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R etinoblastoma is the most common malignant eye  
tumor in children (incidence of one in 17 000 live 

births), usually diagnosed before the child reaches 5 years 
of age (1). Tumorigenesis is predominantly initiated 

by two genetic events involving both alleles of the tu-
mor suppressor gene RB1 (ie, RB1−/− retinoblastoma). 
A  new molecular subtype of retinoblastoma without 
pathogenic variants in the RB1 gene (RB1+/+) has been 

Background:  MYCN-amplified RB1 wild-type (MYCNARB1+/+) retinoblastoma is a rare but clinically important subtype of retino-
blastoma due to its aggressive character and relative resistance to typical therapeutic approaches. Because biopsy is not indicated in 
retinoblastoma, specific MRI features might be valuable to identify children with this genetic subtype.

Purpose:  To define the MRI phenotype of MYCNARB1+/+ retinoblastoma and evaluate the ability of qualitative MRI features to help 
identify this specific genetic subtype.

Materials and Methods:  In this retrospective, multicenter, case-control study, MRI scans in children with MYCNARB1+/+ retinoblastoma 
and age-matched children with RB1−/− subtype retinoblastoma were included (case-control ratio, 1:4; scans acquired from June 2001 
to February 2021; scans collected from May 2018 to October 2021). Patients with histopathologically confirmed unilateral retinoblas-
toma, genetic testing (RB1/MYCN status), and MRI scans were included. Associations between radiologist-scored imaging features and 
diagnosis were assessed with the Fisher exact test or Fisher-Freeman-Halton test, and Bonferroni-corrected P values were calculated.

Results:  A total of 110 patients from 10 retinoblastoma referral centers were included: 22 children with MYCNARB1+/+ retinoblastoma 
and 88 control children with RB1−/− retinoblastoma. Children in the MYCNARB1+/+ group had a median age of 7.0 months (IQR, 
5.0–9.0 months) (13 boys), while children in the RB1−/− group had a median age of 9.0 months (IQR, 4.6–13.4 months) (46 boys). 
MYCNARB1+/+ retinoblastomas were typically peripherally located (in 10 of 17 children; specificity, 97%; P < .001) and exhib-
ited plaque or pleomorphic shape (in 20 of 22 children; specificity, 51%; P = .011) with irregular margins (in 16 of 22 children; 
specificity, 70%; P = .008) and extensive retina folding with vitreous enclosure (specificity, 94%; P < .001). MYCNARB1+/+ retinoblas-
tomas showed peritumoral hemorrhage (in 17 of 21 children; specificity, 88%; P < .001), subretinal hemorrhage with a fluid-fluid 
level (in eight of 22 children; specificity, 95%; P = .005), and strong anterior chamber enhancement (in 13 of 21 children; speci-
ficity, 80%; P = .008).

Conclusion:  MYCNARB1+/+ retinoblastomas show distinct MRI features that could enable early identification of these tumors. This may 
improve patient selection for tailored treatment in the future.
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and to evaluate whether this genetic subtype can be differentiated 
from RB1−/− retinoblastoma using qualitative MRI features.

Materials and Methods

Patients
The institutional review board of Vrije Universiteit University 
Medical Center (institutional review board no. 00002991) in 
Amsterdam, the Netherlands, approved this multicenter, retro-
spective, case-control study; the requirement to obtain informed 
consent was waived. This study was performed in accordance 
with the Standards for Reporting of Diagnostic Accuracy 
Studies, or STARD, statement guidelines.

