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REVIEW
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ABSTRACT
Introduction: Intravitreal anti-VEGF is the most effective therapy for wet AMD, although systemic
effects on the endothelium cannot be excluded.
Areas covered: The purpose of this review was to evaluate risk of thromboembolic events associated
with intravitreal anti-VEGF.
Expert opinion: Current data are insufficient to confirm the safety of these compounds, due to the
paucity of specific studies. Thus, pharmacovigilance for all anti-VEGF should be improved to verify the
true role of anti-VEGF in the occurrence of systemic adverse events.
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1. Introduction

Age-related macular degeneration (AMD) is the most common
cause of progressive and irreversible vision loss in adults aged
55 years and older in developed countries. It varies by ethni-
city, occurring more frequently in the Caucasian race and very
rarely in the African race. Among modifiable AMD risk factors,
there are smoking, lack of physical exercise, a diet poor in
carotenoids, omega-3 fatty acids, antioxidants, and vita-
mins [1].

The estimated current worldwide prevalence of AMD is
about 170 million and by 2040, it could rise to 288 million [2].

Early-AMD is characterized by hipo and/or hyperpigmenta-
tion of the retinal pigmentary epithelium (RPE) and drusen;
late AMD is characterized by photoreceptors, RPE, and chor-
oidocapillaris’ atrophy (dry-AMD) or choroidal neovasculariza-
tion (CNV) within the macula (wet-AMD).

CNV in wet-AMD accounts for most cases of AMD-related
severe vision loss.

There are no effective therapies for dry-AMD; however,
since 2006, intravitreal anti-vascular endothelial growth factor
(anti-VEGF) drugs have completely revolutionized the man-
agement of wet-AMD, and their efficacy and safety have
been validated through a great number of clinical studies [3].

The intravitreal anti-VEGF therapy for wet-AMD has
improved the quality of life of millions of patients around
the world, and millions of patients have used the intraocular
VEGF blockade therapy for many months or years.

The blood retinal barrier is effective in preventing the
access of serum plasma contents into the eye, but it does
not prevent a part of the injected drugs from seeping into

the bloodstream. Thus, the repetition of anti-VEGF therapy can
lead to a significant decrease of VEGF serum concentration.
Circulating VEGF is important for protecting the integrity and
the patency of vessels in many tissues, including the myocar-
dium and the brain.

The inhibition of circulating VEGF is associated with the
reduction of the production of nitric oxide (NO) and prosta-
glandin-I (PG-I2) 2, as well as the degeneration and death of
the vasal endothelial cells. The reduction in the concentrations
of NO and PG-I2 causes a peripheral vasoconstriction with
consequent hypertension. The degeneration of endothelial
cells causes the exposure of phospholipids and extracellular
matrix to pro-coagulant action in the lumen of the vessels,
favoring thrombosis (cerebrovascular accidents, myocardial
infarction, transient ischemic attacks, etc.) [4].

Prolonged VEGF inhibition may increase the risk of stroke,
myocardial infarction, and thromboembolic events, thereby
raising the issue of safety. In this review, we discuss the safety
data that have emerged from all the trials involving the four
main anti-VEGF drugs: pegaptanib, ranibizumab, bevacizumab,
and aflibercept and report the data available on the recently
introduced anti-VEGF drugs: conbercept and abicipar pegol.

2. Anti-VEGF compounds and their
pharmacokinetics

2.1. Pegaptanib

Pegaptanib sodium (Macugen®; EyeTech, New York, NY) is
a pegylated aptamer, a small RNA fragment with a molecular
weight of 50 kDa. It is the only anti-VEGF drug that is designed
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to bind only the VEGF165 isoform at its heparin-binding
domain, blocking its interaction with its receptors on endothe-
lial cells.

The FDA approved Pegaptanib for the treatment of neo-
vascular AMD in 2004 [5].

Pegaptanib remains in the vitreous for a long time before it
passes into systemic circulation, where it is quickly cleared
through renal metabolism and excretion.

In the eye, it penetrates all retinal layers and can be
detected for up to 10 days in the plasma [6]. In humans, one
intravitreal injection of 3 mg Pegaptanib gives a mean plasma
level of 80 ng/ml, with a plasma half-life of 10 days [7]. After
the initial positive experiences with Pegaptanib, it proved to
be less effective than the other ‘pan-VEGF’ inhibitors, and now
it is rarely chosen for treating wet-AMD.

2.2. Ranibizumab

Ranibizumab (Lucentis®; Novartis Pharma AG, Basel,
Switzerland, and Genentech Inc., South San Francisco, CA,
USA) is a recombinant humanized immunoglobulin G1 kappa
isotype antibody fragment with a molecular weight of 48 kDa.
It can bind all VEGF-A isoforms and block the signaling path-
way. It does not contain the Fc antibody region, and therefore
it is cleared from bloodstream faster than other anti-VEGF
drugs and has a short systemic elimination half-life of 2 h. In
June 2006, ranibizumab was approved for the treatment of
AMD [8,9].

Its vitreal half-life is approximately 9 days. Pharmacokinetics
(PK) studies have demonstrated that ranibizumab does not
accumulate systemically between two injections. Its serum
half-life after intravitreal administration is 5.8 ± 1.8 days.
After two repeated injections, ranibizumab serum levels
exceeded its reported IC50 (0.060 nM) for almost 24 h. In
patients who received ranibizumab for AMD treatment, no
notable changes were observed in the mean free-VEGF levels
from baseline after injection [10].

2.3. Bevacizumab

Bevacizumab (Avastin®, Genentech, Inc, South San Francisco, CA),
is a humanized, function-blocking, monoclonal murine antibody
that has a molecular weight of 149 kDa. Bevacizumab was the
first VEGF inhibitor approved by the FDA for systemic use in
colorectal cancer (CRC), advanced non-small cell lung carcinoma

(NSCLC), metastatic breast cancer (MBC), advanced renal cell
cancer and as second-line treatment for glioblastomamultiforme
and other solid tumors. Bevacizumab is also effective in treating
wet-AMD when injected intravitreally at a dose of 1.25 mg;
however, it can only be used off-label at present. It acts by
selectively inhibiting the binding of VEGF to its cell surface
receptor. Bevacizumab, when administrated systemically at
doses 500 times higher than the intravitreal dose, may cause
hypertension, thromboembolic events, gastrointestinal perfora-
tion, and wound healing complications. A meta-analysis showed
that 11.9% (95% CI 6.8%-19.9%) of patients with different malig-
nancies developed thromboembolism (RR 1.33; 95% CI
1.13–1.56; p < 0.001) when treated with high systemic doses of
bevacizumab [11].

Bevacizumab is approximately three times larger than rani-
bizumab (149 kDa vs. 48 kDa) and, due to it is substantially
higher molecular weight, its intravitreal half-life is 75% more
longer; however, it is less than that of Aflibercept [12].

Bevacizumab has the Fc component of the antibody intact;
therefore, it penetrates into human retina within 24 h (slower
than ranibizumab) and is actively moved from the eye to the
systemic circulation where it can be detected for several
weeks.

Heiduschka et al. found that only 5–10% of the intraocu-
larly injected bevacizumab may be detected in the blood of
monkeys, suggesting a peak serum concentration perhaps
between 20 and 50 ng/mL in humans [13]. These findings
were confirmed by further studies in humans [14]. After
a single intravitreal injection of 1.25 mg of bevacizumab in
patients with AMD, the maximum serum concentration was
found to be between 59.8 and 86.5 ng/mL [14,15], correspond-
ing to a maximal molar concentration of 0.76 nM (±0.3) 7 days
after the first dose [10], which is close to its IC50 (= 0.67 nM),
the concentration necessary to inhibit 50% of the biological
activity of serum VEGF [16].

