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Abstract

Background: Retinoblastoma is the commonest intraocular pediatric neoplasm. With the recent scope of shifting
to eye preserving therapies, preoperative MRI is becoming the primary noninvasive diagnostic method to confirm
the diagnosis, assess the ocular coats and optic nerve, and detect extraocular tumor extension and intracranial
primitive neuroectodermal tumor associated with retinoblastoma as funduscopy and ultrasound have limitations.
Diffusion-weighted images (DWIs) detect abnormalities based on differences in tissue cellularity. Echoplanar-based
(EP) DWI results in susceptibility artifacts and geometric distortions, which make DWI of the orbit a challenging
technique. The purpose of our study is to evaluate preoperative magnetic resonance (MR) imaging diagnostic
merits and indices in patients with retinoblastoma.

Results: Fifty-eight eyes were prospectively reviewed in 30 girls and 27 boys (mean age at diagnosis was 23
months + 18.9) with retinoblastoma by two radiologists on T1-weighted images, fat saturated T2-weighted images,
DWIs, ADC, and postcontrast T1-weighted MR images with and without fat suppression. All patients included were
primarily treated by surgical enucleation; one girl had bilateral enucleation. MRI shows accuracy, sensitivity,
specificity, NPV, and PPV; 86.2%, 95.3%, 60%, 81.8%, and 87.2% respectively for choroidal invasion; 75.8%, 58.8%,
82.9%, 83%, and 58.8% in prelaminar optic nerve invasion; and 86.2%, 85.2%, 87%, 87%, and 85% in postlaminar
optic nerve invasion (PLONI) respectively. For sclera and extrascleral tumor invasion, MRI show accuracy, sensitivity,
specificity, NPV, and PPV of 93%, 55.6%, 100%, 92.5%, 100%, and 98.3%, 100%, 98%,100%, 80% respectively. On DWIs,
the vital solid tumor shows hyperintense signal compared to the vitreous. The difference between the mean ADC
value of the solid enhancing tumor (0.3[0.12-0.8] x 10~® s/mm?) and nonenhancing necrotic parts (1.4[1.0-1.8] x
1072 s/mm?) was statistically significant (p < 0.001). No correlation was found between the ADC values and high
risk features for metastasis. Abnormal anterior chamber enhancement shows no statistically significant correlation
with main MRI and histopathology findings. Maximum tumor diameter in mm show statistically significant
correlation with postlaminar optic nerve invasion (p = .002) and choroidal invasion (p = .007). Sensitivity and
specificity of different tumor size cutoff values are calculated using the ROC analysis.

Conclusion: High-resolution ocular MR imaging can reliably detect postlaminar optic nerve invasion, choroid, and
extrascleral invasion; meanwhile, it shows low sensitivity in prelaminar optic nerve, ciliary body, and sclera invasion.
Significantly lower ADC values in viable tumor than necrotic parts are recorded.
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Background

Retinoblastoma is the commonest intraocular pediatric
neoplasm; its rate of incidence is 1 in 15,000 to 20,000
births worldwide. It is diagnosed in the first 5 years of
life in 90-95% of patients. The most common early signs
of retinoblastoma are leukocoria, a white pupil reflex,
and strabismus [1]. Two forms of retinoblastoma occur;
Nonbheritable (sporadic) (60%) and heritable (40%). Spor-
adic retinoblastoma gene (RB1) mutations occur in a sus-
ceptible retinal cell without germline affection. Sporadic
retinoblastoma is commonly solitary, unilateral; however,
it can also affect both eyes (bilateral) and manifests in
older age (mean age at presentation 13—18 months). All
bilateral retinoblastomas have a heritable RB1 germline
mutation leading to multifocal, bilateral disease and usu-
ally present earlier (mean age, 6 months) [2]. Trilateral
retinoblastoma is a heritable form of retinoblastoma asso-
ciated with an intracranial tumor located in the pineal,
suprasellar, or parasellar regions of the brain. The inci-
dence of trilateral retinoblastoma is 3.5% among cases
with heritable retinoblastoma. Trilateral retinoblastoma is
reported to be lethal, yet early diagnosis, systemic chemo-
therapy, and stem cell transplantation may improve the
prognosis [3]. Diagnosis of retinoblastoma is usually made
by funduscopy (under general anesthesia) and ultrasound,
both performed by a specialized ophthalmologist. Specific
tumor parameters (number, location to the macula, size of
tumors, and, laterality, seeding to vitreous, subretinal
space, or anterior segment) can be determined by both
investigations. Ultrasound (US) is sensitive to intratumoral
calcifications, the most important distinguishing feature of
retinoblastoma. Doppler can be useful in differentiating a
vascular intraocular mass from echogenic effusions and
differentiation against pseudoretinoblastomas (e.g., per-
sistent hyperplastic primary vitreous, PHPV). While US is
adapted for evaluation of superficial ocular masses, it
shows lower sensitivity in detecting deeper tumor exten-
sions as optic nerve invasion and intracranial disease than
CT and MRI. CT shows high sensitivity and specificity for
the detection of calcifications. Repeated exposure to ioniz-
ing radiation and its risk of inducing cataract renders its
additional diagnostic value questionable. High-resolution
MRI has been considered the most sensitive diagnostic
tool to evaluate intraocular masses and determine the dis-
ease extent owing to its high spatial resolution, provided
the optimization of the pulse sequences and image param-
eters [4—6].

