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ABSTRACT

Age-related macular degeneration (AMD) is the most common
cause of severe visual impairment in older adults in the developed
world. Especially neovascular AMD, characterized by rapid pro-
gression and a significant reduction in visual acuity, until recently
was a therapeutic challenge. The last 15 years have been a period

AGE-RELATED MACULAR DEGENERATION

Age-related macular degeneration (AMD) is the lead-
ing cause of significant and irreversible impairment of
vision in the population over 50 years of age in highly
developed countries. Age-related macular degeneration is
a condition consisting of spontaneous changes - second-
ary to the ageing processes — involving the central retina
(the macula). Factors increasing the risk of developing
AMD include genetic disorders and living in northern
regions of Europe. Smoking is considered as a modifiable
risk factor. Consequently, patients with AMD or in the
risk group for developing the disease are strongly advised
against smoking.

CHARACTERISTICS OF AGE-RELATED MACULAR
DEGENERATION

The early stages of AMD are characterized by the build-
up of lipid deposits between the retinal pigment epithelium
(RPE) and the Bruch’s membrane. These accumulations of
lipid material, referred to as drusen, appear ophthalmoscopi-
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cally as light-yellow foci of varying diameters. To support
the diagnosis of AMD, the lesion size must be > 63 pm. In
addition to drusen, patients with AMD also develop mor-
phological changes within the retinal pigment epithelium,
which present as local hyper/hypopigmentation.

Drusen and RPE changes are classified as benign and typ-
ically do not cause impairment of central vision. The risk of
disease progression into the dry form (geographic atrophy)
and/or the exudative form depends on the type (i.e. hard/
soft), number and size of drusen identified by fundus exami-
nation, and ranges from 6.3% to 26% over a 5-year period
(mean determined in the AREDS study: 18%). In patients
with lesions in the RPE layer, an estimated 17.8% will devel-
op advanced AMD. Aggravated lesions lead to a progressive
and significant impairment in visual acuity.

Geographic atrophy (GA) is a sharply demarcated area of
depigmentation associated with partial or complete atrophy
of the retinal pigment epithelium followed by the outer layers
of the sensory retina. Ophthalmoscopy shows large choroidal
vessels present in the area corresponding to the atrophy of the
outer retinal layers. Drusen and hypo/hyperpigmented lesions
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may surround a focus of atrophy. In this group of patients,
a significant decrease in visual acuity occurs less commonly
and progresses more slowly compared to patients with exu-
dative AMD. Geographic atrophy may be complicated by
the development of choroidal neovascularization, typically
located on the border of the lesion.

The exudative form of AMD is also termed neovascular
AMD. This disease entity is characterized by an uncontrolled
growth of new blood vessels that originate from the choroid
(choroidal neovascularization, CNV). Newly formed vascu-
lar plexuses penetrate through the Bruch’s membrane into
the space under the pigment epithelium (occult form, type
1 CNV) or the sensory retina (classic form, type 2 CNV).
In some patients, the proliferation of neovascularization is
present in both of these anatomical spaces. In such cases,
a mixed form of CNV is diagnosed (type 4 CNV, dominantly
or minimally classic type). Vascular proliferation observed
in exudative AMD may also occur de novo in the macular
region, initially from proliferating retinal vascular plexuses
(RAP - retinal angiomatous proliferation, type 3 CNV). As
the disease progresses, newly formed vessels merge with pro-
liferating choroidal vessels to form chorioretinal anastomo-
ses (CRA).

A common feature of all newly formed vessels are fenes-
trations through which blood and morphotic blood elements
are able to penetrate into the surrounding tissues, causing
detachment of the outer layers of the retina, edema, and
sub- or intraretinal fluid accumulation. These morphological
changes in the histological macular structure lead to damage
to the outermost layers of the retina, frequently followed by
local fibrotic processes. As a result, a central discoid scar is
formed.

Another variant of AMD is idiopathic polypoidal choroi-
dal vasculopathy (PCV), with primary abnormalities includ-
ing dilated small choroidal vessels progressing to secondary
aggressive forms of CNV.

