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OBJECTIVES: To compare real-world, long-term outcomes of laser and anti-vascular endothelial growth factor (VEGF) therapies in
patients with retinopathy of prematurity (ROP).
METHODS: This was a multicentre retrospective study. We included 264 eyes of 139 patients treated for type 1 ROP or aggressive
ROP (AROP) who were followed for at least 4 years. Laser treatment was initially performed in 187 eyes (the laser group), and anti-
VEGF therapy was initially performed in 77 eyes (the anti-VEGF group). We collected data on sex, birth characteristics, zone, stage,
and the presence of plus disease at the time of treatment and best-corrected visual acuity (BCVA), spherical equivalent (SE), and
ocular complications (amblyopia and strabismus) in patients aged 4–6 years. We investigated the associations between treatment
outcomes (BCVA, SE and the presence of amblyopia and strabismus) and influencing factors, including treatment procedure (anti-
VEGF or laser therapy), sex, birth characteristics, zone, stage, and the presence of plus disease, using multivariable analysis and
logistic regression analyses.
RESULTS: The initial treatment procedure was not associated with any specific treatment outcome. Subgroup analysis of patients
with zone I ROP revealed that the anti-VEGF-treated eyes had significantly better BCVA and higher SE than laser-treated eyes
(p= 0.004, p= 0.009, respectively). Female patients presented significantly better BCVA, less amblyopia and less strabismus than
male patients (p < 0.001, p= 0.029, p= 0.008, respectively).
CONCLUSIONS: In zone I ROP, anti-VEGF therapy led to better visual acuity and less myopic refractive error than laser treatment.

Eye (2023) 37:3589–3595; https://doi.org/10.1038/s41433-023-02559-z

INTRODUCTION
Retinopathy of prematurity (ROP) is one of the most common
causes of visual disability and blindness in children [1]. Laser
photocoagulation of the avascular retina is the standard treatment
for ROP [2] and is highly successful [3]. In the 2000s, anti-vascular
endothelial growth factor (VEGF) intravitreal therapy was intro-
duced as a new treatment modality for ROP [4, 5]. The BEAT-ROP
study showed that the recurrence rate was lower with intravitreal
injection of bevacizumab (IVB) than with laser treatment in zone I
stage 3 ROP [6]. The RAINBOW study showed that the treatment
success rate was relatively higher with intravitreal injection of
ranibizumab (IVR) than with laser treatment in type 1 ROP other
than zone II stage 2 plus disease [7]. Recently, in some countries,
ranibizumab has been approved for ROP treatment. It is expected
that the number of treatments for ROP using anti-VEGF drugs will
increase in the future.

Because it is difficult to assess visual outcomes such as visual
acuity, refractive error, and the presence of amblyopia or
strabismus in infants, long-term follow-up after treatment is
essential. Several previous researchers compared the long-term
treatment outcomes of laser photocoagulation and anti-VEGF
therapy for ROP, but the number of eyes treated for ROP was
relatively small [8–13]. In these studies, it was reported that best-
corrected visual acuity (BCVA) did not differ between the two
therapy groups [8–12], and more amblyopia was observed in
laser-treated eyes than in anti-VEGF-treated eyes [13]. Laser
treatment of posterior ROP requires the destruction of a large
area of the avascular retina and sometimes involves the
destruction of the retina close to the fovea. Therefore, we expect
a better long-term visual outcome with anti-VEGF therapy than
with laser therapy in posterior ROP. However, no reports have
compared the long-term treatment outcomes of laser and anti-
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VEGF therapy in zone I ROP. Birth characteristics, such as
gestational age or birth weight, stage of ROP, and presence of
plus disease might be potential confounders of the relationship
between the long-term visual outcome and treatment procedure
(anti-VEGF or laser). However, few reports used multivariable
methods to estimate the association between the long-term visual
outcome and treatment procedure after adjusting the impact of
confounding factors.
Therefore, we compared the real-world, long-term visual

outcomes of laser and anti-VEGF therapy according to ROP zone
in a large cohort using multivariable methods.

