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Abstract

Objective: Low-dose and very low-dose intravitreal bevacizumab (IVB) have been reported 

successful in short-term treatment of type 1 retinopathy of prematurity (ROP), down to an initial 

dose of 0.004 mg. We now report 12-month outcomes for these infants.

Design: Masked, multicenter, dose de-escalation study

Participants: 120 prematurely-born infants with type 1 ROP

Methods: A cohort of 120 infants with type 1 ROP in at least one eye from two sequential dose 

de-escalation studies of low-dose (0.25, 0.125, 0.063, and 0.031 mg) or very low-dose (0.016, 

0.008, 0.004, and 0.002 mg) IVB to the study eye; the fellow eye (if also type 1) received one dose 

level higher. After primary success or failure at 4 weeks, clinical management was at investigator 

discretion, including all additional treatment.
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Main Outcome Measures: Reactivation of severe ROP by 6 months corrected age, additional 

treatments, retinal and other ocular structural outcomes, and refractive error at 12 months 

corrected age.

Results: Sixty-two (55%) of 113 study eyes and 55 of 98 (56%) fellow eyes received additional 

treatment. Of the study eyes, 31 (27%) received additional ROP treatment (6 for initial treatment 

failure, 4 for reactivation ≤4 weeks, 21 (19%) for later reactivation) and 31 (27%) had prophylactic 

laser for persistent avascular retina. There was no trend toward a higher risk of additional ROP 

treatment related to initial IBV doses. However, time to reactivation among study eyes was shorter 

in eyes that received very low-dose bevacizumab (mean 76.4 days) compared with low dose (mean 

85.7 days). At 12 months, poor retinal outcomes and anterior segment abnormalities were both 

uncommon (3% and 5%, respectively), optic atrophy was noted in 10%, the median refraction was 

mildly myopic (-0.31D), and strabismus was present in 29% of infants.

Conclusions: Retinal structural outcomes were very good after low- and very low-dose IVB as 

initial treatment for type 1 ROP, although many eyes received additional treatment. The rate of 

reactivation of severe ROP was not associated with dose; however, a post-hoc data driven analysis 

suggested that reactivation was sooner with very low doses.

Precis:

Low and very-low dose intravitreal bevacizumab down to 0.004 mg for retinopathy of prematurity 

produces good retinal outcomes and minimal myopia at 12 months, without more reactivation; 

however, lower doses may lead to earlier reactivation.

Introduction

Intravitreal injection of anti-vascular endothelial growth factor (VEGF) agents for the 

treatment of retinopathy of prematurity (ROP) has become widespread, and it compares 

favorably with laser photocoagulation therapy.1–7 Ocular benefits of anti-VEGF treatment 

vs laser as primary treatment may include continued outward vascularization of retinal 

vessels, with the unproven potential for improved macular and peripheral visual function, 

as well as less myopic refractive error.2,3,6–9 Bevacizumab is the most commonly used 

anti-VEGF drug worldwide, likely due to its availability, low cost, and long prior experience 

in use for adult retinal diseases. However, it decreases serum VEGF levels for weeks after 

intravitreal injection, producing unknown long-term effects on developing organ systems 

and neurologic outcomes for treated infants.2,10–12 Furthermore, anti-VEGF treated eyes 

require monitoring for extensive periods after treatment because early and later ROP 

reactivation may occur.2,13–15 Prophylactic laser for persisting peripheral avascular retina 

in the absence of reactivated ROP is also commonly performed, although with limited 

evidence-based data.14

We designed and conducted two sequential masked, multicenter, dose de-escalation phase 1 

studies to determine the lowest dose of intravitreal bevacizumab (IVB) effective for type 1 

ROP.16,17 Doses from 0.25mg down to as low as 0.004 mg (but not 0.002 mg) appeared 

effective at inducing short-term ROP regression (4 weeks post-intravitreal injection).17 

Previously, we reported reactivations,18 additional treatments, and 12-month outcomes for 

61 infants treated with de-escalating IVB doses (in mg) of 0.25, 0.125, 0.063, or 0.031.14,19

Page 2

Ophthalmology. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Herein we report 12-month outcomes for all infants treated in both dose de-escalation 

studies, with IVB doses as low as 0.002 mg, which is less than 1% of doses commonly 

used in clinical practice. We included all doses in our analyses, including those previously 

reported14,16,17,19 to maximize our power to find associations of outcomes with initial IVB 

dose level, if they existed.

