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Abstract

Background To investigate the levels of VEGF in the systemic circulation of patients with type 1 ROP who received intravitreal
injections of 1 mg (0.025 mL) aflibercept (IVA) or 0.625 mg (0.025 mL) bevacizumab (IVB).

Methods Patients who had type 1 ROP and received either IVA or IVB were enrolled in this prospective study. Serum and plasma
samples were collected prior to and up to 12 weeks after [IVB or IVA treatment. The serum and plasma VEGF levels were measured
using enzyme-linked immunosorbent assays (ELISAs), and the platelet levels in the blood were also quantified. The serum and plasma
levels of VEGF, as well as the ratio of VEGF to platelet count (VEGF/PLT) were measured prior to and up to 12 weeks after anti-VEGF
treatment.

Results In total, 14 patients with type 1 ROP were enrolled in this study; five patients received IVA, and nine patients received
IVB. Following either IVA or IVB treatment, all the eyes (100%) showed complete resolution of ROP-induced abnormal
neovascularization and presented continued vascularization toward the peripheral retina. Compared to baseline, the serum
VEGF levels were significantly reduced in the ROP patients up to 12 weeks after either IVA or IVB treatments (all P < 0.05).
At 2, 4, and 8 weeks after intravitreal injection, the serum VEGF levels were more suppressed in the IVB group than in the IVA
group (P= 0.039, P= 0.004, and P= 0.003, respectively). The serum VEGF/PLT ratio after IVA or IVB showed similar
reductions and trends as the serum VEGF data. Changes in the plasma VEGF levels could not be properly assessed because
some of the samples had VEGF levels below the detection limit of the ELISA.

Conclusions Serum VEGF levels and the VEGF/PLT ratio in patients with type 1 ROP were suppressed for 3 months after
treatment with either [IVA or [VB, but the suppression of systemic VEGF was more pronounced in patients treated with [VB than
those treated with IVA.

Keywords Intravitreal injection of aflibercept - Intravitreal injection of bevacizumab - Retinopathy of prematurity - Vascular
endothelial growth factor

Introduction

Retinopathy of prematurity (ROP) is a leading cause of child- ~ (VEGF) has been identified as a primary pathological growth
hood blindness. As vascular endothelial growth factor  factor that mediates the process of neovascularization, intra-
vitreal injection of VEGF inhibitors have been used in patients
with Stage 3+ or Type 1 ROP [1, 2]. VEGF inhibitors, includ-
ing bevacizumab (Avastin; Genentech Inc., South San
Francisco, CA, USA) and ranibizumab (Lucentis; Genentech
Inc.), are commonly used in patients with ROP, and most
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intraocular use for the treatment of some ocular neovascular
diseases in adults and has gained popularity in the treatment of
vascular disorders, including age-related macular degenera-
tion (AMD), retinal vascular occlusion and diabetic macular
edema [5-7]. In contrast to the antibody-based VEGF binding
strategy employed by bevacizumab and ranibizumab,
aflibercept is a fusion protein consisting of the binding do-
mains of VEGF receptor-1 and VEGF receptor-2 with the
ability to bind VEGF-A,VEGF-B, and placental growth factor
[8, 9]. However, the clinical application and efficacy of intra-
vitreal injection of aflibercept (IVA) in patients with ROP
were seldom reported [8, 10].

Our previous study revealed that bevacizumab was detect-
ed in the systemic circulation 1 day after intravitreal injection
of bevacizumab (IVB) and that serum VEGF levels were sup-
pressed for 2 months [11]. We also compared the serum
VEGF levels after intravitreal injection of bevacizumab or
ranibizumab in patients with ROP and observed that VEGF
levels were significantly decreased in the patients who re-
ceived bevacizumab treatment than those who received
ranibizumab treatment [12]. Similar reports revealed that
aflibercept significantly decreased serum and plasma VEGF
levels 1 month after injection in patients with AMD [13].
However, the mechanism by which aflibercept affects serum
VEGF levels in patients of ROP remains unclear. Because
VEGF is considered an important neurodevelopmental
growth factor during the early newborn period, determining
the safety of the anti-VEGF treatments in patients with ROP is
critical [4, 14, 15].

