originate from the retina
rather than the choroid. In cases of diagnostic
uncertainty, indocyanine green angiography
(ICGA) and/or fluorescein angiography (FA) were
reviewed when available. Two unmasked oph-
thalmologists (M.B. and D.C.) independently
evaluated the data. In case of disagreement, a
senior ophthalmologist specialist in retinal dis-
eases (A.C.) reviewed the assessments to resolve
disagreement. Patients who met all of the afore-
mentioned criteria were excluded if they pre-
sented with other ophthalmic conditions, such
as advanced diabetic retinopathy secondary to
diabetes mellitus type II, ocular inflammatory or
neoplastic diseases, systemic neoplastic diseases,

or neurodegenerative disorders affecting the
quality of OCT imaging. The study was approved
by the local ethics committee of the University
Magna Graecia of Catanzaro and was conducted
in accordance with the principles of the Decla-
ration of Helsinki. Demographic data (e.g., age,
sex), key ophthalmologic parameters (e.g., best-
corrected visual acuity [BCVA]), and multimodal
imaging (OCT scans and fundus photography)
were analyzed. For OCT (Optovue, Fremont,
CA, USA) and BCVA, the following time points
were assessed: baseline, 1 month after comple-
tion of the first anti-VEGF injection cycle (three
injections), and annually for up to S years post-
treatment, for a total of seven time points. The
cross-line and retina map scan protocols were
used for OCT analysis. CFT was automatically
measured by the device. CFT was defined as the
distance between the vitreo-retinal interface and
the interface between the retinal pigment epi-
thelium (RPE) and Bruch’s membrane. Addition-
ally, the following biomarkers were evaluated via
OCT: subretinal fluid (SRF), intraretinal fluid
(IRF), presence of subretinal fibrosis, hyperreflec-
tive spots (HS), drusenoid PED (dPED), onion
sign, outer retinal tubulation (ORT), subretinal
hyperreflective material (SHRM), and RPE tears.
BCVA was recorded using the Early Treatment
Diabetic Retinopathy Study (ETDRS) letter score
and subsequently converted to the logarithm of
the minimum angle of resolution (logMAR) scale
[21]. Moussa et al. described a formula for con-
verting Snellen chart values into logMAR values,
enabling standardized assessment of lower visual
acuity levels such as counting fingers and hand
motion [21]. In this study, we assigned values of
2.1 logMAR for counting fingers, 2.4 logMAR for
hand motion, and 2.7 logMAR for light percep-
tion [21].

OCT Biomarkers

Considering the predictive and prognostic sig-
nificance of OCT biomarKkers, it is essential for
clinicians to understand the key characteristics
underlying the various biomarkers described in
the literature. Below are the classical definitions
of the primary OCT biomarkers discussed in this
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text, aimed at facilitating a better understanding
(Fig. 1).

IRF is an accumulation of fluid within the reti-
nal layers. On OCT, it appears as well-defined
hyporeflective cystic spaces, primarily located in
the inner and outer nuclear layers [22]. This phe-
nomenon is commonly associated with various
retinal pathologies, including exudative AMD,
diabetic retinopathy, and retinal vein occlusion
[22]. PED is defined as the anatomical separa-
tion of the RPE from the Bruch’s membrane. The
resultant sub-RPE space may contain serous exu-
date (e.g. sPED), blood, fibrovascular tissue (e.g.
fPED), or drusenoid material (e.g. dPED) [23, 24].
dPED is characterized by coalescence of macular
drusen, although its pathogenesis has not been
clearly explicated [24-26]. HS is defined as small
focal hyperreflective material scattered mainly in
outer retinal layers but also spreading to all reti-
nal layers. They are primarily around fluid accu-
mulation in the intraretinal cystoid spaces [27].
SHRM in the context of MNV is primarily associ-
ated with exudation resulting from neovasculari-
zation above the RPE. It has been predominantly
described in type 2 MNV as a marker of disease
activity. However, SHRM can be observed in
various retinal pathologies, with its composition
varying depending on the underlying condition,
including neovascular tissue, fibrosis, or hemor-
rhage [28, 29]. RPE tear is a retraction of the pig-
ment epithelium, revealing bare Bruch’s mem-
brane. It is a mainly found in context of RPE

Fig.1 Schematic illustration of the OCT biomarkers dis-
cussed in this article. a Blue arrows indicate intraretinal
fluid; green arrows indicate hyperreflective spots; the blue
asterisk marks subretinal hyperreflective material; the red
asterisk marks a pigment epithelial detachment containing

detachment associated with nAMD. RPE tear has
been reported to occur spontaneously and after
treatment with anti-VEGF agents [30, 31]. ORT
appears as branching, circular or ovoid tubu-
lar formations in the outer retina, displaying a
hyporeflective core surrounded by a hyperreflec-
tive border on OCT imaging [22, 32]. This phe-
nomenon is supposed to results from the reor-
ganization of photoreceptors following damage
and degeneration of the RPE. While it is most
commonly associated with nAMD, ORT can also
be observed in cases of other pathologies such as
gyrate atrophy [22, 32]. The onion sign was first
described as an OCT pattern characterized by
multiple layered hyperreflective bands located in
the sub-RPE space. This pattern has been iden-
tified in eyes with nAMD, specifically in cases
with type 1 MNV. Histological studies suggest
that the hyperreflective bands observed in the
onion sign correspond to crystallized cholesterol
deposits [32, 33] (Fig. 2).

