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Long-term Visual Outcomes
Following Anti-VEGF
Therapy for Neovascular
Age-related Macular
Degeneration

Abstract

Neovascular age-related macular degeneration (nAMD) remains the leading
cause of irreversible central vision loss among older adults in developed
countries. The introduction of intravitreal vascular endothelial growth factor
(VEGF) inhibitors has revolutionized disease management, transforming
nAMD from a rapidly blinding condition into a chronic, treatable disorder.
Landmark randomized clinical trials demonstrated substantial improvements
in visual acuity during the first two years of treatment; however, maintaining
these gains over longer follow-up periods remains a significant clinical
challenge. Long-term visual outcomes are influenced by multiple factors,
including treatment regimen, injection frequency, baseline visual acuity,
lesion characteristics, patient adherence, and the progressive development of
macular atrophy and subretinal fibrosis. Furthermore, discrepancies between
randomized clinical trials and real-world practice highlight the impact of
undertreatment and healthcare resource limitations on long-term visual
preservation. Recent therapeutic advances, including faricimab, high-dose
aflibercept, sustained drug-delivery systems, gene therapy, and artificial
intelligence-assisted treatment strategies, offer promising opportunities to
reduce treatment burden while maintaining visual outcomes. This review
critically evaluates evidence from landmark clinical trials, extension studies,
and real-world registries regarding long-term visual outcomes following
anti-VEGF therapy for nAMD. Particular emphasis is placed on determinants
of long-term visual prognosis, current therapeutic challenges, emerging
treatment strategies, and practical recommendations for optimizing lifelong
management.
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1. INTRODUCTION

Age-related macular degeneration (AMD) is a progressive
degenerative disorder of the macula and represents one of
the leading causes of irreversible visual impairment
among individuals aged 50 years and older worldwide.
With continued population aging, the global prevalence of
AMD is expected to increase substantially over the
coming decades, posing an increasing socioeconomic and
healthcare burden. Although neovascular AMD (nAMD)
accounts for only approximately 10-15% of all AMD
cases, it is responsible for nearly 90% of severe central
vision loss associated with the disease because of the
rapid development of choroidal neovascularization
(CNV), exudation, hemorrhage, and subsequent fibrotic
scarring if left untreated [1-3].

The pathogenesis of nAMD is multifactorial and involves
a complex interaction between aging, oxidative stress,
chronic inflammation, complement pathway
dysregulation, genetic susceptibility, and retinal pigment
epithelium (RPE) dysfunction. These mechanisms
ultimately promote excessive expression of vascular
endothelial growth factor (VEGF), a potent angiogenic
cytokine  that  stimulates abnormal  choroidal
neovascularization, increases vascular permeability, and
promotes leakage of plasma and blood beneath and within
the neurosensory retina. Persistent VEGF-mediated
exudation results in photoreceptor damage, disruption of
retinal architecture, fibrosis, and irreversible vision loss if
disease activity is not adequately controlled [4,5].

The introduction of intravitreal anti-VEGF therapy
fundamentally transformed the management of nAMD.
Before anti-VEGF agents became available, treatment
options such as thermal laser photocoagulation and
photodynamic therapy were primarily aimed at slowing
disease progression rather than improving vision, and
long-term visual prognosis remained poor. The
development of ranibizumab, followed by bevacizumab,
aflibercept, brolucizumab, and more recently faricimab,
shifted the treatment paradigm from preventing blindness
to preserving and, in many patients, improving visual
acuity [6-8].

Landmark randomized controlled trials—
including MARINA, ANCHOR, CATT, IVAN, VIEW

1, VIEW 2, and HARBOR—consistently demonstrated
that regular intravitreal anti-VEGF therapy can produce
significant improvements in best-corrected visual acuity
(BCVA) during the first one to two years of treatment,
with many patients gaining >15 Early Treatment Diabetic
Retinopathy Study (ETDRS) letters [9—15]. These studies
established anti-VEGF therapy as the international
standard of care for nAMD and fundamentally altered
expectations regarding disease prognosis.

Despite these remarkable short-term results, maintaining
visual gains over extended follow-up remains
considerably more challenging. Long-term extension
studies and large real-world registries have demonstrated
that many patients experience gradual visual decline after
the initial treatment years, even with ongoing anti-VEGF
therapy. This deterioration is multifactorial and reflects
progressive retinal degeneration, development of macular
atrophy and subretinal fibrosis, treatment burden, reduced
injection frequency, undertreatment, and declining patient
adherence over time [16—19]. Consequently, visual
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outcomes reported in routine clinical practice often differ
substantially from those achieved in randomized clinical
trials, emphasizing the importance of evaluating long-
term effectiveness beyond controlled research settings.
Over the past decade, management strategies have
evolved from fixed monthly dosing to individualized
treatment approaches such as pro re nata (PRN) and treat-
and-extend (T&E) regimens, aiming to balance visual
outcomes with treatment burden. Simultaneously, newer
therapeutic agents with extended durability, dual-pathway
inhibition, sustained drug-delivery systems, and gene
therapy are being developed to reduce injection frequency
while preserving visual function [20-23]. These advances
have shifted attention from simply achieving early visual
improvement toward maintaining functional vision
throughout the patient's lifetime.