VEGEF levels in both serum and plasma samples have been
used in clinical studies. However, which sample is more close-
ly correlated to clinical disorders remains uncertain. Plasma
has been suggested to be a more accurate assessment of cir-
culating VEGF because it eliminates the influence of platelets
on VEGF measurements [ 16]. However, because citrated plas-
ma VEGF levels are low and usually lie at the lower detection
limit of currently available enzyme-linked immunosorbent as-
says (ELISAs), serum assessments might have greater sensi-
tivity [17]. Other investigators suggest the use of the ratio of
serum VEGF levels to platelet count (PLT) (VEGF/PLT) to
reflect the level of systemic VEGF per platelet and account for
the contribution of VEGF from platelet activation during
thrombosis. This parameter has been suggested be more in-
dicative of clinical pathology [17, 18].

In this prospective study, we aimed to investigate the serum
and plasma concentrations of VEGF in the systemic circula-
tion prior to and up to 3 months after either IVA or IVB. In
addition, we calculated the VEGF/PLT ratio to reflect the ef-
fect of platelets on the VEGF levels. To the best of our knowl-
edge, this is the first study to evaluate the systemic levels
VEGEF after IVA in patients with ROP. Changes in the serum
and plasma VEGF levels up to 3 months after IVA or IVB
were compared in patients with type 1 ROP.
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Methods
Patients

This investigation was a prospective, non-randomized cohort
study that assessed the serum VEGF levels in type 1 ROP
patients before and after either IVA or IVB. Patients with type
1 ROP as defined by the ETROP study [19] and who received
either IVA or IVB was enrolled. Patients who received prior
laser treatment, laser treatment after IVA or IVB, or whole
blood transfusions before or after IVA or IVB were excluded.
This study was conducted from September 2014 to August
2016 at Chang Gung Memorial Hospital in Taoyuan, Taiwan
and was approved by the institutional review board at the
hospital (IRB100-4294A3) and adhered to the tenets of the
Declaration of Helsinki. The status of the off-label use of
IVA and IVB for ROP treatment was thoroughly explained
to the parents of the patients. The parents were well informed
about the efficacy and possible complications of both treat-
ments, including the risk of endophthalmitis, retinal detach-
ment, systemic VEGF suppression, and the possible
neurodevelopmental impact following ocular anti-VEGF
treatment. Standard treatments using peripheral retinal laser
photocoagulation were also explained to the parents of the
patients. Neither the IVA nor IVB treatment was covered by
the national insurance, and the parents covered all treatment
costs. The choice of laser photocoagulation or IVA/IVB treat-
ment was made by the parents. All the parents signed in-
formed consent before IVA or IVB administration, and written
informed consent was obtained from the parents prior to en-
rollment of their child in this study.

Intravitreal injection of anti-vascular endothelial
growth factor drugs

The technique used for intravitreal injection of anti-VEGF
agents was performed as previously described [3].
Anesthesia was achieved by an intravenous injection of either
midazolam (Dormicum; Cenexi SAS, Fontenay-sous-Bois,
France) or fentanyl (Fentanyl-Fresenius; Bodene Limited,
Port Elizabeth, South Africa) to sedate the infant before treat-
ment administration, and vital signs were monitored through-
out the entire procedure. The eyes were prepared in a sterile
manner using 5% povidone/iodine and topical antibiotics;
then 1 mg (0.025 mL) of aflibercept or 0.625 mg
(0.025 mL) of bevacizumab was intravitreally injected
1.5 mm posterior to the limbus via the pars plicata while the
patient was under intravenous sedation. The injection was
performed using a 30-gauge needle directed perpendicularly
to the globe initially and then directed slightly toward the
center of the globe after the tip of the needle passed the lens
equator of the eye. Retinal artery perfusion was monitored
after the injection, and the patients received the topical
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antibiotic levofloxacin (Cravit; Santen Pharmaceutical Co.,
Osaka, Japan) for 7 days.

