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Abstract

Beckwith-Wiedemann spectrum (BWSp) is a congenital imprinting disorder characterized by overgrowth, cancer
predisposition, and diverse clinical manifestations, resulting from epigenetic and genetic alterations at chromosome
11p15.5. BWSp represents the most common imprinting disorder, with a prevalence exceeding 1:10,000. The
disorder is primarily associated with loss or gain of methylation at imprinting control regions IC2 and IC1, paternal
uniparental disomy of 11p15, or pathogenic variants in CDKNTC. Advances in molecular diagnostics have refined
genotype—phenotype correlations, improving both clinical management and tumor screening protocols. This
review, produced by the Scientific Committee of the Italian BWSp Association (AIBWS), builds upon the 2018
international consensus, incorporating updated scientific evidence up to 2024. The committee critically assessed
post-2017 literature using PRISMA and Delphi methodologies to revise ten key topics, including diagnosis

and criteria, prenatal testing, molecular testing strategies, tumor surveillance, macroglossia surgery, growth
monitoring, limb-length discrepancy, cognitive and psychosocial outcomes, and MLID (multi-locus imprinting
disturbances). A major focus is optimizing diagnosis in cases with negative methylation tests on DNA from blood,
where somatic mosaicism often necessitates alternative tissue testing. The review emphasizes prenatal diagnosis
challenges, recommends including ART-related pregnancies in diagnostic criteria, and proposes a prenatal scoring
system. Updated tumor surveillance strategies are presented, including universal a-fetoprotein screening for
hepatoblastoma up to 3 years and genotype-based protocols for Wilms tumor. CDKN1C-related neuroblastoma
surveillance is also addressed. MLID, often co-occurring with IC2-LoM, is discussed regarding clinical relevance,
testing strategies, and implications for recurrence risk, particularly involving maternal-effect gene variants.
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Orthopedic and surgical management of limb-length discrepancy (LLD) and macroglossia is reviewed, alongside
growth chart development and their role in personalized interventions. New findings on cognitive, behavioral,
and psychosocial aspects highlight the need for routine screening and supportive care. The transition to adult
care remains underexplored, though recommendations include attention to residual pediatric complications,
fertility, and potential long-term risks. This review reinforces the importance of a multidisciplinary and personalized
approach to BWSp across the lifespan, calling for further research to refine diagnostics, long-term outcomes, and

transition models.

Keywords Beckwith-Wiedemann spectrum, Genomic imprinting, 11p15.5 alterations, Somatic mosaicism,
Prenatal diagnosis, Tumor surveillance, COKNTC variants, Multi-locus imprinting disturbances (MLID), Macroglossia
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Introduction

The Beckwith-Wiedemann syndrome (BWS, OMIM
#130650) is a rare congenital overgrowth disorder char-
acterized by complex pathogenesis due to alterations in
the imprinted gene cluster on chromosome 11p15.5. It
presents with a wide range of clinical features, includ-
ing macroglossia, lateralized overgrowth, abdominal
wall defects, and an increased risk of embryonal tumors.
First described in 1963 by Beckwith and Wiedemann,
the syndrome's complexity stems from its heteroge-
neous presentation and the variety of molecular mecha-
nisms involved [1-4]. The condition has been renamed
as a spectrum (BWSp) due to its considerable clinical
variability. BWSp is the most common overgrowth syn-
drome, cancer predisposition syndrome, and imprinting
disorder, with a prevalence of over 1 in 10,000 individuals
[5]. The molecular basis of this variability continues to be
an active area of research [6].

BWS serves as a model for understanding genomic
imprinting disorders and their effects on growth regu-
lation and cancer susceptibility. The disorder is primar-
ily associated with dysregulation of genomic imprinting
at the 11p15.5 chromosomal region, which contains a
cluster of imprinted genes essential for normal growth
and development. Key imprinted genes include IGF2
(insulin-like growth factor 2), H19, CDKNIC (cyclin-
dependent kinase inhibitor 1 C), and KCNQ1OT1I (potas-
sium voltage-gated channel subfamily Q member 1
Opposite Strand/Antisense Transcript 1). Imprinting of
these genes is regulated during gametogenesis, with dif-
ferential methylation patterns leading to monoallelic
expression from either the maternal or paternal allele.
In BWSp, common molecular alterations are: gain of
DNA methylation (GoM) at the H19/IGF2:IG-DMR,
also known as IC1, which regulates the expression of
IGF2, loss of methylation (LoM) at the KCNQ1OT1:TSS-
DMR, also known as IC2, which regulates the expression
of CDKNIC or paternal segmental uniparental disomy
of 11p15.5 (UPD(11)pat) [7]. Additionally, 11p15.5
copy-number variants (CNVs) or pathogenic variants in
CDKNIC (cyclin-dependent kinase inhibitor type 1C)
have been implicated in a minority of cases.

Management of BWSp has progressed significantly,
with advancements in molecular diagnostics enhancing
the understanding of genotype—phenotype relationships.
International guidelines have been developed to optimize
diagnosis, clinical surveillance, and therapeutic interven-
tions, aiming to improve the quality of life and patients’
outcomes [6].

Objectives

Understanding the molecular mechanisms underlying
BWSp provides valuable insights into its clinical manage-
ment and personalized follow-up strategies. This review
explores the complexities of BWSp, emphasizing recent
discoveries and their implications for future research and
clinical practice. In 2018, a pivotal consensus was pub-
lished to standardize the diagnosis and management of
BWSp, providing clear diagnostic criteria and specific
genotype-based cancer screening strategies, which sig-
nificantly transformed clinical approaches [6]. Since then,
advances in diagnostic techniques and personalized man-
agement strategies have further improved follow-up care
for patients with BWSp. This Scientific Committee of
the Italian BWSp Association (AIBWS, www.aibws.org)
endorsed the recommendations given in 2018 [6], which
remain firmly established. This review offers an update
summarizing key scientific developments from 2018 to
the present and contextualizing recommendations within
the framework of the Italian and European healthcare
systems.

Methods

The methodology for this review is grounded in the
framework established by the same group in 2016 [7]
and by the 2018 consensus [6], with many of the authors
actively involved in both works. This review, produced by
the Scientific Committee of AIBWS, aims to build upon
rather than replace the previous consensus, incorporat-
ing new scientific knowledge. As such, we revised criti-
cally new publications from 2017 onward, with the goal
of updating the current state of the art in the field. To
gather relevant literature, four of the authors (SM, PR,
AM, LM) used the search string "Beckwith-Wiedemann"
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on PubMed, screening all articles published from 2017
onward and selecting them according to the PRISMA
method [8] (Fig. 1). The articles selected for review were
categorized by topic of interest and, based on this selec-
tion, a first meeting of the Scientific Committee decided
identifiying a working group for each topic (Supple-
mentary Table 1). Each working group then selected the
most relevant articles within their area of focus, down-
loaded, read, and independently summarized them. This
allowed the groups to identify new thematic points that
were either not mentioned in the 2018 consensus or
represented innovations in the field. Following this ini-
tial review, the members of the different working groups
convened to discuss, using the Delphi method [9], which
findings should be included in this review article for each
specific topic. After reaching a consensus, each group
produced a set of recommendations highlighting the sci-
entific advances in their area of expertise. In five subse-
quent meetings, each point was revised, discussed and
approved by the members.

