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Purpose: To evaluate the systemic pharmacokinetics (PKs) of aflibercept, bevacizumab,
and ranibizumab in patients with neovascular age-related macular degeneration (AMD),
diabetic macular edema (DME), or retinal vein occlusion (RVO).

Methods: Prospective, open-label, nonrandomized clinical trial of patients with AMD,
DME, or RVO who were antivascular endothelial growth factor (VEGF) naive or had not
received anti-VEGF for =4 months. Patients received 3 monthly intravitreal injections of
aflibercept 2.0 mg, bevacizumab 1.25 mg, or ranibizumab (0.5 mg for AMD/RVO, 0.3 mg for
DME). The main outcome measures were serum PKs and plasma free-VEGF concentra-
tions after the first and third injections.

Results: A total of 151 patients were included. In AMD/DME/RVO, systemic exposure to
each drug was highest with bevacizumab, then aflibercept, and lowest with ranibizumab.
Ranibizumab cleared from the bloodstream more quickly than bevacizumab or aflibercept.
Aflibercept treatment resulted in the greatest reductions in plasma free-VEGF relative to
baseline levels, whereas ranibizumab treatment resulted in the smallest decreases in
plasma free-VEGF.

Conclusion: The three anti-VEGF treatments examined in this analysis demonstrated
notable differences in systemic PKs. Generally, the reduction in plasma free-VEGF levels
correlated with elevated levels of circulating anti-VEGF agents, with the reduction in free-

VEGF levels greatest with aflibercept and least with ranibizumab.
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Vascular endothelial growth factor (VEGF) is a crit-
ical mediator of physiological angiogenesis and
pathological angiogenesis.! Several ophthalmic dis-
eases, including neovascular (wet) age-related macular
degeneration (AMD), diabetic macular edema (DME),
and macular edema after retinal vein occlusion (RVO),
are characterized by abnormal angiogenesis and
increased vascular permeability in the retina, which
ultimately can lead to vision loss if left untreated.?
The three most commonly prescribed anti-VEGF ther-
apy options available in clinical practice for the treat-
ment of AMD, DME, and RVO are aflibercept,
bevacizumab, and ranibizumab.3-12

These 3 anti-VEGF treatments differ in their
molecular structure and properties. Aflibercept is
a fusion protein (115 kDa) comprising the second Ig
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domain of human VEGFRI, the third Ig domain of
human VEGFR2, and the Fc region of a human
IgG1.13 Aflibercept binds multiple isoforms of human
VEGF-A, VEGF-B, and placental growth factor.!!
The reported estimated terminal elimination half-life
of free aflibercept in plasma is 5 days to 6 days after
intravenous administration of doses ranging from
2 mg/kg to 4 mg/kg.'? The vitreous half-life of afli-
bercept in rabbits is 3.63 days.!* At the time of this
publication, there are no data available on the half-life
of aflibercept in the human eye. Ranibizumab
and bevacizumab bind to all human VEGF-A
isoforms.!>-17 Bevacizumab is a full-length monoclo-
nal antibody (149 kDa) that was developed for cancer
therapy.!® In human nonvitrectomized eyes, the aque-
ous half-life of bevacizumab was 9.82 days.'8
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Ranibizumab is an anti-VEGF-A affinity-matured
monovalent monoclonal antibody fragment (48 kDa)
that was designed for ocular use.!” It does not contain
the Fc antibody region, and hence, it is cleared from
the bloodstream more rapidly and has a short systemic
elimination half-life of ~2 hours.!” Using a population
pharmacokinetic (PK) analysis from 674 patients with
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wet AMD, Xu et al'® estimated the vitreous half-life of
ranibizumab to be ~9 days. This approach, however,
is not applicable to bevacizumab and aflibercept
because upon entering the systemic circulation they
undergo recycling via FcRn receptor.'® In primates,
the vitreous elimination half-life of ranibizumab is re-
ported to be ~3 days.?° The aqueous half-life of intra-
vitreal ranibizumab 0.5 mg is 7.19 days in human
nonvitrectomized eyes.?! The systemic PK values of
ranibizumab in patients with RVO and DME were
shown to be similar to those in patients with AMD;
thus, systemic exposure of ranibizumab is not consid-
ered dependent on disease state.??