Methods

The study was conducted at 10 institution-based clinical sites and approved by the respective 

institutional review boards (IRBs). Written informed consent was given by a parent or 

guardian of each study infant. The study is listed on www.clinicaltrials.gov, under identifier 

NCT02390531, accessed 6/2/2021. The complete study protocol is available on the PEDIG 

website (www.pedig.net, accessed 6/2/2021). One hundred twenty infants were treated for 

ROP with an IVB injection in the study eye in a phase 1 masked study conducted by the 

Pediatric Eye Disease Investigator Group; 8 different dose levels (in mg) were used for study 

eyes (0.25, 0.125, 0.063, 0.031, 0.016, 0.008 0.004, 0.002). Among fellow eyes, 109 also 

had IVB injections, receiving a dose that was one level higher than the study eye (the dose 

in the fellow eye was 0.625 mg if the study-eye dose was 0.25 mg). Details of drug dilution 

and injection, and 4-week outcomes, were reported previously,16 as were reactivations and 

additional treatments at 6 months14 and 12-month clinical and ocular outcomes among the 

highest four study-eye doses.19

Infants were examined 1-day post-injection (and 4 days if needed), and at 1, 2, 3, and 

4 weeks post-injection in the study eye. Beginning 4 weeks after the initial bevacizumab 

injection, follow-up exams and additional treatment were at investigator discretion. After 6 

months corrected age, medical records were reviewed to collect data on ROP reactivations, 

additional treatments, timing and indications for treatment, and retinal structural outcomes. 

A study-mandated exam was completed at 12 months (± 2 weeks) corrected age, 

subsequently referred to as the ‘12-month exam.’

The first additional treatment for each study eye, if it occurred, and for each fellow eye, 

if it was injected initially and if additional treatment occurred, was recorded, as was the 

total number of additional treatments per eye. Additional treatment in this manuscript refers 

to any ROP treatment in the eye following the initial IVB dose, including IVB or laser. 

Additionally, the reason for additional treatment was recorded as: treatment failure, early 

reactivation, late reactivation, or persistent avascular retina. “Treatment failure” was defined 

as no improvement by 3–5 days after the initial injection. “Early reactivation” was defined 

as initial improvement, but reactivation of type 1 ROP or severe neovascularization requiring 

additional treatment within 4 weeks. “Late reactivation” was defined as reactivation of 

plus disease or neovascularization that prompted investigators to give additional treatment 

after 4 weeks. Treatment for “persistent avascular retina” refers to prophylactic laser to the 

peripheral avascular retina in the absence of severe recurrent ROP (reactivation).

Statistical Methods

Log-binomial regression was used to calculate the relative risk of additional treatment for 

treatment failure or early or late reactivation of type 1 ROP comparing 1) initial study-eye 
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dose received at baseline and 2) category of type 1 ROP at enrollment in study eyes. 

Additionally, a post-hoc analysis was done using a proportional hazards model to calculate 

the cumulative incidence of any reactivation in study eyes for initial dose groups, accounting 

for the competing risks of death, initial treatment failure, or receiving laser treatment due 

to persistent avascular retina. A post-hoc data-driven analysis compared restricted mean 

time to reactivation among study eyes between the very-low dose group (0.002, 0.004, 

0.008, and 0.016 mg) and the low dose group (0.031, 0.063, 0.125, and 0.25 mg) using a 

time-to-event analysis. The follow-up time used in the analysis was 91 days, the maximum 

time to reactivation (eAppendix I, (available at https://www.aaojournal.org).