Given the chronic nature of nAMD, evaluating long-term
visual outcomes has become increasingly important for
clinicians, researchers, and healthcare systems.
Understanding why some patients maintain excellent
vision for a decade whereas others experience progressive
visual deterioration despite treatment is essential for
optimizing individualized management strategies,
improving adherence, minimizing irreversible retinal
damage, and guiding future therapeutic innovation.
Therefore, this comprehensive review critically examines
the current evidence regarding long-term visual outcomes
following anti-VEGF therapy for nAMD. Particular
emphasis is placed on evidence from landmark
randomized clinical trials, long-term extension studies,
and real-world registries, together with factors
influencing visual prognosis, current therapeutic
challenges, emerging treatment strategies, and practical
recommendations for optimizing long-term patient care.

2. LONG-TERM VISUAL OUTCOMES
FOLLOWING ANTI-VEGF THERAPY

The introduction of intravitreal anti-VEGF therapy
fundamentally changed the natural history of neovascular
age-related macular degeneration (nAMD). Before its
introduction, most patients experienced progressive and
irreversible central vision loss despite available
treatments, including thermal laser photocoagulation and
photodynamic therapy. Anti-VEGF therapy not only
slowed disease progression but also became the first
intervention capable of producing clinically meaningful
improvements in visual acuity. However, although early
outcomes have been consistently excellent, maintaining
these gains over prolonged follow-up remains
considerably more challenging. Consequently, evaluation
of long-term visual outcomes has become increasingly
important for determining the true effectiveness of anti-
VEGF therapy in routine clinical practice.

Evidence regarding long-term outcomes originates from
three principal sources: landmark randomized controlled
trials (RCTs), long-term extension studies, and real-world
observational registries. Randomized trials provide high-
quality evidence regarding efficacy under controlled
conditions, whereas real-world studies reflect everyday
clinical practice, where treatment adherence, healthcare

accessibility, and individualized management
substantially influence outcomes. Together, these
complementary sources provide a comprehensive
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understanding of visual prognosis throughout the disease
course.

Landmark Randomized Clinical Trials

The modern era of nAMD treatment began with the
publication of the MARINA and ANCHOR trials, which
established ranibizumab as the first anti-VEGF agent
capable of significantly improving visual acuity rather
than simply slowing visual deterioration. Both studies
demonstrated that monthly ranibizumab injections
produced sustained visual improvement over two years,
with approximately one-third of treated patients achieving
gains of at least 15 ETDRS letters while over 90%
avoided moderate vision loss [9,10]. These results
represented an unprecedented improvement compared
with previous treatment modalities and established
monthly anti-VEGF therapy as the international standard
of care.

Subsequent comparative effectiveness studies further
refined treatment strategies. The Comparison of Age-
related Macular Degeneration Treatments Trials
(CATT) demonstrated that bevacizumab and ranibizumab
achieved comparable visual outcomes when administered
according to similar treatment regimens, providing
important evidence supporting the widespread clinical use
of bevacizumab because of its substantially lower cost
[11]. Likewise, the IVANtrial confirmed similar efficacy
between the two agents while also examining continuous

versus discontinuous treatment strategies, emphasizing
the importance of maintaining adequate treatment
intensity to preserve visual gains [12].

The introduction of aflibercept further expanded
therapeutic options. The VIEW 1 and VIEW 2 studies
demonstrated that aflibercept administered every eight
weeks after three initial monthly injections achieved
visual outcomes comparable to monthly ranibizumab
while reducing injection frequency [13]. This finding
represented a major advance in reducing treatment burden
without compromising efficacy and influenced treatment
protocols worldwide.

The HARBOR study subsequently evaluated different
ranibizumab doses and individualized treatment
regimens. Although higher dosing did not significantly
improve visual outcomes, individualized treatment
approaches demonstrated that many patients could
maintain favorable visual acuity with fewer injections
when disease activity was carefully monitored [14].
Collectively, these pivotal trials established anti-VEGF
therapy as the cornerstone of nAMD management and
demonstrated that visual improvement is achievable in a
substantial proportion of patients during the first two
years of treatment.

The principal characteristics and outcomes of these
landmark trials are summarized in Table 1.

Table 1. Landmark Randomized Clinical Trials Evaluating Anti-VEGF Therapy in Neovascular AMD

Trial ?;:;;VEGF Follow-up |[Main findings Clinical significance
MARINA Ranibizumab 24 months Slgnlﬁcant BCVA improvement F.1rst tr.lal demonstrating
with monthly treatment visual improvement
Superior vision gain compared Established
ANCHOR Ranibizumab 24 months ||>'P s p ranibizumab as standard
with photodynamic therapy
therapy
CATT Ranlb}zumab V8 |4 months Comparable efficacy between Suppqrted use  of
bevacizumab agents bevacizumab
VAN Ranlb}zumab V8 |h4 months Similar long-term efficacy and Relpforced treatment
bevacizumab safety equivalence
VIEW 1 & VIEW 2||Aflibercept 96 weeks Comparable . §fﬁcacy with |[Reduced treatment
extended dosing intervals burden
HARBOR Ranibizumab 24 months Ind}quuallzefi ~ regimens Supported personalized
maintained visual gains treatment

