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Abstract
Improvements in our understanding of the genetic basis of human disease and increased utilization
of genetic testing have identified a variety of heritable disorders associated with the onset of
benign or malignant neoplasms during childhood. In many cases, the optimal management of
affected children is dependent upon the early detection and treatment of tumors. Surveillance
strategies based on the natural history of these lesions are often complex, requiring clinical
examinations and radiologic and laboratory studies that evolve over a patient’s lifetime. A general
pediatrician may be the first to suspect one of these disorders in a patient, or may be faced with
questions regarding genetic testing, cancer risk, and cancer screening. The pediatrician may also
coordinate and interpret the results of specific surveillance studies. In this review, we present the
genetic etiology, presentation, natural history, and surveillance recommendations for four
disparate hereditary tumor predisposing syndromes, including Beckwith–Wiedemann syndrome/
idiopathic hemihyperplasia, von Hippel–Lindau disease, Li–Fraumeni syndrome, and rhabdoid
tumor/schwannomatosis. These examples are meant to offer the clinician practical
recommendations as well as a framework upon which to base the understanding and management
of other conditions associated with an increased risk to develop tumors in childhood.
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Introduction
Cancer is a relatively rare entity in children, affecting approximately 140–150 of every
1,000,000 children less than 20 years of age/year in Europe and the USA [30, 55]. Rarer still
are childhood cancers that arise in the context of a genetic predisposition, which are
estimated to account for approximately 1% to 10% of all pediatric cancer cases [60]. While
some predisposition syndromes such as hereditary retinoblastoma are managed by
subspecialists from the outset, many others are not and expectant management falls to the
pediatrician. Furthermore, as more cancer-related genes are identified and specific genetic
tests become available, pediatricians will be asked about the cancer risks associated with,
and optimal management strategies for, various genetic disorders affecting children.

Many of the known cancer predisposing conditions are associated with the development of
solid tumors, the management of which relies on surgery, and/or chemo- or radiation
therapy. In general, the outcome for patients with solid tumors is related to the stage, or
degree of involvement of the body, at the time of diagnosis. Unfortunately, most solid
tumors do not cause symptoms until the function of the involved organ is impaired or there
is compromise of neighboring or more distant organs. As a result, patients are commonly
diagnosed at later stages, when it is more difficult to eradicate the tumors or when cure
comes at a cost due to the toxicities of the anti-cancer treatments used.

Cancer screening has evolved as a management strategy to improve the outcomes for those
at increased genetic risk to develop solid tumors. While screening is also used to monitor for
the development of hematopoietic malignancies, its benefits in this setting are not as clear.
The central benefit upon which screening programs are based is the idea that earlier
detection may lead to the identification of benign or malignant tumors at a lower stage than
otherwise possible. Lower stage lesions are associated with a better overall survival and
often need treatment with less extensive surgery as well as less intensive chemo- and/or
radiotherapy (Table 1). Screening can also improve the emotional well-being of patients and
parents by allowing a sense of expectation and control. However, screening does have
disadvantages, most significantly that false-positive results may lead to additional
evaluations and potentially unnecessary procedures or surgery [13]. These false-positive
results may thus be an emotional drain on affected patients and their families, as well as a
financial drain on the already taxed resources of many medical systems. Consequently, it is
important to weigh the potential benefits and disadvantages of screening and to establish
protocols that address the needs of the population being screened. One must be cognizant of
the age-specific cancer risks associated with a given condition and offer screening only
when there are effective cancer treatments available (Table 2).

It is recommended that a suspected or confirmed hereditary cancer predisposition syndrome
be managed in concert with a pediatric oncologist. Ideally, patients should be seen in a
dedicated cancer predisposition clinic where geneticists and pediatric oncologists work in
concert to confirm a diagnosis and coordinate genetic testing, and where appropriate,
radiologic and laboratory evaluations. Genetic counselors, social workers, and psychologists
with experience in pediatric cancer predisposition syndromes can provide invaluable support
to patients and families facing one of these diagnoses. For patients who initiate screening, it
is imperative that serial radiologic evaluations are performed at a single institution to allow
for accurate comparisons to previous imaging studies. When possible, radiologic studies
should be reviewed by a pediatric radiologist familiar with the genetic condition and its
associated tumor risks. Similarly, serial laboratory evaluations should be performed by a
single laboratory, as differences in method and normal ranges may make trends difficult to
identify.