Treat-and-Extend Regimen

For all patients treated exclusively with afliber-
cept, both clinical records and the institution’s
electronic database were reviewed to identify
those who had maintained a T&E regimen with
aflibercept for a continuous period of 5 years.
Treatment management was based on well-
defined criteria of disease activity and stability.

1
Y n"(_

macular neovascularization; yellow asterisks indicate sub-
retinal fluid. b The orange arrow indicates the “onion sign”;
the yellow arrow indicates subretinal fibrosis; red arrows
indicate outer retinal tubulations; the purple arrow indi-
cates a retinal pigment epithelium tear
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All patients received an initial loading phase
consisting of three consecutive monthly injec-
tions. Patients who exhibited signs of disease
activity were re-injected after 4 weeks from the
fist injection [34]. At least one of the following
criteria was required to define disease activity:
the presence of new or persistent retinal fluid on
OCT with stable or increased volume compared
to the previous visit; a loss of five or more ETDRS
letters compared to the prior visit in conjunction
with recurrent fluid on OCT; an increase in CRT
of 100 pm or more within the central 1 mm sub-
field relative to the previously recorded lowest
value; the onset of new neovascularization, as
determined at the discretion of the investigator
and potentially supported by fundus examina-
tion or multimodal imaging; or the appearance
of a new macular hemorrhage [34, 35]. In cases
where improvement was observed—defined as
a reduction, but not complete resolution, of
SRF or IRF, stability of CRT, and a visual acuity
loss of fewer than four ETDRS letters—the treat-
ment interval was extended by 2 weeks. In the
absence of the aforementioned signs of activity,
the interval was extended by 4 weeks [34, 35].

Statistical Analysis

The analysis of the dataset under study involved
the implementation of several statistical tech-
niques. First, an exploratory analysis was pez-
formed using frequency (%) for dichotomous
variables and mean and standard deviation for
continuous variables. Subsequently, the normal-
ity of the distribution was assessed using both
graphical methods, such as the QQ plot, and sta-
tistical methods, such as the Shapiro-Wilk test
[36]. Non-normality was demonstrated for all
variables, so the statistical tests were determined
in accordance with this evidence. Specifically,
the Kruskal-Wallis test and the Wilcox test were
used for analysis. Other graphical tools such as
scatter plots, histograms, and stack diagrams
were used both to describe the link between
CFT and logMAR and to assess the changes in
visus and OCT biomarkers for various stages of
follow-up.

We employed linear mixed-effects models
with an autoregressive structure (AR1) to analyze
the data, given the repeated-measures design of

Fig.2 Cross-sectional macular OCT images showing key
retinal biomarkers: A Red arrows mark hyperreflective
spots (HS) without posterior shadowing. The yellow box
highlights retinal exudates with shadowing, shown here
only to contrast with HS. Blue arrows point to intraretinal
fluid (IRF), and the green arrow indicates fluid beneath the
RPE. B Red asterisks denote subretinal fluid (SRF), while
the blue asterisk identifies subretinal hyperreflective mate-

rial (SHRM). C The yellow arrowhead indicates an outer
retinal tubulation (ORT) just above the area of subreti-
nal fibrosis, which is marked by the orange arrowhead. D
Blue arrows again show IRF. The purple arrowhead marks a
window defect from retinal atrophy, the orange arrowhead
highlights subretinal fibrosis, and the green arrowhead

points to the “onion sign.”
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the study. This approach was selected because
multiple observations were collected from the
same patients over a 5-year follow-up period,
and standard multiple linear regression would
not have been appropriate for handling the
inherent within-subject correlations in such data
[37]. The analysis aimed to evaluate visual acu-
ity (measured using the logMAR scale) over time
in a cohort of patients. Key covariates included
year, sex, and various clinical and imaging vari-
ables, which were treated as fixed effects. Ran-
dom effects were included to account for intra-
patient variability, while the AR1 structure was
chosen to model correlations between repeated
measurements at successive time points.

All analyses were performed using SPSS soft-
ware [38] and RStudio [39], with statistical sig-
nificance set at p<0.05.

