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ABSTRAC

Wilms tumors are commonly associated with predisposition
syndromes, many but not all of which include overgrowth. Several of
these syndromes also include a risk of other embryonal malignan-
cies—particularly hepatoblastoma. Guidelines for surveillance in this
population were published in 2017, and recently, members of the
American Association for Cancer Research Pediatric Cancer Working
Group met to update those guidelines with a review of more recently

Introduction

Embryonal tumors such as Wilms tumors and hepatoblastoma
are commonly associated with several predisposition syndromes.
Although Beckwith-Wiedemann syndrome/spectrum (BWS/BWSp)
and WTI-related disorders are the most common, there are many
other syndromes with a reported increased risk of Wilms tumors. In
some syndromes, there is also an increased risk of hepatoblastoma.
This article will review the evidence of the risks of Wilms tumors
and, where relevant, hepatoblastoma in each syndrome and provide
recommendations for surveillance.

This is an update of the 2017 consensus statement from the AACR
predisposition syndrome and surveillance guideline working group, with
several key changes to the structure of the article. Not all Wilms tumors
predisposition syndromes include somatic overgrowth as a feature.
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published evidence and risk estimates. This perspective serves to
update pediatric oncologists, geneticists, radiologists, counselors, and
other health care professionals on revised diagnostic criteria; review
previously published surveillance guidelines; and harmonize updated
surveillance recommendations in the North American and Australian
contexts for patients with overgrowth syndromes and other syn-
dromes associated with Wilms tumor predisposition.

Therefore, this article focuses more broadly on all syndromes that have
clinical features other than Wilms tumors, which would be detected
early in life, allowing for surveillance. Since the last consensus state-
ment, several new genes have been associated with Wilms tumor
predisposition (TRIM28, DIS3L2, REST, CTR9, FBXW7, NYNRIN, and
KDM3B). Variants in these genes either do not have an associated
syndrome or that syndrome is not yet defined, and these are charac-
terized in an upcoming publication by the AACR Pediatric Cancer
Working Group. Recommendations for surveillance for patients
with these variants are discussed in the companion article. Ad-
ditional data suggest that in BWS, hepatoblastoma risk ends
earlier than previously noted.

Although there are existing guidelines for Wilms tumor surveil-
lance from the SIOP-Europe Genome Working Group (1) and for
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BWS from a European-focused international consensus (2), the
guidelines presented here are written primarily from the North
American perspective. An important distinction between these two
approaches is the degree of risk considered to be sufficient for tumor
surveillance. In these guidelines, a 1% risk of tumor is the threshold
for recommending surveillance (Table 1).

Beckwith-Wiedemann Syndrome/
Beckwith-Wiedemann Spectrum

BWS is an overgrowth and cancer predisposition syndrome
caused by epigenetic and/or genetic alterations (2). It is classically
characterized by pre- and postnatal overgrowth, manifested through
features including organomegaly, macroglossia, abdominal wall
defects, lateralized overgrowth, and embryonal tumors (2). BWS has
been redefined as a spectrum, BWSp, which ranges in severity from
the classically described phenotype as above; atypical BWSp with
fewer and milder clinical features; and isolated lateralized over-
growth (2). Many cases of BWSp are mosaic, and clinical features
vary among patients. Isolated lateralized overgrowth, also referred
to as isolated hemihyperplasia, is considered a more subtle pre-
sentation of BWSp, leading to a spectrum of features associated with
a variety of structural, genetic, or epigenetic abnormalities localized
to chromosome 11 (3). The most common tumor types associated
with BWS are Wilms tumors and hepatoblastoma; however, other
tumors have been reported, including neuroblastoma, rhabdomyo-
sarcoma, pheochromocytoma, and adrenocortical carcinoma (2-4).

Disruption of imprinted growth regulatory genes that are nor-
mally expressed in a parent-of-origin-specific manner including
H19, IGF2, and CDKNIC on chromosome 11p15 causes BWSp (5).
Most cases of BWSp (85%) are not inherited but are instead shown
to occur because of epigenetic changes on chromosome 11p15. The
most common of these changes is loss of methylation at imprinting
control region 2 (KCNQIOTI:TSS-DMR) or gain of methylation at
imprinting control region 1 (HI9/IGF2:IG-DMR; ref. 5). Paternal
uniparental isodisomy (UPD) for part or all of chromosome 11
(pUPD11) can also lead to BWSp. In pUPDI11, both copies of this
region of chromosome 11 are derived from the father. In some
cases, the UPD extends to the whole genome (6). These children
also need to be evaluated for other imprinting syndromes including
Angelman syndrome. Also, rare causes of hereditary BWSp include
pathogenic variants (PV) on the maternally derived copy of
CDKNIC, maternally or paternally inherited deletions or duplica-
tions of the 11p15 region, and chromosomal rearrangements.

Tumor risk by molecular subgroup in BWSp

For BWSp, the overall tumor risk typically falls within the range
of 8% to 12% (2, 7). Among reported tumors, 47% are Wilms tu-
mors and 25% are hepatoblastoma. Neuroblastomas occur less fre-
quently and are primarily observed in patients with CDKNIC PVs.
The remaining tumor types are less common and do not meet the
risk threshold for cancer surveillance. Individuals with imprinting
control region 1 gain of methylation have the highest overall cancer
risk, at up to 28%, most commonly Wilms tumors (2, 7). Patients
with pUPDI1 have a risk range of 16% to 30%, most commonly for
Wilms tumors and hepatoblastoma (2, 7). In patients with genome-
wide paternal UPD, cancer risk is likely higher than in those with
pUPD11, although these cases are too rare to define the actual risk
(2, 6); these tumors also seem to occur later in life compared with
pUPDI11. Individuals with imprinting control region 2 loss of

OF2 Clin Cancer Res; 2024

methylation have an overall risk of 2% to 3%, and most tumors
reported are hepatoblastoma (2, 7).

Differentiated screening by epigenetic or genetic subtypes in blood
has been suggested by some groups (2), whereas others, including the
previous AACR guidelines (4), suggest a standardized screening pro-
tocol. Recent data have shown that the genetic or epigenetic subtype in
blood is not always the same as that found in the tumor or the normal
organ tissue from which the tumor arose (7, 8). Furthermore, the level
of epigenotype mosaicism in the blood and tissue epigenotypes can vary
within one individual (7, 8), which makes relying on the blood epi-
genotype unreliable for BWSp. We therefore recommend that all pa-
tients with BWSp undergo screening for hepatoblastoma and Wilms
tumors, except for patients with CDKNIC PVs.

Recent data have shown that there are no reported cases of Wilms
tumors or hepatoblastoma in patients with CDKNIC PVs (9). Of the 126
patients reported in this group, 4 had neuroblastoma (3.2%; ref. 9). Other
tumor types were observed in <1% of cases. We therefore recommend
that the subset of patients with BWSp due to CDKNIC PVs be screened
for neuroblastoma (these screening guidelines are covered in an up-
coming publication by the AACR Pediatric Cancer Working Group; ref.
10) and not for hepatoblastoma and Wilms tumors [which means ab-
dominal ultrasounds for neuroblastoma but no a-fetoprotein (AFP)
screening].

