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Purpose: To evaluate neurodevelopmental outcomes after intravitreal bevacizumab (IVB) therapy in reti-
nopathy of prematurity (ROP) infants compared with those not exposed to IVB.

Clinical Relevance: The primary concern regarding IVB treatment of ROP is the potential systemic side
effects, especially the risk of causing severe neurodevelopmental impairment (sNDI). Results regarding neuro-
developmental outcomes after IVB therapy are conflicting.

Methods: We conducted a meta-analysis and searched PubMed, Embase, and Web of Science for related
publications from inception through March 12, 2020. The eligibility criteria were as follows: comparative studies of
ROP patients that (1) included IVB as a treatment arm, (2) included a control group without bevacizumab treat-
ment, and (3) reported on at least 1 neurodevelopmental outcome, such as sNDI, Bayley Scales of Infant and
Toddler Development, Third Edition (Bayley lll), composition scores, or cerebral palsy (CP). The primary outcome
was sNDI, with the odds ratio (OR) calculated. Secondary outcomes were mean differences (MDs) for cognitive,
language, and motor scores (Bayley lll) and OR for CP. The quality of evidence was assessed using the Grades of
Recommendation, Assessment, Development, and Evaluation approach.

Results: Eight studies, 6 including laser-controlled ROP infants and 2 including ROP infants not requiring
treatment, were included. The weighted OR for sNDI in the IVB group was 1.39 (95% confidence interval [CI],
0.98—1.97). The weighted MDs were —1.92 (95% CI, —4.73 to 0.88), —1.32 (95% ClI, —4.65 to 1.99), and —3.66
(95% ClI, —6.79 to —0.54) for cognitive, language, and motor scores in Bayley lll, respectively. The OR for CP was
1.20 (95% ClI, 0.56—2.55). No differences were observed between the preset subgroups comprising laser-
controlled ROP infants and ROP infants not requiring treatment. The current quality of evidence was rated as
low (sNDI and all Bayley Il scores) to very low (CP).

Conclusions: Risk of sNDI was not increased in ROP patients after IVB treatment. Bayley Ill scores were
similar in the IVB and control groups, except for a minor difference in motor performance. These findings suggest
that the risk of additional sNDI after IVB treatment is low. Randomized trials are warranted to provide a higher
quality of evidence. Ophthalmology 2021;128:877-888 © 2020 by the American Academy of Ophthalmology
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Retinopathy of prematurity (ROP) is a leading cause of
blindness in children worldwide, with 32300 preterm in-
fants exhibiting any degree of visual impairment in 2010.’
Recently, a third epidemic of blindness resulting from
ROP was reported in Eastern Europe, Latin America, and
East and South Asia and may occur in Africa.”
Retinopathy of prematurity affects developing and
developed countries. According to a health care database,
ROP incidence in the United States increased from 2000
through 2012, with a peak of 19.88% during this period.”
The improved survival of infants born extremely preterm
and with extremely low birth weights is believed to
contribute to the increasing ROP incidence and the
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increasing number of patients requiring treatment for type
1 ROP."*

Retinopathy of prematurity treatment has evolved in
recent years. Modern treatment guidelines for ROP were
established based on the results of the Early Treatment of
ROP study, which used laser photocoagulation as the stan-
dard treatment for high-risk ROP patients and showed a
reduced incidence of unfavorable outcomes.” More recently,
the Bevacizumab Eliminates the Angiogenic Threat of ROP
(BEAT-ROP) trial demonstrated the superior outcomes of
intravitreal bevacizumab (IVB), an anti—vascular endothe-
lial growth factor (VEGF) agent, in type 1 ROP patients
compared with laser treatment.” In addition, anti-VEGF
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therapy has been reported to result in a relatively low
refractive error’ and favorable foveal development7;
therefore, it has become another first-line treatment for se-
lective conditions in type 1 ROP.* However, some concerns
exist regarding the use of anti-VEGF injections in preterm
babies. Wu et al’ regoﬂed that serum VEGEF, a key mediator
in organogenesis,'”'' was suppressed for 2 months after a
single dose of bevacizumab. One of the main drawbacks of
using anti-VEGF in the pediatric population is the uncer-
tainty of the long-term systemic side effects of this treatment,
especially its effects on neurodevelopment.®®'*"?

Neurodevelopmental impairment (NDI) is a notable
complication in preterm infants, and it can have a lifelong
effect on their quality of life. Additionally, the incidence of
NDI increases as the gestational age (GA) decreases.'
Several studies reported neurodevelopmental outcomes in
ROP patients who underwent IVB treatment; however,
these studies provided inconsistent conclusions.'” *° The
increased risk of severe NDI (sNDI)'? and poor cognitive
outcomes> after IVB treatment have been reported;
however, some studies demonstrated no differences in
these aspects between the IVB and control groups. In
addition, most such studies are limited by a small sample
size; therefore, further research is needed to understand
better the potential systemic effects of anti-VEGF therapy
on preterm development. The present meta-analysis evalu-
ated the effect of IVB therapy on the neurodevelopmental
outcomes of preterm infants who had undergone treatment
for ROP, including the risk of sNDI and cerebral palsy (CP)
and the language, motor, and cognitive performance of these
patients in early childhood.

Methods

Eligibility Criteria for Considering Studies for
This Review

We performed a systemic review and meta-analysis in accordance
with our preset protocol (Appendix 1, available at
www.aaojournal.org) to prevent bias resulting from post hoc
decisions. This study adhered to the tenets of the Declaration of
Helsinki. The institutional review board of the National Taiwan
University Hospital exempted the current study from review. The
requirement for informed consent was waived because of the
retrospective nature of the study. The eligibility criteria were as
follows: a comparative study that (1) recruited ROP patients, (2)
included IVB in at least 1 treatment arm, (3) included a control
group that did not receive anti-VEGF therapy, and (4) reported at
least 1 outcome of interest, including sNDI incidence, scores of the
Bayley Scales of Infant and Toddler Development, Third Edition
(Bayley III),”° at corrected age after 1 year of age, and CP incidence.

Search Methods for Identifying Studies

We conducted a systematic search using the PubMed, Embase, and
Web of Science databases for studies written in any language and
published before March 12, 2020. The following key words were
used: [bevacizumab OR avastin] AND [retinopathy of prematurity]
AND [neurodevelopment OR neurodevelopmental OR develop-
ment OR developmental]. The detailed search strategies and results
are presented in Table S1 (available at www.aaojournal.org). In
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addition, we reviewed the reference lists of all selected articles to
identify other potentially relevant studies.

Study Selection

Two investigators (C.-Y.T. and T.-T.L.) independently reviewed
the titles and abstracts of all identified studies. The full texts of all
potentially eligible articles were then evaluated further to ensure
that the studies met the eligibility criteria. Articles not written in
English and without full-text translations as well as meeting ab-
stracts without full text and complete reports were excluded. Du-
plications also were excluded; in cases of duplications, the latest
report of a single study was included in our analysis. Disagree-
ments were resolved through discussion with a third investigator
(P.-T.Y.).