METHODS
Study design
This was a multicentre, retrospective cohort study conducted in the
following 10 institutions in the Japan Clinical Retina Study (J-CREST) group:
University of Tsukuba, Sapporo City General Hospital, Tokushima University
Graduate School, Nara Medical University, Shiga University of Medical
Science, Nagoya City University Graduate School of Medical Sciences,
Kurume University, Mie University Graduate School of Medicine, St.
Marianna University School of Medicine, and Kobe University Graduate
School of Medicine. This study was approved by the institutional review
board of each participating institution (Approval number: R03-081) and
was conducted in accordance with the tenets of the Declaration of
Helsinki. The institutional review board approved the use of opt-out
patient consent.
The inclusion criteria were as follows: born between 2001 and 2016,

history of treatment for type 1 ROP or aggressive ROP (AROP), and
observed until at least 4 years of age. After anti-VEGF therapy was
introduced as a new treatment modality for ROP in each institution, the
decision to treat with laser or anti-VEGF was made by the parents after the
pros and cons of each treatment were fully explained. Laser photo-
coagulation was performed using an argon green laser indirect
ophthalmoscope at all institutions. The dose of IVB was 0.625mg/
0.025ml, and the dose of IVR was 0.20mg/0.020ml. The off-label use of
IVB or IVR was approved by the institutional review board of each
institution, and written informed consent was obtained from the parents.
The following parameters were collected from the patients’ records: sex;

gestational age; birth weight; 1- and 5-min Apgar scores; zone of ROP at
initial treatment, stage of ROP at initial treatment in eyes with classic ROP,
presence of plus disease or AROP at initial treatment, and the initial
treatment procedure (laser photocoagulation or anti-VEGF therapy). Zone I
involvement at any stage with plus disease or at stage 3 without plus
disease or zone II involvement at stage 2 or 3 with plus disease were
defined as type 1 ROP [14]. The outcome parameters were BCVA, spherical
equivalent (SE), and the presence of amblyopia and strabismus. We
collected data on the outcome parameters at the age of 5 years. In cases
where data were not available at age 5, data were collected at age 4 or 6.
The age at the time of data collection for treatment outcomes was also
collected. BCVA was measured with the Landolt chart and expressed as a
logarithm of minimal angle resolution (logMAR).

Statistical analysis
Continuous variables are presented as the mean ± standard deviation (SD).
Unpaired t-tests were used to compare gestational age, birth weight,
1- and 5-min Apgar scores, BCVA, and SE between the laser and anti-VEGF
groups. Fisher’s exact probability tests were used to compare sex, ROP
zone, stage of ROP or presence of AROP, presence of plus disease, and
presence of amblyopia and strabismus. We investigated the association
between treatment outcomes (BCVA, SE and the presence of amblyopia)
and influential factors, including treatment procedure (anti-VEGF or laser),
using multiple regression and logistic regression with generalized
estimating equations (GEEs) to account for the correlation between
patient eyes. We also investigated the association between the presence of
strabismus and influential factors using logistic regression analysis.
Variables, such as age at the time of data collection for treatment
outcomes, sex, gestational age, birth weight, 1- and 5-min Apgar score,
zone of ROP, stage of ROP, and presence of AROP and plus disease, might
be associated with treatment outcome or the choice of treatment.
Therefore, these variables were included as influential factors in the
multivariate model to obtain an adjusted measure of association. All
analyses were conducted using SPSS (version 27, IBC Corp., Chicago, IL,

USA) and SAS (version 9.4, SAS Institute Inc., Cary, NC, USA.). A p value
<0.05 was considered statistically significant. No correction was made for
multiple statistical testing.