WTT7-Related Disorders

The WT1I-related tumor predisposition syndromes are defined as risk
of tumors associated with germline PVs in the WT1I gene and include
syndromes also known as Denys-Drash syndrome (11), Frasier syn-
drome (12), Meacham syndrome, or nephrotic syndrome type 4 (13,
14). Although all these disorders are now considered part of a WTI-
related tumor predisposition spectrum, eponyms are still commonly
used. A number of patients with WTI-related syndromes have differ-
ences in sexual development (DSD) and are (46,XY) phenotypic females
(15). Recommendations for management of individuals with these
syndromes should include input from professionals experienced in DSD
care. Degenerative renal disease, without evidence of the initial response
to steroids, is a hallmark of the WTI-related tumor predisposition
syndromes and may include proteinuria and mesangial or focal glo-
merulosclerosis. When these syndromes are initially recognized, often
through nephrology evaluation, surveillance should be initiated with
abdominal ultrasound every 3 months through 7 years of age as for
other predisposition syndromes with risk of Wilms tumors. If renal
disease progresses to end-stage renal disease and the child undergoes
renal transplant, consideration can be given for nephrectomy of the
nonfunctioning kidney as a means of primary prevention.

Risk of gonadal tumors including gonadoblastoma or dysgermi-
noma is characteristically observed in patients with Frasier syndrome,
with splice variants most commonly in exon 9 or 10, whereas those
with missense variants in exon 8 or 9 are less likely to develop gonadal
tumors but are at risk of developing Wilms tumors. The absolute risk
of developing gonadoblastoma is difficult to ascertain as for many
patients, the constitutional exon 9/10 splice site variants are found after
a gonadal tumor diagnosis. Patients with streak or undescended gonads
are at risk for gonadoblastoma—this risk is particularly high in 46,XY
females (16). Prophylactic removal of streak ovaries to prevent gonadal
tumors could be a consideration in consultation with endocrinologists,
urologists, gynecologists, or DSD specialists, but a discussion of this
procedure is beyond the scope of these guidelines.

In addition to the WTI-related syndromes associated with
severe renal disease, WT1 PVs, usually within the zinc finger
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regions, are observed in few cases of apparently sporadic Wilms
tumors (17). These patients may have minor genitourinary ab-
normalities including cryptorchidism or hypospadias.

The WT1I-related tumor predisposition syndromes, however, are
distinct from Wilms tumor, aniridia, genitourinary tract abnor-
malities, range of developmental delay (WAGR) syndrome, which
involves a large germline deletion spanning a larger section of the
chromosomal region and includes both WTI and PAX6, the latter
causing pan-ocular disease including aniridia. The risk for Wilms
tumors in WAGR syndrome is high (45%-60%), but it occurs in the
same timeframe as in other Wilms tumor predisposition syn-
dromes, and therefore tumor surveillance recommendations are
the same as for other Wilms tumor predispositions. Additional
screening interventions to evaluate kidney health should extend
into adolescence and beyond as these patients are at risk for
chronic kidney disease, as observed in up to 51% of patients with
WAGR syndrome (18).

Simpson-Golabi-Behmel Syndrome

Simpson-Golabi-Behmel syndrome (SGBS) is an overgrowth
syndrome characterized by hypertelorism, frontal bossing, macro-
glossia, macrosomia, overgrowth, kidney abnormalities, thick lips,
supernumerary nipples, prognathism, developmental delay, orga-
nomegaly, and embryonal tumors (19). SGBS is caused by PVs or
deletions of GPC3, which maps to the X-chromosome. Most re-
ported cases are males; however, females with skewed X-inactivation
have been reported (20).

To date, 189 cases of SGBS have been reported (21). The most
frequently observed tumor types were hepatoblastoma (5.1%) and
Wilms tumors (5.1%; ref. 21). Other tumor types were observed
in <1% of cases (21). The mean age at which Wilms tumors was
diagnosed was 28 months, ranging from 0 to 84 months. The mean
age at which hepatoblastoma was diagnosed was 17 months, ranging
from 9 to 36 months. We recommend screening patients with SGBS
with the same approach as BWSp. Currently, there are not enough
data for a formal screening guideline for females with SGBS; how-
ever, screening should be considered for features of SGBS and based
on discussion with the family.

Perlman Syndrome

Perlman syndrome is a rare autosomal recessive overgrowth
disorder caused by PVs in the DIS3L2 gene that encodes a protein
involved in mRNA and miRNA processing (22). Aside from over-
growth, children with Perlman syndrome have multiple significant
syndromic features, including characteristic facies, fetal hydrops,
ascites, hydronephrosis, hypotonia, and developmental delay (23).
Based on collections of case series and reports, ~70% of survivors of
the neonatal period will develop Wilms tumors (23, 24). Despite
prevalent comorbidities, survival after appropriate multimodal
therapy has been reported in the literature for children with Perl-
man syndrome whose tumors have been detected on surveillance
(25, 26). Therefore, surveillance is recommended for children with
this condition to facilitate earlier diagnosis and less invasive
management.

Bohring-Optiz Syndrome

Bohring-Opitz syndrome (BOS) is a condition defined by PVs in
ASXL1 and characterized by a distinctive clinical presentation. Pa-
tients with BOS have a combination of atypical facial features,

OF4 Clin Cancer Res; 2024

microcephaly, growth issues, developmental delays, upper extremity
deformities, and seizures (27, 28). Despite the small number of
patients with BOS identified to date, there is concern about the
increased risk for malignancies in patients with BOS as ASXLI has
been identified as a tumor suppressor gene (29). Three patients with
BOS have been diagnosed with Wilms tumors: two diagnosed with
bilateral Wilms tumors (ages 1.5 and 5 years) and one diagnosed
with unilateral Wilms tumors (age 4 years; refs. 30, 31). One
additional patient was diagnosed with nephroblastomatosis at
5 months of age on autopsy (32). Based on available data, the risk
for Wilms tumors is estimated to be >1% (30, 31). Recently, the
number of cases of hepatoblastoma reported in patients with BOS
has increased to 3, suggesting an overall risk >1% as the overall
number of reported patients with BOS is <300. The cases were
diagnosed at the ages of 15 months, 18 months, and 2 years (33).
Given this estimated increased risk, the recommendation is to
pursue Wilms tumor and hepatoblastoma screening for patients
with BOS. No other tumor screening is currently recommended
based on available literature.

Trisomy 18

Trisomy 18, also known as Edwards syndrome, is a constitutional
chromosomal abnormality characterized by an additional copy of
chromosome 18. Most often, it is characterized by a full extra copy
of chromosome 18 present in all cells, referred to as complete tri-
somy 18. Less commonly, mosaicism for trisomy 18 or constitu-
tional presence of an additional partial segment of chromosome 18q
can occur.

Complete trisomy 18 is characterized by distinctive craniofacial/
skeletal findings and a constellation of multisystem conditions,
disorders, and defects, including the involvement of cardiovascular,
pulmonary, gastrointestinal, genitourinary, and neurologic/central
nervous systems. The spectrum of features present in affected
children confers a poor prognosis, with demise in neonates/infants
being a common occurrence. However, an increasing proportion of
children have prolonged survival. Children with mosaicism for
trisomy 18 or partial trisomy of chromosome 18q have a variable,
often milder, phenotype.

The overall risk of malignancy in children with trisomy 18 is
presumed to be at least 1%, with hepatoblastoma and Wilms tumors
predominating (4). However, cancer risk estimation is complicated
by the high mortality rate in infancy. To date, about 50 cases of
hepatoblastoma and 21 cases of Wilms tumors have been reported
in children with trisomy 18 (34, 35). Other benign and malignant
tumors have rarely been reported (35, 36).

