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ABSTRACT.

Purpose: To evaluate the changes of vascular endothelial growth factor (VEGF)

plasma levels after intravitreal injections of aflibercept or ranibizumab in

patients with exudative age-related macular degeneration (AMD).

Methods: Thirty-eight patients with exudative AMD were included in this

randomised, prospective study. Nineteen patients were randomised to treatment

with intravitreal aflibercept (2.0 mg) and 19 to intravitreal ranibizumab

(0.5 mg). The concentration of VEGF was measured by ELISA just before

the injection, after 7 days and 1 month. Twenty-two age- and sex-matched

healthy patients without chorioretinal diseases served as control.

Results: The median baseline plasma VEGF concentration was 61.0 pg/ml in the

control group, 43.0 pg/ml in the aflibercept group and 59.0 pg/ml in the

ranibizumab group (p = 0.127). Seven days after intravitreal injection of

aflibercept plasma levels were significantly reduced to values below the minimum

detectable dose (MDD) in 17 of 19 patients (89.5%) resulting in a median VEGF

concentration of <9 pg/ml (p < 0.001). The reduction persisted throughout

1 month with values below the MDD in 5 of 19 patients (26.3%) and a median

measurement of 17.0 pg/ml (p < 0.001). In patients treated with ranibizumab no

significant effects could be observed with a baseline VEGF of 59.0 pg/ml, 54.0 pg/

ml at 7 days (p = 0.776) and 58.5 pg/ml at 4 weeks of follow-up (p = 0.670).

Conclusion: After intravitreal aflibercept injection, the systemic VEGF levels

were significantly reduced throughout the observational period of 4 weeks. No

significant systemic effects of intravitreal ranibizumab on plasma VEGF were

observed.
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Introduction

Neovascular age-related macular
degeneration (AMD) is the leading
cause of visual loss in ageing western
populations (Klaver et al. 1998). The
standard of care involves intravitreal
administration of monoclonal anti-
body-based therapies directed against
vascular endothelial growth factor
(VEGF). Intravitreal injections of
anti-VEGF therapeutics are currently
the most effective strategy in arresting
choroidal neovascularisation, and they
have become the most frequently per-
formed procedures in ophthalmology.

Three anti-VEGF substances are
used for the treatment of patients with
neovascular AMD in clinical routine.
Ranibizumab (Lucentis; Novartis
Pharma AG, Basel, Switzerland and
Genentech Inc, South San Francisco,
CA, USA) is a recombinant, human-
ised, antibody Fab (48 kD) with pan-
VEGF-A affinity (Ferrara et al. 2006).
Bevacizumab (Avastin; Genentech,
Inc, San Francisco, CA, USA) is a
recombinant human monoclonal IgG1
antibody (149 kD) that inhibits human
VEGF. It has been approved by the US
Food and Drug Administration (FDA)
for intravenous use to treat metastatic
colorectal cancer, and it constitutes the
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parent molecule from which rani-
bizumab was developed. Bevacizumab
is widely used in an off-label fashion
for the treatment of various retinal
diseases (Martin et al. 2012). Afliber-
cept (Eylea; Bayer, Basel, Switzerland
and Regeneron Pharmaceutical Inc,
Tarrytown, NY, USA) is the most
recent member of the anti-VEGF phar-
macotherapy family. The developmen-
tal goal of aflibercept was to provide a
more potent and prolonged anti-VEGF
effect. Eylea is the intra-ocular formu-
lation of aflibercept, a drug used in
oncology (Zaltrap; Regeneron Phar-
maceutical Inc), that has been specifi-
cally purified and buffered to minimise
the risk of eye toxicity when injected
intravitreally.

It is a 110-kD, soluble decoy recep-
tor that contains extracellular VEGF
receptor sequences (VEGFR1 and
VEGFR2) fused to an IgG backbone.
Like bevacizumab and ranibizumab,
VEGF Trap binds multiple isoforms of
VEGF-A and additionally the related
VEGFR1 ligands, VEGF-B and pla-
cental growth factor (PlGF) (Holash
et al. 2002).