Data Collection and Risk-of-Bias Assessment

For each enrolled study, the study design, patient characteristics,
intervention and control, length of follow-up, and outcomes of
interest were extracted independently for further analysis by 2 re-
viewers (C.-Y.T. and T.-T.L.). In line with previous studies,'”*?
sNDI was diagnosed if any of the following conditions were
present: the worst composition score (in any one of cognitive,
language, or motor score) in Bayley III was less than 70, severe
hearing loss was apparent (i.e., requiring cochlear implant or
hearing aids), or severe vision loss was identified (i.e., bilateral
visual impairment, macular dragging, or retinal detachment). For
studies that included mild ROP infants without treatment as a
control group, visual impairment was excluded from the
diagnostic criteria for sNDI.*'** For studies that reported Bayley
IIT scores at multiple time points, the results at 18 to 24 months
of the corrected age were analyzed. When multiple control
groups were included, the one with the lowest baseline
difference compared with the IVB group and the lowest risk of
bias was used for the meta-analysis. The corresponding authors
of all included studies were contacted, and 5 of them replied, of
whom 2 provided the complete original data and 1 provided the
data of the IVB group. The quality of each included observational
study was evaluated using the Newcastle-Ottawa scale.”’

Data Synthesis and Analysis

Odds ratios (ORs) with 95% confidence intervals (Cls) were
calculated using the Mantel—Haenszel method to assess the risks
of sNDI and CP in the bevacizumab-treated and control groups.
For each composition score of Bayley III, including those for
cognitive function, language, and motor function, the mean dif-
ference (MD) was reported with 95% CI based on an inverse-
variance, weighted meta-analysis. A random-effects model anal-
ysis was performed for all outcomes, and heterogeneity was
quantified using the I statistic. A fixed-effect meta-analysis was
performed as a sensitivity analysis. Because a baseline difference
was expected between studies that used laser as the control and
those that used nontreatment as the control, a preset subgroup was
applied to all analyses according to the control group. Additional
post hoc subgroup analyses were performed to evaluate the po-
tential confounding effects of GA, birth weight, and study design.
Studies were categorized according to the presence of a GA
threshold as the study’s inclusion criteria, the average GA or birth
weight in the IVB group, or the study design. In addition, forest
plots were constructed in each analysis. In the studies that reported
Bayley III scores as medians and ranges’ or interquartile
ranges,'>>'** the scores were converted to means and standard
deviations (SDs) before the meta-analysis in accordance with
previously reported statistical methods,”® except for 1 study,”’
whose original data were available and therefore used for the
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meta-analysis. Sensitivity analysis also was performed using only
published data to evaluate potential bias related to the use of
original data. Furthermore, publication bias was assessed using
funnel plots. To evaluate the quality of the evidence for each
outcome of interest, we used the Grades of Recommendation,
Assessment, Development, and Evaluation system,” which
includes the following aspects: study limitations, consistency,
directness, precision, and publication bias; it also provides a final
quality assessment (very low, low, moderate, or high) for each
outcome. All statistical analyses were performed using Review
Manager (RevMan) software version 5.3 (The Nordic Cochrane
Centre, The Cochrane Collaboration) and SPSS software version
22.0 (IBM Corp.).

Results

Study Characteristics and Risk-of-Bias
Assessment

The database search identified 399 records, and 10 comparative

5

studies ultimately were found. Of these 10 studies, 8'* > were
included in the final analysis, and 21617 were excluded because of
the lack of reporting on any of our desired outcomes of interest.
Figure 1 shows the search findings, and Table 2 presents the study
characteristics. All included studies were observational studies,
and 1 study” enrolled patients from a previous randomized
controlled trial (RCT), the BEAT-ROP study.” The bevacizumab
dose was 0.625 mg/0.025 ml in 4 of the included studies®® ****;
the remaining studies did not specify the dose or dosage. All
studies used bevacizumab monotherapy for the treatment group,
except for 1 study'® that used laser combined with bevacizumab
for the treatment group. Regarding the control groups, 5
studies'®?*?*> used laser monotherapy as the control and
Natarajan et al”® used laser treatment or cryotherapy, Chang
et al’' enrolled ROP patients who did not require treatment as
controls, and Fan et al*> compared the treatment group to infants
without ROP and those with ROP but who required no treatment.
Most of the included participants received neurodevelopmental
evaluation at 18 to 24 months of corrected age. The results of the
risk-of-bias assessment using the Newcastle-Ottawa Scale are sum-
marized in Table S3 (available at www.aaojournal.org).

Severe Neurodevelopmental Impairment

Of the 8 studies included in the analysis, 5'***"* reported out-
comes related to sNDI, and the results of 1 study”' were available
by accessing the original dataset. Severe NDI risk did not differ
significantly between the IVB and control groups, with an
overall OR for sNDI of 1.39 (95% CI, 0.98—1.97; test for
overall effect: Z = 1.84, P = 0.07). No heterogeneity was
detected (7 = 4%), and the results remained true in both
subgroups: laser and nontreatment as the control (Fig 2). In the
sensitivity analysis, the ORs were similar after the result
accessed through the original dataset’’ had been removed (OR,
1.51 [95% CI, 0.98—2.30]) and when the fixed-effect model was
used (OR, 1.37 [95% CI, 0.99—1.89]).

Bayley Scales of Infant and Toddler
Development, Third Edition, Composition
Scores

In all of the 8 included studies, Bayley III composition scores at 18
to 24 months of corrected age were available; 3 studies'®***
reported the scores in means with SDs, 1 study> reported the
scores in means with standard errors, 1 study” reported the

. : - 19,2124
scores in medians and ranges, and 3 studies ° " reported the

scores in medians and interquartile ranges (full access to the
original data was possible in 1°' of these 3 studies). All analyses
were performed after the results had been converted to means
with SDs; the results are shown in Figure 3.

Cognitive Function. The mean cognitive scores of Bayley III
did not differ significantly between the IVB and control groups
(MD, —1.92 [95% CI, —4.73 to 0.88]). No evident heterogeneity
was observed (> = 0%). Similar results were found in both the
laser-controlled and no  treatment-controlled  subgroups
(MD, —1.69 [95% CI, —4.92 to 1.55] and —2.63 [95% CI, —8.24
to 2.99], respectively).

Language. No significant difference was observed in language
scores between the IVB and control groups (MD, —1.32 [95% CI,
—4.65 to 1.99]). No heterogeneity was detected (I2 = 0%). These
results did not differ significantly when IVB was compared with
laser treatment (MD, —1.38 [95% CI, —5.52 to 2.75]) or with
nontreatment (MD, —1.21 [95% CI, —6.74 to 4.32]).

Motor Function. A minor but significant difference was
observed in the motor scores of Bayley III between the IVB and
control groups (MD, —3.66 [95% CI, —6.79 to —0.54]). No het-
erogeneity was observed (> = 0%). A similar trend favoring the
control group was observed in both subgroups, but without sta-
tistical significance (control: laser treatment MD, —3.35 [95%
CI, —6.97 to 0.27]; no treatment MD, —4.60 [95% CI, —10.82 to
1.63)).