RESULTS
A total of 264 eyes of 139 patients were analysed in this study. Of
the 264 eyes, 187 eyes were initially treated with laser therapy,
and 77 eyes were initially treated with anti-VEGF therapy (75 eyes
were treated with bevacizumab, and 2 eyes were treated with
ranibizumab). Of the 187 laser-treated eyes, because of reactiva-
tion or undertreatment, 62 eyes were treated with additional laser
therapy and 11 eyes were treated with additional anti-VEGF
therapy. Of the 77 anti-VEGF-treated eyes, 30 eyes were treated
with additional laser therapy with or without reactivation of ROP
(20 eyes and 10 eyes, respectively). In the laser group, 1 eye
developed retinal detachment (RD), and multiple surgeries were
performed. In the anti-VEGF group, no eyes developed RD. The
baseline characteristics are shown in Table 1. There was a
statistically significant difference in 5-min Apgar score between
the laser group and the anti-VEGF group (p < 0.001).
The mean age at the time of data collection for treatment

outcomes was 5.4 ± 0.50 years (range: 4.3–6.7) in the laser group
and 5.3 ± 0.6 years (range: 4.5–6.9) in the anti-VEGF group
(p= 0.220). Visual acuity could not be assessed in 22 eyes (12
eyes in the laser group, 10 eyes in the anti-VEGF group) because of
neurological complications. The mean BCVA was 0.15 ± 0.35
(Snellen BCVA= 20/28) in the laser group and 0.21 ± 0.36 (Snellen
BCVA= 20/32) in the anti-VEFG group (p= 0.239).
Refractive error could not be assessed in 7 eyes (4 eyes in the

laser group and 3 eyes in the anti-VEGF group) because of

Table 1. Baseline characteristics of patients treated with laser and
anti-VEGF therapy.

Laser group Anti-VEGF
group

p value

Number of
patients

99 40

Male, n (%) 45 (45.4%) 25 (62.5%) 0.092

Gestation age
(weeks)

26.4 ± 2.1 26.0 ± 2.3 0.287

Birth weight (g) 821 ± 257 731 ± 257 0.065

1-min Apgar score 4.6 ± 2.6 3.7 ± 2.4 0.069

5-min Apgar score 7.4 ± 2.0 5.5 ± 2.8 <0.001a

Zone of ROP at the initial treatment, n (%)b

I 25 (25.3%) 16 (40.0%) 0.084

II 74 (74.7%) 24 (60.0%)

III 0 (0%) 0 (0%)

ROP stage or AROP at the initial treatment, n (%)b

1 3 (3.0%) 6 (15.0%) 0.052

2 25 (25.3%) 12 (40.0%)

3 65 (65.7%) 20 (50.0%)

AROP 6 (6.1%) 2 (5.0%)

Plus disease at the initial treatment, n (%)b

(+) 92 (93.9%) 40 (100.0%) 0.084

(−) 7 (7.1%) 0 (0.0%)

Values are presented as the mean ± standard deviation.
Anti-VEGF anti-vascular endothelial growth factor, n number, ROP retino-
pathy of prematurity, AROP aggressive retinopathy of prematurity.
aSignificant correlations found between the parameters (unpaired t-tests).
bThe ROP features were compared between the two groups, using data
from the right eye for patients treated in both eyes or only the right eye,
and data from the left eye for patients treated only in the left eye.
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developmental delay, bullous keratopathy, or corectopia. The
mean SE was −1.77 ± 3.31 D in the laser group and −1.09 ± 3.68 D
in the anti-VEFG group (p= 0.156).
The presence of amblyopia was not assessed in 25 eyes (13 eyes

in the laser group and 12 eyes in the anti-VEGF group), and the
presence of strabismus was not assessed in 2 cases (one in the
anti-VEGF group, the other in the laser group) because of
neurological complications. Fifty-four eyes (30.0%) had amblyopia
in the laser group, and 18 eyes (25.4%) had amblyopia in the anti-
VEGF group (p= 0.743). Twenty-two patients (22.4%) had
strabismus in the laser group, and 12 patients (30.8%) had
strabismus in the anti-VEGF group (p= 0.381).
Table 2 lists the results of the multivariable analysis of visual

outcomes and influential factors. The treatment procedure (laser
or anti-VEGF therapy) was not associated with any visual
outcomes. In contrast, older age at the time of data collection
for treatment outcomes was significantly correlated with less
amblyopia (p= 0.038), males had significantly worse BCVA, more
amblyopia, and more strabismus than females (p < 0.001,
p= 0.029, p= 0.008, respectively), zone I eyes had a significantly
higher myopic refractive error (p < 0.001), and eyes with plus
disease had significantly more amblyopia (p= 0.036).

