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ABSTRACT

Purpose: To compare the efficacy of intravitreal ranibizumab and bevacizumab
treatment for type 1 retinopathy of prematurity (ROP).

Methods: 36 eyes of 20 patients with type 1 ROP who received anti-vascular en-
dothelial growth factor (anti-VEGF) intravitreal injections between August 2011 and
February 2013 were retrospectively evaluated. Fifteen eyes of 8 patients received
0.25 mg ranibizumab (group 1), and 21 eyes of 12 patients received 0.625 mg
bevacizumab (group 2). Eyes were examined by indirect ophthalmoscopy on the
first day, third day, first week, and first month and as required after injections. Laser
photocoagulation was performed in cases with progression of ROP.

Results: The mean gestation time was 26.2 + 2.7 weeks in group 1 patients
and 27.1 £ 2.5 weeks in group 2 patients. No statistical difference in the time of
gestation was observed between the two groups. The mean follow-up period
was 20 +4.5 months. Laser photocoagulation was performedin 6 of 15 eyes from
group 1 and 2 of 21 eyes from group 2. No eyes developed retinal detachment
during the follow-up period.

Conclusion: Ranibizumab and bevacizumab showed an efficacy in the treat-
ment of type 1 ROP. The incidence of disease relapse was higher in eyes which
received ranibizumab. Further randomized, controlled clinical trials are required
to compare the efficacy of ranibizumab and bevacizumab.

Keywords: Retinopathy of prematurity; Vascular endothelial growth factor A;
Antibodies, monoclonal; Angiogenesis inhibitors; Intravitreal injections

RESUMO

Objetivo: Comparar a eficdcia de ranibizumab e bevacizumab intravitreos no
tratamento da retinopatia da prematuridade (ROP) tipo 1.

Método: Foram avaliados retrospectivamente 36 olhos de 20 pacientes com
retinopatia da prematuridade tipo 1 que receberam injecdes intravitreas anti fator de
crescimento endotelial vascular (anti VEGF) entre agosto de 2011 e fevereiro 2013.
Quinze olhos de 8 pacientes receberam 0,25 mg ranibizumab (grupo 1) e 21 olhos de
12 pacientes receberam 0,625 mg bevacizumab (grupo 2). Os olhos foram examinados
poroftalmoscopiaindireta no primeiro dia, terceiro dia, primeira semana, e primeiro
més e conforme necessdrio apds a inje¢do. Fotocoagulagdo com laser foi realizada
quando foi detectada progressdo da retinopatia da prematuridade.

Resultados: Média do tempo de gestacdo para os pacientes do grupo 1 foi de 26,2
+ 2,7 semanas, enquanto para o grupo 2 foi de 27,1 + 2,5 semanas. Ndo houve
diferenca estatistica em relacdo ao tempo de gestacdo entre os grupos. A média de
acompanhamento foi de 20 + 4,5 meses. Fotocoagulacdo a laser foi realizada a 6
dos 15 olhos do grupo 1 e 2 dos 21 olhos do grupo 2. Nenhum dos olhos desenvolveu
descolamento de retina no periodo de acompanhamento.

Conclusédo: O ranibizumab e bevacizumab séo eficazes no tratamento da retino-
patia da prematuridade tipo 1. Incidéncia de progresséo foi maior nos olhos que
receberam ranibizumab. Ensaios clinicos controlados futuros sdo necessdrios para
comparar esses dois medicamentos.

Descritores: Retinopatia da prematuridade; Fator de crescimento do endotélio vascular;
Anticorpos monoclonais; Inibidores da angiogénese; Inje¢es intravitreas

INTRODUCTION

Retinopathy of prematurity (ROP) is a potentially blinding disor-
der in preterm infants characterized by the presence of immature
blood vessels. ROP is one of the most important causes of blindness
in developing countries!”. The reported incidence of ROP is 16%-48%
in babies with a birth weight of less than 1000 g and 27%-35% in babies
with a birth weight under 1500 g. ROP is a two-staged disease. In
the first stage, all vessel formation ceases because of hyperoxia, with
vasoproliferation occurring in the latter stage®.

The Early Treatment for Retinopathy of Prematurity (ETROP) study
demonstrated that earlier treatment in carefully selected cases results
in an overall improved visual outcome and posited novel guidance
for ROP treatment. According to ETROP, all cases of type 1 disease,

zone | ROP with plus disease, zone | stage Ill ROP, and zone Il stage
2-3 with plus disease should be treated®.