Concerns have been raised regarding potential
adverse effects resulting from the systemic suppression
of VEGF from intraocular anti-VEGF treatments.??
From clinical experience in oncology, there are known
adverse effects related to blocking VEGF in the sys-
temic circulation.?* These adverse effects include car-
diovascular and arterial thromboembolic effects (ATE),
renal and gastrointestinal (GI) effects, and wound-
healing complications. The majority of comparative
safety data for intravitreal use of anti-VEGF therapeu-
tics come from large clinical trials in neovascular AMD
patients.”>-30 In patients with AMD, greater decreases
in serum and plasma free-VEGF have been observed
with bevacizumab and aflibercept compared with rani-
bizumab.31-3> Additionally, several studies have
explored the impact of anti-VEGF therapeutics on
serum’® and plasma3’-3® VEGF levels in patients with
AMD. However, studies comparing the systemic levels
of aflibercept, bevacizumab, and ranibizumab and their
relative effects on circulating VEGF in patients with
DME and RVO are lacking. Because systemic safety
concerns have recently been raised in the non-AMD
populations,3® it is important to assess systemic PK of
intravitreal anti-VEGF agents in these groups as well.

The objective of the current prospective study was
to evaluate and compare serum drug concentrations
and plasma free-VEGF concentrations in patients with
AMD, DME, or RVO receiving intravitreal injections
of aflibercept, bevacizumab, or ranibizumab. Addi-
tionally, values were compared across indications to
identify if disease impacts any differences observed.

Methods

Study Design

The study protocol was Institutional Review Board
approved and was conducted in accordance with U.S.
Food and Drug Administration Good Clinical Practice
guidelines. Written informed consent was provided by
all patients for study participation. This study was
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Health Insurance Portability and Accountability Act
compliant and adhered to the tenets of the declaration
of Helsinki. This study is registered at clinicaltrials.
gov (NCT02118831).

This prospective study enrolled patients from several
offices of a single private practice (California Retina
Consultants, Santa Barbara, CA) who were naive to
anti-VEGF therapy or had not received treatment with
anti-VEGF for at least 4 months. Patients were sorted
into 3 groups based on eye disease (neovascular AMD,
DME, or RVO), with at least 15 patients per disease
state for each drug group. Patients received 3 monthly
intravitreal injections (re-treatment could be given
within 21-35 days from previous injection) of afliber-
cept 2.0 mg, bevacizumab 1.25 mg, or ranibizumab
(0.5 mg for AMD and RVO patients and 0.3 mg for
DME patients). Patients were excluded from the study
if they were unwilling to receive three monthly injec-
tions of an anti-VEGF agent, had been treated with
a systemic anti-VEGF agent for cancer in the past year,
were currently undergoing dialysis, or if they had
received a vitrectomy in the treated eye.

Sample Collection and Bioanalytical Methods

Blood samples were collected at screening, 3 hours
after injection, and at Days 1, 3, 7, and 28 after Dose 1
and Dose 3 for PK and systemic VEGF analyses.
Analyses of serum drug levels and plasma concen-
trations of free-VEGF have been described in detail
previously.3?2 CTAD (citrate, theophylline, adenosine,
and dipyridamole) tubes were used for the collection of
plasma samples because of their ability to preserve
platelets and prevent activation.*%*! VEGF was mea-
sured in plasma samples, as opposed to serum, to pre-
vent or minimize release of VEGF from platelets.*?
Serum levels of aflibercept, bevacizumab, and ranibi-
zumab were analyzed using solution phase enzyme-
linked immunosorbent assays (ELISA). The lower lim-
its of quantitation (LLOQ) for aflibercept, bevacizu-
mab, and ranibizumab were 1,000 pg/mL, 313 pg/
mL, and 15.0 pg/mL, respectively. Plasma concentra-
tions of free-VEGF were determined using the Quanti-
kine ELISA kit, with an LLOQ of 10 pg/mL (R&D
Systems, Minneapolis, MN). As noted by the manufac-
turers of this kit, this assay is not suited to measure
total VEGF in the presence of anti-VEGFs, because of
the binding properties of the capture and detection re-
agents used in the assay.However, this assay is com-
monly used for measuring free-VEGF levels in samples
from patients treated with anti-VEGF therapeutics.
Target-therapeutic complexes are in a state of binding
equilibrium, which we expect to be minimally affected
by the 1:2 sample dilution performed in this assay.

