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Abstract

Background—Infants with stage 3+ retinopathy of prematurity (ROP) in zone I or zone II 

posterior were randomized to initial treatment with bevacizumab or laser in a multicenter trial 

(BEAT-ROP). The purpose of this study was to assess the effects of bevacizumab on 

nonophthalmologic outcomes.

Methods—At one study site, inborn infants of <27 weeks’ gestational age underwent medical 

and standardized neurologic and developmental assessments at 18–22 months’ corrected age (age 

after expected date of full-term delivery).

Results—Of the 18 infants enrolled at our site, 16 (7 bevacizumab, 9 laser) were evaluated for 

medical and neurodevelopmental outcomes at 18–28 months’ corrected age. For each of the 

groups, the medians and ranges of growth percentiles were low compared with norms for healthy 

infants. The ranges for Bayley III developmental scores were also low relative to expected norms 

for healthy infants. There were no significant differences between the bevacizumab and laser 

therapy groups in weight (median percentile: bevacizumab, 18; laser, 7), length, head 

circumference, cerebral palsy, or Bayley scores (median Cognitive Composite Score: 

bevacizumab, 85; laser, 65). There was a significant difference in length of hospital stay (median 

days, 98 vs 140 days) favoring the bevacizumab group.

Conclusions—In this patient cohort 2-year follow-up evaluation of infants treated with 

bevacizumab versus laser therapy for retinopathy of prematurity showed no adverse effects on 

medical or neurodevelopmental outcomes.

Cryotherapy became established as routine treatment for retinopathy of prematurity (ROP) 

in the 1980s and was effectively replaced by laser treatment in the 1990s.1–4 Although 
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ablative therapy has been shown in a multicenter randomized trial to improve structural and 

functional outcomes, it also destroys retinal tissue, and some treated infants have poor visual 

outcomes.5,6 Antivascular endothelial growth factor (VEGF) agents have been proposed as a 

less destructive treatment alternative. In the Bevacizimab Eliminates the Angiogenic Threat 

of Retinopathy of Prematurity (BEAT-ROP) trial, the first multicenter randomized trial of an 

anti-VEGF agent for ROP, intravitreal bevacizumab, compared to laser therapy, reduced the 

rate of recurrence of zone I ROP7,8 and decreased myopia and high myopia.9

Since the BEAT-ROP randomized trial was published, numerous reviewers have raised 

concerns about the safety of bevacizumab in preterm infants.4,10–13 Several investigators 

have reported that anti-VEGF antibodies can be identified systemically after intravitreal 

treatment.14–16 These observations have raised concerns about the effect of anti-VEGF 

agents on other developing organs, particularly the lungs and the brain, of preterm infants. 

Recent systematic reviews17,18 of anti-VEGF treatment for ROP have recommended that 

neonates be followed at least 18–24 months for visual and neurodevelopmental outcomes.17 

One large multicenter observational study from the Canadian Neonatal Network reported 

worse medical outcomes among infants treated with bevacizumab as compared to laser 

treatment.19 However, because infants were not randomized this study is subject to selection 

bias; sicker infants may be preferentially treated with bevacizumab because treatment does 

not require transport to the operating room or intubation. Smaller observational studies have 

not confirmed this association.20,21 The results of only 4 randomized trials of anti-VEGF 

agents for ROP (with randomization of infants rather than eyes) have been published,
7,15,22,23 and none has included medical outcomes after hospital discharge. This study 

investigated medical and neurodevelopmental outcomes of infants enrolled in the BEAT-

ROP trial at one Houston site, where very preterm (< 27 weeks gestation at birth) inborn 

infants are routinely seen at 18–22 months’ corrected age for medical and 

neurodevelopmental evaluations.

Subjects and Methods

Details of the design for this multicenter randomized trial have been previously published.7 

The study was approved by the Institutional Review Board at the University of Texas Health 

Science Center and registered in ClinicalTrials.gov (NCT00622726). Infants were screened 

for ROP according to the recommendations of the American Academy of Ophthalmology, 

the American Academy of Pediatrics, and the American Association for Pediatric 

Ophthalmology and Strabismus.24 Infants were enrolled from March 2008 through April 

2010. Infants with stage 3+ ROP in zone I or zone II posterior in both eyes were eligible for 

enrollment. Eligible consented infants were randomized to intravitreal bevacizumab 

monotherapy (0.625 mg in 0.025 ml of solution) or conventional laser therapy of both eyes. 