Subgroup analysis: eyes with zone I ROP at initial treatment
Eighty eyes of 41 patients had zone I ROP at initial treatment.
Forty-eight eyes of 25 patients were initially treated with laser
therapy, and 32 eyes of 16 patients were initially treated with anti-
VEGF therapy. Table 3 lists the characteristics of patients with
zone I ROP at initial treatment. There was a statistically significant
difference in birth weight, 5-min Apgar scores, and presence of
plus disease at the initial treatment between the laser group and
the anti-VEGF group (p= 0.045, p= 0.005, p= 0.020, respectively).
Table 4 lists the results of the multivariable analysis of visual

outcomes and influential factors. The eyes treated with anti-VEGF
therapy had significantly better BCVA and a lower myopic
refractive error than those treated with laser therapy (p= 0.004,
p= 0.009, respectively). Older age at the time of data collection for
treatment outcomes was significantly correlated with a higher
myopic refractive error (p= 0.046), stage and AROP were
significantly associated with BCVA and SE (p= 0.032, p= 0.009,
respectively), and plus disease was significantly associated with
BCVA (p= 0.031).

Subgroup analysis: eyes with zone II ROP at initial treatment
One hundred eighty-four eyes of 98 patients were zone II ROP at
initial treatment. One hundred thirty-nine eyes of 74 patients were
initially treated with laser therapy, and 45 eyes of 24 patients were
initially treated with anti-VEGF therapy. Supplementary Table
displays a list of the characteristics of patients with zone II ROP at
initial treatment. There was a statistically significant difference in
5-min Apgar score between the laser group and the anti-VEGF
group (p= 0.013, respectively).
Table 5 shows the results of the multivariable analysis of visual

outcomes and influential factors. The treatment procedure (laser
or anti-VEGF therapy) was not associated with any visual
outcomes. In contrast, older age at the time of data collection
for treatment outcomes was significantly correlated with less
amblyopia (p= 0.024), and males had significantly worse BCVA,
more amblyopia, and more strabismus than females (p < 0.001,
p= 0.017, p= 0.024, respectively). Birth weight was significantly
correlated with BCVA, and the 1-min Apgar score was significantly
correlated with SE (p= 0.012, p= 0.014, respectively).

DISCUSSION
Analysis of all type 1 ROP and AROP patients revealed that anti-
VEGF therapy was performed for infants with lower 5-min Apgar
score, and subgroup analysis with zone I ROP revealed that Ta
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anti-VEGF therapy was performed for infants with lower birth
weight and lower 5-min Apgar score. It was reported that anti-
VEGF therapy could be performed without intubation and with
lighter anaesthesia than laser therapy [8]; thus, infants with a
worse general condition might be more likely to be treated with
anti-VEGF therapy. Moreover, in this study, anti-VEGF therapy
tended to be performed for eyes with a lower stage, lower zone,
and more plus disease; however, this finding did not reach
statistical significance. In zone I ROP, anti-VEGF therapy was
performed for more plus disease. Gundlach et al. [13] reported
that eyes receiving anti-VEGF therapy were significantly more
likely to have posterior disease than those receiving laser therapy.
Anti-VEGF therapy has been reported to cause tractional retinal
detachment in eyes with severe fibrovascular tissue [15]. This may
explain why anti-VEGF therapy was relatively more often used for
lower-stage eyes in this study. It was reported that regression time
was shorter in anti-VEGF therapy than laser therapy [16]; thus, we
considered that the eyes with ROP considered to be severe
because of the presence of plus disease were often treated with
anti-VEGF therapy in this study.
Because the characteristics of the two groups were different, we

used a logistic regression model and multiple regression analysis
to assess the relationship between the type of initial treatment
and visual outcomes. The analysis of all type 1 ROP and AROP
cases revealed that the type of treatment was not associated with
any visual outcomes. In contrast, the subgroup analysis of zone I
ROP revealed that the eyes treated with anti-VEGF therapy had
significantly better BCVA and a lower myopic refractive error than
those treated with laser. In the previous studies, the number of
eyes with zone I ROP was small (48, 159, 010, 011, 412, 1013 eyes)
[8–13], and no previous study has compared the long-term visual
outcomes of laser and anti-VEGF therapy for zone I ROP. This was
the first report demonstrating the difference in long-term visual
outcomes between laser and anti-VEGF therapy for zone I ROP.