PK Analyses

PK parameters were analyzed using noncompartmen-
tal analysis, and descriptive statistics were used to
summarize the results. Because this was a PK study,
a formal sample size calculation was not done. Non-
compartmental PK analysis was used to evaluate drug
concentration data and determine area under the curve
(AUC) over 28 days (AUCy »5 [Dose 1], AUCgg gg
[Dose 3]), peak concentration (Cj,.y), trough concentra-
tion (Cpin), and serum half-life for each anti-VEGEF. To
better estimate the serum half-lives of bevacizumab and
aflibercept (which are estimated to have longer systemic
half-lives because of their Fc portion), a protocol
amendment was implemented in the middle of the study
to collect PK data at later time points after the third dose
if the patient had not received another injection the next
month for his or her eye disease. As a result, only
a small fraction of patient data was available for an
accurate half-life estimation, and the serum half-life
data were pooled over all three indications. Serum drug
concentrations of aflibercept, bevacizumab, and ranibi-
zumab and plasma free-VEGF levels that measured
lower than the LLOQ were assigned a value equal to
50% of the LLOQ (rather than a value of 0).

Results

Patients

A total of 151 patients were enrolled in this study,
57 in the AMD group, 46 in the DME group, and 48 in
the RVO group (Table 1).

Systemic Exposure of Aflibercept, Bevacizumab,
and Ranibizumab in Patients With AMD, RVO,
and DME

PK data for patients with AMD have been previously
published.?> Mean systemic exposure data for the AMD,
DME, and RVO groups are summarized in Tables 2—4.
Subsequent to the initial injection (Day 0), C,,. was
reached at median time to Cp, (fmax) Of 1, 7, and 1
day for aflibercept, bevacizumab, and ranibizumab,
respectively, for patients with AMD, DME, and RVO.

Based on the Dose 3/Dose 1 geometric mean ratios
of Ciins Cmax» and AUC, ,g, ranibizumab did not
demonstrate systemic accumulation between Dose 1
and Dose 3 as evidenced by accumulation ratios close
to 1 (Table 5); however, bevacizumab and aflibercept
seemed to exhibit systemic drug accumulation. Mean +
SD serum half-lives after intravitreal administration
for aflibercept, bevacizumab, and ranibizumab were
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Table 1. Patient Demographics and Baseline Characteristics

Characteristic AMD (n = 57) DME (n = 46) RVO (n = 48)

Age, mean, years 76.9 59.7 67.3
Male, n (%) 28 (50.0) 24 (51.1) 27 (57.4)
Treatment group, n

Aflibercept 22 15 15

Bevacizumab 15 15 15

Ranibizumab 20 16 18
Baseline free-VEGF level, mean, pg/mL

Aflibercept 19.2 20.2 18.9

Bevacizumab 225 22.8 23.5

Ranibizumab 17.0 20.9 22.6

11.4 + 4.8 days (n = 39), 18.7 + 5.8 days (n = 7), and
5.8 £ 1.8 days (n = 43), respectively.

Systemic exposure for each anti-VEGF therapeutic
did not seem to differ by indication and was consistently
highest with bevacizumab, followed by aflibercept, and
lowest with ranibizumab (Figure 1). After Dose 3,
systemic exposure to aflibercept ranged 43- to 107-
fold, 7- to 13-fold, and 13- to 19-fold higher than sys-
temic exposure to ranibizumab, whereas that of bevaci-
zumab was 399- to 788-fold, 21- to 30-fold, and 67- to
91-fold higher than that of ranibizumab based on C,,,
Chax, and AUC, respectively, over the 3 indications.
Mean serum concentrations of aflibercept were higher
than its reported half-maximal inhibitory concentration
(ICso) for VEGF inhibition (0.068 nM)* at most time
points after Dose 1 and Dose 3 (Figure 1). Mean serum
concentrations of bevacizumab were also above its
reported ICsq (0.668 nM)*3 at most time points after
Dose 3 for all indications (Figure 1). For Dose 1 and
Dose 3, mean serum concentrations of ranibizumab met
or exceeded its reported ICs, (0.060 nM)*? at the 3-hour
and 24-hour time points postinjection, but fell below the
IC5( for the remaining time points.

Systemic Plasma Free-VEGF Levels

Mean free-VEGF levels in plasma were balanced at
baseline for each indication and were comparable with
values reported previously.3>44 Mean baseline VEGF
levels are summarized in Table 1. It is important to
note that individual patient data for plasma free-VEGF
levels at baseline ranged widely, from below the as-
say’s LLOQ (10 pg/mL) to 264 pg/mL in patients with
AMD, from <10 pg/mL to 558 pg/mL in patients with
DME, and from <10 pg/mL to 615 pg/mL in patients
with RVO (Figure 2).

