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CLINICAL CASE
• Newborn with macroglossia, left ear crease and 

umbilical hernia
• Genetic Analysis: mosaic LoM IC2 (chr 11p15.5) 

→  Beckwith-Wiedemann Syndrome (BWS)
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phenotypes and recurrence risks that are associated with 
smaller CNVs within either the telomeric or centromeric 
domain can be complex, as it depends on their size and 
the genes and regulatory elements involved55,99–104.

Internal IC1 CNVs and SNVs have recurrence risk 
as high as 50% when occurring on the maternal allele, 
although incomplete penetrance and possible anticipation 
have been observed in some cases73,105,106. Rare familial 
cases of BWSp-MLID might be caused by maternal- effect 
gene mutations (for example, NLRP2 or NLRP5 muta-
tions) and might be associated with a very high recur-
rence risk79,80. In the patients that harbour other molecular 
defects, the recurrence risk is generally low (TABLE 3).

Prenatal molecular diagnosis
Prenatal testing for BWSp poses particular challenges 
because, in addition to general aspects of molecular 
testing (such as the range of molecular disturbances, the 
challenge of mosaicism detection and the technical limi-
tations of testing), the reliability and informative value of 
prenatal test results and the ethical issues involved must 
be considered before sampling107.

The major indications for prenatal diagnosis of BWSp 
are familial cases with a known genetic alteration and a 
high recurrence risk and patients with no family history 
in which possible features of BWSp (usually exomphalos 
but also macrosomia, hemihypertrophy, organomegaly 

and polyhydramnios) have been detected using prena-
tal fetal ultrasonography (TABLE 2, R18). The diagnostic 
testing for prenatal samples does not therefore necessar-
ily follow the same flow as that for postnatal samples but 
reflects the individual situation (TABLE 2, R19).

Although chorionic villus (CVS) cells, amniotic fluid 
cells or fetal blood cells (native and cultured) might be 
used for molecular testing, it is possible that cell culture 
might influence the methylation patterns108. In CVS 
cells, the methylation pattern at 11p15.5 might be differ-
ent from that of embryonic tissues108, and/or CVS cells 
might not reflect the (epi)genetic constitution of the 
fetus, and therefore, false-positive results might occur107. 
False-negative prenatal test results might occur with all 
types of testing owing to mosaicism; therefore, a normal 
prenatal test result cannot absolutely exclude a diagno-
sis of BWSp (TABLE 2, R20). Because of the fairly recent 
adoption of prenatal testing and the challenges involved, 
it is recommended that multicentre audit of cases, meth-
ods and diagnostic rates be implemented prospectively, 
to enable ongoing refinement of best practice guidelines 
(TABLE 2, R21).

Care and management aspects of BWSp
In view of the complex multisystem manifestations of 
BWSp, the consensus group recognized the requirement 
for effective coordination of health care (TABLE 4, R22).

Table 3 | Summary of Beckwith–Wiedemann spectrum molecular defect categories and recurrence risk

Molecular 
defect

Frequency of 
molecular defect

Mosaicism 
observed

Risk of recurrence Characteristic clinical features (compared 
with other molecular subgroups)

IC1 GOM 5%�� Yes27,��,76,��,�� • If no genetic anomaly is present, <1%2

• If genetic anomaly (for example, 
pathogenic SNV of copy number 
variant in the DMR) is present, 50%; 
dependent on parental origin71,73,105,106

• Low frequency of exomphalos11,��,17

• High risk of Wilms tumour��,��,���

IC2 LOM 50%�� Yes27,��,76,��,�� • If no genetic anomaly is identified, <1%2

• If a cis-acting genetic anomaly is 
present, 50%; dependent on parental 
origin99–103

• High frequency of exomphalos11,��,17

• Low risk of Wilms tumour��,��,���

upd(11)pat 20%�� (see 
also paternal 
unidiploidy)

Yes27,��,61,76,��,�� <1%2 • High incidence of lateralized overgrowth11,��

• Low frequency of exomphalos11,��,17

• High risk of Wilms tumour and 
hepatoblastoma��,��,���

Loss-of-function 
CDKN1C 
variants

���
����KP�HCOKNKCN�
cases)��

Usually no 
but has been 
reported rarely��

50% on maternal transmission��,�� • High frequency of exomphalos11,��,17

• Low risk of Wilms tumour��,��,���

dup(11)(p15.5)
pat

`�s��55 No55 • 50% on paternal transmission55,��

• Risk of SRS on maternal 
transmission57,95,96

–

Deletions 
involving 11p15

1-2%55,�� No55 Dependent on extent and position of 
CNV, and parent of origin55

–

Mosaic paternal 
unidiploidy 
(genome-wide 
paternal UPD)

Up to 10% of 
upd(11)pat62–67,���

Yes62–67,��� Low62–67,��� High frequency of neoplasia63,��,137,152

MLID 33% of IC2 LOM 
cases��s��,��

Yes��,��s�� Low unless an in trans genetic variant is 
identified79,��

Unclear75,76,��,��,92,93

DMR, differentially methylated region; dup(11)(p15.5)pat, duplication of paternal 11p15.5; GOM, gain of methylation; LOM, loss of methylation; MLID, multilocus 
imprinting disturbance; SNV, single nucleotide variation; UPD, uniparental isodisomy; upd(11)pat, paternal uniparental isodisomy of 11p15.5.
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phenotypes and recurrence risks that are associated with 
smaller CNVs within either the telomeric or centromeric 
domain can be complex, as it depends on their size and 
the genes and regulatory elements involved55,99–104.

Internal IC1 CNVs and SNVs have recurrence risk 
as high as 50% when occurring on the maternal allele, 
although incomplete penetrance and possible anticipation 
have been observed in some cases73,105,106. Rare familial 
cases of BWSp-MLID might be caused by maternal- effect 
gene mutations (for example, NLRP2 or NLRP5 muta-
tions) and might be associated with a very high recur-
rence risk79,80. In the patients that harbour other molecular 
defects, the recurrence risk is generally low (TABLE 3).

Prenatal molecular diagnosis
Prenatal testing for BWSp poses particular challenges 
because, in addition to general aspects of molecular 
testing (such as the range of molecular disturbances, the 
challenge of mosaicism detection and the technical limi-
tations of testing), the reliability and informative value of 
prenatal test results and the ethical issues involved must 
be considered before sampling107.

The major indications for prenatal diagnosis of BWSp 
are familial cases with a known genetic alteration and a 
high recurrence risk and patients with no family history 
in which possible features of BWSp (usually exomphalos 
but also macrosomia, hemihypertrophy, organomegaly 

and polyhydramnios) have been detected using prena-
tal fetal ultrasonography (TABLE 2, R18). The diagnostic 
testing for prenatal samples does not therefore necessar-
ily follow the same flow as that for postnatal samples but 
reflects the individual situation (TABLE 2, R19).

Although chorionic villus (CVS) cells, amniotic fluid 
cells or fetal blood cells (native and cultured) might be 
used for molecular testing, it is possible that cell culture 
might influence the methylation patterns108. In CVS 
cells, the methylation pattern at 11p15.5 might be differ-
ent from that of embryonic tissues108, and/or CVS cells 
might not reflect the (epi)genetic constitution of the 
fetus, and therefore, false-positive results might occur107. 
False-negative prenatal test results might occur with all 
types of testing owing to mosaicism; therefore, a normal 
prenatal test result cannot absolutely exclude a diagno-
sis of BWSp (TABLE 2, R20). Because of the fairly recent 
adoption of prenatal testing and the challenges involved, 
it is recommended that multicentre audit of cases, meth-
ods and diagnostic rates be implemented prospectively, 
to enable ongoing refinement of best practice guidelines 
(TABLE 2, R21).