Table 3. Characteristics of patients with zone I ROP at initial
treatment.

Laser group Anti-VEGF
group

p value

Number of
patients

25 16

Male, n (%) 12 (48.0%) 9 (56.2%) 0.606

Gestation age
(weeks)

25.4 ± 2.2 24.6 ± 1.4 0.126

Birth weight (g) 721 ± 201 596 ± 167 0.045a

1-min Apgar score 4.3 ± 3.1 2.8 ± 1.9 0.077

5-min Apgar score 7.7 ± 2.0 5.2 ± 2.8 0.005a

Stage of ROP or AROP at the initial treatment, n (%)c

1 3 (12.0%) 6 (37.5%) 0.155

2 3 (12.0%) 3 (18.8%)

3 16 (64.0%) 5 (31.3%)

AROP 3 (12.0%) 2 (12.5%)

Plus disease at the initial treatment, n (%)c

(+) 18 (72.0%) 16 (100%) 0.020b

(−) 7 (28.0%) 0 (0%)

ROP retinopathy of prematurity, Anti-VEGF anti-vascular endothelial growth
factor, n number, AROP aggressive retinopathy of prematurity.
Values are presented as the mean ± standard deviation.
aSignificant correlations found between the parameters (unpaired t-tests).
bSignificant correlations found between the parameters (Fisher’s exact
probability tests).
cThe ROP features were compared between the two groups, using data
from the right eye for patients treated in both eyes or only the right eye,
and data from the left eye for patients treated only in the left eye.
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It was unclear why eyes treated with anti-VEGF therapy for zone I
ROP had better BCVA than eyes treated with laser for zone I ROP.
Several researchers have investigated the foveal structure of eyes
treated for ROP. They reported that in laser-treated eyes, the
foveal inner retinal thickness was greater [9, 10], the avascular
zone in the fovea was smaller [10, 11], and the grade of foveal
hypoplasia was lower [12] than those in anti-VEGF-treated eyes,
while there was no significant difference in BCVA between anti-
VEGF-treated eyes and laser-treated eyes. In these studies, the
proportion of zone II eyes was high (84.2% to 100%). We
speculated that in eyes treated with laser therapy, macular
structural abnormalities might be more severe in eyes treated for
zone I ROP than in eyes treated for zone II ROP, and consequently,
in zone I ROP, better BCVA was observed in anti-VEGF-treated eyes
than laser-treated eyes. However, in this study, optical coherence
tomography imaging data were not obtained; thus, the relation-
ship between foveal microstructure and visual acuity was unclear.
Further studies are warranted to assess the relationship between
BCVA and retinal structures in eyes treated for zone I ROP.
Geloneck et al. [17] investigated refractive error in 2½-year-old
children in the BEAT-ROP study cohort. They reported that, in eyes
treated for zone I ROP, the SE was lower in the eyes treated with
laser therapy than in those treated with bevacizumab, which was
consistent with our results. Our finding in zone I ROP indicated
that anti-VEGF therapy may be superior to laser therapy in terms
of late visual outcomes, such as visual acuity and refractive error.
In zone II ROP, the initial treatment procedure was not

associated with any specific treatment outcome. Previous studies
compared the long-term treatment outcomes of laser and anti-
VEGF therapy for in zone II type 1 ROP [10, 11]. They reported that
BCVA did not differ between the two therapy groups, which is
consistent with our results.
In this study, males had worse BCVA and more amblyopia and