Mean plasma free-VEGF profiles over time after
intravitreal administration of aflibercept, bevacizumab,
and ranibizumab in the AMD, DME, and RVO groups
are shown in Figure 3. For Dose 1 and Dose 3, the
greatest decreases in plasma free-VEGF levels

were observed with aflibercept for all 3 indications
(Figure 3). Mean plasma VEGF levels in patients
who received aflibercept fell below the LLOQ 3 hours
postinjection and remained below the LLOQ at the
Day 1, 3, and 7 time points for all 3 indications.
Patients who received bevacizumab had notable de-
creases from baseline in free-VEGF levels; however,
in patients with DME and RVO, mean free-VEGF
levels remained above the LLOQ at all time points.
In patients with AMD, free-VEGF levels were below
the LLOQ after Dose 3 at the Day 1, 3, and 7 time
points. Patients who received ranibizumab experi-
enced the least amount of change in mean free-
VEGF levels. Overall, there were no notable changes
in mean and median free-VEGF levels from baseline
for ranibizumab (Figures 2 and 3) over all the 3
indications.

Discussion

This study provides evidence that aflibercept, bev-
acizumab, and ranibizumab exhibit different systemic
exposures and effects on systemic VEGF after intra-
vitreal injection. Systemic exposure of each anti-
VEGF drug did not seem to differ by indication and
was consistently highest with bevacizumab and lowest
with ranibizumab. Systemic ranibizumab concentra-
tions remained below its ICsy (0.06 nM)** at most
observed time points for all 3 indications. However,
after the third doses, systemic levels of aflibercept and
bevacizumab exceeded their respective ICsy for VEGF
inhibition for all 3 indications. Ranibizumab demon-
strated no systemic accumulation between Doses 1 and
3, whereas bevacizumab showed substantive drug
accumulation after Dose 3 compared with Dose 1,
which ranged from 30% to 95% accumulation based
on Cpin, Cmax, Or AUC across indications (Table 5).
The only exception was when the accumulation ratio
was calculated using C.;, in patients with DME,
which showed no accumulation for any of the three



Table 2. Mean Systemic Exposures of Aflibercept, Bevacizumab, and Ranibizumab in Patients With AMD32

Geometric Mean Ratio Geometric Mean Ratio
Parameter Aflibercept Bevacizumab Ranibizumab (AFL/RBZ) [95% CI] (BEV/RBZ) [95% ClI]
First dose
Cmax, NM, mean (SD) 0.45 (0.29), n = 21 0.76 (0.31), n =15 0.11 (0.13), n =20 4.65 [3.07-7.05] 8.80 [5.59-13.87]
Cmin, M, mean (SD) 0.05 (0.02), n = 20 0.45 (0.16), n = 15 0.002 (0.002), n = 19 37.28 [23.72-58.6] 321.61 [197.5-523.7]
AUCg_5g, NM-h, mean (SD) 432 (1.77),n =20 16.10 (5.75), n =15 0.46 (0.24), n =19 9.49 [7.37-12.22] 35.73 [27.2-46.94]
Third dose
Cmax, M, mean (SD) 0.58 (0.52), n = 21 1.47 (0.55), n = 15 0.08 (0.06), n = 18 6.74 [4.46-10.18] 20.97 [13.37-32.89]
Cmin, NM, mean (SD) 0.07 (0.03), n = 21 0.70 (0.29), n =14 0.002 (0.002), n = 18 52.92 [33.83-82.8] 500.31 [304.51-822.03]
AUCgg_gg, NM:-h, mean (SD) 538 (1.77),n =21 29.12 (10.35), n = 14 0.52 (0.59), n =18 12.58 [9.33-16.96] 67.24 [48.26-93.68]

AFL, aflibercept; BEV, bevacizumab; RBZ, ranibizumab.