Teplick et al. Page 2

Eur J Pediatr. Author manuscript; available in PMC 2011 May 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In this review, we discuss cancer screening for four genetic conditions affecting children.
Beckwith–Wiedemann syndrome (BWS) and von Hippel–Lindau (VHL) syndrome are two
conditions for which effective screening protocols are established, and for which the
pediatrician is likely to arrange surveillance and coordinate care. Li–Fraumeni syndrome
(LFS) is a disorder in which screening recommendations are not as clearly defined, but
which requires that the pediatrician, as the primary caregiver, be alert for the presenting
signs of neoplasia. Finally, we review the emerging recommendations in screening for
patients with germline INI1/SMARCB1 mutations, who are predisposed to the development
of rhabdoid tumors, as an example where data on surveillance is scarce, but screening may
nonetheless prove important for patient management. This review regrettably cannot discuss
all the hereditary cancer predisposing syndromes affecting children. Instead, we direct the
reader to several excellent recent reviews which discuss the practical issues related to the
care of children with other predisposing conditions such as retinoblastoma and the Wilms’
tumor (WT)-associated syndromes, the neurofibromatoses, and multiple endocrine neoplasia
type 1 [12, 22, 53].

Beckwith–wiedemann syndrome and idiopathic hemihyperplasia
BWS is a phenotypically and genetically diverse disorder characterized by macrosomia,
neonatal hypoglycemia, abdominal wall defects, hemihyperplasia, macroglossia, and ear
anomalies [69]. BWS is estimated to occur in one in 13,700 live births with 85% of cases
being sporadic and 15% familial [59, 69]. Studies indicate that approximately 7.5% to 10%
of patients with BWS develop a malignancy, most commonly hepatoblastoma (HB) or WT
[6, 63, 69]. Adrenocortical carcinoma, neuroblastoma, and rhabdomyosarcoma are also
encountered with a frequency above that in the general population [3, 33, 63]. Other
malignancies, such as atypical teratoid/rhabdoid tumor and pheochromocytoma, have been
identified in single case reports of patients with BWS, but may be coincidental findings [2,
5, 29]. Isolated hemihyperplasia (IHH) is defined by asymmetric overgrowth of one or more
body parts in the absence of other clinical findings. This disorder may represent part of the
clinical spectrum of BWS as in many cases it has a similar genetic etiology and profile of
cancer predisposition [26].

Multiple genetic and epigenetic abnormalities are observed in patients with BWS or IHH, all
of which affect chromosomal locus 11p15.5. Among the genes in this region are the growth
promoter IGF2 (insulin-like growth factor 2) and the tumor suppressor CDKN1C (cyclin-
dependent kinase inhibitor 1C). These and surrounding genes are “imprinted”, or
differentially methylated, depending on whether the gene copy is maternal or paternal in
origin. As a result, only the maternal or paternal copy is expressed at any given time. The
epigenetic aberrations in BWS and IHH lead to aberrant hypomethylation, and thus
overexpression, of IGF2, as well as aberrant hypermethylation and repression, of CDKN1C
[68]. The combined overexpression of growth promoting genes and inhibition of growth
controlling genes may contribute to the overgrowth and tumor predisposition that occur in
these conditions.

Fifty-five to 65% of BWS patients have a defect at one of two imprinting control centers
that determine methylation of the genes in the region [17, 69]. Paternal uniparental disomy
(UPD) at chromosome 11p15.5, in which a child has two copies of the chromosome or
chromosomal region from the father, and none from the mother, is the genetic abnormality
identified in 20–25% of patients with BWS [17, 69]. About 5% of patients with sporadic
BWS harbor germline mutations in CDKN1C, whereas approximately 40% of familial cases
display this defect [17, 69]. In total, about 75% to 80% of patients with clinical BWS have
identifiable molecular abnormalities [69]. The remaining patients may harbor mutations in
novel and as yet unidentified BWS-associated genes, or be genetic mosaics for alterations in
known genes linked to this condition. In mosaicism, the genetic or epigenetic alteration
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occurs during embryogenesis with the result that only a subpopulation of cells displays the
genetic abnormality. When mosaicism is present, the disease associated genetic abnormality
may be difficult to detect if only a small percentage of cells is affected, or if it is isolated to
tissues that are not as easily sampled as the blood [6, 17].

