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Need and purpose of review: The standard of management of severe retinopathy of prematurity (ROP) is laser ablation of the
peripheral retina. Intra-vitreal injection of anti- vascular endothelial growth factor antibodies has emerged as an alternative modality
of treatment of ROP. The purpose of this review is to evaluate the current evidence on benefits and risks of using anti-VEGF
antibodies for management of ROP.

Methods: PubMed and Cochrane Register of Clinical Trials were searched for studies evaluating role of anti-VEGF agents in ROP.
No study design or language restriction was used. Data were extracted using a data extraction form and presented as a summary of
key findings from different study types and designs.

Results: Of 143 studies retrieved, 107 were found relevant and further screened. Seventy-three studies reporting original research
were selected. These were divided into three categories: pharmacokinetics studies (n=5), observational studies without a control
group (n=59) and clinical trials with a control group (n=9). The most commonly used agent was bevacizumab at a dose of 0.625 mg per
eye. At this dose bevacizumab administration led to regression of ROP in the majority of cases with type 1 ROP but was associated with
sustained reduction in systemic VEGF levels. The most common adverse event after anti-VEGF therapy was recurrence of ROP
needing follow up for up to one-year postmenstrual age. Randomized controlled trials demonstrated better anatomical outcome with
bevacizumab as compared to laser therapy. Studies lack evidence of long term effect of bevacizumab on retinal vessels, functional
visual outcomes and extra-ocular effects.

Conclusion: Anti-VEGF agents are effective in causing regression of ROP. However, until adequately powered studies with long term
follow-up and recording of more holistic outcomes are available, anti-VEGF agents remain an investigational drug in ROP and should be

used only as part of clinical study.
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etinopathy of prematurity (ROP) is a
vasoproliferative disorder observedin preterm
neonates [1]. It results from arrested and
errant development of retinal vessels. Most
neonates with early stages of ROP show spontaneous
regression. However, severe ROPinvolving the posterior
retinaor causing fibrovascular proliferationif not detected
timely and if untreated can cause permanent loss of vision.
Although the reported incidence of severe ROP varies
with the degree of prematurity and level of neonatal care,
about one-third of extremely preterm neonates can
develop severe ROP. |n middle-income countries, severe
ROP has been reported even in moderately preterm
neonates [2,3]. Worldwide, severe ROP is one of the
commonest causes of childhood blindness|[4].

A preterm neonateisbornwith retinal vesselsgrowing
from central disc but not yet reaching the peripheral parts
of theretina. Normal retinal vascular growth isdriven by
production of various growth factors including the non-

INDIAN PEDIATRICS

S129

oxygen dependent insulin-like growth factor-1 (IGF-1), and
the oxygen dependent vascular endothelial growth factor
(VEGF) and erythropoietin [1]. After preterm birth, the
hyperoxic postnatal environment and cessation of supply
of essential nutrientsfrom the placentalead to decreasein
levelsof these growth factors. Whiletheretinal vesselsare
in astage of hyperoxia-induced developmental arrest, the
rest of the retinal tissue keeps growing. With increasing
postnatal age growing retinal tissuesbecomehypoxicand
start producing VEGF. This causes proliferation of
aberrant vessel swhich leak readily, leading to formation of
fibrovascular exudates and retinal detachment. Severe
ROP is treated with laser ablation of the peripheral
avascular retina. Laser ablation destroys the avascular
retinaproducing VEGF resultingin regression of abnormal
vessels. Early treatment of proliferative ROP with laser
ablation leads to improved functional and structural
outcomes as compared to late treatment [5]. However,
peripheral retinal tissue is never vascularized and laser
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ablation may not be able to preserve peripheral field of
vision in zone | ROP [6]. In addition, there is increased
prevalence of myopiaand high myopiain ROP, requiring
life time of management. An aternative modality of
treatment of severe ROP has emerged in the form of
antibodiesto VEGF. I njected into the vitreous cavity, anti-
VEGF antibodies can causeregression of abnormal vessels
without destroying the peripheral retina. However,
function of the peripheral retina thus preserved has not
been established. Further, apart from its role in retinal
vascular development, VEGF isneeded for devel opment of
glomeruli, alveoli and parts of brain. This raises concern
about possible adverse effects of suppression of normal
ocular and systemic VEGF levels after intraocular
administration of anti-V EGF antibodies. We hereinreview
the literature on benefits and risks of using anti-VEGF
antibodiesfor management of ROP (Web Box 1).

REsULTS

Themost commonly investigated anti-V EGF antibody for
treatment of severe ROP is bevacizumab, a recombinant
humani zed anti-V EGF monoclonal antibody [ 7]. By binding
to al isoforms of VEGF, bevacizumab inhibits VEGF
receptor binding and signaling. Like any other 1gG
antibody, bevacizumab has a long half-life and can be
detected in vitreous fluid and serum even 8 weeks after
intra-ocular injection. Ranibizumab, a broken-down Fab
component, is another less commonly used VEGF
inhibitor. Ranibizumab hasashorter half-life. However, itis
much costlier than bevacizumab[7].

Human Studies
Phar macokinetic studies

In adults, intravitreal bevacizumab (IVB) is used most
commonly in management of diabetic retinopathy [7]. The
adult doseof VB is1.25 mgfor each eye. In neonates, half
of this dose (0.625 mg per eye) has been used in most of
case reports and the largest randomized controlled trial.
Therationaleof using thisdoseisnot clear and the correct
choiceishampered by thelack of pharmacokinetic studies
in neonates. Calculations of the volume of the eye and
aqueous humor suggests that the size of aneonatal eyeis
one-third of adult size and a lower dose may be more
appropriate[8].