Table 3. Mean Systemic Exposures of Aflibercept, Bevacizumab, and Ranibizumab in Patients With DME

Geometric Mean Ratio Geometric Mean
Parameter Aflibercept Bevacizumab Ranibizumab (AFL/RBZ) [95% CI] Ratio (BEV/RBZ) [95% ClI]

First dose

Cmax, M, mean (SD) 0.583 (0.39), n =15 0.75 (0.24), n = 15 0.12 (0.19), n =15 7.32 [4-13.4] 12.01 [6.57-21.97]

Cmin, M, mean (SD) 0.04 (0.02), n =15 0.35(0.18),n =15 0.0006 (0.0008), n = 15 79.75 [44.99-141.36] 844.04 [476.18-1496.1]

AUCq_ g, NnM-h, mean (SD) 3.41 (1.32),n =15 14.26 (4.67), n = 15 0.24 (0.08), n = 15 13.96 [10.44-18.67] 59.45 [44.47-79.47]
Third dose

Cmax, "M, mean (SD) 0.57 (0.33), n =15 1.18 (0.45),n =14 0.04 (0.03), n =15 13.59 [9.63-19.18] 30.29 [21.34-43.01]

Cmin, M, mean (SD) 0.045 (0.024), n = 12 0.42 (0.25),n =14 0.0007 (0.0009), n = 15 107 [562.27-219.03] 787.55 [390.1-1589.93]

AUCgo_gs, NM-h, mean (SD) 4.35 (1.36), n = 14 20.39 (6.83), n = 14 0.23 (0.08), n = 15 19.44 [14.66-25.76] 90.52 [68.3-119.97]

AFL, aflibercept; BEV, bevacizumab; RBZ, ranibizumab.
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therapeutics. There seemed to be a trend of systemic
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Table 5. Accumulation Ratios for the Dose 3/Dose 1 Geometric Mean Ratios of Chin, Crnax, and AUCq_og

Accumulation Ratio (95% CI) AMD DME RVO
Aflibercept
Cmin 1.37 (1.03-1.83) 1.42 (0.89-2.26) 1.51 (0.92-2.48)
Cinax 1.19 (0.77-1.84) 1.18 (0.75-1.85) 1.29 (0.65-2.57)
AUC,g 1.27 (1.01-1.59) 1.31 (0.98-1.76) 1.22 (0.87-1.70)
Bevacizumab
Crnin 1.51 (1.11-2.04) 0.99 (0.51-1.90) 1.29 (1.03-1.60)
Cnax 1.95 (1.43-2.68) 1.60 (1.22-2.11) 1.62 (1.30-2.01)
AUCyg 1.80 (1.34-2.41) 1.43 (1.08-1.89) 1.54 (1.32-1.79)
Ranibizumab
Crnin 0.97 (0.49-1.93) 1.06 (0.49-2.29) 1.08 (0.53-2.23)
Cinax 0.82 (0.50-1.34) 0.64 (0.32-1.26) 0.99 (0.59-1.66)
AUC,g 0.96 (0.67-1.36) 0.94 (0.70-1.27) 1.02 (0.80-1.32)

with aflibercept 2.0 mg showed dramatic reductions

, more Antiplatelet Trialists Collaboration

from baseline in VEGF levels at 1 week and 1 month
postinjection, and VEGF levels did not return to near-
baseline values until 2 months postinjection.®> Similarly,
a prospective randomized controlled trial in patients
with AMD reported that plasma VEGF levels were
reduced from baseline levels below the minimum detect-
able dose (MDD) in 89.5% of patients 1 week after
injection of aflibercept and remained below the MDD
at 1 month, but ranibizumab did not produce significant
changes in plasma VEGF levels at either time point.3*

Limited data are available on the impact of anti-
VEGF treatment on plasma VEGF levels in patients
with DME and RVO. The results of the present study
for patients with DME were similar to those of a smaller
study by Zehetner et al,*® which reported significant
reductions in plasma VEGF levels from baseline after
1 week (P = 0.008) and levels remained reduced at 4
weeks (P = 0.012) in patients with DME treated with
bevacizumab (n = 10). Conversely, plasma VEGF lev-
els in patients with DME treated with ranibizumab (n =
10) were not significantly affected.*®

The clinical implications of suppression of systemic
VEGF after intravitreal anti-VEGF therapeutic admin-
istration are not known. From clinical experience in
oncology, VEGF suppression after systemic adminis-
tration of anti-VEGF agents has been associated with
cardiovascular, arterial thromboembolic, renal, and GI
adverse effects and wound-healing complications.?*