Randomization was stratified by zone I vs zone II ROP (not stratified by center). Once the 

primary investigator (HAM-H) determined subject eligibility and consent was obtained, 

infants were randomized by another investigator (KAK) who had prepared the permuted 

block randomization schedule and was not involved in determining eligibility or seeking 

consent. Caregivers were not masked. The primary outcome was recurrent ROP. Infants 

enrolled at the University of Texas Health Science Center at Houston site were scheduled for 

routine medical and neurodevelopmental follow-visits at 18–22 months’ corrected age if 
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they were inborn and <27 weeks gestation at birth. Follow-up of infants enrolled at this site 

was planned as a secondary outcome; this was the only participating site with routine 

neurodevelopmental follow-up in place for these infants. Inpatient medical outcomes were 

prospectively extracted from the medical record by trained research nurses using standard 

definitions and are reported for all infants enrolled at this site. Intraventricular hemorrhage 

was graded by Papile criteria.25 Necrotizing enterocolitis was defined as ≥ Bell’s stage II.26 

Spontaneous intestinal perforation was defined as bowel perforation without evidence of 

necrotizing enterocolitis. Bronchopulmonary dysplasia was defined as receiving 

supplemental oxygen at 36 weeks’ postmenstrual age. Late-onset sepsis was defined as 

positive blood culture for bacteria or fungi after 72 hours of age and treatment with 

antibiotics for ≥5 days.

Follow-up visits were scheduled as soon as feasible after 18 months’ corrected age; infants 

were administered the Bayley Scales of Infant and Toddler Development III.27 Infants who 

were too severely affected to complete the testing were assigned, by convention, a 54 for the 

cognitive score and a 46 for the language and motor scores. Standardized neurologic 

examinations were performed by certified examiners.28 Follow-up examiners were not 

specifically masked to group assignment; these clinicians were not involved in the care of 

the infants during the acute hospitalization phase; thus, they would not have been aware of 

group assignment unless it was mentioned by the parents in the course of the infant’s post-

discharge care. Gross motor performance was categorized from 0 (normal) to 5 (most 

impaired), using the modified Gross Motor Function Classification System.29 Cerebral palsy 

was defined as moderate-severe with abnormal muscle tone in at least one extremity that was 

associated with abnormal control of movement or posture and a gross motor function score 

of at least 2.30 Other outcomes included growth as assessed by height, weight and fronto-

occipital circumference. Centers for Disease Control growth charts31 were used to calculate 

percentiles for growth based on corrected age.

Data analysis was performed using Stata version 14 (StataCorp, College Station, TX). 

Descriptive statistics were used to summarize baseline characteristics. Categorical outcomes 

were compared using the Fisher exact test. The Wilcoxon rank-sum test was used to assess 

differences in continuous variable outcomes by group, because the distributions were 

skewed. Minitab 12.2 (Minitab Inc, State College, PA) was used to calculate confidence 

intervals for differences in medians. Systemic complications of prematurity that occurred 

predominantly prior to enrollment in BEAT-ROP were not compared statistically.

Results

Of the 150 infants enrolled in the BEAT-ROP multicenter trial, 18 were enrolled at the 

University of Texas Health Science Center at Houston. All survived to hospital discharge. 

One infant was not eligible for follow-up and 1 died after discharge at 29 months of age 

(neurodevelopmental assessment not performed). The remaining 16 infants (7 bevacizumab, 

9 laser) were evaluated between 18 and 28 months’ corrected age (eFigure 1).

Baseline demographic and clinical characteristics for all enrolled infants are given in Table 1 

and compared to baseline demographic and clinical characteristics for the BEAT-ROP 
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cohort. Characteristics at birth were reasonably well balanced, but the point estimates for 

mean birth weight and gestational age favored the bevacizumab group. In-hospital medical 

outcomes are provided in Table 2. Most of the important in-hospital complications of 

prematurity occurred before the typical age of enrollment in BEAT-ROP (postmenstrual age 

of 35 weeks). There was no difference in survival to discharge or discharge on oxygen 

between the bevacizumab and laser groups. The length of hospital stay was significantly 

shorter in the bevacizumab group (P = 0.03).

Baseline demographic and clinical characteristics for the infants seen in follow-up are 

provided in Table 3. After the loss of 1 infant in each group, the birth weight and gestational 

age differences between groups were smaller. Follow-up outcomes are provided in Table 4. 