Care and management aspects of BWSp
In view of the complex multisystem manifestations of 
BWSp, the consensus group recognized the requirement 
for effective coordination of health care (TABLE 4, R22).

Table 3 | Summary of Beckwith–Wiedemann spectrum molecular defect categories and recurrence risk

Molecular 
defect

Frequency of 
molecular defect

Mosaicism 
observed

Risk of recurrence Characteristic clinical features (compared 
with other molecular subgroups)

IC1 GOM 5%�� Yes27,��,76,��,�� • If no genetic anomaly is present, <1%2

• If genetic anomaly (for example, 
pathogenic SNV of copy number 
variant in the DMR) is present, 50%; 
dependent on parental origin71,73,105,106

• Low frequency of exomphalos11,��,17

• High risk of Wilms tumour��,��,���

IC2 LOM 50%�� Yes27,��,76,��,�� • If no genetic anomaly is identified, <1%2

• If a cis-acting genetic anomaly is 
present, 50%; dependent on parental 
origin99–103

• High frequency of exomphalos11,��,17

• Low risk of Wilms tumour��,��,���

upd(11)pat 20%�� (see 
also paternal 
unidiploidy)

Yes27,��,61,76,��,�� <1%2 • High incidence of lateralized overgrowth11,��

• Low frequency of exomphalos11,��,17

• High risk of Wilms tumour and 
hepatoblastoma��,��,���

Loss-of-function 
CDKN1C 
variants

���
����KP�HCOKNKCN�
cases)��

Usually no 
but has been 
reported rarely��

50% on maternal transmission��,�� • High frequency of exomphalos11,��,17

• Low risk of Wilms tumour��,��,���

dup(11)(p15.5)
pat

`�s��55 No55 • 50% on paternal transmission55,��

• Risk of SRS on maternal 
transmission57,95,96

–

Deletions 
involving 11p15

1-2%55,�� No55 Dependent on extent and position of 
CNV, and parent of origin55

–

Mosaic paternal 
unidiploidy 
(genome-wide 
paternal UPD)

Up to 10% of 
upd(11)pat62–67,���

Yes62–67,��� Low62–67,��� High frequency of neoplasia63,��,137,152

MLID 33% of IC2 LOM 
cases��s��,��

Yes��,��s�� Low unless an in trans genetic variant is 
identified79,��

Unclear75,76,��,��,92,93

DMR, differentially methylated region; dup(11)(p15.5)pat, duplication of paternal 11p15.5; GOM, gain of methylation; LOM, loss of methylation; MLID, multilocus 
imprinting disturbance; SNV, single nucleotide variation; UPD, uniparental isodisomy; upd(11)pat, paternal uniparental isodisomy of 11p15.5.
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phenotypes and recurrence risks that are associated with 
smaller CNVs within either the telomeric or centromeric 
domain can be complex, as it depends on their size and 
the genes and regulatory elements involved55,99–104.

Internal IC1 CNVs and SNVs have recurrence risk 
as high as 50% when occurring on the maternal allele, 
although incomplete penetrance and possible anticipation 
have been observed in some cases73,105,106. Rare familial 
cases of BWSp-MLID might be caused by maternal- effect 
gene mutations (for example, NLRP2 or NLRP5 muta-
tions) and might be associated with a very high recur-
rence risk79,80. In the patients that harbour other molecular 
defects, the recurrence risk is generally low (TABLE 3).

Prenatal molecular diagnosis
Prenatal testing for BWSp poses particular challenges 
because, in addition to general aspects of molecular 
testing (such as the range of molecular disturbances, the 
challenge of mosaicism detection and the technical limi-
tations of testing), the reliability and informative value of 
prenatal test results and the ethical issues involved must 
be considered before sampling107.

The major indications for prenatal diagnosis of BWSp 
are familial cases with a known genetic alteration and a 
high recurrence risk and patients with no family history 
in which possible features of BWSp (usually exomphalos 
but also macrosomia, hemihypertrophy, organomegaly 

and polyhydramnios) have been detected using prena-
tal fetal ultrasonography (TABLE 2, R18). The diagnostic 
testing for prenatal samples does not therefore necessar-
ily follow the same flow as that for postnatal samples but 
reflects the individual situation (TABLE 2, R19).

Although chorionic villus (CVS) cells, amniotic fluid 
cells or fetal blood cells (native and cultured) might be 
used for molecular testing, it is possible that cell culture 
might influence the methylation patterns108. In CVS 
cells, the methylation pattern at 11p15.5 might be differ-
ent from that of embryonic tissues108, and/or CVS cells 
might not reflect the (epi)genetic constitution of the 
fetus, and therefore, false-positive results might occur107. 
False-negative prenatal test results might occur with all 
types of testing owing to mosaicism; therefore, a normal 
prenatal test result cannot absolutely exclude a diagno-
sis of BWSp (TABLE 2, R20). Because of the fairly recent 
adoption of prenatal testing and the challenges involved, 
it is recommended that multicentre audit of cases, meth-
ods and diagnostic rates be implemented prospectively, 
to enable ongoing refinement of best practice guidelines 
(TABLE 2, R21).

Care and management aspects of BWSp
In view of the complex multisystem manifestations of 
BWSp, the consensus group recognized the requirement 
for effective coordination of health care (TABLE 4, R22).

Table 3 | Summary of Beckwith–Wiedemann spectrum molecular defect categories and recurrence risk

Molecular 
defect

Frequency of 
molecular defect

Mosaicism 
observed

Risk of recurrence Characteristic clinical features (compared 
with other molecular subgroups)

IC1 GOM 5%�� Yes27,��,76,��,�� • If no genetic anomaly is present, <1%2

• If genetic anomaly (for example, 
pathogenic SNV of copy number 
variant in the DMR) is present, 50%; 
dependent on parental origin71,73,105,106

• Low frequency of exomphalos11,��,17

• High risk of Wilms tumour��,��,���

IC2 LOM 50%�� Yes27,��,76,��,�� • If no genetic anomaly is identified, <1%2

• If a cis-acting genetic anomaly is 
present, 50%; dependent on parental 
origin99–103

• High frequency of exomphalos11,��,17

• Low risk of Wilms tumour��,��,���

upd(11)pat 20%�� (see 
also paternal 
unidiploidy)

Yes27,��,61,76,��,�� <1%2 • High incidence of lateralized overgrowth11,��

• Low frequency of exomphalos11,��,17

• High risk of Wilms tumour and 
hepatoblastoma��,��,���

Loss-of-function 
CDKN1C 
variants

���
����KP�HCOKNKCN�
cases)��

Usually no 
but has been 
reported rarely��

50% on maternal transmission��,�� • High frequency of exomphalos11,��,17

• Low risk of Wilms tumour��,��,���

dup(11)(p15.5)
pat

`�s��55 No55 • 50% on paternal transmission55,��

• Risk of SRS on maternal 
transmission57,95,96

–

Deletions 
involving 11p15

1-2%55,�� No55 Dependent on extent and position of 
CNV, and parent of origin55

–

Mosaic paternal 
unidiploidy 
(genome-wide 
paternal UPD)

Up to 10% of 
upd(11)pat62–67,���

Yes62–67,��� Low62–67,��� High frequency of neoplasia63,��,137,152

MLID 33% of IC2 LOM 
cases��s��,��

Yes��,��s�� Low unless an in trans genetic variant is 
identified79,��

Unclear75,76,��,��,92,93

DMR, differentially methylated region; dup(11)(p15.5)pat, duplication of paternal 11p15.5; GOM, gain of methylation; LOM, loss of methylation; MLID, multilocus 
imprinting disturbance; SNV, single nucleotide variation; UPD, uniparental isodisomy; upd(11)pat, paternal uniparental isodisomy of 11p15.5.
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phenotypes and recurrence risks that are associated with 
smaller CNVs within either the telomeric or centromeric 
domain can be complex, as it depends on their size and 
the genes and regulatory elements involved55,99–104.