Based on these cancer risks, Wilms tumor and hepatoblastoma
surveillance may be warranted for some affected children.
However, the decision whether to screen should be considered
within the context of a shared decision-making paradigm in-
corporating the parental goals of care and the parental and
medical provider’s estimation of potential risks of tumor-
directed therapies and interventions (37-39). Depending on
the outcome of these longitudinal discussions, surveillance may
be initiated, deferred, or discontinued after initiation.

The lack of normal standards for AFP levels in trisomy 18 makes
interpretation of levels challenging, and so both the absolute level
and the short-term trend should be assessed (35). Due to multiple
cases of Wilms tumors occurring in older children with trisomy 18,
predominantly female, renal ultrasounds should be performed from
every 3 months to 12 years of age.
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Osteopathia Striata with Cranial
Sclerosis

In 2009, germline loss-of-function variants in AMERI were
identified as the cause of the very rare condition, namely, X-linked
dominant osteopathia striata with cranial sclerosis (OSCS), and
were thought to not have an increased risk for cancer (40). PVs in
AMERI have complete penetrance with variable expressivity for
OSCS. Radiographic findings of sclerosis of the skull and long bones
are the hallmark characteristics of OSCS (41, 42). Common features
include macrocephaly, cleft palate, conductive hearing loss, and
longitudinal striations of the long bones. Some individuals have
mild learning difficulties and extraskeletal anomalies. Males with
somatic mosaic PVs in AMERI have features similar to those of
females.

There have been multiple case reports and a series on individuals
with germline AMERI PV and cancer, most commonly Wilms tu-
mors. Thus far, six females have been known to have had Wilms
tumors, with the age at diagnosis ranging from 7 months to 12 years
(43-46), two of whom had bilateral tumors, and one additional male
died neonatally because of bilateral multifocal nephroblastomatosis,
found on autopsy (47). Other single cancers have been reported (48,
49). As this is a rare disease with <100 cases, the 7 reported cases
imply the risk of Wilms tumors to be significantly higher than 1%,
and so surveillance is recommended.

Mulibrey Nanism

Mulibrey (muscle, liver, brain, and eye) nanism is caused by
biallelic inheritance of PVs in TRIM37, and the most common
variant is a Finnish founder variant, ¢.493-2A>G (50). Associated
features include growth deficiency, constrictive pericarditis, char-
acteristic facial features, insulin resistance, vascular liver lesions,
infertility (male and female), and a risk for benign and malignant
tumors. To date, the largest study with regard to cancer risk comes
from a Finnish cohort that reported 210 tumors in 66/89 (74%)
affected individuals (50). Since that first publication (which formed
the basis of recommendations in the previous guidelines), additional
information about renal tumors has been reported. An update of
data from the Finnish cohort found that 8/101 (8%) patients de-
veloped Wilms tumors (51). A systemic review reported on 14 cases
of Wilms tumors in individuals with Mulibrey nanism. The mean
age of diagnosis is 1.6 years (0.6-3.7), and all cases achieved re-
mission (52). The frequency of Wilms tumors in this population
meets the criteria for screening. Other cancers have predominantly
occurred in adulthood, and other than Wilms tumors, each indi-
vidual cancer type has been reported in <2% of affected
individuals (50).

PIK3CA-Related Disorders/PIK3CA-
Related Overgrowth Syndromes

PIK3CA is one of the most commonly mutated genes in solid
cancers (53). Unlike other PI3K signaling alterations, PIK3CA-
related overgrowth syndromes (PROS) are generally benign over-
growth disorders caused by postzygotic activating mutations in
PIK3CA, typically acquired during day 20 to day 56 postgastrulation
(54). They are generally found in mesodermal and neuroectodermal
derivative tissues and are not typically germline (54). The PROS
phenotype is quite variable and includes several disorders previously
described as unique and now unified by PVs in a common gene.
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Surveillance in BWS and Other Syndromes

These include Klippel-Trenaunay syndrome, megalencephaly-
capillary malformation syndrome, and congenital lipomatous
overgrowth, vascular malformations, epidermal nevi, and scoliosis
(CLOVES) syndrome, among others. Several studies have specifi-
cally reviewed the risk of the development of cancer. Only a few
cases of cancer have been reported in patients with PROS, including
Wilms tumors (55-57). Of 483 patients with PROS and a docu-
mented PIK3CA PV reviewed in a meta-analysis, there were six
cases of Wilms tumors and two cases of nephroblastomatosis
(1.6%). However, this number may be subjected to ascertainment
bias as PROS phenotypes can be subtle and detection of a patho-
genic PIK3CA variant requires careful selection of tissue for biopsy;
additionally, not all of these patients have molecularly confirmed
renal findings, suggesting that the denominator could include more
unconfirmed cases. It should be noted that of these eight patients, at
least seven of them had the CLOVES phenotype. A separate review
of patients with megalencephaly—capillary malformation syndrome
written before the causative PIK3CA variant was described found 2/
112 patients had developed a Wilms tumor (58). Four children with
PROS were reported to have other tumor types (59). Although the
risk of Wilms tumors in PROS could be higher than the 1% sur-
veillance threshold depending on how this literature is interpreted,
the risk may be specifically in those with CLOVES syndrome. We
therefore recommend a conversation about surveillance in patients
with PROS and a CLOVES phenotype, with decisions on surveil-
lance for patients made through shared decision-making with the
family.

2p24 Duplication and 2g37 Deletion

Germline 2p24.3 duplication including the MYCN and DDXI
genes has also been reported in some patients with Wilms tumors,
including bilateral and familial cases (60-62). In one case, the du-
plication was inherited from the mother, who had no history of
cancer (60). There are also reports of neuroblastoma in patients with
partial trisomy 2p (including the 2p24 region), most of which in-
clude the ALK gene, in addition to MYCN (63-69), with one ex-
ception (70). Additionally, there have been reports of Wilms tumors
in children with 2q37 microdeletions, particularly with breakpoints
at or proximal to 2q37.1 (71, 72). Due to the rarity of these chro-
mosomal abnormalities, the tumor risk and spectrum are not well
established, and there are no established surveillance guidelines.
Surveillance may be considered for the patient and/or close relatives
depending on several factors, including the specific genetic abnor-
mality, tumor type, laterality, and age at diagnosis, as well as the
family history of tumors and presence or absence of the duplication
in family members. If surveillance is agreed upon by the physician
and the family, the surveillance recommendations for Wilms tumors
and/or neuroblastoma can be used as a guide.

Sotos Syndrome

Sotos syndrome is a disorder of pre- and postnatal somatic
overgrowth in which malignancies in childhood have been re-
ported. The most common underlying genetic cause of Sotos
syndrome is a PV in NSDI, a gene involved in developmental
epigenetic regulation (73), although other genes including NFIX
and APC2 have been recently implicated with overlapping
phenotypes (74).

Physical characteristics of Sotos syndrome include character-
istic facies and pre- and postnatal growth with height and weight
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often exceeding two SDs above the mean (75). Other clinical
findings include variable intellectual disabilities, including
autism.

Leukemias and multiple types of embryonal and other pediatric
solid tumors have been reported in patients with Sotos syndrome;
however, these reports are mostly single-case studies or small series.
The broad spectrum of tumors observed in Sotos syndrome is de-
scribed in the previous AACR series (76), to which more recently a
pineoblastoma observed in a single patient has been reported (77),
as has a complex hamartoma of skin (78). However, despite the
broad spectrum of childhood cancer types reported, the overall
cancer risk is low, estimated to not exceed 3% to 5%. The risk of any
one type of cancer, including Wilms tumors, is likely 1% or less.
Because of the relatively low risk, as well as the low number of
diverse types of cancers reported, no routine surveillance is rec-
ommended. However, the healthcare professional caring for a child
with Sotos syndrome should be aware of the reports of cancer with
this diagnosis and should promptly evaluate any sign or symptom to
suggest a developing cancer diagnosis.