VEGF measurement after IVA or IVB

Blood samples were collected prior to and at 2, 4, §, and
12 weeks after IVA or IVB, with the baseline blood samples
collected 1 to 2 days before intravitreal injection. The tested
serum and plasma target was VEGF, which was measured
using ELISAs. The procedures were performed as described
by a previous study with some modifications [20]. Serum was
collected into a serum separator tube, and the samples were
allowed to clot for 30 min prior to centrifugation. Plasma was
collected with citrate as an anticoagulant, and the blood sam-
ples were centrifuged at 3000 rpm for 10 min until a clear
separation between the serum or plasma and the cell compo-
nents was observed. The serum or plasma was then transferred
into sterile tubes and stored at —20 °C until further use. The
serum and plasma concentrations of VEGF were measured
using an ELISA kit that could detect the 121 and 165 isoforms
of human VEGF (Human VEGF Immunoassay, R&D
Systems, Minneapolis, MN, USA) according to the manufac-
turer’s protocol. The minimum detectable concentration of the
assay was 9.0 pg/mL. The ratio of serum VEGF to platelet
count (i.e., VEGF molecules per platelet; VEGF/PLT, pg/10°)
was further examined to account for the VEGF contribution
from platelet activation in the serum sample during thrombo-
sis [17, 18]. The assay used only measured free and not total
VEGEF levels [21]. That is, the VEGF bound to bevacizumab
would not be detected. All measurements were performed
twice to obtain an average value.

Statistical analysis

Data were presented as either the median (range) or the mean +
standard deviation (SD). The pairwise comparisons of the se-
rum VEGF levels at baseline and each time point within the
group were conducted using the Wilcoxon signed-rank test.
Additionally, trends regarding the changes in the VEGF levels
at various time points within a group were evaluated using the
Friedman test. A Mann-Whitney U test was conducted to com-
pare the percent reduction in the VEGF levels from baseline at
each follow-up time between the two treatment groups.
Statistical Analysis System (SAS) software version 9.2 (SAS
Institute Inc., Cary, NC, USA) was used for all data analyses. A
P value less than 0.05 was considered statistically significant.

Results

In total, 14 patients (six boys and eights girls) with type 1 ROP
were enrolled in this study, with five patients receiving IVA
and nine patients receiving IVB. Among these patients, 10

(71%) had a history of transfusions of packed red blood cells,
which should have had either a minimal or no effect on the
serum protein composition [22]. The median time between
blood transfusion and blood collection was 8 days (range, 1—
14 days). None of the enrolled patients received a whole blood
transfusion. The demographics of the patients are presented in
Table 1. Of the five patients who received IVA, four (80%)
received it in both eyes, and one (20%) received it in one eye.
Eight of the nine IVB patients (88%) received the treatment in
both eyes, and the ninth patient (12%) received the treatment
in one eye. The mean gestational age of the infants was 26 +
2.4 weeks (range, 23.6-31.7 weeks), and the mean birth
weight was 764 +£214.1 g (range, 476-1160 g). All the pa-
tients received either IVA or IVB as the primary treatment,
and none of the infants had undergone laser photocoagulation
of the peripheral avascular retina prior to IVA or IVB. The
mean postmenstrual age of the infants at the time of the initial
IVA or IVB treatment was 37.2+2.9 weeks. All the treated
eyes showed complete resolution of abnormal neovasculari-
zation and continued vascularization toward the peripheral
retina following a single IVA or IVB treatment. At the end
of the follow-up, all the eyes had resolved the ROP, and none
showed any recurrence. Additionally, no obvious adverse sys-
temic complications were noted in the patients after a follow-
up of 11 £6.72 months (range, 427 months).

