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Purpose: This study aimed to evaluate the efficacy and complications of intra-arterial chemotherapy (IAC) as a primary treatment for advanced unilateral retinoblastoma in Chinese patients.

Methods: This study was a retrospective review of patients with advanced unilateral retinoblastoma treated with IAC as the primary treatment. The IAC procedures were performed using a balloon-assisted technique. The clinical status and treatment complications were recorded at each visit. Kaplan–Meier analysis was performed to estimate recurrence-free survival and ocular survival.

Results: In total, 116 eyes of 116 patients with advanced unilateral retinoblastoma were enrolled, including 66 eyes (57%) in group D and 50 eyes (43%) in group E. All treated eyes received a mean of 3 cycles of IAC (range, 3–5), and 66% of the eyes were combined with local consolidation therapy. The median follow-up time was 39 months (range, 22–57 months). The 3-year recurrence-free survival and ocular survival rates were 68.8% (95% CI, 59.2–76.6%) and 88.5% (95% CI, 80.9–93.2%), respectively. Moreover, the 3-year ocular survival rate in group D was significantly higher than that in group E (96.9%, 76.3%; P < 0.01). The common ocular complication was vitreous hemorrhage (19.8%). No deaths or severe systemic complications occurred.

Conclusion: Primary intra-arterial chemotherapy is effective for the treatment of advanced unilateral retinoblastoma, especially in group D, with acceptable toxicity.
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INTRODUCTION

Retinoblastoma is the most common primary intraocular malignant tumor in children (1). Over the past three decades, multiple treatment modalities have been applied for the management of retinoblastoma without the need for external beam radiation or enucleation. Since the mid-1990s, intravenous chemotherapy (IVC) has become the most commonly used treatment for retinoblastoma and achieved treatment success rates ranging from 90 to 100% for early-stage retinoblastoma (groups A–C) (2). However, IVC alone is rarely curative for eyes with advanced retinoblastoma (groups D and E), and the treatment success rates are less than 50% (2–4). Additionally, the systemic adverse effects associated with IVC, such as secondary acute myelogenous leukemia, are worrisome (5).

Intra-arterial chemotherapy (IAC), also known as ophthalmic artery chemosurgery (OAC), has been introduced in the management of retinoblastoma for several years (6–9). Compared with IVC, IAC directly delivers chemotherapy drugs into the eye, showing substantial advantages in increasing intraocular tumor exposure to the drugs and reducing systemic adverse effects. IAC allows many eyes with advanced retinoblastoma to be saved; previously, these eyes would have required enucleation (10). Due to the remarkable treatment effect, many centers worldwide prefer to use IAC for the treatment of retinoblastoma, especially advanced retinoblastoma (11).

Currently, there are no clear clinical guidelines regarding whether IAC can be used as a primary treatment for advanced retinoblastoma; clinicians mainly make treatment choices based on their experience. In the present study, we evaluated the efficacy and complications of IAC as the primary treatment for advanced unilateral retinoblastoma in a Chinese population. We hope that this study will serve as a powerful reference for developing clinical guidelines in the management of advanced unilateral retinoblastoma.



MATERIALS AND METHODS


Patients

This was a single-center, single-arm retrospective study. The study was approved by the Ethics Committee of Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine and adhered to the tenets of the Declaration of Helsinki. Written informed consent was obtained from the guardian of each patient. The medical records of all patients diagnosed with advanced unilateral retinoblastoma and treated at Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine between January 2016 and December 2018 were reviewed. The inclusion criteria were patients with advanced unilateral retinoblastoma who received IAC as the primary treatment. Advanced retinoblastoma was defined as International Intraocular Retinoblastoma Classification (IIRC) (12) groups D and E (Table 1). Patients were excluded if they (1) received previous treatment before referral to our hospital; (2) had high-risk retinoblastoma with tumor invasion into the anterior chamber, choroid or retrolaminar optic nerve; or (3) had extraocular tumor extension or metastatic disease.


