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Abstract
Retinopathy of prematurity (ROP) and retinoblastoma (RB) are well-described entities in pre-
mature babies. Although their pathogeneses are different, with ROP representing a disorder 
of interrupted development and RB a genetic disease, a few co-occurring cases have been 
reported, raising the possibility that the 2 conditions. Here, we report the sixth such case of 
co-occurring ROP and RB in an 8-month-old infant conceived by in vitro fertilization (IVF) who 
developed bilateral retinoblastoma a few months after treatment for advanced-stage ROP. 
While the ROP was initially adequately managed, bilateral RB necessitated bilateral enucle-
ation. This case raises a number of important questions about whether IVF, ROP, and RB are 
causally related. Although the associations between IVF, ROP, and RB are likely to be coinci-
dental, this case nevertheless highlights that ROP patients require regular follow-up for early 
diagnosis and treatment of ocular sequelae including RB.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Retinopathy of prematurity (ROP) [1] and retinoblastoma (RB) [2] are both well docu-
mented in the pediatric population. While the incidence and severity of ROP are inversely 
related to the infant’s weight and gestational age at birth [1], RB has no such associations, 
being primarily a genetic disease caused by loss of function of the critical retinoblastoma 
tumor suppressor protein [2]. RB is the most common intraocular tumor; it is highly malignant 
and, if undetected, can cause significant visual morbidity and mortality [2]. There are 5 
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previous cases of RB co-occurring with ROP in the literature, either simultaneously or RB 
occurring months or years after ROP regression [3–6]. Whether ROP predisposes to RB is 
unknown. Furthermore, in vitro fertilization (IVF) has been suggested to predispose to RB, 
but the epidemiological data are conflicting [7].

Here, we report a case of RB occurring in an infant conceived by IVF with previous ROP. 
In addition to providing an opportunity to discuss what is known about the interactions 
between IVF, ROP, and RB, the case highlights that regular follow-up of ROP patients may help 
with the early diagnosis and treatment of subsequent visual problems, including RB.

Case Presentation

A 25-week gestational age, IVF female infant was born prematurely (weight 650 g). She 
was hospitalized in the neonatal intensive care unit for 3 months following birth and required 
supplemental oxygen throughout her admission.

The patient underwent regular ophthalmologic examination during hospitalization. ROP 
was not apparent at first screening at 27-weeks gestational age, but by 32 weeks, she had 
developed severe bilateral stage 3 zone II ROP with severe-plus disease. Unfortunately, there 
was delay from referring hospital the patient was referred to King Abdulaziz University 
Hospital (KAUH) at 38 weeks for further evaluation and treatment, by which time she had 
bilateral ROP: stage 4A on the right and stage 4B zone 1 on the left with plus disease. She was 
treated with bilateral laser ablation and bevacizumab injection to the left eye before being 
transferred back to the neonatal intensive care unit.

At 8 months, she was again referred to KAUH due to left-sided orbital cellulitis, which had 
been treated with intravenous antibiotics in the primary hospital. Clinical examination 
revealed left-sided proptosis, lid swilling, and conjunctival chemosis. Computed tomography 
showed multiple calcifications. The patient was referred to King Khaled Specialist Hospital 
for further evaluation and management of suspected RB. There was no family history of RB. 
MRI and ultrasound confirmed RB of the left eye and she underwent left-sided enucleation. 
Histopathological examination confirmed necrotic RB with ciliary body and choroidal 
invasion. Examination under anesthesia of the right eye showed funnel-shaped retinal 
detachment but no RB. At follow-up, a second mass was detected in the nasal quadrant of the 
right eye, which MRI confirmed as RB. She underwent enucleation of the right eye and was 
referred to pediatric oncology for reevaluation, assessment, and consideration for possible 
adjuvant chemotherapy. Unfortunately there was no photo before or after treatment.

Discussion/Conclusion

Here, we describe a preterm infant conceived through IVF with advanced-stage ROP who 
subsequently developed bilateral RB. This case raises a number of important questions about 
potential associations between IVF, ROP, and RB.