Weaver Syndrome

Weaver syndrome is an overgrowth syndrome initially identified
by a clinical presentation of tall stature, variable intellectual dis-
ability, and distinct facial features (79), which are associated with
underlying pathogenic EZH2 variants (80). Somatic mutations in
EZH?2 have been noted in numerous types of malignancies (81),
leading to concern that patients with Weaver syndrome may be at
increased risk for tumor development. The most common malig-
nancy reported is neuroblastoma, which has been noted in a total of
seven patients (79, 82-87). The largest review notes the risk for
development of neuroblastoma to be ~9% (5/56 patients included in
cohort). In contrast to other overgrowth conditions, there are no
reports of Wilms tumors or hepatoblastoma. Screening for neuro-
blastoma is warranted in patients with Weaver syndrome, which is
addressed in the article by Kamihara and colleagues (10) as part of
this series. No additional tumor screening has been recommended
based on current data.

Overall Approach to Cancer
Screening/Surveillance Protocols

The AACR workshop recommendations are based on North
American healthcare culture and may differ from practices in other
regions. In North America, screening is advised at a 1% risk
threshold, whereas screening in Europe typically uses a 5% thresh-
old. These recommendations aim for a standardized, minimally
invasive, universally applicable screening protocol to improve early
tumor detection and reduce morbidity and mortality.

It is essential to have comprehensive discussions and informed
counseling within the context of a patient’s specific syndrome and
tumor risk, preferably led by knowledgeable healthcare profes-
sionals. One should also acknowledge that these guidelines may
result in more frequent and extended screenings for some individ-
uals. However, when surveyed, parents of patients with BWSp in-
dicated that screening provided comfort, as did their knowledge of
their child’s actual risk (88).

Age brackets for tumor risk may differ between syndromic and
sporadic cases. To simplify screening recommendations, our AACR
workshop committee suggests a uniform approach for the established
cancer predisposition syndromes with a Wilms tumor risk above 1%,
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with exceptions noted above. Additional screening for hepatoblastoma
via monitoring serum AFP measurement levels is advised for BWSp,
trisomy 18, SGBS, and BOS. To aid in interpretation of AFP results,
AFP norms for BWSp have been developed (89). These recommen-
dations aim to detect tumors early and cover the age range when 95% of
tumors typically occur (90, 91). The suggested screening interval is every
3 months to reduce the risk of interval tumor development. As more
data accumulate and genetic testing becomes more accessible and
understood, future screening recommendations may become more
nuanced, considering genetic determinants and syndromic origins of
Wilms tumors and hepatoblastoma.

Wilms tumor screening

Wilms tumor screening is influenced by age-related factors. A
comprehensive meta-analysis indicates that the mean age for diag-
nosing Wilms tumors in individuals with BWSp is around 24
months, with the majority of cases occurring before the age of 3 and
95% presenting prior to their seventh birthday (91). Similar age-
related incidences have been reported for patients with WT1-related
disorders. Compared with patients who did not undergo tumor
screening, these patients were diagnosed earlier, demonstrating that
screening was effective in Wilms tumors (91).

For Wilms tumor screening, we propose initiating screening at birth
(or upon diagnosis of the specific syndrome) with renal ultrasound
every 3 months up to the child’s seventh birthday. In cases in
which hepatoblastoma is also a concern, full/complete abdominal
ultrasounds are recommended every 3 months until the child’s
third birthday. After the third birthday, these patients can
transition to renal ultrasound screenings every 3 months until
their seventh birthday. Given the slightly increased risk for ad-
renal tumors in patients with BWSp, especially in patients with
pUPDI11 and genome-wide paternal UPD, the adrenal glands
should be imaged as part of these ultrasounds.

Additionally, we advocate for biannual physical examinations
conducted by a specialist, such as a geneticist or pediatric oncolo-
gist. These evaluations should encompass ongoing education about
tumor manifestations, reinforcement of the rationale for screening,
and adherence to the screening regimen. They should also address
other syndrome-specific manifestations.

Hepatoblastoma screening

Hepatoblastoma screening is strongly advised in the context of
syndromes described here with an increased hepatoblastoma risk.
The RR is substantially elevated in these children, estimated at
2,280 times that of the general population in BWSp (the most well-
described syndrome; ref. 92). The cumulative incidence of hepato-
blastoma in patients with BWSp in the literature showed that most
patients presented with hepatoblastoma prior to 30 months of age
(90). Based on these results, we recommend screening for hepato-
blastoma until the third birthday (36 months). We recommend
hepatoblastoma screening to include AFP measurements and
complete abdominal ultrasounds every 3 months until the third
birthday. This represents a shorter hepatoblastoma screening du-
ration than what was recommended in the 2017 guidelines, with
screening duration decreased from 48 to 36 months.

Serum AFP screening is highly sensitive for detecting hepato-
blastoma, and elevated serum AFP often precedes hepatoblastoma
detection via ultrasound. This screening is recommended for pa-
tients with BWSp/isolated hemihyperplasia, trisomy 18, SGBS, and
BOS. Screening for hepatoblastoma in familial adenomatous
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polyposis is included in the upcoming work on gastrointestinal
polyposis by the AACR Pediatric Cancer Working Group.

The key for interpretation of AFP measurements is to track the
AFP results over time and monitor the normal downward trend,
considered in the context of age and clinical status. In addition, AFP
norms for BWSp have been developed and can be used to interpret
AFP results as AFP values in children with BWSp tend to be ele-
vated during the early months of life compared with standard pe-
diatric values (89). Such an interpretation should ideally be carried
out by or in consultation with physicians experienced in monitoring
AFP in these syndromes, particularly geneticists and oncologists
affiliated with cancer predisposition programs. Small, incremental
increases within reference ranges should not trigger additional
testing as these can be attributed to various factors such as inter-
current illnesses or developmental milestones like teething. This
underscores the importance of gathering a comprehensive medical
history when discussing AFP results.

Substantial increases in AFP values (exceeding 50-100 ng/mL)
warrant further investigation, including reevaluation of the most
recent ultrasound imaging and typically repeating AFP measure-
ments after 6 weeks. Although different intervals for repeat testing
have been recommended in isolated cases, it remains uncertain
whether repeating the AFP measurement more frequently than
every 6 weeks significantly impacts clinical outcomes. If two suc-
cessive increases occur, further imaging via MRI or contrast-
enhanced ultrasound is recommended. In cases of markedly larger
increases (exceeding 1,000 ng/mL), repeat testing for validation is
advised, and if confirmed, expedited additional imaging becomes
imperative.

Radiologic Considerations

Standard ultrasound is recommended for the regular tumor
screening with complete abdominal or renal ultrasounds. Fasting is not
typically required as imaging the gallbladder is not the focus of these
studies. When a concerning finding is noted on regular ultrasound, in
some cases, a contrast ultrasound can be used to clarify these findings,
in particular to differentiate hemangiomas from hepatoblastoma in the
liver. The advantages of contrast ultrasounds in young children are that
they do not require sedation for imaging. If contrast-enhanced ultra-
sound is not available, MRI using a hepatobiliary contrast agent is the
test of choice for evaluation of liver masses. If MRI is not available,
contrast-enhanced CT can also be used.