The total dose of IVB included the initial injection in the eye and any repeat injections 

prior to the 12-month exam. Exploratory analyses were performed to evaluate whether 

there was any relationship between IVB total dose and each 12-month outcome (eAppendix 

I, (available at https://www.aaojournal.org). For continuous 12-month outcomes, a linear 

mixed model adjusting for correlation between eyes (eye-level outcomes), or a linear 

regression model (infant-level outcomes) was used to evaluate the relationship between total 

dose and the outcome. For categorical 12-month outcomes, a logistic regression model or 

Fisher’s exact test was used to evaluate the relationship between total dose and each binary 

outcome, as appropriate (eAppendix I, (available at https://www.aaojournal.org).

A post-hoc analysis evaluated the relationship between eye-level spherical equivalent 

(SE) cycloplegic refractive error at 12 months and laser treatment (yes/no) (eAppendix 

I, (available at https://www.aaojournal.org). Another post-hoc analysis evaluated the 

relationship between eye-level SE cycloplegic refractive error at 12 months and post-

menstrual age (PMA) at the time of the first laser treatment in the eye, if applicable 

(eAppendix I, (available at https://www.aaojournal.org).

To control for type I error, outcomes with p-values ≤ .01 were considered suggestive of 

associations which may warrant further exploration. Analyses were conducted using SAS 

version 9.4 (SAS Inc., Cary, NC). No imputations were performed for missing data.

Results

First Additional Treatment after Initial Bevacizumab Injections

Sixty-two of 113 study eyes (55%, 95% CI: 45% to 64%) and 55 of 98 fellow eyes (56%, 

95% CI: 46% to 66%) received additional ROP treatment (Table 1). Causes for additional 

treatment among the 62 study eyes were treatment failure in 6 eyes (5%, 95% CI: 2% to 

11%), early or late reactivation in 25 eyes (22%, 95% CI: 15% to 31%), and persistent 

avascular retina in 31 eyes (27%, 95% CI: 19% to 37%) (Table 1). Causes for additional 

treatment among the 55 fellow eyes were similar (Table 1). Among all 45 eyes with early or 

late reactivation, 18 received bevacizumab (10 study and 8 fellow eyes) at a mean (standard 

deviation [SD]) of 6.3 (2.4) weeks after the initial injection, while 27 eyes received laser (15 

study and 11 fellow eyes) at a mean (SD) of 8.3 (2.6) weeks. Persistent avascular retina was 

treated with laser in 60 eyes (31 study and 29 fellow eyes) at a mean (SD) of 21.5 (13.7) 

weeks after the initial IVB injection and a mean (SD) of 58.5 (13.6) weeks post-menstrual 

age (median 54.7, range 39.4 to 85.1).
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Fifty-two study eyes had zone I ROP at enrollment, and 15 of these (29%) had treatment 

failure (2) or early/late reactivation (13) (eTable 2, available at https://www.aaojournal.org). 

Of these 15 eyes, 8 (53%) had progression of retinal vascularization into zone II by the time 

of additional treatment, which was done at a median of 6.4 weeks (range 5.6 – 9.0) after the 

initial IVB injection.

The percentage of study eyes with additional treatment for initial treatment failure or early 

or late reactivation are shown in eTable 3 (available at https://www.aaojournal.org) by initial 

dose and by category of type 1 ROP at enrollment. The relative risks for additional treatment 

at each initial dose and for each category of type 1 ROP did not show any clear trend (eTable 

3, available at https://www.aaojournal.org). A similar analysis calculating the cumulative 

incidence of additional treatment for reactivation in study eyes yielded similar results (data 

not shown). Among all study eyes, there appeared to be a trend toward the very low doses 

having earlier reactivation (Figure 1). Among study eyes with reactivation within 91 days of 

the initial injection, the mean time to reactivation in the very low dose group was 76.4 days 

(standard error=3.4) compared with 85.7 days (standard error=1.6) in the low dose group 

(Figure 2). No reactivations were observed after 91 days; however, as many infants were 

censored between 91 days and the 12-month exam, the possibility of reactivation after 91 

days cannot be definitively ruled out.

Structural Outcomes

Structural outcomes of the eyes receiving the 4 higher doses (low-dose group) were 

previously reported.14 Of 102 treated eyes of 57 infants surviving to at least 6 months 

and having been initially treated with the 4 lowest IVB doses, 98 had regression of ROP 

with no retinal detachment and normal macular structure by indirect ophthalmoscopy, 3 eyes 

(2 infants) developed stage 4A, and 1 eye (1 infant) developed stage 5 retinal detachment. 