MRI scans from patients with retinoblastoma were retro-
spectively collected. MRI scans were acquired between June 
2001 and February 2021 and collected between May 2018 and  
October 2021 from retinoblastoma referral centers. Case 
identification was performed by addressing both published 
authors who studied patients with MYCNARB1+/+ retino-
blastoma and retinoblastoma referral centers. Six patients 
(three from Germany and three from the Netherlands) were 
previously reported in the first report, to our knowledge, 
on the MYCNARB1+/+ subtype retinoblastoma (2) and one 
patient (from India) was previously reported in a case report 
(8). For each identified patient with the MYCNARB1+/+ reti-
noblastoma subtype, matched controls with RB1−/− retino-
blastoma were included at a ratio of 1:4. Inclusion criteria 
were (a) histopathologically confirmed diagnosis of retino-
blastoma, (b) unilateral disease, (c) MRI examination per-
formed after 1995 and including at least noncontrast T1-
weighted and gadolinium-based contrast agent–enhanced 
T1-weighted sequences, and (d) genetic analysis of tumor 
material: for MYCNARB1+/+ retinoblastomas, this included 
MYCN amplification and RB1 wild-type expression, and for 
RB1−/− retinoblastomas, this included biallelic RB1 patho-
genic variants. Genetic information was collected retrospec-
tively; no genetic tests were performed for the current study. 
Case-control matching was performed based on age, date 
of MRI examination, and referral site. In instances where 
control MRI examinations from the same institution were 
unavailable, control MRI examinations from a different in-
stitution were used.

MRI Feature Selection and Assessment
MRI features were adopted from a previously validated imaging 
atlas of retinoblastoma (Table S1) (16). These included tumor 
morphologic features (location, growth pattern, shape) and tu-
mor composition (homogeneity, calcifications, enhancement, 
necrosis). Three imaging features were added: (a) peritumoral 
hemorrhage (focal hypointense signal intensity on T2-weighted 
images specifically covering the surface of the tumor); (b) tu-
mor-retinal folds with vitreous enclosure; and (c) a detached 
hyaloid membrane. The three added features were defined after 
unblinded review by independent readers not involved in fur-
ther feature scoring (C.M.d.B. and R.W.J., with 4 and 5 years of 
experience, respectively, in ocular MRI). Subsequently, two ra-
diologists with expertise in retinoblastoma imaging (P.d.G. and 

discovered. Instead, a high level of MYCN amplification was 
found to be the driving force in the initiation of retinal tu-
mors (MYCN-driven or MYCN-amplified RB1 wild-type  
[MYCNARB1+/+] retinoblastoma) in approximately 1%–2% 
of patients with retinoblastoma (2–5). Although MYCN 
amplifications also exist in RB1−/− tumors, the clinical appear-
ance suggests a distinct phenotype for RB1+/+ tumors driven by 
MYCN amplification (6,7). This MYCNARB1+/+ subtype was 
found to be a unilateral subtype and manifests with larger tu-
mors in children at a very young age; it showed strikingly distinct 
histopathologic features with poorly differentiated tumors 
consisting of neuroblastic cells and few rosettes (2). Additionally, a 
relative resistance to typical therapeutic approaches was found (8).  
While eye-preserving treatment is increasingly attempted in the  
children with MYCNARB1+/+ retinoblastoma, salvaging an 
eye in this aggressive subtype of retinoblastoma may result in a 
higher risk of uncontrolled disease. Therefore, early identifica-
tion of patients with MYCNARB1+/+ retinoblastoma is clinically 
important and may enable a distinct treatment approach.

Detecting genetic traits of retinoblastoma is increasingly  
challenging in clinical practice due to the lack of availability of  
histopathologic material for molecular testing. Tumor biopsy 
is contraindicated because of the associated risk of local tumor 
seeding and metastasis. Furthermore, enucleated specimens have 
become less available due to the increasing use of eye-saving treat-
ment options, even in advanced stages (9,10). Development of 
noninvasive stratification methods is therefore important for sub-
type recognition and implementation of novel targeted therapies. 
The recently emerging minimally invasive technique of obtaining 
cell-free tumor DNA from the aqueous humor may become ad-
vantageous (11). MRI similarly has great potential for molecular 
subtype differentiation with the advantages of being noninvasive 
and widely used in children with retinoblastoma for supporting 
the diagnosis, examining disease extent, and screening for intra-
cranial disease (12–15). The imaging phenotype of MYCNARB1+/+  
retinoblastoma, however, remains unclear. The purpose of this 
study was to assess MRI features of MYCNARB1+/+ retinoblastoma 