In the era when chemotherapy has become the main
treatment for intraocular retinoblastoma, the conserva-
tive management of retinoblastoma proves to be suc-
cessful in the early stages of retinoblastoma and some
advanced stages avoiding the consequences of surgical
enucleation and external beam radiotherapy. A new clas-
sification, the International Intraocular Retinoblastoma
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Classification (IIRC), has been introduced in 2005 based
on clinical examination under anesthesia. The IIRC as-
signs patients into groups from A through E, according
to the chemotherapy success rate. Group A, B, and C
eyes show a >90% success rate and a 47% success rate
for group D eye. In eyes with high-risk histopathological
features, systemic adjuvant chemotherapy is the first line
of treatment in a trial to manage the eye conservatively
and at the same time decrease the risk of metastasis [7].
Pathological staging had been used as the gold standard
in evaluation of the high-risk factors for local recurrence
and metastasis in patients undergoing enucleation. Risk
factors include tumor extension into the choroid, sclera,
optic nerve, and anterior eye segment. With the expand-
ing options of nonsurgical treatment of retinoblastoma
and shifting to the chemotherapeutic agents, more chil-
dren have been managed without pathological staging
and evaluation of metastatic risk factors [8]. Preoperative
ocular MRI is becoming the primary noninvasive technique
used upon deciding to treat an eye conservatively or to
enucleate as funduscopy and ultrasound have limitations.
MRI contributes to confirming the diagnosis, assessing the
ocular coats and optic nerve to exclude high-risk features
for metastasis, and detecting extraocular tumor extension
and intracranial primitive neuroectodermal tumor associ-
ated with retinoblastoma (trilateral retinoblastoma) [3].
Diffusion-weighted images (DWIs) detect abnormalities
based on differences in tissue cellularity. DWI acts as a
supplementary noninvasive tool to characterize and differ-
entiate benign and malignant intraocular tumors in pa-
tients presenting with leucocoria where the other main
causes include includes persistent primary hyperplastic vit-
reous and advanced Coat’s disease. DWTI also differentiates
viable and necrotic parts of intraocular tumor [9]. DWI
can be used as a noninvasive technique to predict response
to conservative therapy in retinoblastoma. DWI is based
on an echoplanar sequence that is fast yet sensitive to
susceptibility artifacts and image distortions, particularly at
air-tissue and bone-tissue interfaces. Therefore, DWI of
the orbit is challenging [10].

Although several studies have reported the diagnos-
tic accuracy of MRI in detecting intraocular tumor
extent and metastasis [3, 6-15], our study provides a
comprehensive evaluation of the diagnostic accuracy of
3 T ocular MRI, diagnostic role of DWIs, sensitivity,
and specificity of different tumor diameter cut off
values of postlaminar optic nerve invasion (PLONI)
and ocular coat invasion as well as the relationship of
the abnormal anterior eye segment enhancement in MRI
examinations of retinoblastoma and different MRI and
histopathological findings which, to our knowledge, are
grouped in few studies. This prospective study aims to
evaluate the preoperative MR imaging diagnostic value in
pathologically proved retinoblastoma patients.
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Methods

Study subjects

Our prospective study was approved by our institution
research department and the local ethics committee
accepted reviewing the patient’s records and images. Be-
tween October 2014 and January 2016, 94 patients with
retinoblastoma have been referred to our tertiary care in-
stitution. Patients eligible for our study were those with
pathologically proven retinoblastoma who underwent
pretreatment MRI examination and primarily treated by
surgical enucleation, without therapeutic interventions in
the affected eye before enucleation. The inclusion criteria
were met by 57 patients (27 boys and 30 girls, mean age at
enucleation, 23 months + 18.9) (range 1-120 months); 23
patients with bilateral disease (mean age at enucleation; 17
months); and 34 patients with unilateral disease (mean
age, 27 months); one patient underwent bilateral enucle-
ation, thus data were collected from 58 eyes.

Thirty-three patients were excluded as they receive
neoadjuvant chemotherapy/radiotherapy. Four patients
were excluded as they have benign pathologies (Coat’s
disease and benign medulloepithelioma).

MR technique and image analysis

All patients were scanned on a 3T MRI machine (Inge-
nia 3Tesla; Philips medical systems). All were scanned
under general anesthesia.