IVB administration in neonates causes reduction of
VEGF concentration in aqueous humor. However, it has
now been established that bevacizumab |eaks through the
blood-retinal barrier and reaches not only the opposite
untreated eye but also the systemic circulation. Kong, et
al. [9] randomized 24 neonateswith type 1 ROPinto three
treatment groups VB at 0.625 mg or 0.25 mg per eye per
dose or laser ablation. Serum levels of bevacizumab, free
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VEGF, and | GF-1 weremeasured beforetreatment and at 2,
14, 42, and 60 post-treatment days. Bevacizumab could be
detected in the serum up to the last study measurement at
60 days and was accompanied by a dose-dependent
reductioninserumVEGF levels. Serum IGF-1levelswere
also reduced.

Hong, et al. [10] studied plasma concentration of
VEGF, insulin growth factor, erythropoietin, pigment
epithelium-derived factor and 1gGL1 in six neonates who
received 0.6 mg of | VB for treatment of ROP. Plasmalevels
of VEGF, but not of other growth factors, were
significantly reduced and remained low up to the last
study measurement at 8 weeks. |nanother case series, Wu,
et al.[11] measured serumlevelsof VEGF, VEGF receptors
and various other anti-angiogenic growth factors in
neonates who received | VB for treatment of type 1 ROP
[11]. Similar to previous observations[10], VEGF levels
were reduced for 8 weeks after IVB administration. A
negative correlation was observed between serum levels
of bevacizumab and VEGF[11]. Sato, et al. [12] haveaso
reported elevated serum levels of bevacizumab and
reduced serum level sof VEGF 2 weeksafter 0.250r 0.5mg
of IVBinjection.

Thus, accumulating evidence (Web Table I) suggests
that 1VB leads to sustained reduction in systemic VEGF
levels. Evidence is needed on anatomical and functional
effects of deficient VEGF levels on the development of
various organs such asthe lungs, kidneys, brain, injected
eyeandthecontralateral eye.

Descriptivestudies

The largest amount of evidence on the use of IVB stems
from numerous case reports and case series without a
control group. A total of 59 publications have reported
experience with the use of anti-VEGF antibodiesin 1205
eyes of 658 neonates (Web Tablell). Dueto the lack of a
comparison group, these studies cannot provide effect
sizeof VB versuslaser ablation. Inaddition, evidence built
on the basis of case reports has a high risk of bias due to
possible publication bias. It is plausible that clinicians
using VB asan off-label drug for management of ROP may
not report those casesin which 1V B has been ineffective.
However, the following key points emerge from these
studies:

* Anti-VEGF treatment leads to a hat in
neovascularization within 2-3 days. Complete
resol ution isexpected within 2-3 weeks.

e Theproportion of caseswhichrespondto VB variesin
different studies with most studies reporting a good
initial response in 90-100% cases. One of the largest
caseseriesreportsoutcomein atotal of 253 eyesin 122
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neonates with type 1 or worse ROP. Total regression
wasobserved in morethan 95% cases[14]. Thosewho
did not respond showed compl ete regression after an
additional 1-2 doses. Another study reported outcome
in 162 eyesfrom 85 neonateswith ROP[15]. Complete
regression was observed in 143 eyes (88%). Fourteen
eyes(9%) needed additional |aser treatment.

» The most common adverse event noted for an eye
treated with 1V B wasrecurrence of ROP. Thishasbeen
reported in many studiesinwhichtreated infantshave
been followed up for one year after treatment.
Recurrence of ROP leading to retinal detachment has
been reported as late as 53 weeks of post-menstrual
age, and in 5-10% cases. Therefore, VB treated ROP
eyes need to be monitored for progression of ROP or
development of new areas of abnormal vasculari-
zation. This not only increases the number of retinal
examinations needed but also the need for general
anesthesia, especially inbigger infantswhere outdoor
office examination may not be sufficient tolook at the
periphera retina. If thereisrecurrence of ROP, prompt
additional treatment (laser ablation, supplemental VB
or surgery) may be needed.

e Completion of retinal vascularization is delayed after
useof 1VB. Anadvantage over laser ablation; however,
isthat the periphera retinaisvascularized. However,
as shown in the few studies with fluorescein
angiography, these vessels have abnormal organi-
zation, areleaky, and need to be monitored [16].

e Otherlocal adverse effectsreportedinthe casereports
include pre-retina/vitreous hemorrhage, transient
vascular sheathing, choroidal whitening suggestive of
choroidal ischemia, cataract, and need of paracentesis
toreducetheintraocular pressure after injection.

»  Themost commonly used dose of VB hasbeen 0.625
mg per eye. However, afew studies have used lower
doses and have reported similar rates of regression of
ROP [17]. As discussed above, 1VB crosses through
the blood-retina barrier leading to prolonged
suppression of systemiclevelsof VEGF. Futurestudies
need to investigate the role of lower doses of VB for
management of ROP.

» Ranibizumab has a shorter half-life as compared to
bevacizumab and theoretically should have lesser
systemic effects. Very few studieshavereported itsuse
in ROP probably dueto the prohibitively higher cost.
Of the four case reports, two have reported complete
regression of ROPinall casesand two havereported a
75-100%failurerate (Web Tablel I).