Internal IC1 CNVs and SNVs have recurrence risk 
as high as 50% when occurring on the maternal allele, 
although incomplete penetrance and possible anticipation 
have been observed in some cases73,105,106. Rare familial 
cases of BWSp-MLID might be caused by maternal- effect 
gene mutations (for example, NLRP2 or NLRP5 muta-
tions) and might be associated with a very high recur-
rence risk79,80. In the patients that harbour other molecular 
defects, the recurrence risk is generally low (TABLE 3).

Prenatal molecular diagnosis
Prenatal testing for BWSp poses particular challenges 
because, in addition to general aspects of molecular 
testing (such as the range of molecular disturbances, the 
challenge of mosaicism detection and the technical limi-
tations of testing), the reliability and informative value of 
prenatal test results and the ethical issues involved must 
be considered before sampling107.

The major indications for prenatal diagnosis of BWSp 
are familial cases with a known genetic alteration and a 
high recurrence risk and patients with no family history 
in which possible features of BWSp (usually exomphalos 
but also macrosomia, hemihypertrophy, organomegaly 

and polyhydramnios) have been detected using prena-
tal fetal ultrasonography (TABLE 2, R18). The diagnostic 
testing for prenatal samples does not therefore necessar-
ily follow the same flow as that for postnatal samples but 
reflects the individual situation (TABLE 2, R19).

Although chorionic villus (CVS) cells, amniotic fluid 
cells or fetal blood cells (native and cultured) might be 
used for molecular testing, it is possible that cell culture 
might influence the methylation patterns108. In CVS 
cells, the methylation pattern at 11p15.5 might be differ-
ent from that of embryonic tissues108, and/or CVS cells 
might not reflect the (epi)genetic constitution of the 
fetus, and therefore, false-positive results might occur107. 
False-negative prenatal test results might occur with all 
types of testing owing to mosaicism; therefore, a normal 
prenatal test result cannot absolutely exclude a diagno-
sis of BWSp (TABLE 2, R20). Because of the fairly recent 
adoption of prenatal testing and the challenges involved, 
it is recommended that multicentre audit of cases, meth-
ods and diagnostic rates be implemented prospectively, 
to enable ongoing refinement of best practice guidelines 
(TABLE 2, R21).

Care and management aspects of BWSp
In view of the complex multisystem manifestations of 
BWSp, the consensus group recognized the requirement 
for effective coordination of health care (TABLE 4, R22).

Table 3 | Summary of Beckwith–Wiedemann spectrum molecular defect categories and recurrence risk

Molecular 
defect

Frequency of 
molecular defect

Mosaicism 
observed

Risk of recurrence Characteristic clinical features (compared 
with other molecular subgroups)

IC1 GOM 5%�� Yes27,��,76,��,�� • If no genetic anomaly is present, <1%2

• If genetic anomaly (for example, 
pathogenic SNV of copy number 
variant in the DMR) is present, 50%; 
dependent on parental origin71,73,105,106

• Low frequency of exomphalos11,��,17

• High risk of Wilms tumour��,��,���

IC2 LOM 50%�� Yes27,��,76,��,�� • If no genetic anomaly is identified, <1%2

• If a cis-acting genetic anomaly is 
present, 50%; dependent on parental 
origin99–103

• High frequency of exomphalos11,��,17

• Low risk of Wilms tumour��,��,���

upd(11)pat 20%�� (see 
also paternal 
unidiploidy)

Yes27,��,61,76,��,�� <1%2 • High incidence of lateralized overgrowth11,��

• Low frequency of exomphalos11,��,17

• High risk of Wilms tumour and 
hepatoblastoma��,��,���

Loss-of-function 
CDKN1C 
variants

���
����KP�HCOKNKCN�
cases)��

Usually no 
but has been 
reported rarely��

50% on maternal transmission��,�� • High frequency of exomphalos11,��,17

• Low risk of Wilms tumour��,��,���

dup(11)(p15.5)
pat

`�s��55 No55 • 50% on paternal transmission55,��

• Risk of SRS on maternal 
transmission57,95,96

–

Deletions 
involving 11p15

1-2%55,�� No55 Dependent on extent and position of 
CNV, and parent of origin55

–

Mosaic paternal 
unidiploidy 
(genome-wide 
paternal UPD)

Up to 10% of 
upd(11)pat62–67,���

Yes62–67,��� Low62–67,��� High frequency of neoplasia63,��,137,152

MLID 33% of IC2 LOM 
cases��s��,��

Yes��,��s�� Low unless an in trans genetic variant is 
identified79,��

Unclear75,76,��,��,92,93

DMR, differentially methylated region; dup(11)(p15.5)pat, duplication of paternal 11p15.5; GOM, gain of methylation; LOM, loss of methylation; MLID, multilocus 
imprinting disturbance; SNV, single nucleotide variation; UPD, uniparental isodisomy; upd(11)pat, paternal uniparental isodisomy of 11p15.5.
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CLINICAL CASE

Abdominal US: left adrenal 
cyst (1 x 1 cm)
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Timeline
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Diagnosis of 
BWS
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Abstract
Beckwith–Wiedemann syndrome (BWS) is a genetic overgrowth and cancer predisposition syn-

drome, associatedwith both benign andmalignant adrenal findings. Literature reviewand an insti-

tutional case series elucidate the wide spectrum of adrenal findings in BWS patients. The altered

expressionof the11p15 region is likely related toadrenal glandhyperplasia andgrowthdysregula-

tion. Given the absence of guidelines formanaging adrenal findings in BWS, we propose a system-

atic approach to adrenal findings in BWS patients, to allow for maximum detection of potentially

malignant pathology without posing additional risk to patients.

K EYWORDS

11p overgrowth, adrenal cytomegaly, adrenal mass, Beckwith–Wiedemann syndrome, cancer

predisposition, isolated hemihypertrophy, tumor screening

1 INTRODUCTION

Beckwith–Wiedemann syndrome (BWS, OMIM #130650) is a genetic

overgrowth and cancer predisposition syndrome characterized by

hemihypertrophy, macroglossia, macrosomia, organomegaly, hyperin-

sulinism, omphalocele/umbilical hernia, and distinct facial features.1

Patients with BWS are also at risk for embyronal tumors such as

Wilms tumor, hepatoblastoma, and neuroblastoma in the first 8 years

of life.1–5 BWS is caused by genetic or epigenetic changes on chro-

mosome 11p15, with either specific gene mutations or changes in

Abbreviations: ACTH, adrenocorticotropic hormone; AFP, alpha-fetoprotein; BWS,

Beckwith–Wiedemann syndrome; CDKN1C, cyclin-dependent kinase inhibitor 1C; COG,

Children’s Oncology Group; DHEAS, dehydroepiandrosterone sulfate; IC1, imprinting center

1; IC2, imprinting center 2; IGF2, insulin-like growth factor 2; LOH, loss of heterozygosity;

IHH, isolated hemihypertrophy;MIBG, meta-iodobenzylguanidine; pUPD11, paternal

uniparental disomy 11

DNA methylation in imprinting centers, known as imprinting center

1, H19/IGF2:IG-DMR (IC1), and imprinting center 2, KCNQ1OT1:TSS-

DMR 2 (IC2), leading to a dysregulation in genes affecting growth.1

BWS is more generally classified as the 11p overgrowth spectrum,

which includes the spectrum of patients from classic BWS to those

with isolated hemihypertrophy (IHH).6,7 For the purposes of these rec-

ommendations, we will henceforward refer only to BWS, but would

recommend these screening guidelines for any patient within the 11p

overgrowth spectrum, including BWS and IHH.