In patients treated with IVA, the serum VEGF levels were
significantly reduced for 12 weeks, as shown in Table 2. The
median (range) serum VEGF levels were 373.31 (315.51—
513.75) pg/mL before IVA (n=15), which dropped to 43.29
(28.35-85.75) pg/mL 2 weeks after IVA (n=5; P=0.04). The
levels remained lower at 4, 8, and 12 weeks after [IVA [77.62
(37.18-116.75) pg/mL, n=5; P=0.04; 41.27 (30.65-143)
pg/mL, n=5, P=0.04; and 49.19 (20.17-100.95) pg/mL,
n=135; P=0.04; respectively]. In the ROP patients who
underwent IVA treatment, the serum VEGF levels were sig-
nificantly decreased between baseline and up to 12 weeks
after treatment (P=0.017). At 2, 4, 8 and 12 weeks after
IVA, the serum VEGF/PLT ratio was also suppressed com-
pared to the baseline (P= 0.04, P= 0.04, P= 0.04 and
P = 0.04, respectively). The results are shown in Table 3.
The serum VEGF/PLT ratio in patients treated with IVA was
also significantly reduced between baseline and up to
12 weeks after treatment (P = 0.006).

In patients treated with IVB, the serum VEGF levels were
significantly decreased up to 12 weeks after treatment com-
pared to the baseline levels, as shown in Table 4. The median
(range) serum VEGF levels were 470.69 (332.44—1540.44)
pg/mL before IVB (n=9), but the levels decreased to 22.94
(7.40-88.87) pg/mL 2 weeks after IVB (n=9; P=0.01). This
reduction was maintained at 4, 8, and 12 weeks after IVB
treatment [17.03 (12.74-56.25) pg/mL, n=7, P=0.02;
23.65 (8.31-48.09) pg/mL, n=8, P=0.01; and 29.32
(13.19-114.93) pg/mL, n=6, P=0.03; respectively].
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Pneumonia

Anemia

TVL IVH PDA RDS PPHT BPD NEC Sepsis

(€]

Weeks

Yes

353

VA

Both

485

1/E/24.9

Yes

38.6

IVA

3
3
3

Both

1049
701
800

2/M/26.3

Yes

43.9

IVA

Both
Both
Left

3/M/24.4

Yes

379

IVA

4/F/25.6

Yes

38.6

IVA

1135
760
476
740
670
605
655
680

S/F/31.7

Yes

33.6

IVB

IVB

3
3

Both
Both
Left

6/M/23.9

Yes

339

7/F/23.9

Yes

35.7

IVB

IVB

8/F/25.3

Yes

354
39

3

Both

9/F/23.6

Yes

Yes

40.3

IVB

IVB

Yes

334
38

Yes

IVB

Yes

37.6

IVB

Both
Both

10/E/29

3

11/M/24

Both
Both

12/M/24.9

3
3

1160
780

13/F/28.9

Both

14/M/27.6

- or 0, absent; + or 1, present; BPD, bronchopulmonary dysplasia; GA, gestational age; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; PDA, patent ductus arteriosus; PMA,

postmenstrual age; PPHT, primary pulmonary hypertension; RDS, respiratory distress syndrome; TVL, tunica vasculosa lentis; Tx, treatment; [VB, intravitreal injection of bevacizumab; [VA, intravitreal

injection of aflibercept

Table 2 Changes in VEGF levels from baseline up to 3 months after
aflibercept treatment in infants with ROP

Time N  Median (Range), pg/mL.  Mean+SD, pg/mL.  P*
Baseline 5  373.31 (315.51-513.75)  406.98+90.91

2weeks 5 43.29 (28.35-85.75) 47.42+22.59 0.04
4weeks 5 77.62(37.18-116.75) 71.17+33.56 0.04
8weeks 5  41.27 (30.65-143) 65.14+47.75 0.04
12weeks 5  49.19 (20.17-100.95) 58.23+40.18 0.04

SD, standard deviation; VEGF, vascular endothelium growth factor

*The P value was evaluated using the Wilcoxon signed-rank test

Overall, in the ROP patients who underwent IVB treatment,
the serum VEGF levels were significantly decreased between
baseline and up to 12 weeks after treatment (P =0.017). At 2,
4, 8 and 12 weeks after [IVB, the serum VEGF/PLT ratios were
also suppressed (P= 0.01, P= 0.02, P= 0.02 and P= 0.03,
respectively). The results are shown in Table 5. However, the
serum VEGF/PLT ratio in patients who received IVB was not
significantly reduced between baseline and up to 12 weeks
(P=0.060).