Of notethereisalack of studies reporting functional
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visual outcomeand neurol ogical outcomeat school ageor
beyond. Distressingly, despite use of anti-VEGF in
hundreds of eyes, thereisalack of dataon short and long-
term outcomeslike physical growth, structural changesin
brain (e.g. brainvolumein MRI), renal function testsand
lung function tests.

Randomized controlled trials

Thelargest randomized controlled trial (RCT) ontheuse of
IVB inROPwaspublishedin2011[72]. The Bevacizumab
Eliminates the Angiogenic Threat of Retinopathy of
Prematurity (BEAT-ROP) trial randomized 150 neonates
with zone 1 or zone 2 posterior stage 3+ ROP to receive
0.625 mg of IVB or laser ablation therapy bilaterally. The
incidence of recurrence of ROPwassignificantly lower in
the IV B group (4% eyes versus 22% eyes). On subgroup
analysis, asignificant benefit of 1'VB wasobservedinzone
1 ROP only. Post-intervention macular dragging was
observed in one neonate in IVB group and 22 in laser
group. Retinal detachment was observed in two neonates
of each group. Corneal transplant was needed in one
neonate of laser group and cataract removal wasneededin
three neonates of laser group. At 2.5 years of age, degree
of myopia and incidence of severe myopia were
significantly lower in the IVB group [73]. The authors
proposed that the anterior segment growth and therefore
axial length of the eyeis preserved in neonates who are
treated with 1VB. However, anumber of issues have been
raised about the BEAT-ROPtrial:

e The primary outcome of the study, the incidence of
recurrence of ROP, was assessed at 54 weeksof PMA.
While this end-point was adequate for eyes treated
with laser, it was not so for eyes treated with 1VB.
Recurrence of ROP has occurred later than 54 weeks
PMA &fter IVB treatment in observational studies.
Moshfeghi, etal. [74] highlight that statistically 47.7%
of recurrencesin | VB group would have occurred after
theend-point of study [74].

e The primary outcome of the study was changed mid-
way from “absence of recurrence of Stage 3+ ROPin
Zonel or Zonell posterior by 54 weeks’ to*“ recurrence
of retinal neovascularization requiring retreatment by
54 weeks’ [74]. This is especialy important as the
investigators assessing the primary outcome of the
study were not blinded to the treatment assignment

[75).

e Theincidence of recurrence of ROP needing treatment
in the laser treatment group was higher than the
incidence expected fromtheliterature. In addition, the
study was hot adequately powered to detect important
differencesinlong-term neurological outcome[76].
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» Bevacizumab was administered 2.5 mm posterior to
limbus. At thislocation, in extremely preterm neonates,
the pars planaisnot fully developed and theinjecting
needle may passthrough retinathusincreasing therisk
of retinal damage and detachment [ 74].

*  Much observational data on the use of bevacizumab
has emanated from middle- and low- income countries
where relatively mature neonates are effected by
severe ROP. Generalizing the safety profile of
bevacizumab to smaller neonates enrolled in BEAT-
ROP study may not be appropriate. Both the
pharmacodynamics of bevacizumab and the integrity
of blood-retinal barrier need to be studied in extremely
preterm neonatesin whom angiogenesisisstill active
inmany organ systems[77].

» VEGFisneeded for growth and development of many
organs, including thelungs, brain, and kidneysaswell
astheretina. Therefore, short term structural outcomes
may not predict long term functional success. It is
worth noting that in the BEAT-ROPtrial more deaths
occurredinthelVB group (6.6% vs 2.2%), and four of
thesefivedeathsweredueto respiratory failure[78].

In another RCT, neonates with zone 1 or zone 2
posterior stage 3+ ROP were randomized to receive
intravitreal pegaptanib or IVB with laser ablation (n=92
eyes of 46 infants), or laser therapy combined with
cryotherapy (n=82 eyes of 41 infants) bilateraly [79]. A
favorable anatomical outcomewas observed significantly
more commonly in the anti-V EGF group (90.2% eyesvs
62% eyes). No magjor side effects were reported. Retinal
hemorrhages observed in both the groups resolved
spontaneously. However, important detailsaremissingin
this report, including the method of randomization. The
unfavorable outcomewith laser therapy without 1V B (38%)
ismuch higher than expected fromtheliterature.

TwomoreRCT comparing 1VB with laser ablation have
been published [80,81]. However, in both these studies,
eyes of neonates were randomized so that one eye
received |VB and contral ateral eyereceived laser ablation.
Even if IVB is injected in one eye, it is absorbed into
systemic circulation and can be detected in the
contralateral eye. Therefore, such studieshave significant
issues of contamination of thelaser group. Inthe study by
Lepore, etal. [80], 26 eyesof 13 neonateswererandomized
to receive IVB or laser. Fluorescein angiography was
conducted before and 9 months after treatment. Even at 9
months post-treatment, the | VB group showed persistence
of an avascular area and serious vascular abnormalities
[80]. Retinal findings included vascular branching
abnormalities, capillary dropout and macular changes.
Moran, et al. [81] randomized 14 neonateswith zone 1 or
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posterior zone2 Stage 3+ ROPtoreceive 1.25mgof IVBin
one eye or laser ablation in contralateral eye. ROP
regressed in all eyes. However, recurrence of ROP was
observed more frequently in 1V B treated eyes (21.4% vs
7.1%). The mean age of recurrencewashigher inthel VB
group (51 weeks PMA vs 37 weeks PMA) indicating the
need for longer follow up [81].