The three aforementioned VEGF
inhibitors bind human VEGF-A with
significantly different equilibrium dis-
sociation constants (KD). Data on
binding affinities demonstrated that
aflibercept binds VEGF-A with an
approximately 100-fold tighter binding
affinity than that of ranibizumab or
bevacizumab and it thereby neutralises
VEGF-A with greater potency (Papad-
opoulos et al. 2012).

It has been shown that bevacizumab
significantly reduces systemic VEGF
levels after intravitreal injection (Ma-
tsuyama et al. 2010; Carneiro et al.
2012; Chakravarthy et al. 2012; Zehet-
ner et al. 2013). Aflibercept contains a
Fc fragment like bevacizumab and
therefore interacts with the neonatal
Fc receptor (FcRn). The FcRn enables
these molecules to readily cross the
blood-retina barrier, thus giving access
to systemic circulation (Krohne et al.
2014; Powner et al. 2014). Study results
describing systemic angiogenic cyto-
kine alterations induced by intravitreal
aflibercept have been published
recently, and significant systemic expo-
sure resulting from accumulation of
active VEGF blocking substance was
detectable after intravitreal aflibercept
applications (Avery et al. 2014; Wang
et al. 2014). These pharmacokinetic

characteristics provide the rationale
for studying the effects of intravitreal
aflibercept on systemic VEGF ligand
concentrations.

The family of VEGF ligands consists
of multifunctional cytokines that regu-
late anti-apoptotic pathways of endo-
thelial cells in adult vasculature
(Tsurumi et al. 1997; Zachary et al.
2000). Prolonged suppression of
plasma VEGF levels resulting from
serial intravitreal anti-VEGF injections
might, therefore, raise concern for
unwanted systemic effects (Avery
2014). Thus, this study was to prospec-
tively evaluate the effects on systemic
VEGF levels after an intravitreal injec-
tion of aflibercept or ranibizumab.

Material and Methods

Subjects

This prospective randomised con-
trolled trial was conducted in accor-
dance with the Declaration of Helsinki
and was performed after approval from
the institutional review committee of
the Medical University Innsbruck.
Informed consent was obtained from
every included participant. All patients
did not receive intravitreal injections
for at least 6 months prior to inclusion.
Patients with comorbidities that might
involve vascular disease or neo-angio-
genesis were excluded. According to
this criterion patients with history of
cancer, or other vasoproliferative dis-
eases, diabetes, uncontrolled hyperten-
sion, stroke, myocardial ischaemia and
peripheral arterial disease were
excluded from the study. Furthermore,
patients with anti-inflammatory con-
comitant medications such as steroids
or non-steroidal anti-inflammatory
drugs (NSAID) were not included. To
avoid factors that might affect
pharmacokinetics of the anti-VEGF
agents, no patients that had undergone
vitrectomy or were on dialysis were
included.

Thirty-eight patients with neovascu-
lar AMD were enrolled in the study.
They were randomised by permuted
block randomisation to treatment with
aflibercept or ranibizumab between
June 2013 and January 2014. Nineteen
received intravitreal injections of aflib-
ercept and 19 of ranibizumab. All
study eyes had no history of prior
vitrectomy, photodynamic therapy,
macular or peripheral laser photocoag-

ulation or intravitreal injections of
steroids. In the ranibizumab cohort, 7
of the 19 study eyes (36.8%) were
pseudophakic and 6 of 19 (31.6%) in
aflibercept cohort (p = 0.732). In all
patients, the intra-ocular pressure was
within normal limits and none of
patients was using concomitant glau-
coma medication. In both the afliber-
cept, as well as the ranibizumab cohort
17 of 19 patients were treatment-na€ıve
(89.5%; p = 1.0); two patients had
been pretreated with intravitreal anti-
VEGF in each cohort. All four had
received pretreatment with rani-
bizumab, and the shortest interval
between inclusion and last anti-VEGF
pretreatment was 8 months. Losses to
follow-up are due to failure to attend
medical appointments (no show) in all
cases.

Controls were established from 22
age- and sex-matched participants
without any history of ocular and other
systemic pathologies. Specifically, sub-
jects with AMD, chorioretinal abnor-
malities, diabetes, hypertension and
vasoproliferative disorders were
excluded from the control cohort.

