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Abstract
Pediatric cancer predisposition syndromes comprise a group of diseases characterized by specific tumors or a concomitance of
tumors in infants, children and adolescents, suggesting a genetic cancer susceptibility condition. Most but not all have germline
pathogenic variants on genetic testing. For some children with cancer predisposition syndromes, this diagnosis is based on their
own or a family history of related neoplasms, or associated clinical manifestations. These tumors have variable incidence and age
of onset. Imaging encompasses investigation in symptomatic children for diagnosis, staging and monitoring for treatment
response and metastatic disease, as well as surveillance for primary tumors in asymptomatic children. In this review the author
focuses on the role of surveillance imaging in childhood cancer predisposition syndromes, whole-body magnetic resonance
imaging (whole-body MRI) in particular. Diagnosis and staging of specific tumors are addressed elsewhere in this series. The
benefits of surveillance imaging include early detection and improved outcomes and are still being established for a number of
cancer predisposition syndromes. The benefits must be weighed against risks including potential technique-related issues relating
to sedation or contrast agents, false-positive imaging findings, and cost— both financial and psychosocial. The author discusses
general principles for whole-bodyMRI interpretation along with findings in specific syndromes where whole-bodyMRI screen-
ing is recommended, such as Li–Fraumeni syndrome.
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Introduction

Cancer predisposition syndromes comprise a group of dis-
eases characterized by specific tumors or a concomitance of
tumors, benign and malignant, suggesting a genetic cancer
susceptibility condition [1]. These can manifest from infancy
to adulthood and are often of unknown penetrance, variable
incidence, and differing age of onset of a range of neoplasms
[2]. Most children with cancer predisposition syndromes are
confirmed to have underlying germline pathogenic variants
[3, 4]. Imaging in these children can be initiated (1) to evaluate

a tumor presenting clinically; (2) when a pathogenic germline
variant is detected on genetic testing, typically after diagnosis
of a cancer predisposition syndrome-related tumor in another
family member; or (3) when a child meets clinical criteria
suggesting surveillance is warranted [4–6].

In symptomatic children, imaging encompasses initial di-
agnostic assessment and staging, with subsequent monitoring
for treatment response, local recurrence or distant disease.
These are addressed elsewhere in this series. Surveillance of-
ten incorporates physical examination, laboratory testing and
imaging investigations. Integration of imaging for surveil-
lance with the diagnostic imaging pathway is necessary to
avoid duplication [6]. Alternatively, surveillance imaging
can occur independently in asymptomatic children.

This review centers on surveillance imaging in pediatric
cancer predisposition syndromes, including current recom-
mendations for whom to screen, the particular role of whole-
body MRI, and syndromes in which whole-body MRI is con-
sidered justified, recognizing that the evidence might be
limited.
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Surveillance imaging

As our knowledge of the spectrum of pathology resulting from
germline mutations increases, so too do the challenges of
balancing early disease detection and improved outcomes
against the risk of investigation. This is never more so than in
children with an increased risk of cancer. The first step in
achieving this balance is to determine whom to screen. In ad-
dition to pediatric patients confirmed to have a cancer predis-
position syndrome based on a germline mutation, surveillance
is also advocated if: (1) there is a family history of the same or a
related tumor; (2) tumors are bilateral, multifocal or multiple;
(3) tumors occur at an earlier age than sporadic tumors; (4)
there are physical findings of a cancer predisposition syndrome
such as macroglossia in Beckwith–Wiedemann syndrome or
café-au-lait macules in neurofibromatosis; or (5) the child has
specific cancer predisposition-syndrome-related tumors, such
adrenocortical carcinoma in Li–Fraumeni syndrome or
pleuropulmonary blastoma in DICER1 syndrome [2, 4, 5].