Table 1. International intraocular retinoblastoma classification (IIRC).
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Treatment

The IAC procedure was based on the Japanese balloon-assisted IAC infusion method (13). IAC was performed under general anesthesia and systemic intravenous heparinization. After femoral artery puncture using the Seldinger technique, a 5-French (5-F) catheter was introduced into the ipsilateral internal carotid artery under fluoroscopic guidance. Then, a microballoon catheter was passed through the introducer catheter and moved beyond the orifice of the ophthalmic artery (OA). Temporary occlusion was achieved by inflating the balloon. After fluoroscopic confirmation of balloon occlusion at the portion immediately distal to the orifice of the OA, chemotherapy drugs were injected from the introducer catheter and infused into the OA. The chemotherapy agents included carboplatin (30–60 mg), topotecan (1 mg) and melphalan (3–7 mg). The specific drug dosage was determined based on the patient's age and severity of the disease. The dosage of melphalan should be less than 0.5 mg/kg. IAC was performed at monthly intervals. As needed, local consolidation therapy, including thermotherapy, laser photocoagulation, cryotherapy and intravitreal chemotherapy, was used for tumor consolidation in conjunction with or after the completion of IAC. Thermotherapy was performed for small retinal tumors (<3 mm), and laser photocoagulation was performed for slightly larger retinal tumors by surrounding the tumor and closing off feeding vessels. Cryotherapy was mainly used for peripheral tumors. Intravitreal chemotherapy was performed for vitreous seeds control.



Follow-Up

The patients underwent monthly comprehensive ocular examinations, including anterior segment evaluation, fundus examination with indirect ophthalmoscopy, fundus photography, B-scan ultrasonography, and, as needed, fluorescein fundus angiography (FFA). The clinical status and complications were recorded at each visit. If treatment success was achieved, the follow-up time was extended to 3 and 4 months, and then every 6 months thereafter. Treatment success was defined as the complete regression of the intraocular tumor without recurrence. Recurrent disease was defined as regrowth of inactive tumor or seeds that required further treatment. Meanwhile, the patients were followed up with orbit/brain MRI every 6 months for systemic monitoring.



Statistical Analysis

The statistical analysis was performed with Prism (GraphPad Software, La Jolla California USA). Kaplan–Meier analysis was performed to estimate recurrence-free survival and ocular survival, and the Mantel–Cox test was used to compare the survival curves. A P < 0.05 was considered statistically significant.




RESULTS

In total, 116 eyes of 116 consecutive patients with advanced unilateral retinoblastoma were included (Table 2). The average age at diagnosis was 22 months (range, 6–120 months), and 61 patients (53%) were male. According to the IIRC, 116 treated eyes were classified as group D (n = 66, 57%) and group E (n = 50, 43%). The mean follow-up time was 38 months (median, 39 months; range, 22–57 months).