Retrospectivecohort studies

Five studies have retrospectively compared outcomesin
neonates given VB or treated with laser ablation (Web
Tablel ). Resultsaresimilar tothose observed in RCT. Of
note, Araz-Ersan, et al. [82] reported retinal detachmentin
22% eyes, and Hwang, et al. [83] reported more frequent
recurrence of ROP (14% vs 3%) in the IV B group. Araz-
Ersan, et al. [82] also reported neuro-developmental
outcome of their study cohort at 2 years of age.
Neurological examinationand cognitive devel opment were
comparableinthetwo groups.

In the absence of RCTs of IVB that are adequately
powered to detect |longer term systemic effects, one source
of information is from large neonatal networks. A
retrospective comparison of  neurodevelopmental
outcome at 18-22 months of age in infants of <29 weeks
gestation in the Canadian Neonatal Network (CNN) born
in2010-11, who had acute ROPtreated with either standard
laser therapy or intravitreal bevacizumab injection, has
been reported in abstract form [84]. Eighty-two infants
received laser treatment and 32 bevacizumab, inmost cases
as monotherapy. Bevacizumab treated infants had
significantly lower motor scores after adjustment for
confounding factors[84].

SUMMARY AND UNANSWERED QUESTIONS

Intravitreal anti-VEGF therapy looks to be a promising
therapy for the management of ROP. Treatment with VB
injection takes less time, needs less learning skills and
causes less pain or ocular inflammation. As there is no
need to buy and maintain costly laser equipment, anti-
VEGF therapy can potentially improve accessibility and
timelinessof treatment of ROP.

Intravitreal anti-V EGF therapy preservesthe peripherd
retina. Evidence from comparative studiesindicatesthat it
may be associated with better structural and functional
outcomes. However, asthe peripheral retinais preserved
and can start producing VEGF again, ROP can recur and if
undetected can lead to retinal detachment and loss of
vision. Therefore, neonates managed with anti-VEGF
agentsrequire morefrequent hospital visits, longer follow
up until at least 1 year of postmenstrual age, more often
general anesthesia and newer skills to diagnose and
manage the recurrences that appear different from laser
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related recurrences. Despite hundreds of eyesbeentreated
with anti-V EGF therapy thereare many issueswhich need
to be addressed before it use can be recommended as the
primary modein management of ROP.

Effect on organ development: Apart from promoting
vascular growth ineyesduring the perinatal period, VEGF
playsaroleindevel opment of glomeruli, alveoli and parts
of thebrain. Itisnot known how structure and function of
these organs are affected in neonates who have systemic
elevation of anti-VEGF and decrease of VEGF levels
sustained for at least 2 months after a single intraocular
injection of anti-VEGF. Evidence from one network data
analysis suggests increased risk of motor developmental
problemsin neonateswho received I VB [84]. Thereisan
urgent need to further investigate the long-term effects of
this therapy on cognition and related neurological
functions.

Anti-VEGF agent, dose and timing: The majority of
evidence on anti-VEGF agents exists with 0.625 mg of
bevacizumab. Whether alower dose, repeat doses or use of
different agents (like ranibizumab) can be associated with
lower systemic levelsand similar beneficial effectsinthe
eyeisyet to be seen. Thetiming of administration of anti-
VEGF agents may be crucial. If administered after fibro-
vascular proliferation has set in, they may cause
contraction of the fibro-vascular membrane and retina
detachment [69].

Long-term retinal development: Limited evidence
suggests that retinal vessels which develop into
periphera retina are not normal, and have abnormal
branching pattern and capillary drop-out. What happens
to these vesselsinto adulthood, especially if child grows
up to be diabetic, is unknown. This is of specia
importanceto countrieslikelndiawherealarge proportion
of preterm neonates also have intrauterine growth
restriction and are prone to development of metabolic
syndromelater inlife[88].

Operational implementation: If anti-VEGF therapy is
effective and free from serious side-effects, its
implementation requiressignificant challengesin settings
with limited resources. Anti-VEGF therapy is costly;
frequently vials are shared among many neonates
needing treatment. Thissignificantly increasestherisk of
complications due to infections thus offsetting at the
population level any benefit accrued from use of anti-
VEGF. Ascompared to neonatestreated with laser therapy,
neonatestreated with anti-V EGF need longer follow-up.

Until these important issues are addressed, despite
being effectivein causing regression of ROP, anti-VEGF
remains an investigational drug and should be used only
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as part of a clinical study. Research needs to examine
whether it can be recommended as an alternative therapy
to parents of neonates with severe ROP. There may be
instances of itsoff-label usein exceptional circumstances
like non-availability of laser therapy, non-visualization of
the retina, as rescue therapy in laser-failed cases or
delayed presentations. We recommend that a national
registry should be maintained on the use of anti-VEGF
therapy for treatment of ROP and neonates should be
followed up until at |east 18-24 monthsof agefor recording
visual and neurodevel opmental outcomes.
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Web Box 1 LITERATURE SEARCH