One infant initially treated with 0.016 mg IVB in the study eye and 0.031 mg in the fellow 

eye was later treated with laser for late reactivation of severe ROP, developed stage 4A 

detachments in both eyes, and had macular ectopia without retinal detachment at 12 months. 

A second infant initially treated with 0.016 mg IVB in the study eye was later treated 

with laser for late reactivation of severe ROP, after which the eye developed a stage 4A 

detachment treated with lens-sparing vitrectomy and had straightening of temporal vessels 

at 12 months. The fellow eye did not develop type 1 ROP, did not receive any treatment, 

and had a normal macular outcome. A third infant was initially treated with 0.002 mg in 

the study eye; after initial improvement, there was reactivation of severe ROP 3 weeks after 

initial IVB, prompting additional treatment with 0.25 mg IVB. Despite initial regression, 

severe ROP reactivated (for the second time) and was treated with laser, again with good 

initial response but ultimately stage 4A retinal detachment. Lens sparing vitrectomy was 

initially successful, but ultimately stage 5 retinal detachment developed, and the parents 

declined further treatment. The fellow eye was initially treated with 0.004 mg IVB, was 

additionally treated with 0.25 mg IVB and laser for reactivation of severe ROP, and had 

regression with normal macular structure.
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12-month Examination

Among the 120 infants in the study, 98 (82%) completed the 12-month examination. Of 

these 98, 41% were female with a mean gestational age of 24.9 weeks (SD=1.7) and 

a mean birthweight of 698 grams (SD=302). Characteristics of infants completing vs. 

those not completing the 12-month examination were similar (eTable 4, available at https://

www.aaojournal.org).

Cycloplegic Refractive Error at 12 Months

Cycloplegic refractive error was measured by retinoscopy in 180 eyes (study and fellow); 

14 other eyes did not have retinoscopy measured and 2 other eyes were aphakic and 

excluded from analyses. The mean (SD) and median (quartiles) SE refractive error were 

-1.31D (3.81D) and -0.31D (-2.50D, +1.13D), respectively (Table 5). Seventy-one eyes had 

refractive error ≤ - 1.00D (mean ± SD: -4.86D ± 3.56D, median -3.75D), 60 had >-1.00D 

and <+1.00D (mean ± SD: +0.06D ± 0.54D, median 0.00D), and 49 had ≥ +1.00D (mean ± 

SD: +2.17D ± 1.36D, median +1.75D). Fifteen infants (15%) had anisometropia >1.50D SE 

(eTable 6, available at https://www.aaojournal.org). No relationship was identified between 

total IVB dose in the eye and cycloplegic refractive error at 12 months (p=0.09), or between 

total IVB dose in the infant and anisometropia at 12 months (p=0.47) (Table 5 and eTable 6, 

respectively. available at https://www.aaojournal.org).

Laser treatment after initial IVB was performed in 104 eyes (study and fellow eyes) prior to 

the 12-month exam, for reactivation of severe ROP (n=31 eyes) or persistent avascular retina 

(n=73 eyes), at a mean of 45.0 weeks PMA (SD=3.6) and 60.0 weeks PMA (SD=17.1), 

respectively. The mean (SD) and median (quartiles) SE cycloplegic refractive error of 

the 102 phakic eyes receiving laser treatment were -1.80D (3.92D) and -0.81D (-3.63D, 

+0.75D), respectively, compared with -0.76D (3.63D) and +0.25D (-1.50D, +1.50D) in the 

92 eyes not receiving laser treatment (adjusted mean difference of -0.34D, 99% CI: -2.36 

to 1.67D, p=0.63). There was no relationship identified between PMA at the time of laser 

treatment and refractive error at 12 months (p=0.38), or between PMA at the time of laser 

and high myopia at 12 months (p=0.09) (Figure 3). However, we noted that of the 31 eyes 

receiving laser after 60 weeks PMA, no eye had myopia higher than -5.0 diopters. Spherical 

equivalent refractive error at 12 months stratified by zone at the time of laser (for any 

indication) can be found in eFigure 4 (available at https://www.aaojournal.org).