EJPRD

Long-Term Extension Studies

Although randomized trials established the efficacy of
anti-VEGF therapy during the first two years, extension
studies demonstrated that preserving these gains over
longer periods is substantially more difficult.
The SEVEN-UP study, =~ which  followed patients
previously enrolled in MARINA, ANCHOR, and
HORIZON, reported that visual acuity declined during
prolonged follow-up despite continued anti-VEGF
treatment. Seven years after initiation of therapy, only a
minority of eyes maintained visual acuity of 20/40 or
better, while nearly one-third developed visual acuity of
20/200 or worse [15].
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Importantly, this deterioration did not necessarily reflect
treatment failure but rather the chronic progressive nature
of nAMD. Development of geographic atrophy, subretinal
fibrosis, chronic photoreceptor damage, and reduced
treatment frequency were identified as major contributors
to long-term visual decline. These findings shifted clinical
focus from achieving short-term visual gains toward
maintaining retinal integrity over many years.

Subsequent long-term cohort studies confirmed similar
trends. Although many patients retained visual acuity
superior to baseline after five years, gradual decline
became increasingly evident beyond seven years,
particularly among individuals receiving fewer injections
or experiencing prolonged treatment interruptions. These
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observations emphasized that anti-VEGF therapy
suppresses disease activity but does not eliminate the
underlying degenerative processes responsible for
progressive retinal dysfunction.

Real-World Evidence

While randomized trials remain the gold standard for
evaluating efficacy, real-world studies provide essential
information regarding effectiveness under routine clinical
conditions. Compared with clinical trials, patients in
routine practice are generally older, have more systemic
comorbidities, exhibit greater disease heterogeneity, and
frequently receive fewer injections because of healthcare
limitations, financial constraints, or treatment fatigue.
Consequently, long-term visual outcomes reported in
observational studies are often less favorable than those
achieved in randomized trials.

Large observational registries, including the Fight Retinal
Blindness! (FRB!) Registry, the LUMINOUS study, and
several national cohort studies, consistently demonstrate
that visual acuity improves during the first one to two
treatment years before gradually declining thereafter [16—
18]. Nevertheless, vision generally remains superior to the
expected natural history of untreated disease, confirming
the long-term benefit of continued anti-VEGF therapy.
One of the most influential long-term registry analyses
reported ten-year outcomes from the FRB! Registry,
demonstrating that patients receiving more intensive
treatment maintained significantly better visual acuity
than those treated less frequently. Eyes completing ten
years of follow-up experienced only minimal average
visual loss from baseline when injection frequency
remained relatively high, whereas undertreated patients
exhibited substantially greater deterioration. These
findings reinforce the importance of maintaining
consistent disease suppression throughout long-term
follow-up [18].

Similarly, real-world studies have demonstrated that
treatment adherence strongly influences visual prognosis.
Patients who discontinue treatment prematurely or
experience prolonged gaps between visits are more likely

to develop irreversible macular fibrosis, geographic
atrophy, and permanent vision loss. Therefore, long-term
success depends not only on drug efficacy but also on
sustained patient engagement and regular monitoring.
Comparison Between Randomized Trials and Real-
World Outcomes

A consistent observation across the literature is the
disparity between randomized clinical trials and routine
clinical practice. Whereas clinical trials typically employ
fixed treatment schedules with rigorous follow-up and
strict retreatment criteria, real-world practice often
involves individualized regimens influenced by
healthcare resources, patient compliance, and physician
preference.

This difference results in fewer injections and less
frequent monitoring in routine practice, which partially
explains the smaller visual gains and greater long-term
decline observed in observational cohorts. Nevertheless,
studies adopting proactive treat-and-extend
(T&E) protocols ~ have  demonstrated  outcomes
approaching those reported in randomized trials while
substantially reducing treatment burden compared with
fixed monthly dosing. These findings suggest that
individualized proactive treatment strategies may
represent the optimal balance between efficacy and
feasibility in contemporary clinical practice.

Overall, current evidence demonstrates that anti-VEGF
therapy provides durable visual benefit compared with the
natural course of nAMD; however, maintaining early
visual gains requires sustained treatment, careful
monitoring, and individualized management over many
years. The variability observed across long-term studies
further indicates that visual prognosis is determined not
only by therapeutic efficacy but also by patient
characteristics, disease progression, and healthcare
delivery systems.

The principal long-term visual outcomes reported by
major clinical trials and observational studies are
summarized in Table 2.

Table 2. Long-Term Visual Qutcomes Following Anti-VEGF Therapy in Major Clinical Studies