Sensitivity Analysis. The MDs were the same under fixed-
effect meta-analysis. We replaced the calculated means and SDs
from the original data of Chang et al*' with those converted from
medians and interquartile ranges and found no difference in the
results of the meta-analysis regarding cognitive function (—1.92
[95% CI, —4.73 to 0.88]), language (—1.29 [95% CI, —4.61 to
2.04]), or motor function (—3.65 [95% CI, —6.79 to —0.52).

Cerebral Palsy

Three studies'***** reported CP incidence in their original reports;

the numbers of CP infants were accessed through the original
dataset of another study.”' Cerebral palsy risk was similar in the
IVB and control groups (OR, 1.20 [95% CI, 0.56—2.55]; Fig 4).
No heterogeneity was detected between the two subgroups
P = 0%). In 1 study,l() the number of CP infants in the IVB
group was reported as “<5,” in accordance with the policy of
the journal in question; therefore, we inserted “O to 4” for the
sensitivity analysis and found no difference regarding the
conclusion; the results remained the same during the sensitivity
analysis when only published data were used and when the
fixed-effect model was applied.

Post hoc Analysis Based on Gestational Age,
Birth Weight, and Study Design

The results of post hoc subgroup analyses are summarized in
Table S4 (available at www.aaojournal.org). Three studies
included a GA limit in their inclusion criteria (GA <27
weeks*"* or <29 weeks'”). The average GA in the IVB group
was 25 weeks or less in 6 studies'® >"**"*° (range, 24.4—25.0
weeks), and these groups also had an average birth weight of 800 g
or less (range, 630—739 g); the other 2 studies'®** had an average
GA of more than 25 weeks (range, 26.4—27.3 weeks) and average
birth weight of more than 800 g (range, 833—1017 g) in the IVB
group. Only 1 of the enrolled studies was a prospective study.””
The risk of sNDI and CP and the average Bayley III scores in
each domain were similar between the IVB and control groups
in all subgroups, except for a significant difference in the motor
scores of Bayley Il in the retrospective studies'® "%~
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399 Records identified in databases
76 PubMed
181 EMBASE
142 Web of Science

4'( 153 Duplicate records excluded

246 Records screened ‘

220 Records excluded (Non-
English articles, reviews, or
irrelevant)

v

26 Relevant records assessed

15 Records excluded (meeting
abstract only or duplicate
studies)

11 Full-text articles assessed
for eligibility

1 Single arm study
2 Without outcomes of interest

v

8 Studies included in analysis

Figure 1. Flow diagram showing study selection for inclusion in the meta-
analysis.

(MD, —3.56 [95% CI, —7.00 to —0.13]), and this result was in line
with that of the original analysis. The results of the meta-analysis in
all outcomes of interest revealed no difference between the sub-
groups in any subgroup analysis.

Quality of the Evidence

Table 5 summarizes the results of the quality of the evidence
according to the Grades of Recommendation, Assessment,
Development, and Evaluation system. Generally, the quality of
evidence was rated as low (for sNDI and all Bayley III
composition scores) to very low (for CP) because only
observational studies were present during the literature search.
The quality of evidence for CP was downgraded because of the
small number of included studies and participants, leading to
concerns of imprecision.

Discussion

To the best of our knowledge, there has not been another
meta-analysis investigating the neurodevelopmental out-
comes of infants after IVB treatment. The results suggest
that IVB treatment did not significantly increase sNDI or CP
risk and that cognitive function and language performance at
approximately 2 years of corrected age were similar between
infants who had undergone IVB treatment and the corre-
sponding controls. A slightly more favorable Bayley III
motor score was noted in the control group compared with
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the IVB group; however, the clinical significance of this
difference of 3.7 between the motor scores remains unclear.

The systemic absorption and potential side effects of IVB
long have been major concerns between physicians favoring
IVB treatment and those favoring laser treatment.'”'” The
serum concentration of VEGF can be suppressed after a
single dose of IVB,”*"** and animal studies reported the
adverse effects of serum VEGF depletion on kidney and lung
development.33 3 Nevertheless, most related clinical studies
reported similar levels of risk of developmental impairment
between IVB treatment and control groups.'® #2254
Owing to their small sample size, the power of these
studies to detect differences between IVB and control
groups may be low."” The results of the current meta-
analysis, which analyzed more than 700 infants, supported
previous conclusions that IVB treatment does not increase the
risk of impairment. In addition, the low heterogeneity in our
analysis further strengthened the validity of our results.

However, the minor difference in the motor scores be-
tween the IVB and control groups raised some concerns.
Each composite score in Bayley III showed a mean of 100
and an SD of 15 based on the norm-referenced index,>® and
7.5 (half of the SD) frequently is used as a clinically
important difference.’®>’ Therefore, the aforementioned
difference of 3.7 in the current meta-analysis may not be
clinically significant. Nonetheless, Morin et al'’ reported a
relatively low motor score and a relatively high rate of
sNDI; those researchers suspected that a delay in motor
function is the first manifestation of disturbed cerebral
development. The role of VEGF during brain
development, including the migration of neural
progenitors and vascular development, has been reported
in previous studies.” "’ In addition, neurogenesis may
continue in extremely preterm babies*'; therefore, the brain
may be vulnerable to changes in the VEGF level. However,
an in vivo study found no changes in VEGF or VEGF
receptor expression in the brains of rat pups, although
VEGF had been suppressed systemically for 14 days.”
Further research is required to elucidate the precise role of
anti-VEGF therapy on preterm brain development.
Another possible reason for the inferior motor function re-
ported in the study by Morin et al'* may be the imbalance of
baseline conditions between IVB-treated and laser-treated
preterm infants.*>

Neurodevelopmental impairment occurs in 7% of all
survived preterm infants'* and generally includes CP, visual
and hearing loss, and developmental delay,”** with the
delay being evaluated through clinical tests such as
Bayley M. Furthermore, in these preterm infants, the
developments of ROP and NDI share common risk
factors, including low GA and birth weight.***® The inci-
dence of NDI increased from 5% among infants born at 32
to 36 weeks’ GA to 24.5% among those born at 28 to 31
weeks’ GA, and further to 52% among those born before 28
weeks” GA (extremely preterm).'” These extremely preterm
infants also are at higher risk of aggressive posterior ROP
and zone 1 ROP developing,'” and therefore are more
likely to receive IVB therapy, a treatment that is
considered to have ocular benefits in treating aggressive
posterior ROP and zone 1 ROP.® Given the differences in



188

Table 2. Characteristics of Comparative Studies Regarding the Neurodevelopmental Outcomes of Infants with Retinopathy of Prematurity Who Underwent Bevacizumab Treatment