strabismus than females in the all-zone analysis and the zone II
analysis. A nationwide population study investigating the 10-year
epidemiology of and risk factors for ROP in Taiwan also showed
that male sex was significantly associated with the presence of
ROP [18]. A meta-analysis also showed that male sex was
associated with an increased risk of severe ROP [19]. We
considered that males may not only be more prone to ROP or
severe ROP but also have poorer visual outcomes following ROP
treatment than females. However, the reason for the worse visual
prognosis in male patients was unclear. Several studies showed
that male sex was associated with adverse outcomes of
prematurity, such as intraventricular haemorrhage, and periven-
tricular leukomalacia [19–21]. We speculate that these neurologic
complications might affect visual outcomes.
In this study, older children had significantly less amblyopia in

all zone analyses and in the zone II analysis. Several studies
investigated the prevalence of amblyopia in children, and
reported that the prevalence of amblyopia tended to decrease
with increasing age [22, 23]. We speculated that younger children
are more likely to be over diagnosed with amblyopia. As age
increases, the diagnosis of amblyopia may be modified to not be
amblyopia, and accordingly, the prevalence of amblyopia might
decrease with ageing. In this study, older children had a
significantly lower SE in zone I ROP. Yotsukura et al. [24]
investigated the prevalence of myopia in children, and they
reported that it increased with age, which is consistent with our
results.
In this study, eyes with zone I stage 1 ROP had significantly

worse BCVA than eyes with zone I stage 2 or 3, or AROP. We
speculated that eyes treated for zone I stage 1 ROP might be more
rapidly progressive or have more severe plus disease than those
treated for zone I stage 2 or 3 ROP. It might be contributed worse
BCVA in eyes treated for zone I stage 1 ROP than those treated for
zone I stage 2 or 3 ROP. The reason why BCVA was better in eyes
with zone I AROP than in eyes with zone I stage 1 ROP wasTa
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unclear. Gschließer et al. reported that the level of inter-expert
agreement of diagnosis of stage or aggressive posterior ROP was
not high [25]. These incomplete inter-expert agreements of
diagnosis might attribute these results.
The limitations of this study include that it was a retrospective,

non-randomised study. We used multivariable methods to
estimate the association between the long-term visual outcome
and treatment procedure after adjusting for the impact of
confounding factors such as birth characteristics and ROP features.
However, there may have been treatment choice biases that only
a prospective randomised controlled trial could address. The
treatment criteria were unclear due to the retrospective design.
Among the ten facilities, some were in urban areas, and some
were in rural areas, which may have influenced the treatment
strategy. For instance, in one institution in a rural area, all eyes
initially treated with anti-VEGF therapy underwent laser photo-
coagulation before hospital discharge to reduce hospital visits
after discharge. This delayed laser therapy may have influenced
the results of this study. We have no biometry data, such as axial
length, anterior chamber depth, or foveal microstructure; there-
fore, the reason for better outcomes for zone I ROP in the anti-
VEGF group than in the laser group is unclear. Further randomised
prospective studies with well-defined treatment criteria and
various biometric measurements are warranted.
In conclusion, for zone I ROP, eyes treated with anti-VEGF

therapy had better BCVA and a lower myopic refractive error than
those treated with laser therapy, while for zone II ROP, there was
no difference in treatment outcomes between the two treatments.
Thus, we considered anti-VEGF therapy to be a better option than
laser therapy in eyes with zone I type 1 ROP or zone I AROP.

SUMMARY

What was known before

● Several previous researchers compared the long-term treat-
ment outcomes of laser photocoagulation and anti-VEGF
therapy for ROP, and they reported that visual acuity did not
differ between laser-treated eyes and anti-VEGF treated eyes.

● However, no data comparing the treatment results of anti-
VEGF treatment and laser therapy according to ROP zone are
available.

What this study adds

● We found that in zone I ROP, anti-VEGF therapy offered
significantly better visual acuity and significantly less myopic
refractive error than did laser treatment.

● Anti-VEGF therapy may be a better treatment modality than
laser therapy for zone I ROP.
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The data supporting this study’s findings are available from the corresponding author
upon reasonable request.
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