The benefits of surveillance imaging in childhood cancer
predisposition syndromes are substantiated in only a small
number to date, such as in Li–Fraumeni and Beckwith–
Wiedemann syndromes and in a preliminary study of heredi-
tary retinoblastoma survivors [7–10]. However at least 8.5%
of childhood malignancies are now thought to have an under-
lying genetic association, and as such the potential benefits of
screening are likely even greater than is understood [11]. For
this reason, Brodeur et al. [12] proposed surveillance in child-
hood cancer predisposition syndrome when the risk of devel-
oping a neoplasm is greater than 5% in the first two decades
and 1–5% in select cancers that are rapidly progressive and
aggressive, such as rhabdoid tumors [13]. The American
Academy for Cancer Research (AACR) Pediatric Working
Group recently published a series of cancer predisposition
syndrome surveillance recommendations, developed by the
consensus of a group of international experts from pediatric
oncology, genetics, endocrinology and radiology [12]. These
incorporated existing guidelines as available, some with mod-
ification, and created new recommendations where none
existed. These surveillance recommendations include clinical
evaluation, laboratory tests and imaging investigations for
more than 50 childhood cancer predisposition syndromes.

Because of the ionizing radiation-sensitivity of pediatric
patients, most surveillance imaging protocols rely more on
ultrasound and MRI than nuclear medicine or computed to-
mography (CT), as appropriate to the tumor site being evalu-
ated [14–16]. This is of particular importance in children with
Li–Fraumeni syndrome, who have higher risks from ionizing
radiation [17]. In a recent prospective study of people with Li–
Fraumeni syndrome [8], those undergoing surveillance had
statistically significantly longer survival times than those
who did not. Whole-body MRI contributed most to the detec-
tion ofmalignancy in these patients, although it identified only

30% ofmalignancies, with overall outcomes achieved through
utilization of all elements of the surveillance protocol. These
included dedicated brainMRI, mammography, abdominal and
pelvic ultrasound, blood work and clinical examination [8].
Recognizing the expanding role of whole-body MRI in the
childhood cancer predisposition syndrome population, a sub-
set of syndromes has been identified by the AACR Pediatric
Working Group in which whole-body MRI surveillance is
most beneficial; this subset is further delineated here, empha-
sizing “core” lesions [6, 12, 18].

Whole-body MRI surveillance imaging

Whole-body MRI, with its exquisite soft-tissue contrast and
high spatial resolution, large field of view and lack of ionizing
radiation, is well suited to demonstrate potentially multifocal
disease seen in cancer predisposition syndromes. It can be
complemented by targeted small field-of-view imaging for
problem-solving and supplemented with dedicated regional
studies such as brain MRI in Li–Fraumeni syndrome.
Sensitivity remains low for lung nodules and lymph nodes
less than 6 mm, with MRI not yet standard for lung surveil-
lance [19]. On review of recently published whole-body MRI
protocols for pediatric oncology, coronal short-tau inversion
recovery (STIR) and axial half-Fourier single-shot turbo spin
echo (HASTE) sequences are most commonly employed,
with diffusion-weighted imaging (DWI) being a more recent
addition [6]. Coverage is usually from vertex to heels, with
separately acquired stations merged and displayed as whole-
body fused coronal images for STIR and DWI, as well as
sagittal imaging, although this is less commonly acquired.
Further detail regarding whole-body MRI technique can be
found in separate publications [19–21].

