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Neonatal Retinoblastoma

Introduction
Neonatal cancer is defined as a malignant neoplasm 

that is diagnosed during the first 4 weeks of  life 

(within 28 postnatal days) which, in the case of  preterm 
birth, is equivalent to diagnosis at <44 weeks of  gestational 
age.[1‑3] These cancers likely arise during embryonic or fetal 
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A B S T R A C T
From 7% to 10% of all retinoblastomas and from 44% to 71% of 
familial retinoblastomas in developed countries are diagnosed 
in the neonatal period, usually through pre‑ or post‑natal  
screening prompted by a positive family history and sometimes 
serendipitously during screening for retinopathy of prematurity 
or other reasons. In developing countries, neonatal diagnosis of 
retinoblastoma has been less common. Neonatal retinoblastoma 
generally develops from a germline mutation of RB1, the 
retinoblastoma gene, even when the family history is negative and 
is thus usually hereditary. At least one‑half of infants with neonatal 
retinoblastoma have unilateral tumors when the diagnosis is 
made, typically the International Intraocular Retinoblastoma 
Classification (Murphree) Group B or higher, but most germline 
mutation carriers will progress to bilateral involvement, typically 
Group A in the fellow eye. Neonatal leukokoria usually leads to the 
diagnosis in children without a family history of retinoblastoma, 
and a Group C tumor or higher is typical in the more advanced 
involved eye. Almost all infants with neonatal retinoblastoma have 

at least one eye with a tumor in proximity to the foveola, but the 
macula of the fellow eye is frequently spared. Consequently, loss 
of reading vision from both eyes is exceptional. A primary ectopic 
intracranial neuroblastic tumor known as trilateral retinoblastoma 
is no more common after neonatal than other retinoblastoma. 
For many reasons, neonatal retinoblastoma may be a challenge to 
eradicate, and the early age at diagnosis and relatively small tumors 
do not guarantee the preservation of both eyes of every involved 
child. Oncology nurses can be instrumental in contributing to better 
outcomes by ensuring that hereditary retinoblastoma survivors 
receive genetic counseling, by referring families of survivors to 
early screening programs when they are planning for a baby, and 
by providing psychological and practical support for parents when 
neonatal retinoblastoma has been diagnosed.
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development from immature tissues because of  intrinsic 
disturbances of  cell proliferation and growth.[1] A mutation 
in the retinoblastoma gene RB1, usually inherited, is one 
defect that may lead to such an early disturbance and thus 
can initiate cancerogenesis.

Frequency of Neonatal 
Retinoblastoma

According to several series, retinoblastoma is responsible for 
4%–29% of solid neonatal cancers (excluding hematological 
neoplasms and nonmalignant teratomas) that make up 1%–
3% of childhood malignancies [Table 1]. Conversely, 7%–10% 
of retinoblastomas are diagnosed in neonates. The experience 
in the Ocular Oncology Service of the Helsinki University 
Hospital, a national referral center for retinoblastoma 
in Finland, is similar to these series: of  116 consecutive 
retinoblastomas diagnosed during the past three decades, 
11 (9%; 95% confidence interval [CI], 5–16) were detected 
during the neonatal period. Given the estimated number of  
8100 retinoblastomas diagnosed annually worldwide,[10,11] one 
could expect 570–810 of these tumors to be neonatal.

The available data come from developed countries in 
which retinoblastomas are diagnosed at a median age of  
1 month when a positive family history leads to screening 
that begins before or after birth, making most of these cases 
neonatal. In developing countries, the median age at diagnosis 
of familial retinoblastoma is 6 months.[12] Altogether, 23% 
of familial retinoblastoma in developing as opposed to 72% 
in developed countries were detected through screening, 
suggesting that neonatal diagnosis of retinoblastoma may be 
three times more frequent in the latter. Given that the majority 
of retinoblastomas is diagnosed in developing countries,[10,11] 
a more likely estimate may thus approach a third of  the 
figures above or 190–270 neonatal retinoblastomas per 
year worldwide. These are still large numbers, and neonatal 
patients with retinoblastoma form a distinct subgroup that 
has certain typical characteristics in common.

