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ABSTRACT

Retinopathy of prematurity (ROP), a leading
cause of childhood blindness, has historically
been associated with blindness from overgrowth
of blood vessels from the retina into the vitreous
that lead to complex retinal detachments. Our
understanding of ROP has evolved with the sur-
vival of extremely low-birthweight infants and
includes not only overgrowth of blood vessels,
but also insufficient developmental retinal vas-
cular growth in early phases of the disease. Our
current treatments of ROP have focused on
methods to improve perinatal and prenatal care,
reduce premature birth, and prevent early phases
of ROP. Nonetheless, addressing vasoproliferation

in treatment-warranted eyes remains the main-
stay of management. Two main treatment
strategies co-exist today: laser treatment, which
has been the standard of care since the 1990s, and
anti-VEGF injections, which have been used since
early reports in 2007 (Travassos et al. in Oph-
thalmic Surg Lasers Imaging, 38:233–237, https://
doi.org/10.3928/15428877-20070501-09, 2007,
Shah et al. in Indian J Ophthalmol 55:75–76,
https://doi.org/10.4103/0301-4738.29505, 2007,
Quiroz-Mercado et al. in Semin Ophthalmol
22:109–125, https://doi.org/10.1080/08820530
701420082, 2007).
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Key Summary Points

ROP has changed in appearance since the
first description in 1942 and varies world
wide.

The hypothesis of the pathophysiology of
ROP has been refined and with it the
understanding that regulation of vascular
endothelial growth factor can cause
regression of treatment-warranted ROP
while allowing vascularization of the
peripheral avascular retina.

This is a review of major recent clinical
trials and meta-analyses to develop a
reasonable approach to manage
treatment-warranted ROP considering
laser or anti-VEGF based on outcomes of
efficacy, reactivation, safety, persistent
avascular retina, and refractive status.

Our assessment supports strong
consideration of anti-VEGF agents in zone
I treatment-warranted ROP and careful
informed consent for zone II treatment-
warranted ROP.

INTRODUCTION

Retinopathy of prematurity (ROP) is a leading
cause of vision loss throughout the world and
may be increasing with rising estimates of pre-
mature birth [4]. However, differences in the
infant age at presentation and appearance of
ROP throughout the world have been attributed
to several factors, including prenatal and peri-
natal nutrition and care, oxygen regulation,
resources to provide care in nurseries, genetics
and epigenetics, and inflammation/oxidation.
ROP was originally identified as retrolental
fibroplasia (RLF)—for the worst stage of current
ROP—in larger infants of older gestational ages
and attributed to unregulated oxygen [5–7].
Ashton described the pathophysiology of RLF in
a two-phase hypothesis as oxygen-induced

damage of already developed retinal capillaries
in phase I followed by vasoproliferation into the
vitreous at the junctions of vascular and the
hypoxic, avascular retina in phase II [8]. As
technological advances allowed infants of
extremely low-birthweight and young gesta-
tional age to survive [9], and for oxygen to be
monitored and regulated, ROP again changed in
appearance and the original hypothesis was
refined to include compromised vascularity and
delayed physiologic retinal vascular develop-
ment in phase I and vasoproliferation in phase I
I[10, 11]. Imaging with wide-angle photography
and angiography have allowed more accurate
characterization of the retinal vasculature,
aided by comparison with representative animal
models of the pathophysiology [10, 12].

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

CLINICAL CLASSIFICATION

The International Classification of ROP (ICROP)
provided a classification of early stages of ROP
that preceded vasoproliferation and the stages
involving partial or total retinal detachment.
ICROP enabled research studies and severity
scales to assess effects of treatment on out-
comes. The classification includes: stages of
severity (stages 1–5); zones of involvement (re-
gion on retina where stages occur), clock hour
extent of stage, and plus disease (the presence or
absence of vascular tortuosity and dilation
(Fig. 1). Treatment-warranted ROP generally
involves zone I or II, stage 2 or 3 ROP, and often
with plus disease. Stages 4 and 5 ROP generally
require surgical intervention using vitreoretinal
techniques but are fortunately rare compared
with treatment-warranted ROP amenable to
laser or anti-VEGF. Now, in its third edition,
ICROP3 includes aggressive forms of ROP such
as those in larger babies that do not progress
through the typical chronological order of
stages and can be associated with vascular
dropout peripherally and/or posteriorly with
vascular loops and ‘‘flat’’ neovascularization
(Fig. 2) [13].
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IMPORTANCE OF EARLY CLINICAL
TRIALS IN MANAGEMENT