There was no significant difference in the baseline serum
VEGEF levels between the IVA and IVB treatment groups (P =
0.257). The comparison of the percentage of serum VEGF
reduction from baseline to up to 12 weeks in both treatment
groups is shown in Table 6. Both the IVA and IVB groups
showed a reduction in VEGF levels. At 2, 4 and 8 weeks after
intravitreal treatment, the reduction of serum VEGF levels
was significantly more apparent in the IVB group than the
IVA group (P=0.039, P=0.004, and P=0.003, respective-
ly). The concentration of IVB (0.625 mg, 0.025 mL) was
lower than IVA (1 mg, 0.025 mL), but the suppression of
systemic VEGF was even more pronounced in patients treated
with IVB than those treated with IVA. However, at 12 weeks
after intravitreal treatment, the reduction of VEGF levels be-
tween the two groups was not significantly different (P =
0.273). The reduction of the VEGF/PLT ratio was also more
apparent in the IVB group than the IVA group with significant
differences observed at 2, 4 and 8 weeks (P=0.004, P=

Table 3  Changes in the VEGF/PLT ratio from baseline up to 3 months
after aflibercept treatment in infants with ROP

Time N Median (Range), pg/10° Mean=+SD, pg/10®  P*
Baseline 5 1.15(0.68-1.71) 1.17+0.39

2weeks 5 0.14(0.08-0.18) 0.13 £ 0.04 0.04
4weeks 5 0.14(0.11-0.35) 0.19+0.10 0.04
8weeks 5 0.14(0.09-0.39) 0.22+0.16 0.04
12weeks 5  0.08 (0.06-0.27) 0.13+£0.09 0.04

PL]T, platelet count; SD, standard deviation; VEGF, vascular endothelium
growth factor

*The P value was evaluated using the Wilcoxon signed-rank test
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Table 4 Changes in VEGF levels from baseline up to 3 months after
bevacizumab treatment in infants with ROP

Time N Median (Range), pg/mL.  Mean+SD, pg/mL.  P*
Baseline 9  470.69 (332.44-1540.44) 693.70 £ 437.97

2weeks 9 22.94(7.40-88.87) 34.07 +28.15 0.01
4weeks 7 17.03 (12.74-56.25) 2534 +15.87 0.02
8weeks 8 23.65(8.31-48.09) 25.96 + 15.07 0.01
12weeks 6  29.32(13.19-114.93) 40.34 +37.39 0.03

SD, standard deviation; VEGF, vascular endothelium growth factor

*The P value was evaluated using the Wilcoxon signed-rank test

0.004, P= 0.004, respectively); however, there was no signif-
icant difference at 12 weeks.

(P=0.144). Theresults are shown in Table 7. Figures 1 and 2
illustrate the significant reduction of the VEGF levels and the
VEGF/PLT ratio for 12 weeks in both the IVA and IVB groups.

The plasma VEGEF levels in patients who received either IVA
or IVB could not be properly assessed because some of the
measurements were below the detection level of the ELISA.

Discussion

In this prospective study, we observed that both the IVA and
IVB groups presented a significant reduction of serum VEGF
levels for 3 months compared to their respective baseline
levels (P=0.017 for both groups). Interestingly, the serum
VEGF was more suppressed in the IVB group than in the
IVA group at 2, 4, and 8 weeks after intravitreal injection.
To account for the VEGF released during platelet activation
during thrombosis, the ratio of serum VEGF levels to the
platelet count (VEGF/PLT, pg/10°) was calculated and com-
pared, and the results revealed similar reductions in patients
treated with either IVB or IVA. Although the safe range of
serum VEGF levels in premature babies remains unknown,
our data suggest that both aflibercept and bevacizumab have
a profound impact on systemic VEGF and that clinicians