Table 2. Patient characteristics.
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The treated eyes received no prior treatment and initially received an average of 3 cycles of IAC (range, 3–5). The IAC procedures were technically successful in all eyes. In addition, 76 eyes (66%) received local therapy combined with IAC: thermotherapy and/or laser photocoagulation (n = 27), cryotherapy (n = 20) and intravitreal chemotherapy (n = 43). Treatment success was achieved in 81 eyes (69.8%); tumor recurrence occurred in 35 eyes (30.2%) within an average of 11 months (range, 4–36 months) after completing primary treatment. Further treatment for recurrent disease was performed as follows: additional IAC (n = 19), local therapy (n = 22), and enucleation (n = 7). The 36-month overall recurrence-free survival rate was 68.8% (95% CI, 59.2–76.6%) and 73.7% (95% CI, 61.2–82.8%) in group D and 62.2% (95% CI, 46.3–74.6%) in group E (P = 0.266; Figure 1A). At the final follow-up, globe salvage was achieved in 106 eyes (87%). Figures 2, 3 show representative cases in the present study. The 36-month overall ocular survival rate was 88.5% (95% CI, 80.9–93.2%) and 96.9% (95% CI, 88.4–99.2%) in group D and 77.3% (95% CI, 62.7–86.8%) in group E (P = 0.0006; Figure 1B). The causes for enucleation included persistent dense vitreous hemorrhage and/or neovascular glaucoma (NVG) (n = 8) and tumor recurrence (n = 7). Pathological reports showed that the resection margins and optic nerve were tumor-free. One patient developed bone metastasis 6 months after enucleation and was subsequently treated with aggressive intravenous chemotherapy, achieving disease control. No deaths occurred (100% patient survival rate).
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FIGURE 1. Kaplan–Meier survival curves for 116 patients with advanced unilateral retinoblastoma who were treated with primary IAC treatment. Recurrence-free survival (A) and ocular survival (B). Patients' eyes were divided into groups according to the IIRC.
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FIGURE 2. A 3-year-old boy with group D retinoblastoma presented with a large retinal tumor and massive subretinal seeds. The regression of tumor and seeds was noted at the 24-month follow-up. Before (A) and after (B) 3 cycles of primary IAC infusion and laser consolidation treatment.
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FIGURE 3. A 12-month-old boy with group D retinoblastoma presented with a peripheral retinal tumor and diffuse vitreous seeds. The regression of tumor and seeds was noted at the 18-month follow-up. Before (A) and after (B) 3 cycles of primary IAC infusion combined with intravitreal chemotherapy.


The details of the treatment complications are shown in Table 3. The most common ocular complication was vitreous hemorrhage (n = 23; 19.8%). Mild vitreous hemorrhage was observed in 15 eyes and was self-absorbed; however, the other 8 eyes, which showed persistent dense vitreous hemorrhage and NVG, lost the control of the fundus and received enucleation. Other ocular complications included lens opacity (n = 11; 9.5%), chorioretinal atrophy (n = 4; 3.4%), vitreoretinal fibrosis (n = 2; 1.7%), rhegmatogenous retinal detachment (RRD) (n = 1; 0.9%) and phthisis bulbi (n = 1; 0.9%). No severe systemic complications occurred. The main systemic complications included transient leukopenia (n = 41; 35.3%) and vomiting (n = 21; 18.1%).


Table 3. Treatment complications.
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DISCUSSION

In the present study, we reported our experience performing IAC as the primary treatment for 116 Chinese patients with advanced unilateral retinoblastoma. Our study confirms that the majority of advanced unilateral retinoblastoma could be successfully managed with primary IAC, avoiding the need for enucleation. In our study, a high rate of ocular salvage was achieved with an overall success rate of 87% (n = 101/116). The 36-month ocular survival rate in group D was dramatically 96.9%, which was significantly higher than that in group E (77.3%; P < 0.01). The results of our study are consistent with the data reported by other researchers. Shields et al. reported that primary IAC provided superior globe salvage rates for unilateral retinoblastoma of 91 and 48% in groups D and E, respectively (14). Abramson et al. showed successful IAC treatment for naïve advanced retinoblastoma with a 5-year ocular survival rate of 80.2% (10, 15). In another study focusing on group D retinoblastoma, the globe salvage rate at 110 months with primary IAC was 85% (16). According to the work by Munier and colleagues, 25 patients with unilateral group D retinoblastoma received primary IAC, and after a mean follow-up of 41.7 months, all treated eyes (100%) were saved with no need for enucleation (8). An opinion report from the above three major IAC centers agreed with the preference for IAC for the treatment of advanced unilateral retinoblastoma (17). Therefore, it seems that primary IAC shows superiority in the management of advanced unilateral retinoblastoma, achieving a globe salvage rate of approximately 90%.