RESULTS

The study includes 59 eyes of 59 white patients
on a 5-year follow-up. Of these 59 eyes, 34 had
MNV type 1, with a mean age of 73.3 and stand-
ard deviation of 5.6 years, and a slight predomi-
nance of females was observed (53.9%). The
remaining 25 patients had MNV type 2 with
a similar age and gender distribution (73.1 %
5.2 years and a slight predominance of females
making up 52% of the sample) (p>0.900). Char-
acteristics at baseline are shown in Table 1.
Over a mean follow-up of 60+3 months (range
54-66), patients underwent 26+ 7 intravitreal
aflibercept injections (range 18-34), corre-
sponding to 5.2+ 1.4 injections per year (range
3.6-6.8). This equates to a mean inter-injection
interval of 9.3+2.5 weeks, consistent with a
treat-and-extend regimen.

At baseline, the group with MNV type 1 had
predominantly the presence of SRF (76.5%),
drusenoid PED (79.4%) and HS (64.7%). On the
other hand, in the MNV type 2 sample, there
was always a predominance of the presence of
dPED (56.0%) and HS (80.0%), but also SHRM
(68.0%) and IRF (56.0%). The only statistically
significant differences between the two samples
at baseline were the presence of SRF (p<0.001)
and SHRM (p<0.001) characterizing type 1 and

type 2, respectively. No significant differences
were appreciated at baseline in terms of visus
and CFT. Figure 3 shows the trend of logMAR
and CFT throughout the study period.

As can be seen from Fig. 3, the BCVA tends
to rise throughout the follow-up after an initial
decline for both groups (group 1: 0.97 logMAR
vs 0.77 logMAR; group 2: 0.93 logMAR vs 0.86
logMAR). In terms of logMAR, for the first group,
a statistically significant difference was observed
between the value at 5 years (1.05 logMAR) and
the initial values (0.87 logMAR), i.e. at baseline
(p=0.047), after the first cycle (0.77 logMAR,
p=0.007) and 1 year (0.82 logMAR, p=0.007),
but also between the value at 4 years (0.97 log-
MAR) and 1 year (p=0.026), and 4 (p=0.002)
years and 3 (0.93 logMAR, p=0.016) years, while
for the type 2 group, no statistically significant
differences were observed. For CFT, on the other
hand, a statistically significant difference was
observed for type 1 in the baseline compared to

Table 1 Characteristics of the dataset at baseline

Variable Type 1 Type 2
N=34 N=25

Age (years) 73.3+5.6 731452
Gender

M 16 (47.1%) 12 (48.0%)

F 18 (52.9%) 13 (52.0%)
SRF (1) 26 (76.5%) 6 (24.0%)
dPED (1) 27 (79.4%) 14 (56.0%)
Subretinal fibrosis (1) 0 (0.0%) 0 (0.0%)
HS (1) 22 (64.7%) 20 (80.0%)
IRC (1) 16 (47.1%) 14 (56.0%)
ORT (1) 0 (0.0%) 0 (0.0%)
RPE tear (1) 0 (0.0%) 0 (0.0%)
Onion sign (1) 2 (5.9%) 0 (0.0%)
SHRM (1) 2(5.9%) 17 (68.0%)
CFT 349.8 + 81.6 3814 +

72.6

BCVA (logMAR) 09+£03 09+0.3
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the whole sample (p<0.01), between the value at
1 year and that at 3 (p=0.019) and 4 (p=0.011)
years, and the value at 2 years and that at 3
(p=0.018) years and 4 (p=0.011) years, while for
type 2 there was a statistically significant dif-
ference in the comparison between the baseline
and all other values recorded during follow-up
(p<0.001).

With regard to the OCT biomarkers, the fre-
quency at the various follow-up times and the
result of the overall statistical comparison test
are shown in Tables 2 and 3.

As can be seen from the results in the table,
for type 1 there was a statistically significant
decrease in the presence of the biomarkers SRF
(p=0.001), dPED (p=0.010), and HS (p=0.009),
while conversely, the incidence of subretinal
fibrosis increased during follow-up (p=0.033).
For type 2, the same trend was observed on the
biomarker subretinal fibrosis (p=0.006), but
an increase in the incidence of ORT (p=0.035)
and RPE tear (p=0.032) was seen as well, while
conversely, the incidence of IRF decreased
(p=0.013).