There is increasing evidence to suggest that within the spectrum of BWS, distinct molecular
abnormalities confer different risks for tumor development. For example, studies indicate
that paternal UPD and abnormalities at one of the imprinting control centers have the
highest risk of tumor development, whereas mutations of CDKN1C may not increase a
child’s risk for malignancy [17, 19, 67]. However, these genetic findings are complex and
have not yet been used to direct decisions in most screening programs. It is likely, however,
that future screening programs will be more precisely designed to take into account the
particular risks related to the underlying genetic abnormality.

Cancer screening recommendations for patients with BWS or IHH are aimed primarily at
detecting HB and WT (Table 3). While the incidence of neuroblastoma is higher in patients
with BWS than in the general population, it is not considered high enough to warrant
screening. Screening should be used for all patients with a clinical diagnosis of BWS or
IHH, even if no underlying molecular abnormality is identified. Apparently unaffected
monozygotic twins of children with BWS or IHH should also be screened, as they may have
mosaicism that makes the condition difficult to detect [69].

HB presents before 4 years in 95% of cases [63]. Complete surgical resection is the most
important element in the treatment of HB, although chemotherapy is often used to shrink
tumors prior to surgical resection. Patients whose tumors are completely resected at
diagnosis have an event-free survival (EFS) over 90%. In contrast, those whose tumors are
initially unresectable have an EFS of less than 70%, and those whose tumors are metastatic
have an EFS of 20–30% [31, 48]. Screening for HB begins when the diagnosis of BWS is
made or suspected. It is suggested that patients have abdominal ultrasound examinations
performed every 3 months, as well as serial evaluation of alpha-fetoprotein (AFP) levels,
which are typically increased in patients with HB. Optimally, AFP levels should be
evaluated every 6 weeks, or at a minimum every 3 months, when the imaging is performed
[14]. AFP levels tend to be higher in patients with BWS, even in the absence of HB. In
addition, levels tend to decrease more slowly over time [21]. Therefore, if the initial AFP
level is elevated, but there is no abnormality on ultrasound or other imaging, the test may be
repeated in 6 weeks. If at that time the levels are falling, they may be rechecked every 6
weeks until they return to normal. If the initial elevation is accompanied by a radiologic
abnormality, or if the level fails to fall or continues to increase, the patient should be
referred to an oncologist for further evaluation [69]. Screening for HB can be discontinued
at the age of 4 years as the majority of these tumors develop before this time.

WT is an embryonal tumor of the kidney which typically presents in young children and
almost always presents before 10 years of age [4]. Treatment strategies for WT have become
very successful, and long-term survival is >90% for localized disease, and >70% for the
highest stages of the disease [63]. Screening programs are unlikely to impact these
outcomes, and their goal is instead to promote easier surgical management, less intensive
chemotherapy, and possible avoidance of radiotherapy. Screening for WT consists of serial
ultrasound examinations every 3 months from the time of diagnosis until the age of 8–10
years. In the first 4 years of life, the abdominal ultrasound performed every 3 months to
screen for HB is also used to evaluate for renal masses and nephrogenic rests (persistent
fetal tissue with a propensity for malignant transformation) that might indicate or portend
the development of WT [63]. After the age of 4 years, imaging may be limited to a renal
ultrasound, which is faster and less expensive than an abdominal ultrasound, and does not
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require that the child fast for the exam. For HB and WT screening, ultrasound is favored
over MRI or CT as it is widely available, non-invasive, leads to no radiation exposure, only
rarely requires sedation, and is generally faster and less expensive.