Utilization of whole-body MRI in pediatric cancer predis-
position syndrome surveillance was first highlighted in 2011
by Monsalve et al. [2], who advocated annual whole-body
MRI be performed in Li–Fraumeni syndrome for rhabdomyo-
sarcoma and osteosarcoma. This group also summarized key
cancer predisposition-syndrome-related tumors seen in a
range of syndromes. Building on this knowledge by applying
a systematic approach to whole-bodyMRI interpretation, with
careful analysis of the at-risk anatomical sites, can optimize
image analysis with the goal of improving lesion detection
while minimizing false-positive findings [6, 18, 21].
Lecouvet [21] described a step-wise approach to whole-body
MRI interpretation in oncology, including initial review of
source or “native” images before analyzing the merged im-
ages, and through simultaneous comparison of the different
sequences employed. An anatomical checklist by Greer et al.
[6] in the AACR series further promotes a systematic ap-
proach to whole-body MRI interpretation in childhood cancer
predisposition syndromes.
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In a 2015 study by Anupindi et al. [18, 22], whole-body
MRI was shown to have high sensitivity and negative predic-
tive value of 100%, with a specificity of 94% and positive
predictive value of 25%, on review of 50 whole-body MRIs
in 24 pediatric patients with cancer predisposition syndromes.
Most commonly performed for hereditary pheochromocyto-
ma and paraganglioma syndromes and Li–Fraumeni syn-
drome, abnormalities were seen in 18% of whole-body
MRIs, with a confirmed malignancy in 2%. This compares
with 4.6% of cancer predisposition syndrome-related malig-
nancies reported on 132 whole-body MRIs in 47 patients in
another pediatric cohort [23]. Anupindi et al. [18, 22] also
emphasized that false-positive findings can be a potential risk
in whole-bodyMRI surveillance of cancer predisposition syn-
dromes, warranting expert interpretation for optimal risk strat-
ification. This is particularly important if incidental or nonspe-
cific findings trigger further imagingwith ionizing radiation or
invasive testing [6, 18]. Additional potential risks relate to
MRI technique — with typical need for general anesthesia
in children younger than 6 years at the author's institution —
and intravenous gadolinium-based contrast agents, although
contrast agent is infrequently used in whole-body MRI for
surveillance imaging [15, 16, 24, 25].

Another consideration in weighing risk versus benefit in
surveillance imaging is cost. This can be considered in terms
of the financial cost, time and psychosocial impact, with ge-
netic counseling integral to patient recruitment for surveil-
lance [4]. In addition to harmonizing surveillance and diag-
nostic imaging pathways, as previously stated, consideration
of imaging frequency and scheduling — when to start and
stop— is of equal importance and should be based on tumor
pathophysiology, with examples given for specific cancer pre-
disposition syndromes reviewed here [12].

Whole-body MRI in specific cancer
predisposition syndromes

The AACR Pediatric Working Group has recommended
whole-body MRI surveillance for the following childhood
cancer predisposition syndromes: Li–Fraumeni syndrome,
neurofibromatosis type 1, neurofibromatosis type 2 and
schwannomatosis, hereditary retinoblastoma, constitutional
mismatch repair deficiency syndrome and hereditary
paraganglioma pheochromocytoma syndrome [6, 17,
26–30]. For a few additional syndromes — namely DICER1
syndrome, rhabdoid tumor predisposition syndromes and
Rothmund–Thomson syndrome — use of whole-body MRI
is considered optional [6, 13, 31, 32]. In DICER1 syndrome,
other modalities provide suitable alternatives based on lesion
location, with ultrasound for detecting ovarian or renal le-
sions, and chest radiography alternating with CT for
pleuropulmonary blastomas [3, 14, 31]. In rhabdoid tumor

predisposition syndrome type 1, SMARCB1 carriers have an
increased incidence of a range of tumors in addition to
rhabdoid tumors, including schwannomatosis and malignant
peripheral nerve sheath tumors. Although Foulkes et al. [13]
suggested whole-bodyMRI might have a role, they added that
utility is in question, with few data existing to guide timing
and frequency. Type 2 Rothmund–Thomson syndrome has an
increased risk of osteosarcoma; however is autosomal-
recessive and its extreme rarity places doubt on the value of
screening, whether with X-rays or MRI [32, 33]. The child-
hood cancer predisposition syndromes for which whole-body
MRI is advocated by the AACR are reviewed next, including
the relevant germline pathogenic variant; inheritance, preva-
lence and incidence where known; tumor spectrum and site;
and imaging recommendations.