Table 5 Changes in the VEGF/PLT ratio from baseline up to 3 months
after bevacizumab treatment in infants with ROP

Time N Median (Range), pg/10° Mean=+SD, pg/10®  P*
Baseline 9  2.76 (0.934.71) 2.79 +1.43

2weeks 9 0.05(0.02-0.24) 0.09 +0.08 0.01
4weeks 7 0.04(0.02-0.12) 0.06 +0.03 0.02
8weeks 7 0.04(0.01-0.13) 0.06 £ 0.05 0.02
12weeks 6  0.08 (0.02-0.32) 0.11 £0.11 0.03

PL]T, platelet count; SD, standard deviation; VEGF, vascular endothelium
growth factor

*The P value was evaluated using the Wilcoxon signed-rank test

should take these results into consideration if using these treat-
ments for patients with ROP.

VEGEF plays an important role in the development of ROP.
Anti-VEGF therapies have revolutionized the treatment of
ROP in recent years, but some systemic effects were observed
after their use. Sato et al. found that IVB resulted in
bevacizumab entering the systemic circulation and corre-
sponding serum VEGF suppression for up to 2 weeks after
treatment [20]. Our previous study revealed that bevacizumab
was present in the systemic circulation 1 day after [IVB and
that serum VEGF levels were suppressed for 2 months [11].
We also compared the effects of intravitreal injection of either
bevacizumab or ranibizumab in patients with ROP and ob-
served that bevacizumab led to significantly decreased
VEGEF levels for 2 months whereas ranibizumab had a mini-
mal effect [12]. In adult patients with AMD, Wang et al. [13]
reported that aflibercept significantly decreased serum and
plasma VEGF concentrations 1 month after injection, but that
ranibizumab had no significant effect on either the serum or
plasma VEGF levels. Consistent with previous reports, the
current study revealed that both bevacizumab and aflibercept
led to longer periods of VEGF suppression in ROP patients
than ranibizumab. In addition, systemic VEGF suppression
was extended in ROP patients compared to that in adults
who receive anti-VEGF treatment. This might be related to
different pharmacokinetics of these anti-VEGF drugs between
newborns and adults [23].

Ranibizumab, bevacizumab and aflibercept are three anti-
VEGF agents that vary in their molecular size, structure and
half-life; their ability to penetrate the neural retina and retinal
pigment epithelial (RPE); their pharmacokinetics and their
affinity to VEGF [24, 25]. In the bloodstream, Fc-containing
molecules such as bevacizumab and aflibercept are recycled
by binding to endothelial cell FcRn receptors, which protects
these molecules from the default degradation pathway within
endosomes [26]; this recycling decreases the rate of systemic
clearance. By contrast, ranibizumab was specifically designed
without the Fc domain to allow for rapid systemic clearance.
Avery et al. [27] reported that after intravitreal injection in
AMD patients, all three agents rapidly dispersed into the
bloodstream, but ranibizumab was cleared the quickest,
whereas bevacizumab and aflibercept demonstrated greater
systemic exposure and produced a marked reduction in
plasma-free VEGF. Their results were consistent with the cur-
rent study and our previous reports [11, 12].

Avery RL et al. also reported the systemic pharmacokinetics
and pharmacodynamics of intravitreal aflibercept, bevacizumab
and ranibizumab [28]. Their result revealed that aflibercept had
greatest reduction in plasma free-VEGF than bevacizumab and
ranibizumab. In our study, we had greater serum VEGF suppres-
sion in bevacizumab than aflibercept. Difference may result from
the following reasons: First, the measurement of serum VEGF or
plasma free-VEGF may lead to different results. Secondly, the
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Table 6 Comparison of aflibercept and bevacizumab regarding the reduction of serum vascular endothelium growth factor from baseline up to

12 weeks after treatment

Differences in the VEGF Levels at the Aflibercept (n=5) Bevacizumab (n=9) P*
Different Time Points (vs. Baseline)