Few head-to-head studies have been conducted
between ranibizumab and aflibercept. In the VIEW I
and II clinical trials, the ocular and systemic safety
profiles of ranibizumab and aflibercept in patients with
AMD were found to be similar.?%27 Additionally, in
a study comparing ranibizumab, aflibercept, and bev-
acizumab in patients with DME, there were no signif-
icant differences in systemic safety including the rates
of serious adverse events (SAEs), hospitalization,
death, or major cardiovascular events at 1 year.® At

(APTC) events were noted in the ranibizumab arm
(P = 0.047), although there was a baseline imbalance
with more ranibizumab patients with a pretreatment
cardiovascular history (coronary artery disease, myo-
cardial infarction, transient ischemic attack, and cere-
brovascular accident) than aflibercept patients (70 vs.
49), and when adjusting for multiple baseline charac-
teristics, the differences were no longer statistically
significant (overall P = 0.09).#’ Furthermore, the au-
thors noted that this increased incidence of ATEs was
not observed in previous trials with ranibizumab, and
the implications of the increased rate of APTC events
with ranibizumab found in that study were uncertain
because of this inconsistency.*’

The efficacy and safety profiles of bevacizumab
and ranibizumab have been compared in several
clinical trials.?>-28:3% Although the efficacy of both
treatments has been comparable, differences in their
respective safety profiles have been reported. In the
Comparison of Age-Related Macular Degeneration
Treatments Trials (CATT), a higher percentage of
bevacizumab patients had =1 systemic SAEs com-
pared with ranibizumab patients (39.9 vs. 31.7%;
adjusted risk ratio [RR], 1.30; 95% CI, 1.07-1.57;
P = 0.009).> In the alternative treatments to Inhibit
VEGEF in Age-related choroidal Neovascularization
(IVAN) randomized trial of bevacizumab and ranibi-
zumab, serum VEGF levels were significantly lower
after bevacizumab administration compared with ra-
nibizumab (geometric mean ratio, 0.47; 95% CI,
0.41-0.54, P < 0.001).3! Median serum VEGF levels
in patients receiving bevacizumab decreased from
203 pg/mL at baseline to 83 pg/mL at 1 year, whereas
median serum VEGF concentrations in patients
receiving ranibizumab decreased from 173 pg/mL at
baseline to 151 pg/mL at 1 year. The incidence of
systemic SAEs in IVAN did not differ between rani-
bizumab and bevacizumab (9.6 vs. 12.5%; P = 0.25);
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Meta-analyses of clinical trials have also reported
potential safety differences between bevacizumab and
ranibizumab. Zhang et al*® performed a meta-analysis
of 4 clinical trials and 11 retrospective case series to
examine the efficacy and safety of bevacizumab and
ranibizumab in patients with AMD. Ranibizumab was
found to be associated with a lower incidence of
venous thrombotic events (RR, 0.27; 95% CI, 0.08—
0.89; P = 0.03), but the risk of ATEs did not differ. A
recent meta-analysis of patients with AMD, RVO, or
DME treated with either ranibizumab or bevacizumab
reported no increased risk of major cardiovascular
events or nonocular hemorrhagic events.’® However,
for the trials that compared bevacizumab and ranibi-
zumab directly, bevacizumab was found to have
increased risk of venous thromboembolic events (odds
ratio, 3.45; 95% CI, 1.25-9.54; P = 0.02).5°

Three meta-analyses of AMD trials have identified
an increased risk of GI adverse events with bevacizu-
mab versus ranibizumab.>!=>3 In a meta-analysis of
data from the CATT, IVAN, GEFAL, MANTA, and
LUCAS trials, a higher percentage of patients random-
ized to bevacizumab experienced a GI SAE compared
with patients randomized to ranibizumab (3.1 vs.
1.6%) and the risk of a GI SAE with bevacizumab
was significantly higher versus ranibizumab (RR,
1.94; 95% CI, 1.20-3.14, P = 0.007).5! Two Cochrane
reports published in 2014 found a higher risk of GI
adverse events with bevacizumab versus ranibizumab
(RR, 1.82; 95% CI, 1.04-3.19, P = 0.04, in one, and
RR, 2.24; 95% CI, 1.10-4.55, in the other).52-53