Data pointing to the benefits of screening in BWS are sparse but encouraging. Choyke et al.
reported that patients with BWS or IHH who did not undergo screening had an increased
rate of high stage WT (stage III or IV) at diagnosis compared to patients who underwent
screening, with 42% of 59 non-screened patients presenting with high-stage disease, versus
0 of 12 screened patients [13]. Unfortunately, three patients in this study had false-positive
results, and underwent surgery for what were found to be renal cysts. A report from the
National Wilms Tumor Study Group examining 4,669 children enrolled on two Wilms
tumor studies, NWTS 3 and NWTS 4, between 1980 and 1995 found that 1.1% of children
with Wilms tumor had BWS [50]. The children with BWS were diagnosed at younger ages
(mean 28 months) than children without BWS (mean 44 months). Overall, children with
BWS presented with lower stage tumors (71.7% versus 55% with stage I or II disease).
None of the children with BWS had metastatic disease at presentation, while 12% of the
other children did. It is not possible to discern how much these differences in presentation
were affected by screening. Nonetheless, it remains feasible that some of them were due to
the positive effects of the prospective monitoring for tumors in this at-risk population. Fewer
studies exist that evaluate screening for HB in BWS, although case reports have documented
pre-symptomatic detection in a small number of patients [48, 70].

Von Hippel–Lindau
VHL disease is an autosomal dominant disorder associated with the development of multiple
benign and malignant lesions. The condition affects approximately 1/36,000 live births [37].
While VHL is most often familial, approximately 20% of cases are sporadic and caused by
new mutations. VHL is characterized by development of CNS hemangioblastomas, most
frequently in the cerebellum and spinal cord, retinal hemangioblastomas,
pheochromocytomas, renal cysts, clear cell renal cell carcinoma (ccRCC), pancreatic cysts
and neuroendocrine tumors, cystadenomas of the epididymis and broad ligament, and
endolymphatic sac tumors (ELST) [15]. CNS hemangioblastoma is the most common
manifestation, occurring in 60–80% of affected individuals, and ccRCC is the most common
cause of early mortality [37]. While most of the lesions associated with VHL are benign,
their growth can lead to significant complications, including vision loss and neurologic
abnormalities, which in many cases can be minimized through routine surveillance and early
intervention.

Unlike BWS, VHL is not associated with identifiable morphologic abnormalities in affected
individuals. It may therefore escape suspicion until a classic lesion is discovered. The
diagnosis should be considered in any individual with a retinal or CNS hemangioblastoma, a
pheochromocytoma or paraganglioma at age less than 30 years, or a ccRCC at less than 40
years. Furthermore, the diagnosis should be entertained in individuals with bilateral
presentation or a strong family history of any of the classic VHL-related tumors. The
diagnosis is confirmed by molecular genetic testing of the VHL gene, which can identify the
underlying abnormality in nearly 100% of familial cases [57]. In some cases, de novo
mutations may demonstrate mosaicism and therefore be difficult to detect. For this reason,
clinical diagnosis may be the sole indication for initiation of a screening protocol.

The genetic abnormality responsible for VHL is mutation or deletion of the VHL gene,
which resides at chromosome band 3p25.3. Patients with VHL syndrome typically harbor a
single germline abnormality of the VHL gene and sustain an inactivating event on the
remaining allele, as in the classic model of a tumor suppressor. Under conditions of normal
oxygen tension, the VHL protein (pVHL) forms part of a complex that promotes
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ubiquitination, and subsequent proteasomal degradation, of hypoxia-inducible factor–α
(HIFα). Under hypoxic conditions, HIFα becomes resistant to ubiquitination and
heterodimerizes with HIFβ. The HIF αβ heterodimer then acts as a transcription factor to
increase the expression of genes that promote angiogenesis, cell growth, and resistance to
apoptosis [15, 37]. In the absence of a normally functional pVHL, as is seen in VHL
syndrome, HIFα is not degraded in normoxic conditions, leading to increased cell growth,
decreased apoptosis, and development of abnormal micro-vasculature. Notably, ccRCC is
among the most highly vascular malignancies.