After a T1-weighted scout view of the brain, 5-mm-thick
spin-echo axial T2 images of the brain were obtained.
High-resolution orbital imaging was acquisied then per-
formed: axial and coronal T1-weighted MR images were
obtained with repetition time msec/echo time msec of
350-530/12-14, axial and coronal T2-weighted fat satur-
ation spin echo MR images with repetition time m sec/echo
time m sec of 2250-2700/80-120 and two acquisitions.
Before contrast injection, axial diffusion-weighted MRI
using a spin-echo T2-weighted echoplanar imaging se-
quence (3200/75; section thickness, 4 mm, with intersection
gap 0.5; field of view, 230 x 230 mm; acquisition matrix,
190 x 190). A b value of 0 and 1000 s/mm? was obtained in
three orthogonal planes. Apparent diffusion coefficient
(ADC) maps were then constructed on the scanner.

After intravenous injection of 0.1 mmol/kg gado-
pentetate dimeglumine (Magnevist; Schering, Berlin,
Germany), axial, sagittal, and coronal T1-weighted
MR images (400-530/13-15, three acquisitions) were
obtained with and without fat suppression in all pa-
tients. Axial scan covered both eyes and sagittal plane
was performed in the affected eye in unilateral cases
and in both eyes in bilateral cases. Finally, brain im-
aging was performed. Section thickness in all orbital
images was 3 mm, with an intersection gap of 0.3 mm for
axial and 1.2 mm for sagittal and coronal images. A spin-
echo technique was used for all imaging sequences.
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Two reviewers analyzed the MR images in consensus.
One of the reviewers is a neuroradiology consultant who
had at least 10 years’ experience with brain and orbital
MR imaging. Both reviewers were blinded to the pa-
tients’ pathology reports. Findings were then correlated
with histopathology results.

All intraocular tumors were characterized on basis of
signal in both T1- and T2-weighted images as high and
low relative to the vitreous. T2-weighted images and
contrast-enhanced T1-weighted images were used to dis-
tinguish solid intraocular tumor from necrotic tumor
where necrosis is suspected as the part of tumor of high
signal intensity with corresponding nonenhancing part
of the tumor. Maximum tumor diameter is measured by
reviewers as the largest continuous line through the
tumor mass on axial images; in the case of multiple
tumor masses, the diameter of the largest mass was de-
termined. T2-weighted MR images were used to assess
retinal detachment and sub-retinal fluid. Postcontrast
T1-weighted MR imaging is used to evaluate the growth
pattern (endophytic, exophytic, or a combination of the
two); involvement of the choroid, ciliary body, optic
nerve (prelaminar, postlaminar, or no invasion), sclera,
orbital fat (tumor extension), and pineal gland (trilateral
retinoblastoma). The presence or absence of abnormal
anterior eye segment enhancement (AASE) was evalu-
ated. DWI were evaluated on b = 1000 images included
detection of intraocular lesions and recording of signal
intensity of the lesion compared with the vitreous as
high, intermediate, low. Mean ADC values were measured
by placing region of interest (ROI) on enhancing tumor
tissue (solid tumor part) and nonenhancing tumor tissue
(areas of suspected necrosis). ROI ranges from 3 to 6
mm?>,

Post contrast T1-weighted MR images of the brain are
finally checked to exclude trilateral retinoblastoma or
central nervous system dissemination. Histopathologic
data from enucleated specimens were reported by a
pathologist who was blinded to the MR imaging analysis.
Tumor extension into the choroid, ciliary body, optic
nerve, sclera, and orbital fat were assessed. Tumor
extension into the optic nerve was categorized with
reference to the lamina cribrosa of the sclera as pre- or
postlaminar invasion.

Statistical analysis

Comparison of numerical variables between the study
groups was done using Student ¢ test for independent
samples. For comparing categorical data, Chi-square (x%)
test was performed. Exact test was used instead when
the expected frequency is less than 5. Accuracy was
represented using the terms sensitivity, and specificity.
Receiver operator characteristic (ROC) analysis was used
to determine the optimum cut off value for the studied
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diagnostic markers. P value > 0.05 was considered insig-
nificant. P value <0.05 was considered significant. P
value < 0.01 was considered highly significant. All statis-
tical calculations were done using computer programs
SPSS (Statistical Package for the Social Science; SPSS
Inc., Chicago, IL, USA).

Results

Fifty-seven patients with retinoblastoma and primarily
treated by enucleation are included in our study. Fifty-
three patients had advanced disease (group D, E according
to the International Classification of Intraocular Retino-
blastoma), three patients (group C), and one patient
(group B). Twenty-three patients (40%) had bilateral reti-
noblastomas. In one patient, both eyes were enucleated.
Mean age at enucleation for bilateral disease was 17
months (range, 1-48 months). In 34 patients (60%) with
unilateral retinoblastoma, right eye was enucleated in 18
patients and left eye was enucleated in 16 patients. Mean
age in patients with unilateral retinoblastoma was 27
months (range, 1-120 months). Mean age at diagnosis for
unilateral and bilateral cases are illustrated in Fig. 1. Histo-
pathologic analysis was obtained in all 58 eyes. Histopath-
ologic evaluation showed poorly differentiated tumor in
17/58 eyes (29.3%), necrosis > 50% in 3/58 eyes (5%), chor-
oidal invasion in 43/58 eyes (74%), iris neovascularization
in 11/58 eyes (19%), ciliary body involvement in 1/58 eye
(1.7%), anterior chamber invasion in 8/58 eyes (13.8%),
scleral invasion in 9/58 cases (8%), extraocular fat invasion
in 4/58 cases (6.9%), optic nerve invasion in 44/58 cases
(75.9%) subdivided to prelaminar optic nerve invasion oc-
curring in 17cases (29.3%), and postlaminar optic nerve