Abbreviation
MYCNARB1+/+ = MYCN-amplified RB1 wild-type

Summary
MYCN-amplified RB1 wild-type retinoblastoma has distinct features 
compared with RB1 pathogenic variant–driven retinoblastoma at 
MRI, including tumors in a peripheral (anterior) location with plaque 
or pleomorphic shape, irregular margins, tumor-retinal folding, and 
peritumoral blood.

Key Results
	■ In this retrospective study of 110 patients, unique MRI features 
enabled differentiation of patients with MYCN-amplified RB1 
wild-type retinoblastoma (MYCNARB1+/+) (n = 22) from patients 
with RB1 pathogenic variant–driven retinoblastoma (n = 88).

	■ MRI features that showed high specificity for MYCNARB1+/+ 
identification included peripheral location (anteriorly to the equator)  
(97%; P < .001), peritumoral hemorrhage (88%; P < .001), subretinal  
hemorrhage with a fluid-fluid level (95%; P = .005), and tumor-
retinal folding with vitreous enclosure (94%; P < .001).
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M.C.d.J., with 10 and 17 years of experience, respectively, in oc-
ular MRI) blinded to patient details (including age and genetic 
information) individually assessed all MRI scans for all features. 
Disagreements were resolved by consensus in a separate meeting. 
Imaging features that were marked as indeterminate after con-
sensus were excluded from analysis (eg, the feature “subretinal 
seeding” is indeterminate in cases without retinal detachment). 
No central pathology review was performed, but histopathologic 
examinations were reviewed in six patients from the Netherlands 
to be able to demonstrate radiopathologic correlations.

Statistical Analysis
Interobserver MRI reader variability was assessed by calculating 
Fleiss κ. Data distribution was assessed using the Shapiro-Wilk 
test. The two-tailed Fisher exact test and Fisher-Freeman-Hal-
ton test were used for the statistical analyses. Bonferroni-cor-
rected P < .05 was considered indicative of statistically signifi-
cant difference. Statistical calculations were performed using 
SPSS software (version 26, IBM).

Results

Patients
Of the 110 patients with retinoblastoma included in the study, 
22 had the MYCNARB1+/+ molecular subtype and 88 had the 
RB1−/− molecular subtype. Data for patients with MYCNARB1+/+ 
retinoblastoma were included from 10 retinoblastoma referral 
centers in Amsterdam, the Netherlands (n = 6); Paris, France (n 
= 4); Essen, Germany (n = 3); 
Phoenix, Arizona, U.S. (n = 2); 
Portland, Oregon, U.S. (n = 2); 
Lausanne, Switzerland (n = 1); 
Atlanta, Georgia, U.S. (n = 1); 
Iowa City, Iowa, U.S. (n = 1); 
Memphis, Tennessee, U.S. (n = 
1); and Kolkata, India (n = 1). 
Figure 1 demonstrates the iden-
tification and inclusion process 
for patients in this study. No 
patients were excluded. Patient 
demographic characteristics are 
available in Table 1; the case-
control study design resulted 
in similar groups with no sig-
nificant differences in patient 
age or the year of the MRI 
examination.