Diagnostic criteria and scoring system

Performance metrics of the criteria

The guidelines for clinical diagnosis and molecular test-
ing for BWSp, based on cardinal and supportive criteria
established in the 2018 consensus statement, have been
pivotal in reducing diagnostic variability among clini-
cians by providing objective elements for diagnosing
this heterogeneous disorder. The BWSp scoring system,
developed from the 2018 international consensus, has
proven effective in identifying patients for molecular
testing, with high sensitivity (85%) but lower specificity
(43%), meaning it reliably identifies most affected indi-
viduals but may lead to false positives [10-13]. These
results validate the clinical utility of the criteria while
emphasizing areas for further optimization: the criteria
capture a wide spectrum of phenotypes, yet variability
in clinical presentations across ethnic groups poses chal-
lenges suggesting genotype—phenotype variability influ-
enced by ethnicity [11]. Expanding molecular testing to
diverse tissues and recognizing ethnic-specific patterns
can enhance diagnostic accuracy and management strat-
egies [10-14]. Although effective for diagnosis, the scor-
ing system does not predict cancer risk, underscoring the
necessity for subgroup-specific tumor screening proto-
cols [12].

Patients with negative methylation tests on blood-extracted
DNA

Following the established criteria, approximately 20%
of patients remain unsolved, highlighting the need to
deepen our understanding of differential diagnoses [10,
15]. These efforts are crucial to guide clinicians toward
considering other genetic conditions with overlapping
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and distinct features. The main challenge lies in recogniz-
ing ultra-rare or as-yet unclassified overgrowth condi-
tions that require differentiation from BWS. We therefore
suggest performing additional tests (e.g. Exome/Genome
Sequencing, Chromosomal Micro-Array) in cases meet-
ing BWSp criteria and with negative methylation tests
and CDKNIC sequencing on blood-extracted DNA:
in partiular, we suggest considering a wide range of
differential diagnoses, in particular in patients with
developmental delays without a history of hypoxia or
hypoglycemia, and with normal brain imaging. Simi-
larly, molecular investigations in BWSp cases with nega-
tive methylation tests on blood-extracted DNA must be
particularly thorough, especially when lateralized over-
growth (LO) is present. Extending molecular studies to
somatic DNA extracted from other tissue or from the
affected regions significantly improves diagnostic yield,
potentially enabling to either confirm the diagnosis or
allow the identification of conditions with phenotypic
overlap but vastly different management implications, as
PIK3CA-related overgrowth spectrum (PROS), mosaic
RASopathies, or vascular overgrowth syndromes [16,
17]. Tailored molecular workflows not only refine tumor
screening protocols but also pave the way for treatment
in other overgrowth disorders [14].

Dual diagnoses

Moreover, even in cases with confirmed molecular diag-
noses of BWSp, atypical features may occur potentially
in the framework of “blended” (mixed phenotypes with
overlapping features) or “composite” (distinct pheno-
types that individually explain the patient’s characteris-
tics) conditions. The frequency of dual diagnoses in the
literature is estimated to range between 2% and 7.5% of
syndromic patients [18, 19].

Assisted Reproductive Technology (ART)

ART has been associated with an increased prevalence
of BWSp, accounting for up to 15% of diagnoses [10, 20—
22]. The reasons for this association remain debated [14,
23-25]. Several studies reported an increased incidence
of twinning in BWSp, suggesting a potential link with
abnormal early embryonic development [26]. However, it
is unclear whether this is related to or independent of the
mechanisms connecting BWSp to assisted ART.

In 2020, Carli et al. proposed a prenatal scoring system
that included ART-induced pregnancy and monozygotic
twinning as a supportive criterion for molecular investi-
gations [20]. Building on this framework, we recommend
formal integration of ART-related pregnancy and mono-
zygotic twinning into the 2018 international consensus
criteria, assigning each 1 supportive point (Table 1). This
addition recognizes the increased association of ART
and monozygotic twinning with BWSp and ensures these
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Identification of studies via database

Records identified from:
Pubmed (n = 2036)

Screening

A 4

Records removed before screening:
Records marked as ineligible by
automation tools:

(n = 1518) before year 2017
(n = 36) no abstract available
(n =16) not in English

(n =7) full text not available

Records screened
(n =459)

Records excluded by human
(n=115)

A4

Reports sought for retrieval
(n=344)

\4

Reports not retrieved
(n=3)

Reports assessed for eligibility
(n=341)

Y

Reports excluded (n=115):
(n = 115) not specific

Reports evaluated (n = 226) from

BWS experts, divided by area of

expertise:

- Geneticist (n=84)

- Oncologist (n=60)

- ENT specialist and maxillo-
facial surgeon (n=36)

- Endocrinologist (=24)

- Orthopedic (n = 12)

- Neuropsychiatrist (=10)

Reports excluded (n=125) from all
specialists. Cumulative results:
(n = 39) Case report with
no/minimum impact
(n = 67) Papers not reporting
relevant updates/supporting
information/practices already
established or redundant
(n = 19) Studies not relevant for
human clinical practice

Studies included in review
(n=101)

Fig. 1 PRISMA diagram of the articles selected for review. Abbreviations: BWSp: Beckwith-Wiedemann Spectrum
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Table 1 Consensus-based clinical scoring system for the
diagnosis of Beckwith-Wiedemann Spectrum (BWSp) [6].

We propose the addition of pregnancy achieved via assisted
reproductive technologies (ART) and monozygotic twinning
as supportive suggestive features, based on their established
epidemiological association with BWSp

Cardinal features (2 points per
feature)

Suggestive features (1 point
per feature)

Macroglossia

Exomphalos
Lateralised overgrowth

Multifocal and/or bilateral Wilms
tumour or nephroblastomatosis
Hyperinsulinism (lasting beyond
one week and requiring escalated
treatment)

Pathology findings:adrenal cortex
cytomegaly, placental mesen-
chymal dysplasia orpancreatic
adenomatosis

Birth weight>2 SDS above the
mean

Facial naevus simplex
Polyhydramnios and/or
Placentomegaly

Ear creases and/or pits

Transient hypoglycaemia (lasting
less than a week)

Typical BWSp tumours (neuro-
blastoma, rhabdomyosarcoma,
unilateral Wilms tumour, hepato-
blastoma, adrenocortical carci-

noma or phaeochromocytoma)

- Nephromegaly and/or
Hepatomegaly

- Umbilical hernia and/or diastasis
recti
Artificial Reproductive Technol-
ogy (ART)-related pregnancy
Monozygotic twinning

SDS standard deviation score

For a clinical diagnosis of classical BWSp, a patient requires a score of >4 (this
clinical diagnosis does not require the molecular confirmation of an 11p15
anomaly). Patients with a score of > 2 (including those with classical BWS with
a score of>4) merit genetic testing for investigation and diagnosis of BWSp.
Patients with a score of <2 do not meet the criteria for genetic testing. Patients
with a score of >2 with negative genetic testing should be considered for an
alternative diagnosis and/or referral to a BWSp expert for further evaluation

cases are adequately considered for molecular testing.
Incorporating this additional point also helps address the
milder phenotypes often observed in ART-related BWSp
cases, ensuring more comprehensive diagnostic inclusion
and facilitating appropriate management.

Prenatal diagnosis

The prenatal phenotype of BWSp includes several fea-
tures [27-30]. While more than 80% of clinically sus-
pected patients have a molecular defect postnatally [6,
31], the prenatal diagnostic yield is significantly lower
(approximately 25%) and depends heavily on the num-
ber and type of features observed [28]. Many of these
features become evident on ultrasound only between the
second and third trimester of gestation. Tissue mosa-
icism is a major challenge for molecular testing, and
the debate about the most suitable tissue and timing
for testing remains unresolved. Interestingly, a recent
study reported that the average degree of methylation
alteration at 11p15 is significantly more pronounced in
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prenatally diagnosed cases than in postnatally diagnosed
patients, suggesting that more severely affected cases are
preferentially detected during pregnancy, whereas milder
phenotypes may remain unrecognized until later in life
(28]

The molecular defects identified prenatally also dif-
fer from those seen postnatally. IC2-LoM (~70%) and
CDKNIC pathogenic variants (~ 13%) are more common
among prenatally diagnosed cases due to their associa-
tion with omphalocele, a frequent indication for prenatal
testing [32, 33]. Conversely, UPD(11)pat (12.5%) and IC1-
GoM (4.2%) are less prevalent as they are associated with
nonspecific features like generalized or lateralized over-
growth, which are harder to detect prenatally [7]. Most
prenatal presentations reported in the literature include
isolated omphalocele, placentomegaly, placental mesen-
chymal dysplasia (PMD), or late-pregnancy macroglossia
[34].