Bevacizumab has a longer systemic half-life in plasma
(18–20 days) than ranibizumab (2–6 h) and Aflibercept (1–5
days) and tends to accumulate in the serum, if administered
monthly [10].

2.4. Aflibercept

Aflibercept (Eylea®; Regeneron USA, Tarrytown, NY and Bayer,
Switzerland) or VEGF-Trap eye is the latest approved com-
pound in Europe and America, which was derived from the
native VEGF receptor. Structurally, Aflibercept is a soluble
decoy receptor of 115 kDa, which is made by the second
binding domain from VEGF-R1 and the third binding domain
from VEGF-R2, which are fused to the FC region of a human
IgG1. It acts as a competitive inhibitor of VEGF, also binding to
placental growth factor 1 and 2 [17,18].

Aflibercept forms a stable, 1:1 complex with either VEGF-A,
VEGF-B, or placental grow factor (PlGF) ligand, inhibiting the
activity of both VEGF receptors. Its molar binding activity for
VEGF is 140, thus the affinity of Aflibercept for VEGF is 100-
times higher than that of Bevacizumab and Ranibizumab [17].

The intermediate size of Aflibercept (115 kD), compared to
48 kD of Ranibizumab and 148 kD of Bevacizumab, leads to
prolonged clinical action inside the eye, possibly as long as 2.5
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in terms of efficacy.
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months, exceeding the 1-month intravitreal binding activity of
Ranibizumab. After the intravitreal injection of Aflibercept
(2 mg), it was detected in plasma, mostly as an inert complex
bound to VEGF, and thus inactive, and in minor quantities as
an active, free drug.

The mean maximum concentration of free Aflibercept in
the plasma was 0.02 μg/ml (range, 0–0.054 μg/ml) and this
concentration was achieved in 1 to 3 days [14,15].

After a single intravitreal injection of Aflibercept (2 mg) in
AMD patients, the maximum serum molar concentration of
Aflibercept was between 0.05 (± 0.02) and 0.47 (± 0.29) nM.
The maximum serum concentration often exceeds the IC50 of
Aflibercept, which is 0.068 nM [10]. However, most of the drug
is inert because it forms a complex with the antigen.

The systemic half-life of unbound Aflibercept is 1.5 days,
much lower than that of Bevacizumab (20 days) and closer to
that of Ranibizumab (6 h). The free Aflibercept plasma con-
centrations were undetectable 2 weeks post-dosing in all
patients. Aflibercept did not accumulate in the plasma during
the loading phase, but was rapidly cleared from circulation,
through a same pathway similar to that for antibody clearance
[18,19].

2.5. Conbercept

Conbercept (Lumitin®; Chengdu Kanghong Biotech Co, Ltd,
Chengdu, China) is a new anti-VEGF agent, currently approved
only in China. It is a 141 kDa recombinant fusion protein of the
VEGF receptor domains with the Fc fragment of human immu-
noglobulin. The difference between Conbercept (141 kDa) and
Aflibercept (115 kDa) is the presence of the fourth binding
domain of VEGFR2 in Conbercept, which stabilizes the recep-
tor-ligand complex, extending its half-life and potentially,
thanks to its larger molecular size, reducing the blood-ocular
barrier permeability. Its presence in the plasma can be
detected 4 h after ITV administration and concentration
reaches the maximum (Cmax) of about 5 ng/mL 34 h after
dosage (Tmax); it is hardly detected in serum 15 days after
dosage. The half-life is approximately 4–5 days [20–22].

2.6. Abicipar pegol

Another new anti-VEGF agent is Abicipar Pegol (AGN-150,998,
MP0112, Abicipar®; Allergan plc/Molecular Partners),
a member of DARPin® therapeutics (a registered trademark
of Molecular Partners AG, Switzerland; DARPin was originally
derived from designed ankyrin repeat protein). DARPins are
a class of protein binding molecules, already used in oncology,
allergic asthma, etc [23–25]. Abicipar binds with high affinity
to all soluble isoforms of VEGF-A. Comparable to Ranibizumab,
which also binds to all the isoform of VEGF-A, it has smaller
molecular weight (34 kDa vs. 48 kDa), higher affinity (2 pM vs.
46 pM), and a longer ocular half-life (13 days vs. 7 days).

In the REACH study, at 1 week after IVT administration of
2 mg of Abicipar, the serum concentration of Abicipar was
0.43–0.33 nM. At all other time points, serum concentrations
of free Abicipar were below the limit of quantitation (0.3 nM)
in all samples [26–29].

SEQUOIA and CEDAR are two identical phase III, multicen-
ter, randomized, ongoing studies designed to evaluate the
efficacy and safety of Abicipar Pegol compared to that of
Ranibizumab in the treatment of naïve patients with wet-
AMD. The primary endpoint was the percentage of patients
with visual stability at week 52: these studies are still ongoing,
and the two-year results are expected in the next few months.
In both studies, over the first year, Abicipar showed an efficacy
rate comparable to 13 Ranibizumab injections, only after six or
eight injections. Overall adverse events were similar between
the three treatment arms.

3. Evidence on thromboembolic complications of
anti-VEGF drugs used for wet AMD

3.1. Pegaptanib

The use of Pegaptanib as an anti-VEGF drug for wAMD was
first tested in 2004 by Groudas et al., who designed the VISION
study, a two concurrent, prospective, randomized, double-
blind, multicentre, study [30]. In this study, 1186 patients
were enrolled and randomized into four treatment arms: intra-
vitreal injection of Pegaptanib (at doses of 0.3 mg, 1.0 mg, and
3.0 mg) and sham injection. Injections were administered
every 6 weeks over a period of 48 weeks. The authors did
not report systemic adverse events in the different arms of
treatments at the end of 48 weeks.

A subsequent follow-up study at 2 years, which was con-
ducted by Chakravarty et al., included 425 patients who were
previously enrolled in the VISION study. Those who were
initially assigned to pegaptanib were re-randomized (1:1) to
continue or discontinue therapy for 48 more weeks (eight
injections). Those initially assigned to the sham group were
re-randomized to continue sham, discontinue sham, or receive
1 of 3 pegaptanib doses. The results showed no differences
at year 2 in cardiovascular accidents [31].

Of the 161 subjects receiving active therapy (every 6 weeks)
with pegaptanib for 3 years, none experienced arterial throm-
boembolic events (ATE). Only two subjects experienced myo-
cardial infarction (2%) and one patient had angina (1%). The
incidence of these thromboembolic events was the same
among a cohort of 422 subjects treated with pegaptanib for
3 years. The types and incidence of systemic serious adverse
events observed are not unexpected in the elderly patient
population, and none of these events was judged to be
related to the study drug [32].

The safety of the selective VEGF 165 blocker, Pegaptanib,
could be due to its inability to interfere with some isoforms of
VEGF like VEGF 21 and VEGF 189 which exert physiological
action [33,34]. However, in VISION, study patients with
a history of myocardial infarction or stroke or even patients
with peripheral vascular diseases were excluded [35,36].