Tumor Characteristics 
of MYCNARB1+/+ 
Retinoblastoma
Identified associations between 
imaging features and the MYC-
NARB1+/+ subtype of retinoblas-
toma are listed in Table 2; fea-
tures scored as indeterminate 
resulted in patient numbers not 

always adding up to the total of 22 patients with MYCNARB1+/+ 
retinoblastoma and 88 patients with RB1−/− retinoblastoma. A 
peripheral tumor location (anteriorly to the equator) showed 
a 97% specificity for MYCNARB1+/+ retinoblastoma and was 
found in 59% of children with MYCNARB1+/+ retinoblastoma 
(10 of 17) compared with 2.6% of children with RB1−/− reti-
noblastoma (two of 77) (P < .001) (Fig 1). Extensive retinal 
folds were found in the MYCNARB1+/+ subtype, in which the 
tumor-affected retina was seen to enclose parts of the vitreous 
(Figs 1–3). This MRI feature showed a specificity of 94% for 
the MYCNARB1+/+ subtype and was present in 58% of children 
with MYCNARB1+/+ retinoblastoma (11 of 19) versus in 5.9% 
of children with RB1−/− (five of 85) (P < .001). Another MRI 
feature associated with the MYCNARB1+/+ subtype was irregu-
lar tumor margins, which occurred in 73% of patients with 
MYCNARB1+/+ (16 of 22) versus 30% of patients with RB1−/− 
retinoblastoma (26 of 86) (specificity, 70%; P = .008) (Fig 3).  
MYCNARB1+/+ retinoblastomas more frequently had plaque 
or pleomorphic shape (in 20 of 22 children [91%]) compared 
with RB1−/− retinoblastomas (in 43 of 87 children [49%]), with 
the latter showing relatively more dome- or lens-shaped tumors 
(P = .011) (Fig 3). Additionally, a larger number of tumor foci 
(P = .005) and a diffuse infiltrative growth pattern (P = .044) 
were found to be associated with MYCNARB1+/+ retinoblas-
toma. Table S1 lists the frequency and interobserver agreement 
of all assessed imaging features. The frequency of individual 
imaging features showed a wide range (0%–91%), as did the 
interobserver agreement (κ = 0.03–0.81).

Figure 1:  Flowchart diagram shows inclusion of patients in this case-control study with a ratio between cases and controls 
of 1:4. Cases are patients with MYCN-amplified RB1 wild-type (MYCNARB1+/+) retinoblastoma, and controls are patients 
with biallelic pathogenic variation of RB1–driven (ie, RB1−/−) retinoblastoma.
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Peritumoral Intraocular Findings in MYCNARB1+/+ 
Retinoblastoma
Peritumoral hemorrhage was more often observed at MRI of 
MYCNARB1+/+ retinoblastoma (in 17 of 21 children [81%]) 
compared with MRI of RB1−/− retinoblastoma (in 10 of 83 chil-
dren [12%]) and was also apparent at histopathologic exami-
nation in a patient with both MRI and histopathologic data 

available (Fig 4). Additionally, children with MYCNARB1+/+ 
retinoblastoma showed more subretinal blood to the extent 
that there was a fluid-fluid level present (MYCNARB1+/+, eight 
of 22 children [36%]; RB1−/−, four of 88 children [4.5%]),  
a finding that showed 95% specificity for MYCN-amplified 
tumors. Moreover, the MYCN-amplified tumors showed a 
more intense enhancement within the anterior eye segment 

Table 1: Patient Demographic Characteristics

Characteristic
Patients with MYCNARB1+/+ 
Retinoblastoma (n = 22)

Patients with RB1−/− 
Retinoblastoma (n = 88)

Total Patients  
(n = 110) P Value

Sex .64
  F 9 (41) 42 (48) 51 (46)
  M 13 (59) 46 (52) 59 (54)
Laterality (left eye) 10 (46) 46 (52) 56 (51) .64
Age at MRI examination (mo)* 7.0 (5.0–9.0) 9.0 (4.6–13.4) 8.0 (3.5–12.5) .14
Mode for MRI examination year 2018 2017 2017
Range for MRI examination year 2002–2021 2001–2021 2001–2021

Note.—Unless otherwise specified, data are numbers of patients, with percentages in parentheses. P values were derived using the Fisher 
exact test or independent sample t test. MYCNARB1+/+ = MYCN-amplified RB1 wild-type, RB1−/− = RB1 pathogenic variants.
* Data are medians, with IQRs in parentheses.