The most effective study of biomarkers in
both groups was carried out through linear
mixed-effects model analysis. The type III test
of fixed effects revealed five variables for the
group with MNV type 1 and four variables for
the group with MNV type 2 that were signifi-
cantly associated with changes in visual acuity,
as measured by logMAR. The results of the linear
mixed-effects model analysis for patients with
MNV type 1 (Table 4) and MNV type 2 (Table 5)
highlight key factors associated with changes

a)

700
r~ 600

1050 I 500
P 09294 09682 —
7( .
0878 08253 .

o
M98 QT2

264 718 272 255

= 400

2857 2785 L 300

BCVA (LOGMAR)

= 200

= 100

Baseline VT 1y 2y 3y dy Sy

Follow-up

CFT

in visual acuity, measured by logMAR. In the
MNYV type 1 group, the absence of fibrosis was
significantly associated with an increase in BCVA
(p<0.001). Similarly, the presence of HS showed
a significant correlation with improved vision
(p=0.044). Conversely, the absence of RPE tears
was linked to an increase in logMAR, suggesting
a decline in visual acuity, as were greater CFT
and longer follow-up duration. In the MNV type
2 group, the results showed a similar trend for
certain variables. The presence of RPE tears and
greater CFT were both significantly associated
with an increase in logMAR, as observed in the
MNV type 1 group. However, a key distinction
emerged: the absence of an onion-sign pattern
was strongly associated with a reduction in log-
MAR (p<0.001), reflecting an improvement in
visual acuity. Additionally, age was a significant
factor in this group, with increasing age corre-
lating with higher logMAR values, indicating
worsening vision.

Beyond these associations, the covari-
ance structure analysis provides additional
insights into the temporal evolution of vis-
ual acuity in both groups. In the MNV type
1 group, the autoregressive parameter AR (1)
was p=0.811, indicating a strong correlation
between a patient’s visual acuity in one year
and the preceding year, suggesting relatively
stable disease progression over time. Addition-
ally, the variance in the intercept was 0.048,
reflecting inter-subject variability in baseline
visual acuity. In contrast, the MNV type 2
group exhibited a slightly lower autoregres-
sive coefficient (p=0.743), indicating a weaker

b)
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Fig.3 Mean value of logMAR and CFT during the follow-up period for a type 1 and b type 2 MNV
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Table 2 Study of the presence of biomarkers during follow-up: MNV type 1

Variable Baseline  3IVT 1year 2 years 3 years 4 years 5 years p-value
SRF (1) 26(76.5%) 7(20.6%) 9(26.5%) 10 (29.4%) 9(26.5%) 10 (29.4%) 13 (38.2%) 0.001
dPED (1) 27 (79.4%) 21 (61.8%) 17 (50.0%) 14 (41.2%) 14 (41.2%) 14 (41.2%) 16 (47.1%) 0.010
Subretinal fibrosis (1) 0(0.0%)  0(0.0%)  0(0.0%)  0(0.0%)  0(0.0%) 1(29%) 3(8.8%) 0.033
HS (1) 22 (64.7%) 9(265%) 12(35.3%) 9(265%) 9(26.5%) 11 (32.4%) 10(29.4%) 0.009
IRF (1) 16 (47.1%) 5 (147%) 7(20.6%) 8(23.5%) 7(20.6%) 10 (29.4%) 10(29.4%) 0.075
ORT (1) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1(29%) 2(59%) 0.186
RPE tear (1) 0(0.0%) 0(0.0%)  0(0.0%) 0(0.0%) 0(0.0%) 1(29%) 1(29%) 0.538
Onion sign (1) 2(59%)  0(0.0%)  0(0.0%) 0(0.0%) 0(0.0%)  0(0.0%) 0(0.0%)  0.060
SHRM (1) 2(59%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)  0.060

Bold values indicate statistically significant results (p < 0.05)

IVT intravitreal injection, SRF subretinal fluid, 4PED drusenoid PED, HS Hyperreflective spots, IRF intraretinal fluid,
ORT outer retinal tubulation, RPE retinal pigment epithelium, SHRM subretinal hyperreflective material

Table 3 Study of the presence of biomarkers during follow-up: MNV type 2

Variable Baseline  3IVT 1year 2years  3years  4years  Syears  p-value
SRF (1) 6(24.0%) 6(24.0%) 8(32.0%) S(20.0%) 8(32.0%) 7(28.0%) 9(36.0%) 0.882
dPED (1) 14 (56.0%) 6(24.0%) 8(32.0%) 9(36.0%) 9(36.0%) 7(28.0%) 8(32.0%) 0.326
Subretinal fibrosis (1) 0(0.0%)  0(0.0%)  0(0.0%) 0(0.0%) 0(0.0%) 2(8.0%) 4(16.0%) 0.006
HS (1) 20 (80.0%) 13 (52.0%) 16 (64.0%) 13 (52.0%) 16 (64.0%) 16 (64.0%) 15 (60.0%) 0.453
IRF (1) 14 (56.0%) 3(12.0%) 5(20.0%) 6(24.0%) 7(28.0%) 8(32.0%) 4(16.0%) 0.013
ORT (1) 0(0.0%) 0(0.0%) 0(0.0%)  0(0.0%) 0(0.0%) 2(8.0%) 3(12.0%) 0.035
RPE Tear (1) 0(0.0%)  0(0.0%) 0(0.0%)  0(0.0%) 0(0.0%) 1(40%) 3(12.0%) 0.032
Onion sign (1) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 2(8.0%)  0.059
SHRM (1) 17 (68.0%) 9 (36.0%) 10 (40.0%) 12 (48.0%) 8(32.0%) 8(32.0%) 7(28.0%) 0.068

