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The primary objective of this study was to systematically evaluate the clinical efficacy of intravitreal ranibizumab injection in the treatment for retinopathy of prematurity (ROP) in infants. The MEDLINE (PubMed), Embase, China Biology Medicine disc, Cochrane Library, Web of Science, WanFang Data, CNKI, and CQVIP databases were searched to collect randomized controlled trials (RCTs) comparing the efficacy of ranibizumab with laser treatment in ROP. The retrieval time was from 2007, on which ranibizumab was approved until 12 January 2022. Data were extracted based on predetermined inclusion and exclusion criteria. Two investigators employed QUADAS-2 to independently assess the quality of all eligible original studies. Following quality evaluation, we also performed a meta-analysis using STATA v 15.1 and RevMan v 5.4 and funnel plots were used to detect publication bias. A total of five RCTs were included in the meta-analysis. In this study, the regression rate of retinal neovascularization was used as the index of therapeutic effectiveness. According to the results, the retinal neovascularization regression rate of the intravitreal ranibizumab injection group was statistically higher than that of the laser therapy group [risk ratio (RR) = 1.26, 95% confidence interval (CI): 1.18–1.35]; however, the incidence of adverse events, including recurrence and complications, was not different between them (RR = 0.73, 95%CI: 0.19–2.80). Therefore, intravitreal ranibizumab injection may be more clinically effective than laser therapy in the treatment for ROP. The safety and efficacy of ranibizumab in the long-term treatment for ROP needs further investigation.
Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, CRD42022296387
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1 INTRODUCTION
Retinopathy of prematurity (ROP) affects some preterm infants with low birth weight and exposure to high oxygen supplementation, which may lead to blindness in severe cases. Pathological progression of ROP begins at the immature stage of retinal vascular and neuronal development in preterm infants (stage I), followed by tissue ischemia leading to hypoxia-induced neovascularization (stage II) (Xu et al., 2018; Wang et al., 2019). Mild ROP resolves spontaneously with few sequelae, but severe ROP can lead to retinal detachment, severe visual impairment, and blindness. With constant developments in perinatal medicine the survival rate of preterm and low birth weight infants are improving. However, the incidence of ROP remains high, with approximately 28,300–45,600 infants being diagnosed annually with irreversible visual impairment due to ROP worldwide (Blencowe et al., 2013). Currently, cryotherapy, fusion laser photocoagulation, and vitreous injections are mostly used to reduce peripheral retinal neovascularization (RNV) (Marlow et al., 2021). Laser or cryotherapy is commonly used in children with lesions up until stage III, while vitrectomy or scleral buckling is often required following stage IV and onwards. Although laser therapy is standard, it can lead to extensive and permanent destruction of the retina and blood vessels, leading to the loss of peripheral vision (Rishi and Rishi, 2019). Vascular endothelial growth factor (VEGF) is of great significance in the occurrence and development of ROP. Usually, the VEGF concentration in the vitreous is high in children with ROP, which provides a theoretical basis for clinical anti-VEGF therapy (Sankar et al., 2018). The anti-VEGF monoclonal antibody, ranibizumab, can inhibit the expression of VEGF. This may control the intraocular neovascularization and subsequently achieve the goal of treatment of ROP (Mitchell et al., 2011; Aranda et al., 2019). This study aims to provide a basis for guiding clinical decision-making by exploring the effective rate and incidence of adverse events in the treatment of ROP, by comparing ranibizumab with laser therapy through a meta-analysis.
2 MATERIALS AND METHODS
2.1 Search strategy
Two researchers searched MEDLINE (PubMed), Embase, Chinese Biomedical Literature Database (CBM), The Cochrane Library, Web of Science, WanFang Data, CNKI, and VIP database for relative literature. Randomized controlled trials (RCTS) were conducted to compare ranibizumab with laser therapy in the treatment of ROP. The search time is set to build from database construction until to 12-01-2022. Subsequently, each reviewer manually re-evaluated whether the delivered literature fit the theme of the meta-analysis used in this study. English search terms included: ROP (MeSH terms), ROP (All Fields), Prematurity Retinopathies (All Fields), Prematurity Retinopathy (All Fields), Retrolental Fibroplasia (All Fields), Fibroplasia Retrolental (All Fields), Fibroplasias Retrolental (All Fields), and Retrolental Fibroplasias (All Fields). The above search terms are connected by OR, followed by AND with Ranibizumab (MeSH terms), RhuFab V2 (All Fields), V2 RhuFab (All Fields), and Lucentis (All Fields). Two researchers then conducted a review of all preliminary studies eligible for inclusion in the study to determine whether other relevant studies were included in the study.
