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Abstract

Purpose To evaluate vascular endothelial growth factor
(VEGF) plasma levels before and after intravitreal injection
of ranibizumab in patients with retinopathy of prematurity
(ROP).

Methods Case series study. Eleven infants with type 1 pre-
threshold ROP were treated with intravitreal ranibizumab
0.5 mg. Blood samples were collected before intravitreal in-
jection of ranibizumab and 1 day, 1 week, 2 weeks, and
4 weeks after injection. Concentration of plasma VEGF was
measured by enzyme-linked immunosorbent assays (ELISA).
Results The mean+standard deviation of plasma VEGF con-
centration of the available samples before and 1 day, 1 week,
2 weeks, and 4 weeks after a total of 0.5 mg ranibizumab
injection were 46.07+9.40 pg/ml (n=11), 10.59+7.32 pg/ml
(n=5), 45.76+6.75 pg/ml (n=5), 62.44+£15.51 pg/ml (n=5),
and 56.82+12.78 pg/ml (n=4) respectively. A significant re-
duction was found in the plasma VEGF levels 1 day after
intravitreal injection of ranibizumab (P=0.002). No signifi-
cant differences were found between before and 1 week,
2 weeks, and 4 weeks after the injection.

Conclusions Intravitreal ranibizumab reduced plasma VEGF
levels 1 day after injection in infants with ROP. This effect
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disappeared 1 week after the injection. Intravitreal
ranibizumab did not induce prolonged systemic VEGF
suppression.
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Introduction

Retinopathy of prematurity (ROP) is a neovascular retinal
disorder that occurs only in the immature retina and that can
progress to retinal detachment, which can result in blindness.
Due to improved neonatal care in developing countries, a
growing number of preterm infants survive. As a result, the
number of severe ROP cases has increased dramatically [1, 2].
The retinal blood supply of premature infants is incomplete
and highly vulnerable to decay, particularly when oxygen
therapy is administered. This immaturity in vascular develop-
ment causes retina hypoxia. Angiogenesis is a compensatory
mechanism for retina hypoxia, and vascular endothelial
growth factor (VEGF) is the most important proangiogenic
factor [3]. Conventional laser therapy and anti-VEGF therapy
are used to treat eyes with ROP before retinal detachment
occurs.

Conventional laser therapy, which ablates peripheral avas-
cular retina, is the standard therapy for the management of
ROP [4]. However, it is difficult to implement conventional
laser therapy in eyes with poorly dilating pupils, which can
occurs in advanced ROP [4]. Moreover, cases with high vas-
cular activity or posterior disorders may progress to retinal
detachment despite peripheral retinal laser ablation [5]. In ad-
dition, conventional laser therapy has been associated with the
modest visual field loss [4] and can induce myopia with long-
term observation [6].
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The use of anti-VEGF agents, primarily intravitreal
bevacizumab, as first-line monotherapy or rescue therapy
combined with laser therapy has shown efficacy in highly
active, posterior ROP [7]. Non-ablative anti-VEGF therapy
allows for the development of peripheral retinal vessels [7,
8], and it has been associated with less myopia than laser
therapy [9]. However, several studies have reported that
bevacizumab escapes from the vitreous into the circulation
and reduces the systemic unbound VEGF concentration for
weeks to months in infants and adults [10, 11]. Thus, there are
concerns about the prolonged suppression of systemic VEGF,
particularly in infants with very low body weight and rapidly
developing tissues. Ranibizumab (Lucentis; Genentech Inc.,
South San Francisco, CA, USA), a humanized monoclonal
antibody fragment Fab specifically designed for ocular use,
acts as an ideal optional anti-VEGF agent for neovascular
disorders, including ROP [8, 12, 13]. Considering the system-
ic suppression of VEGF, could ranibizumab be a safe choice
in the management of ROP? To date, the influence of intravit-
real ranibizumab therapy on systemic VEGF levels has not
been well studied.

Here, we examined plasma VEGF levels before and after
intravitreal injection of ranibizumab.