Bold values indicate statistically significant results (p < 0.05)

IV'T intravitreal injection, SRF subretinal fluid, JPED drusenoid PED, HS hyperreflective spots, IRF intraretinal fluid, ORT
outer retinal tubulation, RPE retinal pigment epithelium, SHRM subretinal hyperreflective material

but still significant correlation between con-
secutive yearly measurements. This suggests a
potentially more variable disease course com-
pared to MNV type 1. Moreover, the variance
in the intercept was higher (0.090), suggest-
ing greater variability in baseline visual acuity
among patients in this group. The stronger
autoregressive correlation in MNV type 1

suggests a more predictable disease course
compared to the greater variability observed
in MNV type 2. Finally, Fig. 4 shows the log-
MAR trend according to the three categories
of improvement defined from the changes
shown after completion of the first cycle 3
months after the start of therapy.
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Table 4 Estimates of fixed effects: MNV type 1

Independent variable Estimate Std. error p-value 95% Confidence interval
Lower bound Upper bound

Intercept —-0.427 0.653 0.518 -1.759 0.905
Year 0.029 0.011 0.011 0.007 0.050
Gender (1)

0 0.048 0.095 0.620 —-0.147 0.242

Age 0.017 0.008 0.057 -0.001 0.034
Subretinal fibrosis (1)

0 -0.024 0.020 0.248 —-0.660 -0.282
dPED (1)

0 -0.471 0.096 <0.001 —-0.026 0.042
HS (1)

0 -0.033 0.016 0.044 —-0.066 -0.001
SRF (1)

0 -0.024 0.020 0.248 —0.064 0.017
IRF (1)

0 -0.037 0.020 0.068 -0.078 0.003
ORT (1)

0 —-0.020 0.120 0.867 —0.257 0.217
Onion sign (1)

0 0.014 0.068 0.834 -0.120 0.148
RPE tears (1)

0 0.399 0.062 <0.001 0.277 0.520
SHRM (1)

0 —-0.008 0.070 0.905 —-0.146 0.129

CFT 0.001 0.000 0.025 0.000 0.001

Bold values indicate statistically significant results (p < 0.05)

SRF subretinal fluid, JPED drusenoid PED, HS Hyperreflective spots, IRF intraretinal fluid, ORT outer retinal tubulation,
RPE retinal pigment epithelium, SHRM subretinal hyperreflective material

At 3 months, for the type 1 group, only two a worse mean visus condition (0.82+0.056)
patients had no improvement (5.88%), while than the limited improvement category
27 (79.42%) showed limited improvement and (0.835+0.242) and the strong improvement
five (14.70%) had strong improvement. The category (1.08+0.301; p=0.217). When look-
patients with no improvement started from ing at the condition at the end of follow-up, the
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Table 5 Estimates of fixed effects: MNV type 2

Independent variable Estimate Std. error p-value 95% Confidence interval
Lower bound Upper bound

Intercept -1.709 1.127 0.143 —4.039 0.620
Year 0.003 0.018 0.851 —-0.034 0.041
Gender (1)

0 -0.057 0.136 0.683 —-0.341 0.228

Age 0.039 0.014 0.013 0.009 0.069
Subretinal fibrosis (1)

0 —-0.308 0.173 0.078 —-0.651 0.035
dPED (1)

0 0.034 0.030 0.262 —-0.026 0.093
HS (1)

0 0.007 0.031 0.834 -0.055 0.068
SRF (1)

0 0.018 0.044 0.682 —-0.069 0.105
IRF (1)

0 0.031 0.026 0.235 -0.021 .083
ORT (1)

0 —-0.040 0.173 0.817 -0.383 0.303
Onion sign (1)

0 —-0.469 0.100 <0.01 —-0.667 -0.271
RPE tears (1)

0 0.278 0.106 <0.01 0.068 0.487
SHRM (1)

0 -0.008 0.030 0.795 —-0.066 0.051

CFT 0.001 0.000 0.014 0.000 0.001

Bold values indicate statistically significant results (p < 0.05)