The overall risk of intra-abdominal tumor development in BWS is

somewhere between 5 and 10%.2–5 Patients with BWS are screened

with serial abdominal ultrasounds to evaluate for Wilms tumor and

neuroblastoma, and alpha-fetoprotein (AFP) measurements to eval-

uate for hepatoblastoma, allowing early detection and management

of these high-risk malignancies. Adrenocortical carcinoma is the next

most common tumor type reported; additionally, other malignant

Pediatr Blood Cancer 2017; 64: e26432 c© 2017Wiley Periodicals, Inc. 1 of 8wileyonlinelibrary.com/journal/pbc
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Abstract
Beckwith–Wiedemann syndrome (BWS) is a genetic overgrowth and cancer predisposition syn-

drome, associatedwith both benign andmalignant adrenal findings. Literature reviewand an insti-

tutional case series elucidate the wide spectrum of adrenal findings in BWS patients. The altered

expressionof the11p15 region is likely related toadrenal glandhyperplasia andgrowthdysregula-

tion. Given the absence of guidelines formanaging adrenal findings in BWS, we propose a system-

atic approach to adrenal findings in BWS patients, to allow for maximum detection of potentially

malignant pathology without posing additional risk to patients.
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1 INTRODUCTION

Beckwith–Wiedemann syndrome (BWS, OMIM #130650) is a genetic

overgrowth and cancer predisposition syndrome characterized by

hemihypertrophy, macroglossia, macrosomia, organomegaly, hyperin-

sulinism, omphalocele/umbilical hernia, and distinct facial features.1

Patients with BWS are also at risk for embyronal tumors such as

Wilms tumor, hepatoblastoma, and neuroblastoma in the first 8 years

of life.1–5 BWS is caused by genetic or epigenetic changes on chro-

mosome 11p15, with either specific gene mutations or changes in

Abbreviations: ACTH, adrenocorticotropic hormone; AFP, alpha-fetoprotein; BWS,

Beckwith–Wiedemann syndrome; CDKN1C, cyclin-dependent kinase inhibitor 1C; COG,

Children’s Oncology Group; DHEAS, dehydroepiandrosterone sulfate; IC1, imprinting center

1; IC2, imprinting center 2; IGF2, insulin-like growth factor 2; LOH, loss of heterozygosity;

IHH, isolated hemihypertrophy;MIBG, meta-iodobenzylguanidine; pUPD11, paternal

uniparental disomy 11

DNA methylation in imprinting centers, known as imprinting center

1, H19/IGF2:IG-DMR (IC1), and imprinting center 2, KCNQ1OT1:TSS-

DMR 2 (IC2), leading to a dysregulation in genes affecting growth.1

BWS is more generally classified as the 11p overgrowth spectrum,

which includes the spectrum of patients from classic BWS to those

with isolated hemihypertrophy (IHH).6,7 For the purposes of these rec-

ommendations, we will henceforward refer only to BWS, but would

recommend these screening guidelines for any patient within the 11p

overgrowth spectrum, including BWS and IHH.

The overall risk of intra-abdominal tumor development in BWS is

somewhere between 5 and 10%.2–5 Patients with BWS are screened

with serial abdominal ultrasounds to evaluate for Wilms tumor and

neuroblastoma, and alpha-fetoprotein (AFP) measurements to eval-

uate for hepatoblastoma, allowing early detection and management

of these high-risk malignancies. Adrenocortical carcinoma is the next

most common tumor type reported; additionally, other malignant
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FIGURE 1. 
Adrenal Masses in Beckwith-Wiedemann syndrome. (A) Patients under 6 months; a) 
concerning features requiring further evaluation during period of observation include: 
increase in size of mass (if ≥50% should undergo resection, if <50% should have imaging at 
3 week intervals until mass no longer growing or resected), increase in urine VMA/HVA 
(increase ≥50% above previous value, assuming values above normal range), virilization, or 
any clinical concern for metastatic disease; b) concern for metastatic disease without MIBG 
avidity or elevation in urine catecholamines, should first check adrenocortical hormone 
levels: Random cortisol, ACTH, 17(OH) progesterone, DHES, testosterone, 
androstenodione. (B) Patients ≥6 months; c) assuming no concerning clinical features, 
including features of adrenal hormone production (hypertension, hirsutism, virilization) or 
symptoms of systemic or metastatic disease; d) cortisol, ACTH, 17(OH) progesterone, 
DHES, testosterone, androstenodione
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Screening for Wilms tumour. Abdominal USS is the 
preferred modality for Wilms tumour screening. The 
doubling time of Wilms tumour cells has been esti-
mated to be 11–13 days156, and USS is recommended 
every 3–4 months157,158. Given the high survival of indi-
viduals with Wilms tumour (90% overall survival at 
4 years), early detection of Wilms tumour by surveil-
lance is predicted to only marginally impact survival; 
however, diagnosis at an earlier stage might reduce the 
burden of treatment-related morbidity159–162.

If Wilms tumour screening is targeted by BWSp 
molecular subgroup, patients with IC1 GOM and seg-
mental upd(11)pat are at the highest risk, and several 
groups have suggested that patients with IC2 LOM 
should not be screened using USS in order to avoid 
excessive medicalization and possible false-positive 
results149,154.

Screening for hepatoblastoma. The risk of hepato-
blastoma in patients with BWS is >2,000-fold higher 
than in the general population, and hepatoblastoma 
is the second most common tumour type in BWS21. 
However, specific studies evaluating hepatoblastoma 
screening in BWSp are lacking. Abdominal USS is a 
first-line investigation in children with a suspected liver 
mass, although not all parts of the liver can be imaged 
easily and small tumours might be missed159. Concerns 
about the sensitivity of abdominal USS led to suggestions 
that it should be combined with measurements of serum 
levels of AFP, which is secreted by >95% of hepato-
blastomas163–165. Treatment and outcome of patients with 
hepatoblastoma are closely connected to tumour stage at 
diagnosis, and preliminary data suggested that patients 
with BWSp and hepatoblastoma who are screened 
for AFP have an earlier stage at diagnosis and a better 

Table 5 | Proposed tumour surveillance protocol for Beckwith–Wiedemann spectrum

Tumour risk (% of patients)* Tumour type for surveillance Surveillance procedures Timing

IC2 LOM

• Overall risk (2.6%)
• Hepatoblastoma (0.7%)
• Rhabdomyosarcoma (0.5%)
• Neuroblastoma (0.5%)
• Thyroid cancer (0.3%)
• Wilms tumour (0.2%)
• Melanoma (0.1%)

Tumour incidence lower than other 
molecular subgroups; extremely 
variable tumour spectrum; only half 
of tumours arise in the abdomen

• No routine USS surveillance
• Clinical assessment and USS 

in response to signs and/or 
symptoms or parental concerns

–

IC1 GOM

• Overall risk (28.1%)
• Wilms tumour (24%)
• Neuroblastoma (0.7%)
• Pancreatoblastoma (0.7%)

Wilms tumour Abdominal USS Every 3 months from 
diagnosis until age 7 years

upd(11)pat

• Overall risk (16%)
• Wilms tumour (7.9%)
• Hepatoblastoma (3.5%)
• Neuroblastoma (1.4%)
• Adrenocortical carcinoma (1.1%)
• Phaeochromocytoma (0.8%)
• Lymphoblastic leukaemia (0.5%)
• Pancreatoblastoma (0.3%)
• Hemangiotheloma (0.3%)
• Rhabdomyosarcoma (0.3%)

• Wilms tumour
• Hepatoblastoma
• Adrenal tumours

Abdominal USS Every 3 months from 
diagnosis until age 7 years

CDKN1C mutation

• Overall risk (6.9%)
• Wilms tumour (1.4%)
• Neuroblastoma (4.2%)
• Acute lymphoblastic leukaemia (1.4%)

