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Abstract

Background—Individuals with hereditary retinoblastoma (RB) are at very high risk of

developing subsequent malignant neoplasms (SMN) of which osteosarcoma (OS) is one of the

most common. We hypothesized that annual surveillance using whole-body magnetic resonance

imaging (WB-MRI) in asymptomatic survivors of hereditary RB would detect SMN of the bone

and soft tissues at an early stage.

Procedure—Retrospective review of the results of a WB-MRI screening program in hereditary

RB survivors from February 2008 – August 2012. The primary outcome was to determine the

sensitivity and specificity of WB-MRI in detecting SMNs.

Results—Twenty-five patients had at least one WB-MRI performed (range: 1 – 5). First WB-

MRI was performed at a median age of 16 years (range: 8 – 25 years). WB-MRI detected new

osseous abnormalities suspicious for malignancy in 5 patients: 2 were diagnosed with localized

high-grade OS of the extremity and 3 were found to have benign osseous abnormalities after
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dedicated imaging (n=5/5) and/or biopsy (n=3/5). One patient was diagnosed with secondary OS

three months after a normal screening WB- MRI exam. Among a total of 41 WB-MRI screening

tests performed in survivors of hereditary RB, the sensitivity of detecting SMN was 66.7% and the

specificity was 92.1%.

Conclusions—Preliminary results suggest that annual WB-MRI surveillance detects SMN in

survivors of hereditary RB, but with modest sensitivity. Further study is needed to assess the

performance of annual surveillance WB-MRIs and whether this modality decreases SMN-related

mortality in RB survivors.
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INTRODUCTION

Retinoblastoma (RB) is the most common primary intra-ocular malignancy of childhood

with five-year survival rates in the Unites States exceeding 95% [1]. Survivors of the

hereditary form of RB, however, are known to have a significantly increased lifetime risk of

subsequent malignant neoplasms (SMN) including sarcomas, malignant melanomas, and

central nervous system (CNS) tumors [2–5] with significant excess mortality [6,7].

Treatment with external beam radiotherapy (EBRT) further amplifies this risk [8].

Due to this well-established risk of SMN, it would seem that targeted surveillance for

second and subsequent tumors may be warranted in survivors of the genetic form of RB.

However, no established guidelines exist for screening this population. Data are lacking on

which modality or modalities are optimal in detecting SMNs in this setting.

We implemented a radiologic surveillance program using whole-body magnetic resonance

imaging (WB-MRI) to determine if such a program would facilitate detection of SMN of the

bone and soft tissues at a localized stage in survivors of hereditary RB. WB-MRI provides a

non-invasive, ionizing radiation-free screening tool with the potential to detect subsequent

osseous and soft tissue malignancies [9,10]. The primary outcome was to determine the

sensitivity and specificity of WB-MRI in detecting SMNs.

METHODS

We performed a single-institutional, retrospective review of WB-MRI screening results in

survivors of hereditary RB. Among patients who participated in the screening program, WB-

MRIs were intended to be ordered annually. All data were obtained from review of the

Memorial Sloan-Kettering Cancer Center (MSKCC) medical record. The retrospective

review of WB-MRI surveillance results was approved by the MSKCC Institutional Review

Board/Privacy Board.

Eligible patients were pre-adolescent, adolescent, and young adult survivors of hereditary

RB who were seen for ophthalmologic follow-up at MSKCC between February 2008 and

August 2012. Patients either had bilateral disease at diagnosis, a positive family history, or a

known RB1 mutation. All patients were thought to be free of disease at the time of WB-MRI
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scheduling. Presence of a pacemaker, aneurysm clip or any other condition that would

warrant avoidance of a strong magnetic field resulted in exclusion from the study. Twenty-

five patients with hereditary RB had at least one screening WB-MRI performed during the

designated time period. Results are reported as of October 15, 2012.

Whole-body Magnetic Resonance Imaging (WB-MRI)

WB-MRI was performed on one of several 1.5T scanners (GE Healthcare, Milwaukee,

Wisconsin). The entire body was imaged in the axial plane utilizing T1 and FSE T2 short-

tau inversion recovery (STIR) technique. Using the same technique, the spine and central

base of the skull was imaged in the sagittal plane. Additionally, axial diffusion-weighted

imaging was performed in the axial plane (b-value 0 and 1,000 s/mm2). Overlapping

acquisition field of views were confirmed to ensure complete anatomic coverage of the

entire body, including the axial and appendicular skeleton and the adjacent soft tissues.