SRF subretinal fluid, JPED drusenoid PED, HS Hyperreflective spots, IRF intraretinal fluid, ORT outer retinal tubulation,
RPE retinal pigment epithelium, SHRM subretinal hyperreflective material

worst mean visus was associated with the limited instead, four patients had no improvement
improvement category (1.00+0.364) compared (16.00%), 18 patients (72.00%) had limited
to the strong (1.20+0.681) and no improvement improvement, and three (12.00%) had strong
(1.29+0.127) categories, although not statisti- improvement. At baseline, the worst visus con-
cally significant (p=0.180). For the type 2 group, dition was associated with the no-improvement
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Fig. 4 Development of BCVA compared to baseline at different time points, divided according to treatment response at

month 3

class (0.65+0.129), followed by the limited
(0.967 +0.332) and strong improvement classes
(1.08+0.05, p=0.083), while at the end of fol-
low-up, similar conditions in terms of mean
visus were found between the no (0.84+0.097)
and strong (0.84+0.104) improvement classes,
with the highest result for the limited improve-
ment class (1.24+0.684) although the difference
was not significant (p=0.972). In contrast, there
were no statistically significant differences in the
visus observed for the three classes in the two
study groups.

DISCUSSION

Despite the introduction of various anti-VEGF
injections for nAMD, patient response to treat-
ment remains unpredictable. This suggests the
potential presence of specific predictive factors
that may vary among patients and could influ-
ence treatment outcomes. In this retrospective
study, patients with diagnosis of treatment-
naive nAMD treated with the T&E regimen with
aflibercept with 5-year follow-up were evaluated.
The study objective was to evaluate treatment
outcomes and assess the potential correlations
between OCT biomarkers and long-term clinical

results over a 5-year follow-up period in a real-
world setting.

Of the 59 MNV cases, 57.6% were classified as
type 1 and 42.4% as type 2. According to base-
line OCT biomarkers, SRF was more frequently
observed in the MNV type 1 group than the type
2 group, whereas SHRM was more commonly
found in patients with type 2 MNV. This finding
is consistent with the anatomical characteristics
of type 2 MNV, which typically involve neovas-
cularization located above the RPE, making the
presence of SHRM more likely in this subtype
(28, 29].

Central Foveal Thickness

Throughout the entire follow-up period, CFT
showed a significant reduction from baseline
following the loading dose in both MNV type
1 and type 2 groups. Thereafter, CFT remained
relatively stable, with only minor fluctuations
observed over the subsequent 4 years of follow-
up. Several studies have demonstrated that CFT
significantly decreases after the initial anti-
VEGF treatment, with the reduction remain-
ing stable for up to 90 days [40]. In the ARIES
study, patients with nAMD treated with afliber-
cept under both early and late T&E protocols
exhibited a significant reduction in CFT at the
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2-year follow-up [41]. In the current study, CFT
was shown to correlate with BCVA, with higher
CFT values being associated with lower visual
outcomes [42]. In line with this, a positive cor-
relation has also been demonstrated between
reductions in CFT and improvements in BCVA
over time in patients with nAMD undergoing
aflibercept treatment [43]. Studies investigating
anti-VEGF therapies have reported that greater
CFT fluctuations are linked to poorer BCVA at
the end of follow-up, whereas more stable CFT
measurements are associated with better visual
outcomes. This suggests that CFT variability
may serve as a more reliable prognostic indica-
tor than the mere presence of retinal fluid [42].

Subretinal and Intraretinal Fluid

Regarding MNV type 1, SRF showed a signifi-
cant reduction following the loading dose.
Throughout follow-up, a slight tendency toward
re-accumulation was observed, particularly dur-
ing the fourth and fifth years. Nevertheless, SRF
levels remained consistently lower than base-
line across the 5-year follow-up period. In con-
trast, in patients with MNV type 2, SRF did not
exhibit a statistically significant change. Base-
line SRF levels in this group were already lower
than those observed in type 1, and showed a
gradual, nonsignificant increasing trend over
time. It is known that SRF typically decreases
following the loading phase and tends to remain
stable during long-term follow-up [34]. A simi-
lar trend was observed for IRF, which decreased
significantly after the loading dose in both study
groups. Over the subsequent 5 years of follow-
up, IRF levels remained low, with MNV type 2
patients demonstrating a more pronounced and
sustained reduction than those with type 1.
After the initial 2 years of CFT reduction, sta-
bilization of retinal thickness was accompanied
by persistent SRF suppression. IRF showed a
sustained and statistically significant reduction
in the MNV type 2 group, and a mild, nonsig-
nificant decline in the MNV type 1 group. These
findings support the hypothesis that the gradual
decline in visual acuity observed from year 1 to
year 5 is likely attributable to the progression of
the dry AMD component and subretinal fibrosis,

rather than to recurrent MNV activity [34]. The
presence of subretinal fibrosis and minimal
residual IRF likely contributes to the overall sta-
bilization of retinal thickness at S years, as these
components progressively replace the previously
observed SRF. A similar pattern was reported in
a study by Jajji et al., which analyzed 82 eyes of
patients with nAMD [34].