Since Reese first reported the use of IAC for the treatment of retinoblastoma in 1958 (18), IAC technology has been continuously developed. Japanese investigators developed a technique referred to as “selective ophthalmic artery infusion (SOAI)” with a balloon catheter, which temporarily occludes the internal carotid artery (distal to the OA orifice) and allows chemotherapy drugs to be infused into the OA (13). More recently, Abramson et al. introduced another SOAI technique, superselective OA catheterization, involving a microcatheter directly introduced into the OA through which high doses of chemotherapy drugs could be directly administered into the eye (6, 19). However, compared with the Japanese method, the treatment failure rate of superselective OA catheterization was higher due to the technical difficulty of inserting the microcatheter into the OA, especially in an infant; moreover, there was a higher risk of damage to the vascular intima during OA catheterization, which could lead to a series of ophthalmic vascular events (20). In our study, the average age of the treated patients was young (mean, 22 months), and in our experience, East Asians generally grow slowly with relatively narrow ophthalmic arteries, which may increase the difficulty of superselective OA catheterization. We adopted the Japanese balloon-assisted IAC infusion method; as a result, technical success of IAC procedures was achieved in all treated eyes, and we did not experience serious adverse events associated with IAC.

In our study, all eyes were primarily treated with an average of 3 cycles of IAC infusion, which resulted in significant intraocular tumor shrinkage and regression. Meanwhile, the treated eyes also benefited from additional local consolidation therapies for tumor control. Combined with chemoreduction, local therapy including thermotherapy, laser photocoagulation and cryotherapy were beneficial for retinal tumor control (21); in addition, intravitreal chemotherapy was particularly effective in treating vitreous seeds, which commonly resulted in treatment failure with IAC alone in eyes with severe vitreous disease (22). Recurrent disease was observed in 35 (30.2%) treated eyes, while we did not observe a difference in the recurrence rate between group D and group E (P = 0.266). Seven eyes were enucleated due to recurrent disease, while the other eyes with recurrence achieved tumor control with additional IAC and/or local therapies. In addition, 8 eyes were enucleated due to persistent dense vitreous hemorrhage and NVG. Considering the continuous development of eye-preserving management of advanced retinoblastoma, secondary neovascularization may become an important cause of globe salvage failure (23, 24). The exact causes of neovascularization in a treated eye with advanced retinoblastoma may be complicated, not only related to treatment side effects but also related to the malignancy of the tumor, tumor progression/recurrence, chronic retinal detachment, and other factors (23). In our opinion, we recommended early enucleation in cases that lost the control of the fundus due to fear of neovascularization concomitant with active tumor.

With the widespread use of IAC, it was noted that the outstanding tumor response was followed by IAC-related ophthalmic vascular events, including chorioretinal ischemia, ophthalmic artery occlusion, intraocular hemorrhage, retinal artery/vein occlusion and others (25–29). The exact causes of these vascular complications remain undetermined, which may be due to vascular injury during IAC infusion or chemotherapy drug-mediated toxicity (26). Chorioretinal ischemia, also called chorioretinal occlusive vasculopathy or chorioretinal atrophy, was the most frequently reported vascular complication, developing in 7% (28, 29) to 47% (25, 30) of the eyes. In our study, chorioretinal atrophy was observed in 3.4% of the treated eyes; the low incidence may be attributed to the balloon-assisted technique, which eliminates the need for OA catheterization and thus avoids direct vascular injury. Vitreous hemorrhage was commonly observed in 19.8% of the eyes in the present study; except for 7 cases that showed persistent dense vitreous hemorrhage and NVG and required enucleation, the other cases showed mild vitreous hemorrhage, which was self-absorbed. We speculate that the occurrence of vitreous hemorrhage is not entirely due to IAC but also includes malignancy of the intraocular tumor (all advanced stage), retinal detachment, and side effects of tumor regression. In addition, we did not observe ophthalmic artery occlusion, which is considered a serious vision-threatening complication (28). During the follow-up time, severe life-threatening complications, such as cerebrovascular accident, retinal failure, or secondary cancer, were not observed. It seems that primary IAC with the balloon-assisted technique is a safe treatment modality for advanced retinoblastoma, achieving effective tumor control with acceptable toxicity.