Given the wide variety of tumor types that are associated with VHL, multiple screening
modalities are recommended for at-risk individuals (Table 3). Many of the lesions typical of
VHL present most frequently in adulthood, but all have been reported to occur occasionally
in affected children. Thus, it is recommended that screening for the manifestations of disease
begin once the diagnosis is established, or in the case of children born to affected parents, in
infancy. As there is limited data to inform screening protocols, most have been developed by
clinicians with expertise in the field, with the result that some of the current
recommendations remain controversial.

ccRCC and retinal hemangioblastoma are the tumors for which screening recommendations
are the strongest. Although ccRCC tends to be less aggressive when it develops in the
context of VHL, it is still capable of metastasis, which portends a very poor prognosis [45].
Tumors are usually resected using a nephron-sparing procedure once they reach about 3 cm
[16]. When resected in this manner, there is a very low risk of metastasis or later kidney
dysfunction [37]. In order to detect lesions at this stage, annual screening with abdominal
ultrasound or MRI is recommended, beginning at 8–11 years of age [37, 42]. Retinal
hemangioblastomas occur in 60% of patients with half of affected individuals presenting
with multifocal or bilateral disease [37]. While the mean age of presentation for these
lesions is 25 years, 5% of patients are less than 10 years when they are detected [37]. Retinal
hemangioblastomas are not associated with increased mortality and are initially
asymptomatic. However, they can result in vision impairment or loss if not treated properly.
An initial ophthalmologic exam should be performed soon after birth and repeated annually
for children known or suspected to have VHL [49]. Treatment generally involves
photocoagulation or cryotherapy and is very effective for preservation of vision.

Abdominal ultrasound or MRI imaging is useful to detect the pancreatic and adrenal lesions
of VHL. Pancreatic lesions may be cysts or neuroendocrine tumors, which together occur in
17–56% of patients [37]. Management is surgical, with a typically good prognosis.
Pheochromocytoma occurs in 10–20% of patients, and is the only sequela of VHL that is
more likely to present in younger patients, with the risk declining after age 30 years [23, 37].
To facilitate the identification of early stage pheochromocytomas, plasma metanephrines
should also be evaluated annually starting at age 5 years, particularly for those whose VHL
mutations confer a greater risk for developing this tumor. Adrenal cortical sparing surgery
may be curative, with a low risk of recurrence or metastasis [1].

CNS hemangioblastomas are the most common consequence of VHL and can cause severe
disability or death if allowed to grow unchecked. These tumors have an unpredictable
natural history, often remaining at a stable size for years before enlarging. Like many of the
other lesions of VHL, they may be multifocal, and continue to develop throughout life. As
this clinical picture can result in multiple neurosurgical procedures over a patient’s lifetime,
observation is generally recommended for asymptomatic lesions [37]. Because intervention
is reserved until these hemangioblastomas are symptomatic, screening recommendations are
somewhat controversial, but the most common recommendation is to begin screening with
gadolinium-enhanced MRI of the brain and spine at puberty (around age 11–15 years), with
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evaluations repeated every 1 to 2 years. This MRI is also used to evaluate for ELST, which,
if detected only once symptomatic, present with nearly universal hearing impairment or loss
[32, 40]. As additional evaluation for ESLT, patients should undergo regular audiologic
evaluations, especially if there is concern for a hearing deficit. Surgical management
maintains pre-operative hearing level, but cannot correct impairments once established.

In addition to the radiology and laboratory studies outlined above, patients with VHL should
have annual physical exams, with attention to neurologic function and blood pressure. Many
reports exist of patients in whom VHL-related lesions appear to have been detected earlier,
and with less associated morbidity, than would have been expected if they had not
undergone surveillance [32, 49, 51]. However, systematic investigations into the benefits of
screening have not taken place. Historically, life expectancy in patients with VHL has been
about 50 years [39]. It seems reasonable that this would increase through the use of
standardized comprehensive screening protocols.

Li–Fraumeni syndrome
LFS is an autosomal dominant disorder associated with the development of soft tissue and
bone sarcomas, premenopausal breast cancer, brain tumors, leukemia, and adrenocortical
carcinoma [36]. Many other tumor types may also be associated with this disorder [9].
Patients with LFS have a high risk of developing multiple primary tumors, and appear to be
particularly sensitive to the carcinogenic potential of radiation exposure [25]. The lifetime
risk of cancer development for an individual with LFS is approximately 75% in men and
100% in women [62]. In one study, 10% of affected boys and 18% of girls were diagnosed
with cancer before 20 years of age [28]. Although highly penetrant, the expression of
disease varies widely and it is often difficult to predict which type(s) of cancer an individual
will develop, and at what age(s) the cancers will occur. These issues present a particular
challenge for development of a sensible screening protocol for affected individuals.