Ophthalmoscopic signs of exudative age-related macu-
lar degeneration:

« neovascularization under the RPE or under the sen-
sory retina visible as a grey green lesion;

» serous and/or hemorrhagic detachment of the neu-
rosensory retina;

« serous and/or hemorrhagic detachment of the retinal
pigment epithelium;

» hemorrhages - intraretinal, preretinal, rarely into the
vitreous chamber;

+ hard exudates within the macular region;

» progressive fibrotic processes observed subretinally or
under the RPE.

Examinations used in the diagnostic work-up of exu-
dative AMD are discussed in the section on therapy.

Differential diagnosis of exudative age-related macular

degeneration:

o diabetic retinopathy;

o CNV associated with high myopia;

o CNV associated with inflammatory conditions, e.g.
ocular histoplasmosis, punctate inner choroidopathy,
retinal inflammatory scars;

« chronic serous chorioretinopathy (CSR), especially
complicated by CNV;

« type 2 parafoveal telangiectasias.

AIM OF TREATMENT OF EXUDATIVE
AGE-RELATED MACULAR DEGENERATION

Decrease in disease activity by reducing the amount of
retinal fluid and modifying retinal anatomical parameters to
improve or stabilize visual acuity in the long term.

METHODS FOR TREATMENT OF EXUDATIVE
AGE-RELATED MACULAR DEGENERATION

A. Anti-VEGF therapy - intravitreal administration of
drugs reducing the intraocular concentration of vascular en-
dothelial growth factor (VEGF) - a pro-angiogenic protein
increasing vascular permeability.

Anti-VEGEF therapy is currently recognized as the gold
standard in the treatment of exudative AMD and the first
choice treatment for this condition.

Currently used anti-VEGF drugs:

1) Ranibizumab (Lucentis) - used in Poland since 2007.

Ranibizumab is a humanized monoclonal antibody frag-
ment produced in Escherichia coli cells by applying recombi-
nant DNA technology.

It has a capacity to bind to all VEGF-A isoforms.

The recommended single dose of the drug administered
as an intravitreal injection is 0.05 ml, which corresponds
to 0.5 mg of the active substance (1 ml of solution contains
10 mg of ranibizumab).

Based on double-blind randomized clinical trials, the
drug has been approved by the FDA and EMA for the treat-
ment of:

« neovascular (exudative) form of age-related macular

degeneration (AMD);
o visual impairment due to diabetic macular edema
(DME);

« proliferative diabetic retinopathy (PDR);

o visual impairment due to macular edema secondary
to retinal vein occlusion (RVO; branch RVO or central
RVO);

o visual impairment due to choroidal neovasculariza-

tion (CNV);

o retinopathy of prematurity (ROP) with zone I (stage

1+, 2+, 3 or 3+), zone II (stage 3+) or AP-ROP (ag-
gressive posterior ROP) disease.
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2) Aflibercept (Eylea) — used in Poland since 2013.
Aflibercept is a fusion protein consisting of portions of
human VEGF (vascular endothelial growth factor) receptors
1 and 2 extracellular domains fused to the Fc portion of hu-
man IgG1 and produced in Chinese hamster ovary (CHO)
K1 cells by applying recombinant DNA technology.
It has a capacity to bind to all VEGF-A and VEGF-B iso-
forms and the placental growth factor (PGF).
A single dose of aflibercept is 2 mg contained in 0.05 ml
of solution (1 ml of product contains 40 mg of aflibercept).
Eylea is indicated for the treatment of patients with:
» neovascular (exudative) age-related macular degen-
eration (AMD);
o visual impairment due to macular edema secondary
to retinal vein occlusion (BRVO, CRVO);
o visual impairment due to diabetic macular edema
(DME);
o visual impairment due to myopic choroidal neovas-
cularization (myopic CNV).

3) Brolucizumab (Beovu) — used in Poland since 2020.

Brolucizumab is a humanized monoclonal single-chain
Fv (scFv) antibody fragment produced in Escherichia coli
cells by applying recombinant DNA technology.

It has a capacity to bind to all VEGF-A types.

A single dose of brolucizumab is 6 mg of the active sub-
stance contained in 0.05 ml of injectable solution (1 ml con-
tains 120 mg of brolucizumab).

Beovu is a medicinal product indicated for the treatment
of neovascular (exudative) form of age-related macular de-
generation in adult patients.