PubMed and Cochrane Register of Clinical Trials were searched for studies evaluating role of anti-VEGF in ROP.
No study design or language restriction was used. Search term used was (“infant, newborn’[MeSH Terms] OR
(“infant”[All Fields] AND “newborn”[All Fields]) OR “newborn infant"[All Fields] OR “neonate”[All Fields]) AND
(“retinopathy of prematurity’[MeSH Terms] OR (“retinopathy”[All Fields] AND “prematurity”[All Fields]) OR
“retinopathy of prematurity”[All Fields]) AND ((“bevacizumab”[Supplementary Concept] OR “bevacizumab’[All Fields])
OR (“ranibizumab’[Supplementary Concept] OR “ranibizumab”[All Fields]) OR (“ranibizumab”[Supplementary
Concept] OR “ranibizumab”[All Fields])). One hundred and forty-three studies were retrieved. Of these 107 were
found relevant and further screened. Seventy-three studies reporting original research were selected. Review
articles, editorial and comments on published articles or letters not providing original reports were excluded. These
were divided into three categories: pharmacokinetics studies (n=5), observational studies without control group

(n=59) and clinical trials with a control group (n=9).

WEB TABL E | PHARMACOKINETIC STUDIES ON USE OF ANTI-VEGF ANTIBODIES IN NEONATES

Author (Year) Study design Subjects Interventiongroup ~ Control group ~ Outcome
Hong, etal. [10]  Case series 11 eyes of 6 patients 0.6 mg (0.025 mL) - Significant
(2015) with threshold ROP  of IVB reduction in plasma
with plus disease in VEGF persisting at
Zone 1 or 2 8 weeks after IVB
Kong, etal. [9] Randomized 24 neonates with IVB at 0.625 mgor  Laser ablation = Dose-dependent
(2015) controlled trial Type 1 ROP 0.25 mg per eye per reduction in serum
dose VEGF 60 days post-
treatment
Wu, etal. [11]. Case series 8 neonates with IVB - Negative correlation
(2015) type 1 ROP between serum

Sato, etal. [12] Case series

(2012)

Nonobe, € al. Case series

[13] (2009)

11 neonates with

“vascularly-active”
ROP

8 neonates with
stage 4 or 5 ROP

0.25 or 0.5 mg of
IVB

0.75 mg/0.03
mL/eye of [IVB

4 patients with
congenital
cataract

levels of
bevacizumab and
VEGF 8 weeks after
IVB

Negative correlation
between serum
levels of
bevacizumab and
VEGF 2 weeks after
IVB

IVB led to
reduction of VEGF
concentration in
aqueous humor

IVB: Intravitreal bevadzumab; ROP: Retinopathy of prematurity; VEGF. Vasaular endothdial growth factor
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WEB TABLE Il CASE REPORTS AND CASE SERIES ON USE OF INTRAVITREAL ANTI-VEGF ANTIBODIES IN RETINOPATHY OF

PREMATURITY

Author (Year) Sudy design  Subjects Intervention group Outcome
Connor, et al. [17] Case report 2 eyes of 1 neonate IVB 0.16 mg in one Response in 2 days
(2015) with Stage 2 ROP and 0.32 mg in o
with plus disease in ~ second eye Complete resolution in 12 days
zone 1-2
Wong, etal. [18] Case series 10 eyes in 6 neonates Bevacizumab or ROP reactivation occurred in 5/6
(2015) with ROP ranibizumab (83%) eyes treated with
ranibizumab. None with
bevacizumab
Kim, et al. [19] (2014) Case series 16 eyes of 10 0.5 mg of IVB with Complete regression of the ROP
neonates with zone 1 laser. If ROP within without recurrence or
ROP or aggressive 2 disc diameter of complications
posterior zone 2 fovea this area spared
ROP of laser
Yetik, et al. [14] Case series Pre-threshold ROP A total of 253 IVB Total regression in 227/238 eyes
(2014) (type 1) in 152 eyes injections in 122 (95.4 %) after the first dose.
of 79 neonates subjects Regression in 982% after 2 and
100% with 3 doses
Threshold ROP in 24
eyes of 12 neonates
Aggressive posterior N licati
in 62 eyes of 31 o complications
neonates
Chen, et al. [20] Case series 72 eyes of 37 Bevacizumab or Similar and complete response,
(2015) patients type 1 ROP ranibizumab as higher chances of myopia in IVB
primary treatment group
Minami, et al. Case report 2 eyes of 1 neonate IVB Retinal detachment in one eye
(2014)[21] with corneal opacity after [IVB. Other eye ROP
and stage 3 ROP regressed
Yaz, etal. [22] (2014) Case report 1 neonate with zone  IVB Formation of second ridge
2 stage 3 ROP anterior to previous ridge
Chen, et al. [23] Case series 64 eyes of 34 Three kinds of At 2 years prevalence of myopia
(2014) neonates with type 1 therapies: IVB, lower in IVB alone group
ROP combined IVB and
laser treatment or IVB
and lens-sparing
vitrectomy
Chen, et al. [24] Case report 2 eyes of a neonate IVB followed bylaser Despite combine treatment
(2014) with type 1 ROP ablation recurrence of plus disease at 51
weeks PMA
Menke, etal. [25] Case series 6 eyes of 4 neonates ~ Ranibizumab Postoperative URI in one

(2015)

with ROP stage 3
plus disease

neonates. Three eyes required
paracentesis to reduce the
intraocular pressure after
injection and to restore central
artery perfusion. After six
months, all eyes showed
complete retinal vascularization
without any signs of disease
recurrence
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Ehmann, et al. [26]
(2014)