There were no significant differences between bevacizumab and laser groups in percentiles 

for weight, length, or head circumferences, and the medians and ranges were similar 

between groups. Poor growth, as evidenced by low median percentiles, was common in each 

group. Only 1 infant, in the bevacizumab group, was still receiving supplemental oxygen at 

the time of follow-up. There were no significant differences between groups in motor scores, 

cerebral palsy, or Bayley scores. The medians for Bayley scores were all <100 for each 

group, and the point estimates favored the bevacizumab group. None of the infants in this 

sample was assigned a low score because of severe impairment.

Discussion

In this single-site study of outcomes in infants enrolled in a randomized trial of bevacizumab 

versus laser treatment for ROP, we found no adverse effects of bevacizumab treatment. The 

observed difference in length of stay favoring the bevacizumab group is likely explained by 

differences in baseline characteristics, although it could also be explained by prolongation of 

hospital stay after intubation and anesthesia for laser therapy. This differs from the findings 

of an observational study that reported worse outcomes for infants treated with bevacizumab 

compared to laser.19 There are two potential explanations for this difference. First, our 

patients were randomized to bevacizumab versus laser; therefore, there was no systematic 

difference between patients who received one treatment versus the other. In a 

nonrandomized observational study, where treatment is chosen based on clinician 

preference, there is an opportunity for higher risk infants to preferentially receive one 

treatment versus the other. In the case of a decision between bevacizumab and laser 

treatment, it is plausible that sicker infants would preferentially be treated with bevacizumab 

to avoid the need for transport to the operating room and general anesthesia with mechanical 

ventilation. Second, the observational study was much larger (125 infants) and thus had 

greater power to identify differences. Although we did not identify any concerning trends 

toward worse outcomes among infants treated with bevacizumab, we acknowledge that our 

study was not adequately powered to identify small but clinically important differences. On 

the other hand, the single-center follow-up allowed for routine inclusion of all infants 

eligible for the site’s established follow-up program; thus, there was no bias in selection of 

the subsample of BEAT-ROP infants included in this study. Houston is an ethnically and 

racially mixed neonatal intensive care unit population, but there may be demographic 

differences between our site and other BEAT-ROP study sites. As other studies have shown, 

this group of infants who met treatment criteria for ROP was a high-risk subgroup group of 
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premature infants with relatively high rates of other neonatal complications, putting them at 

high risk of adverse follow-up outcomes.32,33 Thus it is not surprising that growth and 

neurodevelopmental outcomes were not as good as outcomes reported for less selected 

groups of premature infants.34,35 For those concerned about the systemic effects of 

bevacizumab on premature infants, this study should provide some reassurance that the 

adverse effects of bevacizumab reported in the previous large observational study were not 

apparent in our randomized infants.

The main strength of this study is the randomized allocation of patients. The most important 

limitation is the small sample size. Although the power to identify differences in our study is 

very low, as illustrated by the wide confidence intervals for the differences, this report 

represents the only report to date of neurodevelopmental outcomes for infants randomized to 

bevacizumab versus laser. As such, it represents the most unbiased estimate of the effect if 

bevacizumab on growth and neurodevelopmental outcomes. We agree with others that more 

data are needed regarding the long-term effects of bevacizumab and other anti-VEGF agents 

on premature infants. We are aware of two ongoing randomized trials of anti-VEGF agents 

versus laser treatment (NCT 01993043 [bevacizumab] and NCT 02375971 [ranibizumab]), 

although there are other studies comparing different doses or different preparations. A 5-year 

developmental follow-up is planned for the first of these trials; there is increasing 

recognition that neurodevelopmental testing at 18–24 months can overestimate severe 

disability and cannot detect limitations in more sophisticated domains, such as executive 

functioning.36 Our hope is that follow-up will be incorporated into the planned 

ophthalmologic follow-up for all of these trial infants.
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Table 1

Baseline characteristics of all infants enrolled at site

Bevacizumab group Laser group

UT Houston
(n = 8)

BEAT-ROP
(n = 75)

UT Houston
(n = 10)

BEAT-ROP
(n = 75)

BW, g, mean (range) 687 (600–780) 657 (430–1170) 600 (489–715) 670 (310–1310)

GA, weeks, mean (range)   25 (24 – 28)   24 (22 – 27)   24 (24 – 26)   24 (22 – 30)