|Study ||Follow-up ||Mean visual outcome ||Key observations |
MARINA 2 years Slgnlﬁcant BCVA Monthly ranibizumab  highly
improvement effective
|ANCHOR ||2 years ||Sustained visual gain ||Superi0r to photodynamic therapy |
CATT 5 years Partial loss of early gains Undert.re.:atment influenced  long-
term vision
Progressive decline from ||Atrophy and fibrosis became major
SEVEN-UP 7 years peak BCVA determinants
VIEW extension 4-5 year Stable vision with Durable aflibercept efficac
exiensio years individualized treatment urable ereept ethicacy
Fight Retinal Better outcomes with higher |[Long-term adherence predicted
; . 10 years NS . .
Blindness! Registry injection frequency visual preservation
LUMINOUS Functional vision maintained |[Real-world  treatment  burden
. 5 years . . .
Registry In many patients influenced outcomes
3. FACTORS INFLUENCING LONG-TERM Although anti-VEGF therapy has transformed the
VISUAL OUTCOMES management of neovascular age-related macular
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degeneration (nAMD), considerable variability exists in
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long-term visual outcomes among treated patients. While
some individuals maintain functional vision for more than
a decade, others experience progressive visual
deterioration despite regular treatment. This variability
reflects the complex interaction between patient
characteristics, disease severity, retinal structural changes,
treatment strategy, and healthcare-related factors.
Understanding these determinants is essential for
optimizing individualized management and maximizing
long-term visual preservation.

Baseline Visual Acuity

Baseline best-corrected visual acuity (BCVA) is one of the
strongest predictors of long-term visual outcomes.
Patients presenting with better baseline vision generally
maintain superior final visual acuity after prolonged
treatment because retinal architecture is relatively
preserved before irreversible photoreceptor damage
occurs. Conversely, eyes with poor baseline vision
frequently demonstrate larger numerical improvements in
ETDRS letter scores but rarely achieve the same absolute
visual acuity as patients treated earlier in the disease
course [24,25].

This apparent paradox reflects a well-recognized "ceiling
effect." Patients with excellent baseline vision have
limited opportunity for substantial letter gain but are more
likely to preserve functional vision over many years.
Consequently, early diagnosis and prompt initiation of
therapy remain among the most important determinants of
favorable long-term outcomes.

Treatment Intensity and Injection Frequency
Long-term visual preservation is closely associated with
adequate treatment intensity. Across randomized clinical
trials and real-world registries, patients receiving a greater
number of anti-VEGF injections generally maintain better
visual acuity than those treated less frequently [18,26].
Undertreatment remains one of the principal causes of
long-term visual decline in routine practice. Although
exudation may initially resolve after a limited number of
injections, recurrent disease activity results in cumulative
retinal injury that cannot be completely reversed by
subsequent therapy. Each episode of recurrent fluid may
contribute to irreversible photoreceptor loss, retinal
pigment epithelium dysfunction, and fibrotic remodeling.
Evidence from long-term observational studies
consistently demonstrates that maintaining disease
suppression through proactive retreatment preserves
vision more effectively than intermittent reactive
treatment after recurrence has already occurred.
Treatment Regimen

The optimal treatment regimen remains an area of
ongoing investigation. Three principal strategies are
currently employed:

® Fixed dosing

®  Pro re nata (PRN)

®  Treat-and-Extend (T&E)

Fixed monthly treatment achieved the best visual
outcomes in pivotal randomized trials but imposes
substantial treatment burden on patients and healthcare
systems. Consequently, fixed dosing is seldom maintained
beyond the first treatment years in routine clinical
practice.

PRN regimens reduce injection frequency by
administering treatment only when disease activity recurs.

ejprd.org - Published by Riset Publishing Services LLC

Although this strategy decreases treatment burden,
several long-term studies have demonstrated inferior
visual outcomes compared with proactive approaches
because recurrent exudation often precedes retreatment
[27].

Treat-and-Extend protocols have become increasingly
popular because they individualize treatment intervals
according to disease activity while maintaining
continuous suppression of neovascularization. Numerous
comparative studies have shown that T&E achieves visual
outcomes approaching monthly treatment while
substantially reducing clinic visits and unnecessary
injections [28]. Accordingly, current international
guidelines increasingly recommend T&E as the preferred
long-term management strategy for many patients with
nAMD.
Anatomical
Tomography
Optical coherence tomography (OCT) has become
indispensable for predicting long-term prognosis and
guiding treatment decisions. Structural retinal biomarkers
often provide more accurate prognostic information than
visual acuity alone because they directly reflect retinal
integrity.

Persistent or recurrent intraretinal  fluid (IRF) is
consistently associated with poorer long-term visual
outcomes because it reflects ongoing retinal injury and
neuronal damage [29]. In contrast, the prognostic
significance  of subretinal ~ fluid (SRF)is more
controversial. Several studies suggest that small amounts
of stable SRF may be compatible with satisfactory visual
outcomes and may not require aggressive retreatment,
whereas persistent IRF almost invariably warrants
continued therapy.

These structural abnormalities indicate irreversible retinal
degeneration and frequently predict declining visual
function despite successful control of exudation.
Macular Atrophy and Subretinal Fibrosis

As anti-VEGEF therapy has prolonged patient survival and
disease control, chronic retinal degeneration has become
an increasingly important determinant of long-term
vision. Macular atrophy and subretinal fibrosis now
represent the principal causes of late visual deterioration
in many patients receiving prolonged anti-VEGF therapy
[30].

Macular  atrophy develops through progressive
degeneration of the retinal pigment epithelium,
photoreceptors, and choriocapillaris. Although its precise
relationship with anti-VEGF therapy remains debated,
increasing evidence suggests that disease progression
itself plays a major role, with cumulative retinal injury,
chronic  inflammation, and aging contributing
substantially to tissue loss.