2.2 Study selection and eligibility criteria
The inclusion criteria comprised of the following conditions: 1) The types of studies were a RCT; 2) The subjects were premature infants (gestational age <37 weeks) diagnosed with ROP by binocular indirect ophthalmoscope and retinal camera (RetCam); 3) The experimental group was given intravitreal injection of ranibizumab, and the control group was given laser treatment; 4) Outcome indicators were the number of effective treatment cases (including neovascularization subsided and bleeding decreased, additional lesions were alleviated, blood circulation was restored to the vascular occlusion area, and no intraocular infection and adverse events occurred) and the number of adverse events (including recurrence, high myopia, amblyopia, glaucoma, and other complications); 5) Published in English or Chinese. Exclusion criteria comprised of the following criteria: 1) The full text of the study was not available; 2) Literature on inconsistent interventions or outcome measures; 3) Non-Chinese or non-English literature; 4) Duplicate reports and studies without original data; 5) Literature without outcome indicators or where outcome indicators were not available.
2.3 Quality assessment
Cochrane literature quality evaluation tool was used to evaluate the quality of the included RCTS. The evaluation included whether random assignment was used, whether the assignment was hidden, whether blinding was used, whether the results were complete, whether the results were reported selectively, and whether there were other sources of bias. There are “low risk,” “high risk,” and “unclear” judgments for every project. Two researchers independently evaluated the quality of the five included studies.
2.4 Statistical analysis
RevMan v 5.3 and STATA v 16.0 software were used for statistical analysis. Dichotomous variables (response rate and incidence of adverse events) were analyzed by risk ratio (RR) and 95% confidence interval (CI). p < 0.05 indicated statistically significant differences. The heterogeneity was determined by the chi-square test and I2 to make a quantitative judgment. If no statistical heterogeneity among the results (I2 <50%), the fixed effect model was used. If there were statistical heterogeneity (I2 ≥50%), the random effects model for meta-analysis were used to find the source of the heterogeneity. For obvious clinical heterogeneity, we used subgroup analysis and sensitivity analysis, or only a descriptive analysis. Egger’s method was used to test the publication bias. STATA 16.0 was used for meta regression to find the cause of heterogeneity.
3 RESULTS
3.1 Characteristics of eligible literatures
The literature screening process and results are shown in Figure 1. We removed 92 duplicates from the original 177 articles retrieved from the databases. Subsequently, we excluded 68 unrelated articles and a variety of non-RCTs. Then, in order to further evaluate whether the remaining 17 studies met the conditions of our study, we obtained the full text of these 17 studies, and the results showed that 10 studies were not related to ranibizumab, one study had no data on ranibizumab response, and one study was a non-RCT study. Finally, we conducted quantitative analysis on five articles (Chen et al., 2018; Shi and Chen, 2018; Sun and Zhang, 2018; Stahl et al., 2019; Xin, 2021) that met the inclusion requirements.
[image: Figure 1]FIGURE 1 | Literature screening process and results.
3.2 The basic characteristics of the literature included in the study and the evaluation results of bias risk
Table 1 summarizes the relevant characteristics of the final five studies. The results of the quality evaluation chart made by the investigator with RevMan v 5.4 are shown in Figures 2, 3. All five eligible studies obtained moderate scores in the Quality assessment of Cochrane literature quality evaluation tool, indicating that the included RCTs have an overall medium risk of bias.
TABLE 1 | Basic characteristics of each study.
[image: Table 1][image: Figure 2]FIGURE 2 | Risk assessment of bias in all included studies:risk of bias graph.
[image: Figure 3]FIGURE 3 | Risk assessment of bias in all included studies:risk of bias summary.
3.3 Meta-analysis
3.3.1 Effective rate
A total of five RCTs were included in the meta-analysis of this study (Chen et al., 2018; Shi and Chen, 2018; Sun and Zhang, 2018; Stahl et al., 2019; Xin, 2021). The effective rate tested for heterogeneity in all included studies delivered I2 = 0% while the Q test showed p = 0.53, which indicated no heterogeneity among the literatures selected for this study (that is, heterogeneity does not have statistical significance). The fixed effect is selected to combine the effect size. The subsequent analysis indicates that the effective rate of ranibizumab injection was higher than that of laser therapy, and the difference was statistically significant [RR = 1.26, 95%CI (1.18, 1.35), z = 6.85, p < 0.00001] (Figure 4), which indicates that the efficacy of ranibizumab in the treatment of ROP was significantly better than treating with laser therapy alone, and the effective rate of intravitreal ranibizumab injection was 1.26 times that of laser treatment.