Vasoproliferation in ROP has been treated by
methods to ablate the peripheral avascular
retina in order to reduce the hypoxic stimulus
for vasoproliferation. The first multicenter
study tested cryotherapy to ablate the periph-
eral avascular retina and reported efficacy for a
more severe level of treatment-warranted ROP
than typically treated today [14, 15]. However,

forms of A-ROP and zone 1 treatment-war-
ranted ROP had much poorer outcomes than
zone II treatment-warranted ROP [16]. The Early
Treatment of ROP study later tested and repor-
ted that treatment to ablate the peripheral
retina at a less severe level of treatment-war-
ranted ROP (type 1 ROP) improved outcomes
compared with conventional treatment [17].

Fig. 1 Spectrum of preplus and plus disease in different
left eyes: mild preplus through preplus but insufficient for
plus (A–C), and plus disease from mild to severe (D–F).

Reprinted from Ophthalmology, Fig. 2A–F), volume 128,
Chiang MF et al. [13], with permission from Elsevier
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PARADIGM SHIFT IN TREATMENT

Based on basic research using oxygen-induced
retinopathy (OIR) models, it was found that
activation of a receptor in the vascular
endothelial growth factor (VEGF) signaling
pathway in retinal endothelial cells caused
vasoproliferation and also thwarted normal
retinal vascular development [18, 19]. In con-
trast to the experimental studies that used sub-
retinal injections to regulate VEGF receptor
(VEGFR2) signaling specifically in retinal
endothelial cells, the method adopted clinically
is through the use of intravitreal neutralizing
antibodies or fusion proteins that bind ligands,
such as VEGF [and placental growth factor
(PlGF), in the case of aflibercept]. These meth-
ods are specific to neither VEGF receptor nor
cell type in the retina. Therefore, adverse effects
may occur when the supportive effects of VEGF
are removed from other cell types. Experimen-
tally, in animal models, a neutralizing antibody
to VEGF was associated with thinning of the
neural retina, reduced weight gain, and retinal
capillary dropout [20, 21]. These findings
increased existing concerns of potential adverse
events [22]. There have been some reports of
adverse events in clinical studies, for example,
in association with pulmonary hypertension
[23]. Large retrospective cohort studies in
Canada [24] and the USA [25] have reported

reduced cognitive development or death,
respectively. These studies recognized potential
bias with infants having more severe courses
frequently treated with anti-VEGF than laser.
However, the report in the USA attempted to
statistically control for potential confounders
and still found greater risk of death in infants
treated with the anti-VEGF agent bevacizumab
[25]. Nonetheless, other studies having smaller
sample sizes did not find reduced cognitive
function after anti-VEGF treatment [26–29]. It is
difficult to assess the effect of anti-VEGF on
cognitive function since the infants at greatest
risk of ROP are also often those at great risk of
poor neurocognitive development and poor
survival. In addition, there are limitations of
neurocognitive testing in young children. Anti-
VEGF agents differ by half-life and effect on
systemic VEGF levels [28, 30–32], with ranibi-
zumab having a significantly shorter half-life
than bevacizumab or aflibercept. These differ-
ences may have different influences on later
cognitive development. For example, random-
ized clinical trials found no effect of ranibizu-
mab on systemic VEGF levels compared to laser
treatment or between doses of ranibizumab
[28, 30]. Nonetheless, concerns persist, and
long-term data on efficacy and long-term safety
from clinical trials are awaited.

CHANGING ‘‘NATURAL HISTORY’’
OF ROP

Clinical data support the findings in experi-
mental research that regulation of the angio-
genic factor, VEGF, not only reduced
vasoproliferation, but also supported ongoing
more normal intraretinal vascular growth.
However, reactivation of ROP occurs, and
adverse outcomes have been reported over a
year after a single intravitreal administration
[33]. Current guidelines recommend continued
dilated retinal examinations for reactivation
and additional treatment through at least
65 weeks PGA [34] or in Germany through
69 weeks PGA or 35 weeks after the last injec-
tion [35].