Methods

This study was designed as a case series study. The fundus of
infants with ROP was examined after pupillary dilation using
binocular indirect ophthalmoscopy under topical or general
anesthesia. During the examinations, fundus photographs
were abtained with a RetCam digital fundus camera. The stage
of the ROP was based on the International Classification of
Retinopathy of Prematurity [14]. All of the diagnoses were
confirmed independently by at least two physicians who had
sufficient knowledge and experience in treating ROP. Eyes
with stage 3+ located in zone 1 or posterior zone 2 received
an intravitreal injection of 0.25 mg ranibizumab [7, §]. The
exclusion criteria included (1) major congenital anomalities,
mechanical ventilation, sepsis, neurological deficits, and sys-
temic instability, and (2) a history of treatment for ROP. A
follow-up period, with 3 to 7 days [4] after treatment as the
start and 21 weeks [7] after treatment as the end, was provided
to all of the patients. We recorded the early treatment out-
comes of all eyes. Recurrence was defined as the return of
vascular dilation and tortuosity and the stage 3 disorder in
zone 1 or 2. Once recurrence was found, additional laser treat-
ment was implemented. Consistent with the BEAT-ROP
study, eyes requiring additional laser therapy of a few laser
applications to inadvertently skipped areas within 1 week after
initial treatment were not considered to be recurrences [7].
Intraocular pressure (IOP) was measured before injection
and at the first follow-up using Schidtz tonometers. The
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clinical trial was registered by Peking University People’s
Hospital in Beijing, China, under number 2012(23). The study
was conducted in accordance with the Declaration of Helsinki,
and we received approval from the Investigational Review
Board of the Peking University People’s Hospital. Informed
consent was obtained from the parents of each patient after an
explanation of the off-label use of the drug and the purpose
and potential adverse effects of the procedure.

Blood samples were collected 1 day before injection and
1 day, 1 week, 2 weeks, and 4 weeks after injection. The blood
samples were collected in sterile tubes containing EDTA, and
were centrifuged at 3,000 rpm at room temperature for 10 min.
The clear supernatant was immediately separated and frozen
at—70 °C until the assay. The blood samples exclusion criteria
included (1) coagulation, (2) a limited volume insufficient for
double-checking, and (3) a history of receiving laser treatment
before drawing.

The concentration of VEGF in the plasma was measured
by enzyme-linked immunosorbent assays (ELISA) using kits
for human anti-VEGF (Quantikine VEGF ELISA Kit; R&D
Systems, Inc., Minneapolis, MN, USA). Each assay was per-
formed according to the manufacturer’s protocol.

Statistical analyses were performed using the SPSS soft-
ware (SPSS for Windows, version 17.0; SPSS, Inc., Chicago,
IL, USA). Data are presented as the mean and standard devi-
ation (SD). Considering the very small sample size we hy-
pothesized that the variables were Gaussian distributed. For
the three matched groups, one-way repeated-measures analy-
sis of variance and Greenhouse—Greisser correction were
used, and the Holm—Sidak method detected significant differ-
ences between each set of data. For two groups, paired #-test
was used. A P value less than.05 was considered statistically
significant.

Results
General states and early outcomes of patients

Eleven infants (four girls and seven boys) with type 1 pre-
threshold ROP were enrolled in the study. The demographics
and treatment outcomes of these patients are summarized in
Table 1. The mean+standard deviation of the gestational age
and birth weight of all of the patients were 29.18+2.35 weeks
and 1329.09+365.80 g respectively. The mean+standard de-
viation of postmenstrual age and body weight at initial treat-
ment were 38.05+£2.35 weeks and 2913.64+906.67 g respec-
tively. Of the 22 eyes, 11 presented with iris vascular engorge-
ment before treatment. Complete disappearance of iris vascu-
lar engorgement in all of the eyes was observed at the first
follow-up. Recurrence occurred in ten eyes (45.45 %), and the
mean recurrence interval was 7.30 weeks (range: 2 to
13 weeks). The remaining eyes had favorable treatment
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Table 1  Demographics and treatment outcomes of infants with retinopathy of prematurity
Patient Gender Gestational Birth Postmenstrual Body weight Eye Zone / stage Iris vascular Time of
age (weeks) weight (g) age at treatment at treatment engorgement recurrence
(weeks) (2) (days)
1 Male 30 1,550 39.14 5,000 Right 2/3+*% N® N
Left 2/3+ N N
2 Male 31.57 1,350 42.43 4,250 Right 2/3+ N N
Left 2/3+ N N
3 Male 26 1,050 37 2,250 Right 2/3+ 0o° 48
Left 1/3+ o 48
4 Female 32 1,250 40 3,050 Right 1/3+ N 91
Left 1/3+ (¢} N
5 Male 28 1,400 34.29 2,200 Right 1/3+ O 21
Left 1/3+ (¢} N
6 Male 27 1,150 37.71 3,000 Right 2/3+ N N
Left 2/3+ N N
7 Female 32 2,000 36.85 2,650 Right 1/3+ N 14
Left 1/3+ N N
8 Female 28 800 40.14 2,300 Right 1/3+ O 70
Left 1/3+ (¢} 70
9 Male 26 870 38.57 2,550 Right 2/3+ (¢} N
Left 2/3+ (¢} N
10 Male 29 1,400 35 2,400 Right 1/3+ (¢} 52
Left 1/3+ (¢} 69
11 Female 3143 1,800 3743 2,400 Right 2/3+ N N
Left 2/3+ N 28

 + vascular dilatation and tortuosity presented no less than 2 quadrants
°® N None
¢ O Existed

outcomes without any signs of recurrence, retinal detachment,
or macular dragging at the end of the follow-up. No significant
difference in IOP was found between before and 3—7 days
after injection (mean+SD IOP: 15.38+2.59 mmHg vs 15.58
+2.57 mmHg, P=0.361). No ocular or systemic adverse
events were found at the end of the follow-up.