Qualitative image evaluation was performed by dedicated onco-radiologists. On average,

WB-MRI scanning studies lasted 90 minutes. Cost was covered by insurance for all patients.

Data Analysis

Demographic data are reported with the use of range and median values for all continuous

variables. Sensitivity was defined as the proportion of subjects with an SMN who were

correctly identified as such by WB-MRI, or (true positives)/(true positives + false

negatives). Using biopsy as the gold standard, and dedicated MRI as a surrogate when

biopsy was not performed, true positives were defined as those with lesions suspicious for

malignancy on WB-MRI which were confirmed as true malignancies on biopsy. False

negatives were defined as those in whom a subsequent malignancy was diagnosed within 6

months of a normal WB-MRI.

Specificity was defined as the proportion of subjects without an SMN in whom WB-MRI

was appropriately negative, or (true negatives)/(true negatives + false positives). True

negatives were those in whom BM-MRI was correctly read as normal when no SMN was

present. False positives were those in whom WB-MRI detected an abnormality suspicious

for malignancy which was demonstrated to be benign based on dedicated imaging and/or

biopsy results.

RESULTS

Patients

Baseline characteristics of study subjects are summarized in Table I. Twenty-four patients

had bilateral disease at diagnosis and 1 had unilateral disease with a known RB1 mutation.

Patients ranged from 8 – 25 years of age at the time of first WB-MRI (median age: 16) and

had been followed for a median of 17 years (range: 10 – 24 years). Median time since last

follow-up was three months (range: 1 – 28 months). At date of last contact, median patient

age was 17 years (range: 11 – 26 years). Two patients had died of osteosarcoma (OS) at the

time of data analysis. Both patients had localized, secondary OS detected on screening WB-

MRI; however, one of the two patients died of complications related to a tertiary OS in
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another location, which was diagnosed after the patient presented symptomatically at a later

date.

Treatment History

Twenty-two of the 25 patients (87.5%) received systemic chemotherapy and/or external

beam radiotherapy (EBRT) prior to enrolling in the study. The other three were treated with

local therapy and/or enucleation(s) alone. Fifteen patients had at least one eye enucleated

during their treatment course (unilateral =12, bilateral = 3). Treatment history for all patients

is summarized in Table I.

WB-MRI Results

A total of 41 WB-MRIs were performed in 25 patients (14 patients had one WB-MRI, eight

patients had two, two patients had three, and one patient had five WB-MRIs). Eight

screening WB-MRIs in eight different patients detected a radiologic abnormality (see Figure

1 for flow diagram); among these, 50% (n= 4) were noted on the patient’s initial scan. Three

marrow abnormalities were deemed likely to be benign and did not require further follow-up

(diagnoses included probable hemangioma within the lumbosacral spine; minor marrow

abnormality within the midshaft of the right tibia; multiple pelvic/uterine masses likely

representing fibroids). Among the other five patients in whom an abnormality was detected

on WB-MRI, all went on to receive dedicated MRIs of the area of concern. Three patients

were found to have benign osseous lesions on dedicated imaging and/or biopsy (see Table

II). Benign osseous findings included bone infarct (see Figure 2), chondroblastoma, and

spondylolysis. The other two patients (see Figure 3) were found to have localized OS of the

extremity after undergoing biopsy.

In addition to the five patients with WB-MRI screening results suspicious for malignancy,

one other patient was diagnosed with a localized maxillary OS three months after having a

normal WB-MRI. Even in retrospect, however, this lesion was not apparent on the WB-

MRI.

Among a total of 41 WB-MRI screening tests performed in survivors of RB, the sensitivity

of detecting a SMN was 66.7% with a specificity of 92.1%. The positive predictive value

was 0.4 and the negative predictive value was 0.97.

DISCUSSION

Early detection of disease has become a diagnostic and therapeutic objective for a wide

variety of cancer subtypes. With the goal of minimizing morbidity and mortality, the use of

cancer screening modalities has been suggested for selected high-risk populations [11],

including those with hereditary cancer predisposition syndromes [12–14]. Yet the

development of optimal surveillance strategies which maximize benefit and minimize harm

has been difficult and the source of considerable controversy [15].