Injection technique

The intravitreal dose of aflibercept was
2 mg, equivalent to 50 µl and for
ranibizumab 1.25 mg, equivalent to
50 µl. All intravitreal injections were
performed under sterile conditions in
the operating room including topical
administration of povidone–iodine.
The medication was administered by
injection 3.5–4.0 mm posterior to the
limbus using a 30-gauge needle. After
removal of the needle, a sterile cotton
tip applicator was used to prevent
reflux. No antibiotics were given before
or after injection.

Collecting blood samples

Blood samples were obtained 1–3 h
prior to intravitreal injections, 1 and
4 weeks after intravitreal injection.
Blood samples were drawn from all
patients by venous puncture with min-
imal stasis. For the VEGF assay, blood
samples were collected in tubes con-
taining EDTA. Centrifugation was
performed at 1000 g for 20 min imme-
diately after sampling. Plasma was
stored at �20°C until the assay, which
was performed within 4 weeks after
sampling.
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VEGF assay

VEGF-A plasma levels were deter-
mined by ELISA (Quantikine VEGF
ELISA Kit, R&D Systems Europe,
Abingdon, UK, #DVE00) as described
by the manufacturer. Briefly, 100 mL
of assay diluents (RD1W) was added
to each well of 96-well polystyrene
microplates, then 100 mL of standard
or samples (EDTA-plasma) was added
to each well, mixed by gently tapping
the plate frame for 1 min and incu-
bated for 2 hr at room temperature.
Afterwards, washing with wash buffer
(400 ml) was performed three times,
followed by addition of 200 ml of
polyclonal antibody conjugate to each
well, incubation for 2 hr at room
temperature and washing again with
wash buffer three times. Subsequently,
200 ml of substrate solution was
added to each well, incubated for
25 min at room temperature and
finally, 25 ml of stop solution was
added to each well. The concentration
was determined by an ELISA reader
at 450 nm. ELISA readings were
reported in whole numbers without
decimal places. For VEGF-A mea-
surements, the minimum detectable
dose (MDD) defined by the manufac-
turer was 9 pg/ml.

Statistical analyses

All statistical analyses were performed
using SPSS 20.0 (International Business
Machines Corporation, Armonk, NY,
USA) statistical software packages.
Continuous data are given as median
and interquartile range (IQR) in paren-
theses and qualitative data as percent-
ages. To test for normal distribution,
the Kolmogorov–Smirnov test was

used. VEGF-A measurements were
not normally distributed, and in part,
exact values were not given because the
values were below the minimum detect-
able dose of 9 pg/ml. Therefore, non-
parametric testing was applied and a
conservative value of 8 pg/ml was
imputed for each value below MDD
to perform the calculations. Kruskal–
Wallis, Mann–Whitney U-test and chi-
square tests were used for between
treatment group comparisons. Within
treatment group comparisons were
performed with the Friedman and
Wilcoxon signed-rank test. p-Values
<0.05 were considered to indicate sta-
tistical significance.

Results

At baseline, there were no significant
differences between the patients in the
aflibercept, ranibizumab and control
group with respect to age (p = 0.540)
and gender distribution (p = 0.398).
Themedian [interquartile range] plasma
VEGF concentration of controls was
61.0 [38.25–112.25] pg/ml. There were
no significant differences comparing the
VEGF plasma levels of the control and
the baseline plasma concentrations of
the aflibercept and the ranibizumab
groups (p = 0.127). Details on demo-
graphics and plasma VEGF levels are
summarised in Table 1.

The plasma VEGF concentration
before the injection of aflibercept was
43.0 [30.0–57.0] pg/ml. Relative to
baseline, plasma VEGF measurements
7 days after intravitreal injection of
aflibercept were significantly reduced to
values below the minimum detectable
dose in 17 of 19 patients (89.5%)
resulting in a median and an interquar-

tile range of <9 pg/ml (p < 0.001).
Even after 1 month, the systemic
VEGF measurements persisted at a
significantly reduced level with values
below the MDD in 5 of 19 patients
(26.3%) and a measurement of 17.0
[8.0–25.0] pg/ml (p < 0.001). The
reduction in VEGF plasma concentra-
tions after aflibercept treatment
occurred in all patients. The VEGF
values were significantly lower in those
treated with aflibercept comparing the
plasma measurements at 7 days and
1 month after intravitreal injection to
control and the respective VEGF levels
in those patients randomised to rani-
bizumab (7 days p < 0.001; 4 weeks
p < 0.001).