Subretinal fibrosis similarly results from chronic
neovascular activity and wound-healing responses. Once
established, fibrotic scars permanently disrupt retinal
architecture and are associated with irreversible central
vision loss. Importantly, neither macular atrophy nor
fibrosis can currently be reversed, highlighting the
importance of early disease control and continuous
suppression of neovascular activity.

Patient Adherence and Persistence

Biomarkers on Optical Coherence

Copyright ©2026 by Riset Publishing Services LLC.
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Long-term success depends not only on treatment efficacy
but also on sustained patient adherence. Anti-VEGF
therapy often requires repeated injections over many
years, creating significant physical, psychological,
financial, and logistical challenges for patients and
caregivers.

Loss to follow-up, missed appointments, delayed
retreatment, and premature treatment discontinuation are
consistently associated with poorer visual outcomes [31].
Patients experiencing prolonged interruption of therapy
frequently develop recurrent exudation and irreversible
retinal damage before treatment can be reinitiated.
Improving adherence therefore represents a major priority
in long-term nAMD management. Patient education,
individualized scheduling, simplified treatment regimens,
and reduction of treatment burden through longer-acting
therapies may substantially improve persistence with
treatment.

Systemic and Demographic Factors

Several patient characteristics influence long-term
prognosis. Increasing age has been associated with less
favorable visual outcomes, partly because of reduced
retinal regenerative capacity and greater prevalence of
systemic comorbidities. Cardiovascular disease, smoking

history, and poor general health may also adversely affect
retinal function and treatment response.

Genetic factors, particularly polymorphisms involving
complement factor H (CFH) and ARMS2/HTRAI, have
been investigated extensively; however, their influence on
long-term anti-VEGF response remains inconsistent and
has not yet altered routine clinical practice.

Anti-VEGF Agent Selection and Switching

Although ranibizumab, bevacizumab, aflibercept, and
faricimab demonstrate broadly comparable efficacy in
many clinical settings, switching between agents may
improve anatomical outcomes in selected patients with
persistent disease activity.

Aflibercept has demonstrated superior drying capacity in
some eyes with refractory fluid because of its higher
VEGF-binding affinity, while faricimab offers additional
inhibition of angiopoietin-2, potentially allowing longer
treatment intervals without compromising efficacy [32].
Nevertheless, current evidence suggests that treatment
adherence and disease monitoring exert greater influence
on long-term vision than selection of any individual anti-
VEGF agent.

The principal determinants of long-term visual outcomes
are summarized in Table 3.

Table 3. Predictors of Favorable and Poor Long-Term Visual Qutcomes Following Anti-VEGF Therapy

|Fact0r ||Favorable outcome

HPoor outcome |

|Base1ine BCVA ||Good initial vision

||Advanced vision loss at presentation

|Treatment timing ||Early diagnosis

HDelayed treatment initiation

|Injection frequency ||Regular proactive therapy

| |Undertreatment

|Treatment regimen ||Treat-and-Extend or fixed

HInconsistent PRN with prolonged recurrence

|OCT findings ||Dry macula, preserved ellipsoid zone ||Persistent IRF, outer retinal disruption
|Macular atrophy ||Minimal progression
|Fibrosis ||Absent HEstablished subretinal fibrosis

|Patient adherence ||High compliance

||Missed visits and treatment discontinuation

|F0110W-up ||C0ntinu0us monitoring

HLoss to follow-up

|Disease activity ||Well—controlled CNV

|
|
|
|
|
||Extensive geographic atrophy |
I
|
|

HRecurrent exudation

Collectively, these findings indicate that long-term visual
outcomes depend not only on the pharmacological
efficacy of anti-VEGF agents but also on early diagnosis,
proactive treatment strategies, preservation of retinal
structure, and sustained patient adherence. Recognition of
these determinants enables clinicians to identify patients
at increased risk of visual decline and implement
individualized management strategies aimed at
maximizing long-term visual preservation.

4. CURRENT CHALLENGES IN LONG-TERM
ANTI-VEGF THERAPY

Despite the profound benefits of anti-VEGF therapy for
neovascular age-related macular degeneration (nAMD),
maintaining favorable visual outcomes over many years
remains difficult. Long-term studies demonstrate that
visual decline is often related less to loss of
pharmacological efficacy than to treatment burden,
undertreatment, interruptions in  follow-up, and
irreversible structural changes such as macular atrophy
and subretinal fibrosis [18,33]. These factors contribute

EJPRD
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substantially to the gap between outcomes achieved in
randomized clinical trials and those observed in routine
practice.

Treatment Burden and Undertreatment

Repeated intravitreal injections and frequent optical
coherence tomography (OCT) monitoring impose
considerable burdens on elderly patients, caregivers,
clinicians, and healthcare systems. Transportation
difficulties, systemic comorbidities, injection-related
anxiety, caregiver dependence, and frequent clinic visits
may progressively reduce treatment persistence.
Consequently, real-world patients generally receive fewer
injections than participants in randomized clinical trials,
and lower treatment intensity is consistently associated
with inferior visual outcomes [33,34].