Indications for prenatal testing

In familial cases where mothers carry pathogenic vari-
ants in CDKNIC, chromosomal microdeletions/duplica-
tions, or balanced translocations involving chromosome
11, the recurrence risk for BWSp is 50%. Unlike mosaic
cases, these germline anomalies are not tissue-specific
and do not impose timing or sampling restrictions for
molecular testing, ensuring straightforward diagnostic
opportunities [35].

In addition to familial cases, some prenatal features are
highly suggestive of BWSp and can serve as stand-alone
criteria for molecular testing. These include isolated
omphalocele, PMD, and macroglossia [36]. Omphalocele,
particularly when isolated, is the most common ante-
natal anomaly in BWSp and represents a reliable ultra-
sound finding. Studies estimate that 17-25% of fetuses
with isolated omphalocele have BWSp [37, 38]. Over
70% of these cases show IC2-LoM, while~12.5% have
CDKNIC pathogenic variants [28, 32]. Similarly, PMD
and macroglossia are highly specific findings and should
be considered major indications for prenatal testing
[34]. PMD is a rare vascular placental anomaly charac-
terized by a normal biparental trophoblast and abnor-
mal mesenchymal growth caused by the overexpression
of paternal genes in the stromal component [36]. PMD
is uncommon in the general population (0.02% of preg-
nancies), yet it is observed in around 20% of cases linked
to BWSp [34]. The molecular findings associated with
PMD include genome-wide UPD, UPD(11)pat, and IC2-
LoM, highlighting the importance of considering this
anomaly as a key indicator for BWSp molecular testing
[39]. PMD is often detected early in pregnancy through
ultrasound and should prompt timely and comprehen-
sive molecular investigation. Macroglossia, another sig-
nificant prenatal finding, is highly suggestive of BWSp
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but develops later, in the second trimester, and it often
worsens as pregnancy progresses [40]. Its specificity war-
rants its inclusion as a major criterion for prenatal testing
[20] but its delayed presentation can make its prenatal
assessment challenging [39]. Other anomalies, while less
specific or less prevalent, can serve as supportive or sug-
gestive indicators of BWSp when combined with major
findings. These include visceromegaly, polyhydramnios,
placentomegaly, nephroureteral anomalies, and elevated
pregnancy biomarkers (e.g., PAPP-A, free B-hCG at
10-13 weeks, a-FP, uE3, and total hCG at 15-18 weeks).
Approximately 17% of cases show abnormal biomarker
levels, further strengthening the case for testing prena-
tally [20]. To streamline indications, a prenatal scoring
system has been proposed (Table 2), mirroring the post-
natal one and integrating major and supportive criteria
[20].

Methods and tissue

Prenatal diagnosis of BWSp is challenging. The choice
of tissue and timing of DNA sampling are critical as
methylation patterns vary between tissues, mainly due
to postzygotic mosaicism. It’s advisable to analyse native
chorionic villi (CSV) versus cultured CVSs to avoid cul-
ture selection biases in the mosaic. Cultured tissues are
more reliable in amniotic fluid (AF) because of the late
timing of samples, and cultures are sometimes neces-
sary to obtain sufficient DNA. Both AF and CVS are
viable options for testing, though CVS, being an extra-
embryonic tissue, may occasionally yield discrepancies
with postnatal methylation patterns. To ensure complete
methylation at all CpGs of IC1 and IC2, accurate results
and avoid false positives, sampling is recommended after
the 13-14th week of gestation, as methylation may not

Table 2 Proposed BWSp scoring system for prenatal testing,
adapted from Carli et al. [21]: testing is indicated if score >3

points

Feature Score
Macroglossia 3
Omphalocele points

Placental mesenchymal dysplasia

Family history of inheritable BWS

BWSp-related typical tumors/hyperplasia*

Macrosomia (AC > 2 SD disproportionate to femur lengthand 2
head circumference) at US points

Visceromegaly

Polyhydramnios

Placentomegaly

Nephroureteral anomalies 1
Elevated hCG/a-FP/PAPP-A point
Monozygotic twinning

Pregnancy from ART

“adrenal adenoma/carcinoma/cysts, hepatoblastoma, pancreatoblastoma,
pancreatic adenomatous hyperplasia, nephroblastomatosis

Page 6 of 19

yet be complete in earlier stages and falsely hypomethyl-
ated cases were reported with CVS sampled before the
12th week [32, 33]. In cases of negative prenatal results,
postnatal evaluation is needed, and repeat testing may
be necessary, particularly when clinical features suggest
BWSp. Prenatal counseling should address the limita-
tions of testing, such as mosaicism, tissue variability,
diagnostic uncertainties, and ethical considerations.
Importantly, parents should be informed that a normal
result does not exclude a BWSp diagnosis [35]. When-
ever the prenatal testing is performed by MLPA, it is
mandatory to use DNAs extracted from the same tissue
for samples and controls. It is recommended that prena-
tal BWSp testing is performed in laboratories specialized
in imprinting disorders to ensure accuracy and reliability.

Somatic mosaicism and testing of DNA from tissues other
than blood

Epimutations in the 11p15.5 differentially methylated
regions (DMRs) occur post-zygotically originating a
somatic mosaicism, typically exhibiting a variable degree
of methylation change. Mosaicism — and the associated
overgrowth — can sometimes present with widespread
or symmetrical involvement, making the segmental
nature of the condition less apparent [32], complicating
the interpretation of the molecular tests. The methylation
levels detected strongly depend on the tissue sampled:
specifically, on the degree of tissue-specific mosaicism
and the proportion of cells with abnormal methylation.
Importantly, these two factors are often intertwined and
cannot be assessed separately, making accurate interpre-
tation particularly challenging.

In clinical practice, when methylation levels in blood-
extracted DNA are normal, it becomes crucial to analyze
additional tissues to achieve a correct diagnostic classifi-
cation of epigenetic subtypes. This aspect is particularly
relevant in low-scoring patients (the so-called “atypical
cases”) and in cases with isolated lateralized overgrowth
(LO) [41, 42]. Remarkably, at least 70% patients with
isolated LO remain unconfirmed at the molecular level
when tested on blood alone [14]. Yet, confirming BWSp
by molecular analysis and differentiating it from overlap-
ping disorders is crucial [16]. For example, LO in BWSp
must be distinguished from lateralized undergrowth
in Silver-Russell syndrome [42-45] or LO in other syn-
dromes, with different etiopathogenesis and requiring
different approaches to management [14, 46, 47].

Rule out BWSp

When methylation analysis of DNA from blood is nega-
tive, the decision to proceed with further genetic tests
depends on the patient's clinical evaluation, family his-
tory, and the presence of specific signs and symptoms
suggesting an underlying genetic condition. In some
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cases, based on a detailed clinical assessment, a nega-
tive methylation test on blood-extracted DNA test may
reasonably exclude BWSp, especially in patients with a
diagnostic score of <2 or presenting minor features only.
However, it is generally advisable to consult a genetic
specialist experienced in this condition to determine the
relevance of additional genetic testing and to guide the
diagnostic approach [42, 43].