50.00

40.00 =

30.00 -

20.00 -

age in months

10.00 =

bilateral

Unilateral

site
Fig. 1 Age distribution-in-months of unilateral and bilateral
retinoblastoma patients in our study
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invasion in 27 cases (46.6%). The transection line of the
optic nerve was found to be involved by tumor in four
eyes (6.9%). The accuracy, sensitivity, specificity, negative
predictive value (NPV), and positive predictive value
(PPV) of MRI in predicting tumor invasion is summarized
in Table 1. The accuracy of MRI to detect prelaminar
optic nerve invasion was 75.8%, with sensitivity, specificity,
NPV, and PPV of 58.8%, 82.9%, 83%, and 58.8% respect-
ively. The accuracy of MRI to detect postlaminar optic
nerve invasion was 86.2%, with sensitivity, specificity,
NPV, and PPV of 85.2%, 87%, 87%, and 85% respectively.
Choroidal invasion show MRI accuracy 86.2%; sensitivity,
specificity, NPV, and PPV of 95.3%, 60%, 81.8%, and
87.2% respectively. Sclera and extrascleral tumor invasion
show accuracy, sensitivity, specificity, NPV, and PPV of
93%, 55.6%, 100%, 92.5%, 100%, and 98.3%, 100%, 98%,
100%, 80% respectively. Diffusion-weighted images were
not feasible for interpretation in 28 eyes owing to image
distortion. In 30 intraocular tumors, DWIs and ADC
maps were acceptable for analysis. DWI (b = 1000)
showed a high signal intensity of retinoblastoma com-
pared the adjacent vitreous or sub-retinal fluid. In 3/58
intraocular tumors, heterogeneous signal intensity on
DWI is seen with high signal regions of the solid enhan-
cing tumor and intermediate signal regions of the necrotic
parts with low/intermediate ADC values guided by the
corresponding conventional MR images. The mean ADC
value of the solid enhancing tumor was 0.3(0.12-0.8) x
10 s/mm> which is significantly lower compared to
nonenhancing necrotic parts with mean ADC value of
1.4(1.0-1.8) x 1072 s/mm? (p < 0.001). No correlation was
found between the ADC values and the degree of postla-
minar optic nerve invasion, choroid invasion, sclera, and
ciliary body invasion.

The association between the abnormal anterior eye
segment enhancement in 35 eyes and main MRI and
histopathological findings are summarized in Table 2.
No statistically significant relation is concluded between
anterior eye segment enhancement and tumor size (p =
0.28), pathologically proven choroid invasion (p = 0.15),
pathologically proven scleral invasion (p = 0.6), patho-
logically proven anterior eye segment invasion (p = 0.1),
and iris neovascularization (p = 0.4). Mean tumor diam-
eter in our study was 16.9 mm (range 14.50—-19 mm).
Analysis of tumor size (maximum diameter in mm) in
relation to histopathology findings is shown in Table 3.
The larger the tumor diameter the more incidence of
postlaminar optic nerve invasion and choroid invasion
which is statistically significant in our study. Mean
tumor diameter in cases with pathologically proven post-
laminar optic nerve invasion (PLONI) and choroidal in-
vasion were 19 mm [range 13-40 mm] (p = 0.002), 18
mm [range 10-40 mm] (p = 0.007) respectively. Using
ROC curve obtained from our data (Figs. 2, 3, and 4), a
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Table 1 MR imaging features compared with histopathologic findings

Histopathologic Finding N TP FP N FN Sensitivity (%) Specificity (%) Accuracy (%) NPV PPV k

Postlaminar ON invasion 58 23 4 27 4 85.2
Prelaminar ON invasion 58 10 7 34 7 588
Choroid invasion 58 41 6 9 2 95.3
Scleral invasion 58 5 0 49 4 556
Extrascleral invasion 58 4 1 53 0 100
Ciliary body invasion 58 0 13 44 1 0

87 86.2 87.1 85.2 0.723
829 758 82.9 588 0418
60 86.2 81.8 87.2 0.606
100 93 92.5 100 0679
98 983 100 80 0.88
772 772 - - -