Fig. 2 Aggressive ROP (A-ROP) in right eye showing
image of severe plus disease with flat neovascularization
and vitreous hemorrhage noted near vitreoretinal traction
(arrowheads). Reprinted from Ophthalmology, Fig. 7C),
volume 128, Chiang MF et al. [13], with permission from
Elsevier
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CLINICAL TRIALS

Initially, clinical trials for anti-VEGF agents
showed efficacy in adults for the treatment of
diabetic macular edema, macular edema asso-
ciated with retinal vein occlusion, and neovas-
cular age-related macular degeneration (AMD).
A number of clinical studies demonstrated the
remarkable effects of an intravitreal injection of
an anti-VEGF agent in treatment-warranted
ROP [1–3]. These case reports and series have
been followed by several clinical trials that
reported outcomes using different anti-VEGF
agents [30, 31, 36]. The agents tested in adult
studies were bevacizumab, a humanized mon-
oclonal antibody against the full-length VEGFA,
ranibizumab, the active F(ab) fragment of the
antibody against VEGF, and aflibercept, which
is a fusion protein of domains from receptors,
VEGFR1 and VEGFR2, which traps VEGFA and
placental growth factor (PlGF). These agents
have been tested in clinical trials for treatment-
warranted ROP and work by binding the VEGF
ligand (and PlGF in the case of aflibercept) to
interfere with the ligand–receptor interaction
and activation.

Below are summaries of efficacy, reactiva-
tion, safety, refractive error, and persistent
avascular retina (PAR) from anti-VEGF clinical
trials.

EFFICACY OF TRIALS

The first clinical trial for treatment-warranted
ROP was Bevacizumab Eliminates the Angio-
genic Threat in ROP (BEAT-ROP) study [36].
Treatment-warranted ROP was considered stage
3? ROP in zone I or II. The investigators used
reactivation at 54 weeks as an outcome and
found significantly reduced need for retreat-
ment of eyes (4%) treated with 0.625 mg
intravitreal bevacizumab compared with laser
(22%) when stage 3? ROP occurred in zone I or
posterior zone II but not in mid or anterior zone
II ROP. The RAnibizumab compared with laser
therapy for the treatment of INfants BOrn pre-
maturely With retinopathy of prematurity
(RAINBOW) trial was unable to statistically
prove superiority of ranibizumab 0.2 mg or

0.1 mg compared with laser, although the suc-
cess rates with ranibizumab were numerically
higher with ranibizumab compared with laser
(p = 0.051) [30]. The outcomes after laser were
lower (66%) than those reported in other stud-
ies, such as 82% in FIREFLEYE and over 90% in
ETROP. In FIREFLEYE, aflibercept 0.4 mg did
not meet noninferiority to laser based on suc-
cess at week 24, but similar to RAINBOW, suc-
cess rates with aflibercept were numerically
higher compared with laser [31]. The RAINBOW
and FIREFLEYE trial results led to the approval
of ranibizumab for the treatment of ROP by the
European Medicine Agency (EMA) in 2019 and
the approval of aflibercept by the EMA and the
FDA in 2022. The Pediatric Eye Disease Inves-
tigative Group (PEDIG) of the National Eye
Institute (NEI) is enrolling for a bevacizumab
versus laser study testing 1/10 the dose used in
BEAT-ROP or comparing two doses of beva-
cizumab for zone I or posterior zone II eyes with
type I ROP[37]. In a study of Bayesian network
meta-analyses (Bayesian NM) of randomized
clinical trials testing anti-VEGF agents for ROP,
single treatment success, defined as the likeli-
hood of needing no further treatment, reported
89.3% for laser, 87% for bevacizumab, 80.7% for
aflibercept, and 74% for ranibizumab. For zone I
ROP, bevacizumab had the highest success
(91.2%) and laser the lowest (65.9%) [38].

Reactivation

Reactivation after treatment is harder to discern
from clinical trials, in part because the out-
comes for the trials were determined prior to
the definition of reactivation in ICROP3. Evi-
dence suggests that timing of reactivation may
be based on the half-life or dose of the agents.
The half-life of ranibizumab is shorter than for
bevacizumab [39–41]. The BEAT-ROP study
found only 4% high-dose bevacizumab required
retreatment of posterior zone II by 54 weeks
compared with 22% of laser-treated eyes. In a
later study that included BEAT-ROP patients
and patients enrolled in a separate cohort, 8.3%
bevacizumab-treated eyes reactivated by
65 weeks PGA [42]. PEDIG reported 27% addi-
tional treatments usually by 2–3 months after
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treatment in their 12-month outcomes of the
de-escalating dose study testing from 0.25 to
0.002 mg bevacizumab [43]. In RAINBOW,
retreatments were common by 28 days
(27–28%) and were needed in 15–17% by about
9 weeks compared with 2% of laser-treated
infants [44]. The Bayesian NM analyses reported
reactivations on average at 9.29 weeks for rani-
bizumab, 11.36 weeks for bevacizumab, and
12.96 weeks for aflibercept. Post-hoc testing
demonstrated a longer time to retreatment for
aflibercept and bevacizumab compared with
ranibizumab [38].