Tissue selection

Several tissues can be analyzed as alternatives to blood,
such as buccal swabs, urine, or biopsies. From a labo-
ratory perspective, testing alternative tissues requires
comparison with suitable and reliable DNA controls
extracted from the same tissue type. This may repre-
sent a limitation, as only laboratories experienced and
equipped with proper internal controls can warrant the
reliability of such analyses. DNA from buccal swabs is
often the first analyzed after that from blood, especially
in cases of macroglossia. Sampling is non-invasive and
involves brushing the buccal mucosa on the side of the
face exhibiting overgrowth, carefully avoiding blood
contamination. Using buccal swabs and additional test-
ing strategies can increase the diagnostic yield by 7-10%
[42, 43]. Skin biopsies are particularly valuable in cases
with LO and can further increase the diagnostic yield by
10%. Skin biopsies involve taking a punch sample from
an overgrown area of the body and offer the advantage
of supporting differential diagnoses against several other
conditions with LO: most of them can be diagnosed by
Next-Generation Sequencing (NGS) testing for vari-
ants in genes associated with LO syndromes, such as
PIK3CA-related overgrowth spectrum (PROS) or mosaic
RASopathies. However, skin biopsy is more invasive and
should be carefully considered based on the patient’s
age, clinical severity, and the implications of a definitive
diagnosis [14, 16, 17]. In cases where surgery is planned,
it provides an opportunity to obtain tissue from affected
organs or regions of the body without requiring an addi-
tional biopsy. On rare occasions, the only tissue showing
(epi)genetic alterations may be the healthy peritumoral
tissue removed during surgery [48, 49].

Tumor screening for Wilms Tumor (WT) and
Hepatoblastoma (HB)

There has been considerable debate regarding cancer
screening in BWSp following the changes introduced in
the 2018 consensus guidelines. Before 2018, the screen-
ing protocol was uniform for all patients, consisting of
quarterly abdominal ultrasounds (US) up to 8 years of
age and blood alpha-fetoprotein (aFP) measurements up
to 5 years of age. The 2018 international recommenda-
tions proposed a differentiated screening approach based
on epigenotype [6], suggesting.
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+ No US-based screening for patients with IC2-LoM,
as their risk for WT was deemed<5%.

+ No aFP screening for HB, as it occurs in less than 5%
of BWSp cases

However, these recommendations received from the
same participants to the consensus a low evidence rat-
ing, reflecting uncertainty among experts and differences
across healthcare systems and have not been universally
accepted [50, 51]. As an example, some retained the pre-
2018 screening protocol, further highlighting geographic
variations in clinical practice [52].

As concerns WT, the recommendation for US screen-
ing in BWSp patients with IC1-GoM and UPD(11)pat
until the age of 8 is well-supported. Patients with BWSp
have a significantly higher incidence of WT diagnoses
between 12 and 84 months compared to non-syndromic
WT patients. Furthermore, patients with BWSp diag-
nosed through screening present with significantly lower
stages compared to those who were not screened, further
proving screening effectiveness. Moreover, screening
up to 7 years of age detects close to 95% of WT cases in
BWSp patients [53].

As concerns HB, it appears to develop mostly in
patients with UPD(11)pat (3.5% of cases [54], and, with
a lower incidence, in patients with IC2-LoM [55]. As
recently demonstrated, HB oncogenesis in IC2-LoM is
much more complex than previously thought and may
involve additional epimutational events, such as IC1
hypermethylation in the absence of UPD(11)pat [49,
56—58]. Alterations at 11pl5 drive HB oncogenesis by
dysregulating cell-cycle regulators and chromatin orga-
nizers, and these changes in DNA can differ between
blood, normal liver, and tumor tissue, leading to incon-
sistent epigenotypes. This mosaicism complicates tumor
risk assessment based on blood DNA profiling alone,
emphasizing the importance of screening in low-risk
molecular subgroups as well [48, 49]. Based on epide-
miological data, HB occurs earlier in BWSp patients
compared to non-syndromic cases, with over 80% of HB
cases diagnosed within the first year of life and nearly all
cases within 30 months. Thus, screening for HB in BWSp
patients by trimestral blood oFP from birth at least to
3 years of age, regardless of genotype, is advisable [53].
This aligns with recent recommendations from other
groups [52] and shortens screening duration from 48 to
36 months with respect to what was recommended in the
2018 guidelines.

Historically, more severe or pronounced phenotypic
manifestations of BWSp — involving a greater number
or extent of clinical features — were thought to cor-
relate with a higher tumor risk However, recent analy-
ses indicate that tumor risk is not proportional to the
number of syndrome characteristics. Atypical or mild
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phenotypes, including those with blood DNA negativ-
ity at 11p5.5 methylation test, may still develop tumors,
underlining the need for consistent screening protocols
irrespective of phenotype severity [12]. Increasing access
to genetic testing has revealed that 16-30% of pediatric
WT and HB cases exhibit molecular anomalies typical
of BWSp, underscoring the importance of genetic evalu-
ation in children presenting with these tumors [59, 60].
Furthermore, to optimize outcomes, patients with WT
or HB should undergo a clinical genetic evaluation: this
approach not only helps confirm BWSp but also iden-
tifies other genetic conditions associated with these
tumors [58, 61]. One of the main limitations of the tumor
screening schedule proposed in the 2018 international
consensus lies in its divergence from the recommenda-
tions adopted in the United States—an inconsistency
that, in our experience, has also been reflected in the
real-world practice of numerous Italian and European
centers (personal observation of the authors). A sec-
ond important limitation emerges from recent evidence
highlighting the occurrence of embryonal tumors, par-
ticularly hepatoblastoma, in individuals with minimal or
absent clinical manifestations of BWSp and with epigen-
etic alterations that differ between blood and tumor or
peritumoral tissue. These findings suggest a shift in the
phenotypic spectrum of BWSp cohorts over time, with
an increasing number of patients now presenting with
mild or subtle features. In this context, a more cautious
and inclusive approach to tumor surveillance appears jus-
tified. Based on these observations, the screening recom-
mendations we propose are summarized in Table 3, with
the primary goal of harmonizing practices across geo-
graphic regions—particularly aligning with recent U.S.
consensus guidelines [52] —in light of the abovemen-
tioned emerging evidence. Furthermore, we acknowledge

Table 3 Proposed tumor screening recommendations

Genotype Screening recommendations Notes
IC1-GoM Screen for WT/HB by US and every Refrain from
IC2-LoM 3 months from clinical diagnosis ~ considering phe-
UPD(11)pat or suspect to 7 years of age notype severity
Negative Screen for HB by AFP every asan mcj\cator ,Of
- ) . cancer risk or dif-
3 months from clinical diagnosis .
ferentiating tumor
or suspect to 36 months of age )
screening based
on genotype
CDKN1Closs-  Screen for NB by US+OMA, OVA,  Effectiveness of
of-function VMA, HVA, or catecholamine-to-  this screening pro-
variants creatinine ratios every 3 months  cedure in improv-

from clinical diagnosis or suspect
to 7 years of age

ing the outcome
of patients with
NB is not proven

Abbreviations: APF alpha-fetoprotein, HB Hepatoblastoma, HVA Homovanillic
Acid, IC2-LoM Imprinting Center 2 Loss.of Methylation, IC1-GoM Imprinting
Center 1 Gain-of-Methylation, NB neuroblastoma, OMA Omovanillic Acid, OVA
Omovanillic Acid, VMA Vanillylmandelic Acid, UPD(11)pat Paternal Uniparental
Disomy of the chromosome 11p15.5, WT Wilms Tumor
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that universal tumor surveillance may pose a significant
emotional and logistical burden for families, potentially
affecting adherence; therefore, any screening protocol
must carefully balance feasibility, clinical benefit, and
psychological impact.