ON optic nerve, N number, TP true positive, FP false positive, TN true negative, FN false negative, NPV negative predictive value, PPV positive predictive value,

k kappa value

cut off value of 15.5 mm, 14.8 mm for PLONI and chor-
oid invasion respectively yielded the highest sensitivity of
77%, 83% respectively (Table 4). For PLONI, the area
under curve (AUC) was 0.70 (95% CI 0.57—0.83) and the
specificity was 43% (p = .008). For choroidal invasion,
the AUC was 0.72 (95% CI 0.57-0.87) and the specificity
was 53% (p = .011). For cases with both choroidal in-
vasion and PLONI, AUC was 0.73 (95% CI 0.6-0.85)
with sensitivity and specificity 63% and 58% respect-
ively (p = .003). No patients with trilateral or quadri-
lateral retinoblastoma or intracranial metastasis were
included in this study (Figs. 5, 6, and 7).

Discussion

Retinoblastoma is the most common intraocular pediatric
tumor with a high cure rate, yet of major local morbidity
following enucleation due to vision loss. Recently, com-
bined chemotherapy (systemic chemo-reduction, intra-
arterial, intravitreal, periocular) and focal therapies (laser
photocoagulation, plaque radiotherapy, cryotherapy) have
achieved high rates of local tumor control and eye preser-
vation even in advanced-stage retinoblastoma (group D or
E of the international intraocular classification of retino-
blastoma) where enucleation is avoided in some cases in
favor of intra-arterial and intravitreal chemotherapy [11]. It

Table 2 Relations between abnormal enhancement of the anterior segment of the affected eyes and the main MRI and

histopathologic findings carrying risk of metastasis

MRI and Histopathology Finding Gadolinium enhancement of anterior eye segment p value
Abnormal Normal
Tumor size in maximum axial diameter mean+SD (mm) 1.75+053 16+043 281

Postlaminar optic nerve invasion

Yes 20 (74)
No 16 (26)
Choroidal invasion

Yes 29 (674)
No 7 (46.7)
Postlaminar optic nerve and Choroidal invasion

Yes 17 (70.8)
No 19 (56)
Scleral invasion

Yes 5 (55.6)
No 31 (633)
Anterior eye segment invasion

Yes 7 (87.5)
No 1(125)

Iris neovascularization
Yes 8 (72.7)
No 28 (60)

7 (26) 059
15 (484)

14 (32.6) 153
8 (53.3)

7(292) 248
15 (44)

4 (44.4) 661
18 (36.7)

5 (55.6) 110
21 (42)

3(273) 418
19 (404)

SD standard deviation
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Table 3 Tumor size (maximum diameter in mm) in relation to histopathology findings

Finding at histopathology analysis Prevalance (%) Mean tumor diameter (mm) Range p value
Postlaminar optic nerve invasion 002
No 31 (534) 15 (6-20)

Yes 27 (46.6) 19 (13-40)

Choroidal invasion .007
No 15 (259 14 6-19)

Yes 43 (74) 18 (10-40)

is important for diagnostic modalities to accurately predict
the likelihood of high-risk features that carry poor progno-
sis in cases of advanced intraocular tumors where systemic
chemotherapy is the treatment of choice on behalf of local
chemotherapy. MRI at the available magnetic field
strengths (1.5 or 3 T) is a sensitive diagnostic modality for
detecting high-risk features for metastasis that influence
therapy, such as extraocular tumor extent and postlaminar
optic nerve invasion [12].

In post-contrast MRI, postlaminar optic nerve invasion
is identified as the extension of tumor enhancement into
the optic nerve and/or abnormal optic nerve thickening
[9, 13]. According to the previously published studies,
low sensitivity yet higher specificity values were con-
cluded regarding the optic nerve invasion. In an analysis
of optic nerve invasion in 64 eyes primarily enucleated
for retinoblastoma, Hiasat et al. [12] reported the low
sensitivity of MRI (42%) for postlaminar optic nerve in-
vasion with accuracy 84% and specificity 98%. Similarly,
Cui Y et al. [9] and De Jong M et al. [13] concluded
mean sensitivities and specificities; 65-76% and 80—96%
respectively for postlaminar optic nerve invasion. Sirin S.
et al. [14] reported sensitivity and specificity; 75% and
95.1% respectively for postlaminar optic nerve infiltra-
tion. Our study shows higher accuracy and sensitivity;
86.2% and 85.2% respectively for postlaminar optic nerve
invasion with promising NPV (87%). Our data show