Genetic Counseling Considerations

The genetic testing and counseling article in this AACR CPWG
series addresses the many nuances and updates to testing children
for cancer predisposition (93). As treatment of the cancer and future
management may be directly impacted by identifying a cancer
predisposition syndrome, we support germline genetic testing for
all children diagnosed with Wilms tumors or hepatoblastoma.
Specifically, we support recommendations stated in GeneReviews
that not only highlight certain populations for germline testing but
also allow for further genetic evaluation of all children with Wilms
tumors in conversation with the family and in accordance with
institutional standards (94). Recommended testing may include
11p15 methylation analysis for BWSp, SNP array for BWSp and
chromosomal deletions or duplications such as 2p24 duplication,
and single-gene or multigene panel testing. However, the recog-
nition of features associated with syndromes in patients and
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families can help guide the differential diagnosis. Clinical suspi-
cion for a syndrome that is often or always due to mosaic genetic
changes, such as BWSp or PROS, may necessitate genetic testing
on multiple tissues.

Identifying a cancer predisposition syndrome in a child with
cancer also allows for cascade testing of parents and siblings (93).
Siblings who test positive for a cancer predisposition syndrome but
do not have cancer should follow the surveillance recommendations
put forth in this article. Of note, BWSp is often diagnosed clinically
in the setting of negative genetic testing. BWSp occurs sporadically
for the most part, but siblings should undergo clinical evaluation if
they have any BWSp features. Genetic evaluation should only be
performed for siblings when a heritable cause of BWSp is identified
in the proband. Many of the other syndromes included in this re-
view, such as BOS and WAGR syndrome, have a high de novo rate,
but cascade testing should still be considered.

Final Considerations

This article presents an overview of multiple syndromes which
include Wilms tumors as a common risk, with some syndromes
known to include risks of other tumors. For simplicity, we recom-
mend a standard surveillance strategy using ultrasounds every
3 months in early childhood until the seventh birthday, to cover the
reported age range in which 95% of Wilms tumors develop. These
ultrasounds should be renal if the syndrome includes only Wilms
tumors or complete abdominal ultrasounds until the third birthday,
followed by renal ultrasounds until the seventh birthday if the
syndrome also includes hepatoblastoma. It is acknowledged that as
more is learned about these various syndromes and the consequence
of predisposition gene variants on the velocity of tumor develop-
ment, the age-related windows of tumor susceptibility, degree of
observed overgrowth, and possible interactions between the pre-
disposition genes with other gene variants or other factors, more
nuanced screening recommendations will be developed. For the
rarer syndromes, there may be additional cancer risks beyond
Wilms tumors that have not been reported, such that the clinicians
caring for these children should remain alert for signs or symptoms
of other types of malignancies that would prompt evaluation. Lastly,
shared decision-making and other personal and familial factors may
influence the degree of surveillance to be undertaken in these and
other cancer predisposition syndromes. Levels of parental anxiety
versus levels of reassurance associated with cancer screening may be
considered. Shared decision-making should be considered in all
surveillance plans but has been specifically emphasized in this re-
view for syndromes with a high very early mortality or in syndromes
with very low or nonspecific types of tumor risks.

Authors’ Disclosures

J.M. Kalish reports grants from Alex’s Lemonade Stand Foundation, Damon
Runyon Cancer Research Foundation, St Baldrick’s Foundation for Childhood
Cancer Research, and Rally Foundation for Childhood Cancer Research and other
support from Lorenzo “Turtle” Sartini Jr Endowed Chair in Beckwith-Wiedemann
Syndrome Research and the Victoria Fertitta Fund through the Lorenzo “Turtle”
Sartini Jr Endowed Chair in Beckwith-Wiedemann Syndrome Research during the
conduct of the study. A.S. Doria reports grants from The Terry Fox Foundation,
PSI Foundation, Society of Pediatric Radiology, Radiological Society of North
America, CARRA Foundation, and Novo Nordisk Access to Insight Grant outside
the submitted work. J.R. Hansford reports other support from Bayer Pharma-
ceuticals, Alexion Pharmaceuticals, and Servier Pharmaceuticals outside the sub-
mitted work. W.K. Kohlmann reports personal fees from UpToDate outside the
submitted work. K.W. Pajtler reports grants from German Childhood Cancer

Clin Cancer Res; 2024 OF7

¥202 1890100 /1 U0 }sanb Aq 4pd 001 2-#2-199/61 L L0SE/00LZ-2-4DD 2EF0-8L0L/8S | L 01 /10P/Pd-BjoILE/SB1I80UEDUI/BI0 S[euInofioe.//:djy WOl papeojumog


https://aacrjournals.org/

Kalish et al.

Foundation (DKS2021.02) and Federal Ministry of Education and Research
(01GM2205A) during the conduct of the study. No disclosures were reported by
the other authors.

Acknowledgments

J.M. Kalish is supported by Alex’s Lemonade Stand Foundation, a Damon Runyon
Clinical Investigator Award provided by the Damon Runyon Cancer Research Foun-
dation (105-19), St Baldrick’s Foundation for Childhood Cancer Research, the Rally

References

1. Hol JA, Jewell R, Chowdhury T, Duncan C, Nakata K, Oue T, et al. Wilms
tumour surveillance in at-risk children: literature review and recommenda-
tions from the SIOP-Europe host genome working group and SIOP renal
tumour study group. Eur J Cancer 2021;153:51-63.

2. Brioude F, Kalish JM, Mussa A, Foster AC, Bliek J, Ferrero GB, et al. Expert
consensus document: clinical and molecular diagnosis, screening and man-
agement of Beckwith-Wiedemann syndrome: an international consensus
statement. Nat Rev Endocrinol 2018;14:229-49.

3. Duffy KA, Cielo CM, Cohen JL, Gonzalez-Gandolfi CX, Griff JR, Hathaway
ER, et al. Characterization of the Beckwith-Wiedemann spectrum: diagnosis
and management. Am ] Med Genet C Semin Med Genet 2019;181:693-708.

4. Kalish JM, Doros L, Helman L], Hennekam RC, Kuiper RP, Maas SM, et al.
Surveillance recommendations for children with overgrowth syndromes and
predisposition to Wilms tumors and hepatoblastoma. Clin Cancer Res 2017;
23:el115-22.

5. Shuman C, Kalish JM, Weksberg R. Beckwith-wiedemann syndrome. In:
Adam MP, Mirzaa GM, Pagon RA, Wallace SE, Bean LJH, Gripp KW, editors,
et al. GeneReviews(R). Seattle (WA): University of Washington; 1993.

6. Kalish JM, Conlin LK, Bhatti TR, Dubbs HA, Harris MC, Izumi K, et al.
Clinical features of three girls with mosaic genome-wide paternal uniparental
isodisomy. Am J Med Genet A 2013;161A:1929-39.

7. Duffy KA, Getz KD, Hathaway ER, Byrne ME, MacFarland SP, Kalish JM.
Characteristics associated with tumor development in individuals diagnosed
with Beckwith-Wiedemann spectrum: novel tumor-(epi)Genotype-phenotype
associations in the BWSp population. Genes (Basel) 2021;12:1839.

8. Klein SD, DeMarchis M, Linn RL, MacFarland SP, Kalish JM. Occurrence of
hepatoblastomas in patients with Beckwith-Wiedemann spectrum (BWSp).
Cancers (Basel) 2023;15:2548.

9. George AM, Viswanathan A, Best LG, Monahan C, Limmina M, Ganguly A,
et al. Expanded phenotype and cancer risk in patients with Beckwith-Wie-
demann spectrum caused by CDKN1C variants. Am ] Med Genet A 2024;194:
€63777.