Tumor surveillance in patients with CDKN1C variants
Neuroblastoma (NB) is reported across all BWSp molec-
ular subgroups, but most frequently associated with
CDKNIC loss-of-function variants. (2-5%) [54, 62, 63].
The usefulness of cancer surveillance for NB remains
debated as there is no evidence to support that neuro-
blastoma screening improves treatment outcomes or sur-
vival rates [15]. In 2017, Kamihara et al. recommended
a comprehensive screening protocol for patients with
CDKNIC variants. This included abdominal ultrasounds,
urine vanillylmandelic acid (VMA) and homovanil-
lic acid (HVA), and chest X-rays every three months up
to 6 years of age, followed by biannual screenings until
10 years [64]. In contrast, Brioude et al. proposed a sim-
pler approach, recommending abdominal US every three
months until 7 years of age [6]. In 2020, Cardoso et al.
described 21 patients with CDKNIC variants: one devel-
oped a mediastinal ganglioneuroma at 21 years of age,
suggesting that neural crest tumors may occur beyond
childhood [65] emphasizing the need to consider NB
not only in pediatric settings but also during adolescence
and early adulthood. For patients with CDKNIC vari-
ants, we propose a screening strategy involving urinary
tumor markers (Homovanillic Acid — HVA, Vanillylman-
delic Acid—VMA, or catecholamine-to-creatinine ratios)
and abdominal US every three months until the age of
7 years. Routine chest X-rays are not recommended to
avoid unnecessary radiation exposure. Further studies
are clearly necessary to assess the effectiveness of this
screening protocol.

Multi-Locus Imprinting Disturbances (MLID)

Definition of MLID

In recent years, several studies have highlighted that the
methylation defects observed in patients with imprint-
ing disorders are not isolated but can be accompanied
by dysregulation of additional imprinted loci. This phe-
nomenon has been defined as "multi-locus imprinting
disturbances" (MLID), because besides the DNA meth-
ylation disturbance associated with the clinical disorder,
aberrant dysregulation of further imprinted loci occurs.
This might have significant implications for clinical diag-
nostics, as it suggests a broader spectrum of molecu-
lar disturbances that need to be accounted for during
the diagnostic process [66]. An exact determination of
how many and which loci are required to define MLID
is still lacking. Very recently, a joint statement [66] for
clinical and molecular diagnosis distinguished clinically
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relevant DMRs (CA-DMRs) from non-clinically relevant
ones (NC-DMRs). CA-DMRs are germline DMRs whose
deregulation leads to a specific clinical diagnosis and may
be investigated in the diagnostic labs (Table 4), while
NC-DMRs are imprinted loci with unknown functions
and not associated with a clinical diagnosis. Research is
needed to clarify these distinctions and develop more
robust diagnostic guidelines [66, 67].

Testing MLID

Targeted methods and omics analyses respectively enable
the investigation of MLID by interrogating a limited
number of CpGs in specific DMRs or by extensively cov-
ering all the known DMRs and CpGs, respectively. Tar-
geted methods, such as MS-MLPA, are cost-effective and
provide quick results for specific loci, making them suit-
able for routine diagnostics. However, they are limited in
scope and may miss abnormalities in non-targeted loci.
Among the targeted tests, the commercial MS-MLPA
kit ME034 Multilocus kit [MRC-Holland, Amsterdam,
Holland], which allows for the simultaneous testing of
11 imprinted loci associated with imprinting disorders,
is widely applied in European labs. In contrast, omics
techniques, including methylation arrays and whole-
genome bisulfite sequencing, offer a comprehensive
view of methylation patterns across the genome, allow-
ing the identification of novel or unexpected loci associ-
ated with MLID. These methods, while more informative

Table 4 Clinically relevant Differently Methylated Regions (DMR),
correspondent loci, and associated diseases

Imprinted DMR? Locus Imprinting disorder (#OMIM)

PLAGL 1:alt-TSS-DMR 6q24.2 Transient neonatal diabetes
mellitus type 1 (#601410)

GRB10:alt-TSS-DMR 7p12.1 Silver-Russell Syndrome
(#180860)

MEST:alt-TSS-DMR 7932.2 Silver-Russell Syndrome
(#180860)

H19/IGF2:1G-DMR 11p155 Silver-Russell Syndrome
(#180860)
Beckwith-Wiedemann Syn-
drome (#130650)

KCNQTOTT:TSS-DMR Beckwith-Wiedemann Syn-
drome (#130650)

MEG3:TSS-DMR* 14q932.2 Temple Syndrome (#616222)

MEG3/DLK1:1G-DMR® Kagami-Ogata Syndrome
(#608140)

SNURF:TSS-DMR 15g11.2 Prader-Willi syndrome
(#176270)
Angelman Syndrome
(#105830)

PEG3:TSS-DMR 19913.43

GNAS-NESPTSS-DMR 2091332 Pseudohypoparathyroidism

GNAS-AST:TSS-DMR
GNAS-XL:Ex1-DMR Mulchandani-Bhoj-Conlin
GNAS A/BTSS-DMR Syndrome (#617352)
Currently available on MLPA assays (version C1)

type 1b (#603233)
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as they investigate all imprinted loci, require advanced
infrastructure, are costlier, and necessitate specialized
expertise: these factors limit their accessibility in rou-
tine clinical settings and make them more suitable for
research purposes. Recently, a bisulfite sequencing-based
method targeting 63 imprinted DMRs (ImprintSeq) was
developed [67].

MLID in BWSp

In BWSp, MLID has been described among patients with
IC2-LoM with an incidence ranging between 12.5% and
50% [66, 68—72]. In our national cohort, the prevalence
of MLID in BWS-IC2 patients appears to be higher than
that reported in other cohorts (SR, personal data). Pos-
sibly due to its mosaic distribution and the functional rel-
evance of affected loci in different tissues, the presence of
MLID in BWSp is not consistently accompanied by spe-
cific phenotypic features [72-76]. However, a few cases
with clinical features of more than one imprinting disor-
der have been reported: patients with BWSp with IC2-
LoM and transient neonatal diabetes mellitus (TNDM)
derived from deregulation of the TNDM DMR [77] as
well as patient with BWSp and short stature, protrud-
ing forehead, and macrocephaly consistent with Temple
syndrome and MEG3:TSS-DMR methylation anomalies
were reported [78]. Besides, patients with BWSp and
pseudo-hypoparathyroidism 1b (PHP-1b) derived from
methylation defects or patUPD of chromosome 20q13.32
have been described [2, 79-81]. In that light, monitoring
clinically and taking into account anomalies in parathor-
mone and calcium/phosphate derangements is warranted
in patients with BWSp and IC2-LoM.

Currently, there are no formal recommendations to test
for MLID in all cases of BWSp. However, it is essential to
evaluate patients showing features suggestive of an addi-
tional imprinting disorder. In the future, it may be worth-
while to extend targeted analyses to identify at least all
clinically relevant MLIDs in cases of BWSp associated
with IC2-LoM.

Recurrence risk and reproductive implications

Further concerns related to MLID are the increased
recurrence risk of some MLID and the reproductive
problems occurring in the mothers of some affected
patients, emphasizing the importance of genetic coun-
seling. Such counseling can provide valuable insights
into the potential risks and guide reproductive deci-
sion-making, particularly when pathogenic variants in
maternal effect genes (MEGs) are suspected [82]. MEGs
are transcribed in oocytes and encode proteins that are
transferred to the zygote and needed for the early devel-
opmental stages of the embryo and include the proteins
of the subcortical maternal complex (SCMC) [83-85].
Pathogenic variants in MEGs result in both reproductive
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difficulties or recurrent miscarriages in the mother and
in imprinting disturbances in the embryo, being there-
fore responsible for recurrent BWSp or other imprinting
disorders [86, 87]. Such conditions are mostly recessive
[71, 86—89]. It may be therefore advisable that women
with a child with IC2-LOM and experiencing reproduc-
tive difficulties undergo specific genetic counseling and
their children tested for MLID: in case MLID is identi-
fied, it would be appropriate to screen the mothers for
SCMC gene variants.