Li–Fraumeni syndrome

Li–Fraumeni syndrome (Online Mendelian Inheritance in
Man [OMIM] #151623) is a high-risk autosomal-dominant
cancer predisposition syndrome characterized by early onset.
This is the result of heterogeneous pathogenic germline TP53
mutations on chromosome 17p13.1, 70–75% having a mis-
sense mutation in this tumor-suppressor gene, with rarer var-
iants increasingly identified [2, 7, 17, 34]. A recent meta-
analysis of baseline surveillance using whole-body MRI by
Ballinger et al. [35] described a lifetime risk of almost 100%
of developing one or more malignancies, with primary malig-
nant lesion occurrence peaking in children and in older adults.
While classically presenting with a sarcoma before 45 years of
age, in a cohort of new primary malignancies in asymptomatic
TP53 mutation carriers detected on whole-body MRI, 31% of
patients were younger than 18 years (range 2–17 years), and
16%were between 18 years and 40 years [35]. Brain and bone
tumors were more common in childhood. Males and females
were similarly affected [17, 35]. The overall incidence of new
primary malignancies was 7%, which was higher when
performing whole-body MRI screening for Li–Fraumeni syn-
drome than for a range of other cancer predisposition syn-
dromes [18, 23, 35]. Prevalence estimates vary widely be-
cause of ascertainment bias, ranging from 15% to 50% in
people younger than 30 years [17, 36].

Core cancers in Li–Fraumeni syndrome are osteosarcoma,
adrenocortical carcinomas, brain tumors, soft-tissue sarcomas
and premenopausal breast cancer [2, 17]. In a prospective
study by Villani et al. [8], the following heterogeneous tumor
spectrum was identified: benign tumors included thyroid ade-
noma, breast fibroadenoma and meningioma; premalignant or
low-grade neoplasms included myelodysplastic syndrome,
osteochondroma, ductal carcinoma-in-situ, low-grade glioma,
dysplastic nevus, melanoma-in-situ, squamous cell carcinoma
and thyroid Hürthle cell adenoma; and malignant tumors in-
cluded malignant fibrous histiocytoma, osteosarcoma,
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adrenocortical carcinoma, invasive ductal carcinoma, breast
cancer, choroid plexus carcinoma, chordoma, ependymoma,
colorectal carcinoma and lung carcinoma. The meta-analysis
by Ballinger et al. [35] also included astrocytoma, papillary
thyroid cancer and renal carcinoma. Thyroid and renal cancer
and lung adenocarcinoma have a higher occurrence in young
adults in Brazil, the result of a TP53 founder effect mutation,
which is also associated with higher incidence of childhood
adrenocortical carcinomas (8% of total tumors versus 4% in
classic Li–Fraumeni syndrome), prompting intensified neona-
tal screening, with later onset of adult tumors [17, 35].

To optimize lesion detection on whole-body MRI, the fol-
lowing anatomical locations should be closely interrogated in
Li–Fraumeni syndrome: highest-risk sites include brain
(warranting dedicated MRI), adrenals, breast, bone and soft
tissues; lower-risk sites include bowel, bone marrow and skin;
Brazilian founder mutation sites include thyroid, lungs and
kidneys. As emphasized by Lecouvet [21], sites warranting
particular review are vertebral bodies and posterior elements,
ribs and skull; this is especially true in Li–Fraumeni syndrome
where use of radiography and CTshould beminimized (Fig. 1).
The young onset and multiplicity of primary malignancies in
Li–Fraumeni syndrome are highlighted by the patient in Fig. 2,
already with a second primary malignancy at 3 years old, ne-
cessitating a high level of vigilance in surveillance imaging.
However, if nonspecific, lesions can be further evaluated with
limited targeted imaging at the time of a surveillance scan,
dedicated regional imaging then or later, as well as follow-up
whole-body MRI (Fig. 3). Whole-body MRI surveillance rec-
ommendations for childhood Li–Fraumeni syndrome and ac-
companying imaging studies, as recommended by the AACR
group, are summarized in Box 1 [6, 17].