In patients treated with rani-
bizumab, no significant effects could
be observed; the VEGF levels in this
group did not change significantly from
baseline with 59.0 [39.0–80.0] pg/ml to
54.0 [42.25–74.0] pg/ml at 7 days
(p = 0.776) and 58.5 [43.0–95.5] pg/ml
at 4 weeks of follow-up (p = 0.670).
The plasma measurements at 7 days
and 1 month after intravitreal rani-
bizumab injection did not differ signif-
icantly comparing to control (7 days
p = 0.638; 4 weeks p = 0.827) (Fig. 1).

Discussion

Aflibercept is the most recent addition
to the anti-VEGF armamentarium of
ophthalmologists for the treatment of
neovascular AMD. The drug has been
developed to provide a prolonged and
more potent intra-ocular VEGF inhi-
bition. In this study, we demonstrate a
significant reduction of systemic VEGF
after a single intravitreal injection of
aflibercept after 7 days, which persisted

Table 1. Demographic data and plasma vascular endothelial growth factor (VEGF) measurements. Values are medians with
25th to 75th percentiles in parentheses.

Baseline 7 Days 4 Weeks

p-Value*Age

n

(Males n)

VEGF

pg/ml

VEGF

above

MDD %

(n/total)†
n

(Males n)

VEGF

pg/ml

%

(n/total)†
n

(Males n)

VEGF

pg/ml

VEGF

above

MDD %

(n/total)†

Aflibercept 78.0

[67.0–82.0]
19 (8) 43.0

[30.0–57.0]
100

(19/19)

19 (8) <9.0
[9.0–9.0]

10.5

(2/19)

19 (8) 17.0

[8.0–25.0]
26.3

(5/19)

<0.001

Ranibizumab 79.0

[72.0–85.0]
19 (6) 59.0

[39.0–80.0]
100

(19/19)

18 (6) 54.0

[42.25–74.0]
100

(18/18)

16 (5) 58.0

[43.0–95.5]
100

(16/16)

0.932

Control 77.0

[71.75–79.25]
22 (12) 61.0

[38.25–112.5]
100

(22/22)

n/a n/a n/a

* p-Values for comparing plasma VEGF levels. p-Values of <0.05 were considered to indicate statistical significance; Friedman test.
† The minimum detectable dose (MDD) of VEGF was defined by the manufacturer as 9 pg/ml. All measurement outliers are below the MDD.
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at the 1-month sampling point. Con-
versely, the systemic levels of VEGF
after intravitreal ranibizumab
remained constant without suppression
relative to baseline.

In a study by our group, we dem-
onstrated a significant reduction of
systemic VEGF after intravitreal
administration of bevacizumab. In the
present study, a similar off-target effect
was observed in all patients treated
with aflibercept. In both studies, no
significant effects on plasma VEGF
levels could be detected after intravi-
treal ranibizumab application (Zehet-
ner et al. 2013). The data of our
current study for aflibercept are in line
with the recent findings of Wang et al.
(2014) who describe significantly sup-
pressed systemic VEGF levels 1 month
after intravitreal aflibercept injection
and no significant effects for rani-
bizumab.

Pharmacokinetics might provide a
rationale for these systemic effects on
VEGF plasma levels. Anti-VEGF
drugs are very potent agents with IC50

(inhibitory concentration) values in the
subnanomolar range. Avery et al.

described significant differences in the
systemic concentration-time profiles
after intravitreal injections of afliber-
cept and ranibizumab. For rani-
bizumab, no accumulation could be
detected during the loading dose of
three intravitreal injections, whereas
systemic accumulation was observed
for aflibercept. Correspondingly, the
systemic exposure increases in patients
treated with aflibercept and it has been
shown to be more than 10-fold greater
compared to a similar treatment regime
with ranibizumab. The measured con-
centration of aflibercept was sufficient
to reach levels well above the IC50 for
VEGF (Avery et al. 2014).