Race, n (%)

 Black     2 (25)   12 (16)     2 (20)   19 (25)

 White     1 (12)   13 (17)     4 (40)   15 (20)

 Hispanic     5 (62)   47 (63)     4 (40)   38 (51)

Sex, male, n (%)     6 (75)   47 (63)     5 (50)   50 (67)

PNA,a days, mean (range)   66 (54 – 76)   75 (47 – 116)   74 (63 – 96)   72 (25 – 116)

PMA,a weeks, mean (range)   34.8 (31.7–36.9)   35.2 (31.1–41.6)   34.9 (33.1–37.4)   34.8 (31.1–40.0)

BW, birth weight; GA, gestational age; PMA, postmenstrual age; PNA, postnatal age.

a
At BEAT-ROP enrollment.
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Table 2

In-hospital medical outcomes (among all infants enrolled at site)

Outcome Bevacizumab group
(n = 8)

Laser group
(n = 10)

Intracranial hemorrhage grade, n (%)25

 0 (none)   6 (75)     7 (70)

 1 (germinal matrix only)   1 (12)     0

 2 (intraventricular extravasation)   0     0

 3 (ventricular dilation)   1 (12)     3 (30)

 4 (intraparenchymal hemorrhage)   0     0

Necrotizing enterocolitis (≥Bell’s stage 2) or spontaneous intestinal perforation, n (%)   3 (38)     4 (40)

Late - onset sepsis or meningitis, n (%)   4 (50)     5 (50)

Days mechanical ventilation, median (range) 42 (20–107)   49 (5–144)

Days continuous positive airway pressure, median (range) 24 (9–44)   36 (3–121)

Bronchopulmonary dysplasia, n (%)   6 (75)     7 (70)

Discharged on oxygen   3 (38)     4 (40)

Survived to discharge, n (%)   8 (100)   10 (100)

Length hospital stay, days, median (range) 98 (90–186) 140 (109–382)
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Table 3

Baseline characteristics of infants evaluated at follow-up

Characteristic Bevacizumab group
(n = 7)

Laser group
(n = 9)

Birth weight, g, mean (range) 678 (600–780) 605 (489–715)

GA, weeks, mean (range)   25.0 (23.7–26.0)   24.4 (23.4–25.7)

Race, n (%)

 Black     2 (29)     1 (11)

 White     0     4 (44)

 Hispanic     5 (71)     4 (44)

Sex, male, n (%)     5 (71)     5 (62)

PNA,a days, mean (range)   66 (54–76)   74 (63–86)

PMA,a weeks, mean (range)   34.5 (31.7–36.9)   35.0 (33.1–37.4)

GA, gestational age; PMA, postmenstrual age; PNA, postnatal age.

a
At enrollment into BEAT-ROP.
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Table 4

Follow-up outcomes

Outcome Bevacizumab group
(n = 7)

Laser group
(n = 9)

Difference in medians (95% CI) P value

Median (range) Median (range)

Corrected age at follow-up, months 21.2 (18.1–28.5) 19.1 (18.0–21.4)     1.9 (−0.1 to 9.0) 0.10

Weigh t percentile for age 18 (0 – 56)   7 (0 – 39)   14 (− 7 to 49) 0.27

Length percentile for age   8 (3–83)a 29 (2–73) −11 (−54 to 16) 0.39

Head circumference percentile for age   0 (0–77)a   8 (0–77)   −2 (−24 to 47) 0.46

Cognitive composite score 85 (60 – 100) 65 (55 – 100)   10 (− 5 to 30) 0.06

Language composite score 89 (59–91) 71 (47–106)   12 (−15 to 30) 0.18

Motor composite score 79 (58 – 100) 70 (55 – 100)b     8 (−15 to 33) 0.22

            No. (%)         No. (%)     RR (95% CI)

On oxygen at follow-up   1 (14)b   0         NA 0.40

Gross motor function level     Normal/n
1.61 (0.67 to 3.83)

0.85

 Normal   5 (71)   4 (44)

 1   0   2 (22)

 2   1 (14)   1 (11)

 3   0   1 (11)

 4   1 (14)   1 (11)

 5   0   0

Cerebral palsy   2 (28)   2 (22) 1.29 (0.24 to 6.99) 1.00

CI, confidence interval; RR, relative risk.

a
2 missing.

b
1 missing.
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