some cases with optic nerve enhancement on MR im-
ages recognized as false-positive findings. Brisse HJ et al.
[15] assumed that false-positive results in their study
might be due to bulging of the lamina cribrosa beyond
its assumed site secondary to increased intraocular pres-
sure. The prelaminar optic nerve invasion is the inter-
ruption of the continuous choroid-retinal complex linear
enhancement at the optic nerve head (ONH) [13]. In
our study, MRI shows low sensitivity and PPV in the
prediction of prelaminar optic nerve invasion yielding
accuracy, sensitivity, and specificity; 75.8%, 60%, and
82.9% respectively. These results are concordant with
Hiasat et al. [12] who reported in their retrospective
study accuracy, sensitivity, and specificity; 77%, 89%, and
98% respectively. Chawla et al. [16] reported sensitivity,
specificity, and accuracy of 60%, 90%, and 84% respect-
ively. We attributed the low sensitivity in our study to a
large number of tumors with microscopic invasion of
the optic disc limiting the diagnostic accuracy of MRI
for superficial optic nerve invasion. Fortunately, the
survival rates in patients with prelaminar optic nerve in-
vasion are 83—86% which is almost equivalent to patients
with no optic nerve invasion. Whereas it is 33—55.6% for
patients with postlaminar optic nerve invasion, and 19—
36% for patients with optic nerve margin invasion. MRI
shows higher accuracy in detecting postlaminar optic
nerve invasion and is valuable in therapy planning for

1.04 1.0 1.0
0.8 0.8 0.8
206 206 206
2 2 2
E % %
3 4 4
1] 12 "
0.4 0.4 0.4
0.2 0.2+ 0.2+
0. T T T T T T 2 T T T T T T 0. T T T T T T
0.0 02 04 06 08 1.0 0.0 02 04 06 08 10 0.0 02 04 06 08 1.0
1 - Specificity 1 - Specificity 1 - Specificity
Fig. 2 ROC curves of tumor diameter in cases with postlaminar optic nerve invasion (a), choroidal invasion (b), and both postlaminar optic nerve
and choroidal invasion (c)




Habib et al. Egyptian Journal of Radiology and Nuclear Medicine

(2020) 51:28

Page 7 of 11

Fig. 3 Bilateral retinoblastoma, choroid invasion. Axial T2-weighted MR image (a) shows bilateral retinoblastoma, exophytic pattern with retinal
detachment, and subretinal fluid. Postcontrast axial images of both orbits with fat suppression (b) show heterogeneous enhancement of the
intraocular tumors. Local thickening and enhancement of the choroid adjacent to the tumor

those groups of patients at risk of metastasis. The scleral
invasion is identified as interruption of the low signal
sclera in T2-weighted images and extension of the
tumor enhancement into the normally unenhanced
sclera in postcontrast images. Extraocular fat invasion is
identified as the extension of tumor enhancement in
extraocular fat in fat suppression postcontrast images
[13]. In our study, MRI shows accuracy for sclera inva-
sion 93% with sensitivity and specificity; 55.6% and 100%
respectively. The high rates of false-negative results were
attributed to partial or microscopic trans-scleral inva-
sion. Scleral/extra-scleral invasion by MRI shows an
expected high accuracy, sensitivity, specificity, 98.3%,
100%, and 98% respectively. Cui Y. et al. [9] reported
high diagnostic accuracy (98%) for sclera/extrascleral in-
vasion that can be excluded with high NPV. Similarly,
De Jong M. et al. [15] reported sensitivity/specificity,
88%/99% for scleral/extrascleral invasion respectively.
Sirin S et al. [16] and Galluzzi P et al. [17] concluded
100% sensitivity and specificity of MRI for assessing the
sclera/extrascleral invasion. The choroid is the inner
highly vascular ocular layer and it lies between retina

and sclera. In postcontrast T1-weighted MR images,
choroid invasion is defined as an abnormal thickening of
the choroid or interruption of the continuous choroid-
retinal complex linear enhancement by the overlying
tumor [9, 13]. In our study, choroid invasion is sus-
pected in 47/58 eyes (81%), 41/58 (70%) were truly posi-
tive, 6/58 eyes were false positive, only 2/58 eyes were
false negative missed on MR images yielding high accur-
acy and sensitivity; 86.2% and 95% respectively and low
specificity; 60%. Low specificity might be attributed to
the large mean tumor size included in our study that
might hinder the delineation between the intraocular
tumor and the underlying ocular wall. Our results are
similar to previous reports (accuracy, 60—88%; sensitiv-
ity, 35-82%; and specificity, 40-99%) [8, 12, 13]. Cui Y.
et al. [9] reported an accuracy of 61.9% with very low
specificity (34%) compared to previous reports attributed
to image parameter factors. One eye (1/58) with histo-
pathologically proven ciliary body invasion was included
in our study and this finding was missed on imaging
(false negative). This was attributed to the microscopic
invasion of ciliary body that cannot be reliably detected

Fig. 4 Bilateral retinoblastoma and postlaminar optic nerve invasion of the right retinoblastoma. Axial T2-weighted MR image (a) shows bilateral
retinoblastomas. Right retinoblastoma is exophytic with total retinal detachment and subretinal fluid and no residual vitreous. Left retinoblastoma
is small focal endophytic lesion of the nasal retina, demonstrating lower signal intensity than does the ocular fluid. Postcontrast axial (b) and
sagittal MR images of the right orbit (c) show bilateral enhancement of both intraocular masses. Abnormal enhancement and thickening of the
optic nerve with tumor enhancement continuity in the distal optic nerve(more evident in sagittal T1 WI with contrast), a finding indicative of
postlaminar optic nerve invasion. Maximum axial diameter of the right retinoblastoma 1.6 cm. Maximum axial diameter of the left retinoblastoma
09 cm