A retrospective analysis published in 2018 evaluated the
safety of Pegaptanib in patients with a known history of
cardiovascular events. Twenty-three patients with subfoveal
CNV due to AMD treated with pegaptanib 0.3 mg in the
previous 6 months were followed up for 12 months. None of
the recruited patients experienced any ATE during the 6 plus
12-month period. This result, according to some authors,
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could suggest the safety of this anti-VEGF in patients at high
risk of recurrent ATEs. Some concerns were raised regarding
the concomitant anticoagulant and cardiac medication contri-
buting to the lack of further ATE in these patients during the
treatment period with pegaptanib [37].

3.2. Ranibizumab

Ranibizumab is the most extensively studied anti-VEGF drug
that is in widespread use and has been approved by the FDA
for treatment of exudative AMD [38].

The firsts studies on Ranibizumab were the minimally clas-
sic/occult trial of the anti-VEGF antibody ranibizumab in the
treatment of the neovascular AMD (MARINA) [8]and
ANCHOR [9].

The MARINA study compared 24 monthly intravitreal injec-
tions of ranibizumab 0.3 mg or 0.5 mg versus sham injections
in patients with CNV. A total of 716 patients were enrolled in
this study, and at 2-year follow up, the percentage of ATEs was
slightly higher (4.6% vs. 3.8%) than in the sham injection
group, and the incidences of myocardial infarction and stroke
were 1.3% vs. 2.5%, respectively.

In the ANCHOR trial, 423 patients with CNV were rando-
mized at a ratio of 1:1:1 to receive monthly intravitreal injec-
tions of ranibizumab (0.3 mg or 0.5 mg) plus sham verteporfin
therapy or monthly sham injections plus active verteporfin
therapy.

The incidence of arterial thromboembolic adverse events
was 5% in the ranibizumab 0.5 mg group; 4.4% in the ranibi-
zumab 0.3 mg group; and 4.2% in the active verteporfin
group. Myocardial infarction and stroke occurred in the 3.6%
(ranibizumab) vs. 0% (verteporfin).

After MARINA and ANCHOR, other studies tried to demon-
strate that flexible, guided dosing with fewer ranibizumab
injections and monthly monitoring may maintain efficacy out-
comes [39].

In the FOCUS trial, 162 patients were randomized into two
arms of treatment: intravitreal 0.5 mg ranibizumab every 4
weeks or sham injections every 4 weeks. Both of the treatment
arms received PDT at day 0 and then every 12 weeks as
required. The incidences of ATEs were slightly higher in the
PDT group than in the ranibizumab group during the 2-year
period: 7.1% vs. 4.8% [40].

In the PIER study, 184 patients were enrolled and rando-
mized at a ratio of 1:1:1 into 0.3 mg and 0.5 mg ranibizumab
or sham treatment groups. Ranibizumab had been given quar-
terly (every 3 months) for 2 years (an average of six injections).
At year 2, the incidence of ATEs was 1.7% in the 0.3 mg group,
0% in the 0.5 mg group, and 1.7% in the sham group [41].

In the EXCITE study, 353 patients were randomized at the
ratio of 1:1:1 into 0.3 mg quarterly, 0.5 mg quarterly, or 0.3 mg
monthly doses of ranibizumab for 1 year. The incidence of
ATEs was 2% in the study with that among the treatment arms
differing as follows: 3.5% in the 0.3 mg monthly dosing regi-
men; 1.7% in the 0.3 mg quarterly dosing regimen; and 0.8%
in the 0.5 mg quarterly dosing regimen treatment groups [42].

In the SUSTAIN study, 513 patients, who never experienced
intravitreal ranibizumab, were administered three initial

monthly injections of ranibizumab (0.3 mg) and, thereafter,
as needed (pro re nata, PRN), retreatment for 9 months based
on pre-specified retreatment criteria. Patients switched to
0.5 mg ranibizumab after its approval in Europe [39].

ATEs were reported in 3.7% of patients, with 1.0% experi-
encing cerebrovascular adverse events, whereas the total rate
of systemic adverse events was 14.2%.

About 10% of patients who had a stroke earlier suffered
another stroke in the first 12 months after initiation of therapy,
showing that ranibizumab could potentially cause a slight
increase in stroke risk [43,44]. The rate of adverse systemic
events that emerged in the SUSTAIN study was almost similar
to that observed in patients treated with 0.5 mg intravitreal
ranibizumab in the MARINA and ANCHOR studies, in which the
rates were 4.4% and 5% of patients, respectively [8,9,45].
However, a direct comparison of the safety data from
SUSTAIN and the other previously published studies is not
entirely possible for several reasons, such as different treat-
ment regimens, different classification systems for adverse
events, different study design, and the fact that the patients
enrolled in the SUSTAIN were not naive.

The SAILOR study was a large phase IIIb follow-up study to
the MARINA and ANCHOR studies to evaluate the long-term
safety and efficacy of ranibizumab in a population of 4300
patients with all subtypes of CNV (predominantly classic, mini-
mally classic, and occult without classic). SAILOR included
more than five times as many ranibizumab-treated patients
as the MARINA and ANCHOR studies combined [46]. Thus, it is
the largest multicentre-randomized study, to date, that eval-
uated the safety and efficacy of anti-VEGF treatment in wet
AMD. After 1 year, arterial-thrombotic events were reported in
2.8% of patients, following an average of 4.6 injections. The
SAILOR study had two cohorts. Cohort 1 subjects were rando-
mized to receive 0.3 mg (n = 1169) or 0.5 mg (n = 1209)
intravitreal ranibizumab for 3 monthly loading doses. Cohort
2 subjects (n = 1922) received an initial intravitreal dose of
0.5 mg ranibizumab and were retreated at the physician’s
discretion. Safety was evaluated at all visits. The incidence of
vascular deaths during the 12-month study was 0.9% in the
cohort 1 0.3 mg group, 0.8% in the cohort 1 0.5 mg group, and
0.7% in cohort 2, respectively. The rates of individual key
ocular serious adverse events in both cohorts were less than
1%. The number of vascular deaths, as well as deaths due to
unknown causes, did not differ across the cohorts or dose
groups. Stroke rates were 0.7%, 1.2%, and 0.6% in the
0.3 mg and 0.5 mg groups and cohort 2, respectively.

However, in February 2007, the FDA observed that the rate
of stroke in both dose arms of the SAILOR study was lower
than that in the approval studies, suggesting that it may have
underestimated the systemic effects or selected patients in
good health and without significant cardiovascular risk [8].

An interim analysis of SAILOR cohort 1 safety data
(October 2006) suggested a higher incidence of stroke in
subjects who received 0.5 mg ranibizumab compared with
those who received 0.3 mg ranibizumab. The final study
data showed a difference in stroke rate between doses,
with a higher rate in the 0.5 mg dose group than in the
0.3 mg dose group. The total number of events was small,
and the difference was not confirmed statistically. However,
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there is potentially a higher risk of stroke associated with
the 0.5 mg dose, which is being monitored via post-market-
ing surveillance and ongoing trials of ranibizumab in neo-
vascular AMD. Certain subgroups of subjects (e.g. those with
prior cardiovascular accidents) may experience higher rates
of systemic adverse events. A meta-analysis of ranibizumab
systemic safety, based on a pooling of first-year data from
the MARINA, ANCHOR, PIER, FOCUS, and SAILOR trials and
on second-year data from the MARINA, ANCHOR, PIER, and
FOCUS trials showed that arterial thromboembolic events
rates were similar across the treatment groups, although
the rates of side effects appeared to be slightly higher in
those treated with higher doses of ranibizumab than in the
controls.