Subretinal Hyperreflective Material

SHRM is confirmed to be a key OCT biomarker
and prognostic factor in the management of
neovascular nAMD [44]. Its presence typically
decreases following intravitreal anti-VEGF ther-
apy [45]. Previous studies have reported a base-
line SHRM prevalence of approximately 70%
in patients with nAMD [44-46]. In the current
study, SHRM was present in 68% of patients
within the MNV type 2 group, whereas its base-
line prevalence in the MNV type 1 group was
5.9%. Among patients with MNV type 2, SHRM
showed a decreasing trend over the 5-year fol-
low-up, although the reduction was not statis-
tically significant. Interestingly, patients who
exhibited SHRM at baseline and experienced
an improvement in BCVA following the load-
ing dose tended to maintain stable visual func-
tion over the long term. Conversely, patients
with stable or worsening vision after the load-
ing dose were more likely to show progressive
visual decline. However, previous studies have
reported that SHRM was not consistently asso-
ciated with BCVA improvement after 1 year of
intravitreal aflibercept treatment [46]. Similarly,
in the present study, SHRM did not demonstrate
a significant correlation with visual acuity out-
comes over the 5-year period.

Drusenoid PED

dPED is typically considered a risk factor for the
progression to advanced forms of AMD, includ-
ing both neovascular and atrophic subtypes. It
has been observed that patients with dPED tend
to develop type 2 MNV more frequently than
type 1 MNV [47]. On OCT imaging, it is com-
mon to identify an MNV located beneath the
RPE in the context of a PED. During anti-VEGF
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treatment for MNV, a reduction in the height of
dPED is often observed, which can eventually
lead to its collapse and the development of reti-
nal atrophy [26, 48]. In the present study, dPED
showed a progressive tendency to decrease in
both groups throughout the treatment period;
however, this reduction reached statistical signif-
icance only in the MNV type 1 group. Regarding
the relationship between dPED and visual acu-
ity, patients with MNV type 2 who experienced
an improvement in BCVA following the loading
dose tended to maintain better visual acuity over
time. This trend was less evident in patients with
MNYV type 1. Nevertheless, no significant corre-
lation was found between the presence or evolu-
tion of dPED and visual acuity improvement at
the end of the 5-year follow-up.

Hyperreflective Spots

In OCT analysis, the hyperreflective nature of
the so-called HS has been hypothesized to be
associated with microglia activation, lipopro-
tein deposition in the neuroretinal layers, or
RPE migration; however, its exact origin remains
uncertain [49, 50]. Other authors have hypoth-
esized that the increased presence of HS in the
subretinal layer is associated with blood-retinal
barrier impairment and is considered a marker
of disease activity [50]. The presence of HS was
equally distributed among all types of MNV [27].
Previous studies have reported HS regression
after treatment [27, 50]. In the current study,
reduction was observed after the loading dose
followed by a significant decrease of approxi-
mately up to 5 years. Moreover, data on the cor-
relation between HS and visual acuity remain
conflicting. Some authors reported no associa-
tion between HS and visual acuity changes at
12 months [49]. Coscas et al. reported that HS
resolution was associated with better final visual
acuity in nAMD and tended to recur based on
the evolution of the MNV activity [23]. On the
contrary, Lee et al. found that a higher presence
of HS at baseline was negatively correlated with
visual acuity in patients with nAMD [49, 50]. In
our study, a reduction in HS in MNV type 1 was
associated with better visual outcomes at 5 years.
Lee et al. demonstrated that a higher number of

HS at baseline correlated with a smaller reduc-
tion in SRF during follow-up. These findings are
consistent with the hypothesis that HS reflect
an inflammatory component that is more pro-
nounced in the early stages of disease, prior to
treatment initiation. HS tend to decrease signifi-
cantly with the progression of intravitreal anti-
VEGF therapy, although they rarely disappear
completely. This may suggest that, at the time
of diagnosis, HS represent a marker of active dis-
ease, closely associated with increased SRF and
fluid extravasation. However, in more advanced
stages, HS may acquire a degenerative nature,
reflecting RPE debris or lipofuscin deposits that
remain stable within the retinal layers over time
[49].

Retinal Degeneration OCT Biomarkers

Regarding OCT biomarkers of retinal degenera-
tion, RPE tears were observed in only 2.9% of
eyes in the type 1 MNV group at the fifth year of
follow-up. In contrast, in the type 2 MNV group,
RPE tears were present in 12% of patients at year
5, representing a significant increase compared
to baseline. In both groups, the presence of RPE
tears was associated with a reduction in BCVA at
5 years. Conversely, no statistically significant
differences were found for the presence of the
onion sign in either group. However, in the type
2 MNV group, 8% of patients (n=2) exhibited
this sign at year 5. Although not statistically sig-
nificant in the overall analysis, this finding in
the type 2 group was notably associated with a
decrease in BCVA.