Ocular Examination at 12 Months

Abnormalities of the cornea, lens, or other anterior segment locations were reported in <1%, 

3%, and 2% of eyes, respectively (eTable 7, available at https://www.aaojournal.org). Optic 

nerve atrophy was present in 19 (10%) eyes. Among the 19 eyes with optic atrophy, 13 

(68%) had periventricular leukomalacia and/or hydrocephalus with shunt.

Constant or intermittent strabismus at distance or near fixation was reported in 28 infants 

(29%), manifest nystagmus in 12 (12%), and amblyopia in 7 (7%) (eTable 6, available at 

https://www.aaojournal.org). Visual fixation was assessed in 91 infants; of those, 85 (93%) 

had central fixation with both eyes; 1 (1%) had central fixation with one eye only, and 5 

(5%) did not have central fixation with either eye. There were no relationships identified 

Page 6

Ophthalmology. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.aaojournal.org/
https://www.aaojournal.org/
https://www.aaojournal.org/
https://www.aaojournal.org/
https://www.aaojournal.org/
https://www.aaojournal.org/
https://www.aaojournal.org/


between any 12-month exam findings with total dose of IVB (Table 5 and eTables 6-7, 

available at https://www.aaojournal.org).

Adverse Events

Eight infants died from preexisting medical conditions associated with prematurity; six 

of these were previously reported.14 These infants did not complete the 12-month exam. 

Causes of death were acute respiratory failure (2), necrotizing enterocolitis (2), chronic lung 

disease (2), liver failure (1), and cardiac arrest (1).

Discussion

Twelve-month follow-up of 98 infants with type 1 ROP (82% of initial cohort) enrolled into 

two sequential dose de-escalation studies demonstrated good initial response to IVB doses 

as low as 0.004 mg. By the 12-month examination, 179 eyes (91%) had a normal macular 

outcome, 3 eyes had macular ectopia, and 3 eyes had stage 5 retinal detachment. These 

structural outcomes are similar to those reported in the literature with higher initial IVB 

doses2 as well as low-dose initial IVB from 0.25 mg down to 0.031 mg.19

Additional treatment for reactivation of ROP (rather than laser for persistent avascular retina 

in the absence of reactivation) was occurred for 21% of eyes across all doses. Reported 

additional treatment rates for reactivation of ROP following higher doses of IVB vary, from 

0% with 0.25 mg in a small prospective study (n=25) by Khoadabande et al,20 to 4% in the 

Efficacy of intravitreal bevacizumab for stage 3+ retinopathy of prematurity (BEAT-ROP) 

study (using 0.625 mg and up to only 54 weeks PMA),1 and to 15% reported in a large 

retrospective series (n=130) by Comez et al. (using 0.625 mg) with >1 year follow-up.21 In 

our study, early or late reactivation occurred in 25/113 (22%) of study eyes. Reactivation did 

not seem to be associated with lower initial IBV dose, because similar rates were present 

at the highest IVB doses (e.g., fellow eyes treated at 0.625 mg). Our data are consistent 

with the true reactivation rate being as low as 15% or as high as 31% (based upon the 

95% CI). Possible explanations for our apparently higher rate of retreatment for reactivation 

compared with some other studies include: (1) our multi-center study design with different 

investigators, in a real-world setting without strict guidelines limiting additional treatments, 

(2) the fact that when ROP reactivation occurred, most cases involved both eyes of the 

infant, and/or (3) chance, due to our limited sample size.