These analyses suggested that in persons with prior stroke
and in those with arrhythmia, stroke risk was higher in those
treated with higher doses of ranibizumab [47,48].

Further analysis on these trials, on the 859 subjects who
were injected monthly for 2 years, showed that ranibizumab
was associated with higher incidence of stroke (p = 0.045; OR,
3.24; 95% CI, 0.96–10.95), whereas there was no apparent
association with the incidence of myocardial infarction (p =
0.193) [49]. Thus, the central nervous system seems more
sensitive than the cardiovascular system to even a small
amount of ranibizumab injected into the vitreous body.

HORIZON was an open-label extension trial of ranibizumab
for the treatment of neovascular AMD. Only those patients
who were previously enrolled in the MARINA, ANCHOR, and
FOCUS trials and who had completed a 2-year follow up were
re-randomized to receive 0.5 mg ranibizumab or sham injec-
tions for 24 months. The treatment was administered at the
investigator’s discretion (a mean of 4.4 injections were admi-
nistered for each patient). The aim of the study was to explore
the effects of ranibizumab after 2 years of treatment. A total of
84 patients had completed 2 years of follow-up; therefore,
data were available on 4–5 years of ranibizumab treatment.
There was a decline in vision (with a mean of minus seven
letters along with the follow-up) after the reduction of the
monthly frequency of the injections [50]. The incidence of
ATEs was similar among the two treatment groups: 5.3% in
0.5 ranibizumab arm versus 3.2% in the sham arm.

In the SECURE study, ranibizumab was administered
according to the treatment strategy adopted in Europe (visual
acuity-guided flexible dosing regimen) over a follow-up period
of 2 years [51].

The study was a phase IV extension study in which 210
patients previously included in the EXCITE and SUSTAIN stu-
dies were treated for up to 3 years with ranibizumab [39,42].

Patients from the EXCITE and SUSTAIN trials were treated
for 1 year with variable dosing regimens (quarterly or PRN) of
Ranibizumab.

In the SECURE study, after a mean of 6.1 injections over 2
years (apart from those received injections in the EXCITE and
SUSTAIN studies), ATEs, including hemorrhagic cerebrovascu-
lar conditions, myocardial infarction, and ischemic cerebrovas-
cular disease, were recorded in 5.6% of the patients.
Furthermore, similar to what was observed in the HORIZON
study, the reduction in the frequency of intravitreal injection

caused a decline in vision. A statistically significant increase in
systolic and diastolic blood pressure was recorded in 11.5%
and 3.6% of the patients, respectively.

The HELIOS STUDY was a prospective, multicenter study, in
which 0.5 mg ranibizumab was administered to 267 patients
affected by wet AMD, and the patients were followed up for 2
years. This study, conducted in Belgium, analyzed the use of
ranibizumab in clinical practice for the management of neo-
vascular AMD and is a part of the pharmaco–vigilance studies
about this compound.

The safety of ranibizumab in terms of the percentage of
systemic adverse events was comparable to the product
label listings. The authors reported a total of 78 systemic
adverse events, including 24 cardiovascular events (9.4%), six
systemic events, and one gastrointestinal event, in 40 out of
255 patients. Only nine of these systemic adverse events
were related to the ranibizumab treatment [52]. One of the
limitations of this study was that the TAEswere not sepa-
rately classified. However, this study classified the patients as
non-smokers, smokers or former smokers. Cigarette smoke,
which is recognized as a major risk factor for cardio-and
cerebrovascular disease, could, therefore, represent
a confounding factor in the analysis of thromboembolic risk
related to this drug. In the study population, the percentage
of current and former smokers was about 43.6%, which is
very similar to that of the Belgian population (51%) [53].

Other contributions to the definition of the systemic safety
of ranibizumab will be given by the LUMINOUS study, which is
a multicenter study recently initiated as a part of
a pharmacovigilance program by Novartis to assess the long-
term safety and quality-of-life of patients treated with intravi-
treal Lucentis. The study plans to enroll about 30,000 patients
from Europe, Asia, Australia, and America and follow up with
them for 5 years [54]. The LUMINOUS study has retrospective
and a prospective parts, thus it includes, in addition to the
above-mentioned observational study, a retrospective safety
study on ranibizumab. The retrospective analysis will be con-
ducted on the basis of observations from 1-year data from
four European ranibizumab registries (from Germany,
Netherlands, Belgium and Sweden). Data collected from 4444
patients will provide an insight into the systemic safety of the
drug.

In the LUMINOUS study, the risk of cerebrovascular inci-
dence and the annual incidence of stroke was found to be
0.43%; this percentage is lower than that obtained with
0.5 mg ranibizumab in the SAILOR study (1.2%). However,
the mean number of injections per patient in the analysis
was very low (4.3) in comparison to that in the SAILOR study
(4.6 in cohort 1) and in the SUSTAIN study (5.6), and it was also
lower than that in the ranibizumab as-needed arm of the CATT
study at 1 year (6.9) [46].

Even in the WAVE (Lucentis in Wet AMD: Evaluation of
Visual Acuity and Quality of Life) study, a multicentric non
interventional study conducted in Germany, which investi-
gated the quality of life of 3470 patients affected by wet-
AMD, the rate of recorded strokes was low (0.4%),with
a mean of 4.3 intravitreal injection that could have under-
estimated its incidence [55].
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Indeed, a common experience of all ophthalmologists is
that four injections are rarely sufficient to stop the progression
of wet AMD. Most of the visual acuity improvement acquired
after the loading phase of 3 months can be eroded after
transition to less frequent dosing.

Vision performances and anatomical aspect of the macula
were consistently better in the subgroups under monthly regi-
men than in those under PRN or quarterly regimen. A meta-
analysis promoted by Ueta et al. aimed to compare the safety
levels among the various Ranibizumab regimen categories
(0.5 mg vs. sham; 0.5 mg vs. 0.3 mg; monthly versus PRN;
0.3 mg versus sham) and among combined regimen cate-
gories (0.3 mg/0.5 mg versus sham, 0.5 mg vs. 0.3 mg/sham,
and monthly versus PRN/control treatments). Authors con-
cluded that there is neither a significant increase in the risk
of myocardial infarction nor ATEs among all the categories of
ranibizumab regimens. Authors reported an increased risk of
the cerebrovascular accidents (CVAs), just in the combined
regimen categories of 0.5 mg versus combination of 0.3 mg
and no ranibizumab groups (OR, 1.86; 95% CI, 1.05–3.29; p =
0.03) and monthly treatment group versus the combined PRN
and no ranibizumab groups (OR, 1.89; 95% CI, 1.06–3.38; p =
0.03). According to the authors, the increased risk of CVAs,
may be due to anatomic proximity of the vitreous cavity and
the subarachnoid space [56].

3.3. Bevacizumab

The FDA originally approved bevacizumab in 2004 for che-
motherapy, in particular for the treatment of metastatic color-
ectal cancer but not for the treatment of eye conditions.
Originally, it was manufactured for intravenous use in oncol-
ogy; however, it was soon also used in ophthalmology.
Intravitreal injections of bevacizumab are produced by split-
ting doses of the cancer drug and making numerous unit
doses from a vial of bevacizumab.

The ‘off-label’ or unlicensed use of bevacizumab in the
treatment of wet-AMD emerged in the United States in 2005,
and rapidly became a widespread practice among ophthal-
mologists worldwide. The use of bevacizumab is attractive in
comparison with other anti-VEGF agents because of its low
cost considering the number of injections, which are necessary
at 4- to 6-week intervals.