Management of macroglossia and tongue surgery

BWSp is the most common cause of macroglossia in
childhood, with 90% of children diagnosed with BWSp
exhibiting such a feature [15, 31]. Macroglossia typically
involves an increase in tongue size in terms of length,
width, and/or thickness. The enlargement may be sym-
metric or consistent with lingual LO [90, 91]. Most of
the patients with macroglossia do not require surgery:
growth of the oral cavity may eventually accommodate
the enlarged tongue [15]. This depends on the degree
of tongue enlargement and growth velocity, but also on
genotype [91-93]. Overall, approximately 40% of patients
undergo surgical tongue reduction.

Indications to surgery and timing

The need and timing for surgery can range from the
neonatal period to pediatric age. The most common
indications for surgery include respiratory problems,
obstructive sleep apnea, feeding difficulties, persistent
drooling, speech issues, orthodontic problems, as well as
psychosocial and aesthetic concerns [15, 94—97]. Upper
airway evaluation and polysomnography can provide
further assessment for obstructive sleep apnea. In cases
of respiratory problems, surgery might be necessary ear-
lier in the neonatal period. In the absence of respiratory
obstruction, surgery is generally delayed until at least
12 months of age. If the indication for surgery is unclear,
the child’s progress should be monitored to determine if
indications arise later [92, 94-97].

Surgery options

The enlarged tongue is usually increased in size in all
three dimensions, and the aim of surgery is to reduce
the tongue bulk while preserving its normal shape and
improving function. Surgical techniques vary across cen-
ters and include anterior, peripheral, or central reduction.
Incisions may be V-shaped, W-shaped, stellate, or key-
hole, among others. The choice of technique depends on
the type of macroglossia, surgeon expertise, functional
or aesthetic outcomes, and safety profile, and should be
tailored [98—100]. Surgery should be performed in mul-
tidisciplinary centers by experienced surgeons, with the
aim of concentrating cases in a limited number of expert
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units: this approach allows for better outcomes and facili-
tates clinical studies and long-term follow-up [15, 97,
100, 101].

Outcomes
Long-term follow-up studies generally show favor-
able surgical outcomes, including resolution of breath-
ing and feeding difficulties, reduced drooling, improved
speech, aesthetic and psychosocial improvement, ade-
quate tongue mobility, and usually no substantial effect
on taste. Surgical tongue reduction has generally shown
favorable functional and aesthetic outcomes. However,
recent evidence, including the study by Wagner et al.
[97], emphasizes the importance of avoiding early inter-
vention, as earlier timing has been associated with a
higher rate of postoperative complications. [97, 101, 102].
Many BWS patients present progressive mandibular
overgrowth from childhood to adolescence and glos-
sectomy does not seem to modify the rate of its growth.
Consequently, in the absence of airway obstruction, swal-
lowing problems with failure to thrive, impaired feeding
functions and speech problems, based on our data, glos-
sectomy is not recommended in BWS patients for pre-
venting Class III malocclusion [102].

Growth

Recently, two disease-specific growth charts for children
with BWSp have been published [103, 104]. The korean
study was based on measurements on 51 prepubertal
children (males<10 and females <7 years of age, respec-
tively): both had growth pattern with growth pattern with
statures greater than their peers' at all the measurements.
The study by Maas et al. [104] developed specific growth
charts for height, weight, BMI, and head circumference
for individuals affected by BWSp, analyzing growth data
from 581 individuals across the Netherlands, Italy, and
the USA. Patients with BWSp exhibit increased linear
growth compared to the general population, with a par-
ticularly enhanced growth rate during adolescence. The
modeled mean height at 18 years of age was 180.6 cm for
males (+0.6 SDS) and 166.3 cm for females (+0.5 SDS),
both exceeding the WHO reference values. Weight and
BMI also showed a consistent increase relative to the
general population, with BMI values remaining above + 1
SDS at all ages. Head circumference was significantly
increased in early childhood, but growth data beyond
four years of age were limited.

The study further explored genotype—phenotype cor-
relations and found that the IC1-GOM subgroup was
associated with slightly greater height, while individuals
with the UPD(11)pat molecular subtype had a modestly
reduced height at 18 years of age. Differences in height
between countries were also observed, with Dutch indi-
viduals being significantly taller than their counterparts
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in the USA and Italy, necessitating a normalization pro-
cess to ensure comparability across populations.

These newly developed growth charts provide an
important tool for clinicians to monitor the growth of
children with BWSp, allowing for a more precise assess-
ment of growth trajectories and adult height prediction.
In addition to improving individualized medical care,
these charts may also aid in decision-making for inter-
ventions such as epiphysiodesis in cases of asymmetric
lateralized overgrowth. Despite some limitations, includ-
ing variability in the dataset and the lack of data beyond
adolescence, this study represents a significant advance-
ment in understanding the growth patterns of individu-
als with BWSp and offers a valuable resource for clinical
management.

Limb-length discrepancy

‘A clinical sign often observed in BWSp is LO, character-
ized by excessive growth localized to one side of the body,
resulting in noticeable asymmetry beyond normal varia-
tion.. This asymmetry may involve only one part of the
body or of an entire side (formerly known as hemi-hyper-
plasia). Overgrowth affects the affected limb in both girth
and length. Limb length discrepancy (LLD) is of greater
orthopedic interest than upper limb length discrepancy.
LLD may be due to a different length of the tibia, femur,
or both bones. LLD displays different degrees of severity:
it may be present at birth or appear later, and may have
or not a progression during childhood [99]. UPD(11)pat
is associated with a more severe LO and LLD, as well as
to a higher risk of adverse evolution [105]. LLD can be
operatively classified into four subgroups: minor (<1 cm),
mild (1-2 cm), severe (2—5 cm), and critical (>5 cm)
[105]. Minor and mild LLD have a poor tendency to
worsen over time. Fifty percent of LLD<1 cm evolve to
mild (40%) and severe (12.5%). Mild grade LLD tends to
worsen to severe in 35% of cases; severe LLD tends to
evolve to critical in 15.4% of cases [105].

Orthopedic treatment in BWS is primarily aimed at
equalizing the different lengths of the lower limbs. In
patients with BWSp, treatment strategies might differ
from those used in non-BWSp cases, especially when
LLD worsen during growth: the different approach might
be warranted based on the tall stature usually displayed
by patients with BWSp [3, 6]. Recently, disease-specific
growth charts for children with BWSp have been pub-
lished based on 51 Korean children [103]. Both sexes
showed stature greater than peers at all ages evaluated
(males below 10 and females below 7 years of age, respec-
tively): although the study involved only prepubertal
patients, this and several other reports suggest that in
general, in BWSp the final stature is higher than in gen-
eral population. More recently, Maas et al. developed
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specific growth charts for height, analyzing growth
data from 581 individuals demonstrating increased lin-
ear growth compared to the general population and
a mean height at 18 years of age of 180.6 cm for males
(+0.6 SDS) and 166.3 cm for females (+0.5 SDS), both
exceeding the WHO reference values [104]. Also based
on these two studies, the preferred strategy to manage
LLD is blocking the longer bone rather than lengthening
the shorter healthy one: this approach has the advantage
to negatively impact the final stature without impacting
nor interfering with the growth process [106]. On the
opposite, limb lengthening using Lizarov's method (an
invasive technique involving circular external fixators)
is generally not indicated for preschool and school-age
patients due to risks of infection, functional impairment,
joint stiffness, pain, and nerve injury [106]. The aim of
epiphysiodesis is to modulate the growth of the longer
limb until limb length equality is achieved at the end of
growth process. This is obtained by allowing for a tem-
porary blocking of the growing cartilage by inserting a
small metallic device, such as a plate, above and below
the growth plate...and screws perpendicularly to the long
axis of the bone. The distal femur and proximal tibia are
usually targeted, with tibial overgrowth being predomi-
nant in most BWS cases [106]. Epiphysiodesis is usually
used for treating LLD >2 cm, while for LLD <2 cm a con-
servative treatment using a shoe lift is commonly recom-
mended. Epiphysiodesis of the proximal tibia, performed
at an age around 8 years, is usually the first surgical pro-
cedure, followed by the epiphysiodesis of the distal femur
growth plates two—three years later. After LLD correction
is achieved, implants are removed—usually only after the
pubertal growth spurt, when further longitudinal bone
growth is minimal or absent. If removal occurs too early,
residual growth may lead to undercorrection or overcor-
rection of LLD, which has traditionally been considered
one of the most common limitations of this type of sur-
gery. Implant migration and secondary varus or valgus
axial deviation during growth have been reported and
might need a revision of the plate’s configuration. When
axial deviation occurs, a contralateral hemiepiphysiode-
sis is commonly used to guide the residual bone growth.
Finally, although systematic data are lacking on this issue,
the earlier skeletal maturation which has been described
in patients affected by BWSp represents an indication to
assess bone maturation by writs and hand X-ray before
planning surgery, and likely for an earlier surgery com-
pared to non-BWSp subjects [6, 106].