[image: Figure 4]FIGURE 4 | Forest plot: ranibizumab injection of retinopathy of prematurity (ROP) efficacy compared to laser treatment.
3.3.2 Adverse event rate
The adverse event rate tested for heterogeneity in all included studies delivered I2 = 86.9% while the Q test showed p <0.00001, which suggested that the heterogeneity among the literature selected in this study was statistically significant. The adverse event rates were then further inspected at Labbe Plot and Galbraith Radial Plot (Figure 5). By graphical analysis, we concluded that there is a moderate heterogeneity among the literature in this study, and the effect size can be combined with random effect. The final result for the analysis of adverse event rates delivered RR = 0.73 [0.19, 2.80], meaning the number of adverse events in the intervention group were a total of 73% compared with those in the control group, but were not statistically significant (z = 0.46, p = 0.65) (Figure 6). This suggested that although ranibizumab could reduce the adverse events of ROP, there was no statistically significant difference in the incidence of adverse events between ranibizumab and the control measure (laser treatment).
[image: Figure 5]FIGURE 5 | Investigation of the heterogeneity in the incidence of adverse events in retinopathy of prematurity (ROP) treated with ranibizumab and laser therapy: (A) Labbe Plot (B) Galbraith Radial Plot.
[image: Figure 6]FIGURE 6 | Forest plot: ranibizumab injection of retinopathy of prematurity (ROP) incidence of adverse events compared to laser treatment.
3.3.3 Meta-regression
STATA16.0 was used for meta-regression analysis of the causes of heterogeneity in the incidence of adverse events. According to the number of weeks of corrected gestational age, the study was divided into three groups: 30–34 weeks, less than 30 weeks, and 34–36 weeks, respectively. Meta-regression was conducted using group (number of corrected gestational age) variables as covariate, and the results suggested that the number of corrected gestational age was the source of heterogeneity. However, due to the small number of RCTS included, subgroup studies cannot be carried out. Figure 7 shows the results of meta-regression.
[image: Figure 7]FIGURE 7 | Results of meta-regression to find the cause of heterogeneity in the incidence of adverse events.
3.4 Sensitivity analysis and publication bias
Sensitivity analysis was used to find out the heterogeneous causes, and sensitivity analysis was conducted on the five manuscripts used in this study. It was concluded that there was no study with a large impact on heterogeneity. Figure 8 clearly illustrates that deletion of any study did not result in a significant change in results, so the sensitivity analysis did not examine the source of heterogeneity. A funnel plot was used to investigate whether there was publication bias in the five manuscripts used in this study. To test the bias of treatment effectiveness we obtained funnel plot symmetry (Egger’s test showed p = 0.364) and to test the bias of adverse events rate (Egger’s test showed p = 0.652) we also obtained funnel plot symmetry (Figure 9). Therefore, we concluded that there was no publication bias, which indicated that the conclusion of this study was accurate and reliable.
[image: Figure 8]FIGURE 8 | Sensitivity analysis of the incidence of adverse events between ranibizumab and laser therapy for retinopathy of prematurity (ROP).
[image: Figure 9]FIGURE 9 | Funnel plot indicating publication bias for treatment effectiveness (A) and adverse events rate (B).
4 DISCUSSION
ROP is a secondary complication of prematurity generally due to oxygen supplementation in NICU, in preterm infants with severe pulmonary, brain or heart problems. It is more common in premature and low weight infants, which can lead to amblyopia, cataracts, retinal detachment, etc. This usually have serious effects on the quality of life of premature infants, such as impacts on their language, movement, and social adaptability, while bringing heavy burden to the family and society (Dogra et al., 2017). Because of its serious consequences, ROP has become the focus of ophthalmological research worldwide. The pathogenesis is actually clear, while the risk factor are not univocally identified. In the past, condensation and photocoagulation were usually used in the treatment of ROP, which mainly damage non-vascular structures in the retina of children, so as to reduce the oxygen consumption of retina metabolism, and then achieve the effect of reducing the neovascularization growth factor induced by ischemia and hypoxia, and finally achieve the purpose of inhibiting the development of RNV and controlling the disease of children (Ge et al., 2021). However, laser is often accompanied by a series of complications such as undertreatment, overtreatment (retinal burn, retinal hiatus, exudative retinal detachment), vitreous hemorrhage, corneal burn, as well as the high technical skill required of ophthalmologists, which limits its wide application in clinical practice. In recent years, a large number of studies have reported the efficacy and safety analysis of anti-VEGF (ranibizumab) treatment compared with laser therapy for ROP, with contrasting results (Hosseini et al., 2009; Mintz-Hittner et al., 2011; Lepore et al., 2014; Karkhaneh et al., 2016; Zhang et al., 2017; Stahl et al., 2019).