Neuroblastoma Abdominal USS Every 3 months from 
diagnosis until age 7 years

Classical BWS with negative molecular tests

• Overall risk (6.2%)
• Wilms tumour (4.1%)
• Neuroblastoma (0.6%)
• Hepatoblastoma (0.3%)
• Rhabdomyosarcoma (0.3%)
• Adrenocortical carcinoma (0.3%)

Wilms tumour Abdominal USS Every 3 months from 
diagnosis until age 7 years

Proposed tumour surveillance protocols for patients with Beckwith–Wiedemann spectrum (BWSp) disorder (including those with isolated lateralized overgrowth 
who have 11p15 abnormalities) are shown and stratified according to molecular subtype. Although there are differences in tumour risks and prevalent tumour 
types between molecular subgroups when surveillance is recommended, a single surveillance programme is used to reduce confusion and enhance consistency. In 
specific health-care systems, practice might currently vary from this protocol (see the main text for details). BWS, Beckwith–Wiedemann syndrome; GOM, gain of 
methylation; LOM, loss of methylation; upd(11)pat, paternal uniparental isodisomy of 11p15.5; USS, ultrasound scan. *Tumour and histotype prevalence data from 
Maas et al.14 and Mussa et al.17; 7 years refers to the risk of Wilms tumour, as hepatoblastoma usually occurs before age 2 years. 

C O N S E N S U S  S TAT E M E N T
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Beckwith–Wiedemann syndrome (BWS) is a multisystem 
human genomic imprinting disorder with variable clinical 
expression and complex molecular aetiology1. BWS is an 
overgrowth syndrome, with patients often presenting with 
macroglossia, abdominal wall defects, hemihy perplasia 
(lateralized overgrowth), enlarged abdominal organs 
and an increased risk of embryonal tumours during early 

childhood. BWS is caused mainly by genetic or epigenetic 
defects within the chromosome 11p15.5 region2. This 
region contains imprinted genes, such as CDKN1C and 
IGF2, which are strong regulators of fetal growth. Although 
BWS might present prenatally or in adult life, it is most 
commonly diagnosed in the neonatal period or in early 
childhood, with an estimated prevalence of 1 affected child 
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E X P E RT  C O N S E N S U S  D O C U M E N T

Clinical and molecular diagnosis, 
screening and management of 
Beckwith–Wiedemann syndrome:  
an international consensus statement
Frédéric Brioude1, Jennifer M. Kalish2, Alessandro Mussa3,4, Alison C. Foster5,6, Jet Bliek7, 
Giovanni Battista Ferrero3, Susanne E. Boonen8, Trevor Cole5, Robert Baker9,  
Monica Bertoletti10, Guido Cocchi11, Carole Coze12, Maurizio De Pellegrin13,  
Khalid Hussain14, Abdulla Ibrahim15, Mark D. Kilby16,17, Malgorzata Krajewska-Walasek18, 
Christian P. Kratz19, Edmund J. Ladusans20, Pablo Lapunzina21,22, Yves Le Bouc1,  
Saskia M. Maas7, Fiona Macdonald23, Katrin Õunap24, Licia Peruzzi25,26, Sylvie Rossignol27, 
Silvia Russo28, Caroleen Shipster29, Agata Skórka18,30, Katrina Tatton-Brown31,  
Jair Tenorio21,22, Chiara Tortora32, Karen Grønskov33, Irène Netchine1, Raoul C. Hennekam34, 
Dirk Prawitt35, Zeynep Tümer33, Thomas Eggermann36, Deborah J. G. Mackay37,  
Andrea Riccio38 and Eamonn R. Maher39

Abstract | Beckwith–Wiedemann syndrome (BWS), a human genomic imprinting disorder, is 
characterized by phenotypic variability that might include overgrowth, macroglossia, abdominal 
wall defects, neonatal hypoglycaemia, lateralized overgrowth and predisposition to embryonal 
tumours. Delineation of the molecular defects within the imprinted 11p15.5 region can predict 
familial recurrence risks and the risk (and type) of embryonal tumour. Despite recent advances in 
knowledge, there is marked heterogeneity in clinical diagnostic criteria and care. As detailed  
in this Consensus Statement, an international consensus group agreed upon 72 recommendations 
for the clinical and molecular diagnosis and management of BWS, including comprehensive 
protocols for the molecular investigation, care and treatment of patients from the prenatal period 
to adulthood. The consensus recommendations apply to patients with Beckwith–Wiedemann 
spectrum (BWSp), covering classical BWS without a molecular diagnosis and BWS-related 
phenotypes with an 11p15.5 molecular anomaly. Although the consensus group recommends a 
tumour surveillance programme targeted by molecular subgroups, surveillance might differ 
according to the local health-care system (for example, in the United States), and the results of 
targeted and universal surveillance should be evaluated prospectively. International collaboration, 
including a prospective audit of the results of implementing these consensus recommendations, is 
required to expand the evidence base for the design of optimum care pathways.
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CLINICAL CASE

Abdominal US: 
left adrenal cyst 

(1 x 1 cm)

6

Timeline
Birth

Diagnosis of 
BWS

5 m

Cyst size increase (3 x 3 cm)
↑ plasma metanephrines

and normetanephrine

2 m
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Q1: What would you do next?
1. Biopsy for histological confirmation
2. Abdominal CT
3. Abdominal MRI
4. 123I-Meta-Iodobenzylguanidine (MIBG) 

Scintigraphy

7
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CLINICAL CASE
• 5-month-old: cyst size increase (3 x 3 cm) with vascular spots
• High levels of plasma metanephrines and normetanephrine

FIGURE 1. 
Adrenal Masses in Beckwith-Wiedemann syndrome. (A) Patients under 6 months; a) 
concerning features requiring further evaluation during period of observation include: 
increase in size of mass (if ≥50% should undergo resection, if <50% should have imaging at 
3 week intervals until mass no longer growing or resected), increase in urine VMA/HVA 
(increase ≥50% above previous value, assuming values above normal range), virilization, or 
any clinical concern for metastatic disease; b) concern for metastatic disease without MIBG 
avidity or elevation in urine catecholamines, should first check adrenocortical hormone 
levels: Random cortisol, ACTH, 17(OH) progesterone, DHES, testosterone, 
androstenodione. (B) Patients ≥6 months; c) assuming no concerning clinical features, 
including features of adrenal hormone production (hypertension, hirsutism, virilization) or 
symptoms of systemic or metastatic disease; d) cortisol, ACTH, 17(OH) progesterone, 
DHES, testosterone, androstenodione

MacFarland et al. Page 11
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CLINICAL CASE

Abdominal US: 
left adrenal cyst 

(1 x 1 cm)

9

Timeline
Birth

Diagnosis of 
BWS

5 m

Cyst size increase (3 x 3 cm)
↑ plasma metanephrines and 

normetanephrine

MIBG 
scintigraphy: 

neg

Every 3 months:
• Abdominal US
• AFP levels 
• Endocrinologic f.up

2 m
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CLINICAL CASE

Abdominal US: 
left adrenal cyst 

(1 x 1 cm)

10

Timeline
Birth

Diagnosis of 
BWS

5 m

Cyst size increase (3 x 3 cm)
↑ plasma metanephrines and 

normetanephrine

MIBG 
scintigraphy: 

neg

Every 3 months:
• Abdominal US
• AFP levels 
• Endocrinologic f.up

3 y

Precocious 
puberty

(pubic hair, enlarged
testicles and penis)

Abdominal US: 
left adrenal cyst 
size increase + 

solid components
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CLINICAL CASE
1. Thoraco-Abdominal CT scan: Left 
adrenal mass (4,5 x 3,6 x 3,8 cm)

2. Urine catecholamines, plasma 
metanephrines and normetanephrine: 
negative
3. ↑ plasma testosterone and 
dehydroepiandrosterone-sulfate (DHEAS)

- DHEAS 1616 µg/L (47-194 µg/L)

6 of 8 MACFARLAND ET AL.