Study eyes were treated for reactivation of severe ROP at a mean of 7.1 weeks after 

initial IVB injection with additional IVB or laser, while laser for persistent avascular 

retina occurred at a mean of 21.5 weeks after initial injection. While there is variation 

in practice, and this study did not dictate treatment after initial IVB, infants with persistent 

avascular retina in the absence of severe ROP reactivation are commonly treated with 

prophylactic laser, often prior to discharge from initial hospitalization. Presumably, this is 

done to avoid requirements for prolonged outpatient follow-up examinations with risks of 

late reactivation or loss to follow-up2,13 and because other investigators have reported that 

earlier prophylactic laser decreases the required number of outpatient ROP examinations 

after IVB for type 1 ROP.22 Additionally, performing accurate assessments of the peripheral 

retina in older premature infants in the clinic becomes progressively challenging.
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While the reactivation rate for severe ROP did not seem to increase as the initial IVB 

progressed to a lower dose, a scatter plot of days to reactivation versus initial dose suggested 

that there might be a trend toward earlier reactivation with lower doses (Figure 1). A time-

to-event analysis also suggested that the restricted mean time to reactivation may be shorter 

with very low doses than with low doses (Figure 2). Therefore, there may be a downside to 

very low-dose IVB, since several eyes treated with 0.031 mg or lower initial IVB had ROP 

reactivations by 6–8 weeks post-injection. From a practical clinician’s perspective, on the 

other hand, shorter time to reactivation may obviate prolonged post-bevacizumab follow-up 

of larger babies, many of whom will be returning from an outpatient setting. Because 

additional treatment for ROP reactivation was chosen by the clinician and could include 

either laser or repeat IVB, laser at an earlier (rather than later) PMA may treat more of the 

peripheral retina, potentially having a negative effect on peripheral visual field and possibly 

producing more myopia. Such a potential disadvantage may be offset by lower doses, which 

may be more physiologic and result in better retinal development.2,23 Additionally, if IVB 

has adverse systemic effects, a lower dose has theoretical benefit for the premature infant’s 

overall development. Further studies are needed to confirm these findings. Our analysis of 

restricted mean time to reactivation had some caveats, namely that a) it was both a post-hoc 

and a data-driven analysis and b) it did not allow us to factor in competing events (such 

as treatment for persistent avascular retina). In addition, our study was designed to stop 

when we reached a dose with a larger proportion of initial treatment failures or early severe 

reactivations. Because of this, we were more likely to see early reactivation at the lowest 

dose.

The overall 12-month cycloplegic refraction was mildly myopic (median -0.31 D) with 

no relationship found between total dose of IVB and either refractive error (per eye) or 

anisometropia (total dose per infant) at 12 months. Several studies (including BEAT-ROP) 

report less severe myopia after anti-VEGF vs. laser, 8,9 and our current results are consistent 

with these findings. Additionally, secondary analyses did not reveal more myopia in eyes 

receiving laser for reactivation of severe ROP or for persistent avascular retina vs. those 

eyes never receiving laser, or eyes of infants receiving laser after IVB at earlier (vs. later) 

PMA. Although it was interesting to note that no eyes receiving laser after 60 weeks PMA 

developed high myopia by 12 months, we may be underpowered to find small differences, 

and it was a post-hoc exploratory outcome. The data were further confounded by the fact 

that eyes receiving laser prior to 60 weeks PMA included those treated for ROP reactivation 

as well as persistent avascular retina, while those treated after 60 weeks PMA included 

only those with persistent avascular retina. Further studies are needed to confirm that eyes 

receiving late laser (after 60 weeks PMA) do not develop high myopia.

Ocular abnormalities were uncommon, with clinically-diagnosed optic nerve atrophy highest 

among them at 10% of eyes; periventricular leukomalacia and hydrocephalus were common 

in these infants. This rate of optic atrophy is similar to our findings in the low-dose cohort 

previously reported19 and in the ETROP study.24 Because optic atrophy likely reflects CNS 

abnormalities in these infants,2,19,25 attributing poor neurodevelopmental outcomes to IVB 

is problematic in non-randomized series of IVB vs. laser, where sicker infants often receive 

the former treatment.
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No relationship was identified between any eye-level or infant-level ocular exam or clinical 

test findings and the total dose of IVB received prior to the 12-month examination. 

Unanswered questions regarding the optimal dose of initial IVB for type 1 ROP include 

the relationship between initial IVB dose and the potential for more normal foveal and 

peripheral vascular development, and ultimately the relationship to final visual acuity and 

neurodevelopmental outcomes.