Table 2: Radiologist-assessed MRI Features of MYCNARB1+/+ Retinoblastoma Compared with RB1−/− Retinoblastoma

MRI Feature Feature Outcome

Patients with 
MYCNARB1+/+ 
Retinoblastoma

Patients with RB1−/− 
Retinoblastoma P Value Sensitivity (%) Specificity (%)

Peripheral or anterior tumor  
location (greater part in front  
of equator vs behind equator)

Present 59 (10/17) 2.6 (2/77) <.001* 59 [33, 82] 97 [91, 100]

Irregular tumor margins Present 73 (16/22) 30 (26/86) .008* 73 [50, 89] 70 [60, 80]
Plaque or pleomorphic shape  

(vs dome or lens shape)
Present 91 (20/22) 49 (43/87) .011* 91 [71, 99] 51 [40, 61]

Peritumoral hemorrhage Present 81 (17/21) 12 (10/83) <.001* 81 [58, 95] 88 [79, 94]
Subretinal hemorrhage with  

fluid-fluid level
Present 36 (8/22) 4.5 (4/88) .005* 36 [17, 59] 95 [89, 99]

Strong enhancement of the  
anterior eye segment

Present 62 (13/21) 20 (17/84) .008* 62 [38, 82] 80 [70, 88]

Tumor-retinal folds with  
enclosure of vitreous

Present 58 (11/19) 5.9 (5/85) <.001* 58 [34, 80] 94 [87, 98]

No. of lesions .005†

1 lesion 19 (4/21) 65 (57/88)
1–5 lesions 24 (5/21) 15 (13/88)
6–10 lesions 10 (2/21) 3.4 (3/88)
>10 lesions 48 (10/21) 17 (15/88)

Growth pattern .044†

Diffuse growth 23 (5/22) 2.4 (2/85)
Endophytic growth 4.5 (1/22) 22 (19/85)
Exophytic growth 73 (16/22) 75 (64/85)

Note.—Unless otherwise specified, data are percentages, with numbers of patients in parentheses and 95% CIs in brackets. Features scored 
as indeterminate were not included in analysis; thus, numbers of patients do not always add up to 22 for MYCN-amplified RB1 wild-type 
(MYCNARB1+/+) retinoblastoma or 88 for RB1−/− retinoblastoma (ie, retinoblastoma with RB1 pathogenic variants). Bonferroni-corrected 
P values are presented.
* P values calculated using the Fisher exact test.
† P values calculated using the Fisher-Freeman-Halton test.
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(MYCNARB1+/+, in 13 of 21 children [62%]; RB1−/−, in 17 of 
84 children [20%]; P = .008) (Fig 3).

Discussion
Because retinoblastomas driven by MYCN amplification (ie, 
MYCNARB1+/+) have an aggressive nature and relative resistance 

to typical chemotherapy approaches, identification of patients 
with this retinoblastoma subtype is clinically important. As tis-
sue biopsy is not safe in retinoblastoma, we sought to determine 
whether MRI could be used to identify this rare retinoblastoma 
subtype. Compared with retinoblastoma driven by biallelic 
pathogenic variation of RB1 (ie, RB1−/−), MYCNARB1+/+ tumors 