Although primary IAC achieves a high globe salvage rate in advanced unilateral retinoblastoma, patient survival must not be compromised. In our study, no deaths occurred until the final follow-up; however, one patient developed bone metastases and received aggressive systemic chemotherapy, achieving tumor control. Theoretically, IAC had minimal systemic effects and would likely be insufficient in preventing metastatic disease. However, several studies mentioned below have reported that the use of IAC did not increase the risk of metastatic deaths. A comparative study found that there was no significant difference in the metastatic mortality rate between patients treated with primary IAC and those treated with IAC plus IVC (3 vs. 7%; P = 0.51) for advanced retinoblastoma; additional IVC combined with IAC did not show superiority in systemic control (31). A report from four major IAC centers worldwide showed that the use of IAC did not increase metastasis or metastasis-related deaths (17). Another worldwide report (n = 1,139) demonstrated that the risk of metastatic deaths in IAC-treated patients was <0.01 (32). It seems that the timely and effective control of intraocular retinoblastoma is the key to treatment and can reduce the risk of metastasis; however, high-risk retinoblastoma presenting with choroid or retrolaminar optic nerve invasion should be treated with primary enucleation and postoperative adjuvant chemotherapy to avoid metastatic disease.

This study had several limitations. First, this is a single-center retrospective study. Second, this study lacks a control group to evaluate the true benefit of primary IAC for advanced unilateral retinoblastoma. However, the rarity of retinoblastoma limited the present study to a retrospective, non-comparative cases series. A multicenter, randomized controlled trial will be valuable in the future. Last but not least, we reported 3-year survival outcomes, which may not be sufficient to represent long-term success, and it is necessary to determine 5-, 10-, and 15-year survival rates to assess long-term survival outcomes in these patients.

In summary, the findings from our relatively large cohort confirm the superiority of primary IAC for advanced unilateral retinoblastoma with acceptable ocular toxicity and minimal systemic adverse effects. For group D unilateral retinoblastoma, we strongly recommend that IAC should be the preferred treatment modality, achieving an impressive 3-year survival rate of 96.9% in the present study. We believe our study can serve as a powerful reference for clinicians' decision making in the future.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of the Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

XJ, PZ, and XH: conception and design. TL, XZ, and JL: collection and assembly of data. All authors contributed to the production of this manuscript and approved the final version.



FUNDING

This study was supported by the Clinical Research Plan of SHDC (Grant No: SHDC2020CR1009A) and Hospital Funded Clinical Research Plan of the Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine (Grant No: 21XHDB08).



REFERENCES

 1. Kivelä T. The epidemiological challenge of the most frequent eye cancer: retinoblastoma, an issue of birth and death. Br J Ophthalmol. (2009) 93:1129–31. doi: 10.1136/bjo.2008.150292

 2. Shields CL, Mashayekhi A, Au AK, Czyz C, Leahey A, Meadows AT, et al. The international classification of retinoblastoma predicts chemoreduction success. Ophthalmology. (2006) 113:2276–80. doi: 10.1016/j.ophtha.2006.06.018

 3. Shields CL, Ramasubramanian A, Thangappan A, Hartzell K, Leahey A, Meadows AT, et al. Chemoreduction for group E retinoblastoma: comparison of chemoreduction alone versus chemoreduction plus low-dose external radiotherapy in 76 eyes. Ophthalmology. (2009) 116:544–551 e1. doi: 10.1016/j.ophtha.2008.10.014

 4. Cohen VML, Kingston J, Hungerford JL. The success of primary chemotherapy for group D heritable retinoblastoma. Br J Ophthalmol. (2009) 93:887–90. doi: 10.1136/bjo.2008.142679