Despite its off-label status, bevacizumab is widely used by
most physicians worldwide because of the evidence of its
efficacy that emerged from many clinical reports and several
randomized controlled clinical trials. Additionally, its afford-
ability makes it the drug of choice for thousands of patients
who would have otherwise not had access to anti-VEGF drugs
because of their high cost [57].

Systemic adverse effects have been a long-standing area of
debate for intravitreal off-label use of bevacizumab [58]. The
first large-scale study with one-year follow-up was conducted
by Wu and colleagues in 2008. They treated 1173 patients
with bevacizumab intravitreally and reported a low systemic
side effect rate in 18 patients (1.5%). Among them, there were
seven hypertensive crisis (0.59%), six cerebrovascular accident
(0.5%), five myocardial infarction (0.4%), and five deaths (0.4%)
cases [59].

The larger retrospective non-randomized study was per-
formed in 702 patients treated in Seoul National University
Hospital. Bevacizumab was administered to 610 patients and
ranibizumab to 240 patients for 1 year. This study found that
systemic adverse events occurred in seven of the 503 patients
(1.4%) in the bevacizumab group and in three of the 199 patients
in the ranibizumab group (1.5%) without a significant differ-
ence [60].

The first prospective comparative case series was carried
out on 120 patients in the Eye Institute in Kolkata (India). The
comparison of the efficacy and safety of intravitreal ranibizu-
mab and bevacizumab showed similar improvement in vision,
no thromboembolic events, and similar safety profiles [61].

An important contribution was provided by a large com-
parative retrospective study conducted on 146,942 Medicare
and Medical Services beneficiaries (with wet-AMD), who
received intravitreal pegaptanib, bevacizumab, ranibizumab,
or photodynamic therapy. After adjusting for patient charac-
teristics and economic status and limiting the comparison to
newly treated patients in order to alleviate potential selection
bias, significant differences were not observed in safety out-
comes between the bevacizumab and ranibizumab groups.

The cumulative incidence at 1 year of myocardial infarction
and stroke, respectively, was 1.3% and 2% in the photody-
namic therapy group, 1.3% and 2% in the group treated with
pegaptanib, 1.2% and 2.1% in the group treated with bevaci-
zumab, and 1.1% and 1.8% in the group treated with
ranibizumab.

All patients were older than 65 years of age and no evident
difference was found in stroke hazard, myocardial infarction,
or mortality between bevacizumab use and other on-label
therapies [62–65].

Another vast population nested case-control study has
been conducted in Canada, including 91,378 older adults
with retinal disease. The authors identified 7,388 serious car-
dio-circulatory events, including ischemic stroke (1.6%), myo-
cardial infarction (2.4%), venous thromboembolism (1.2%), and
congestive heart failure (2.9%). Controls were chosen on the
basis of the common year of birth, sex, history of the outcome,
and diabetic status. The authors found that patients affected
by these cardio-circulatory events were not more likely than
controls to have been exposed to either Bevacizumab or
Ranibizumab. Further analysis revealed that patients treated
with bevacizumab or ranibizumab showed no clinically impor-
tant increase in the risk for ischaemic stroke, myocardial infarc-
tion, venous thromboembolism, and congestive heart
failure [66].

However, recently the published data from three rando-
mized controlled trials that have directly compared ranibizu-
mab and bevacizumab in patients with wet AMD were made
available: the CATT, Inhibit VEGF in Age-related choroidal
Neovascularisation (IVAN), and GEFAL studies [67–69].

The CATT is a multicentre randomized, controlled trial con-
ducted in the USA, including 1,208 patients with a median age
of 80 years affected by AMD. The patients were randomized to
four groups of treatment: Bevacizumab and Ranibizumab,
administered every month and bevacizumab and ranibizumab,
given ‘as needed’ or ‘PRN.’ The number of intravitreal injec-
tions for the as-needed regimen groups performed in the
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CATT were 7.7 (bevacizumab) and 6.9 (ranibizumab) injections
per year, whereas the number was 13 in monthly dosing
groups.

The number of patients affected by ATEs was similar in the
Bevacizumab-treated patients (5.0%) and in the Ranibizumab-
treated patients (4.7% p = 0.89). In addition, the proportion of
venous thrombotic events were not significantly different,
occurring in 1.7% of Bevacizumab-treated patients and in
0.5% of Ranibizumab-treated patients (p = 0.054).

The rate of general serious adverse events for
Bevacizumab-treated patients was higher either in year 1
or year 2, with increased the relative risk of 1.30; however,
these events mostly appeared to be not specifically due to the
anti-VEGF therapy and perhaps due to chance or imbalances
at baseline not captured in multivariate modeling [67].

A new finding of this trial comprised the appearance or the
enlargement of the area of geographic atrophy behind and
around the CNV after the anti-VEGF treatment.

The development of geographic atrophy was mostly evi-
dent in monthly-treated patients than in the as needed trea-
ted patients (34% vs. 26%, p= 0.03). The Ranibizumab monthly
treated group displayed the highest probability to develop
geographic atrophy than any of the other treatment groups,
thus serving as an important clinical consideration to be taken
in account when the number of injection increases and
explains the common trend to a progressive decline of visual
acuity in all the trials.

Of the patients enrolled in CATT, 71% completed the 5-year
follow-up and the ATEs incidence was reported to be suddenly
and significantly changed. It was 7.6% in the Ranibizumab and
4.5% in patients originally assigned to Bevacizumab (p= 0.04);
however, as detailed above, during the 2-year clinical trial, the
proportion of patients with these events was nearly equal to
4.7% of Ranibizumab-treated patients and 5.0% of
Bevacizumab-treated patients having an event.

According to the authors, the 5-year ATE difference could
be meaningless due to the lack of Ranibizumab or
Bevacizumab exposure after the 2-year treatment period.
Thus, the higher ATE in the Ranibizumab arm could be attrib-
uted to chance [70].

The IVAN was a multicentre randomized, controlled trial
conducted at 23 UK centers including 610 patients affected
by AMD that were randomized in a similar manner to that in
CATT into four treatment groups: bevacizumab 1.25 mg and
ranibizumab 0.5 mg, administered in either a continuous
monthly regimen or an as-needed regimen.

In the group as needed, after a loading dose of three
injections every month, if the requirements for a new injection
had met, other three injections were performed every month.
At 2 years, no difference was observed between the drugs for
any of the primary or secondary efficacy outcomes. Data from
this trial demonstrated that bevacizumab was non-inferior to
Ranibizumab after 2 years of either continuous or discontin-
uous treatment with respect to visual acuity.

Although the trials brought forth similar findings at 1 year,
the systemic adverse events occurring in the second year in
the IVAN trial shifted the 2-year odd ratio almost to one unity.

In terms of safety in the IVAN trial, the rate of an arterial-
thrombotic event or heart failure hospitalization was not

significantly different when comparing Ranibizumab with
Bevacizumab (6% vs. 4%; OR 1.69, 95% CI 0.80–3.57) or con-
tinuous with as-needed administration (4% vs. 7%; OR 0.56,
95% CI 0.27–1.19).

The mortality rate was found to be similar between the two
drugs after 2 years, and was lower with continuous treatment
showing borderline significance (OR 0.47, 95% CI 0.22–1.03).