10. Kamihara J, Diller LR, Foulkes WD, Michaeli O, Nakano Y, Pajtler KW, et al.
Neuroblastoma predisposition and surveillance-an update from the 2023
AACR childhood cancer predisposition workshop. Clin Cancer Res 2024;30:
3137-43.

11. Roca N, Muifioz M, Cruz A, Vilalta R, Lara E, Ariceta G. Long-term outcome
in a case series of Denys-Drash syndrome. Clin Kidney J 2019;12:836-9.

12. Anderson E, Aldridge M, Turner R, Harraway J, McManus S, Stewart A,
et al. WT1 complete gonadal dysgenesis with membranoproliferative
glomerulonephritis: case series and literature review. Pediatr Nephrol
2022;37:2369-74.

13. Schumacher V, Schirer K, Wiihl E, Altrogge H, Bonzel KE, Guschmann M,
et al. Spectrum of early onset nephrotic syndrome associated with WT1
missense mutations. Kidney Int 1998;53:1594-600.

14. Suri M, Kelehan P, O’Neill D, Vadeyar S, Grant J, Ahmed SF, et al. WT1
mutations in meacham syndrome suggest a coelomic mesothelial origin of the
cardiac and diaphragmatic malformations. Am J Med Genet A 2007;143A:
2312-20.

15. Lipska-Zietkiewicz BS. WT1 disorder. In: Adam MP, Feldman J, Mirzaa GM,
Pagon RA, Wallace SE, Bean LJH, editors, et al. GeneReviews(R). Seattle
(WA): University of Washington; 1993.

16. Ezaki J, Hashimoto K, Asano T, Kanda S, Akioka Y, Hattori M, et al. Gonadal
tumor in Frasier syndrome: a review and classification. Cancer Prev Res
(Phila) 2015;8:271-6.

17. Diller L, Ghahremani M, Morgan J, Grundy P, Reeves C, Breslow N, et al.
Constitutional WT1 mutations in Wilms’ tumor patients. ] Clin Oncol 1998;
16:3634-40.

OF8 Clin Cancer Res; 2024

Foundation for Childhood Cancer Research (Career Development Award), the Lorenzo
“Turtle” Sartini Jr Endowed Chair in Beckwith-Wiedemann Syndrome Research, and
the Victoria Fertitta Fund through the Lorenzo “Turtle” Sartini Jr Endowed Chair in
Beckwith-Wiedemann Syndrome Research. J.R. Hansford is supported in part through
the Hospital Research Foundation and the Jamie McClurg Foundation. C.P. Kratz is
supported by the Kinderkrebsstiftung (DKS 2024.03).

Received July 5, 2024; revised August 9, 2024; accepted September 24, 2024;
published first September 25, 2024.

18. Duffy KA, Trout KL, Gunckle JM, Krantz SM, Morris ], Kalish JM. Results
from the WAGR syndrome patient registry: characterization of WAGR
spectrum and recommendations for care management. Front Pediatr 2021;9:
733018.

19. Tenorio J, Arias P, Martinez-Glez V, Santos F, Garcia-Mifiaur S, Nevado J,
et al. Simpson-Golabi-Behmel syndrome types I and II. Orphanet J Rare Dis
2014;9:138.

20. Shimojima K, Ondo Y, Nishi E, Mizuno S, Ito M, Ioi A, et al. Loss-of-function
mutations and global rearrangements in GPC3 in patients with Simpson-
Golabi-Behmel syndrome. Hum Genome Var 2016;3:16033.

21. Nisbet AF, Viswanathan A, George AM, Arias P, Klein SD, Nevado J, et al.
Phenotypic spectrum and tumor risk in Simpson-Golabi-Behmel syndrome:
case series and complete literature review. Am ] Med Genet A 2024;e63840.

22. Astuti D, Morris MR, Cooper WN, Staals RHJ, Wake NC, Fews GA, et al.
Germline mutations in DIS3L2 cause the Perlman syndrome of overgrowth
and Wilms tumor susceptibility. Nat Genet 2012;44:277-84.

23. Alessandri J-L, Cuillier F, Ramful D, Ernould S, Robin S, de Napoli-Cocci S,
et al. Perlman syndrome: report, prenatal findings and review. Am ] Med
Genet A 2008;146A:2532-7.

24. Lapunzina P. Risk of tumorigenesis in overgrowth syndromes: a comprehen-
sive review. Am ] Med Genet C Semin Med Genet 2005;137C:53-71.

25. Piccione M, Cecconi M, Giuffré M, Lo Curto M, Malacarne M, Piro E, et al.
Perlman syndrome: clinical report and nine-year follow-up. Am J Med Genet
A 2005;139A:131-5.

26. Soma N, Higashimoto K, Imamura M, Saitoh A, Soejima H, Nagasaki K. Long
term survival of a patient with Perlman syndrome due to novel compound
heterozygous missense mutations in RNB domain of DIS3L2. Am ] Med Genet
A 2017;173:1077-81.

27. Hastings R, Cobben J-M, Gillessen-Kaesbach G, Goodship J, Hove H,
Kjaergaard S, et al. Bohring-Opitz (Oberklaid-Danks) syndrome: clinical
study, review of the literature, and discussion of possible pathogenesis. Eur J
Hum Genet 2011;19:513-9.

28. Bohring A, Oudesluijs GG, Grange DK, Zampino G, Thierry P. New cases of
Bohring-Opitz syndrome, update, and critical review of the literature. Am J
Med Genet A 2006;140:1257-63.

29. Hoischen A, van Bon BWM, Rodriguez-Santiago B, Gilissen C, Vissers LELM,
de Vries P, et al. De novo nonsense mutations in ASXL1 cause Bohring-Opitz
syndrome. Nat Genet 2011;43:729-31.

30. Russell B, Johnston JJ, Biesecker LG, Kramer N, Pickart A, Rhead W, et al.
Clinical management of patients with ASXL1 mutations and Bohring-Opitz
syndrome, emphasizing the need for Wilms tumor surveillance. Am J Med
Genet A 2015;167A:2122-31.

31. Russell BE, Kianmahd RR, Munster C, Yu A, Ahad L, Tan WH. Clinical
findings in 39 individuals with Bohring-Opitz syndrome from a global patient-
driven registry with implications for tumor surveillance and recurrence risk.
Am ] Med Genet A 2023;191:1050-8.

32. Brunner HG, van Tintelen JP, de Boer RJ. Bohring syndrome. Am ] Med
Genet 2000;92:366-8.

33. Patel K, McQuaid S, Ketter] T, Benedetti DJ, Sokol E. Two cases of hepato-
blastoma in Bohring-Opitz syndrome: an emerging association. Pediatr Blood
Cancer 2024;71:e31010.

34. Nussbaumer G, Benesch M. Hepatoblastoma in molecularly defined, con-
genital diseases. Am ] Med Genet A 2022;188:2527-35.

35. Farmakis SG, Barnes AM, Carey JC, Braddock SR. Solid tumor screening
recommendations in trisomy 18. Am ] Med Genet A 2019;179:455-66.

36. Satgé D, Nishi M, Sirvent N, Vekemans M. A tumor profile in Edwards
syndrome (trisomy 18). Am ] Med Genet C Semin Med Genet 2016;172:
296-306.