Intravitreal Bevacizumab Age at Most
Recent
Intravitreal Method(s) for Neurodevelopmental
Gestational Birth Bevacizumab Neurodevelopmental Impairment
Source Country Study Population Age (wks)  Weight (g9  Dose (mg) Treatment(s) Control(s) Impairment Evaluation Evaluation
Studies included in the final analysis
Araz-Ersan et al,'® 2015 Turkey Preterm infants treated 273 1017 NA IVB + laser Laser BSID-III 2 yrs
with IVB and matched
controls
Morin et al,'? 2016 Canada Preterm infants (GA < 29 24.9 739 NA IVB Laser BSID-III, GMFCS 18 mos
wks) with treated ROP
Kennedy et al,’® 2018 United States Participants of BEAT- 25.0 678 0.625 IVB Laser BSID-III, GMFCS More than 18 mos
ROP trial in a single (median, 21.2 and
center (GA < 27 wks) 19.1 mos)
Chang et al.,’! 2019 Taiwan Screened preterm infants 24.5 653 0.625 IVB ROP wjfo treatment ~ BSID-II or BSID-III 2 yrs
with ROP
Fan et al,”* 2019 Taiwan Screened preterm infants 26.4 833 0.625 IVB I. ROPwjo  BSID-III 1-3 yrs (mean, 1.49
treatment' yrs)
2. No ROP
Natarajan et al,”’ 2019 United States Extremely preterm infants 24.4 630 NA IVB Laser and/or BSID-III, GMFCS 18—22 mos or 22—26
(GA < 27 wks) with cryotherapy mos (median, 23
ROP mos)
Raghuram et al,”* 2019 Canada Preterm infants treated for 24.4 722 0.625 IVB Laser BSID-III/ASQ, GMFCS 18—24 mos
ROP
Rodriguez et al,”> 2019 United States Preterm infants treated for 24.7 665 NA IVB (+ deferred laser) Laser BSID-1II, GMA 2 yrs
ROP
Studies excluded from the final analysis
Lien et al,'® 2016 Taiwan ELBW infants treated for 25.0 750 0.625 1. IVB only Laser BSID-II 24 mos
ROP 2. 1VB + laser
Chen et al,'” 2018 United States Preterm infants treated for 25.0 622 0.625 IVB Laser BSID-I1I, Capute scales Mean, 20.4 mos

ROP

ASQ = Ages and Stages Questionnaire; BEAT-ROP = Bevacizumab Eliminates the Angiogenic Threat of Retinopathy of Prematurity; BSID = Bayley Scales of Infant and Toddler Development;
ELBW = extremely low birth weight; GA = gestational age; GMA = General Movement Assessment; GMFCS = Gross Motor Function Classification System; IVB = intravitreal bevacizumab; NA = not
available; ROP = retinopathy of prematurity; w/o = without.

*The mean GA and mean BW of the IVB group are presented. Two studies” "

Wan et al.”®

"Only ROP patients who had not received treatment were included in the meta-analysis as controls; screened preterm infants without ROP were excluded.

> reported the median and interquartile ranges, and the results have been converted to means based on the method proposed by
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Bevacizumab Control Odds Ratio Odds Ratio

Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bevacizumab vs. laser
Morin et al-*2016 14 27 28 98 15.4% 2.69[1.12, 6.44] —
Natarajan et al 2019 67 155 84 210 57.6% 1.14[0.75, 1.74] &+
Raghuram et al**2019 19 34 130 1.7% 2.19[0.80, 5.98] T
Rodriguez et al*2019 6 13 5 9 42% 0.69[0.12, 3.78] I B
Subtotal (95% Cl) 229 347 88.9% 1.52 [0.91, 2.54] .
Total events 106 128

Heterogeneity: Tau? = 0.09; Chi? = 4.48, df =3 (P = 0.21); I?=33%
Test for overall effect: Z=1.60 (P = 0.11)

Bevacizumab vs. no treatment

Chang et al"2019 4 13 17 51 7.0%
Fan etal’’2019 5 38 2 3 41%
Subtotal (95% Cl) 51 82 11.1%
Total events 9 19

Heterogeneity: Tau? = 0.00; Chi*=0.68, df =1 (P = 0.41); I*= 0%
Test for overall effect: Z=0.41 (P = 0.68)

Total (95% Cl) 280 429 100.0%
Total events 115 147

Heterogeneity: Tau? = 0.01; Chi?=5.19, df =5 (P = 0.39); I =4%
Test for overall effect: Z =1.84 (P = 0.07)

Test for subgroup differences: Chiz=0.12, df =1 (P =0.73), *=0%

0.89[0.24, 3.31] . E—
2.200.40, 12.20] — =
1.24 [0.44, 3.52] N
1.39[0.98, 1.97] >
0.01 0.1 1 10 100

Favors Bevacizumab  Favors Control

Figure 2. Odds ratio for severe neurodevelopmental impairment in infants treated with intravitreal bevacizumab compared with control participants.
Control groups included infants with retinopathy of prematurity (ROP) treated with laser and ROP infants without treatment. CI = confidence interval;

M-H = Mantel-Haenszel.

the incidence of NDI and severity of ROP in infants born
with varying degrees of prematurity, as well as their
different degrees of organ maturation, GA and birth
weight should be included as potential confounding
factors when evaluating the developmental outcomes in
infants who have undergone IVB treatments. The variation
in patient populations among included studies, such as
including only patients with small GA'??%%% or including
all patients with treated ROP,”'**** may lead to a
difference in average GA or birth weight. Nonetheless, we
found no difference in any of the subgroup comparisons
stratified based on the aforementioned differences. The
results of the post hoc subgroup analysis might be
confounded by the potential overlap of GA and birth
weight in the IVB group among different studies, thus
causing misclassification bias. This was supported by the
fact that 3 studies”'>**° that enrolled all treated patients
had similar average GA and birth weight in the IVB
group compared with the 3 studies'®””*’ that included
only infants with low GA. However, most studies
included in our meta-analysis did not report subgroup re-
sults based on GA or birth weight. In addition, we did not
have full access to the original data of all studies, thus
impeding us from concluding definitively whether the effect
of IVB on the developmental outcomes was correlated with
GA and birth weight. Further studies are required to clarify
if IVB has different effects on infants born with varying
degrees of immaturity.

One major concern in all the analyzed studies is selection
bias. Only in 1 study™ were the two treatments, IVB or
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laser, assigned randomly. In the study by Morin et al,'’
the infants who received IVB showed relatively poor
Score for Neonatal Acute Physiology, second generation
(SNAP-II) scores; these scores indicated more severe
systemic illness at birth. Another study that reported
inferior outcomes in its IVB group observed lower birth
weight as well as prolonged ventilatory and oxygen
support in infants who had undergone IVB treatment.”
Even in studies that reported no differences in
neurodevelopmental outcomes, IVB often was assigned to
patients whose conditions were relatively severe and who
were unable to tolerate long-term general anesthesia or
sedation for laser treatment.>* In addition, the two
studies”"* that compared ROP infants with and without
treatment had clear baseline differences in terms of GA,
birth weight, and period of respiratory support, all of
which are factors associated with an increased risk of
NDL*#6 However, these baseline differences, which
favored the control group, did not result in an increased risk
of sNDI in the IVB group in our analysis; this finding
further supports that IVB treatment does not significantly
affect the outcomes of sNDI.