 5. Gombos DS, Hungerford J, Abramson DH, Kingston J, Chantada G, Dunkel IJ, et al. Secondary acute myelogenous leukemia in patients with retinoblastoma: is chemotherapy a factor? Ophthalmology. (2007) 114:1378–83. doi: 10.1016/j.ophtha.2007.03.074

 6. Abramson DH, Dunkel IJ, Brodie SE, Kim JW, Gobin YP. A phase I/II study of direct intraarterial (ophthalmic artery) chemotherapy with melphalan for intraocular retinoblastoma initial results. Ophthalmology. (2008) 115:1398–1404, 1404.e1. doi: 10.1016/j.ophtha.2007.12.014

 7. Shields CL, Bianciotto CG, Jabbour P, Ramasubramanian A, Lally SE, Griffin GC, et al. Intra-arterial chemotherapy for retinoblastoma: report No. 1, control of retinal tumors, subretinal seeds, and vitreous seeds. Arch Ophthalmol. (2011) 129:1399–406. doi: 10.1001/archophthalmol.2011.150

 8. Munier FL, Mosimann P, Puccinelli F, Gaillard MC, Stathopoulos C, Houghton S, et al. First-line intra-arterial versus intravenous chemotherapy in unilateral sporadic group D retinoblastoma: evidence of better visual outcomes, ocular survival and shorter time to success with intra-arterial delivery from retrospective review of 20 years of treatment. Br J Ophthalmol. (2017) 101:1086–93. doi: 10.1136/bjophthalmol-2016-309298

 9. Suzuki S, Yamane T, Mohri M, Kaneko A. Selective ophthalmic arterial injection therapy for intraocular retinoblastoma: the long-term prognosis. Ophthalmology. (2011) 118:2081–7. doi: 10.1016/j.ophtha.2011.03.013

 10. Abramson DH, Fabius AW, Francis JH, Marr BP, Dunkel IJ, Brodie SE, et al. Ophthalmic artery chemosurgery for eyes with advanced retinoblastoma. Ophthalmic Genet. (2017) 38:16–21. doi: 10.1080/13816810.2016.1244695

 11. Grigorovski N, Lucena E, Mattosinho C, Parareda A, Ferman S, Catalá J, et al. Use of intra-arterial chemotherapy for retinoblastoma: results of a survey. Int J Ophthalmol. (2014) 7:726–30. doi: 10.3980/j.issn.2222-3959.2014.04.26

 12. Linn Murphree A. Intraocular retinoblastoma: the case for a new group classification. Ophthalmol Clin North Am. (2005) 18:41–53, viii. doi: 10.1016/j.ohc.2004.11.003

 13. Yamane T, Kaneko A, Mohri M. The technique of ophthalmic arterial infusion therapy for patients with intraocular retinoblastoma. Int J Clin Oncol. (2004) 9:69–73. doi: 10.1007/s10147-004-0392-6

 14. Shields CL, Jorge R, Say EA, Magrath G, Alset A, Caywood E, et al. Unilateral retinoblastoma managed with intravenous chemotherapy versus intra-arterial chemotherapy. Outcomes based on the International Classification of Retinoblastoma. Asia Pac J Ophthalmol. (2016) 5:97–103. doi: 10.1097/APO.0000000000000172

 15. Abramson DH, Fabius AW, Issa R, Francis JH, Marr BP, Dunkel IJ, et al. Advanced unilateral retinoblastoma: the impact of ophthalmic artery chemosurgery on enucleation rate and patient survival at MSKCC. PLoS ONE. (2015) 10:e0145436. doi: 10.1371/journal.pone.0145436

 16. Abramson DH, Daniels AB, Marr BP, Francis JH, Brodie SE, Dunkel IJ, et al. Intra-Arterial Chemotherapy (Ophthalmic Artery Chemosurgery) for Group D Retinoblastoma. PLoS ONE. (2016) 11:e0146582. doi: 10.1371/journal.pone.0146582