For both drugs, monthly injection resulted in lower CNV
growth and slightly better visual acuity than the as-needed
treatment. Furthermore, pooling the results of CATT and IVAN
resulted in no differences between the bevacizumab or rani-
bizumab treatment, in terms of deaths or arterial-thrombotic
events at 2 years [71] v.

Ranibizumab treatment was associated with a slightly lower
likelihood of resulting in any systemic, serious adverse event
than bevacizumab (OR 0.76, 95% CI 0.63–0.93), and continu-
ous administration was associated with a lower mortality rate
(OR 0.49, 95% CI 0.27–0.86) and a trend toward a higher risk of
any systemic serious adverse event (p= 0.063). The researchers
went on to state that comparisons between the drugs after 2
years were reassuring, with no suggestions of differences in
mortality or arterial-thrombotic events, which have previously
been suggested to be related to use of anti-VEGF drugs.

The GEFAL study was conducted in France between
June 2009 and November 2011 to compare the efficacy of
ranibizumab and bevacizumab. The rate of serious systemic
adverse events (SAE) in the two groups of treatment was
studied as a secondary outcome. Five hundred and one
patients were enrolled (n = 255, treated with bevacizumab;
n = 246 treated with ranibizumab). Moreover, the frequency of
SAE (at least one) did not differ significantly between the two
groups (12.6% of SAE in bevacizumab, n = 31; 12.1% in the
ranibizumab group, n = 29; p = 0.88). Five deaths occurred
during the trial, with two (0.8%) occurring in the bevacizumab
group (reported causes of death: pulmonary fibrosis and one
unknown), three (1.3%) occurring in the ranibizumab group
(reported causes of death: metastatic pancreatic cancer, myo-
cardial infarction, and suicide). According to the investigators,
none of the deaths were related to drug administration. The
proportions of patients with serious ATEs were similar across
the groups [69].

The MANTA study, which was similar to IVAN and GEFAL
demonstrated no difference between the rates of ATEs
between ranibizumab and bevacizumab, which further sub-
stantiated the results of CATT trial [72].

The LUCAS study was another large scale, multicentric
clinical trial conducted to compare Lucentis with Avastin in
terms of their efficacy and safety. Between March 2009 and
July 2012, 441 patients were randomized at 10 ophthalmolo-
gical clinics in Norway. There were fewer ATEs (1.4%) in the
bevacizumab group than in the ranibizumab (4.5%) (p =
0.050), and significantly more cardiac events occurred in
patients in the ranibizumab group (p = 0.036). However,
more patients treated with ranibizumab often had a history
of myocardial infarction (p = 0.021) [64].

A meta-analysis evaluated the relative risk of SAE in
patients treated with either ranibizumab or bevacizumab.
This study used data from bibliographic databases and clinical
trial registries published till March 2014 and identified five
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large-scale multicentric clinical trials (CATT, IVAN, GEFAL,
LUCAS, and BRAMD). Cumulative meta-analysis was conducted
on 3052 patients treated with anti-VEGF for nAMD (n = 1513
treated with bevacizumab, n = 1539 treated with ranibizu-
mab). Four hundred and three (26.6%) patients in the bevaci-
zumab arm and 366 (23.8%) in the ranibizumab who
developed SAE. RR of SAE in patients treated with bevacizu-
mab was 1.06, 95% CI (0.84–1.35). Arteriothrombotic events, as
defined by Antiplatet Trialists’ Collaboration (APTC), were
lower in patients treated with bevacizumab than in those
treated with ranibizumab but with 95% IC spanning (RR =
0.89, 95% CI 0.62–1.28) [73].

An observational study conducted in Thailand by
Sangroongruangsri et al. [74] compared the safety profiles of
intravitreal bevacizumab and intravitreal ranibizumab, for the
treatments of retinal diseases, not just wet-AMD. In total, 6354
patients, between 2013 and 2015, were enrolled in eight
hospitals across Thailand; 379 patients were treated with rani-
bizumab and 5975 patients were treated with bevacizumab,
for a total number of 17,395 intravitreal injections, in 6 months
(974 injections of ranibizumab and 16,421 injections of bev-
acizumab). During the 6 months of follow up, 1 case of non-
fatal myocardial infarction (0.26%) was reported in the ranibi-
zumab arm of treatment, 1 case of heart failure (0.26%), 0
cases of pulmonary embolism and transient ischemic attack.
However, in the bevacizumab group, 27 cases non-fatal myo-
cardial infarction (0.33%), 17 cases of non-fatal stroke (0.27%),
13 deaths from vascular causes (0.22%), 89 cases of heart
failure (1.21%), 1 case of pulmonary embolism (0.02%), and
two cases of transient ischemic attack (0.03%) were reported.

Considering the sample size in each arm of treatment and
the number of adverse events, there was no significant
increase in the ATE rate (95% CI 0.48–8.01) and non-fatal
heart failure (95% CI 0.37–19.60) between the ranibizumab
and bevacizumab. Instead, by considering the number of
injections, patients who received a higher number of injec-
tions (>3 injections) had a statistically significantly lower risk of
all-cause mortality (95% CI 0.02–0.34) and arterial thromboem-
bolic adverse events (95% CI 0.09–0.69) compared with those
who were administered three injections.

The SAVE-AMD was a 1-year prospective, two center, ran-
domized, double-masked, controlled, intervention trial, con-
ducted in Switzerland, in which 24 patients with neovascular
AMD were randomized to receive intravitreal injections of
ranibizumab (0.5 mg) or bevacizumab (1.25 mg) and 26
patients with dry AMD were included in the control group
[75]. The innovation in this study was the primary endpoint, to
determine if the intraocular treatment with anti-VEGF could
change systemic endothelial function. Three of the 50
patients, who were all treated with anti-VEGF, had systemic
thromboembolic adverse events: one case of fatal stroke, one
pulmonary embolism, and one suspected transient ischemic
attack. These events led to interruption of the study, although
the safety monitory board could neither prove nor exclude
a causal relationship. The authors did not provide further
information on which of the anti-VEGF treatments led to the
three cases of thromboembolic adverse events.

Recent meta-analysis evaluated the relative risk of systemic
adverse events between bevacizumab and ranibizumab.
Mikacic and Bosnar have published a meta-analysis study on
intravitreal bevacizumab and cardiovascular risk in wet-AMD
patients. Again, in this study, no significant evidence emerged
that bevacizumab may increase the cardiovascular risks of
patients with AMD [76].

A Cochrane review led by Moja investigated six multi-cen-
ter clinical trials and three smaller-scale studies involving 3665
patients. The combined risk ratio for one or more systemic
adverse events was 1.08, 95% CI (0.90, 1.31). Similar to the
researchers conducting previous meta-analyses, Moja et al.
concluded that there was no strong evidence of a difference
in risk but that the data available were not sufficient to rule
out clinically important differential risks, particularly for speci-
fic adverse events [77].