Another limitation of the present study is the small
number of analyzed studies. We observed no publication
bias among the 8 included studies (Fig S5, available at
www.aaojournal.org). Two comparative studies were
identified but were excluded from our analysis owing to a
lack of detailed data on outcomes of interest'” and
because they had used an older version of the Bayley
scales (the second edition) for outcome evaluations.'®
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Figure 3. Mean differences in multiple domains of Bayley Scales of Infant and Toddler Development, Third Edition, scores between infants treated with
intravitreal bevacizumab and control participants. Control groups included infants with retinopathy of prematurity (ROP) treated with laser and ROP
infants without treatment. A, Mean difference in cognitive function scores. B, Mean difference in language scores. C, Mean difference in motor scores.
CI = confidence interval; IV = inverse variance; SD = standard deviation.
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Figure 4. Odds ratio for cerebral palsy in infants treated with intravitreal bevacizumab compared with control participants. Control groups included infants
with retinopathy of prematurity (ROP) treated with laser and ROP infants without treatment. CI = confidence interval; M-H = Mantel-Haenszel.

Nevertheless, those two studies both revealed no differences
in developmental outcomes between laser- and IVB-treated
infants. Another study that reported the 5-year outcomes of
13 IVB-treated patients without a control group found only
1 infant with neurodevelopmental delay; however, this
finding might have resulted from pre-existing pulmonary
dysplasia or intraventricular hemorrhage.'” In addition,
during our literature search, we found 6 unpublished
meeting  abstracts’’ 7 that reported on neuro-
developmental outcomes after IVB. All 6, which were re-
ports of comparative studies, observed no differences in
neurodevelopmental outcomes between the IVB and control
groups. Although it was not included in the current analysis,
all the aforementioned evidence is likely to support our
conclusion.

The results of Grades of Recommendation, Assessment,
Development, and Evaluation in our study suggested a
generally low quality of evidence from current literature,
likely because of the inclusion of only observational studies
and no RCTs. The study by Kennedy et al,”’ which included
11% (16 of 150) of the infants enrolled in the BEAT-ROP
study, was considered to have the lowest risk of bias
among all included studies; however, it had too few patients
to have a major impact on the results of the meta-analysis.
Although their results of Bayley III composition scores
and incidence of CP were in line with our findings, their
study did not report on the incidence of either NDI or sNDI.
Although the other included studies generally had a low risk
of bias (7 to 9 stars in the Newcastle-Ottawa Scale;
Table S3), they also had limitations, including potential bias
in the selection and representativeness of the cohort,'gfzo
comparability between the study and control groups,”'-**
and adequacy of follow-up.'®?** A properly designed
RCT can minimize the aforementioned biases and
strengthen the quality of evidence. Using randomly
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assigned treatment groups and a long-term follow-up with
complete neurodevelopmental evaluation performed by pe-
diatricians blinded to the assigned treatment can provide
high-quality evidence. Therefore, to confirm our findings,
we recommend a follow-up study of the participants in the
BEAT-ROP trial’ or a new RCT to address
neurodevelopmental outcomes in preterm infants with
ROP who received IVB treatment.

The present study has several other limitations. First, the
definition of sNDI differed slightly among the analyzed
studies; specifically, the presence of visual impairment and CP
incidence were not included consistently as a criterion of sSNDI.
This factor also may explain the major differences in sNDI
incidence in the analyzed studies. Second, 4 of the included
studies'™'****> did not report bevacizumab dosage. The
suppression of systemic VEGF by IVB was reported to be
dose dependent.” 932 1n addition, several studies®> > found
that low concentrations of IVB were still effective for treating
ROP. Hence, the effect of IVB on neurodevelopment may
differ from that observed in our study if the dosage is lowered.
Studying long-term neurodevelopmental outcomes of infants
treated with varying concentrations of IVB could provide
valuable information regarding its dose-dependent effect on
ND], leading to stronger evidence. Third, other anti-VEGF
drugs, including ranibizumab®® and aflibercept,”’ also are
effective in treating type 1 ROP. The results from a recent
RCT, the Ranibizumab Compared with Laser Therapy for
the Treatment of Infants Born Prematurely with Retinopathy
of Prematurity study,”® suggested that 0.2 mg ranibizumab
may be superior to laser therapy in treating ROP, along with
limited systemic VEGF suppression. These findings, as well
as those of the ongoing Aflibercept for Retinopathy of
Prematurity—Intravitreal Injection versus Laser Therapy and
Intravitreal Aflibercept Compared to Laser Photocoagulation
in Patients with Retinopathy of Prematurity studies, may
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Table 5. Quality of Evidence and Summary of Findings

Quality (Grades
of Recommendation,

Relative Effect Best Estimate Assessment,
No. of Participants Publication  (95% Confidence  of Non—lntravitreal Absolute Effect (95% Development,
(Studies) Study Limitations* Consistency  Directness Precision Bias Interval) Bevacizumab Group' Confidence Interval) and Evaluation)’
Severe NDI
709 (6) Only observational No important Direct No important Unlikely OR, 1.39 (0.98—1.97) 343 per 1000 77 more per 1000 o000
studies inconsistency imprecision (from 5 fewer to 164 Low
more) in the IVB
group
Bayley-III, Cognitive
737 (8) Only observational No important Direct No important Unlikely NA 85.46 The cognitive score o000
studies inconsistency imprecision was 1.92 points worse Low

(4.73 worse to 0.88
better) in the IVB

group
Bayley-1II, Language
727 (8) Only observational No important Direct No important Unlikely NA 82.15 The language score o000
studies inconsistency imprecision was 1.32 points worse Low

(4.63 worse to 1.99
better) in the IVB

group
Bayley-III, Motor
725 (8) Only observational No important Direct No important Unlikely NA 80.86 The motor score was o000
studies inconsistency imprecision 3.66 points worse Low

(6.79—0.54 worse) in
the IVB group
Cerebral palsy

309 (4) Only observational No important Direct  Imprecision (—1)° Unlikely OR, 1.20 (0.56—2.55) 130 per 1000 22 more per 1000 100
studies inconsistency (from 53 fewer to 146 Very low
more) in the IVB
group

IVB = intravitreal bevacizumab; NA = not applicable; NDI = neurodevelopmental impairment; OR = odds ratio.

*QObservational studies start with low quality in the Grades of Recommendation, Assessment, Development, and Evaluation system.

Includes laser-treated patients and patients with retinopathy of prematurity, but without treatment.

FGrades of Recommendation, Assessment, Development, and Evaluation system was applied according to Guyatt et al.”’

$The relatively small number of included patients and the events led to imprecision in the outcome of cerebral palsy and a 1-step downgrade in Grades of Recommendation, Assessment, Development, and
Evaluation.
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change the drug of choice for ROP when anti-VEGF therapy is
indicated. However, the effects of these drugs on systemic
VEGEF suppression differ from those of bevacizumab, ~* and
their effect on long-term development remains unknown.
Several ongoing trials are evaluating the long-term neuro-
developmental outcomes after anti-VEGF treatment in patients
with ROP, including infants receiving ranibizumab
(Comparing Alternative Ranibizumab Dosages for Safety and
Efficacy in Retinopathy of Prematurity [clinicaltrials.gov
identifier, NCT02134457], Rainbow Extension Study
[clinicaltrials.gov identifier, NCT02640664]) and aflibercept
(extension study of Aflibercept for Retinopathy of
Prematurity—Intravitreal Injection Versus Laser Therapy
[clinicaltrials.gov identifier, NCT04015180] and extension
study of Intravitreal Aflibercept Compared to Laser Photoco-
agulation in Patients with Retinopathy of Prematurity
[clinicaltrials.gov identifier, NCTO04515524]) treatments.
These forthcoming results in the next few years may help us to
understand better the effects of systemic VEGF suppression on
the neurodevelopmental outcomes in prematurity.