Diagnosis of Neonatal Retinoblastoma
Diagnosis before birth

With the help of  prenatal genetic testing, when available, 
it is now possible to predict before birth whether or not 
a child will develop retinoblastoma when the mother or 
father carries a known germline mutation.[13,14] Should the 
prenatal test be positive, the eyes of  the fetus can be screened 
either with ultrasonography or magnetic resonance imaging 
during the third trimester.[14‑17]

In five small case series, prenatal screening identified 
retinoblastomas during pregnancy in 3 of  14 (21%) 
children who carried a germline mutation [Table 2], and 
in two cases, labor was thereafter induced to treat the 
tumor earlier, which is a controversial approach.[18] All 
three children had bilateral International Intraocular 
Ret inoblastoma Class i f icat ion (Mur phree) [25,26] 
Group B tumors. In three of  the remaining children, 
retinoblastoma was present upon birth, and in the 
others their first focus typically appeared during the first 
6 weeks of  postnatal life. Thus, prenatal as compared 
to prompt postnatal screening does not automatically 
lead to expedited management of  retinoblastoma in 
predisposed children.

Diagnosis in premature neonates
With widespread screening for  re t inopathy 

of  prematurity, especially using wide‑field fundus 
photography, retinoblastomas are occasionally detected 
in premature infants [Table 2], a disproportionate number 
of  which have been dizygotic twins, suggesting reporting 
bias. In one series of  1450 infants screened in neonatal 
intensive care units across one state in India because 
their birth weight was 2000 g or less or they were born 
at 34 weeks of  gestation or earlier, 2 (0.14%; 95% CI 
0.02–0.50) retinoblastomas were found.[27] The published 
image of  one neonate shows a multifocal, posterior pole, 
Group C retinoblastoma with focal vitreous seeding. 
Another series from China found one (0.13%; 95% CI 
0.00–0.71) retinoblastoma among 779 infants who either 
were premature or small‑for‑date at full term.[28] It remains 
open whether all three children had multifocal and thus 
hereditary retinoblastomas.

These observations raise the possibility that 
retinoblastoma might be more common in premature and 
small‑for‑date neonates, because the predicted frequency of  
a positive screening examination in the absence of  a positive 
family history would of  course be no more than the usual 
1 in 16,600 live‑born infants,[29] rather than the observed 1 
in 725–779 neonates in the Asian series.

However, we cannot dismiss the null hypothesis 
that the investigators were just lucky to serendipitously 

Table 1: Frequency of neonatal retinoblastoma among solid 
cancers of childhood

Country Period Pediatric cancer Retinoblastoma

All  
(n)

Neonatal, 
n (%)

All 
(n)

Neonatal, 
n (%)

Percentage 
of neonatal 

cancer (95% CI)

Canada[4] 1922‑1982 3681 94 (2.6) 148 17 (11.0) 18 (11‑27)

USA[5] 1941‑1991 32 3 9 (2‑25)

Denmark[6] 1943‑1985 56 2 4 (0‑12)

UK[7] 1960‑1989 54 5 9 (3‑20)

USA[8] 1962‑1988 28 3 11 (2‑28)

Turkey[9] 1972‑2000 21 3 14 (3‑36)

USA[1] 1980‑1998 899 14 (1.6) 55 4 (7.0) 29 (8‑58)
CI: Confidence interval
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diagnose a retinoblastoma in premature neonates 
because in a third study, from the same Indian state, one 
(0.10%; 95% CI 0.00–0.54) retinoblastoma was likewise 
found among 1021 infants born at term with a birth 
weight over 2000 g (of  whom 990 had been delivered by 
cesarean section in a single public hospital) who were 
photographically screened within 3 days from birth.[30] The 
image shows a solitary, equatorial, Group C retinoblastoma 
with focal cloud‑like vitreous seeding. In another series 
of  3573 healthy Chinese children born at gestational 
week 37 or later and weighing at least 2500 g who were 
photographed within a week from birth, two (0.06%; 
95% CI 0.01–0.20) infants were suspected of  harboring 
a retinoblastoma or an astrocytic hamartoma.[31] The 
image of  one child shows a potential unifocal Group A 
retinoblastoma.