Various studies have estimated that between 50% and 77% of patients with clinically
defined LFS have identifiable germline mutations in the TP53 tumor suppressor gene [8,
65]. TP53 is a transcription factor that accumulates in response to DNA damage or other
cellular stress. It regulates the transcription of many genes which promote temporary cell
cycle arrest, senescence, or apoptosis [66]. Abnormalities in the TP53 gene lead to the
production of altered proteins with aberrant transcriptional regulatory capabilities. When the
TP53 gene is unable to produce a normally functioning protein, the cell cycle continues even
when the cell has sustained DNA damage, leading to an accumulation of errors. While TP53
was initially thought to be a typical tumor suppressor in which a second hit is needed to
inactivate the remaining normal gene before the cell can progress to malignancy, in many
cases this appears not to be true. Rather, mutated TP53 often acts in a dominant fashion,
probably by directly interfering with the function of the normal protein product of the
unmutated allele [43].

LFS has no phenotypic manifestation other than the increased risk of malignancy, and thus
the clinician must suspect the diagnosis on the basis of the family or individual cancer
history. The decision of whether to test a pre-symptomatic child for a familial TP53
mutation is itself a difficult one. As there is not yet a generally accepted screening protocol,
and little data to show that screening would alter outcomes, there is concern that knowledge
of a mutation would lead only to increased anxiety and psychological distress [34].
However, the few studies conducted have not shown increased psychological distress in
individuals once they find that they have a mutation compared to how they felt prior to
testing, or in patients with LFS compared to other hereditary cancer syndromes [34, 35]. In
one case study, Evans et al. presented two families in which adults were known to have LFS,
but the status of children was not known. In both cases, parents self-reported high levels of
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anxiety prior to testing the children for LFS and felt they were bringing their children for
medical evaluation in excessive frequency, and for minor ailments. Of these two unrelated
children, one was found to have a TP53 mutation, and the other was not. In both cases, the
frequency of medical visits decreased and the parents reported decreased anxiety [20]. It
appears that in some cases the knowledge of the presence of a mutation is less anxiety
provoking than the state of not knowing. The decision of whether or not to test for a
mutation is best made on a case by case basis, and a primary pediatrician, with the help of a
geneticist or oncologist, is most likely to be able to help a family to make this decision.

Premenopausal breast cancer is among the most common cancers arising in female patients
with LFS, and given the excellent surveillance modalities for this tumor type (such as
mammography, breast MRI, and breast ultrasound), it is a cancer for which screening is
likely to be beneficial [9]. It is important to recognize that age of onset for breast cancer is
early in LFS, with some individuals developing cancer in the second or third decade of life
[47]. Thus, screening for this cancer should begin at age 18 years with monthly self-breast
examination and biannual clinical breast examination. Imaging studies should begin at 20–
25 years, or at 5 years earlier than the youngest age at which this cancer was diagnosed in an
affected family member, whichever is earlier (Table 3) [44].

No consensus exists as to how to screen patients for the other malignancies associated with
LFS. There is general agreement that children with LFS should have a full physical
examination at least annually, with a complete blood count and perhaps a urinalysis. Other
recommendations include abdominal ultrasound to screen for adrenocortical carcinoma or
other intra-abdominal malignancy. It is reasonable to expect that certain malignancies may
be more common in one family than another, although there is not necessarily data to
support this theory as yet. However, it seems prudent to focus some of the screening toward
malignancies that are known to have affected other family members.