Safety

VEGF is not only protective of endothelial cells,
but also neurons and glia [45]. Reports from the
Canadian and US Neonatal Networks of reduced
neurocognitive scores or increased death in
premature infants treated with anti-VEGF (be-
vacizumab) compared with laser raised concerns
[24, 25]. However, the studies were retrospec-
tive, and it is known that very sick infants may
not be able to undergo the duration of time
needed for adequate laser treatment, which is
much longer than for intravitreal injections
[46], and this observation introduces a selection
bias favoring anti-VEGF treatment for severely
sick infants. As a means to assess safety, studies
have reported on the amount of anti-VEGF
agent that leaks into the blood and/or the
concentrations of systemic VEGF. Early studies
reported significant declines in circulating
VEGF following an intravitreal bevacizumab
injection [32], and the reduction persisted for
over 2 months. There were also concerns that
an experimental method using gene therapy to
specifically knock down overexpressed full-
length VEGFA mRNA and reduce vitreous VEGF
to the minimum level effective at inhibiting
vasoproliferation still led to thinning of the
outer nuclear layers [21]. However, using the
same gene therapy strategy to knock down
VEGF164, thereby allowing some of the soluble
forms of VEGF to access the retina through the
vitreous, had no effect on the outer nuclear
layer, compared with control gene therapy
injection [21]. This finding supported the idea

that an appropriate dose of anti-VEGF agent
may be efficacious and safe and is being tested
by the PEDIG.

Plasma VEGF increases in premature infants
as they develop treatment-warranted ROP
[47, 48]. Although bevacizumab reduces VEGF
in the bloodstream by 50%, laser alone can
reduce VEGF by 30%. This observation suggests
that some of the increase in plasma VEGF orig-
inates from the eye. Following an injection,
plasma bevacizumab was found to peak at
2 weeks and require about 2 months to clear
[41]. PEDIG reported that plasma bevacizumab
was associated with the intravitreal dose given
at 2 and 4 weeks; however, VEGF decreased
by[ 50% at both 2 and 4 weeks after injection,
and the decrease was unassociated with the
bevacizumab dose [47]. Ranibizumab peaks in
the blood stream at 1.3 days but has a very short
half-life [40]; there were no differences in VEGF
in the blood stream between laser and either
ranibizumab dose [49] in the RAINBOW study
and no suppression of systemic VEGF with
ranibizumab in the CARE-ROP study [28]. In
adults, aflibercept reduced VEGF in the plasma
that remained reduced for 30 days [50]. Sys-
temic VEGF levels were not measured in the
FIREFLEYE study, but systemic free aflibercept
was measured in the circulation up to 4 weeks
after intravitreal injection [31].

As indicated earlier, reports on neurocogni-
tive function and pulmonary hypertension
have been raised. The issue of low VEGF levels
in the bloodstream of premature infants should
be on the list of potential adverse effects of
some anti-VEGF drugs and deserves attention in
future clinical studies.

Refractive Error

Many studies reported that eyes treated with
anti-VEGF agents are associated with lower
levels of myopia than those treated with laser.
Studies differ on the dosages of agents and ages
of infants when they are treated. A meta-anal-
ysis of 1850 eyes from randomized clinical trials
and observational studies reported that anti-
VEGF therapies resulted in 1.8D less myopia
than eyes treated with laser[51]. Follow-up from
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a cohort of infants from BEAT-ROP reported
mean spherical equivalent of -1.51 in zone I
eyes treated with bevacizumab compared with
-8.44 in eyes treated with laser and -0.58 in
zone II eyes treated with bevacizumab com-
pared with -5.83 in eyes treated with laser [52].
In the 12-month follow-up from the beva-
cizumab de-escalating dose study from PEDIG,
the median refraction at 12 months was -0.31
and strabismus was present in 29% of infants
[43]. In the RAINBOW study, high myopia (-5D
or more) was reported in 5% of ranibizumab-
treated eyes compared with 20% of laser-treated
eyes [53].