In conclusion, our results suggest that in ROP patients,
IVB treatment does not significantly increase the risks of
sNDI and CP and results in similar cognitive and lan-
guage performance as that of control participants. A

Footnotes and Disclosures

minor difference in the motor scores of Bayley III after
IVB treatment was noted; however, the clinical signifi-
cance of this difference is unclear. In addition, the overall
quality of evidence was low because of the lack of results
from RCTs. Intravitreal bevacizumab appeals to ocular
benefits and could be used as an alternative first-line
treatment for selective conditions in ROP, and our find-
ings indicate that sNDI is not likely a result of IVB and
that therapeutic equipoise exists. Thus, the setting is
appropriate to conduct an RCT. Therefore, we suggest
that the long-term developmental outcomes of the BEAT-
ROP study be evaluated and that further RCTs are
required to better understand the systemic safety of IVB
in treating ROP. Finally, we suggest that until high-
quality evidence has been established, clinicians care-
fully should weigh the benefits and risks of IVB treatment
before treating infants with ROP.

Acknowledgments

The authors thank the Center of Statistical Consultation and
Research, Department of Medical Research, National Taiwan
University Hospital, for statistical assistance, and Dr. Wei-Chi Wu,
Dr. Yuan-Yao Fan, and Dr. Bilge Araz-Ersan for providing their
original data.

Originally received: May 10, 2020.

Final revision: October 1, 2020.

Accepted: November 9, 2020.

Available online: November 16, 2020. Manuscript no. D-20-01263.
! Department of Ophthalmology, Fu Jen Catholic University Hospital, Fu
Jen Catholic University, New Taipei City, Taiwan.

2 School of Medicine, College of Medicine, Fu Jen Catholic University,
New Taipei City, Taiwan.

3 Department of Ophthalmology, National Taiwan University Hospital,
Taipei, Taiwan.

“ Department of Pediatrics, National Taiwan University Hospital, Taipei,
Taiwan.

5 Research Center for Developmental Biology & Regenerative Medicine,
National Taiwan University, Taipei, Taiwan.

S Center for Neuropsychiatric Research, National Health Research In-
stitutes, Miaoli, Taiwan.

" Department of Pediatrics, National Cheng Kung University Hospital,
Tainan, Taiwan.

8 Graduate Institute of Clinical Medicine, College of Medicine, National
Taiwan University, Taipei, Taiwan.

Disclosure(s):

All authors have completed and submitted the ICMJE disclosures form. The
author(s) have no proprietary or commercial interest in any materials dis-
cussed in this article.

HUMAN SUBJECTS: Human subjects were included in this study. All
research adhered to the tenets of the Declaration of Helsinki. The institu-
tional review board of the National Taiwan University Hospital exempted

886

the current study from review. The requirement for informed consent was
waived because of the retrospective nature of the study.

No animal subjects were included in this study.

Author Contributions:

Conception and design: Tsai, Chung, Lai

Analysis and interpretation: Tsai, Yeh, Tsao, Chung, Lai
Data collection: Tsai, Yeh, Tsao, Chang, Lai

Obtained funding: N/A

Overall responsibility: Tsai, Yeh, Tsao, Chung, Chang, Lai

Abbreviations and Acronyms:

Bayley III = Bayley Scales of Infant and Toddler Development, Third
Edition; BEAT-ROP = Bevacizumab Eliminates the Angiogenic Threat of
ROP; CI = confidence interval; CP = cerebral palsy; GA = gestational
age; IVB = intravitreal bevacizumab; MD = mean difference;
NDI = neurodevelopmental impairment; OR = odds ratio;
RCT = randomized controlled trial; ROP = retinopathy of prematurity;
SD = standard deviation; SNAP-II = Score for Neonatal Acute Physi-
ology, second generation; SNDI = severe neurodevelopmental impairment;
VEGF = vascular endothelial growth factor.

Key Words:
Retinopathy of prematurity, neurodevelopmental impairment, bevacizumab,
vascular endothelial growth factor, Meta-Analysis.

Correspondence:

Tso-Ting Lai, MD, Department of Ophthalmology, National Taiwan Uni-
versity Hospital, No 7, Chung-Shan S. Road, Taipei, 100, Taiwan. E-mail:
b91401005 @ntu.edu.tw.


http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
mailto:b91401005@ntu.edu.tw

Tsai et al - Neurodevelopmental Outcomes after IVB for ROP

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Blencowe H, Lawn JE, Vazquez T, et al. Preterm-associated

visual impairment and estimates of retinopathy of prematurity
at regional and global levels for 2010. Pediatr Res. 2013;74:
35—49.

. Gilbert C, Malik ANJ, Nahar N, et al. Epidemiology of ROP

update—Africa is the new frontier. Semin Perinatol. 2019;43:
317—-322.

. Ludwig CA, Chen TA, Hernandez-Boussard T, et al. The

epidemiology of retinopathy of prematurity in the United
States. Ophthalmic Surg Lasers Imaging Retina. 2017;48:
553—562.

. Early Treatment for Retinopathy of Prematurity Cooperative

Group. Revised indications for the treatment of retinopathy of
prematurity: results of the Early Treatment for Retinopathy of
Prematurity Randomized Trial. Arch Ophthalmol. 2003;121:
1684—1694.

. Mintz-Hittner HA, Kennedy KA, Chuang AZ, Group B-RC.

Efficacy of intravitreal bevacizumab for stage 3+ retinopathy
of prematurity. N Engl J Med. 2011;364:603—615.

. Sankar MJ, Sankar J, Chandra P. Anti-vascular endothelial

growth factor (VEGF) drugs for treatment of retinopathy of
prematurity. Cochrane Database Syst Rev. 2018;1:
CD009734.

. Vogel RN, Strampe M, Fagbemi OE, et al. Foveal develop-

ment in infants treated with bevacizumab or laser photocoag-
ulation for retinopathy of prematurity. Ophthalmology.
2018;125:444—452.

. VanderVeen DK, Melia M, Yang MB, et al. Anti-vascular

endothelial growth factor therapy for primary treatment of type
1 retinopathy of prematurity: a report by the American
Academy of Ophthalmology. Ophthalmology. 2017;124:
619—633.

. Wu WC, Shih CP, Lien R, et al. Serum vascular endothelial

growth factor after bevacizumab or ranibizumab treatment for
retinopathy of prematurity. Retina. 2017;37:694—701.

Haigh JJ. Role of VEGF in organogenesis. Organogenesis.
2008;4:247—256.