 17. Abramson DH, Shields CL, Munier FL, Chantada GL. Treatment of Retinoblastoma in 2015: agreement and disagreement. JAMA Ophthalmol. (2015) 133:1341–7. doi: 10.1001/jamaophthalmol.2015.3108

 18. Reese AB, Hyman GA, Tapley ND, Forrest AW. The treatment of retinoblastoma by x-ray and triethylene melamine. AMA Arch Ophthalmol. (1958) 60:897–906. doi: 10.1001/archopht.1958.00940080917010

 19. Abramson DH, Dunkel IJ, Brodie SE, Marr B, Gobin YP. Superselective ophthalmic artery chemotherapy as primary treatment for retinoblastoma (chemosurgery). Ophthalmology. (2010) 117:1623–9. doi: 10.1016/j.ophtha.2009.12.030

 20. Stathopoulos C, Bartolini B, Marie G, Beck-Popovic M, Saliou G, Munier FL. Risk factors for acute choroidal ischemia after intra-arterial melphalan for retinoblastoma: the role of the catheterization approach. Ophthalmology. (2021) 128:754–64. doi: 10.1016/j.ophtha.2020.09.021

 21. Friedman DL, Himelstein B, Shields CL, Shields JA, Needle M, Miller D, et al. Chemoreduction and local ophthalmic therapy for intraocular retinoblastoma. J Clin Oncol. (2000) 18:12–7. doi: 10.1200/JCO.2000.18.1.12

 22. Francis JH, Iyer S, Gobin YP, Brodie SE, Abramson DH. Retinoblastoma Vitreous Seed Clouds (Class 3): a comparison of treatment with ophthalmic artery chemosurgery with or without intravitreous and periocular chemotherapy. Ophthalmology. (2017) 124:1548–55. doi: 10.1016/j.ophtha.2017.04.010

 23. Stathopoulos C, Gaillard MC, Moulin A, Puccinelli F, Beck-Popovic M, Munier FL. Intravitreal anti-vascular endothelial growth factor for the management of neovascularization in retinoblastoma after intravenous and/or intraarterial chemotherapy: long-term outcomes in a series of 35 eyes. Retina. (2018) 39:2273–82. doi: 10.1097/IAE.0000000000002339

 24. Berry JL, Kogachi K, Jubran R, Kim JW. Loss of fundus view as an indication for secondary enucleation in retinoblastoma. Pediatr Blood Cancer. (2018) 65:10.1002/pbc.26908. doi: 10.1002/pbc.26908

 25. Shields CL, Bianciotto CG, Jabbour P, Griffin GC, Ramasubramanian A, Rosenwasser R, et al. Intra-arterial chemotherapy for retinoblastoma: report No. 2, treatment complications. Arch Ophthalmol. (2011) 129:1407–15. doi: 10.1001/archophthalmol.2011.151

 26. Munier FL, Beck-Popovic M, Balmer A, Gaillard MC, Bovey E, Binaghi S. Occurrence of sectoral choroidal occlusive vasculopathy and retinal arteriolar embolization after superselective ophthalmic artery chemotherapy for advanced intraocular retinoblastoma. Retina. (2011) 31:566–73. doi: 10.1097/IAE.0b013e318203c101

 27. Bianciotto C, Shields CL, Iturralde JC, Sarici A, Jabbour P, Shields JA. Fluorescein angiographic findings after intra-arterial chemotherapy for retinoblastoma. Ophthalmology. (2012) 119:843–9. doi: 10.1016/j.ophtha.2011.09.040

 28. Dalvin LA, Ancona-Lezama D, Lucio-Alvarez JA, Masoomian B, Jabbour P, Shields CL. Ophthalmic vascular events after primary unilateral intra-arterial chemotherapy for retinoblastoma in early and recent eras. Ophthalmology. (2018) 125:1803–11. doi: 10.1016/j.ophtha.2018.05.013