3.4. Aflibercept

Aflibercept (also named VEGF Trap-eye) is the most recent
anti-VEGF drug that has been approved by the FDA in
November 2011. Two equivalent Phase III clinical trials of
VEGF Trap-eye VIEW 1 and VIEW 2 (VEGF Trap-eye
Investigation of Efficacy and Safety in Wet AMD) were success-
fully conducted to assess if VEGF Trap-eye was not inferior and
clinically equivalent to ranibizumab that is considered the
standard against which all other drugs should be compared
[78,79]. A total of 2457 patients were enrolled and randomized
in two arms of treatment: intravitreal 0.5 mg or 2 mg afliber-
cept monthly, 2 mg aflibercept every 2 months after three
initial monthly doses (every 8 weeks after monthly injection
for the first year, followed by pro re nata regimen for
the second year) or 0.5 mg ranibizumab. At 1-year follow up,
no statistically significant difference in thromboembolic
adverse events was reported between aflibercept and ranibi-
zumab treatments (2.3% for aflibercept, and 1.5% for ranibi-
zumab). At 96-week follow up (2 years), no difference was
reported, with the incidence of adverse events at 3.2% and
3.6% for aflibercept and ranibizumab, respectively, and 0.8%
nonfatal strokes in both treatment arms. Considering together,
the incidence of arterial thromboembolic events across all
arms was 2.4% to 3.8% [80]. Despite the higher binding affinity
for ill VEGF-a, the greater in vitro potency of aflibercept and its
greater systemic absorption and the potential risk of systemic
events has not been verified in any way.

3.5. Conbercept and abicipar pegol

The effects of two new anti-VEGF drugs were investigated in
two prospective studies: conbercept and abicipar Pegol. The
efficacy and safety of conbercept were studied by the
POENIX study [81], a multicenter, double-masked, sham-con-
trol, phase III study in which patients with CNV secondary to
AMD received intravitreal injections of conbercept (0.5 mg)
or sham injections, with 2:1 ratio (8 patients vs. 43 patients).
Among the 124 patients enrolled, 113 (91.1%) completed
the 12-month study. At the 12-month endpoint, in the
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conbercept group, there were 42 (51.9%) ocular adverse
events and 46 (56.8%) non-ocular adverse events. In the
sham group, there were 22 (52.4%) ocular adverse events
and 19 (45.2%) non-ocular adverse events. In both groups,
the most common ocular adverse event was hemorrhage at
the injection site (22 patients, 27.2%, in the conbercept
group vs. 12 patients, 28.6%, in the sham group). The inci-
dence of others ocular adverse events were increased intrao-
cular pressure (6.2% vs. 11.9%), reduced VA (8.6% vs. 2.4%),
and vitreous floaters (3.7% vs. 2.4%) in conbercept and sham
groups, respectively.

In the conbercept group, there was also a single case of
cataract, macular hemorrhage, macular edema, retina edema,
retinal hemorrhage, and allergic conjunctivitis. In the sham
group, there was 1 case of retinal detachment, none in the
other group. In both, there were no detected cases of
endophthalmitis or uveitis. The incidence of arterothrombolic
events was 1.2% (1 case) of anterior myocardial infarction in
the conbercept group and 2.4% (1 case) of mild cerebral
infaaction in the sham group. No systemic allergic reaction
was reported and no death occurred during the trial period,
but further studies are needed to prove its safety and efficacy.

The abicipar pegol has been tested in phase 2 REACH stage
III study. This study was a 20-week, multicenter, randomized,
parallel group, double-masked comparison in which patients
with neovascular AMD received a total of three injections of
abicipar 1 mg or 2 mg or five injections of Ranibizumab
0.5 mg [82]. A total of 64 patients were enrolled, randomized
in 3:3:2 ratios (25 abicipar, 1 mg; 23 abicipar, 2 mg; 16 ranibi-
zumab, 0.5 mg); during the 20-week of study, none of the
patients experienced ATEs. No cases of endophthalmitis or
serious adverse events were reported. Overall, adverse events
were reported in 15 patients out of 25 in the abicipar 1 mg
arm; 10 patients out of 23 in the abicipar 2 mg arm, and 9
patients out of 16 in the ranibizumab 0.5 mg arm.

The most common ocular adverse events were vitreous
floaters (experienced in five patients: three in the abicipar
1 mg group; 1 in the abicipar 2 mg group; 1 in the ranibizu-
mab 0.5 mg group), vitreous detachment (four patients; two in
the abicipar 1 mg group and two in the abicipar 2 mg group),
and retinal hemorrhage (five patients; three in the abicipar
1 mg group and two in the ranibizumab 0.5 mg group).
Furthermore, two cases of macular scar were reported, both
in the ranibizumab 0.5 mg group. These, together with four of
the five total cases of retinal hemorrhages, were unrelated
with drug or injections. However, the other case of retinal
hemorrhage, in the abicipar 1 mg arm, was related to the
injection. All the adverse events were resolved without seque-
lae. The incidence of adverse events was reported to be similar
between abicipar (both 1 mg and 2 mg) and Ranibizumab
(0.5 mg).

Similar to conbercept, abicipar needs to be tested in future
studies to evaluate its safety profile and efficacy.

4. Discussion

In a prospective cohort study comprising over 10,405 persons
between the ages of 49 and 73 years, Wong concluded that

middle-aged persons with signs of early-stage AMD have
a higher risk for stroke, independent of traditional stroke risk
factors. There were 508 cases of AMD in the cohort and over
a 10-year period, 241 persons had an ATE.

After adjusting for age, sex, ethnicity, and site, the authors
found that persons with early-stage AMD had a higher cumu-
lative annual incidence of ATEs than those without the disease
(4.08% vs. 2.14%) [83]. For these reasons, the use of drugs
potentially favoring ATEs in persons affected by wet AMD has
caused concern.

From the biological point of view, it has been shown that
all anti-VEGF drugs injected into the vitreous chamber pass
into the systemic circulation and are able to inhibit serum-
circulating VEGF. The close repetition (monthly) of the injec-
tions can accumulate some anti-VEGF compounds and in
theory, can increase the risk of ATEs.

Data obtained from small groups of patients seem to elu-
cidate that the anti-VEGF drugs that contain the Fc antibody
region (bevacizumab and aflibercept) can remain in circulation
for a long time in concentrations close to their respective IC
50 [10].

The FC fragment of the antibody interacts with the FC
receptor of endothelial cells facilitating the translocation of
the antibody through the retinal blood barrier into the sys-
temic circulation [84].

Additionally, the anti-VEGF drugs containing an FC region
demonstrate a longer systemic half-life because the FC-recep-
tor interaction protects the molecule from systemic catabolism
[85]. This plausibly increases the risk of ATEs particularly with
the use of bevacizumab and aflibercept compared to when
ranibizumab is used.

However, contradictory to the pharmacokinetic data, clin-
ical data have never shown that ranibizumab is safer than
bevacizumab or aflibercept.

A Cochrane review that specifically evaluated the systemic
safety of bevacizumab versus ranibizumab found no clinically
or statistically significant differences in death or ATEs inci-
dence between the two drugs after 2 years of follow-up [85].

The analysis of 10 head-to-head trials of bevacizumab ver-
sus ranibizumab conducted by Solomon et al. in 2019 con-
firmed the little or no differences in outcomes between the
two drugs, both in terms of efficacy and rate of the ATEs [47].

Thus, although it has been shown that the systemic use of
parenteral anti-VEGF, at high doses, significantly increases the
ATEs cases, at the intraocular doses, this has not been demon-
strated by any clinical study so far concluded.

It has never been shown that the incidence of stroke in
AMD patients has changed since the introduction of anti-VEGF
drugs.