F IGURE 1 Adrenal masses in BWS. (A) Patients under 6 months; (a) concerning features requiring further evaluation during period of observa-
tion include increase in size ofmass (if≥50% should undergo resection, if<50% should have imaging at 3-week intervals until mass no longer grow-
ing or resected), increase in urineVMA/HVA (increase≥50%above previous value, assuming values above normal range), virilization, or any clinical
concern for metastatic disease; (b) concern for metastatic disease without MIBG avidity or elevation in urine catecholamines, should first check
adrenocortical hormone levels: random cortisol, ACTH, 17(OH) progesterone, DHES, testosterone, and androstenodione. (B) Patients 6 months
or older; (c) assuming no concerning clinical features, including features of adrenal hormone production (hypertension, hirsutism, virilization) or
symptoms of systemic or metastatic disease; (d) cortisol, ACTH, 17(OH) progesterone, DHES, testosterone, and androstenodione

potential metastasis. In patients less than 6 months of age, ultrasound

can adequately distinguish a cystic adrenal lesion, and thus magnetic

resonance imaging/computed tomography is not warranted.51 If there

is evidence of neuroblastoma via either imaging or laboratory studies,

themass should be biopsied and staged.

In a patient with BWS with normal urine catecholamine metabo-

lites and an adrenal mass that lacks MIBG avidity, an adrenocortical

tumor should be considered. Although we recommend physical exam-

ination for all patients to evaluate for elevated adrenocortical hor-

mones, clinical signs may not be present in all patients. For this rea-

son, we recommend that patients with a small solid/cystic mass should

have adrenocortical hormone levels (random cortisol, ACTH, 17(OH)

progesterone, DHEAS, androstenodione, and testosterone) checked.

A tumor suspected to be an adrenocortical carcinoma should be fully

resected without biopsy. Abnormal adrenocortical hormone levels,

should they be present, will provide a biomarker after surgical resec-

tion.Additionally, for patientswith abnormal laboratories, involvement

of endocrinology may be warranted for their pre- and postoperative

management.

If theproposed imaging and laboratory studies are reassuring, these

patients can be followed with an ultrasound evaluation every 6 weeks

for up to2years after the initialmass is seen, then transitioned to every

3months until 8 years of age. The end of surveillance can also be mod-

ified if a patient has high-risk features, or a tumor that is at high risk
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Q2: What‘s the most likely diagnosis?
1. Neuroblastoma
2. Neuroendocrine Tumor
3. Adrenocortical Tumor
4. Pheochromocytoma

12
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CLINICAL CASE
• Malignant adrenal tumor?
• PET scan: increased uptake (max SUV 1.3) 

of the adrenal mass; no other uptakes. 

• Brain MRI...
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TABLE 1 Recommended clinical investigations in paediatric adrenocortical tumours

Assessment Eligible patients Details Comment

US (pelvic and abdominal) All patients (Level IV; Grade A)

Abdominal CT All patients (Level IV; Grade A)

Abdominal magnetic resonance
imaging (MRI)/whole-bodyMRI

Family history characterised by early
onset of tumours

(Level IV; Grade B)/(Level V;
Grade C)

Chest CT When the clinical and/or radiological
suspicion of amalignant ACC is
high

(Level IV; Grade A)

Positron emission tomography (PET)
scan or PETMRI

When the clinical and/or radiological
suspicion of amalignant ACC is
high and individually according to
present symptoms and signs

(Level IV; Grade B)

Bone CT When the clinical suspicion of bone
metastasis is present

In alternative of PET scan/MRI (Level IV; Grade B)

BrainMRI When cerebral metastases are
clinically suspected or in cases with
suspicious/proven Li–Fraumeni
syndrome

(Level IV; Grade B)

Genetic counselling All patients Could be delayed after pathologic analysis if no
high clinical suspicion

(Level IV; Grade A)

Cardiac ultrasound In case of vascular and diaphragmatic
tumour involvement

(Level IV; Grade B)

Hormonal assessment All patients Glucocorticoid excess (dexamethasone
suppression test, free 24-hours cortisoluria,
basal adrenocorticotropin hormone, salivary
cortisol dosage)
Sex steroids and steroid precursors excess
(dehydroepiandrosterone sulfate,
17OH-progesterone, androstenedione,
testosterone, 17-beta-estradiol,
11-deoxycortisol, estrone and estradiol)
Mineralocorticoid excess (aldosterone,
kalemia, aldosterone/renin ratio)
Urinary catecholamines andmetanephrines
levels
At diagnosis, and a regular monitoring of
hormonal levels is recommended during the
follow-up

(Level IV; Grade A)
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TABLE 1 Recommended clinical investigations in paediatric adrenocortical tumours

Assessment Eligible patients Details Comment

US (pelvic and abdominal) All patients (Level IV; Grade A)

Abdominal CT All patients (Level IV; Grade A)

Abdominal magnetic resonance
imaging (MRI)/whole-bodyMRI

Family history characterised by early
onset of tumours

(Level IV; Grade B)/(Level V;
Grade C)

Chest CT When the clinical and/or radiological
suspicion of amalignant ACC is
high

(Level IV; Grade A)

Positron emission tomography (PET)
scan or PETMRI

When the clinical and/or radiological
suspicion of amalignant ACC is
high and individually according to
present symptoms and signs

(Level IV; Grade B)

Bone CT When the clinical suspicion of bone
metastasis is present

In alternative of PET scan/MRI (Level IV; Grade B)

BrainMRI When cerebral metastases are
clinically suspected or in cases with
suspicious/proven Li–Fraumeni
syndrome

(Level IV; Grade B)

Genetic counselling All patients Could be delayed after pathologic analysis if no
high clinical suspicion

(Level IV; Grade A)

Cardiac ultrasound In case of vascular and diaphragmatic
tumour involvement

(Level IV; Grade B)

Hormonal assessment All patients Glucocorticoid excess (dexamethasone
suppression test, free 24-hours cortisoluria,
basal adrenocorticotropin hormone, salivary
cortisol dosage)
Sex steroids and steroid precursors excess
(dehydroepiandrosterone sulfate,
17OH-progesterone, androstenedione,
testosterone, 17-beta-estradiol,
11-deoxycortisol, estrone and estradiol)
Mineralocorticoid excess (aldosterone,
kalemia, aldosterone/renin ratio)
Urinary catecholamines andmetanephrines
levels
At diagnosis, and a regular monitoring of
hormonal levels is recommended during the
follow-up

(Level IV; Grade A)
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Abstract

Adrenocortical tumours (ACTs) are rare during childhood. A complete surgical resec-

tion provides the best chance of cure, but the role and efficacy of the adjuvant ther-

apy are still controversial. Various histologic criteria of malignancy for ACTs adopted

in children do not facilitate comparative studies and are not completely shared. There-

fore, a sharp demarcation between benign and malignant lesions has not been recog-

Abbreviations: ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ACT, adrenocortical tumours; CED, cisplatin, etoposide and doxorubicin; COG, Children’s Oncology Group; EFS,

event-free survival; EXPeRT, European Cooperative Study Group for Paediatric Rare Tumours; FRACTURE, Groupe Français Des Tumeurs Rares de l’Enfant; GPOH-MET, German Society for

Pediatric Oncology andHematologyMalignant Endocrine Tumors Study;MDT, multidisciplinary team; NN1/NN2, vincristine, ifosfamide and doxorubicin/carboplatin and etoposide; OS, overall

survival; PARTNER, Paediatric Rare Tumours Network - European Registry; PET, positron emission tomography; RPLND, retroperitoneal lymph node dissection; RT, radiotherapy; TREP, Tumouri

Rari in Età Pediatrica; VRT, very rare tumour.
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Abstract
Beckwith–Wiedemann syndrome (BWS) is a genetic overgrowth and cancer predisposition syn-

drome, associatedwith both benign andmalignant adrenal findings. Literature reviewand an insti-

tutional case series elucidate the wide spectrum of adrenal findings in BWS patients. The altered

expressionof the11p15 region is likely related toadrenal glandhyperplasia andgrowthdysregula-

tion. Given the absence of guidelines formanaging adrenal findings in BWS, we propose a system-

atic approach to adrenal findings in BWS patients, to allow for maximum detection of potentially

malignant pathology without posing additional risk to patients.