Hereditary paraganglioma and pheochromocytoma
syndromes

Hereditary paraganglioma and pheochromocytoma syn-
dromes are also autosomal-dominant and can arise from
germline pathogenic mutations in SDHx genes or in an array
of non-SDHx genes, e.g.,MAX gene, with penetrance nearing
90% [29, 37]. Mostly benign, these tumors of neural crest cell
origin include extra-adrenal and adrenal tumors,

paragangliomas and pheochromocytomas, respectively.
Detected from 6 years to 8 years old onward, they may man-
ifest by hormonal effect — tumors derived from the sympa-
thetic nervous system in the lower mediastinum, abdomen and
pelvis being catecholamine-secreting, versus non-secreting
parasympathetic nervous system tumors in the base of skull,
neck and upper mediastinum; or by mass effect—with a size-
dependent propensity tometastasize [29, 38].Malignant trans-
formation is more common in hereditary than sporadic
germline pathogenic variants. Together with other tumors seen
in hereditary pheochromocytoma and paraganglioma syn-
dromes, they are known collectively as the SDHx-related tu-
mors, although they can occur in other cancer predisposition
syndromes, such as Von Hippel–Lindau syndrome [37, 39,
40]. Other SDHx-related tumors include gastrointestinal stro-
mal tumors, which are often multifocal and gastric in origin;
renal tumors including oncocytoma; renal cell carcinoma; and
rarely pituitary adenomas [29, 37, 39, 40].

Whole-body MRI coverage in hereditary pheochromocy-
toma and paraganglioma syndromes can be limited to the neck
and trunk — denoted by “NCAP whole-body MRI” (neck,
chest, abdomen and pelvis) or “CAP whole-body MRI”
(chest, abdomen and pelvis) as suggested by Greer et al. [6].
Whole-body MRI has been shown to be more sensitive than
biochemical testing (87.5% versus 37.5%) with comparable
specificity (94.7% versus 94.9%) [6, 29, 39]. Key anatomical
sites for review are the adrenals; autonomic nervous system,
including the sympathetic trunk in the paravertebral region,
organ of Zukerkandl, aortocaval region, vas deferens and ca-
rotid body; kidneys; and bowel. AACR whole-bodyMRI sur-
veillance recommendations are in Box 2 [6, 29, 39]. Figure 4
demonstrates paraspinal nodules on whole-bodyMRI in a girl
with hereditary pheochromocytoma and paraganglioma syn-
drome, confirmed as paragangliomas on resection.

Box 2

Hereditary paraganglioma and pheochromocytoma syndrome

• Neck-to-pelvis whole-body MRI, alternating with

• Chest-to-pelvis whole-body MRI + dedicated neck MRI

• Every 24 months, starting at 6–8 years

Neurofibromatosis type 1

Neurofibromatosis type 1 (NF1; OMIM #162200) is also au-
tosomal-dominant, arising from an NF1 gene mutation on
chromosome 17q. Onset of NF1 is in childhood, with an inci-
dence at birth of between 1/900 and 1/2,800, prevalence of
1/4,150–4,950, and variable penetrance, with 50% of muta-
tions occurring de novo [26, 41, 42]. The clinical criteria de-
fined by the National Institutes of Health (NIH) in 1987 in-
clude the occurrence of café au lait macules, intertriginous
freckles, cutaneous or plexiform neurofibromas, optic

Box 1

Li–Fraumeni syndrome

• Whole-body MRI every 12 months from diagnosis

• Brain MRI every 12 months from diagnosis (non-contrast after first if
negative)

• Brain MRI and whole-body MRI interleaved at 6-month intervals if no
general anesthetic required

• Abdominal & pelvic ultrasound every 3–4 months
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pathway gliomas, bone dysplasia and Lisch nodules [26, 42].
Less reliably manifesting in children younger than 8 years,
genetic testing might be warranted if only skin lesions are
present, with developmental and neurocognitive impairment
accompanying these multisystem lesions [26, 43]. There is
less than 1% risk of the following neoplasms (1–2% for cen-
tral nervous tumors): juvenile myelomonocytic leukemia,

embryonal rhabdomyosarcoma (genitourinary more common
than orbital), malignant peripheral nerve sheath tumors, optic
pathway gliomas, pilocytic astrocytomas, duodenal endocrine
tumors and gastrointestinal stromal tumors, and manifold in-
crease in breast cancer in middle age [26, 44, 45].