4) Bevacizumab (Avastin) is a recombinant humanized
monoclonal antibody produced in Chinese hamster ovary
(CHO) cells by applying DNA technology.

The approved indications of bevacizumab include ad-
vanced oncological diseases. In ophthalmology, the drug is
used on an off-label basis for the treatment of all diseases in
which other anti-VEGF agents are used.

B. Photodynamic therapy (PDT) with verteporfin
(Visudyne) is approved for the treatment of adult patients
with exudative age-related macular degeneration (AMD)),
but only with predominantly classic CNV. Follow-up ex-
aminations (each time fluorescein angiography should be
performed to precisely determine CNV borders) and treat-
ments, if required, are performed at 3-month intervals based
on the assessment of disease activity. In the treatment of
exudative AMD, photodynamic therapy may be an alterna-
tive to anti-VEGF treatment in patients in whom - for vari-
ous reasons — a therapy based on intravitreal injections may
not be used. A modified procedure, called half-dosis PDT,
can also be prescribed to patients with idiopathic polyploid
choroidal vasculopathy, either as monotherapy or in com-

bination with anti-VEGF treatment. Access to PDT is cur-
rently limited. This is because multiple medical centers have
ceased to provide this therapy to their patients because of
wider applications of anti-VEGF treatment.

C. Laser photocoagulation is not justified in most cases
of AMD, as it shows a significantly lower efficacy compared
to therapy with anti-VEGF agents. Laser photocoagulation
can still be considered on a case-by-case basis for small CNV
membranes away from the fovea.

D. Radiotherapy and surgery are not recommended in
daily clinical practice because of their limited indications and
efficacy.

The following part of the guidelines addresses only the
commonly used anti-VEGF therapy.

Diagnosis of exudative AMD before and during anti-
VEGF therapy

1. General and ophthalmological history.

2. Best-corrected visual acuity (BCVA) determined us-
ing either the Snellen or ETDRS charts.

3. Dilated stereoscopic ophthalmoscopy.

4. Optical coherence tomography (OCT) - indicated
directly before the start of treatment (maximum
period: 60 days) and before each subsequent intra-
vitreal injection.

5. OCT-angiography (angio-OCT) - a non-invasive
imaging technique to visualize pathological choroi-
dal and retinal blood vessels. In view of the static
nature of the examination, evaluating the degree of
disease activity is difficult and should also be based
on the OCT analysis, visual acuity measurement,
and patient history (the examination should be per-
formed within 60 days before the start of treatment).

6. Fluorescein angiography (FA) - to determine the ex-
tent, type, size and location of CNV; FA is indicated
in atypical cases (e.g. in patients with PCV) or di-
agnostically uncertain situations (before the start of
treatment, not more than 60 days earlier).

7. Indocyanine angiography (ICG) - performed option-
ally in selected doubtful cases such as suspected PCV,
massive serous PED or other abnormalities which
yield inconclusive FA and OCT findings.

Criteria of patient eligibility for anti-VEGF therapy

1. Age over 45 years.

2. Best-corrected visual acuity of 0.05-0.9, provided that
impaired visual acuity is due to active CNV second-
ary to exudative AMD - under the NFZ drug pro-
gramme “Treatment of age-related macular degen-
eration”, patients with BCVA between 0.2 and 0.8 are
treated.
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Presence of active choroidal neovascularization typi-
cal of the exudative form of AMD (including RAP,
PCV).

Lesion location:

« subfoveal;

o parafoveal - if the lesion is active and carries the
risk of foveal involvement and impaired visual
acuity;

« extrafoveal - where there is a risk of vision loss;

Disease duration is a significant negative prognostic

factor with regard to the final achievable visual acuity.

At the same time, it is not a parameter that rules out

anti-VEGF therapy in patients with AMD developing

for many years and current CNV activity.

If there are indications for the treatment of both eyes,

the interval between injections should be at least one

week; the preferred option is to start treatment from
the eye with better prognosis.

Criteria of patient ineligibility for anti-VEGF therapy

A. Absolute

1.

=

Hypersensitivity to the active substance or to any
of the excipients.

Active inflammatory changes within the globe of
the eye and ocular adnexa.