Vieira JM, Ruhrberg C, Schwarz Q. VEGF receptor signaling
in vertebrate development. Organogenesis. 2010;6:97—106.
Darlow BA, Ells AL, Gilbert CE, et al. Are we there yet?
Bevacizumab therapy for retinopathy of prematurity. Arch Dis
Child Fetal Neonatal Ed. 2013;98:F170—F174.

Quinn GE, Darlow BA. Concerns for development after
bevacizumab treatment of ROP. Pediatrics. 2016;137:
€20160057.

Blencowe H, Lee AC, Cousens S, et al. Preterm birth-
associated neurodevelopmental impairment estimates at
regional and global levels for 2010. Pediatr Res. 2013;74:
17—34.

Martinez-Castellanos MA, Schwartz S, Hernandez-Rojas ML,
et al. Long-term effect of antiangiogenic therapy for retinop-
athy of prematurity up to 5 years of follow-up. Retina.
2013;33:329—338.

Lien R, Yu MH, Hsu KH, et al. Neurodevelopmental out-
comes in infants with retinopathy of prematurity and bev-
acizumab treatment. PloS One. 2016;11:e0148019.

Chen TA, Schachar IH, Moshfeghi DM. Outcomes of intra-
vitreal bevacizumab and diode laser photocoagulation for
treatment-warranted retinopathy of prematurity. Ophthalmic
Surg Lasers Imaging Retina. 2018;49:126—131.

Araz-Ersan B, Kir N, Tuncer S, et al. Preliminary anatomical
and neurodevelopmental outcomes of intravitreal bevacizumab

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

as adjunctive treatment for retinopathy of prematurity. Curr
Eye Res. 2015;40:585—591.

Morin J, Luu TM, Superstein R, et al. Neurodevelopmental
outcomes following bevacizumab injections for retinopathy of
prematurity. Pediatrics. 2016;137:e20153218.

Kennedy KA, Mintz-Hittner HA, Group B-RC. Medical and
developmental outcomes of bevacizumab versus laser for
retinopathy of prematurity. J AAPOS. 2018;22:61—65. e61.
Chang YS, Chen YT, Lai TT, et al. Involution of retinopathy
of prematurity and neurodevelopmental outcomes after intra-
vitreal bevacizumab treatment. PloS One. 2019;14:¢0223972.
Fan YY, Huang YS, Huang CY, et al. Neurodevelopmental
outcomes after intravitreal bevacizumab therapy for retinop-

athy of prematurity: a prospective case-control study.
Ophthalmology. 2019;126:1567—1577.
Natarajan G, Shankaran S, Nolen TL, et al. Neuro-

developmental outcomes of preterm infants with retinopathy of
prematurity by treatment. Pediatrics. 2019;144:¢20183537.
Raghuram K, Isaac M, Yang J, et al. Neurodevelopmental
outcomes in infants treated with intravitreal bevacizumab
versus laser. J Perinatol. 2019;39:1300—1308.

Rodriguez SH, Peyton C, Lewis K, et al. Neurodevelopmental
outcomes comparing bevacizumab to laser for type 1 ROP.
Ophthalmic Surg Lasers Imaging Retina. 2019;50:337—343.
Bayley N. Bayley Scales of Infant and Toddler Development.
San Antonio, TX: PsychCorp, Pearson; 2006.

Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa
scale (NOS) for assessing the quality of nonrandomised studies
in meta-analyses. http://www.ohri.ca/programs/clinical_epidemi-
ology/oxford.asp. Accessed 12.03.20.

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean
and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med Res Methodol. 2014;14:
135.

Guyatt GH, Oxman AD, Schunemann HJ, et al. GRADE
guidelines: a new series of articles in the Journal of Clinical
Epidemiology. J Clin Epidemiol. 2011;64:380—382.

Kong L, Bhatt AR, Demny AB, et al. Pharmacokinetics of
bevacizumab and its effects on serum VEGF and IGF-1 in
infants with retinopathy of prematurity. Invest Ophthalmol Vis
Sci. 2015;56:956—961.

Wu WC, Lien R, Liao PJ, et al. Serum levels of vascular
endothelial growth factor and related factors after intravitreous
bevacizumab injection for retinopathy of prematurity. JAMA
Ophthalmol. 2015;133:391—-397.

Sato T, Wada K, Arahori H, et al. Serum concentrations of
bevacizumab (Avastin) and vascular endothelial growth factor
in infants with retinopathy of prematurity. Am J Ophthalmol.
2012;153:327—333. e321.

Le Cras TD, Markham NE, Tuder RM, et al. Treatment of
newborn rats with a VEGF receptor inhibitor causes pulmo-
nary hypertension and abnormal lung structure. Am J Physiol
Lung Cell Mol Physiol. 2002;283:1.555—1562.

Eremina V, Jefferson JA, Kowalewska J, et al. VEGF inhibi-
tion and renal thrombotic microangiopathy. N Engl J Med.
2008;358:1129—1136.

Khalili S, Shifrin Y, Pan J, et al. The effect of a single anti-
vascular endothelial growth factor injection on neonatal
growth and organ development: in-vivo study. Exp Eye Res.
2018;169:54—59.

Albers CA, Grieve Al. Test review: Bayley, N. (2006). Bayley
Scales of Infant and Toddler Development—Third Edition. San

887


http://refhub.elsevier.com/S0161-6420(20)31076-9/sref1
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref1
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref1
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref1
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref1
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref2
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref2
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref2
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref2
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref2
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref3
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref3
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref3
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref3
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref3
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref4
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref4
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref4
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref4
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref4
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref4
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref5
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref5
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref5
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref5
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref5
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref6
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref6
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref6
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref6
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref7
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref7
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref7
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref7
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref7
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref8
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref8
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref8
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref8
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref8
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref8
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref9
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref9
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref9
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref9
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref10
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref10
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref10
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref11
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref11
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref11
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref12
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref12
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref12
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref12
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref13
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref13
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref13
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref14
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref14
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref14
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref14
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref14
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref15
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref15
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref15
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref15
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref15
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref16
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref16
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref16
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref17
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref17
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref17
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref17
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref17
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref18
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref18
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref18
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref18
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref18
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref19
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref19
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref19
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref20
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref20
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref20
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref20
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref21
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref21
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref21
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref22
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref22
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref22
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref22
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref22
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref23
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref23
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref23
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref24
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref24
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref24
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref24
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref25
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref25
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref25
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref25
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref26
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref26
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref28
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref28
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref28
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref28
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref29
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref29
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref29
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref29
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref30
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref30
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref30
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref30
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref30
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref31
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref31
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref31
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref31
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref31
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref32
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref32
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref32
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref32
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref32
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref33
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref33
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref33
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref33
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref33
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref34
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref34
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref34
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref34
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref35
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref35
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref35
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref35
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref35
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref36
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref36
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref36

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Ophthalmology Volume 128, Number 6, June 2021

Antonio, TX: Harcourt Assessment. J Psychoeduc Assess.
2016;25:180—190.

van Kempen A, Eskes PF, Nuytemans D, et al. Lower versus
traditional treatment threshold for neonatal hypoglycemia.
N Engl J Med. 2020;382:534—544.