Habib et al. Egyptian Journal of Radiology and Nuclear Medicine

(2020) 51:28

Page 8 of 11

Table 4 Diagnostic accuracy of tumor size at different cutoff levels in the prediction of PLONI, choroid invasion, and both PLONI

and choroid invasion

Parameter Tumor size (maximum diameter in mm) Sensitivity% Specificity%
Postlaminar
Optic nerve invasion (PLONI) 155 77 43
16.5 59 58
175 52 71
Choroid invasion
14.8 84 53
155 74 60
Both PLONI and choroid invasion
16.5 63 58
175 54 71

PLONI postlaminar optic nerve invasion

on MRI. A high rate of false-positive findings was
observed (13/58), because partial-volume effects hinder
differentiation between the intraocular tumor and the
ciliary body. Our results were similar to previous studies
[8, 12]. Cui Y. et al. [9] concluded higher specificity
(98%) and NPV than that reported in previous studies to
exclude ciliary body invasion. According to our results,
microscopic invasion of the prelaminar optic nerve, cil-
iary body, and sclera can be missed on MRI lowering its
sensitivity, whereas MRI is more reliable in the detection
of crucial metastatic risk factors with higher sensitivity
and accuracy such as postlaminar optic nerve, choroid,
and extrascleral invasion.

In our study, retinoblastoma shows restricted diffu-
sion, demonstrating high signal on DWT at high b values
and low signal on ADC maps. The decrease in the ADCs
in retinoblastoma is attributed to hypercellularity with
enlarged nuclei and hyperchromatism resulting in a re-
duction in the diffusivity of water protons in the extra-
cellular and intracellular spaces [18]. Our study included

partially necrotic tumors (3/58). The region of necrosis
shows less diffusion restriction and significantly higher
ADC values than does the vital solid tumor. These re-
sults are in line with those reported by Razek A. et al.
[18]. Cui Y et al. [9] correlated the mean ADC values of
the intraocular tumor and the high-risk features for
metastasis and disease dissemination. They concluded
statistically significant lower ADC values with postlami-
nar optic nerve invasion and sclera invasion (p = 0.035
and p = 0.07 respectively). In our study, no statistically
significant correlation between ADC values and eyes
with and without high-risk features for metastasis. In
our study, echoplanar (EP)-based DWIs yields suscepti-
bility artifacts and image distortion. Hiwatashi A et al.
[10] correlated EP DWIs and 3D single-shot turbo spin
echo to obtain DWIs with higher spatial resolution and
less image distortion. They stated that turbo spin-echo
sequence is compatible to assess the diffusivity and ADC
values of retinoblastoma owing to its insensitivity to field
inhomogeneity despite its longer acquisition time.

Ay '
N7 ray’ (xS0

1.7.cm

Fig. 5 Left retinoblastoma, abnormal anterior eye segment enhancement, pathology reported anterior eye segment invasion, choroid invasion,
and postlaminar optic nerve invasion. Axial T2-weighted MR image (a) shows left retinoblastoma, exophytic with total retinal detachment, and
subretinal fluid. Post contrast-sagittal MR images of the left orbit (b) show enhancement of the intraocular mass and abnormal anterior eye
segment enhancement. Noted thickening and enhancement of the choroid adjacent to the tumor (black arrow) denoting choroid invasion.
Noted the continuity of the tumor enhancement into the postlaminar optic nerve (red arrow) denoting infiltration. Maximum axial diameter
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Fig. 6 Right retinoblastoma with abnormal anterior eye segment enhancement: iris neovascularization. Note postlaminar optic nerve invasion in
sagittal MR image. Postcontrast axial MR image of both orbits with fat suppression (a) and sagittal MR image of right orbit (b) shows
heterogeneous enhancement of the right retinoblastoma and extreme enhancement of the iris of the right eye compared to that of the left eye
( red arrow). Note the abnormal enhancement of the distal optic nerve (sagittal MR images of the right orbit) indicative of postlaminar optic

nerve invasion. Maximum axial diameter of right retinoblastoma 1.9 cm

In this study, the relation between the tumor size
(measured as the maximum diameter in mm) and post-
laminar optic nerve invasion (PLONI)/choroid invasion
was statistically significant; the larger the tumor size, the
higher the incidence of PLONI and choroid invasion.
The mean tumor diameter associated with PLONI and
choroid invasion in our study was 19 and 18 mm (p =
.002 and .007) respectively. In their studies, De Jong M.
and colleagues [6, 11] reported that there is a statistically
significant correlation between PLONI/choroidal inva-
sion and the intraocular tumor size in patients with ret-
inoblastoma (tumor volume in mm® and tumor diameter
in mm). Mean tumor volume and diameter with PLONI
were 1.70 cm® and 18 mm respectively (p < .0001). Mean
tumor volume and diameter with choroid invasion were
14 cm® and 16.5 mm (p = .0002). In their studies, Brisse
HJ et al. [15] and Yan ] et al. [17] also concluded a signifi-
cant correlation between the maximal tumor diameter