Figure 2 summarizes the proposed orthopedic work-
flow for the evaluation and management of LLD in
patients with BWSp, outlining the key decision points
and therapeutic options based on severity and age.
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NO LIMB-LENGHT DISCREPANCY (LLD): YES

1-2cm

LLD CONTROL

AFTER BIRTH
<3 years

3-6 years

6-12 years ANNUAL CLINICAL EXAMINATION + SHOE LIFT

ANNUAL >12 years
CLINICAL

EXAMINATION

ANNUAL CLINICAL EXAMINATION + SHOE LIFT

2-5cm >5cm

ANNUAL CLINICAL EXAMINATION

SHOE LIFT UNTIL SURGICAL CORRECTION

EPIPHYSIODESIS OF AFFECTED BONE
(TIBIA AND/OR FEMUR)

ANNUAL CLINICAL EXAMINATION **

ANNUAL CLINICAL EXAMINATION + SHOE LIFT

IF RESIDUAL LLD >2 CM
EPIPHYSIODESIS OF THE OTHER SEGMENT*

SHOE LIFT UNTIL SURGICAL CORRECTION

EPIPHYSIODESIS OF AFFECTED BONE
(TIBIA AND/OR FEMUR)

ANNUAL CLINICAL EXAMINATION **

IF RESIDUAL LLD >2 CM
EPIPHYSIODESIS OF THE OTHER SEGMENT*

EPIPHYSIODESIS OF TIBIA AND FEMUR*

ANNUAL CLINICAL EXAMINATION**

Fig. 2 A diagram for the management of Limb-Length Discrepancy (LLD) in Beckwith-Wiedemann Spectrum (BWSp). *If axial deviations occur dur-
ing growth, hemi-epiphysiodesis is necessary with a closer follow-up; ** If residual LLD > 1 cm shoe-lift is necessary. Abbreviations: LLD: Limb-Length

Discrepancy

Assessment of cognitive development and psychosocial
adjustment

In previous recommendations it was suggested that
cognitive development and psychosocial adjustment
in children with BWSp should be routinely monitored.
Although the cognitive and psychosocial sequelae of
BWSp remain poorly investigated, recent studies have
confirmed and extended earlier findings. BWSp is not
associated with intellectual disability, except in rare
cases with severe untreated hypoglycemia, complications
of prematurity, unbalanced chromosomal rearrange-
ments, or paternal genome-wide UPD [6, 107]. A recent
study involving 30 preschool-age children with BWSp
reported that a significant portion exhibited difficulties
in language and gross motor functions, likely resulting
as a complication of macroglossia and LO, respectively
[108]. In such cases, monitoring of speech and motor
development is critical, providing appropriate treatment
as needed. A more recent study on school-age children
with BWS found that, while most participants performed
adequately on cognitive tests, they exhibited slower
reading and mental calculation [108]. Interestingly, in
a survey-based study almost 20% of adult patients with
BWS reported learning issues [109]. While future studies
may shed light into the connection between MLID and
a presumed higher incidence of learning disabilities [110,
111], literature on learning challenges associated with
orofacial malformations suggests a complex interplay

between genetic predisposition, psychosocial factors, and
educational outcomes [112]. Consequently, a standard-
ized learning ability screening is recommended for all
school-age children with BWSp, aiming to provide tools
and mitigate the social and emotional consequences of
undetected learning disabilities [113].

Beyond the potential impact of learning difficulties,
frequent hospitalizations, limitations in daily activities,
and concerns about physical appearance may impact
emotional and behavioral functioning [114]. Additionally,
key features of BWSp, including macroglossia, abdominal
wall defects, and increased cancer risk, have been shown
to influence psychological well-being and psychosocial
adjustment in both children with BWSp and their fami-
lies [115—-117]. Increasing evidence suggests that children
with BWSp may exhibit emotional-behavioral issues, par-
ticularly anxiety, low self-esteem, and social withdrawal
[108, 118-121]. These challenges appear to intensify with

Table 5 Evaluative recommendations for Adults with Beckwith-
Wiedemann Spectrum (BWSp), adapted from Greer et al. [128]

Assessment Frequency
Counseling for possible male infertility As appropriate
Infertility assessment and semen evaluation  As appropriate

Echocardiography Every 3-5 years
Once early in adulthood

Every 3-5 years

Renal ultrasound
Renal function testing

Evaluation of hearing Every 2-3 years
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Table 6 Key-point summary of the updates and recommendations
Diagnostic criteria and scoring system
1. Clinical criteria are robust but have limitations in some populations; critical application is recommended (Table 1)

2.In cases with negative molecular tests for BWSp or uncommon presentations consider possible alternative or dual diagnoses: Whole Exome Se-
quencing and chromosomal microarray (CMA) might be indicated

3. ART-related pregnancy and monozygotic twinning should be considered and added among the supportive features due to their association and
relevance for testing

Prenatal Diagnosis

4. Prenatal diagnosis is essential but entails greater uncertainty than postnatal testing. A normal prenatal result does not exclude BWSp; postnatal test-
ing may still be indicated. Counseling should address mosaicism, tissue-specificity, and diagnostic limitations

5. Molecular testing recommendations can generally be guided by criteria (Table 2)

6.Timing and tissue selection are critical: cultured amniocytes show better concordance with postnatal results; CVS should be performed after
13-14 weeks to reduce false negatives

Somatic mosaicism and testing of DNA from tissues other than blood

7. High-depth NGS on somatic DNA from affected tissue, especially in cases with LO as main feature, increases diagnostic yield and informs differential
diagnosis in cases negative on blood DNA

8. Differential diagnosis with other conditions presenting with LO is crucial for appropriate clinical management

9.In cases negative at 11p5.5 methylation tests on blood DNA, further tests and tissue selection should be guided by an experienced clinical
geneticist

Tumor Screening for Wilms Tumor (WT) and Hepatoblastoma (HB)

10. Indications for screening WT (US every 3 months up the 8th year of age in cases with UPD(11)pat, IC1-GoM or negative) given in the previous
consensus are valid and sound

11. For HB screening, serum aFP and abdominal ultrasound every 3 months until age 3 are recommended across all molecular subgroups. In particu-
lar, the IC2-LoM group is included in this screening

12. Tumor risk does not correlate with phenotypic severity; even mild cases or those with negative 11p5.5 methylation testing may develop tumors
13. Genetic evaluation is essential in children diagnosed with WT or HB to confirm BWSp or identify related genetic conditions