K EYWORDS

11p overgrowth, adrenal cytomegaly, adrenal mass, Beckwith–Wiedemann syndrome, cancer

predisposition, isolated hemihypertrophy, tumor screening

1 INTRODUCTION

Beckwith–Wiedemann syndrome (BWS, OMIM #130650) is a genetic

overgrowth and cancer predisposition syndrome characterized by

hemihypertrophy, macroglossia, macrosomia, organomegaly, hyperin-

sulinism, omphalocele/umbilical hernia, and distinct facial features.1

Patients with BWS are also at risk for embyronal tumors such as

Wilms tumor, hepatoblastoma, and neuroblastoma in the first 8 years

of life.1–5 BWS is caused by genetic or epigenetic changes on chro-

mosome 11p15, with either specific gene mutations or changes in

Abbreviations: ACTH, adrenocorticotropic hormone; AFP, alpha-fetoprotein; BWS,

Beckwith–Wiedemann syndrome; CDKN1C, cyclin-dependent kinase inhibitor 1C; COG,

Children’s Oncology Group; DHEAS, dehydroepiandrosterone sulfate; IC1, imprinting center

1; IC2, imprinting center 2; IGF2, insulin-like growth factor 2; LOH, loss of heterozygosity;

IHH, isolated hemihypertrophy;MIBG, meta-iodobenzylguanidine; pUPD11, paternal

uniparental disomy 11

DNA methylation in imprinting centers, known as imprinting center

1, H19/IGF2:IG-DMR (IC1), and imprinting center 2, KCNQ1OT1:TSS-

DMR 2 (IC2), leading to a dysregulation in genes affecting growth.1

BWS is more generally classified as the 11p overgrowth spectrum,

which includes the spectrum of patients from classic BWS to those

with isolated hemihypertrophy (IHH).6,7 For the purposes of these rec-

ommendations, we will henceforward refer only to BWS, but would

recommend these screening guidelines for any patient within the 11p

overgrowth spectrum, including BWS and IHH.

The overall risk of intra-abdominal tumor development in BWS is

somewhere between 5 and 10%.2–5 Patients with BWS are screened

with serial abdominal ultrasounds to evaluate for Wilms tumor and

neuroblastoma, and alpha-fetoprotein (AFP) measurements to eval-

uate for hepatoblastoma, allowing early detection and management

of these high-risk malignancies. Adrenocortical carcinoma is the next

most common tumor type reported; additionally, other malignant

Pediatr Blood Cancer 2017; 64: e26432 c© 2017Wiley Periodicals, Inc. 1 of 8wileyonlinelibrary.com/journal/pbc
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CLINICAL CASE
• Brain MRI
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CLINICAL CASE
• Open Left adrenalectomy, complete resection without tumor rupture. 

– Normalization of DHEAS

• Histological Evaluation: Adrenocortical neoplasm, Wieneke score=2 S4 of S11 VIRGONE ET AL.

F IGURE 1 Wieneke Index stratification

possible out of caution (both percutaneous and, by extension, open

Tru-cut biopsies), especially when the tumour is associated with hor-

monal secretion. It should be limited only to children with nonsecret-

ing tumours and metastatic disease and unresectable primary tumour

(Level IV; Grade B).

Final histopathological evaluation is mandatory after tumour resec-

tion for confirmation of diagnosis and histological stratification of ACT.

Histology should especially distinguish ACT from other adrenal neo-

plasms (Level IV; Grade A). A revision of the histological slides from

a pathologist with proven experience in paediatric tumours and espe-

cially in ACTs is highly recommended (Level IV; Grade B). It is strongly

recommended to store a frozen tumour sample and a blood sample

on EDTA in a tumour bank for possible subsequent biological stud-

ies, including genetics (Level III; Grade A). Differentiating benign from

malignant ACT is often difficult, and adult scores (Weiss, Hough, Van

Slooten) have been demonstrated to be poorly predictive especially in

younger children.3,24-27 Dehner and Hill26,27 hypothesised that pae-

diatric ACTs may arise from a cell resembling a phenotype of the

foetal rather than the adult cortex. This may explain the mostly benign

course of these neoplasms, despite the presence of impressively atyp-

ical microscopic features interpreted as a manifestation of biologi-

cal regression rather than progression to a malignancy. The Wieneke

Index (first described in 2003)6 has been reported to have a prognos-

tic value that is more reliable compared to other histologic prognos-

tic scores used in adults.1,7,11,12 Wieneke Index classifies ACTs in three

prognostic groups (benign, malignant, and of undetermined malignant

potential) on the basis of the number of present pathologic criteria

(Figure 1). Although it is widely recognised, the paucity of cases a pae-

diatric pathologist may encounter and the number of criteria to be

considered may make the Wieneke pathological stratification poorly

defined andobserver-dependent.More recently, Picard and colleagues

described a five-item microscopic score15: ACTs with two or less fea-

tures should be considered to show a ‘favourable histology’, and those

withmore than two features an ‘unfavourable histology’ (Figure2). This

five-item score could be of interest to stratify tumours with favourable

versus unfavourable histology, especially for localised ACTs, with the

possibility to limit the use of systemic treatment to the former group, in

the light of the lower risk of disease progression among tumours with

favourable histology. The absence of well-defined pathological prog-

nostic system in the paediatric age may hinder therapeutic stratifica-

tion, especially for patients with large tumour volume or with incom-

plete resection (R1 [incomplete tumour resection] or spillage), as R1 or

R2 status constitutes the strongest unfavourable risk factor. Though

not validated, the use of a paediatric prognostic score (Wieneke or

five-item score) to enable stratification of these patients should be

introduced also in consideration of the fact that systemic therapy

shows important limitations in terms of efficacy and toxicity (Level IV;

Grade B). On this basis, the importance of a multidisciplinary team

(MDT) discussion to better define the biology of the disease and the

central review of the histology are of crucial importance (Level IV;

Grade A).

The most widely used staging system in the paediatric age have

been proposed by Sandrini et al.,28 and has been later modified.24 This

postsurgical staging system relies on the possibility and the quality of

resection, tumour size, regional nodal involvement, and presence of

metastatic disease. Thus, it is only in part transferrable to a neoad-

juvant strategy. The COG system (Table 2) has been adopted by the

French very rare tumour (VRT) Groupe Français Des Tumeurs Rares de

l’Enfant (FRACTURE) Group and, with some modifications, by the Ital-

ian TREP (Tumouri Rari in Età Pediatrica) project. It is recommended

to use the COG system to allow national and international referral,

comparison of data, and a proper paediatric stratification (Level III;

Grade C).

3 THERAPEUTIC RECOMMENDATIONS

3.1 Surgery

Different series, although with a limited number of patients, have

shown that complete tumour resection is a major prognostic factor

(Level III; Grade A). Tumour rupture, pre- or intraoperatively, has been

associated with a worse prognosis and almost fatal outcome. Initial

tumour biopsy should be avoided whenever possible out of caution,

Virgone et al, Ped Blood Canc, 2021

Brain lesions?
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Q3: What would you do?
1. Observation only
2. Biopsy for histological confirmation
3. Surgical removal of all the lesions

16
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CLINICAL CASE
• Brain Biopsy → Histological Evaluation: metastasis from adrenocortical carcinoma 
• Treatment: 6 cycles of CT (cisplatin, etoposide and doxorubicin) + mitotane
• NGS Assay: 

– CTNNB1 S45P
– GNAS R201H

Virgone et al, Ped Blood Canc, 2021

S8 of S11 VIRGONE ET AL.