Persistent Avascular Retina (PAR)

Concerns about persistent avascular retina
(PAR) include the potential for reactivation
from avascular, presumed hypoxic, retina in the
infant, and later sequelae from vitreoretinal
traction tearing the thinned atrophic avascular
retina and leading to retinal detachments in
childhood and teenage years. Retinal detach-
ments can be missed and present late. The
detachments are complex with firm abnormal
vitreoretinal adhesions and may be associated
with proliferative vitreoretinopathy and com-
bined tractional/rhegmatogenous components.
These eyes have poorer anatomic and visual
outcomes following surgical correction. There-
fore, some specialists recommend an examina-
tion under anesthesia (EUA) with fluorescein
angiography and treatment of the peripheral
avascular retina with laser once an infant
becomes too large and active to examine ade-
quately in the clinic, particularly with evidence
of a vascularized ridge. It is helpful to remember
that reactivation does not necessarily appear as
recurrence of type 1 ROP. Nonetheless, it is
unknown what the risk of later retinal detach-
ments actually is, because series include cases
referred to retina specialists and may not have
included all cases of resolved ROP with clini-
cally unrecognized PAR. Nor is it known if the
laser will reduce the risk of later retinal
detachment. Peripheral avascular retina has
been recognized for many years prior to the use
of anti-VEGF agents. The ability to diagnose

PAR is improved with wide-angle fluorescein
angiography showing the cessation of vascu-
larization in the peripheral retina, but not all
studies performed this routinely. Estimates from
PEDIG 12-month outcome study were that 27%
of eyes were treated with laser for PAR [43].

Where We Are Now with Treatment

We have better tools to manage ROP than
30 years ago. From the studies, anti-VEGF
appears superior to laser for efficacy in treat-
ment-warranted ROP especially in zone I, pos-
terior zone II, and aggressive ROP, and has
improved overall refractive outcomes. Given
the ability to extend peripheral retinal vascu-
larization to a degree, anti-VEGF treated eyes
may have expanded visual fields, but long-term
data are needed. For treatment-warranted ROP
in mid or anterior zone II, laser or anti-VEGF
can be considered and should be weighed
against each other with careful informed
consent.

Different anti-VEGF agents have different
reported outcomes based on the meta-analyses.
Bevacizumab has better single treatment suc-
cess, and lower dosages are being assessed for
safety and efficacy. However, bevacizumab
reduces VEGF levels in the circulation for
extended duration. Ranibizumab tends to
require retreatments more frequently and ear-
lier but does not substantially affect systemic
VEGF levels. Aflibercept has become the first
FDA-approved anti-VEGF drug for premature
infants with ROP but shows sustained systemic
drug exposure. More studies and long-term fol-
low-up are ongoing for these agents.

We have long-term outcomes and more
experience with laser, which has been used for a
longer period of time than anti-VEGF agents.
Laser treatment also requires fewer retreat-
ments and does not introduce a needle into
the eye thereby reducing iatrogenic damage or
endophthalmitis. Follow-up is generally shorter
than for anti-VEGF agents [34]. Laser treatment
avoids systemic drug exposure and possible,
albeit unproven, risks associated with that. In
addition, full treatment with laser to the
peripheral avascular zone removes PAR,
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although there are reports of later-onset vitre-
ous hemorrhage and retinal detachment in
laser-treated eyes [54].

There are downsides to laser. It is destructive
and does not permit vascularization of periph-
eral avascular retina (Fig. 3). The treatment is
longer and can be more difficult for premature
infants. Adequate treatment requires experi-
enced and careful treaters. Studies show eyes
treated with laser more often have high myopia
than eyes treated with anti-VEGF agents.

Conversely, treatment with anti-VEGF
agents does not destroy retina, allows vascular-
ization of the peripheral avascular retina with
the potential of expanded visual field and
appears to have a lower risk of myopia. How-
ever, reports of late adverse outcomes are con-
cerning and have in some cases led to
unfavorable outcomes and stage 5 ROP. How-
ever, if reactivations are identified and treated,
whether with anti-VEGF reinjection or laser, the
outcomes are not worse than in eyes without
reactivations [28, 55]. There is no consensus as
to what constitutes reactivation warranting
retreatment, but most believe that plus disease
and/or a vascularized thickened ridge are
important criteria. Examinations can be diffi-
cult to perform adequately in the older, larger
active infant in clinic. Long-term effects of
anti-VEGF on the neural retina and

developing infant remain currently unknown as
longer-duration follow-up studies are under-
way, and there is a risk of lens injury and
endophthalmitis.

We have learned a great deal about ROP over
the past 50 years, and our treatment options
have expanded significantly, but we continue to
have questions, particularly as ever smaller and
younger premature infants are able to survive.
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