CLINICAL CANCER RESEARCH

¥202 1890100 /1 U0 }sanb Aq 4pd 001 2-#2-199/61 L L0SE/00LZ-2-4DD 2EF0-8L0L/8S | L 01 /10P/Pd-BjoILE/SB1I80UEDUI/BI0 S[euInofioe.//:djy WOl papeojumog



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Kim AJH, Marshall M, Gievers L, Tate T, Taub S, Dukhovny S, et al. Struc-
tured framework for multidisciplinary parent counseling and medical inter-
ventions for fetuses and infants with trisomy 13 or trisomy 18. Am ] Perinatol
2023;41:€2666-73.

Kosiv KA, Mercurio MR, Carey JC. The common trisomy syndromes, their
cardiac implications, and ethical considerations in care. Curr Opin Pediatr
2023;35:531-7.

Silberberg A, Robetto ], Grimaux G, Nucifora L, Moreno Villares JM. Ethical
issues about the paradigm shift in the treatment of children with trisomy 18.
Eur J Pediatr 2020;179:493-7.

Jenkins ZA, van Kogelenberg M, Morgan T, Jeffs A, Fukuzawa R, Pearl E, et al.
Germline mutations in WTX cause a sclerosing skeletal dysplasia but do not
predispose to tumorigenesis. Nat Genet 2009;41:95-100.

Heikoop D, Brick L, Chitayat D, Colaiacovo S, Dupuis L, Faghfoury H, et al.
The phenotypic spectrum of AMERI-related osteopathia striata with cranial
sclerosis: the first Canadian cohort. Am ] Med Genet A 2021;185:3793-803.
Zicari AM, Tarani L, Perotti D, Papetti L, Nicita F, Liberati N, et al. WTX
R353X mutation in a family with osteopathia striata and cranial sclerosis (OS-
CS): case report and literature review of the disease clinical, genetic and ra-
diological features. Ital J Pediatr 2012;38:27.

Sperotto F, Bisogno G, Opocher E, Rossi S, Rigon C, Trevisson E, et al
Osteopathia striata with cranial sclerosis and Wilms tumor: coincidence or
consequence? Clin Genet 2017;92:674-5.

Bach A, Mi J, Hunter M, Halliday BJ, Garcia-Minatr S, Sperotto F, et al.
Wilms tumor in patients with osteopathia striata with cranial sclerosis. Eur J
Hum Genet 2021;29:396-401.

Sinibaldi L, Micalizzi A, Serra A, Crocoli A, Camassei FD, Barbuti D, et al.
Osteopathia striata with cranial sclerosis: a new case supporting the link with
bilateral Wilms tumor. Eur ] Hum Genet 2022;30:262-4.

Quarello P, Perotti D, Carli D, Giorgio E, Sirchia F, Brusco A, et al. Wilms
tumour occurring in a patient with osteopathia striata with cranial sclerosis: a
still unsolved biological question. Pediatr Blood Cancer 2021;68:¢29132.
Fukuzawa R, Holman SK, Chow CW, Savarirayan R, Reeve AE, Robertson SP.
WTX mutations can occur both early and late in the pathogenesis of Wilms
tumour. ] Med Genet 2010;47:791-4.

Fujita A, Ochi N, Fujimaki H, Muramatsu H, Takahashi Y, Natsume J, et al. A
novel WTX mutation in a female patient with osteopathia striata with cranial
sclerosis and hepatoblastoma. Am ] Med Genet A 2014;164A:998-1002.
Perdu B, de Freitas F, Frints SG, Schouten M, Schrander-Stumpel C, Barbosa
M, et al. Osteopathia striata with cranial sclerosis owing to WTX gene defect. J
Bone Miner Res 2010;25:82-90.

Karlberg N, Karlberg S, Karikoski R, Mikkola S, Lipsanen-Nyman M, Jalanko
H. High frequency of tumours in Mulibrey nanism. J Pathol 2009;218:163-71.
Sivunen J, Karlberg S, Lohi J, Karlberg N, Lipsanen-Nyman M, Jalanko H.
Renal findings in patients with Mulibrey nanism. Pediatr Nephrol 2017;32:
1531-6.

Upasana K, Thakkar D, Gautam D, Sachdev MS, Yadav A, Kapoor R, et al.
Wilms tumor with Mulibrey nanism: a case report and review of literature.
Cancer Rep (Hoboken) 2022;5:e1512.

Thorpe LM, Yuzugullu H, Zhao J]. PI3K in cancer: divergent roles of isoforms,
modes of activation and therapeutic targeting. Nat Rev Cancer 2015;15:7-24.
Madsen RR, Vanhaesebroeck B, Semple RK. Cancer-associated PIK3CA mu-
tations in overgrowth disorders. Trends Mol Med 2018;24:856-70.

Gripp KW, Baker L, Kandula V, Conard K, Scavina M, Napoli JA, et al
Nephroblastomatosis or Wilms tumor in a fourth patient with a somatic
PIK3CA mutation. Am ] Med Genet A 2016;170:2559-69.

Debelenko L, Mansukhani MM, Remotti F. Papillary intralymphatic
angioendothelioma in a child with PIK3CA-related overgrowth spectrum:
implication of PI3K pathway in the vascular tumorigenesis. Pediatr Dev Pathol
2023;26:166-71.

Carli D, Kalantari S, Manicone R, Coppo P, Francia di Celle P, La Selva R, et al.
Kaposiform hemangioendothelioma further broadens the phenotype of
PIK3CA-related overgrowth spectrum. Clin Genet 2021;100:624-7.

Wright DR, Frieden IJ, Orlow SJ, Shin HT, Chamlin S, Schaffer JV, et al. The
misnomer “macrocephaly-cutis marmorata telangiectatica congenita syn-
drome” report of 12 new cases and support for revising the name to macro-
cephaly-capillary malformations. Arch Dermatol 2009;145:287-93.

Faivre L, Crépin J-C, Réda M, Nambot S, Carmignac V, Abadie C, et al.
Low risk of embryonic and other cancers in PIK3CA-related overgrowth
spectrum: impact on screening recommendations. Clin Genet 2023;104:
554-63.

AACRJournals.org

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Surveillance in BWS and Other Syndromes

Micale MA, Embrey B IV, Macknis JK, Harper CE, Aughton DJ. Constitu-
tional 560.49 kb chromosome 2p24.3 duplication including the MYCN gene
identified by SNP chromosome microarray analysis in a child with multiple
congenital anomalies and bilateral Wilms tumor. Eur ] Med Genet 2016;59:
618-23.

Williams RD, Chagtai T, Alcaide-German M, Apps J, Wegert J, Popov S, et al.
Multiple mechanisms of MYCN dysregulation in Wilms tumour. Oncotarget
2015;6:7232-43.

Fievet A, Belaud-Rotureau M-A, Dugay F, Abadie C, Henry C, Taque S, et al.
Involvement of germline DDX1-MYCN duplication in inherited nephro-
blastoma. Eur ] Med Genet 2013;56:643-7.

Roberts AE, Irons MB, Kimonis VE, Mulliken JB, Morton CC, Lee C, et al.
Description of a case of distal 2p trisomy by array-based comparative genomic
hybridization: a high resolution genome-wide investigation for chromosomal
aneuploidy in a single assay. Am ] Med Genet A 2004;130A:204-7.

Lurie IW, Ilyina HG, Gurevich DB, Rumyantseva NV, Naumchik IV, Castellan
C, et al. Trisomy 2p: analysis of unusual phenotypic findings. Am ] Med Genet
1995;55:229-36.

Yuksel A, Seven M, Karaman B, Yilmaz S, Deviren A, Hacihanefioglu S, et al.
Neuroblastoma in a dysmorphic girl with a partial duplication of 2p caused by
an unbalanced translocation. Clin Dysmorphol 2002;11:39-42.