Plasma vascular endothelial growth factor levels
in patients treated with ranibizumab

The mean+standard deviation of plasma VEGF concentration
of the available samples before and at 1 day, 1 week, 2 weeks,
and 4 weeks after a total injection of 0.5 mg ranibizumab were
46.07+9.40 pg/ml (n=11), 10.594+7.32 pg/ml (n=5), 45.76+
6.75 pg/ml (n= 5), 62.44+15.51 pg/ml (n=5), and 56.82+
12.78 pg/ml (n=4) respectively (Fig. 1 and Table 2). In pa-
tients 1, 2, 3, 4, and 5, a significant difference in the plasma
VEGEF levels between before and 1 day, 2 weeks after intra-
vitreal injection of ranibizumab was observed (P=0.002). A
reduction in plasma VEGF levels was observed in the
ranibizumab group 1 day after intravitreal injection compared

with before and 2 weeks after injection (P=0.000, P=0.004
respectively). The plasma VEGF levels normalized 2 weeks
after injection (P=0.179). Comparing the plasma VEGF
levels of each post-injection group with its baseline, no sig-
nificant differences were found at 1 week (patients 6, 7, 8, 9,
and 10), or 4 weeks (patients 3, 4, 6, and 11) in the post-
injection group (P=0.474 and P=0.413 respectively).

Discussion

Anti-VEGF therapy is a potentially promising option for the
management of ROP. VEGF is essential for numerous physi-
ological functions, such as the survival of vascular endothelial
cells and the formation of the blood—brain barrier. Therefore,
the suppression of systemic VEGF should be considered, par-
ticularly in premature patients. It is important to investigate
the systemic VEGF levels in response to intravitreal
ranibizumab administration.

Our results showed that the suppression of VEGF was
short-term, as the plasma VEGF levels declined sharply
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Fig. 1 Plasma vascular endothelial growth factor: effects of intravitreal
injection of ranibizumab. The abscissa represents the time course before
and after treatment. The ordinate represents the plasma level of vascular
endothelial growth factor (VEGF). Circles represent the mean. The bars
represent the standard deviation from the mean. The numbers of patients
of each group were listed over each bar. This figure shows the plasma
VEGF levels of all infants with retinopathy of prematurity (ROP) who
received intravitreal ranibizumab

1 day after the injection and normalized 1 week after the
injection. This finding was consistent with a previous study
in which the serum VEGF levels decreased 1 day after intra-
vitreal injection of ranibizumab but normalized on the third
day after injection in adult patients [15]. The change in the
plasma VEGF level is reasonable, and is supported by the
following evidence:

(1) Radioactive ranibizumab was detected in all of the
retinal layers 24 h after intravitreal injection of
ranibizumab, including the retinal pigment epithelium
[16]. With aqueous humor outflow or through the choroid
vessels, ranibizumab egresses to the circulation [16, 17],
leading to a reduction in systemic unbound VEGF levels.
(2) In rabbits, serum ranibizumab could be detected until
7 days after the injection, with the maximum serum

ranibizumab concentration of 0.055 pg/ml at 24 h after
injection [16]. The serum ranibizumab level in this study
had a negative correlation with the plasma VEGF level in
our study.

(3) Bakri et al. investigated the tissue distribution and
elimination of ranibizumab after intravitreal injection in
rabbits. They reported that vitreous concentrations of
ranibizumab declined in a monoexponential fashion with
a half-life of 2.88 days; concentrations of >0.1 pg/ml
ranibizumab were maintained in the vitreous humor for
29 days [18]. Krohne et al. found that the aqueous half-
life of 0.5 mg of intravitreal injected ranibizunab was
7.19 days in nonvitrectomized human eyes [19]. Xu
et al. demonstrated that due to the slow release of
ranibizumab from the stagnant vitreous, the apparent se-
rum half-life following intravitreal ranibizumab adminis-
tration was 9 days in adult patients. During this steady-
state period, the systemic-to-vitreous exposure ratio for
ranibizumab was 1:90,000 [20]. Because the bioactivity
of ranibizumab operates in a dose-dependent manner
[21], the systemic ranibizumab concentration was too
low to have an effect on VEGEF. It is reasonable that the
plasma VEGF returned to baseline levels only 1 week
after injection, as we showed in the present study.