Henaine-Berra, et al.
[16](2014)

Bancalar, et al. [27]
(2014)

Kuniyoshi, e al. [28]
(2014)

Tahija, et al. [29]
(2014)

Chhablani, et al. [30]
(2014)

Harder, et al. [31]
(2014)

Flavahan, et al. [32]
(2013)

de Klerk, et al. [33]
(2013)

Mehta, et al. [34]
(2013)

Case series

Case series

Case series

Case series

Case series

Case report

Case series

Case report

Case report

Case report

ANTI-VASCULAR ENDOTHELIAL GROWTH FACTOR IN RETINOPATHY

2 neonates with
exudative retinal
detachment after
laser therapy for pre-
threshold and
threshold ROP

47 eyes of 26
neonates stage 3
threshold or pre-
threshold ROP

12 neonates with
threshold ROP in
whom laser ablation
was contraindicated

8 eyes of 4 neonates
with type 1 ROP

20 eyes of 10
neonates who
received IVB for
zone I and posterior
zone II ROP and had
initial resolutionof
posterior disease.

1 neonate with severe
zone 1 APROP

57 eyes of 29
neonates with ROP
in zone 1 or zone 2

2 eyes of 1 neonate
with stage 3+ disease
in zone 1

2 eyes of 1 neonate
with type 1 ROP

2 eyes of 1 neonate
with zone 1 stage 3
ROP with plus
disease

IVB 0.625 mg X 3
times weekly+
intravenous
dexamethasone

0.75 mg IVB

IVB

0.25 mg IVB

IVB

IVB

0.375 mg IVB

IVB

0.625Mmg IVB

IVB

Complete resolution of the sub-
retinal fluid

Fluorescein angiography showed
improvement in
neovascularization. However,
avascular area later shows large
areas devoid of micro-vessels,
formation of vascular loops and
non-development ofretinal
vessels in far periphery.
Perivascular leakage present in
majority

Good response in 8/12. Laser
needed in 4/12

IVB effective in all eyes with
ROP in zone 2.

Vitreous hemorrhage and
cataract at 19 weeksand 5
months after the initial IVB in
the two eyes with ROP in zone 1.

Follow up for up to 259 weeks
PMA. 11 of 20 eyes did not
achieved normal retinal
vascularization

After 16 hours, hypotony and
exudative retinal detachment
with patches of choroidal
whitening suggestive of
choroidal ischemia

Regression of ROP in all. Only
one needed additional dose of
IVB

Complete resolution

Regression by 2 weeks. Retinal

vascularization completed at 52
weeks CA

Regression followed by recurrent
neovascularization and plus
disease of both eyes requiring
treatment with laser
photocoagulation at 53 weeks
PMA.
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Kim, et al. [19] (2014)  Case series

Karaca, et al. [35] Case series

(2013)

Goldman, et al.[36]
(2013)

Case report

Sahin, et al. [37] Case series

(2013)
Ittiara, et al. [38] Case report
(2013)
Jalali, et al. [39] Case series
(2013)

Martinez-Castellanos,  Case series

e al. [40] (2013)

Wu, etal. [15] (2013) Case series

Tseng, €t al.
(2012)[41]

Case series

Sun, et al. (2012)[42] Case report

Patel, et al. (2012)[43] Case report

ANTI-VASCULAR ENDOTHELIAL GROWTH FACTOR IN RETINOPATHY

18 eyes of 10
neonates with type 1
ROP

4 neonates with stage
3 ROP

1 neonate with ROP
and tunica vasculosa
lentis

30 eyes of 17
neonates with type 1
ROP

2 eyes of 1 neonate
with ROP

24 eyes in 13
neonates for type 1
or more severe ROP

18 eyes in 13
neonates with
threshold ROP

162 eyes from 85
neonates with ROP

3 triplets

A neonate with
APROP

2 eyes of 1 neonate
with zone 1 stage 3
ROP

Combined IVB (0.25
mg) and zone 1
sparing laser ablation

Unilateral laser and
IVB

IVB

IVB

IVB

IVB

IVB

IVB

IVB

Laser and IVB 0.75
mg. Repeated once

0.625 mg IVB

Regression without recurrence in
all

Regression in both eyes

Regression of tunica vasculosa
lentis

Regression all except one eye.
Mean full retinal vascularization
time 136.6 £26.6 days

Bilateral exudative retinal
detachment 1 year after [IVB

New vessels regressed in all
eyes.

Complications reported include
macular hole and retinal breaks
causing rhegmatogenous retinal
detachment in 1 eye; Bilateral
progressive vascular attenuation,
perivascular exudation and optic
atrophy in 1 neonate; progression
of detachment bilaterally to stage
5in 1 neonate. A neonate who
received injection into the
anterior chamber later developed
hepatic dysfunction and large
choroidal rupture in 1 eye.

Follow up for 5 years.

Regression in all. Recurrence in
one.12 eyes developed low
myopia mean value of 3.2 D.
median vision 20/25

Regression in 143 eyes (88%).
Fourteen eyes (9%) needed
additional laser treatment. Three
eyes (2%) progressed to stage 4
ROP.