History of recurrent uveitis.

Cataract preventing correct diagnosis.
Unregulated glaucoma or advanced glaucomatous
neuropathy with the risk of significant progression
due to temporary increases in intraocular pressure
after intravitreal injections.

Dominant scarring involving the centre of the mac-
ula.

Dominant geographic atrophy involving the centre
of the macula.

B. Relative

1.
2.
3.

Ischemic stroke within the last 6 months.
Myocardial infarction within the last 6 months.
Other thromboembolic events within the last 6
months.

Treatment with anticoagulants if the INR exceeds
1.5.

Patients taking anticoagulants should be informed
about the increased risk of hemorrhagic complica-
tions: both spontaneous hemorrhages from CNV
and abnormalities associated with the intravitreal
procedure (e.g. subconjunctival or intravitreal hem-
orrhage). It should be noted, though, that general
treatment takes priority over ophthalmic treatment,
so interruptions in anticoagulant therapy are not
recommended.

Ophthalmic procedure (cataract surgery or vitrec-
tomy) performed during the preceding month.

In patients with advanced cataract and aggressive
CNYV, anti-VEGF treatment should not be discon-
tinued in view of the risk of significant progression
of lesions. It seems optimal to administer an anti-
VEGF drug 0-7 days before and 4 weeks after cata-
ract surgery.

Dominant subretinal hemorrhage involving the
center of the macula. In some cases, particularly
when hemorrhage is identified in an extrafoveal
location, continued anti-VEGF therapy may sig-
nificantly improve the physical condition of the
retina. In foveal hemorrhages, an alternative is tis-
sue plasminogen activator (oft-label use) into the
vitreous space and anti-VEGF therapy and injec-
tion of gas (SF6) or vitrectomy (massive subretinal
hemorrhage).

Intravitreal injection procedures

1.

Intravitreal injection procedures should be per-
formed by a qualified ophthalmologist with ap-
propriate experience in administering intravitreal
injections.

Appropriate local (drip) anesthesia must be pro-
vided.

The procedure should be performed under aseptic
conditions, including topical administration of bac-
tericidal substances with a broad spectrum of activ-
ity on the skin around the eye, the eyelid, and the
surface of the eyeball. Antibiotic prophylaxis in the
form of eye drops is not recommended either before
or after the procedure because of the risk of devel-
oping antibiotic resistance to saprophytic strains in
the human conjunctival sac.

Surgical hand disinfection, and the use of sterile
gloves, sterile surgical drapes and sterile eyelid
speculum.

The injection needle should be inserted into the
central part of the vitreous chamber at a distance
of 3.5 mm behind the corneal limbus in pseudo- or
aphakic patients, and 4.0 mm in patients with an in-
tact lens. The horizontal meridian should be avoid-
ed, and the injection should be aimed towards the
centre of the globe. Subsequent injections, if pos-
sible, should be administered in other scleral sites.
After the intravitreal injection, the vascular perfu-
sion status of the optic nerve disc should be evaluat-
ed (ophthalmoscopic examination), and intraocular
pressure should be checked.

After the intravitreal injection procedure the pa-
tient should be instructed to report immediately
any symptoms that might be suggestive of endo-
phthalmitis (e.g. pain, redness of the eye, photo-
phobia, blurred vision).
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Initial treatment phase (applies to all anti-VEGF drugs)
1. Three monthly initial injections performed at inter-
vals of not less than four weeks;
2. Before each injection, the following should be per-
formed:
o assessment of visual acuity,
o evaluation of intraocular pressure,
« slit lamp examination of the anterior segment of

the eye,
o dilated indirect ophthalmoscopy,
« OCT

3. Fluorescein angiography (FA) may be indicated if an
unexplained significant decrease in BCVA is noted.

Continuation of treatment and patient monitoring
after the initial three injections

At each follow-up visit, the following examinations
should be done:

« assessment of visual acuity;

» measurement of intraocular pressure;

« slit lamp evaluation of the anterior segment of the

eye;
o dilated indirect ophthalmoscopy;
« OCT;

 optionally fluorescein angiography in patients with
an unexplained significant decrease in BCVA.