Whole body FDG-PET/CT has recently been examined as a screening modality, given its
high sensitivity to many of the typical LFS malignancies [41]. 15 patients with known TP53
mutations or obligate mutation carrier status underwent whole body and brain FDG-PET/CT
evaluation. Of these patients, three were found to have malignancies that were not
previously identified through physical examination or routine laboratory testing. All
received potentially curative therapy. Although it is impossible to be certain that the
outcome for these patients will be better than would have occurred if the lesions had been
detected later, it is logically compelling. However, given the possible radiation sensitivity in
patients with LFS, the cumulative radiation exposure of routine FDG-PET/CT screening
makes it a less attractive option at this time. The study does suggest that there may be
benefit to some form of whole body imaging for patients with LFS. MRI is also under
evaluation for this purpose, and may be more attractive given the lack of radiation exposure
(KE Nichols, unpublished). Annual brain MRI may also be appropriate in certain cases,
particularly if there is a family history of brain tumors.

Rhabdoid tumor and schwannomatosis
Rhabdoid tumors are highly aggressive malignancies that generally present in infancy or
early childhood [64]. These tumors are most commonly found in the kidney and CNS
(where they are designated as atypical teratoid/rhabdoid tumors, or AT/RT), but may present
in nearly any soft tissue site [46]. The survival for patients with these tumors is 15% to 30%,
but as expected, varies by stage. In National Wilms Tumor Study Group trials, patients with
stage I or II renal rhabdoid tumors had an overall survival of 42% at 4 years, those with
stage III, IV, or V disease fared less well with survival of about 16% when evaluated as a
group [64]. For those with CNS disease, the prognosis is comparably dismal, with a registry
review identifying a median overall survival of 16.75 months [24]. Some of these patients
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have had prolonged survival, however, with 24% alive 2 years or longer. A large proportion
of long-term survivors were treated with radiation therapy, chemotherapy, and stem cell
rescue [24]. EFS appears to be better in patients with gross total resection compared to those
who had subtotal resections or biopsies of their tumors [24]. These trends are important in
the context of screening recommendations, as they suggest that if CNS tumors were detected
earlier, they might be more easily resected and associated with improved outcomes for these
patients.

The characteristic genetic abnormalities and the primary initiating event for rhabdoid tumors
are a mutation and/or deletion of the INI1/SMARCB1 gene located in chromosome band
22q11.2 [7]. SMARCB1 is part of a chromatin remodeling complex which is involved in
regulating gene expression, including genes involved in cell cycle control, DNA repair, and
differentiation [54]. Both alleles must be inactivated in order for a tumor to arise, consistent
with its function as a tumor suppressor gene. Approximately 35% of patients with rhabdoid
tumors have germline INI1/SMARCB1 alterations [18]. While the majority of germline
mutations are de novo, families have been reported in which multiple siblings have been
affected. In rare cases, a parent is an unaffected carrier, and can have multiple children with
rhabdoid tumor before the condition comes to the attention of a clinical geneticist [11, 52,
58]. Additionally, there have been reports of families in which some members were
diagnosed with schwannomatosis, a disorder in which an individual develops two or more
benign tumors of the nerve sheath, commonly referred to as schwannomas, while others
developed rhabdoid tumors [18, 38, 61]. Most cases of familial schwannomatosis are
associated with germline INI1/SMARCB1 mutations [10, 27]. The penetrance and
expressivity of INI1/SMARCB1 abnormalities are under investigation, and may vary with the
specific genetic mutation [18].

Recommendations for surveillance in patients with germline INI1/SMARCB1 mutations have
been developed based on the epidemiology and clinical course of rhabdoid tumors. A group
of experts in the field of pediatric cancer genetics including geneticists, oncologists, and
radiologists at the February 2009 meeting on “Pediatric Cancer Genetics: From Gene
Discovery to Cancer Screening”, (Texas Children’s Cancer Center, Houston, TX) developed
the following guidelines, which have not been formally studied (Table 3). From birth to 1
year of age, this working group suggests that patients have thorough physical and neurologic
examinations as well as head ultrasounds monthly to assess for the development of a CNS
tumor. Furthermore, it is suggested that patients undergo abdominal ultrasound with focus
on the kidneys every 2 to 3 months to assess for renal lesions. From 1 year to approximately
4 years, after which the risk of developing a new rhabdoid tumor rapidly declines, brain and
spine MRI and abdominal ultrasound should be performed every 6 months [56]. Although
there are as yet no studies to confirm the benefit of screening patients with germline INI1/
SMARCB1 mutations, the aggressive natural history of the disease, apparently high
penetrance and well-defined age of onset for CNS AT/RT suggest that screening could
prove beneficial. Given the potential survival benefit of surgically resectable disease, it is
reasonable to postulate that early detection might improve overall survival.