Breier G, Albrecht U, Sterrer S, Risau W. Expression of
vascular endothelial growth factor during embryonic angio-
genesis and endothelial cell differentiation. Development.
1992;114:521-532.

Jin K, Zhu Y, Sun Y, et al. Vascular endothelial growth factor
(VEGF) stimulates neurogenesis in vitro and in vivo. Proc
Natl Acad Sci U S A. 2002;99:11946—11950.

Zhang H, Vutskits L, Pepper MS, Kiss JZ. VEGF is a che-
moattractant for FGF-2-stimulated neural progenitors. J Cell
Biol. 2003;163:1375—1384.

Malik S, Vinukonda G, Vose LR, et al. Neurogenesis con-
tinues in the third trimester of pregnancy and is suppressed by
premature birth. J Neurosci. 2013;33:411—423.

Blair MP, Shapiro MJ. Ad Hoc Group Concerning Neuro-
development and anti-VEGF. Re: Good: Bevacizumab for
retinopathy of prematurity: treatment when pathology is
embedded in a normally developing vascular system
(Ophthalmology.  2016;123:1843—1844.  Ophthalmology.
2017;124:e74—¢75.

Burnett AC, Cheong JLY, Doyle LW. Biological and social
influences on the neurodevelopmental outcomes of preterm
infants. Clin Perinatol. 2018;45:485—500.

Bickle Graz M, Tolsa JF, Fischer Fumeaux CJ. Being small for
gestational age: does it matter for the neurodevelopment of
premature infants? A cohort study. PloS One. 2015;10:
e0125769.

Jarjour IT. Neurodevelopmental outcome after extreme pre-
maturity: a review of the literature. Pediatr Neurol. 2015;52:
143—152.

Rogers EE, Hintz SR. Early neurodevelopmental outcomes of
extremely preterm infants. Semin Perinatol. 2016;40:497—509.
Shipp K, Deacon B, Huff L, et al. Developmental effects of
bevacizumab treatment for retinopathy of prematurity. Dev
Med Child Neurol. 2014;56:96.

Li AL, Rahman EZ, Voigt RG, et al. Long-term vision and
neurodevelopmental outcomes in laser and bevacizumab-treated

888

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

infants with retinopathy of prematurity. Invest Ophthalmol Vis
Sci. 2015;56:4321.

Varendi H, Kannukene A, Jiiri P. Follow-up of children with
treated retinopathy of prematurity (ROP). J Perinat Med.
2017;10:228.

Littlejohn M, Kong L, Demney A, et al. Long-term growth and
systemic outcomes in laser and bevacizumab-treated infants
with retinopathy of prematurity. Invest Ophthalmol Vis Sci.
2018;59:3764.

Ahmed K, Ali A, Delwadia N, Greven M. Outcomes of
intravitreal bevacizumab and laser photocoagulation for treat-
ment of retinopathy of prematurity. Invest Ophthalmol Vis Sci.
2019;60:6535.

Barbeau LDY, Agarwal S. Does the newer anti-VEGF therapy
impact neurodevelopmental outcomes more than conventional
laser therapy in infants treated for retinopathy of prematurity?
J AAPOS. 2019;23:e18—e¢l9.

Wallace DK, Kraker RT, Freedman SF, et al. Assessment of
lower doses of intravitreous bevacizumab for retinopathy of
prematurity: a phase 1 dosing study. JAMA Ophthalmol.
2017;135:654—656.

Hillier RJ, Connor AJ, Shafiq AE. Ultra-low-dose intravitreal
bevacizumab for the treatment of retinopathy of prematurity: a
case series. Br J Ophthalmol. 2018;102:260—264.

Wallace DK, Dean TW, Hartnett ME, et al. A dosing study of
bevacizumab for retinopathy of prematurity: late recurrences
and additional treatments. Ophthalmology. 2018;125:
1961—1966.

Stahl A, Lepore D, Fielder A, et al. Ranibizumab versus laser
therapy for the treatment of very low birthweight infants with
retinopathy of prematurity (RAINBOW): an open-label rand-
omised controlled trial. Lancet. 2019;394:1551—1559.

Chen YT, Liu L, Lai CC, et al. Anatomical and functional
results of intravitreal aflibercept monotherapy for type 1 reti-
nopathy of prematurity: one-year outcomes. Retina. 2020;40:
2366—2372.

Huang CY, Lien R, Wang NK, et al. Changes in systemic
vascular endothelial growth factor levels after intravitreal
injection of aflibercept in infants with retinopathy of pre-
maturity. Graefes Arch Clin Exp Ophthalmol. 2018;256:
479—487.


http://refhub.elsevier.com/S0161-6420(20)31076-9/sref36
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref36
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref36
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref37
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref37
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref37
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref37
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref38
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref38
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref38
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref38
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref38
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref39
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref39
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref39
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref39
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref40
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref40
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref40
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref40
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref41
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref41
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref41
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref41
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref42
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref42
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref42
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref42
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref42
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref42
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref42
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref42
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref43
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref43
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref43
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref43
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref44
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref44
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref44
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref44
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref45
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref45
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref45
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref45
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref46
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref46
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref46
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref47
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref47
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref47
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref48
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref48
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref48
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref48
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref49
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref49
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref49
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref50
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref50
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref50
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref50
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref51
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref51
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref51
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref51
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref52
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref52
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref52
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref52
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref52
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref53
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref53
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref53
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref53
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref53
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref54
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref54
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref54
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref54
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref55
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref55
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref55
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref55
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref55
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref56
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref56
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref56
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref56
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref56
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref57
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref57
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref57
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref57
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref57
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref58
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref58
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref58
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref58
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref58
http://refhub.elsevier.com/S0161-6420(20)31076-9/sref58

	Neurodevelopmental Outcomes after Bevacizumab Treatment for Retinopathy of Prematurity
	Methods
	Eligibility Criteria for Considering Studies for This Review
	Search Methods for Identifying Studies
	Study Selection
	Data Collection and Risk-of-Bias Assessment
	Data Synthesis and Analysis

	Results
	Study Characteristics and Risk-of-Bias Assessment
	Severe Neurodevelopmental Impairment
	Bayley Scales of Infant and Toddler Development, Third Edition, Composition Scores
	Cognitive Function
	Language
	Motor Function
	Sensitivity Analysis

	Cerebral Palsy
	Post hoc Analysis Based on Gestational Age, Birth Weight, and Study Design
	Quality of the Evidence

	Discussion
	Acknowledgments
	References