Complications: vitreous or pre-
retinal hemorrhage in 2 eyes;
cataract in 1 eye and exotropia in
1 eye

Regression of ROP in all three
triplets. High myopia with
increased axial length of both
eyes in one triplet

Resolution in both eyes. Post
retinal detachment in 1 eye

Complete retinal detachment in
both eyes
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Lee, et al. (2012)[44]

Choovuthayakorn, et
al. (2012)[45]

Dani, et al. (2012)[46]

Hu, etal. (2012)[47]

Wautthiworawong, &
al. (2011)[48]

Harder, et al.
(2011)[49]

Axer-Siegel, et al.
(2011)[50]

Roohipoor, et al.
(2011)[51]

Erol, etal. (2010)[52]

Shah, et al. (2011)[53]

Case series

Case series

Case series

Cases series

Case series

Case series

Case series

Case series

Case series

Case report

ANTI-VASCULAR ENDOTHELIAL GROWTH FACTOR IN RETINOPATHY

5 eyes of 3 neonates
with stage 3 ROP

34 eyes of 19
patients with
‘advanced’ ROP

7 neonates with
complicated ROP or
APROP

17 eyes of 9 patients
with recurrence of
ROP after initial
treatment with IVB

12 neonates with
APROP

23 eyes in 12
neonates with
threshold ROP in
zone 1 or zone 2

18 eyes of 9 neonates
in which laser
ablation was not
possible because of
advanced disease

10 eyes of 12
neonates no response
to laser ablation
(group 1) with
APROP (group 2)

7 eyes of 4 infants
who had continued
ROP progression
despite laser therapy

1 eye of 1 neonate in
whom APROP
despite laser ablation

IVB with or without
laser ablation

In 2 patients IVB
followed by laser
ablation.

Reverse sequence in
17 patients

IVB as first line
monotherapy (n=2) or
rescue therapy
combined with laser
treatment

IVB

Laser ablation
followed by IVB

0.375 mg IVB

IVB

IVB

IVB

0.75 mgof IVBin 1
eye. Other eye
managed
conservatively

Regression of ROP in all.

Atypical fibrous traction
membrane along the major
vascular arcades with 2.5 to 4
months of latency, which
progressed into retinal
detachment in 3/5 eyes

Regression in all. Retinal
detachment in 1.

Regression in all neonates

Mean age at treatment-requiring
recurrence was 49.3 weeks (SD,
9.1 weeks; minimum, 37 weeks;
maximum, 69 weeks)
postmenstrual age (PMA). Fives
eyes progressed to retinal
detachment. No eye that
received laser treatment for
recurrence progressed to retinal
detachment.

Complete regression in all

Complete regression in all

Subsidence of the active
vascular component in all eyes.

All responded in group 1. 2 eyes
of group 2 needed laser

Regression in 6/7 eyes

ROP regressed in both. Adverse
visual outcome in eye which
received IVB
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Jang, et al. (2010)[54]

Ahmed, ¢ al.
(2010)[55]

Hoang QV, et al.
(2010)[56]

Wu, etal. (2011)[57]

Atchaneeyasakul, et
al. 2010)[58]

Nazari, et al.
(2010)[59]

Altinsoy, €t al.
(2010)[60]

Law, et al. (2010)[61]

Dorta, et al.
(2010)[62]

Kychenthal A, etal.
(2010)[63]

Quiroz-Mercado H, et
al. (2008)[64]

Lalwani, €t al.
(2008)[65]

Kong, etal.
(2008)[66]

Case report

Case series

Case report

Case series

Case report

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case report

ANTI-VASCULAR ENDOTHELIAL GROWTH FACTOR IN RETINOPATHY

2 eyes of 1 neonate
with bilateral, zone
1, stage 3 plus

15 eyes of 8
neonates with stage
3-4 ROP

2 eyes of a neonate
with type 1 pre-
threshold ROP

49 eyes of 27
patients with ROP
stage 3 or more

2 eyes of a neonate
with APROP

14 eyes of 8
neonates with severe
ROP associated with
vitreous or retinal
hemorrhage

2 patients with ROP
with APROP

13 eyes of 7
neonates in which
Laser not possible or
failed

12 eyes in 7 neonates
with type 1 ROP

11 eyes of 8
neonates with poor
response to laser and
posted for
vitrectomy

18 eyes of 13
neonates with severe
ROP but no response
to laser or laser not
possible

5 eyes of 3 neonates
who had progressive
ROP despite laser

2 eyes of 1 neonate
with zone 1 stage 2
plus ROP

Combined laser
ablation and
intravitreal
ranibizumab

IVB and laser
ablation

IVB

0.625 mg IVB

Laser followed by
0.75 mgIVB

0.625 mg IVB

Laser and 0.75 mg
IVB

0.75 mg IVB
followed by
laser/vitrectomy

0.625 mg IVB

IVB 1 week before
vitrectomy

IVB

IVB. Some neonates
received multiple
doses.

0.5mgIVB

Regression at 3 months after
injection but bilateral retinal
detachments after 1 month.

Regression in all. No side effects

Initial regression followed by
recurrence in the form of more
anterior stage 3 ROP

90% response in stage 3. Lower
response rate in higher stages.
Complications noted were
vitreous or pre-retinal
hemorrhage in 4 eyes (8%) and
transient vascular sheathing in 2
eyes (4%)

Choroidal ruptures at the site of
laser scar

Complete regression.
Hemorrhage disappeared.