Median (Range) Mean +SD Median (Range) Mean + SD
2 weeks —0.88 (=0.94 to —0.83) —0.88 +0.04 —0.96 (=0.98 to —0.84) —0.95 +0.04 0.039
4 weekst —0.85 (—0.92 to —0.69) —0.82+0.10 —0.96 (=0.98 to —0.94) -0.96 £0.01 0.004
8 weekst —0.88 (=0.94 to —0.62) -0.84+0.13 —0.97 (-0.98 to —0.94) —0.96 +0.01 0.003
12 weeksT —0.90 (—0.96 to —0.70) —0.85+0.12 —0.94 (=0.97 to —0.87) —0.93 £0.03 0.273

*Mann-Whitney U test

TN =7 in the 4-week bevacizumab group; N =8 in the 8-week bevacizumab group; N =6 in the 12-week bevacizumab group

basic VEGEF status in different age groups (newborns vs. adults)
or different disease entities (ROP vs. AMD, DME, RVO) may
contribute to different results. Third, the treatment protocols were
different between ROP and adult retinal disorders. ROP patients
usually received only one injection, but long-term multiple injec-
tions of anti-VEGFs may be needed in adult patients. Finally, we
may need more patient numbers for further investigation in the
future.

VEGF is an important mitogen for vascular endothelial
cells and plays a critical role for promoting physiological an-
giogenesis, wound repair following injury, and the develop-
ment of various vital organs in the body, as well as maintain-
ing organ health [29-39]. It also promotes pathological angio-
genesis and is regulated by tissue hypoxia [29, 40]. Thus,
blocking VEGF activity might reduce the vascular activity
associated with ROP [34, 35]. Retinal ablation therapies such
as cryotherapy or laser photocoagulation reduce VEGF pro-
duction by completely ablating the peripheral avascular retina
[2]. On the other hand, anti-VEGF drugs neutralize VEGF
levels in both the retina and vitreous fluid with limited tissue
destruction. However, the prolonged VEGF inhibition raises
concerns that the normal physiological effects associated with
VEGF will be affected and result in abnormal organogenesis
or neurodevelopment [14]. Selecting an anti-VEGF agent with
reduced systemic VEGF interference, reducing the dose of the
anti-VEGF therapy or administering a single dose of anti-

VEGF treatments in ROP patients appear to be safer choices
because of the abovementioned concerns.

Though our result showed a sustained suppression of
VEGF concentration for 12 weeks, there is no clear answer
when the normalization of serum VEGF level will reach.
Lingkun K et al. reported the pharmacokinetics of
bevacizumab and its effect on serum VEGF in infants of
ROP [41]. Their study showed that systemic exposure to
bevacizumab was variable among the subjects and clearance
of bevacizumab from the blood stream in premature infants
took at least 2 months. Their finding demonstrated suppres-
sion of VEGF level up to 2 months in ROP patients. It is,
therefore, difficult to predict or correctly estimate the time
when the systemic VEGF returns to normal because of the
high variability among the subjects. In the clinical practice,
we usually perform laser photocoagulation for the patient if
there are signs of recurrence of ROP, rather than the use of
secondary injection of anti-VEGF because of the uncertainty
of long-term VEGF suppression. Further studies with a larger
study cohort and an extended period beyond 3 months to
measure the systemic VEGF level are warranted to answer
this question.

Both serum and plasma samples have been used in clinical
studies; however, it is still unclear which sample is more rep-
resentative of the peripheral VEGF level. VEGF is stored in
platelet alpha granules and is released upon platelet activation

Table7  Comparison of aflibercept and bevacizumab regarding the reduction of the ratio of serum vascular endothelium growth factor to platelet count

from baseline up to 12 weeks after treatment

Differences in the VEGF to Platelet Count Ratio Aflibercept (n=15) Bevacizumab (n=9) P*
at the Different Time Points (vs. Baseline)