In contrast, Hoerster et al. reported a case illustrating that
serum VEGF reached a nadir at 2-3 weeks after intravitreal
injection of ranibizumab, and normalized 4 weeks after injec-
tion [12]. Our study found that the plasma VEGF suppression
started as early as 1 day after intravitreal injection of
ranibizumab, and normalized 1 week after injection. The dif-
ference may be the result of their studying an extremely pre-
mature infant with a gestational age of22.71 weeks and a birth
weight of 305 g. The suppression of VEGF might have been
affected by the maturation and development of the infant. In

Table 2 Plasma levels of

vascular endothelial growth factor Patient Gender Before 1 day after 1 week after 2 weeks after 4 weeks after
in infants with retinopathy of injection injection injection injection injection
pematurity

1 Male 57.21 15.98 NA 74.51 NA

2 Male 55.63 20.65 NA 67.95 NA

3 Male 42.11 3.80 NA 77.64 61.67

4 Female 40.86 5.77 NA 43.10 54.28

5 Male 42.65 6.74 NA 48.99 NA

6 Male 59.90 NA 54.49 NA 70.77

7 Female 32.11 NA 43.86 NA NA

8 Female 36.18 NA 50.37 NA NA

9 Male 39.90 NA 37.24 NA NA

10 Male 44.72 NA 42.83 NA NA

11 Female 55.51 NA NA NA 40.54

NA not available
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addition, the serum VEGF might have been artificially high
due to the release of VEGF on platelet activation [22]. We
measured the plasma level of VEGF instead.

Suppression of plasma VEGF levels by intravitreal
ranibizumab injection was not found at 2 weeks or
4 weeks after treatment. Thus, we did not find any
powerful evidence to support the notion that intravitreal
injection of ranibizumab had a relatively prolonged ef-
fect on systemic VEGF levels.

In contrast to intravitreal bevacizumab, which induced a
suppression of systemic VEGF activity for at least 2 weeks
post-injection [10], intravitreal ranibizumab showed a shorter
influence on systemic VEGF levels. In rabbits, the vitreous
half-life of bevacizumab was 1.5-fold longer than that of
ranibizumab [18]. In humans, the ocular half-life of
bevacizumab was reported to be 1.37-fold longer than that
of ranibizumab [19, 23]. Avery et al. investigated the systemic
exposure after an intravitreal injection of bevacizumab or
ranibizumab in patients with age-related macular degeneration
(AMD), and they reported that systemic exposure to
bevacizumab was higher than that to ranibizumab [24].
Plasma and serum VEGF have been less suppressed after the
intravitreal injection of ranibizumab than after injection of
bevacizumab in studies of adults with AMD [24-27]. These
results support the viewpoint that ranibizumab has less influ-
ence on the suppression of systemic VEGF after intravitreal
injection. With regard to the systemic suppression of VEGEF,
could ranibizumab be better than bevacizumab in ROP? A
carefully performed large-sample comprehensive study is
necessary.

In our case series, intravitreal ranibizumab was an effective
therapy for ROP. Iris vascular engorgement completely re-
solved in all 11 eyes, indicating the rapid decrease in intra-
ocular VEGF levels after intravitreal injection of ranibizumab.
The recurrence of ROP after ranibizumab injection occurred at
7.3+£3.5 weeks over 21 weeks of observation. With regard to
bevacizumab, the early recurrence interval was reported to be
7.6+9.4 weeks [28]. With regard to the IOP, we did not find
significant change at the first follow-up after intravitreal injec-
tion of 0.25 mg ranibizumab. Neither retinal detachment nor
side-effects were found in these 22 eyes over 21 weeks of
observation.

There were some limitations to our study. First, the activa-
tion or rupture of platelets, which can lead to the release of
VEGF, is difficult to avoid, although any blood sample with
coagulation was excluded from our study and EDTA was
used. Second, the number of patients and samples in this study
were limited because of the small number of infants with
severe ROP and the technical difficulty in drawing blood,
making the statistical analyses difficult. Although it had lim-
itations, our study was noteworthy in illustrating the marked
reduction and rapid normalization in plasma VEGF levels
after an intravitreal injection of ranibizumab.

In conclusion, we studied the plasma VEGF levels in in-
fants with ROP after intravitreal injection of ranibizumab. The
plasma VEGF levels decreased 1 day after injection, and nor-
malized 1 week after injection. Intravitreal injection of
ranibizumab for ROP was efficacious, but its safety profile
requires further study.
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