Response in 1 neonate

Ability to do successful
laser/vitrectomy within 72 h

Regression in all

Good structural outcome

Regression in 17/18 eyes

Vascular component stabilized
ROP stabilized after VEGF
allowing laser.

However some neonates had
retinal detachment

Initial regression followed by
development of zone 2 Stage 3+
ROP needing second injection of
IVB
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Kusaka, et al.
(2008)[67]

Mintz-Hittner, et al.
(2008)[68]

Honda, et al.
(2008)[69]

Chung, €t al.
(2007)[70]

Travassos, € al.
(2007)[71]

Case series

Case series

Case report

Case report

Case series

ANTI-VASCULAR ENDOTHELIAL GROWTH FACTOR IN RETINOPATHY

23 eyes of 14
neonates with stage 3
or more

22 eyes of 11
neonates with stage 3
in zone 1-2

1 eye with stage 4A
with plus disease
after laser

2 eyes of 1 neonate
with APROP

3 eyes of 3 neonates
with APROP

IVB 0.5 mg alone or
with vitrectomy

IVB

0.4 mg IVB

Laser + 0.75 mg IVB

IVB with or without
laser

Regression on fluorescein
angiography in 14/15 eyes.
Retinal detachment in 3 eyes

Regression in all

Regression of vascular
component followed by fibrosis
and deterioration of retinal
detachment

Regression

Regression in all

IVB: Intravitreal bevadzumab; ROP: Retinopathy of prematurity; VEGF: Vascular endothdial growth factor.
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ANTI-VASCULAR ENDOTHELIAL GROWTH FACTOR IN RETINOPATHY

WEB TABLE I11: CLinicaL TriaLs WiTH A CoMPaRISON GROUP ON USE oF ANTI-VEGF ANTIBODIES N NEONATES

Author Sudy design Subjects Interventiongroup  Control group Outcome
(Year)
Isaac, et al. Retrospective Type 1 ROP in zone 23 eyes of 13 22 eyes of 12 Similar structural
(2015)[85] cohort 2 or neonates received neonates outcomes, visual
acuity and incidence
zone 2 posterior 0.625 mg IVB Who underwent ¢ myopia in two
laser ablation groups.
IVB group needed
more frequent
hospital visits.
Lepore, et Randomized Type 1 zone 1 ROP 13 eyes received 13 contralateral ~ Fluorescein
al.(2014) controlled trial in both eyes eyes received angiography before
[80] 0.5mg IVB laser ablation and 9 months after
treatment:
persistence of
avascular area,
serious vascular
abnormalities in [VB
group even at 9
months
Hwang, et Retrospective Type 1 ROP 22 eyes of 11 32 eyes of 17 ROP recurred in 14%
al. (2015) cohort neonates received neonates of [VB-treated eyes
[83] IVB received and in 3% of laser
eyes.
IVB associated with
less myopia.
Mintz- Randomized 300 eyes of 150 140 eyes IVB 146 eyes laser Recurrence of ROP:
Hittner, et controlled trial neonates with zone ablation 4% versus 22%. At
al. (2011) (BEAT-ROP) 1 or zone 2 posterior 2.5 years, severity of
[72] and stage 3+ ROP myopia and incidence
Geloneck, et of severe myopia
al. (2014) lower in IVB group
[73]
Araz-Ersan,  Retrospective Type 1 ROP 18 eyes of 13 13 neonates Anatomical success
etal. (2015)  cohort neonates received who received in 78% eyes and
[82] 0.625 mg IVB in only laser retinal detachment in
addition to laser ablation 22% eyes.
ablation
No significant
difference in
refractive errors
Moran, et Randomized 14 infants with 1.25mgIVB inone Laser ablation Rapid regression of
al. controlled trial symmetrical zone 1 eye in contralateral in all eyes.
(2014)[81] or posterior zone 2 eye

Stage 3 + ROP

Recurrence of ROP:
21.4% in IVB and
7.1% in laser therapy
group.

Mean age of
recurrence 51 weeks
PMA in IVB and 37
weeks PMA in laser

group.
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Harder, et
al. (2013)
[86]

Autrata, et
al. (2012)
[79]

Lee, et al.
(2010)[87]

Retrospective
cohort

Randomized
controlled trial

Retrospective
cohort

Threshold ROP in
zone 1 or 2

Stage 3+ ROP for
zone 1 or posterior
zone 2

Stage 3 ROP

30 eyes of 15
neonates

ANTI-VASCULAR ENDOTHELIAL GROWTH FACTOR IN RETINOPATHY

23 eyes of 12
neonates received
0.375 mg or 0.625
mg single dose IVB

92 eyes of 46
neonates intravitreal
pegaptanib or
bevacizumab of
with laser ablation

IVB and laser
ablation

26 eyes of 13
neonates
received laser
ablation

82 eyes of 41
neonates
received laser
ablation
combined with
cryotherapy

Only laser
ablation

Less myopic eyes in
IVB group.

Prevalence of
moderate and severe
myopia lower in IVB
group. Refractive
astigmatism lower in
IVB

Favorable anatomic
outcome and stable
regression of ROP:
90.2% vs. 62%. No
retinal detachment

Regression of plus
disease and
peripheral retinal
vessel development
more rapidly in
neonates who
received both IVB
and laser

IVB: Intravitreal bevacizumab; ROP: Retinopathy of prematurity; VEGF: Vascular endothelial growth factor.
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