Tumor surveillance in patients with CDKN1C variants

14. Neuroblastoma (NB) is rare but has been reported across all BWSp subgroups, more frequently in those with CDKN1C variants

15. NB screening remains controversial, as improved survival has not been demonstrated

16. We propose abdominal ultrasound and urinary catecholamine metabolites every 3 months until age 7, while avoiding routine chest X-rays
Multi-Locus Imprinting Disturbances (MLID)

17.In BWSp with IC2-LoM, MLID is very common (up to 50%) but not associated with a specific phenotype; in rare cases, features of other imprinting
disorders may coexist

18. MLID may be caused by the occurrence of pathogenic variants in genes associated with epigenetic regulation or maternal pathogenic variants

19. Clinical management of MLID testing should be limited to those loci associated with clinical imprinting disorders. Tests and counseling must be
be performed by professionals experienced in IDs

20. The pragmatic relevance and clinical implications of diagnosing MLID is still debated and testing MLID belongs mostly to the research area: this
should be discussed with the patient before testing

21. Awaiting further scientific evidence, MLID testing in IC2-LoM cases can be of clinical utility and recommended when
a. MS-MLPA shows deregulation of more than one DMR
b. there is maternal history of recurrent miscarriage or infertility,
c. monozygotic twinning or recurrent BWSp-IC2-LoM
d. inconsistent or adjunctive non-BWSp clinical features, especially if suggestive of other imprinting disorders

22. MLID can be assessed using targeted methods (e.g., MS-MLPA) or genome-wide approaches (e.g., ImprintSeq), although the latter are mostly
research-based

Management of macroglossia and Tongue Surgery

23. Glossectomy is required in approximately 40% of cases, based on severity and functional or aesthetic concerns.Various surgical techniques exist
and should be individualized and performed only in expert centers

24. Indications include obstructive apnea, dysphagia, sialorrhea, respiratory difficulty, speech impairment, and orthodontic issues
In the absence of respiratory urgency, surgery is postponed until after 12 months of age

25. Glossectomy does not prevent mandibular prognathism
Growth
26. New BWSp-specific growth charts are now available [Choi, 2024; Maas, 2025], supporting clinical monitoring and orthopedic decision-making

27.BWSp patients show increased height, weight, and BMI compared to the general population, particularly during adolescence, with an estimated
mean adult height+0.5 to+0.6 SDS relative to references

28.IC1-GoM is associated with taller stature, while UPD(11)pat tends to be linked to slightly shorter height
Limb-length discrepancy
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Table 6 (continued)
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Diagnostic criteria and scoring system

29. Limb Length Discrepancy (LLD), even slight, may progress over time and requires monitoring; treatment aims to equalize leg length
30. Surgery is indicated for LLD > 2 cm); for <2 cm, shoe lifts are typically sufficient

31. Epiphysiodesis is preferred over lengthening of the shorter limb

32. Final height in BWSp is above average, which influences both the timing and choice of orthopedic intervention. Assessment of bone age can be

recommended before surgery
Assessment of Cognitive Development and Psychosocial Adjustment

33.BWSp is not typically associated with intellectual disability, except in rare cases (e.g., severe hypoglycemia, extensive paternal UPD)
34. Difficulties in speech, gross motor skills, and academic performance are common, and mostly related to macroglossia or lateralized overgrowth

35. Approximately 20% of adults with BWSp report learning difficulties; standardized educational screening is recommended
36. Some patients experience anxiety, low self-esteem, and social withdrawal: parent-reported questionnaires may help identify emotional and

behavioral issues early without increasing care burden

age, possibly due to the impact of social feedback and the
experience of "being different”, with potential long-term
consequences into adulthood [109].

In conclusion, there is a subtle balance between the
importance of comprehensive screening and manage-
ment of the several health issues in children with BWSp
and the psychosocial burden that this model of care
implies. To address this, parent-report questionnaires
could serve as non-intrusive screening tools for identi-
fying emotional-behavioral problems without adding to
the caregiving burden. Identifying children and families
at-risk would facilitate timely psychological support and
intervention, ultimately improving quality of life.

Future perspectives and research agenda
Several areas of improvement in clinical management
can be envisaged for future studies.

Cancer surveillance and recommendations are an
unmet need of patients with isolated LO. They face an
increased susceptibility to develop tumors of the BWSp
spectrum [122], with a non-negligible risk (1.1%- 6%) [16,
122-125]. In particular, patients with isolated LO (i.e.
with 2 points at the clinical score and negative molecu-
lar tests) represent a challenge from a diagnostic point
of view and a zone of shadow for medical guidelines.
Specific studies on this population are needed. In the
meanwhile, we emphasize the importance of critically
assessing these patients for other diagnoses and extend-
ing genetic testing to conditions with phenotypic overlap.
In any case, in the absence of a molecular diagnosis, they
should be offered oncological screening similar to that
for BWSp [10, 122]. To overcome the limit of the pres-
ent diagnostic tools in the detection of low percentage of
epimutated cells, novel approaches based on NGS pro-
tocols combined with specific treatments to distinguish
methylated and unmethylated DNA in the DMRs are
under study. Hopefully these new methods will increase
the diagnostic rate in BWS. Transition from childhood
to adulthood care remains an open issue in BWSp man-
agement, and its challenges span medical, psychological,

and social domains. A major concern is the lack of data
regarding the natural history of adults with BWSp. Adult
health issues seem to be largely subsequent to complica-
tion or unsolved pediatric problems such as macroglos-
sia, scoliosis, LLD, kidney stones, cryptorchidism, and
recurrent urinary tract infections. Therefore, physicians
caring for adults with BWSp should focus on such key
clinical areas. Furthermore, fertility issues should be a
further area of clinical research: azoospermia has been
described as common in male patients, but it is unclear
whether consequent to cryptorchidism or not [6, 109].
Upon these observations, Greer et al. [128] proposed
recommendations for follow up of adult patients, as sum-
marized in Table 5. General clinical experience denies a
specific increase in tumor risk in adults with BWSp, and
it is a common conviction that after the first decade of
life, it is similar to that observed in the general popula-
tion. However, recent studies adults observed a mild
increase in tumor risk in adults with BWSp, approaching
nearly 25% [126, 127]. While this data likely results from
an overestimation secondary to study design, and there
is no need for specific screening, a prudential approach
is warranted. It is reasonable to recommend periodic
consultations with geneticists/general practitioners and
keeping a low threshold for seeking care and investiga-
tions in case of unusual symptoms. Further studies are
needed to clarify if there are differences in adult health
issues in the various genotypes, and if any deserves spe-
cific medical follow-up. As an example, patients with
CDKNIC variants are at risk for aneurysmal arterial dila-
tions and hearing impairment [128] and might benefit
from a specific assessment. Transition is a gradual pro-
cess through which young patients with BWSp are sup-
ported in developing awareness of their condition, with
the goal of empowering them to take responsibility for
its management in adulthood. For this transition to be
effective, adolescents must receive dedicated training
and counselling to become true experts in their condi-
tion. In general, a comprehensive and multidisciplinary
approach is needed in both childhood and adulthood,
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and collaboration among healthcare providers, active
engagement of patients and their families, and advo-
cacy for supportive policies are key for future studies to
improve clinical care for adults with BWS.

Conclusions

This review provides a comprehensive update of the sci-
entific evidence accumulated over the past decade, with
the aim of integrating recent advances into the clinical
approach to BWSp. We propose updated recommenda-
tions on diagnosis, management, and research priorities
that build upon the 2018 international consensus (sum-
marized in Table 6), while being specifically contextual-
ized to the Italian healthcare system. These proposals
reflect both the evolving scientific landscape and the
practical challenges encountered in clinical practice. In
light of the growing body of data and the need for harmo-
nized care, we believe that a revision of the international
recommendations would be timely and beneficial.
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