The genetic form of RB, usually due to a germline mutation in the RB1 tumor suppressor

gene, causes ocular malignancies in childhood and an increased lifetime risk of early-onset

SMNs with cumulative incidence rates reported to be as high as 36% by 50 years after the
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initial diagnosis of RB [4,16,17]. Since this risk is further elevated by exposure to ionizing

radiation [8,17–19], it seems prudent to minimize radiation exposure when performing

routine testing or screening in patients with the germline RB1 mutation.

With these provisions in mind, we sought to create a clinical surveillance protocol that might

enable early detection of long bone and soft tissue malignancies in survivors of hereditary

RB. Previous reports have demonstrated the utility of WB-MRI screening for the early and

accurate diagnosis of musculoskeletal diseases, including sarcomas [10]. Since RB survivors

are at highest risk of developing OS of the long bones during periods of peak linear growth

and early adulthood, we limited screening to survivors who were pre-adolescents,

adolescents, and young adults.

Based on the results of this pilot study, WB-MRI appears to have limited sensitivity in

detecting SMN in survivors of heritable RB. In our cohort, among the eight patients in

whom WB-MRI detected osseous abnormalities, five required further dedicated imaging and

three required biopsy of the suspicious lesion, which may have resulted in psychological

distress for patients and their families.

Our study is limited by a small sample size and its retrospective design. Due to the small

sample size, limited outcome data exist in our study. Both patients who were correctly

diagnosed with localized OS on WB-MRI subsequently died during the study period.

However, one of the two patients died from complications related to a tertiary OS that was

diagnosed two years later after the patient presented with leg pain. The third patient who had

a normal WB-MRI, followed by a diagnosis of SMN three months later, was receiving

palliative care without active treatment at the time of last data analysis.

A larger cohort of patients would be required to more precisely determine the sensitivity and

specificity of WB-MRI in detecting SMN in asymptomatic survivors of hereditary RB.

Furthermore, a prospective study would be required to assess patient satisfaction and/or

psychological burden in those undergoing routine surveillance for SMN. While it is possible

that patients and their families experienced increased anxiety around the testing, it is equally

plausible that they felt a sense of empowerment and reassurance after having whole-body

screening performed [20].

While annual WB-MRI surveillance scans are technically feasible in this population, it is

unclear at this time whether routine whole-body imaging decreases SMN-related mortality

in RB survivors and whether the benefits outweigh the potential risks.
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Figure 1.
Abnormal whole-body MRI (WB-MRI) screening results in all patients
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Figure 2.
Twenty-one year old young women with history of bilateral retinoblastoma. Coronal T1

(left) and T2 STIR (right) images through the femurs from a whole body MRI show

indeterminate marrow abnormality within the distal right femoral metaphysis. The patient

was later determined to have a benign bone infarct on dedicated femur MRI.
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Figure 3.
Twelve year old boy with history of bilateral retinoblastoma as well as previous metastatic

disease to the right femur. Whole-body MRI (WB-MRI) showed new signal abnormality

within the left tibial shaft on T1-weighted sequences (left) and T2 STIR (right). The patient

later reported a several week history of left leg pain. Biopsy revealed a diagnosis of

osteosarcoma of the left tibia.

Friedman et al. Page 10

Pediatr Blood Cancer. Author manuscript; available in PMC 2014 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Friedman et al. Page 11

Table I

Baseline Characteristics for all patients (n=25)

Baseline Characteristics

Sex No. (%)

 Female 13 (52)

 Male 12 (48)

Race/ethnicity No. (%)

 White 14 (56)

 Black 8 (32)

 Asian 2 (8)

 Other 1 (4)

Age at Diagnosis

 Median (months) 5

 Range (months) 0–45

Laterality

 Unilateral 1

 Bilateral 24

Type of Treatment Received No. (%)

 Systemic Chemotherapy 14 (58)

 Radiation Therapy 19 (79)

 Autologous Transplant 3 (13)

 Enucleation(s) 15 (58)

 Local Therapy Alone 3 (10)

Age at First WB-MRI

 Median (years) 16

 Range (years) 8–25

Number of WB-MRIs performed

 Median 1

 Range 1–5

Abbreviations: No=number; WB-MRI=Whole-body MRI
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