Conclusion
While hereditary cancer predisposition syndromes are rare, a pediatrician may encounter
them at some time in general practice. Often the suspicion for such a syndrome, institution
of a screening protocol, and counseling of the family regarding siblings or future
pregnancies will fall at least in part to the primary pediatrician. The previous examples are a
representative sampling of several syndromes that present in childhood, and hopefully may
provide a framework for evaluation and management of other cancer predisposition
syndromes for caregivers in the general pediatric setting.
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Table 1

Advantages and disadvantages of tumor screening

Advantages Disadvantages

Identify small/localized lesions False-positive results of imaging or laboratory studies may lead to
additional testing or unnecessary procedures

 Lower surgical morbidity

 Less intensive chemotherapy

 Attenuate/avoid radiotherapy

Improved emotional well-being through sense of expectation and
control

Stress and anxiety related to frequent medical and/or laboratory visits

Negative results decrease anxiety False-positive results or results of unclear significance may increase
patient concern

Decrease tumor-associated mortality Increased frequency of medical visits

Decrease morbidity related to tumors or their treatment Lack of proven benefit of screening in many disorders
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Table 2

Considerations in design of surveillance protocols

Factors to consider when establishing a tumor screening program

Genetic testing should have high sensitivity and specificity

Disorder should have high penetrance

Age-specific cancer risks should be known

Safe, effective, and readily available screening modalities should be used

Optimal interval between screening measures should be known

Overall duration of screening protocol must be established

Effective treatments should be available for tumors if they are detected
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Table 3

Surveillance recommendations for conditions discussed in this review

Condition Associated tumors
Age range of onset
(years) Screening recommendations Ref

BWS/IHH Wilms’ tumor 0–8 0–4 years, abdominal US every 3 months; 4–8 years,
renal US every 3 months

[14, 63]

Hepatoblastoma 0–4 0–4 years, abdominal US every 3 months; AFP level
every 6–12 weeks

Neuroblastoma,
adrenocortical, carcinoma,
rhabdomyosarcoma

None; however, abdominal US can detect these
tumors

VHL CNS hemangioblastoma 9–78 (mean, 33) 11 to 15 years–lifelong, MRI brain and spine every 1–
2 y

[1, 37,
42, 49]

Retinal hemangioblastoma 1–67 (mean, 25) Birth–lifelong, ophthalmologic exam annually

Pheochromocytoma 5–58 (mean, 30) 5 years–lifelong, plasma metanephrines annually

Renal cell carcinoma 16–67 (mean, 39) 8 to 11 years–lifelong, abdominal US or MRI
annually

Endolymphatic sac tumor 12–50 (mean, 22) See CNS hemangioblastoma

Pancreatic tumor 5–70 (mean, 36) See renal cell carcinoma

Cystadenoma Unknown None

LFS Breast cancer Median, 33 18 years–lifelong, monthly self-breast exam, clinical
breast exam every 6 mos

[44]

20 to 25 years (or 5 years earlier than youngest
diagnosis in the family)– lifelong, annual breast
imaging

Soft tissue sarcoma Median, 14 Lifelong, annual physical exam and complete blood
count

Bone sarcoma Median, 15

Brain tumor Median, 16

Leukemia Median, 27

Adrenocortical carcinoma Median, 3

Rhabdoid tumor Renal rhabdoid 0–4 0–1 year, abdominal US every 2 to 3 mos; 1–4 years,
abdominal US every 6 mos

CNS AT/RT 0–4 0–1 year, head US monthly; 1–4 years, brain and
spine MRI every 6 mos

AFP, alpha-fetoprotein; BWS/IHH, Beckwith–Wiedemann syndrome/idiopathic hemihyperplasia; CNS, central nervous system; LFS, Li–Fraumeni
syndrome; MRI, magnetic resonance imaging; Ref, References; US, ultrasound; VHL, von Hippel–Lindau
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