and incidence of PLONL Brisse HJ et al. [15] reported a
mean tumor diameter of 17.6 mm (p < 0.001) with
PLONI Using ROC curve data analysis, the intraocular
tumor diameter cut off values in eyes with PLONI and
choroid invasion were 15.5 mm and 14.8 mm, yielding a
sensitivity; 77% and 84% respectively. The aim is to predict
the likelihood low or high risk of incidence of PLONI or
choroidal invasion aiding to implement the proper man-
agement. De Jong and colleagues [6] designed a clinically
applicable tumor size cut off levels owing to the large sam-
ple size of their study.

In our study, abnormal anterior eye segment (AES) en-
hancement was observed in postcontrast T1 fat suppres-
sion images of 35/58 eyes (60%) with retinoblastoma. De
Graaf and colleagues [19] reported in their univariable
analysis that the degree of AES enhancement correlated
significantly with histopathologically proven iris neoangio-
genesis (p = .06), histopathologically proven postlaminar

Fig. 7 Left retinoblastoma with scleral and extraocular fat invasion. Axial fat saturated T2-weighted MR image (a) shows left ocular mass with
scleral invasion and extraocular fat involvement. Post contrast axial MR image with fat suppression (b) show heterogenous enhancement of left
retinoblastoma due to necrosis and abnormal enhancement of extraocular fat denoting invasion. Maximum axial diameter 2.5 cm
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optic nerve invasion (PLONI), and large tumor size (p =
.002). No statistically significant association was found
between AES enhancement and pathologically proven
anterior eye segment invasion, choroidal and scleral inva-
sion. In our study, no statistically significant association
between abnormal enhancement of the anterior eye seg-
ment and most of MRI and histopathological variables as
iris neoangiogenesis (p = .418), anterior chamber tumor
invasion (p = .110), choroid and sclera invasion (p = 0.15
and p = 0.66 respectively), as well as larger tumors (p =
.281). In our study, one pathological variable (PLONI) cor-
related with abnormal AES enhancement (p = 0.05).

In our study, the mean ages of children with bilateral
and unilateral retinoblastoma were 17 months and 27
months respectively. Bilateral retinoblastoma shows earlier
presentation according to our study which is statistically
significant (p = 0.015). Cui Y et al. [9] in their study re-
ported that the mean age of children with retinoblastoma
was 24 months + 18.93 and was significantly higher in uni-
lateral cases compared with bilateral cases (p = 0.044).

Our prospective study had some limitations. First, we
had a relatively small sample size. Second, correlation
with clinical examination was not a part of our study.
Further studies should correlate MRI and ophthalmos-
copy findings. Orbital DWI using echo-planer sequences
is prone to susceptibility artifacts and image distortion.
Further studies should apply the single-shot turbo spin-
echo sequences to improve the image quality.

Conclusion

High-resolution ocular MRI is the primary diagnostic tool
for pretreatment assessment of retinoblastoma and acts as
a substitute to pathological staging in non-surgical man-
agement of patients with retinoblastoma. Our data show
higher sensitivity, accuracy, and negative predictive values
in detecting the crucial high-risk factors for metastasis
than that published in the literature. MRI can reliably de-
tect postlaminar optic nerve invasion (PLONI), choroidal
invasion, and extrascleral invasion with a high rate of cor-
respondence to the histopathological data. MRI shows
some limitations in detecting early optic nerve invasion,
ciliary body invasion, and early/microscopic sclera infiltra-
tion in eyes with retinoblastoma. Mean ADC values are
significantly lower in solid enhancing tumor than necrotic
nonenhancing parts. There is a directly proportional rela-
tionship between the increase in intraocular tumor size
and risk of PLONI and to lesser extent choroidal invasion.
Abnormal anterior eye segment enhancement (AASE)
might be a sign of increased tumor aggressiveness.

Main points

e DPreoperative high-resolution brain and orbit MRI
shows high sensitivity, accuracy, and negative
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predictive values in detecting crucial high-risk factors
for metastasis in advanced stages retinoblastomas
such as postlaminar optic nerve invasion and
choroidal invasion. This might aid in staging especially
in the scope of shifting to eye sparing therapies.

o The larger the intraocular tumor, the higher
likelihood of PLONI and choroid invasion which is
statistically significant in our study. A cut off value
of 15.5 mm and 14.8 mm for PLONI and choroid
invasion respectively yielded the highest sensitivity
using ROC curve.

e DWIs echo-planar sequences are prone to
susceptibility artifacts and image distortion. Further
studies should apply the single-shot turbo spin-echo
sequences to improve the image quality.
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