Anatomical sites of high risk in NF1 warranting careful
review onwhole-bodyMRI are the brain, orbits, bone marrow

Fig. 1 Whole-body MRI in a 14-
year-old boy with Li–Fraumeni
syndrome and left rib
osteosarcoma. A series of coronal
whole-body short-tau inversion
recovery (STIR) images were
obtained. a The baseline study
shows a small focus of high signal
from the rib lesion (arrow), seen
in retrospect. b Rib lesion mimics
adjacent axillary lymph nodes of
similar size, shape and signal
(curved arrow) in an adjacent
slice. c One year later, also in
retrospect, the lesion (arrow) is
seen at the site of fusion of two
stacks (arrowheads). d The lesion
(arrow) has become progressively
larger at the time of detection
3 years from baseline. e, f Single-
station images showing the lesion
(arrows) at 3 years (e) compared
with the baseline (f) whole-body
MRI
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and peripheral nerves; and less-frequent sites are the adrenals,
urogenital system, bowel, soft tissue/muscle and skin [6].
Although lesions are widespread, unlike Li–Fraumeni syn-
drome and hereditary pheochromocytoma and paraganglioma
syndromes, periodic whole-body MRI surveillance is not ad-
vocated because of the low level of malignancy in childhood
[26]. Instead, the AACR recommendation is for a single base-
line whole-body MRI prior to transition to adulthood if
asymptomatic to guide long-term monitoring of malignant
peripheral nerve sheath tumors in particular, with clinical optic
pathway glioma assessment (Box 3) [6, 26]. Figure 5 demon-
strates whole-body MRI in an 11-year-old girl with NF1; ap-
plying risk stratification, the left tibial lesion was considered
to be of low suspicion, supported by radiographic findings,
without evidence of congenital tibial pseudarthrosis [42].

Neurofibromatosis type 2 and schwannomatosis

Neurofibromatosis type 2 (NF2; OMIM #101000) results
from a heterogeneous germline mutation at the NF2 locus
on chromosome 22q, with an incidence of 1/25,000 live

Fig. 3 Li–Fraumeni syndrome in a 7-year-old boy. a–cNonspecific bone
marrow hyperintensity is evident in the proximal right tibia (arrows) on
(a) coronal whole-body MRI short-tau inversion recovery sequence, (b)
targeted fat-suppressed axial T2-weighted image, and (c) inverted coronal
diffusion-weighted image (b=800 mm/s2). This did not restrict on
apparent diffusion coefficient map (not shown). The abnormal signal
resolved on a dedicated knee MRI at 1 month later

Fig. 2 Li–Fraumeni syndrome in a 3-year-old boy. a, b Coronal whole-
body short-tau inversion recovery (STIR) images show (a) evidence of a
previous right enucleation for an orbital rhabdomyosarcoma (arrow) and
(b) a new right suprarenal mass, confirmed as an adrenocortical
carcinoma (arrowheads)

Box 3

Neurofibromatosis type 1

Whole-body MRI baseline scan at 16–20 years of age
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births and almost 100% penetrance by late adulthood [27,
46]. Schwannomatosis (OMIM #162091 and #600574) is a
separate entity, with heterogeneous gene mutations affecting
SMARCB1 and LZTR1 loci on chromosome 22q [27].
Childhood malignancy is rare, with neoplasms usually be-
nign, and includes schwannoma (Fig. 6), meningioma and
low-grade ependymoma [27, 44, 46]. Anatomical locations
warranting careful review on whole-body MRI include the
brain, spine and internal auditory meati, in addition to re-
gional MRI of the internal auditory meati, with AACR sur-
veillance recommendations in Box 4 [6, 27]. As is the case
in many cancer predisposition syndromes, the time to stop
surveillance imaging has not been clearly established.
Although not specific for whole-body MRI, in a 2011 up-
date Evans [47] advocated screening in neurofibromatosis
type 2 until the fourth decade, acknowledging the safe time
to stop monitoring is unknown.