ROP is a retinal blood vessel development disorder which occurs in low birth weight 
children [1]. ROP represents a serious and complex disease and is the second leading cause 
of blindness in the USA behind cortical visual impairment [8]. Prematurity interrupts the 
development of the retina and retinal vasculature and, as a result, retinal ischemia can occur 
[9]. Although the pathophysiology of ROP is poorly understood, the compensatory increase 
in vascular growth factors in response to retinal ischemia results in disordered blood vessel 
growth [9]. Disease progression can result in vitreous hemorrhage, retinal detachment, and 
blindness [1, 9].
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RB is the most common childhood intraocular malignancy, affecting ∼1:20,000 infants 
with a male:female ratio of 1:1 [10, 11]. RB is caused by inactivating mutations in the retino-
blastoma tumor suppressor gene (RB1) [12, 13], which, together with subsequent mutations 
in other genes, results in malignant proliferation and tumor development. RB can be inherited 
in an autosomal dominant pattern, where 1 mutant allele is inherited through the germ line 
(35–45% of cases), and the second allele is sporadically mutated after birth; inherited forms 
are, therefore, more likely to produce bilateral tumors [13]. However, only 10% of children 
with RB have a positive family history, suggesting that the majority of the mutations in heri-
table RB occur de novo [13].

Our case represents the sixth case of RB occurring in infants with ROP. Vasu et al. [6] 
reported 2 cases of RB occurring in unrelated children who had previously had ROP; in both 
cases, the ROP regressed by 38 weeks but the children represented at 4 years with leukocoria. 
One child was diagnosed with unilateral RB, and the other with bilateral RB. Benz et al. [3] 
reported a case of simultaneous ROP and bilateral RB occurring in a 40-week gestational age 
infant with a family history of RB. In their study of 411 very preterm births, Fledelius and 
Greisen [4] reported a case of one boy with regressed ROP who went on to develop bilateral 
RB at about 20 months. In the fifth case, similar to our own, Tian et al. [5] reported RB occurring 
in an IVF infant with ROP.

The incidence of ROP varies by geographical region, and it is estimated that about 32,000 
infants become blind or develop severe visual impairment from ROP worldwide each year 
[14]. Although both RB and ROP are uncommon entities and causality cannot be excluded, 
with only 5 cases reported in the literature without a family history of RB [4–6], it seems likely 
that these 2 conditions occurred coincidentally. Furthermore, the pathogeneses of the 2 
conditions are entirely different, with one being a genetic disease and the other a conse-
quence of interrupted development [1, 2, 10], and a unifying mechanism of RB development 
on a background of ROP is difficult to propose. The cases that have been reported in the liter-
ature are also clinically heterogeneous, making it more difficult to draw meaningful conclu-
sions about a causal association between the 2 conditions since there is no obvious temporal 
pattern of development to suggest a likely pathogenesis. The median age of RB development 
is 12 months for bilateral tumors [10], so our case is consistent with the usual natural history 
of RB unmodified by the coexisting ROP.

Perhaps more important than whether the 2 conditions are causally related, our case 
highlights that clinicians must remain vigilant for coexisting eye disease in infants with ROP 
during regular follow-up visits to detect other ocular associations with ROP including 
refractive errors, strabismus, and glaucoma [1]. It is also worth noting that leukocoria (white 
reflex, or white pupil, instead of the normal red reflex) is a common presenting feature of both 
ROP and RB, so vigilance for RB must be maintained in children with leukocoria due to ROP 
[15].

Our case represents the second case of RB occurring with ROP in an infant conceived by 
IVF [5], raising the possibility that IVF may predispose to RB; indeed, IVF has been suggested 
to cause epigenetic abnormalities in offspring that predispose to various diseases [7, 16]. 
Although the literature is sparse, there is some evidence to suggest that IVF increases the risk 
of RB [17, 18], although several studies have failed to find this association, including in large 
population-based studies [19, 20]. Again, given the weak large-scale epidemiological data, it 
seems more likely that the 2 conditions occurred coincidentally.

The co-occurrence of ROP and RB in an IVF infant, although rare and possibly coinci-
dental, highlights that premature infants may develop other eye problems. Awareness among 
parents and clinicians of the possible occurrence of ocular abnormalities other than ROP in 
premature babies, facilitated by regular screening and patient education for ROP, could lead 
to parents reporting abnormalities to the treating ophthalmologist early. Children with ROP 
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should receive regular follow-up to detect and treat other ocular problems. Further reports 
of associations between IVF, ROP, and RB might shed further light on any possible causal 
mechanisms.
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