Figure 2:  MRI phenotype MYCN-amplified RB1 wild-type (MYCNARB1+/+) retinoblastoma versus retinoblastoma driven by RB1 pathogenic variation (RB1−/−). 
(A) Representative MRI scans in a 42-month-old boy with MYCNARB1+/+ retinoblastoma show relatively anterior tumor location, irregular margins, a pleomorphic shape, 
tumor-retinal folding with retina-retina contact (arrowheads), and peritumoral blood (arrows). Axial T1-weighted images with and without gadolinium-based contrast agent, 
T2-weighted image, and subtraction image are included. (B) MRI scan in a 10-month-old girl with RB1−/− retinoblastoma shows a posterior location, smooth margins, and a 
lens shape without vitreous inclusion or peritumoral blood. Axial T1-weighted images with and without gadolinium-based contrast agent, T2-weighted image, and subtraction 
image are included. CE = contrast enhanced, FIESTA = fast imaging employing steady-state acquisition.
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Figure 3:  Example T2-weighted constructive interference in steady state (CISS), T1-weighted noncontrast, and  
T1-weighted contrast-enhanced (CE) images in five children with MYCN-amplified RB1 wild-type (MYCNARB1+/+) 
retinoblastoma show typical MRI phenotypes in an (A) 11-month-old boy, (B) 4-month-old girl, (C) 6-month-old boy, 
(D) 3-month-old girl, and (E) 4-month-old girl. Typical MRI features include anterior tumor location, irregular tumor 
margins, plaque or pleomorphic shape, a diffuse growth pattern, and numerous tumor lesions. Peritumoral hemorrhage 
is shown (black arrows in A, B, and D). T1 hyperintensity suggests the presence of peritumoral blood in A. Subretinal 
hemorrhagic fluid-fluid level is shown (white arrow in C). Tumor-retina folding with enclosure of the vitreous is denoted 
(white arrowheads in B, D, and E). Strong enhancement of the anterior eye segment is present in all five patients (black 
arrowheads on T1-weighted sequences with gadolinium-based contrast agent).

were recognizable at pretreatment 
MRI by their peripheral location 
anteriorly to the equator (specific-
ity, 97%; P  < .001), irregular mar-
gins (specificity, 70%; P = .008), 
diffuse growth pattern (P = .044) 
with many tumor foci (P = .005), 
peritumoral hemorrhage (specific-
ity, 88%; P < .001), and extensive 
folding of the affected retina enclos-
ing parts of the vitreous (specificity, 
94%; P < .001). These imaging find-
ings could supplement clinical find-
ings, such as unilaterality and young 
age, for pretreatment recognition of 
MYCNARB1+/+ retinoblastoma.

The diffuse growth pattern, ir-
regular margins, and multiple tumor 
foci found at MRI in MYCNARB1+/+ 
retinoblastoma may suggest rapid 
tumor growth at a young age. Ag-
gressive tumor growth and young 
age were also described in clini-
cal evaluations (2). Children with 
MYCNARB1+/+ retinoblastoma in our 
study had a median age of 7 months, 
considerably younger than patient 
population with unilateral RB1−/− 
retinoblastoma (approximately  
24 months [17]). The finding of a 
peripheral location anteriorly to the 
equator at MRI was surprising in 
these young children, considering 
retinal development proceeds from 
center (posterior) to periphery (ante-
rior). Most of the retina was affected 
in these patients, suggesting either 
fast tumor growth from posterior to 
anterior or extensive multifocality. A 
peripheral location by itself is, un-
like the other described features for  
MYCNARB1+/+ tumors, not a sign of 
advanced-stage disease in the popu-
lation with general (RB1−/−) retino-
blastoma. The peripheral location 
may, however, lead to a diagnosis 
at a relatively advanced stage in the 
absence of leukocoria as an early 
symptom, as seen in central tumors. 
In children with RB1−/− retinoblas-
toma, tumors originating from the 
peripheral retina are seen in patients 
of older age, mostly with an unaf-
fected central (posterior) retina (18). 
Fast tumor growth is also a pos-
sible explanation for other imaging 
features of MYCNARB1+/+ tumors. 
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For instance, the folding of a tumor-filled retina with vitreous 
enclosure is probably caused by rapid growth in a convoluting 
manner, in which one fold of the retina attaches to an opposite 
fold. In our study, this was confirmed at histopathologic evalu-
ation. These vitreous invaginations were large and often unifo-
cal compared with multifocal smaller cavitations seen in cavitary 
retinoblastoma (19). Peritumoral hemorrhage and subretinal 
hemorrhage with fluid-fluid levels could also be related to fast 
tumor growth. These MRI features are likely due to the tumor 
outgrowing its blood supply, resulting in hypoxia. Hypoxia in-
duces upregulation of proangiogenic factors, including the vas-
cular endothelial growth factor gene, resulting in the formation 
of fragile blood vessels that may hemorrhage more easily (20). 
This may also explain the frequent finding of anterior eye seg-
ment enhancement in MYCNARB1+/+ retinoblastoma: poorly 
developed regions of the blood-ocular barrier possibly result in 
extravascular leakage of contrast material into the anterior eye 
chamber (21). We suggest that the majority of imaging findings 
in patients with MYCNARB1+/+ retinoblastoma reflect the early 
onset and fast growth of this subtype, which is congruent with 
clinical, histopathologic, and molecular findings from previously 
described patients with this retinoblastoma subtype (2,8,22–24).