If no therapeutic effects are observed after five injections
given at monthly intervals (i.e. the patient’s visual acuity
does not improve and/or the anatomical disease parameters
remain unchanged) discontinuation of treatment or a change
of drug should be considered.

RECOMMENDED THERAPEUTIC REGIMENS

Recommended therapeutic regimens are described in
the SPCs of respective anti-VEGF agents. The proposed
treatment procedures have been developed based on ran-
domized clinical trials.

Ranibizumab (Lucentis)

After the initial treatment phase (with three consecu-
tive monthly injections) the intervals between injections
and follow-up evaluations should be determined indi-
vidually for each patient by the physician in charge by
determining CNV activity parameters (OCT, visual acu-
ity, ophthalmoscopic examination). The most commonly
used maintenance treatment regimen consists of intra-
vitreal injection of ranibizumab following the identifi-
cation of anatomical and functional changes indicative
of disease recurrence - the so-called PRN (pro re nata)
regimen.

A therapeutic protocol which prevents the recurrence
of CNV activity is the so-called treat-and-extend (T&E)
regimen. Once maximum visual acuity has been regained
and/or there are no signs of disease activity, the dosing in-

terval can be gradually increased (typically by two weeks)
until signs of disease activity and/or visual impairment are
noted. The period between injections is then reduced by
two weeks. In this therapeutic regimen, the patient receives
an injection at each follow-up visit, also in the absence of
CNV activity. It is currently considered that the interval
between consecutive drug administrations should not ex-
ceed 12 weeks.

If the expected therapeutic benefit (improvement of vi-
sion, resolution of disease activity parameters determined
by OCT) is not achieved, treatment should be changed to
a different anti-VEGF drug.

Aflibercept (Eylea)

After three monthly injections to initiate therapy, the
drug is administered on a fixed schedule every two months
or T&E until the end of the first year of treatment. Accord-
ing to the SPC, there is no requirement to monitor the pa-
tient’s condition between consecutive injections during the
first year of treatment. However, only periodic follow-ups
provide an opportunity to determine whether the therapy
is effective. During subsequent years of treatment, the in-
terval between injections may be reduced or prolonged
depending on CNYV activity. Based on the physician’s as-
sessment of visual and/or anatomical parameters, a T&E
regimen may be initiated, whereby the dosing intervals are
extended by two or four weeks to maintain the visual and/
or anatomical response in the patient. Intervals between
injections longer than four months have not been studied.

If the patient’s visual and/or anatomical parameters are
found to have deteriorated, the dosing interval should be
reduced accordingly to at least two months during the first
year of treatment.

If the retinal functional and morphological outcomes
(OCT) indicate that the patient is not benefiting from Ey-
lea therapy, treatment should be discontinued or another
drug should be prescribed.

Brolucizumab (Beovu)

After three loading doses, the physician may individu-
alize treatment intervals depending on disease activity de-
termined on the basis of visual acuity and/or anatomical
parameters. An assessment of disease activity is suggested
at 16 weeks (four months) after treatment start. In patients
without disease activity, treatment every 12 weeks (three
months) should be considered. In contrast, in patients with
disease activity, treatment every eight weeks (two months)
should be taken into consideration. In the clinical trials
conducted in subjects selected for the 2-month regimen or
in whom the 3-month regimen was reduced to two months
during the period of follow-up, the option of introducing
or returning to 3-month intervals was not considered.
However, according to the SPC of the medicinal product,
after three initial injections, the patient’s physician may in-
dividualize the patient’s treatment intervals based on dis-
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ease activity as assessed by follow-up examinations (visual a situation, a change to another anti-VEGF drug should
acuity, OCT, ophthalmoscopy). The absence of therapeutic be considered. An indication for the end of therapy there
effects is an indication to discontinue brolucizumab therapy is no response to treatment with available drugs from the
and shift to another anti-VEGF agent. group of VEGF blockers.

3. Serious adverse drug reactions.

CRITERIA FOR DISCONTINUATION OF THERAPY

1. Lack of patient’s consent to continue treatment. DISCLOSURE

2. Lack of benefit from treatment defined as no improve- The authors declare no conflict of interest.
ment in visual acuity and/or persistence of signs of dis-
ease activity despite 5-7 consecutive injections. In such
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