The development of ORT is believed to be
driven by progressive photoreceptor degenera-
tion, which leads to the activation of Miiller
cells. This activation induces the expression
of glial fibrillary acidic protein, contributing
to the formation of ORT structures [32, 51].
ORT showed an increased prevalence during
the fourth and fifth years of follow-up in the
MNV type 2 group, whereas in the MNV type
1 group, the prevalence remained low and did
not show a significant change over the 5-year
period. Several authors have reported that the
prevalence of ORT tends to increase over time
and is associated with a decline in visual acuity
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[52, 53]. Although still observed in a relatively
small number of cases, the higher prevalence
of ORT in the MNV type 2 group appears to be
anatomically driven. In type 2 MNV, the patho-
logical process also affects the neuroretinal lay-
ers located above the RPE, which may result in
greater damage to the inner retinal structures
[53, 54]. Over time, this could lead to a higher
likelihood of ORT formation compared to MNV
type 1, which showed a prevalence of only 2.9%
at S years.

Subretinal fibrosis was not observed in either
group during the first 4 years of follow-up. How-
ever, starting from the fifth year, a few cases
emerged, reaching statistical significance. This
late onset is likely related to the chronic nature
of the disease, which over time may lead to the
development of subretinal fibrosis and retinal
atrophy, ultimately contributing to a decline
in visual acuity. In the MNV type 1 group, the
absence of subretinal fibrosis was associated with
better BCVA.

Functional Outcome

In terms of visual acuity, both groups presented
with similar BCVA at baseline. Following the
loading dose of aflibercept, both MNV type 1
and type 2 groups demonstrated an improve-
ment in BCVA, with the visual gain maintained
up to the second year. From the second to the
fifth year, however, a gradual and statistically
significant decline in BCVA was observed in
MNYV type 1 group when compared to both
baseline and post-loading values, while type 2
did not show any statistical significance. Visual
acuity progressively decreased in a linear fash-
ion throughout the follow-up, suggesting a slow
disease progression despite adequate intravitreal
treatment under a T&E regimen. One poten-
tial factor contributing to this trend may be
the long-term effects of anti-VEGF therapy on
photoreceptor integrity, as proposed in previ-
ous studies [55, 56]. In the MNV type 1 group,
BCVA showed a more linear pattern of decline
over time, whereas the trajectory in the type
2 group appeared more variable and therefore
less predictable. In the type 1 group, approxi-
mately 94% of patients experienced a BCVA

improvement at 3 months following the load-
ing dose, with 14.7% showing a marked visual
gain. In the type 2 group, about 84% of patients
improved at the same time point, of whom 12%
achieved a nonsignificant improvement. Across
both groups, patients who began treatment with
better baseline visual acuity were more likely to
maintain higher BCVA values at 5 years, com-
pared to those who started with poorer visual
function. Additionally, age was identified as a
significant factor influencing long-term visual
outcomes, with increasing age correlating with
higher 1o gMAR scores, indicating progressive
deterioration of visual acuity over time.

The main limitations of this study include
its retrospective design, relatively small sample
size, the subjective assessment of OCT biomark-
ers rather than the use of artificial intelligence
(AI)-based models, and the inability to establish
a precise correlation between OCT biomarkers
and the histopathological analysis of the human
retina. Strengths of the study include the uni-
form treatment regimen, as all patients under-
went a T&E protocol with aflibercept, and the
extended 5-year follow-up period.

CONCLUSIONS

The main differences observed in this study
highlight that, in type 2 MNV, the presence
of SHRM at baseline was associated, over the
course of follow-up, with a greater incidence
of retinal alterations. This is evidenced by
the higher occurrence of biomarkers such
as IRF, the presence of retinal tubulations,
and RPE tears. This pattern may plausibly be
linked to the inflammatory response occur-
ring in the neuroretina above the neovas-
cular membrane—precisely where SHRM is
located—which, over time, may lead to reti-
nal degeneration and the emergence of the
aforementioned biomarkers. Conversely, this
association does not appear to be present in
type 1 MNV. In these cases, which more fre-
quently exhibit SRF at baseline, a reduction in
HS and dPED is observed, along with a slight
increase in subretinal fibrosis. These findings
suggest that the presence of SRF at baseline
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may more frequently evolve into subretinal
fibrosis over time, in patients with a partial
anti-VEGF response. Moreover, patients who
show an improvement in BCVA after the load-
ing dose tend to maintain lower visual acuity
levels at 5-year follow-up. Despite adherence
to an appropriate treatment regimen and good
patient compliance, when criteria for treat-
ment suspension are not met due to the persis-
tent presence of OCT biomarkers, BCVA tends
to progressively decline in both groups, with
significance in group 1. Further investigation
is needed into the direct effects of anti-VEGF
agents on photoreceptor integrity.
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