In addition to supporting the previously established differ-
ence in molecular makeup and histopathologic appearance, 
our study also showed that MYCNARB1+/+ tumors have a 
unique phenotypic appearance at MRI (2–4,8). This provides 
further evidence that MYCNARB1+/+ is a distinct retinoblas-
toma subtype with different behavior from RB1−/−, poten-
tially benefiting from new targeted treatments. In a recent 
study, a novel therapy (MLN4924 [Pevonedistat, Takeda], a 
neddylation inhibitor) was tested in human retinoblastoma 

xenografts in vivo, and chemosensitivity was observed in both 
MYCNARB1+/+ and RB1−/− tumors (25). Such compounds 
may be specifically valuable in treatment of MYCNARB1+/+ 
retinoblastoma, as these tumors have been described to re-
spond poorly to traditional chemotherapeutic regimens (8). 
Another described approach includes the use of anti-GD2 
monoclonal antibodies, since chemorefractory MYCNARB1+/+ 
retinoblastoma has been shown to express ganglioside GD2 
(26). Multiple compounds for MYC inhibition have entered 
clinical-phase research, although more research is needed to 
bring therapies from bench to bedside (27). In both research 
and clinical settings, MRI features can aid in patient selec-
tion for targeted treatments against the MYCNARB1+/+ sub-
type (26).

Our study had several limitations. First, the subtype 
MYCNARB1+/+ is rare, and available MRI data are limited. 
We had to acquire data internationally from multiple cen-
ters, and MRI protocols and quality varied. Generally, MRI 
requirements for retinoblastoma include a field strength 
above 1.5 T, a section thickness of less than 2 mm, a T2-
weighted sequence, and T1-weighted sequences before and 
after intravenous administration of a gadolinium-based con-
trast agent (13). Second, interreader agreement of imaging 
features showed a wide range, possibly explained in part 
by insufficient MRI quality for features requiring detailed 
evaluation. Third, the low prevalence of the MYCNARB1+/+ 
subtype resulted in large CIs for prediction parameters for 
morphologic features.

In conclusion, MYCN-amplified RB1 wild-type retinoblasto-
mas show distinct MRI features that could enable early identifi-
cation of this more aggressive retinoblastoma subtype.

Figure 4:  Axial MRI scans (left column), histopathologic images (middle columns), and fundoscopic images (right column) in two children with MYCN-amplified RB1 
wild-type (ie, MYCNARB1+/+) retinoblastoma, (A) a 42-month-old boy and (B) 3-month-old girl. MRI scans show peritumoral hemorrhage (black arrows) and retinal detach-
ment with multiple retinal folds with vitreous enclosure (black and white arrowheads). Scale bars of 25 mm are shown in the bottom right corner. Fundoscopic images show 
extensive peritumoral blood (black arrows, without spatial correlation).
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