One of these Cochrane meta-analyses found
a significant increase in systemic SAEs with bev-
acizumab compared with ranibizumab (RR, 1.27;
95% CI, 1.06-1.52).52 The second Cochrane meta-
analysis included unpublished trials including LU-
CAS and found the risk to no longer be statistically
significant (RR, 1.08; 95% CI, 0.90-1.31, P =
0.42).33 However, excluding the LUCAS trial, they
found the results to be significant with RR, 1.19;
95% CI, 1.06-1.34, P = 0.0038.53 The LUCAS au-
thors noted a statistically significant imbalance at
baseline with more patients with previous Mls in
the ranibizumab arm (P = 0.02). The increase in
systemic SAEs was driven primarily by an increase
in cardiovascular events in the ranibizumab arm,
which was also statistically significant at year 1,
but not at year 2.4 Hence, it is possible that the
baseline imbalance in LUCAS may be responsible
for the finding of no statistically significant differ-
ence in systemic SAEs in this second Cochrane
meta-analysis.>®

Intravitreal anti-VEGF therapy seems safe in the
general population enrolled into numerous clinical
trials, but there may be select at-risk populations, such
as patients with diabetes or a history of recent MI or
cerebrovascular accident, in whom there may be
increased systemic risk to sustained suppression of
systemic VEGF levels.?3° In fact, a recent, focused
meta-analysis described a possibly increased risk of
death in diabetic patients receiving monthly anti-
VEGF agents for 2 years.3°
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Fig. 3. Mean (95% CI) plasma free-VEGF with bevacizumab, ranibi-
zumab, and aflibercept in (A) patients with AMD, (B) patients with
DME, and (C) patients with RVO. ITV, intravitreal. Figure 3A was
reproduced, with permission, from Avery RL, Castellarin AA, Steinle
NC, et al. Systemic pharmacokinetics following intravitreal injections
of ranibizumab, bevacizumab or aflibercept in patients with neovascular
AMD. Br J Ophthalmol 2014;98:1636-1641. http://bjo.bmj.com/
content/98/12/1636; licensed under CC BY-NC 3.0.

Another at-risk population is retinopathy of pre-
maturity (ROP) infants, because VEGF has a role in
organogenesis and neurodevelopment. Two recent
studies have raised concerns about a potential
increased risk of neurodevelopmental abnormalities
in ROP infants treated with bevacizumab relative to
laser alone.>”->® Because of the ROP baby’s small size,
the total blood volume is ~20-fold less than that of
adults, but the dose of bevacizumab typically admin-

istered is one half of the adult dose. A recent PK
study in ROP infants found a serum bevacizumab
Chnax of 1,002 ng/mL at 2 weeks, ~9-fold higher than
the Cp.x at 1 week after the first dose in the present
study.>® Bevacizumab was detected and free-VEGF
was reduced in the serum out to 8 weeks in this
ROP study, which did not evaluate ranibizumab.>®
Because the present study found much lower
systemic exposure from ranibizumab compared with
bevacizumab across three disease states, if these find-
ings can be extrapolated to ROP, it would support the
contention that ranibizumab may be safer than bev-
acizumab in infants.®® Ongoing trials are evaluating
lower doses of both bevacizumab and ranibizumab
in ROP.

The present study provides important insight into
the differences in systemic distribution of these anti-
VEGF agents and circulating levels of VEGF in
patients with AMD, DME, and RVO. Despite its
relatively small sample size and lack of formal
statistical analysis, the present study prospectively
evaluated head-to-head all the commonly used intra-
vitreal anti-VEGF therapeutics across multiple disease
states over several time points. Nearly 2,000 blood
samples were each analyzed for free-VEGF and drug
concentrations, making it the largest reported compar-
ative PK/pharmacodynamic study of these 3 agents.
An additional strength of this study is the use of
CTAD collection tubes, which minimize the impact of
platelet rupture and/or activation that can lead to
release of VEGF from platelets, which could errone-
ously skew the data toward higher or more variable
VEGF levels.3? Furthermore, unlike most previous
studies that did not measure drug levels, comparisons
of systemic drug levels and VEGF levels were ana-
lyzed and demonstrated that higher systemic concen-
trations of the drug correlated with more suppression
of plasma free-VEGF levels.

Conclusions

In patients with AMD, DME, and RVO, the three
anti-VEGF treatments examined in this analysis
demonstrated notable differences in systemic PKs
and plasma free-VEGF levels. Although clinically
meaningful differences in the systemic safety profiles
have yet to be elucidated, these differences could
provide a plausible biologic explanation for potential
differences in systemic safety risks among aflibercept,
bevacizumab, and ranibizumab.

Key words: age-related macular degeneration, anti-
VEGF, diabetic macular edema, pharmacokinetics, ret-
inal vein occlusion.
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