The five-year CATT follow-up demonstrated partial loss
of the early visual gains achieved during the randomized
treatment phase, while fewer injections and persistent
disease activity were associated with greater risk of
sustained visual loss [33,34]. These observations
emphasize that nAMD is a chronic disease requiring

Copyright ©2026 by Riset Publishing Services LLC.
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prolonged suppression of neovascular activity rather than
episodic treatment of symptomatic recurrences.

Proactive Treat-and-Extend strategies can reduce
unnecessary visits while maintaining disease control and
therefore offer a practical compromise between fixed
frequent dosing and reactive PRN treatment.
Nevertheless, undertreatment remains an important
problem in routine care, particularly where healthcare
capacity or patient access is limited.

Loss to Follow-Up and Treatment Discontinuation
Loss to follow-up represents a major modifiable cause of
poor long-term visual outcome. Patients may interrupt
therapy because of advanced age, illness, transportation
difficulties, financial barriers, treatment fatigue, or
perceived lack of benefit. Importantly, visual deterioration
occurring during prolonged treatment interruption is
frequently irreversible despite subsequent resumption of
anti-VEGF therapy.

Recent long-term evidence demonstrates significantly
worse final visual acuity and a greater risk of severe vision
loss among nAMD patients lost to follow-up for more
than six months compared with patients maintaining
continuous follow-up [35]. Maintaining treatment
persistence should therefore be regarded as a core
component of nAMD management rather than an
administrative consideration alone.

Patient education, reminder systems, coordinated
appointment  scheduling, caregiver involvement,
individualized treatment intervals, and newer longer-
duration therapies may reduce the risk of treatment
discontinuation.

Macular Atrophy

Macular atrophy has emerged as one of the principal
causes of late visual decline among patients whose
neovascular activity is otherwise successfully controlled.
Progressive loss of the retinal pigment epithelium,
photoreceptors, and choriocapillaris can lead to
irreversible central visual impairment despite a relatively
dry macula on OCT.

Long-term observational studies demonstrate greater rates
of visual decline in eyes developing macular atrophy
compared with eyes without atrophic progression [36].
However, the relationship between anti-VEGF exposure
and atrophy remains complex. Increased treatment
intensity has been associated with a higher frequency of
macular atrophy in some studies, but chronic nAMD
itself, aging, baseline lesion characteristics, and repeated
exudative injury are also major contributors [33,36].
Accordingly, undertreatment should not be justified by
concern regarding atrophy. The immediate risk of
irreversible damage from uncontrolled neovascular
activity generally outweighs the uncertain contribution of
VEGF suppression to atrophic progression.

Subretinal Fibrosis

Subretinal fibrosis represents another major structural
cause of permanent long-term visual impairment. Chronic
neovascular activity promotes fibrovascular remodeling
and scar formation beneath the neurosensory retina,
resulting in irreversible disruption of photoreceptor
architecture.

Fibrosis is particularly associated with delayed treatment
initiation, large lesions, recurrent hemorrhage, and
persistent disease activity. Once central fibrosis develops,
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further anti-VEGF therapy may suppress exudation but
cannot restore the damaged retinal architecture.
Prevention through early diagnosis and sustained control
of neovascular activity therefore remains critical.

The increasing contribution of both fibrosis and macular
atrophy to late visual loss highlights an important
conceptual shift in nAMD management: successful long-
term treatment requires preservation of retinal structure,
not merely elimination of retinal fluid.

Incomplete Response, Resistance, and Switching
Therapy

A proportion of patients demonstrate persistent or
recurrent fluid despite apparently adequate anti-VEGF
therapy. Potential explanations include inadequate
treatment frequency, misclassification of disease activity,
lesion characteristics, pharmacological tolerance, and
activation of alternative angiogenic pathways. True anti-
VEGF tachyphylaxis appears less common than the
broader concept of incomplete therapeutic response.
Switching agents can improve anatomical outcomes in
selected refractory eyes. A systematic review and meta-
analysis of eyes with treatment-resistant nAMD switched
from bevacizumab or ranibizumab to aflibercept
demonstrated significant reductions in central retinal
thickness, although improvements in visual acuity were
relatively modest [37]. This distinction is clinically
important: improved OCT anatomy does not necessarily
translate into substantial functional recovery once
irreversible retinal damage has occurred.

Treatment switching should therefore be individualized
and based on persistent disease activity, treatment interval
requirements, previous therapeutic response, and
anatomical characteristics rather than fluid alone.
Long-Term Safety

Repeated intravitreal anti-VEGF therapy has an overall
favorable safety profile. Serious ocular adverse events—
including infectious endophthalmitis, retinal detachment,
lens injury, and severe intraocular inflammation—are
uncommon when injections are performed using
appropriate aseptic technique.

Systemic VEGF suppression has raised theoretical
concerns regarding arterial thromboembolic events,
including myocardial infarction and stroke, particularly in
elderly patients with underlying cardiovascular disease.
However, systematic reviews and meta-analyses have
generally not demonstrated a convincing major increase
in cardiovascular events associated with intravitreal anti-
VEGF therapy at commonly used ophthalmic doses
[38,39]. Individualized assessment remains appropriate in
patients with recent stroke, myocardial infarction, or
substantial vascular risk.

Thus, for most patients with active nAMD, the risk of
irreversible visual loss from withholding effective therapy
substantially exceeds the known systemic risk of
treatment.