A previous study reported significantly increased vitreal vascu-
lar endothelial growth factor (VEGF) levels in ROP patients. In the
same study, an excess production of VEGF was shown to play an im-
portant role in ROP pathogenesis®. In the Bevacizumab Eliminates
the Angiogenic Threat of Retinopathy of Prematurity (BEAT-ROP)
study, bevacizumab treatment was found to be more effective than
laser photocoagulation for ROP treatment, particularly in patients
with zone 1 and 2 posterior disease®. Moreover, other anti-VEGF
therapies, macugen and ranibizumab, demonstrated efficacy in the
treatment of ROP when used alone or in combination with laser
photocoagulation.

Submitted for publication: November 25, 2014
Accepted for publication: October 20, 2015
! Antalya Training and Research Hospital, Department of Ophthalmology, Antalya, Turkey.
2 Balikesir University, Medical School, Department of Ophthalmology, Balikesir, Turkey.
3 Akdeniz University, Medical School, Department of Ophthalmology, Antalya, Turkey.
4 Zekai Tahir Burak Hospital, Department of Ophthalmology, Ankara, Turkey.

340 Arq Bras Oftalmol. 2015;78(6):340-3

Funding: No specific financial support was available for this study.

Disclosure of potential conflicts of interest: None of the authors have any potential conflict of
interest to disclose.

Corresponding author: Muhammet Kazim Erol. Antalya Training and Research Hospital. Eye Clinic,
Antalya, Turkey - E-mail: denizturgut48@yahoo.com

http://dx.doi.org/10.5935/0004-2749.20150090



The present study aimed to compare the efficacy and reliabili-
ty of two anti-VEGF agents, ranibizumab and bevacizumab, in the
treatment of ROP.

METHODS

The medical charts of 422 patients screened for ROP between Au-
gust 2011 and February 2013 in Antalya Training and Research Hos-
pital were retrospectively evaluated. Twenty patients who received
anti-VEGF treatment as first-line monotherapy were included in the
present study. The study was conducted according to the Declaration
of Helsinki, and informed consent was obtained from the parents
of all patients. The study was approved by local ethic committee of
Zekai Tahir Burak Hospital, Ankara, Turkey. Cases of type 1 disease,
zone | ROP with plus disease, zone | stage Ill ROP, and zone Il stage 2-3
with plus disease were classified according to ETROP.

We provided detailed information to the parents of patients
regarding single-dose ranibizumab and single-dose bevacizumab
separately. Intravitreal injections were performed according to parent
decisions. Parents with higher socioeconomic status elected to use
ranibizumab because it was specifically developed for the treatment
of eye disease. Parents with a lower socioeconomic status chose be-
vacizumab because it is cheaper.

Group 1 included patients in whom ranibizumab was used as the
first-line therapy and group 2 included patients who received bevacizu-
mab. Gestational weeks, birth weight, intubation period, maximum oxy-
gen saturation, systemic disorders, and ROP relapse during the follow-up
period were compared between the two groups. Post menstrual age
(PMA) on initial treatment, relapse, and number of laser shots performed
were also compared.

Intravitreal injections were performed under local anesthesia after
installation of povidone iodine, eyes were draped, and lid specula
were inserted. Injections were performed at 1.5 mm from the limbus
with a 30-gauge needle. Fundoscopic examination was performed
after all injections, controlling for central retinal artery flow, cataracts,
and retinal tear formation. Netilmicin eye drops were prescribed
four times per day for 10 days. The dose of ranibizumab was half the
typical adult dose (0.25 mg). The bevacizumab dose was 0.625 mg.
Fundoscopic examinations were performed on the first day, third day,
first week, and first month and as required until vascularization was
completed or laser spot scarring had occurred. All exams were perfor-
med with indirect ophthalmoscopy and a 28 D lens. In cases of relapse,
confluent laser photocoagulation was performed under sedation
anesthesia. Relapse was defined as increased arterial tortuosity and
venous dilation, formation of retinal neovascularization, and stage Il
ROP. In addition, cases with membrane formation extending into the
vitreous from the retina underwent laser treatment.

Statistical analyses were performed using SPSS 13 program with
Mann-Whitney U test, Fisher's exact test and two sample t-tests used
to compare groups. P-values less than 0.05 were considered statisti-
cally significant.