Hereditary retinoblastoma

Retinoblastoma (OMIM #180200) is the commonest intraocu-
lar malignancy, with an incidence in infancy of 1/15,000 [48].
Hereditary retinoblastoma accounts for up to 40% of cases,
with an RB1 germline mutation of one allele on chromosome
13q14.2 de novo occurring more commonly than autosomal-

Fig. 4 Hereditary paraganglioma and pheochromocytoma syndrome in a
12-year-old girl. a, b Whole-body MRI utilizing coronal short tau
inversion recovery (STIR) sequence reveals paraspinal nodules (oval)
with incidental finding of a thymic cyst (arrow). c–e Follow-up whole-
body MRI (not shown) was supplemented by (c) targeted imaging of the

retroperitoneum with axial fat-suppressed T2-W, and (d) axial diffusion-
weighted imaging (b=1,000 s/mm2) with (e) an apparent diffusion
coefficient map. This confirmed paraspinal nodules, one retrocaval
(arrows) showing mild restriction, proved on resection to be
paragangliomas

Box 4

Neurofibromatosis type 2 and schwannomatosis

• Baseline whole-body MRI, timing based on symptoms and at location
of symptoms

• Internal auditory meati MRI every 6–24 months (6 months if positive)

• Spine MRI every 24–36 months (6 months if positive)
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Fig. 5 Neurofibromatosis type 1
in an 11-year-old girl. Coronal
whole-body MRI including T1-
weighted (a, c) and short-tau
inversion recovery (b, d)
sequences, with single-station
images displayed in (b) and (d).
Images (a) and (b) show a biopsy-
proven right temporal sarcoma
with a circumscribed temporal
lobe lesion (arrows), with
heterogeneous intermediate to
low signal on (a), heterogeneous
high signal on (b), and a large
overlying extra-axial fluid
collection of low signal on (a) and
high signal on (b). c, d An
intramedullary ovoid lesion is in
the proximal left tibia (arrows),
well-defined and demonstrating
low signal on (c), and less-defined
and demonstrating intermediate to
high signal on (d), consistent with
a non-ossifying fibroma on
radiographs (not shown)
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dominant inheritance by a factor of 4:1 [28, 48]. Penetrance is
90–95%. Hereditary retinoblastoma is often detected before
1 year of age — especially if bilateral— with 95% diagnosed
by 5 years. Three percent to 5% of children with unilateral or
bilateral hereditary retinoblastoma also develop a midline prim-
itive neuroectodermal tumor or pineoblastoma early on [28,
49]. Referred to as trilateral retinoblastoma, this has a signifi-
cantly worse outcome [28, 48, 50].

Survivors of hereditary retinoblastoma face an increased
lifetime risk of a second or subsequent malignant neoplasm,
contributing to patient mortality as survival for hereditary ret-
inoblastoma reaches greater than 95% [28]. Presenting in dif-
ferent decades throughout life, second malignant neoplasms
include osteosarcoma, soft-tissue sarcoma, nasal/orbital tu-
mors, melanoma, and lung, bladder, breast and uterine carci-
nomas [28, 48, 50]. While noting there is no consensus for
whole-body MRI, when it is performed the key anatomical
sites for review are the brain, orbits, bones and soft tissue.
The AACR whole-body MRI surveillance recommendation
is for whole-body MRI to commence slightly later than in
other cancer predisposition syndromes, in line with second
malignant neoplasm onset, and to avoid general anesthesia
(Box 5) [6, 28]. However in some centers, whole-body MRI
is performed under general anesthesia in younger patients with
retinoblastoma if screening for metastatic disease. As the non-
specific bonemarrow hyperintensities in Fig. 7 highlight, such
findings warrant close monitoring because osteosarcoma is
the earliest presenting second malignant neoplasm.