Diagnosis in neonates born at term
Neonatal retinoblastoma after an uneventful pregnancy 

is typically diagnosed in a child who was born to parents 
with a positive family history for retinoblastoma and 
was screened after delivery. In a nationwide study in 
the Netherlands, 17 children were screened for familial 
retinoblastoma during the first 2 postnatal weeks and then 
every 2 weeks, and 12 tumors were detected during the 

1st month of  life.[32] Thus, 71% (95% CI 44–90) of  Dutch 
familial retinoblastomas were detected in neonates. Of  
16 consecutive Finnish infants screened because of  a 
positive family history for retinoblastoma, 7 (44%; 95% 
CI 20‑70) were diagnosed in the neonatal period [Figure 1] 
or whom 2 (29%) had leukokoria upon birth. A tumor of  
that size probably would have been detected in a prenatal 
scan [Figure 2a and b]. The remaining nine children 
developed their first tumor later.

Although it is considered unusual to diagnose a 
neonatal retinoblastoma in the absence of  a positive 
family history,[33] series from various cancer centers 
have included 28%–76% of  such cases [Table 3]. In a 
retrospective case series from New York, leukokoria led to 
diagnosis in 13% of  neonatal retinoblastoma patients.[3] 
In Finland, 4 (36%) of  11 neonatal retinoblastomas 
were sporadic and diagnosed after noticing leukokoria 
at the age of  5–23 days [Figure 2b and c]. Three of  
the sporadic neonatal retinoblastomas progressed to 
bilateral disease and originated from new germline 
mutations [Figure 2d]. We diagnosed, however, one 
nonhereditary neonatal retinoblastoma in a child who 
was hypotonic upon birth and underwent ophthalmologic 
screening as part of  a neurologic workup; a unilateral, 
unifocal retinoblastoma was detected at the age of  

Table 2: Retinoblastomas detected in selected infants who underwent screening

Reference Gestational week Family 
history

Laterality and IIRC group 
at diagnosis

Details

Birth Diagnosis

Prenatal screening for retinoblastoma in 
mutation carriers

Paquette et al.[15] N/A 37 Yes Bilateral B/B US, 2 mm thick tumor

Neriyanuri et al.[16] 34 2 years* Yes Unilateral A None detected at birth (13q ‑ deletion)

Staffieri et al.[17] 38 4/2 weeks* Yes Unilateral A None detected at 1 day

37 6/3 weeks* Yes Unilateral B None detected at 3 days

40 ‑ Yes None By 2 years, low penetrance mutation

36 5/1 weeks* Yes Unilateral A None detected at 2 days

35 35 Yes Bilateral B/B MRI, 6 mm×1.9 mm and 5 mm×1.2 mm tumor

Shah et al.[14] Term 10 days* Yes Bilateral B/A None detected at 3 days

Soliman et al.[19] 39 Birth Yes Bilateral C/B None detected prenatally

36 36 Yes Bilateral B/B US, detected at 34 weeks

36 Birth Yes Unilateral A Detected at birth

37 17/14 weeks* Yes Unilateral A None detected at birth

36 15/11 weeks* Yes Bilateral B/B None detected at birth

38 5/3 weeks* Yes Bilateral A/A None detected at birth

Postnatal screening for retinopathy of 
prematurity

Amino et al.[20] 26 7 weeks/33* No Bilateral B/A Dizygotic twin

26 7 weeks/33* No Bilateral B/B Dizygotic twin

Picton et al.[21] 32 3 weeks/35* No Bilateral Fetal distress

Self et al.[22] 26 8 weeks/34* No Bilateral B/B Dizygotic twin, in vitro fertilization

Al‑Abdi[23] 28 4 weeks/32* No Bilateral Dizygotic twin (c. 635delT)

Abramson et al.[24] 26 12 weeks/38* No Unilateral B Dizygotic twin
*Postnatal/corrected. N/A: Not available, IIRC: International Intraocular Retinoblastoma Classification (Murphree),[25,26] MRI: Magnetic resonance imaging, US: Ultrasound
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12 days. No germline mutation was detected, and no 
further tumors developed, suggesting nonhereditary 
retinoblastoma [Figure 2e‑h].