Dowa Y, Yamamoto T, Abe Y, Kobayashi M, Hoshino R, Tanaka K, et al.
Congenital neuroblastoma in a patient with partial trisomy of 2p. J Pediatr
Hematol Oncol 2006;28:379-82.

Nagano H, Kano Y, Kobuchi S, Kajitani T. A case of partial 2p trisomy with
neuroblastoma. Jinrui Idengaku Zasshi 1980;25:39-45.

Say B, Carpenter NJ, Giacoia G, Jegathesan S. Agenesis of the lung asso-
ciated with a chromosome abnormality (46,XX,2p+). ] Med Genet 1980;
17:477-8.

Patel JS, Pearson J, Willatt L, Andrews T, Beach R, Green A. Germline du-
plication of chromosome 2p and neuroblastoma. ] Med Genet 1997;34:949-51.
Van Mater D, Knelson EH, Kaiser-Rogers KA, Armstrong MB. Neuroblastoma
in a pediatric patient with a microduplication of 2p involving the MYCN
locus. Am ] Med Genet A 2013;161A:605-10.

Le TN, Williams SR, Alaimo JT, Elsea SH. Genotype and phenotype correla-
tion in 103 individuals with 2q37 deletion syndrome reveals incomplete
penetrance and supports HDAC4 as the primary genetic contributor. Am J
Med Genet A 2019;179:782-91.

Falk RE, Casas KA. Chromosome 2q37 deletion: clinical and molecular as-
pects. Am ] Med Genet C Semin Med Genet 2007;145C:357-71.

Choufani S, Cytrynbaum C, Chung BHY, Turinsky AL, Grafodatskaya D,
Chen YA, et al. NSD1 mutations generate a genome-wide DNA methylation
signature. Nat Commun 2015;6:10207.

Lourdes V-H, Mario S-C, Didac C-A, Mercé B, Loreto M, Leticia P, et al.
Beyond the known phenotype of sotos syndrome: a 31-individuals cohort
study. Front Pediatr 2023;11:1184529.

Tatton-Brown K, Rahman N. Sotos syndrome. Eur ] Hum Genet 2007;15:
264-71.

Villani A, Greer M-LC, Kalish JM, Nakagawara A, Nathanson KL, Pajtler KW,
et al. Recommendations for cancer surveillance in individuals with RASo-
pathies and other rare genetic conditions with increased cancer risk. Clin
Cancer Res 2017;23:¢83-90.

Yue X, Liu B, Han T, Guo D, Ding R, Wang G. The first pineoblastoma case
report of a patient with Sotos syndrome harboring NSD1 germline mutation.
BMC Pediatr 2024;24:166.

Mencarelli A, Prontera P, Mencarelli A, Rogaia D, Stangoni G, Cecconi M, et al.
Expanding the clinical spectrum of sotos syndrome in a patient with the new
“c.[5867T>A]+[=]"; “p.[Leu1956GIn]+[=]" NSDI missense mutation and complex
skin hamartoma. Int ] Mol Sci 2018;19:3189.

Tatton-Brown K, Murray A, Hanks S, Douglas J, Armstrong R, Banka S, et al.
Weaver syndrome and EZH2 mutations: clarifying the clinical phenotype. Am
J Med Genet A 2013;161A:2972-80.

Tatton-Brown K, Hanks S, Ruark E, Zachariou A, Duarte SDV, Ramsay E,
et al. Germline mutations in the oncogene EZH2 cause Weaver syndrome and
increased human height. Oncotarget 2011;2:1127-33.

Chase A, Cross NC. Aberrations of EZH2 in cancer. Clin Cancer Res 2011;17:2613-8.
Muhonen MG, Menezes AH. Weaver syndrome and instability of the upper
cervical spine. ] Pediatr 1990;116:596-9.

Huffman C, McCandless D, Jasty R, Matloub J, Robinson HB, Weaver DD,
et al. Weaver syndrome with neuroblastoma and cardiovascular anomalies.
Am ] Med Genet 2001;99:252-5.

Clin Cancer Res; 2024

OF9

¥202 1890100 /1 U0 }sanb Aq 4pd 001 2-#2-199/61 L L0SE/00LZ-2-4DD 2EF0-8L0L/8S | L 01 /10P/Pd-BjoILE/SB1I80UEDUI/BI0 S[euInofioe.//:djy WOl papeojumog


https://aacrjournals.org/

Kalish et al.

84.

85.

86.

87.

88.

89.

Coulter D, Powell CM, Gold S. Weaver syndrome and neuroblastoma. J
Pediatr Hematol Oncol 2008;30:758-60.

Cohen ASA, Yap DB, Lewis MES, Chijiwa C, Ramos-Arroyo MA, Tkachenko
N, et al. Weaver syndrome-associated EZH2 protein variants show impaired
histone methyltransferase function in vitro. Hum Mutat 2016;37:301-7.
Griffiths S, Loveday C, Zachariou A, Behan L-A, Chandler K, Cole T, et al. EED and
EZH2 constitutive variants: a study to expand the Cohen-Gibson syndrome phe-
notype and contrast it with Weaver syndrome. Am ] Med Genet A 2019;179:588-94.
Tatton-Brown K, Loveday C, Yost S, Clarke M, Ramsay E, Zachariou A, et al.
Mutations in epigenetic regulation genes are a major cause of overgrowth with
intellectual disability. Am ] Hum Genet 2017;100:725-36.

Duffy KA, Grand KL, Zelley K, Kalish JM. Tumor screening in Beckwith-
Wiedemann syndrome: parental perspectives. ] Genet Couns 2018;27:844-53.
Duffy KA, Cohen JL, Elci OU, Kalish JM. Development of the serum alpha-
fetoprotein reference range in patients with Beckwith-Wiedemann spectrum. J
Pediatr 2019;212:195-200.€2.

OF10 Clin Cancer Res; 2024

90.

9L

92.

93.

94.

Mussa A, Duffy KA, Carli D, Ferrero GB, Kalish JM. Defining an optimal time
window to screen for hepatoblastoma in children with Beckwith-Wiedemann
syndrome. Pediatr Blood Cancer 2019;66:€27492.

Mussa A, Duffy KA, Carli D, Griff JR, Fagiano R, Kupa J, et al. The effec-
tiveness of Wilms tumor screening in Beckwith-Wiedemann spectrum. J
Cancer Res Clin Oncol 2019;145:3115-23.

DeBaun MR, Tucker MA. Risk of cancer during the first four years of life in
children from the Beckwith-Wiedemann syndrome Registry. ] Pediatr 1998;
132:398-400.

Zelley K, Schienda J, Gallinger B, Kohlmann WK, McGee RB, Scollon SR, et al.
Update on genetic counselor practice and recommendations for pediatric
cancer predisposition evaluation and surveillance. Clin Cancer Res 2024;30:
3983-9.

Turner JT, Brzezinski J, Dome JS. Wilms tumor predisposition. In: Adam MP,
Feldman ], Mirzaa GM, Pagon RA, Wallace SE, Bean LJH, editors, et al.
GeneReviews(R). Seattle (WA): University of Washington; 1993.

CLINICAL CANCER RESEARCH

¥202 1890100 /1 U0 }sanb Aq 4pd 001 2-#2-199/61 L L0SE/00LZ-2-4DD 2EF0-8L0L/8S | L 01 /10P/Pd-BjoILE/SB1I80UEDUI/BI0 S[euInofioe.//:djy WOl papeojumog