Intravitreal injection of anti-VEGF drugs has become the preferred treatment for ROP (Chiang, 2018). Ranibizumab is a recombinant humanized anti-VEGF antibody fragment (Fab), which is an inhibitor of angiogenesis (Itatani et al., 2018). It is also known that VEGF is an important factor in the development of neonatal retinopathy (Uemura et al., 2021), and the mechanism of action of ranibizumab is clear it blocks the VEGFR signaling by binding to VEGFA, which means intravitreal ranibizumab injection can inhibit the expression of VEGF, reduce the generation of RNV, and recast newly generated new blood vessels (Bhandari et al., 2020), so as to play an important role in the treatment of ROP and ensure the function of the retina, which has good clinical effect (Lee and Shirley, 2021; Woo et al., 2021). The use of anti-VEGF drugs in the treatment of tissue damage is light, technically easy and quick to administer, and can safely treat critically ill patients presenting with refractive stroma turbidity (Sankar et al., 2018). In certain cases, anti-VEGF treatment even has more of the curative effect required for laser photocoagulation treatment (Stahl et al., 2019). Barry et al., 2021). At the turn of the century, it has been approved for the treatment of ocular neovascular diseases drugs. Furthermore, it can quickly penetrate the retina layer, has a small molecular weight, excludes segments of Fe, and has the advantage of diminished immune response (Dhoot and Kaiser, 2012; Jiang and Mieler, 2017). While anti-VEGF drugs have a distinct advantage in some cases (e.g., zone I disease or aggressive ROP), there are also disadvantages to this treatment, for example, after this treatment, the recurrence rate is still not low, which means anti-VEGF drugs do not effectively reduce the recurrence rate of the disease (Sankar et al., 2018), and often incomplete retinal vascularization, requiring vigilance and prolonged follow-up consultations (VanderVeen et al., 2017). According to the Cochrane review report, although the risk of early retinal dysstructure was reduced from 47.9% to 28.1%, and peripheral retinal ablation in early childhood was associated with a 13.6% reduction in the risk of visual impairment (Sankar et al., 2018). The treatment effect was remarkable, the recurrence rate was low, and the clinical application experience was extensive, which is still the current gold standard for ROP treatment. However, laser operation is more invasive than anti-VEGF intravitreal injections, and the general condition of patients may deteriorate after treatment (Anderson et al., 2014). Photocoagulation scarring affects peripheral visual field, and the high myopia rate increases after treatment (Anderson et al., 2014; VanderVeen et al., 2017; Yang et al., 2021).
This meta-analysis was conducted to evaluate the effective rate and incidence of adverse events in the treatment of ROP with ranibizumab and laser treatment. The results showed that the recovery rate in the ranibizumab group was higher than that in the laser therapy group, and the difference was statistically significant (p < 0.05), which suggests that the use of ranibizumab is clinically more effective in the treatment of ROP. There was no statistical difference in the incidence of adverse events between the two groups (p > 0.05), and the results may be biased due to the influence of follow-up time and follow-up indicators such as visual field assessment. Due to the small number of RCTs included, more high-quality clinical studies are needed for further verification. In addition, late recurrence of ROP represents a challenge during the follow-up phase and regular follow-ups should be emphasized. Otherwise, ROP recurrence will still occur in children with strabismus, amblyopia, retinal detachment and other complications. According to previous studies (Hartnett, 2017), follow-up of children with retinal vascularization or corrected gestational age of 45 weeks, no threshold lesions, retinal vessels have developed to zone 3 can be terminated if one of the above indications is met.
Shortcomings and prospects of this study: 1) The number of studies on some outcome indicators was small, and the outcome indicators were scattered; 2) The included indices were the number of cases and the number of researchers, and the results were inconsistent with the given parameters, requiring separate analysis; 3) The efficacy of different doses of ranibizumab may be different, and some studies have shown that 0.2 mg ranibizumab is more effective in the treatment of ROP (Stahl et al., 2019); 4) The treatment of ROP varies among different zones. Some studies have shown that anti-VEGF is more advantageous in the treatment of ROP zone I, but laser is better in the treatment of ROP zone II (Kuo et al., 2015). Because of the small number of studies and scattered outcome indicators, subgroup analysis was not feasible; 5) The study lacked comparisons with more established treatments such as vitreoretinal surgery; 6) Long-term effects on neurodevelopmental and functional ocular outcomes after treatment with ranibizumab or laser therapy were not included in this research.
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