Aflibercept is the highest-affinity
VEGF blocker described to date. The
characteristics of an anti-VEGF agent
are defined by differences in important
physicochemical properties of the
respective molecules. Distinct binding
kinetics of aflibercept and ranibizumab
are factors that help explain the varied
effects on plasma VEGF levels. The
three intravitreally injected VEGF
inhibitors that are currently used in
clinical practice bind human VEGF-A

with significantly different equilibrium
dissociation constants (KD). Data on
binding affinities demonstrated that
aflibercept binds VEGF-A with an
approximately 100-fold higher binding
affinity than that of ranibizumab or
bevacizumab and it thereby neutralises
VEGF-A with greater potency.
Accordingly, it was found that far
lower levels of aflibercept are required
for similar anti-VEGF efficacy in neo-
vascularisation models (Holash et al.
2002; Rudge et al. 2007).

Systemic exposure after intravitreal
injection of an anti-VEGF agent is
another key factor that determines its
effect on plasma VEGF concentrations.
Bioavailability is one of the principal
pharmacokinetic properties of drugs
and defined as the quantity of active
drug that reaches systemic circulation.
The engineered molecular design of
aflibercept is an important determinant
of its high bioavailability. Aflibercept is
a novel type of multi-component cyto-
kine trap, which employs the fusion of
parts from endogenous VEGF recep-
tors. The molecule consists of the Ig
domain of human VEGFR1 and the Ig
domain of human VEGFR2 fused with
the constant region (Fc) of human
IgG1. Ranibizumab is a recombinant
humanised monoclonal IgG1 kappa-
isotype antibody Fab fragment with a
molecular weight of about 48 kD, for
which the recombinant 1gG1 antibody
bevacizumab served as the parent mol-
ecule. There has been some controversy
about the ability of bevacizumab to
penetrate the retina due to being a
larger fullsize IgG1 (149 kD). Accord-
ingly, ranibizumab was developed as a
cleaved Fab lacking an Fc region as the
smaller size was thought to enhance its
diffusion from the vitreous into the
retina and choroid (Ferrara et al.
2006). Contrary to this original
hypothesis, immunohistochemistry
studies and findings of systemic VEGF
blockade after intravitreal injection of
bevacizumab proved the effective
penetration of the larger molecule
through all retinal layers and the cho-
roid, despite its bigger molecule size
(Heiduschka et al. 2007). The ease of
penetrating the retina and passing into
the systemic blood circulation across
the blood-retina barrier is thought to
be mediated by the presence of FcRn
receptors (Kim et al. 2009).

Aflibercept and bevacizumab both
share the structural element of an Fc
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Fig. 1. Plasma levels of vascular endothelial growth factor (VEGF) before and after intravitreal

injection of anti-VEGF therapeutics in patients with exudative age-related macular degeneration.

Systemic VEGF concentration was significantly decreased by aflibercept after 7 days and this

reduction persisted throughout 4 weeks. No significant effects were seen with ranibizumab.

*Statistically significant differences are indicated by an asterisk. †The minimum detectable dose

(MDD) of VEGF defined by the manufacturer was 9 pg/ml. All measurement outliers are below

the MDD.
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fragment, while the ranibizumab mol-
ecule lacks the Fc structure. The
blood–retinal barriers are formed by
tight junctions between retinal capillary
endothelial cells and retinal pigment
epithelial cells that prevent the passive
diffusion of macromolecules in the
absence of specific transporters. It has
been determined that the FcRn is
responsible for the active transport of
molecules containing an Fc domain
across the blood retinal barrier and it
therefore increases the overall bioavail-
ability. This makes the FcRn clinically
relevant not only for the intra-ocular
pharmacokinetics of therapeutic mono-
clonal antibodies, but also for the off-
target effect on VEGF in the periphery
by actively transporting the anti-VEGF
agents from the vitreous into the sys-
temic circulation (Roopenian & Ak-
ilesh 2007; Powner et al. 2014; Proetzel
& Roopenian 2014).