Economic and Healthcare-System Burden

The chronic nature of nAMD places substantial economic
pressure on healthcare systems. Costs include medication,
OCT imaging, repeated clinical assessments, injection
procedures, transportation, caregiver support, and indirect
costs related to visual disability.

Differences in reimbursement, drug availability, clinic
capacity, and national healthcare infrastructure contribute
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to geographic variation in treatment intensity and
outcomes. Real-world evidence continues to demonstrate
that inadequate injection frequency and delayed follow-
up are major contributors to the gap between trial efficacy
and routine clinical effectiveness [40].

Cost-effective biosimilars, longer-duration anti-VEGF
agents, streamlined Treat-and-Extend protocols, and

home-monitoring technologies may therefore improve
both treatment accessibility and long-term visual
outcomes.

The principal challenges affecting long-term anti-VEGF
treatment and potential strategies to address them are
summarized in Table 4.

Table 4. Major Challenges Affecting Long-Term Anti-VEGF Therapy and Potential Strategies

Challenge “Effect on long-term outcomes HPotential strategy

High treatment || Treatment fatigue and reduced |[Treat-and-Extend;  longer-duration
burden adherence agents

Undertreatment Recurrent exudation and Proactive individualized therapy

cumulative retinal injury

Loss to follow-up

Irreversible visual deterioration

Education, reminders, caregiver

support

Macular atrophy vision loss

Progressive irreversible central ||OCT monitoring and preservation of

disease control

Permanent

Subretinal fibrosis functional damage

structural

and |[Early diagnosis and continuous

suppression of CNV

Persistent disease

activity

Recurrent fluid and retinal injury

Reassess diagnosis, interval and anti-
VEGF agent

Incomplete treatment ||Anatomical

persistence

with |[Selective switching and

system burden access

response limited functional gain individualized management
Long-term safety ||Potential treatment hesitation or ||Individualized systemic risk
concerns discontinuation assessment

Economic/health- Reduced treatment intensity and ||Biosimilars, durable agents and

efficient care pathways

Overall, the major challenge in long-term nAMD
management is no longer demonstrating that anti-VEGF
therapy works, but ensuring that effective disease
suppression can be maintained for many years without
excessive treatment burden. Preventing undertreatment,
maintaining follow-up, minimizing recurrent exudative
injury, and addressing macular atrophy and fibrosis are
therefore central to preserving long-term visual function
[33-40].

5. EMERGING STRATEGIES AND FUTURE
PERSPECTIVES

The remarkable success of anti-VEGF therapy has
transformed neovascular age-related macular
degeneration (nAMD) into a chronic, manageable disease.
Nevertheless, the need for frequent intravitreal injections,
progressive structural retinal damage, and declining long-
term visual outcomes have driven the development of
novel therapeutic strategies aimed at improving durability
while reducing treatment burden. Recent advances focus
on extending treatment intervals, targeting additional
angiogenic pathways, improving drug delivery, and
integrating emerging technologies into personalized
patient care.

Faricimab: Dual-Pathway Inhibition

Faricimab represents the first bispecific antibody
approved for nAMD that simultaneously inhibits vascular
endothelial growth factor-A (VEGF-A) and angiopoietin-
2 (Ang-2). While VEGF inhibition suppresses
pathological neovascularization and vascular
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permeability, Ang-2 inhibition promotes vascular
stabilization and may reduce inflammation and vascular
leakage.

The phase III TENAYA and LUCERNE trials
demonstrated that faricimab achieved visual acuity
outcomes non-inferior to aflibercept while allowing
treatment intervals of up to 16 weeks in a substantial
proportion of patients [41,42]. Extension analyses and
early real-world studies suggest that longer dosing
intervals may reduce treatment burden without
compromising anatomical or functional outcomes.
Although longer follow-up is still required, dual-pathway
inhibition represents one of the most important advances
in nAMD therapy over the past decade.

High-Dose Aflibercept (8 mg)

Increasing the intravitreal dose of aflibercept from 2 mg
to 8 mg has emerged as another strategy for extending
treatment durability. The PULSAR trial demonstrated
that high-dose aflibercept maintained visual outcomes
comparable to conventional dosing while enabling
treatment intervals of up to 16 weeks in many patients
[43].

The principal advantage of higher-dose therapy lies in
prolonged VEGF suppression rather than superior visual
gain. If long-term studies confirm sustained efficacy and
safety, high-dose aflibercept may further reduce clinic
visits and improve long-term treatment adherence.

Port Delivery System with Ranibizumab

The Port Delivery System (PDS) was developed to
provide continuous intraocular release of ranibizumab,
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through a surgically implanted refillable reservoir. In
the ARCHWAY trial, patients receiving the implant
achieved visual outcomes comparable to monthly
ranibizumab while requiring refilling only every 24 weeks
[44].

Although the PDS substantially reduced injection
frequency, concerns regarding device-related
complications—including conjunctival erosion,
endophthalmitis, and implant dislocation—have limited
widespread clinical adoption. Ongoing refinement of
implant design and surgical technique may improve the
future role of sustained drug-delivery systems.

Gene Therapy

Gene therapy represents one of the most promising future
approaches for reducing the lifelong treatment burden
associated with anti-VEGF therapy. Rather than
administering repeated intravitreal injections, viral
vectors deliver genes encoding anti-angiogenic proteins
directly to retinal cells, enabling sustained intraocular
production after a single procedure.