 29. Ancona-Lezama D, Dalvin LA, Lucio-Alvarez JA, Jabbour P, Shields CL. Ophthalmic vascular events after intra-arterial chemotherapy for retinoblastoma: real-world comparison between primary and secondary treatments. Retina. (2019) 39:2264–72. doi: 10.1097/IAE.0000000000002315

 30. Muen WJ, Kingston JE, Robertson F, Brew S, Sagoo MS, Reddy MA. Efficacy and complications of super-selective intra-ophthalmic artery melphalan for the treatment of refractory retinoblastoma. Ophthalmology. (2012) 119:611–6. doi: 10.1016/j.ophtha.2011.08.045

 31. Chen Q, Zhang B, Dong Y, Mo X, Zhang L, Xia J, et al. Evaluating primary intra-arterial chemotherapy versus intravenous plus intra-arterial chemotherapy for advanced intraocular retinoblastoma. Cancer Chemother Pharmacol. (2020) 85:723–30. doi: 10.1007/s00280-020-04036-w

 32. Abramson DH, Shields CL, Jabbour P, Teixeira LF, Fonseca JRF, Marques MCP, et al. Metastatic deaths in retinoblastoma patients treated with intraarterial chemotherapy (ophthalmic artery chemosurgery) worldwide. Int J Retina Vitreous. (2017) 3:40. doi: 10.1186/s40942-017-0093-8

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Liang, Zhang, Li, Hua, Zhao and Ji. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-09-855661-t002.jpg
Features

Treated patients
Treated eyes
Mean age (median, range), mos
Sex
Male
Female
Eye
Right
Left
IRC
Group D
Group €
IAC cycles, mean (median, range)
Local therapy
With
Without
Mean follow-up (median, range), mos

IIRC,  Intemnational  Intraocular

intra-arterial chemotherapy.

No. (%)

116
118
22 (12, 6-120)

61(53%)
55 (47%)

56 (48%)
60 (52%)

66 (57%)
50 (43%)
3(3,3-5)

76 (66%)
40 34%)
38 (39, 22-57)

Retinoblastoma  Classification; ~ IAC,





OPS/images/fmed-09-855661-t003.jpg
Complications No. (%)

Ocular
Vitreous hemorrhage 23(19.8%)
Lens opacity 11 (9.5%)
Chorioretinal atrophy 4(3.4%)
Vitreoretinal fibrosis 2(1.7%)
RRD 1(0.9%)
Phthisis bulbi 1(0.9%)

Systemic
Transient leukopenia 41(35.3%)
Vormiting 21 (18.1%)
Rash 6(5.1%)
Epistaxis 4(3.4%)
Periocular erythema 3(2.6%)
Fever 2(1.7%)

RRD, rhegmatogenous retinal detachment.
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Group A

Group B

Group C

Group D

Group E

Small (< 3mm) discrete tumor at least 3mm from foveola and
1.6mm from optic nerve.

No vitreous or subretinal seeding.

Eyes with no vitreous or subretinal seeding and discrete retinal
tumor of any size and location.

Subretinal fluid < 5 mm from the base of the tumor.

Eyes with only focal vitreous or subretinal seeding and discrete
retinal tumor of any size and location.

Subretinal fluid < 1 quadrant.

Eyes with difuse vitreous or subretinal seeding and/or massive
non-discrete endophytic or exophytic disease.

Eyes with more extensive seeding than Group C. Massive and/or
difuse intraocular disseminated disease may consist of fine or
greasy vitreous seeding or avascular masses. Subretinal seeding
may be plaque like. Included exophytic disease and more than
one quadrant of retinal detachment.

Eyes anatomically or funcionally destroyed, including irreversible
neovascular glaucoma, massive intraocular hemorrhage, aseptic
orbital cellults, tumor anterior to anterior vitreous face, tumor
touching the lens, diffuse infilrating retinoblastoma, phthisis bulbi
or pre-phthisis.
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