Upon reaching the blood stream, the
duration of the anti-VEGF effect is
contingent on its systemic half-life. The
average half-life of serum proteins is
about 1 day and even shorter for those
that are freely filtered by the kidney.
The half-life of aflibercept and bev-
acizumab, which are both molecules
with Fc regions, is up to 3 weeks in
systemic circulation (Lu et al. 2008; Xu
et al. 2013). It has been established that
the long persistence in systemic circu-
lation of IgG and other Fc-conjugated
proteins like aflibercept are due to their
recycling and rescue from catabolic
elimination by the FcRn via direct
engagement of the Fc fragment (Ro-
openian & Akilesh 2007). Thereby, the
FcRn-Fc interaction selectively extends
the half-lives of molecules with an Fc
fragment, which might explain the
exponentially longer persistence of af-
libercept and bevacizumab. In contrast
to that ranibizumab, lacking the Fc
region, only persists for a few hours.
Additionally, ranibizumab is subject to
renal catabolism as it is small enough
to be filtered by the kidney (Renard
et al. 1997; Xu et al. 2013).

The limitations of the present study
are that concomitant medications other
than those excluded might have
affected cytokine concentrations and
that the control group was recruited
from healthy age- and sex-matched
subjects without AMD. The strengths
are a prospective study design and the
randomised anti-VEGF treatment allo-
cation.

In summary, our findings indicate
that intravitreally injected aflibercept
efficiently enters the systemic blood
circulation. Aflibercept, similar to bev-
acizumab induces a significant reduc-
tion of VEGF in the blood plasma
persisting throughout the entire obser-
vational period of our study (Matsuy-
ama et al. 2010; Carneiro et al. 2012;
Zehetner et al. 2013; Wang et al. 2014).
VEGF is a multifunctional cytokine
that regulates biological functions in
endothelial cells in adult vasculature.
Systemic VEGF acts as a vascular
protective factor by stimulating anti-
apoptotic-signalling pathways to
enhance endothelial integrity and
maintain the antithrombogenic and
anti-inflammatory properties of the
endothelium (Tsurumi et al. 1997;
Zachary et al. 2000). Furthermore,
VEGF blockade is known to decrease
the extravasation of circulating lym-
phocytes, which were shown to express
a receptor for this cytokine (Sugita
2009; Zhang et al. 2010). Systemic
immune-mediated processes might be
altered by the inhibition of VEGF. A
recent publication, which demon-
strated the reduction of serum levels
of antiretinal antibodies after intravi-
treal bevacizumab application, con-
firms an interaction of systemic
immune mechanisms with plasma
VEGF inhibition resulting from intra-
vitreal VEGF agents for the treatment
on neovascular AMD (Kubicka-Trz-
aska et al. 2014).

Patients with exudative AMD rep-
resent a predominantly elderly popula-
tion with multiple vascular
comorbidities resulting in higher car-
diovascular risk and an increased inci-
dence of thromboembolic events in
which VEGF may be an important
factor (Vingerling et al. 1995; Klein
et al. 2013). After more than 10 years
of intravitreal injections of VEGF
inhibitors, mostly bevacizumab, very
few reports on systemic serious adverse
events (SAE) have been published. It
still has to be determined whether the
observed suppression of the vasculo-
protective VEGF in the bloodstream
represents an epiphenomenon or poses
a real hazard for patients receiving
continuous intravitreal anti-VEGF
therapy with FcRn-based agents. A
large prospective safety study stratified
for the effects of concomitant vascular
comorbidities with the statistical power
and the long-term follow-up to detect

differences in the incidence of systemic
SAEs is required, but not realistic.

The results we report here show a
sustained reduction of systemic VEGF
resulting from intravitreal aflibercept
that cannot be observed in patients
randomised to treatment with rani-
bizumab. The reduction of VEGF in
the bloodstream is an inadvertent off-
target effect that might raise concern
with regard to safety, and the long-
term systemic effects of anti-VEGF
treatments should be monitored more
closely than today.
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