RESULTS

Intravitreal anti-VEGF injections were administered to 36 eyes of
20 patients as first treatment. Fifteen eyes of 8 patients (4 males, 4
females) received ranibizumab injections in group 1. In group 2, 21
eyes of 12 patients (5 males, 7 females) received bevacizumab (Figu-
res 1, 2). The mean gestational time was 26.2 + 2.7 weeks in group 1
and 27.1 + 2.5 weeks in group 2. The mean birth weight was 853 +
120 gingroup 1and 925+ 110 g in group 2 (Table 1). The mean post
menstrual age (PMA) at the time of injection was 34.4 + 1.8 weeks
in group 1 and 353 + 1.7 weeks in group 2 (Table 2). Intravitreal
anti-VEGF injection was not administered to one eye of one patient in
group 1 and three fellow eyes of three patients in group 2 because no
progression to type 1 ROP was observed, and ROP had regressed in 1
week in the three fellow eyes of three patients in group 2.
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No statistical difference in risk factors, such as sepsis, intraventi-
cular hemorrhage, intubation period, bronchopulmonary dysplasia,
and necrotizing enterocolitis, were observed between the groups
(P>0.05; TableT).

Figure 1.Rightand left eyes of a premature baby born at 28 weeks with a 910 g birth weight.

Figure 2. One year after IV bevacizumab injection in the same patient shown in figure 1.

Table 1. Patient demographics and risk factors

Ranibizumab  Bevacizumab

(group 1) (group 2)
8 infants 12 infants P-value
Zone 1 ROP 10 eyes 041
Zone 2 ROP 5eyes 9eyes 0.72
Male gender 4 5 0.53
Gestational time (weeks) 262+27 27.1+25 0.83
Birth weight (kg) 853+ 120 925+ 110 097
Sepsis (n) 4 7 0.65
Intraventricular hemorrhage (n) 3 5 0.50
Necrotizing enterocolitis (n) 5 5 0.65
Intubation (n) 7 9 046
APROP 1 1 NA
APROP= aggressive posterior ROP; NA= not applied.
Table 2. Mean gestational age at the time of injection
Ranibizumab Bevacizumab
(group 1) (group 2)
8 infants 12 infants P-value
Eyes that received laser 6/15 2/21 0.015
photocoagulation
Mean follow-up time (weeks) 202 +4.7 198+36 0.970
Age at initial injection (weeks) 344+10 353+1.7 0.830
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Plus disease (arterial tortuosity and venous dilation), formation of
retinal neovascularization, and ROP stage regression was observed
on the 3 day following intravitreal injection in group 2 patients and
on the 7" day in group 1 patients, except for one patient who recei-
ved confluent laser photocoagulation during the first week.

Relapse following regression of plus disease was observed in 4
eyes of 2 patients from group 1 and 2 eyes of 1 patient from group 2
(Figure 3). Relapse was observed on the 8" week in 2 patients from
group 1 and 14" week in 1 patient of group 2. One session of con-
fluent laser photocoagulation was performed in both groups with
relapse (Figure 4). The average age at the time of laser treatment was
41 + 3 weeks in group 1 and 50 weeks in group 2.

The mean follow-up duration was 20 + 4.5 months (range, 12-27).
No eyes developed retinal detachment during the follow-up period.
Local complications secondary to treatment, such as retinal hemor-
rhage, tear, cataract formation and glaucoma, were not observed in
any patients. Only subconjunctival hemorrhage was observed. Ne-
tilmicin eye drops were prescribed four times in a day for 10 days to
all patients. This was not implemented as additional treatment. One
patient from group 1 developed proteinuria and growth retardation
of unknown cause.

DISCUSSION

An increase in VEGF levels is one of the main mechanisms un-
derlying ROP development. The aim of laser photocoagulation is
to decrease VEGF levels produced by the avascular retina by abla-
ting the retinal periphery. Lately, anti-VEGF drugs have been used
as monotherapy agents or in addition to laser photocoagulation,
with successful results obtained”*""19, The majority of studies have

Figure 3. The ROP line is more evident with increases in vascular tortuosity observed,
particularly in the right eye, 8 weeks after IV ranibizumab injection.

Figure 4. Fundus view of the same patient 3 months after laser photocoagulation.
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reported the results of bevacizumab therapy. There are a few case
series presenting results with ranibizumabV#. Although there are
studies comparing the efficacy of ranibizumab and bevacizumab in
patients with age-related macular degeneration, to the best of our
knowledge, the present study is the first to compare their efficacy in
patients with ROP!7.