Table 3: Characteristics of neonatal retinoblastomas

Country Period All (n) Family history, n (%) Laterality Metastatic death, n (%)

Unilateral*, n (%) Bilateral*, n (%)

Canada[4] 1922‑1982 17 4 (24) 4 (24) 13 (76) 4 (24)

USA[8] 1962‑1988 3 3 (100) N/A N/A N/A

Turkey[9] 1972‑2000 3 N/A 0 3 (100) 3 (100)

USA[1] 1980‑1998 4 N/A 0 4 (100) 2 (50)

USA[3] N/A 46 33 (72) 26/4 (57/9) 20/42 (43/91) 4 (9)

Netherlands[32] 1992‑2004 12 12 (100)† 5/1 (42/8) 7/11 (58/92) 0

Finland 1985‑2015 11 7 (64) 8/1 (73/9) 3/10 (27/91) 0
*Initially/eventually, †Restricted to familial patients. N/A: Not available

Figure 2: Neonatal retinoblastomas either causing leukokoria 
(a-d) or serendipitously detected through unrelated screening (e-h). 
Group B peripapillary 3 mm tumor and three smaller tumors detected 
during screening at the age of 3 days (a, arrowheads) with leukokoria 
already noted from a larger macular Group B retinoblastoma in a familial 
mutation carrier; a small second tumor is also visible (b, arrowhead). 
Group C macular tumor with focal vitreous seeding detected after 
leukokoria was noted at the age of 23 days; a small second tumor 
is also visible (c, arrowhead). At the age of 3 months, the first 
0.5 mm Group A tumor is diagnosed in the fellow eye; meanwhile, 
a germline mutation that was not found in the parents was detected 
(d, arrowhead). Group B peripapillary 4.5 mm tumor surrounded by 
subretinal bleeding as detected during ocular screening during a 
neurologic workup at the age of 12 days (e). Fluorescein angiography 
shows prominent arterial circulation in the tumor (f) that regressed with 
chemoreduction (g, arrowhead) that was followed by infrared diode 
laser transpupillary thermotherapy (h).

d

h

c

g

b

f

a

e

Figure 1: Neonatal retinoblastomas detected through screening of 
familial mutation carriers. Group B perifoveal 2 mm tumor as first 
detected during screening at the age of 10 days (a, arrowhead) and 
immediately after infrared diode laser transpupillary thermotherapy 
(b). At the age of 1 month, the tumor is replaced with a scar (c) 
and the first 1 mm Group A tumor is diagnosed in the fellow eye. 
(d, arrowhead). Group B perifoveal 1.5 mm tumor as first detected 
during screening at the age of 18 days (e, arrowhead) and immediately 
after transpupillary thermotherapy (f). At the age of 4 months, after 
additional thermotherapy sessions, the tumor is replaced with a scar. 
(g) and the first 1.5 mm Group A tumor is diagnosed in the fellow 
eye (h, arrowhead)
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Characteristics of Neonatal 
Retinoblastoma
Family history

A common characteristic of  neonatal retinoblastoma, 
as mentioned, is a positive family history [Table 3]. This is 
largely because the offspring of  parents with a history of  
retinoblastoma, especially when they have tested positive for 
a mutation of the retinoblastoma gene, will be screened soon 
after birth and, sometimes, now already during pregnancy 
for an inherited tumor. Hence, when a neonatal tumor is 
present, it will be promptly diagnosed.

Bilateralization
A second common characteristic of  neonatal 

retinoblastoma is that unilateral disease at the time of  
diagnosis is common [Table 2], but it has a very high 
rate of  becoming bilateral. In the Dutch series, 5 (40%) 
of  12 neonatal, familial retinoblastomas were initially 
unilateral.[32] All except one (92%) progressed to bilateral 
disease within 5 months. In Finland, 7 (70%) of  the 10 
hereditary neonatal retinoblastomas were first unilateral, 
but all became bilateral within 4 months. In an earlier 
larger series from New York, 26 (57%) of  46 neonatal 
retinoblastomas were first unilateral, and 22 (85%) of  them 
progressed to bilateral involvement.[3] Thus, probably about 
50% of  neonatal retinoblastoma will be unilateral when 
diagnosed, but the fellow eye will become involved in about 
90% of  cases before the age of  6 months.[32]

The remaining 10% of  children who do not develop 
bilateral disease usually still have a positive family 
history[3,32] and likely carry a mutation characterized with 
lower penetrance and expressivity.[34] In the Retinoblastoma 
Referral Service of  Siena, Italy, between 2000 and 2015, 
in 10 families with one parent who had a history of  
unilateral retinoblastoma, 7 (64%; 95% CI 31–89) of  11 
affected children also developed a unilateral tumor that in 
one of  them was a retinoma, whereas in 25 families with 
a bilateral tumor in one parent, only one (3%; 95% CI 
0–18) of  29 affected children was diagnosed with unilateral 
retinoblastoma.