Several investigational  therapies—including RGX-
314 and ADVM-022 (Ixo-vec)—have demonstrated
encouraging early-phase results, with reduced injection
requirements while maintaining acceptable visual
outcomes [45,46]. However, longer follow-up remains
necessary to establish durability, long-term safety, and
optimal patient selection before routine clinical
implementation.

Biosimilars

The increasing economic burden of anti-VEGF therapy
has stimulated development of biosimilar agents.
Ranibizumab biosimilars—
including SB11 and FYB201—have demonstrated
comparable efficacy, safety, pharmacokinetics, and
immunogenicity to the reference product in randomized
clinical trials [47].

Biosimilars may substantially improve global treatment
accessibility, particularly in healthcare systems with

limited financial resources. Wider availability of lower-
cost therapies may also reduce undertreatment, one of the
principal causes of inferior long-term visual outcomes.
Precision Medicine

Precision medicine is increasingly being incorporated into
retinal imaging and clinical decision-making. Deep
learning algorithms can accurately identify retinal fluid,
classify disease activity, quantify structural biomarkers on
OCT, and predict the need for retreatment with high
accuracy [48]. Precision medicine approaches integrating
imaging biomarkers, genetics, systemic risk factors, and
treatment history may ultimately allow clinicians to tailor
therapy to each patient's biological characteristics rather
than applying uniform treatment schedules.

Home OCT and Teleophthalmology

Remote disease monitoring has gained increasing
attention as healthcare systems seek to reduce clinic
burden while maintaining early detection of recurrent
disease activity. Home OCT devices, smartphone-based
vision monitoring, and teleophthalmology platforms may
allow earlier recognition of recurrent exudation, reducing
unnecessary clinic visits while preventing delayed
retreatment [49].

Although currently limited to selected patient
populations, advances in remote retinal imaging and
cloud-based image analysis may significantly alter future
management strategies, particularly for elderly patients
with limited mobility.

Future Research Priorities

Despite substantial progress, several important questions
remain unanswered. Ultimately, the future of nAMD
management is likely to involve durable pharmacological
therapies combined with individualized treatment guided
by advanced retinal imaging and predictive analytics.
The principal emerging therapies are summarized in Table
S.

Table 5. Emerging Therapeutic Strategies for Improving Long-Term Qutcomes in nAMD

Therapy ||Mechanism ||P0tential advantage ||Current status
Faricimab Dua}l' ' VEGF-A/Ang-2 Longer treatment Approved

inhibition intervals
Aflibercept 8 .ng.hftr.-dose VEGF Extended durability Approved in multiple
mg inhibition regions
Port  Delivery||Continuous  ranibizumab ||Reduced injection ||, . . .

Limited clinical use
System release frequency
Gene thera Sustained intraocular anti-||Potential one-time |[Phase II/III  clinical
Py VEGF production treatment trials
R.am.bl;umab Equivalent VEGF inhibition [Reduced treatment cost ||Approved
biosimilars
Artificial Imaging  analysis  and ||Personalized Rapid clinical
intelligence treatment prediction management development
. . Earlier recurrence .

Home OCT Remote retinal monitoring detection Emerging technology

EJPRD

Collectively, these advances indicate that the future
management of nAMD will extend beyond repeated anti-
VEGF injections toward individualized, durable, and
technology-assisted treatment strategies. By reducing
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treatment burden while maintaining disease control, these
innovations have the potential to further improve long-
term visual outcomes and quality of life for patients with
chronic neovascular AMD.
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6. CONCLUSION

Neovascular age-related macular degeneration has
evolved from an inevitably blinding disease into a chronic
condition in which long-term visual preservation is
achievable through sustained anti-VEGF therapy.
Landmark randomized clinical trials established the
efficacy of VEGF inhibition during the first two years of
treatment, while subsequent extension studies and large
real-world registries have provided valuable insight into
the challenges of maintaining these gains over five to ten
years and beyond.

Current evidence indicates that long-term visual
outcomes depend not only on the pharmacological
effectiveness of anti-VEGF agents but also on timely
diagnosis, baseline visual acuity, treatment intensity,
adherence, structural retinal preservation, and prevention
of recurrent neovascular activity. Progressive macular
atrophy, subretinal fibrosis, undertreatment, and loss to
follow-up remain the principal causes of late visual
decline despite continued therapy.

The widespread implementation of proactive Treat-and-
Extend strategies has improved the balance between
efficacy and treatment burden, while newer therapies—
including dual-pathway inhibition, high-dose aflibercept,
sustained  drug-delivery systems, gene therapy,
biosimilars, and  artificial intelligence-assisted
management—offer promising opportunities to further
improve long-term outcomes.

Ultimately, successful long-term management of nAMD
requires an individualized, patient-centered approach that
combines evidence-based pharmacological therapy with
careful retinal imaging, proactive retreatment, sustained
patient engagement, and continuous adaptation to disease
progression. As therapeutic innovation continues, future
strategies should focus not only on controlling
neovascular activity but also on preserving retinal
structure and visual function throughout the patient's
lifetime.
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