A population-based study by the Mayo Clinic in Rochester
showed that intravitreal anti-VEGF therapy [Pegaptanib n =
10 pts, bevacizumab n = 377 pts, ranibizumab n = 72 pts, or
Aflibercept n = 45pts], does not increase the risk of stroke,
myocardial infarction, or death in patients with wet-AMD,
This retrospective study included 504 patients who had
received intravitreal injection for wet-AMD and compared
them with three control groups, corresponding in age and
sex, who had not received treatment: one compound from
patients suffering from dry AMD (n = 504), one from wet
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AMD diagnosed in the period preceding the use of these
drugs (n = 473), and one without maculopathy (n = 504).
Five years later, the risk of stroke and myocardial infarction
in the patients were found to be 7.2% and 6.1%, respec-
tively. These data were similar to those of the control
groups. Therefore, this study indicates the cardiovascular
safety of intravitreal administration of anti-VEGF in patients
with AMD and that cardiac events affecting these patients
are not attributable to treatment but to their higher cardio-
vascular risk [86].

To date, clinical studies on the analysis of the safety of anti-
VEGF drugs in patients with AMD have not conclusively
demonstrated an increased risk of stroke, major cardiovascular
events, or mortality compared to controls, although the study
entry bias and low number of events may have resulted in
inaccuracy in the calculation of the probability.

It is noteworthy that, many of the RCTs addressing the
thromboembolic role of anti-VEGF drugs, excluded patients
with histories of stroke, myocardial infarction and other cardi-
ovascular diseases, though in clinical settings many patients
have a clinical history including such conditions. In these RCTs,
the systemic thromboembolic risk could be underestimated
and complicate the systemic safety evaluation of anti-VEGF
therapy in AMD patients.

Indeed, the massive use of anti-VEGF at 10–15 mg/kg in the
treatment of solid metastatic cancer exerts adverse throm-
boembolic effects in 4–12% of pts (4–12%) [87]. This is, how-
ever, a rather low percentage considering the serious
pathology affecting these patients. The massive lowering of
circulating VEGF should theoretically cause thromboembolic
effects in all patients since VEGF is the most important factor
for the survival of systemic vessels; however, it is probably not
the only such factor. There may be production of additional
survival factors or other systems, alternative to VEGF, that
guarantee the survival of the endothelium of the vessels in
humans. In addition to VEGF, other factors such as epidermal
growth factor, endostatins, and galectins, which are produced
by platelets or the endothelium, can influence the pro-angio-
genic response to an ischemic condition [88].

Pharmacokinetic data also show a reduction in circulat-
ing VEGF, which does not necessarily correspond to the
local dose of VEGF necessary for survival of the vascular
endothelium. The low doses of anti-VEGF injected intravi-
treally seems to be inadequate to interfere with systemic
VEGF actions, for example, on cardiac endothelium or brain
vessels in most patients [10]. Most patients with AMD may
also have the capacity to activate these alternative
endothelial repair pathways that guarantee a lower sus-
ceptibility to ATEs.

Patients with a history of recent myocardial infarction
or stroke or those with diabetic macular edema may be
more susceptible to the negative consequences of the
systemic inhibition of VEGF; however, this information
has not been adequately proven. The clinical problem is
that it is not possible, at the moment, to determine the
type of patient who would be more susceptible to these
consequences.

5. Conclusion

Anti-VEGF drugs have revolutionized treatment of wet-AMD
improving quality of life of patients. VEGF exerts systemically
plenty of rules especially on cardiovascular system. Massive
systemic inhibition of VEGF could lead to cardiovascular
adverse events as demonstrated in many RCTs conducted on
patients treated for solid tumors with these molecules. The
rising question is if intravitreal administration of small doses of
the same drugs in patients with wAMD could lead to same
adverse events, in particular, thromboembolic ones. Local
administration of anti-VEGF drugs reduces systemic distribu-
tion of these molecules but small concentrations could be
found in peripheral blood and in some cases above the IC50 .

Trials conducted on this cue have shown a good risk profile
and no significant association between IVT administration of
anti-VEGF and CV diseases but, the number of cardiovascular
adverse events impedes to declare its complete safety. Given
the baseline risk of thromboembolic events in AMD popula-
tion, other studies should be conducted involving many more
patients than in preceding trials. RCTs conducted failed to
demonstrate any significant difference in term of ATE between
anti-VEGF molecules but no study address this cue specifically.
It could be noticed that almost all trials excluded patients with
cardiovascular disease stories. Further studies should be con-
ducted including these patients could be useful to obtain
more significant results.

6. Expert opinion

Head-to-head trials provided evidence of clinical equivalence
between ranibizumab, bevacizumab, and aflibercept.

The companies that make bevacizumab had never shown
any scientific interest in organizing large multicenter studies to
verify the clinical efficacy and safety of this drug. For this reason,
we have fewer data on the safety of bevacizumab despite being
the most used drug because it is extremely cheaper.

Despite the evidence that bevacizumab is effective inmacular
degeneration and despite the lack of obvious safety differences
in unbiased studies between bevacizumab and other anti-VEGF
drugs, some short case series and limited laboratory studies have
highlighted its possible systemic danger and discouraged its use
for macular degeneration treatment.

These data showed that bevacizumab and aflibercept, that
contain the Fc antibody region, remain in circulation for a long
time in concentrations close to their respective IC 50 [10].

In theory this could increase the risk of ATEs. However, it
does not happen in the reality of the clinic and no compara-
tive study demonstrated that ranibizumab is safer than bev-
acizumab and aflibercept. The analysis of 10 head-to-head
trials of bevacizumab versus ranibizumab conducted by
Solomon et al. in 2019 confirmed the little or no differences
in outcomes between the two drugs, both in terms of efficacy
and rate of the ATEs [47].

The arteriothrombotic risk appears sufficiently low when
compared with the natural incidence of arteriothrombotic
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events in this category of elderly patients and acceptable if
balanced with the great advantage for vision.

In our opinion, the magnitude of this RR would not seem
significant compared to the economic advantage offered by
bevacizumab, especially in developing countries.

However, it is appropriate to have a prudent attitude in the
approach to these therapies. In fact, the detection of rare
adverse events has not been the focus of many studies, and
the current data available are insufficient. Many of the RCTs
addressing the thromboembolic role of anti-VEGF drugs,
excluded patients with histories of stroke, myocardial infarc-
tion and other cardiovascular diseases, though in clinical set-
tings many patients have a clinical history including such
conditions. In these RCTs, the systemic thromboembolic risk
could be underestimated and complicate the systemic safety
evaluation of anti-VEGF therapy in AMD patients.

Thus for patients with a history of recent thromboembolic
events or myocardial infarction, it could be safer to use anti-
VEGF drugs with short systemic half-life and low IC50, and those
that do not accumulate in the serum-like ranibizumab or pegap-
tanib. In case of prolonged therapies, it may also be advisable to
alternate drugs with longer plasma half-lives, which have the FC
fragment, with drugs with short plasma half-lives, without FC
fragment. Clinicians should also try to minimize the dose and
frequency of injections without compromising functional results,
for example, by adopting the treat and extend or pro-re-nata
paradigms rather than adopting a rigid monthly protocol.
Support in this direction could be given by the most recent
anti-VEGF drugs Abicipar Pegol, which can be administered after
the loading phase every 3 months.

An important area of research is also the analysis of the use
of anti-VEGF agents in combination with other treatments
such as verteporfirin photodynamic therapy, intravitreal ster-
oids, and systemic or local anti-inflammatory drugs in order to
reduce the rate of intravitreal injections.

Further studies are needed on the safety of therapy in
patients with a known history of ATEs in the last 3 months.
The clinician should be aware of the potential cardiovascular
risk and decide case-by-case in agreement with the patient on
the type and frequency of treatment to be performed.
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