Median (Range) Mean +SD Median (Range) Mean + SD
2 weeks -0.92 (-093t0—0.78)  —0.88+-0.06 —0.97 (-0.99t0—0.92) —-0.97+0.02  0.004
4 weekst —0.85(-0.90t0 —0.70)  —0.83+-0.08  —0.98 (-0.99t0 —0.97)  —0.98 +0.01 0.004
8 weekst —0.86 (-0.93 to —0.66)  —0.82 +—0.11 —0.98 (-0.99 to —0.96)  —0.98 £0.01 0.004
12 weeks¥ —0.90 (-0.96t0 —0.77)  —0.89 +-0.07  —0.95(-0.99t0 —0.86) —0.94+0.04 0.144
*Mann-Whitney U test

N =7 in the 4-week bevacizumab group; N = 8 in the 8-week bevacizumab group; N = 6 in the 12-week bevacizumab group
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Fig. 1 Box plot showing the
serum levels of vascular
endothelial growth factor (VEGF)
following intravitreal injections of
aflibercept (IVA) or bevacizumab
(IVB) in patients with retinopathy
of prematurity (ROP). At
baseline, the mean serum VEGF
levels in the patients who received
IVA or IVB were comparable.
After IVA or IVB, the serum
VEGF levels in both groups were
reduced significantly for

3 months. * P<0.05 versus
baseline

1500+

1000

500

Serum level of VEGF (pg/ml)

E= VA (n=5)
1 1vB (n=9)

during thombosis [42, 43]. Therefore, serum VEGF levels are
usually higher than the plasma VEGF levels, and the wide
confidence interval in measured serum VEGF levels could
be related to this factor. Plasma has been suggested to more
accurately reflect the circulating VEGF levels [43]. Because
the levels of citrated plasma VEGF lie at the lower limit of
detection of currently available ELISAs, the use of serum
samples may have greater clinical applications [16].
Therefore, the current study used both the serum and plasma
to assess the VEGF levels in peripheral blood.

There were several limitations to this study. First, we had a
small cohort due to the difficulty of enrolling patients with severe,
acute ROP. In addition, the small cohort size might have contrib-
uted to the wide confidence intervals in the measurement of serum

(3 ]
)

Fig. 2 Box plot showing the
VEGF levels per platelet
(VEGF/PLT, pg/10°) following
intravitreal injections of
aflibercept (IVA) or bevacizumab
(IVB) in patients with retinopathy
of prematurity (ROP). Both the
IVA and IVB groups presented a
significant reduction in the
VEGEF/PLT ratio for 3 months.

* P<0.05 versus baseline

Serum level of VEGF/platelet (pg/1 06)

(J 9 2 9 2
?\ & &
Q Vv D:xpe ® 1\'1’490

growth factors in this study. The uneven distribution of both
groups were mainly caused by the economic issue and parents’
preference. Since bevacizumab had a longer history of clinical use
with a more affordable price, most of parents chose this drug.
Second, there were few blood samples because the systemic con-
dition ofanewborn might not always be suitable to allow for blood
collection at each time point to obtain an adequate sample. Third,
the choice of treatments was not random. Despite these limitations,
our data showed that systemic VEGF levels were significantly
inhibited after either IVA or IVB treatment in ROP patients.

In conclusion, both the serum VEGF levels and the
VEGF/PLT ratio in patients with type 1 ROP were suppressed
for 3 months after treatment with either IVA or IVB. The
suppression of systemic VEGF was more pronounced in

i E& VA (n=5)
[ 1vB (n=9)
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patients receiving IVB than those receiving IVA, and the du-
ration of VEGF suppression after anti-VEGF treatment was
longer in these pediatric patients compared to adult patients
with neovascular or ischemic retinal disorders. Because sys-
temic VEGF has been shown to play an important role in the
neurodevelopment of newborns, anti-VEGF treatment for
ROP patients should be used with caution, and surgeons
should be aware of the potential long-term impact of these
treatments on ROP patients. These data highlight the impor-
tance of long-term neurodevelopmental outcome study in
these infants who were treated with anti-VEGFs.
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