Fig. 6 Neurofibromatosis type 2
with multiple cervicothoracic
schwannomas gradually
increasing over time, leading to
cord compression in an 11-year-
old boy. Targeted coronal fat-
suppressed T1-weighted post-
contrast images of the cervical
spine (a) on initial imaging at
8 months old show extradural
lesions with foraminal extension
(arrows), and (b) 10 years later,
exuberant paravertebral masses

Fig. 7 Hereditary retinoblastoma in a 4-year-old boy. a, b Whole-body
MRI utilizing coronal short tau inversion recovery (STIR) sequence
shows (a) increased signal in the left parietal lobe following treatment
of a central nervous system metastasis (arrow), and (b) nonspecific bone
marrow STIR hyperintensities in the lumbar vertebrae and left tibia
(arrowheads)

Box 5

Hereditary retinoblastoma

• Whole-body MRI every 12 months from 8 to 10 years

• Brain MRI every 6 months to 5 years
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Constitutional mismatch repair deficiency syndrome

Constitutional mismatch repair deficiency syndrome (OMIN
#276300) is rare, with an autosomal-recessive pattern of in-
heritance resulting from biallelic MMR germline mutations
affecting 1 of 4 genes [51]. However relative tumor risk is
high, with a wide tumor spectrum and age of onset, median
age for first malignancy being 7.5 years, with core tumors
being brain, gastrointestinal and hematologic malignancies
[30, 51]. Brain tumors, in particular gliomas, and hematologic
malignancies including non-Hodgkin lymphoma, T-cell acute
lymphoblastic leukemia and acute myeloid leukemia occur
earliest, with brain tumors commonest [51]. Colorectal and
small-bowel carcinomas, small-bowel adenomas and genito-
urinary neoplasms, osteosarcoma, rhabdomyosarcoma and
pilomatricoma occur later, with a specific scoring system also
capturing these and other clinical features very sensitive for

diagnosis [30, 51]. A number of the genes in constitutional
mismatch repair deficiency syndrome overlap with Lynch
syndrome, autosomal-dominant and manifesting in the fourth
decade primarily with hereditary non-polyposis colorectal and
other tumors, and a Lynch-syndrome-associated tumor in a
relative is one criterion in diagnosing constitutional mismatch
repair deficiency syndrome [51].

Brain, bowel and bone marrow are key anatomical sites on
whole-body MRI review, followed by skin, soft tissue and
muscle [6]. Lynch syndrome also involves the brain and bow-
el, with increased involvement in the kidneys, urinary bladder,
uterus and ovaries. AACR surveillance recommendations are
in Box 6 [6, 30]. Figure 8 demonstrates the tumor spectrum in
a 17-year-old girl with constitutional mismatch repair defi-
ciency syndrome who had extensive bowel resection and
treatment for astrocytoma, with stable renal and paraspinal
lesions under review.

Fig. 8 Constitutional mismatch
repair deficiency in a 17-year-old
girl with a history of a colectomy
and duodenectomy for
adenocarcinoma and
astrocytoma. a Whole-body MRI
utilizing coronal short tau
inversion recovery (STIR)
sequence demonstrates a complex
left renal cyst (arrow). b The cyst
(arrow) is better seen on a single-
station image, stable when
compared with prior imaging but
warranting continued close
observation. c An additional
STIR single-station image
demonstrates a small simple left
paraspinal cyst (arrowhead), also
stable. The renal cyst (arrow) is
partially seen
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Standardized reporting

Structured reporting can range from the use of templates to stan-
dardized reporting systems. In cancer predisposition syndromes,
they can facilitate systematic review, further optimizing whole-
body MRI interpretation, and can be particularly beneficial
where serial imaging is undertaken as in whole-body MRI sur-
veillance. This can help emphasize suspicious lesions for follow-
up, aid in comparison with prior studies for more inexperienced
readers, and improve report clarity for patients moving among
institutions for their investigations and management [6, 18].

Conclusion

Surveillance imaging in childhood cancer predisposition syn-
dromes needs to be guided by the balance of risks and bene-
fits, with harmonization of surveillance and diagnostic imag-
ing pathways. For whole-body MRI, optimizing image inter-
pretation through knowledge of the tumor spectrum and sites
for particular syndromes, and a systematic approach, can im-
prove lesion detection, reduce false-positive findings and con-
tribute to improved patient outcomes.
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