Tumor stage
The tumor in the first involved or the more advanced 

eye of  a child with neonatal retinoblastoma is usually of  
a higher grade than Group A, typically assigned to Group 
B because of  tumor proximity to the foveola or the optic 
disk rather than because of  its size. The tumor in the first 
involved eye is also typically of  a higher grade than it will be 
in the fellow eye that becomes involved later, which almost 
always will be diagnosed with a Group A retinoblastoma 

because of  close screening at short intervals after diagnosis 
of  the first eye.

In this regard, one child in the Dutch series[32] had a 
Group A tumor in the first involved or the more advanced 
eye, nine (75%) tumors were Group B, and one each was 
Group C and E (we reclassified tumors reported as Group 
A but involving the macula as Group B). Only one child 
had advanced disease in both eyes (Group C and E). In all 
children but one (with a Group B tumor), the fellow eye had, 
or later developed, a Group A tumor (reported as Group 
A without macular involvement). In Finland, all seven 
children diagnosed by screening had a Group B tumor in 
at least one eye in 5 instances so classified solely because of  
tumor location but in 2 cases also because of  its size. Two 
of  them had a Group B tumor in their fellow eye, and the 
remaining five children later developed a Group A tumor in 
the fellow eye. The three children without a family history 
had more advanced Group C, D, and E retinoblastomas 
and later developed a Group A tumor in the fellow eye.

Vision prognosis
The third characteristic of  neonatal retinoblastoma is 

macular involvement, which is typically unilateral. In the 
Netherlands, 10 (83%) of 12 infants with a positive family 
history had an uninvolved macula in one eye and one child 
in both eyes.[32] Nine (75%) of the children maintained 20/30 
or better vision in their better eye. In Finland, 8 (80%) of 10 
children with hereditary neonatal retinoblastoma had one 
involved macula, and in all eight initially uninvolved fellow eyes, 
the tumor developed outside the macula. Moreover, all children 
maintained 20/25 vision or better in the better eye. Thus, in 
more than 75% of children with neonatal retinoblastoma, the 
macula and good vision likely will be spared in at least one eye.

On the other hand, one eye is equally likely to have 
compromised vision. In New York, mostly before modern 

Figure 3: Recurrence of a neonatal retinoblastoma (arrowhead) several 
months following clinically complete initial regression obtained with 
infrared diode laser transpupillary thermotherapy
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chemoreduction era, 10 (38%) of  26 initially involved eyes 
of  unilateral patients and 7 (18%) of  38 eyes of  bilaterally 
involved children were lost.[3] In the Dutch series of  
12 familial neonatal retinoblastomas, also largely before 
the chemoreduction era, one eye was enucleated and four 
children ended up with finger counting or worse vision in 
their more advanced eye.[32] Four (33%) children retained 
20/30 vision or better in their worse eye. In the Finnish 
series, the 3 Group C to E eyes of  patients without a family 
history eventually were enucleated. All seven children with 
a positive family history and a Group B eye with a macular 
tumor in their worse eye ended up with 20/400 to counting 
fingers vision in that eye, but none needed to be enucleated.

Tendency for local relapse
A fourth characteristic feature is that standard chemotherapy 

protocols that generally are effective in curing retinoblastoma 
in part may fail more often in neonatal retinoblastoma 
because of the lack of significant vascular supply in smaller 
tumor foci. Moreover, the neonatal fundus is typically lightly 
pigmented and thus transpupillary thermotherapy may not 
produce enough heat to kill a small focus that in an older child 
would be eradicated [Figure 3]. These tumors, some of which 
may still be lower grade lesions more akin to retinocytomas, 
consequently may need chemothermotherapy[35,36] or 
a radioactive plaque to be controlled. The preliminary 
experience in the Retinoblastoma Referral Service of Sienna 
suggests that ophthalmic artery chemosurgery may be more 
efficient in destroying such small tumors. In addition, neonatal 
retinoblastomas frequently seem to develop early vitreous 
seeding even when the tumor is still relatively small.[27,30] 
This increases the likelihood of a vitreous relapse. Finally, 
children with neonatal retinoblastoma quite often develop 
new tumors after or even during systemic chemotherapy. 
All these potential pitfalls make neonatal retinoblastoma a 
challenge to manage in spite of the typically early diagnosis 
and earlier than average tumor stage.[18]