This study must be viewed in light of some limitations. First, this dose-finding study was 

designed to determine the short-term (4-week) response to different initial doses of IVB, 

without requiring any particular treatment regimen after that time. Therefore, there were a 

variety of management strategies for early- and late-reactivation and persistent peripheral 

avascular retina in the absence of severe reactivation. Second, the limited numbers of infants 

and eyes in each cohort reduce our power to find a difference among initial or total IVB 

doses in terms of secondary outcomes. Third, we lacked photographic documentation of 

initial category of Type 1 ROP as well as quantitative final extent of vascularization. As this 

was a real-world study and did not dictate clinical care after four weeks of study-related 

activities, and because we did not include anesthetized retinal examination at a later age as 

a required study activity, we have no way to verify that eyes not receiving laser reached (or 

did not reach) full vascular maturity. Hence, we do not actually know how many eyes were 

left with persistent avascular retina. Additionally, we acknowledge that we cannot rule out 

that in the determination of the lowest effective IVB dose for type 1 ROP,16 the higher-dosed 

fellow eyes may have improved the outcome of the lower-dosed study eyes through systemic 

crossover of the IVB. Finally, as noted above, we were unable to definitively link initial IVB 

dose with time to ROP reactivation when it did occur.

Conclusions

Ocular outcomes at 12 months are encouraging for initial doses of IVB from 0.25 mg down 

to as low as 0.004 mg as initial treatment for type 1 ROP. Reactivation rates and 12-month 

outcomes across all tested IVB doses (down to 0.004 mg) were similar. However, our data 

suggest a trend toward earlier reactivation with very low doses. While implications for wider 

clinical use must be considered, further studies are needed to confirm this trend. Although 

lower doses of IVB seem quite effective at producing regression of type 1 ROP, at the 

present time, they require dilution by inpatient pharmacies using sterile procedures to allow 

a delivery volume of at least 0.010 ml (and ideally perhaps 0.020). Additional studies of 

low-dose IVB and other anti-VEGF agents for type 1 ROP are warranted, with particular 

attention to timing and characteristics of reactivation, extent of vascularization, need for 

additional treatment, and longer-term outcomes such as visual acuity, macular structure by 

imaging, and neuro-development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Dose vs Days Until Additional Treatment for Treatment Failure or Reactivation.
Figure includes both study and fellow eyes requiring additional treatment, and shows the 

first additional treatment for each eye. Initial treatment failure = never improved. Initial 

improvement then reactivation = improved but reactivated by or after 4 weeks; this includes 

both early and late reactivation.
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Figure 2: Probability of No Reactivation Over Time Following Initial Injection.
The restricted mean time to reactivation among study eyes with reactivation within 91 days 

was compared between the very-low dose (0.002, 0.004, 0.008, and 0.016 mg) and low 

dose (0.031, 0.063, 0.125, and 0.250 mg) groups using a time-to-event analysis, where 

reactivation was considered the event. Data of eyes treated for persistent avascular retina or 

treatment failure were censored at the time of treatment. Average time to reactivation was 

76.4 days in the very-low dose group and 85.7 days in the low dose group based on this 

analysis.
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Figure 3: Spherical Equivalent (SE) at 12 Months vs Post-menstrual Age (PMA) by Primary 
Indication for Laser.
Figure shows first laser treatment for each eye (study and fellow), excluding two phakic 

eyes. The relationship between eye-level SE cycloplegic refractive error at 12 months and 

post-menstrual age (PMA) at the time of the first laser treatment in the eye (if applicable) 

was evaluated using a linear mixed model adjusted for the correlation between eyes as 

well as the zone (i.e., specific location in the eye) at the time of laser treatment. P-value 

for the association between refractive error and PMA was p=0.38. Additionally, a logistic 

regression model adjusted for the correlation between eyes and the zone at the time of 

laser treatment, was used to test for the association between high myopia (refractive error ≤ 

-5.0D) and PMA at the time of the first laser treatment in the eye, if applicable. P-value for 

the association between high myopia (Refractive error ≤ -5.0D) and PMA was p=0.09.
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