In a prospective study, Mintz-Hittner et al"® treated 22 eyes of 11
infants with stage 3 ROP in zone | or posterior zone Il with bilateral
intravitreal bevacizumab injection without laser photocoagulation.
One injection was found to be sufficient, and normal retinal vascu-
larization proceeded in all cases. Dorta et al'? also performed single
intravitreal bevacizumab injection for the treatment of type 1 ROP in
12 eyes of 7 premature infants and demonstrated disease regression
without additional treatment. Quiroz-Mercado et al.*” treated 18 eyes
of 13 premature infants with a mean gestational age of 29 weeks and
mean age at the time of the treatment of 38 weeks by single intravi-
treal bevacizumab injection. They observed regression of neovascu-
larization in all eyes and reattachment of the retina in one eye with
stage 4a ROP without systemic or ocular complications. Castellanos
etal” treated 6 eyes with high-risk pre-threshold and threshold ROP
disease by intravitreal ranibizumab without laser photocoagulation
and demonstrated a single dose of intravitreal ranibizumab was
sufficient to regress retinal neovascularization with no recurrences
observed after a 3-year follow-up period.

Consistent with previous studies, the present study demonstra-
ted that both ranibizumab and bevacizumab are effective in type 1
ROP treatment, with relapse rates higher with ranibizumab injections.
The efficacy and reliability of these two agents in the treatment of
age-related macular degeneration have previously been shown to be
similar™”. Different pharmacokinetic behavior in prematures whose
organ development is not complete may contribute to the difference
in relapse rates observed between the two drugs. In adults, the syste-
mic half-life of ranibizumab is 2 h, while the half-life of bevacizumab
is up to 20 days because of the attachment of fragment crystallizable
region (Fc region) to endothelial cells, thereby decreasing clearance®".
However, the systemic pharmacokinetic properties of these two drugs
in children have not to be fully elucidated.

In an animal study, the efficacy of bevacizumab in fellow eyes
was apparently superior to ranibizumab in suppressing subretinal
neovascularization in rats?. The efficacy of bevacizumab may have
been doubled in the nine patients who received bilateral injections,
which may have contributed to the low relapse rate in the present
study. The lack of progression in fellow eyes may be associated with
systemic effects of the anti-VEGF drugs.

Still, relapse following bevacizumab therapy has been reported.
Jennifer et al?® reported relapse in 17 eyes of 9 patients who received
bevacizumab. The mean time to relapse was 14.4 weeks. One case of
retinal detachment occurring 3 months after combined intravitreal
ranibizumab injection and laser photocoagulation for zone 1 ROP
with plus disease has been reported®. The time to relapse in the
present case in the bevacizumab group was also 14 weeks. Relapse
was seen in the 8th week in the ranibizumab group. Earlier relapse
may be due to the shorter half-life of ranibizumab.

The risk of systemic complications is apparently higher after
intravitreal bevacizumab injections compared to ranibizumab. In the
present study, a patient was diagnosed with proteinuria in the rani-
bizumab group. The exact cause of proteinuria was not assessed.
Proteinuria following ranibizumab injection may be incidental. Ho-
wever, nephropathy has previously been reported after intravitreal
injections of both bevacizumab and ranibizumab for exudative age-
related macular degeneration®?®. Pelle et al.*® proposed excessive
VEGF expression by podocytes in the normal kidney as the mechanism
underlying proteinuria. Dysregulation of VEGF expression within the
glomerulus has been associated with a wide range of renal diseases,
many of which cause significant hypertension and varying amounts
of proteinuria that may occur within weeks to months after adminis-
tration intravitreal anti-VEGF therapy®>?°.



A number of previous studies have evaluated the utility of anti-
VEGF therapies in ROP; however, the optimal dosage and timing of
injections remains under debate®. Although Avery claims that rani-
bizumab is a safer alternative to bevacizumab, complications may be
seen following intravitreal administration®”. Harder et al.?® obtained
successful results with the use of 0.375 mg bevacizumab, which is
lower than the ROP dose. The results observed with bevacizumab in
the present study may be attributable to the later time the injections,
although this difference was not statistically significant.

The present study was limited by the retrospective design and
the number of cases recruited. Moreover, the less precise criterion
used for relapse than used for primary ROP was a further weakness.

Both ranibizumab and bevacizumab therapies showed an effi-
cacy in the treatment of type 1 ROP treatment. Relapse rates were
apparently less following bevacizumab injections compared to
ranibizumab. Further randomized prospective studies with higher
numbers of cases are required to validate the results of the present
study.
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