Special Issues
Trilateral neonatal retinoblastoma

In a single‑center series of  46 children with neonatal 
retinoblastoma, two (4%; 95% CI 1–15) later developed 
a trilateral pineal retinoblastoma.[3] In a recent systematic 
review and meta‑analysis, 9 of  174 (5%; 95% CI 2–10) 
trilateral retinoblastomas later developed to children who 
had had a neonatal retinoblastoma.[37] Both percentages 
are comparable with the general 4.1% (95% CI 2–7) 
risk of  trilateral retinoblastoma developing in children 
with hereditary retinoblastoma, according to the same 
meta‑analysis. No trilateral retinoblastoma was diagnosed 
during the neonatal period although 2 (1%; 95% CI 0–4), 

one pineal and one suprasellar, were detected at the age of  
1 month and likely could have been detected in the neonatal 
period, had an earlier scan been performed. Both children 
had synchronous bilateral retinoblastomas, and at least one 
had a positive family history for retinoblastoma.

Metastatic retinoblastoma
Synchronous intraocular and metastatic disease at 

the time of  birth has been reported once.[3] In the older 
New York series, 4 (9%) of  the 46 neonatally diagnosed 
patients died of  metastases.[3] No metastases were 
mentioned in the Dutch study.[32] In Finland, one of  the 
11 children with neonatal retinoblastoma died in a traffic 
accident but none developed metastases.

The role of the oncology nurse
Oncology and other nurse specialists who meet 

survivors of  hereditary retinoblastoma can be instrumental 
in maintaining the current favorable survival rates. 
Patients who had bilateral retinoblastoma or unilateral 
retinoblastoma with a germline RB1 mutation need to be 
advised about the late effects of  their genetic predisposition 
to themselves and their family. The former includes the 
possibility of  developing a second primary neoplasm.[38] 
The latter is even more important. Since retinoblastoma 
arises almost exclusively in early childhood, is dominantly 
inherited, and is rapidly growing, it is imperative that all 
survivors of  hereditary retinoblastoma are made aware of  
the role of  prenatal genetic diagnosis and, if  such testing 
is either not possible or is declined, of  the importance of  
having the eyes of  their neonate screened in the prenatal 
period or promptly after birth.[19] Oncology nurses play a key 
role whenever they meet a retinoblastoma survivor through 
checking that such education is not forgotten.

Oncology nurses benefit of  being knowledgeable not 
only about the genetics of  hereditary forms of  childhood 
cancer, such as retinoblastoma, but also about psychological 
issues involved both in genetic testing and in testing‑guided 
screening.[39] Cultural and religious beliefs and family values 
about health care and cancer vary. In case  the survivor 
of  hereditary retinoblastoma is planning for a baby or is 
pregnant, creating an atmosphere for open dialog, and 
asking the right questions to probe for any parental concern 
regarding screening may be especially important to elicit 
participation in early detection of  retinoblastoma.[40]

Parents, especially mothers of  infants with bilateral 
retinoblastoma, are at increased risk of  parenting stress 
when treatment is ongoing.[40] The oncology nurse 
can provide educational and psychological support to 
alleviate it, which is especially important when a neonatal 
retinoblastoma has been diagnosed. Parenting stress is 
more intense if  the child has visual impairment from the 
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tumor.[40] This is an excellent reason to pursue prompt 
screening and early treatment when the time of  delivery of  
a neonate at risk is approaching, to minimize chances of  
poor vision. Furthermore, it is useful for the oncology nurse 
to familiarize oneself  with any community group and other 
available outside resources so as to know where to refer 
parents when they need additional information and support, 
especially is the child has become visually impaired.

Children with neonatal retinoblastoma are especially 
challenging to manage, and their families need a lot 
of  support. As shown in this review, these children are 
nevertheless likely to survive and retain reading vision 
in at least one eye, especially if  their parents have been 
educated to take full advantage of  existing prenatal genetic 
counseling and proper neonatal screening. Oncology nurses 
often play an important role in the multidisciplinary team 
managing neonatal retinoblastoma patients and survivors 
of  hereditary retinoblastoma.
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