F IGURE 3 Therapy summary for localised adrenocortical tumours in children and adolescents according to Children’s Oncology Group (COG)
stages

F IGURE 4 Therapy summary for unresectable adrenocortical tumours in children and adolescents according to Children’s Oncology Group
(COG) stages

Disease evaluation at the end of the 
treatment:
• No local relapse
• Brain metastasis: Stable Disease
Brain surgery was considered not
feasible
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Q4: Brain metastasis: what
would you do?

1. Strict follow-up
2. Whole-Brain radiotherapy
3. Stereotactic radiosurgery
4. Other chemotherapy cycles
5. New drugs (TKi)

18
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CLINICAL CASE
Current situation:
• Off therapy (+3 months from the end of 

treatments)
• Mitotane up to 2 years from diagnosis
• Follow up: every 3 months

– Abdominal US 
– Brain MRI
– Chest X-Ray

• Radiosurgery in case of an increase in size 
of one/more brain metastasis
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FOCUS POINTS:

Wieneke score‘s prognostic value

Tumor surveillance strategies in children
with BWS

1

2
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(1) Wieneke score‘s prognostic value

stratify tumors with favorable vs. unfavorable
histology, especially for localized disease (Fig. 6). Given
the rarity of these tumors, international cooperation is
fundamental to collect more complete data and to validate
these findings especially for intermediate groups (stages
II–III). For stages II and III tumors displaying few poor
prognostic factors, we propose that unfavorable vs.
favorable tumor histology criteria should be assigned,
based on whether or not up to two of the following
malignancy-related microscopic features are present:
adrenal capsular invasion, venous invasion, confluent
tumor necrosis, mitotic count > 15/20 high-power fields,
and Ki67 ≥ 15% (Fig. 6). Using this algorithm, oncolo-
gists may decide against recommending adjuvant therapy
for patients with favorable histology tumors, considering

this group’s lower risk of disease progression and the
toxic side effect profile and overall minimal benefit of
these therapies.

Acknowledgements We thank “Enfants, cancers et Santé” and the
Hospices Civils de Lyon for their financial support. The association
“Enfants, cancers et Santé” does not participate in any of the analyses
of this manuscript. In addition, we thank all pathologists who sent
tumor specimens, as well as the pediatric oncologists, surgeons, and
endocrinologists who collaborated in sending clinical data about the
cases in this study. We would also like to thank Jessica Chan and
Ashley Flaman for their help in reviewing the manuscript.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Fig. 6 Proposal of a two-step pathological approach in localized stages
II and III pediatric adrenal cortical neoplasms to consider need of
adjuvant systemic therapy. In step 1, items in bold are supplied or
confirmed by pathological study. R0: microscopically complete initial

surgical resection; R1: initial surgical resection with microscopic
residuals or tumor spillage; R2: initial surgical resection with macro-
scopic residuals

558 C. Picard et al.

• Histological features are used to classify 
pediatric adrenocortical tumors 
(adenomas or carcinoma)

• The Wieneke score has shown to be 
predictive of patient outcomes when 
score as “benign” ( < 3)

• A high proportion in the “malignant” 
subgroup (>3) have benign outcomes 

• 5-item microscopic score (Picard et al.)

Picard C et al, Mod Pathol, 2019
Virgone et al, Ped Blood Canc, 2021

Picard Score

Wieneke Score
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Future Direction
• Next-generation sequencing may open opportunities to improve the 

current tumor prognostic stratification
• Pediatric ACC with both germline TP53 and somatic ATRX mutations

are associated with poor EFS 
• Activating mutations in CTNNB1 (WNT/𝛃-catenin) are common (better 

survival?)

Pinto E et al, Nat Comm, 2014
Juhnlin C et al, J Clin Endocrinol Metab, 2015 

with wild-type germline TP53 (n¼ 35) and not in those with
constitutional TP53 mutations (n¼ 36; P¼ 2.5" 10# 5, Fisher’s
exact test). However, three tumours with somatic CTNNB1
mutations had also acquired a TP53 mutation (IPACTR001,
IPACTR013 and IPACTR019; Supplementary Fig. 4b and
Supplementary Table 1c).

Genomic classification of ACT. WGS defined three groups of
paediatric ACT based on the mutational status of TP53 and
ATRX: Group 1 germline TP53 and somatic ATRX mutations
(n¼ 6); Group 2 germline TP53 mutations and no ATRX muta-
tion (n¼ 9); and Group 3 both wild-type TP53 and ATRX (n¼ 4;
Fig. 1a). Group 1 cases had significantly greater tumour weight
(P¼ 0.007, Mann–Whitney test), were significantly more likely to
have stage 3 or 4 disease (P¼ 0.020, Kendall test) and had poorer
event-free survival than Groups 2 and 3 (P¼ 5.0" 10# 5, exact
log-rank test; Fig. 1a,b). Group 1 ACTs also had a significantly
larger number of SVs (P¼ 0.021, Mann–Whitney test) and higher
BMR (P¼ 0.015, Mann–Whitney test; Supplementary Fig. 3c). In

addition, these tumours showed significantly higher expression of
genes associated with chromosome instability and deregulation of
cell cycle control (PTTG1, P¼ 0.019; ESPL1, P¼ 0.015; CCNB1,
P¼ 0.018; BUB1, P¼ 0.023; TPX2, P¼ 0.032; and MCM2,
P¼ 0.040, t-test; Fig. 1a). Although all cases in Group 2 carried
germline TP53 mutations (eight of nine cases had the founder
R337H mutation and were diagnosed in southern Brazil), they
displayed variable clinical findings. Group 2 patients with the
R337H mutation were young (median age, 30 months), exhibited
signs of virilization and had relatively small tumours (median
tumour weight 68 versus 585 g in Group 1 (Po0.006, Wilcoxon
rank sum test)). These tumours showed variable numbers of SVs
and BMR, and variable expression of selected target genes (Fig. 1
and Supplementary Fig. 3c). A distinguishing feature of this
group is the lack of ATRX mutations and the shortening of tel-
omeres as compared with Group 1. Group 3 tumours showed a
relatively small number of SVs and a low BMR, and gene
expression of those selected genes was similar to that in normal
adrenocortical tissue, consistent with their more favourable out-
come (Fig. 1 and Supplementary Fig. 3c).
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Figure 1 | Association between molecular and clinicopathological features of paediatric adrenocortical tumours. (a) Upper panel: clinicopathological
features of 19 patients in the WGS cohort. Centre panel: genetic alterations, including mutational status of TP53 (R337H identified by asterisk), ATRX and
CTNNB1; telomere length; number of SVs; BMR; chromothripsis and kataegis. Und: undetermined malignancy. Lower panel: RNA expression of selected
genes involved in chromosomal segregation and cell cycle control. Three distinct tumour groups (labelled below) emerged from this analysis. Control:
normal adrenocortical tissue. (b) Kaplan–Meier probability of event-free survival (exact log-rank test) of paediatric ACT patients in group 1 versus others.

NATURE COMMUNICATIONS | DOI: 10.1038/ncomms7302 ARTICLE

NATURE COMMUNICATIONS | 6:6302 |DOI: 10.1038/ncomms7302 |www.nature.com/naturecommunications 3

& 2015 Macmillan Publishers Limited. All rights reserved.
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somatic ATRX 
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present case:
CTNNB1 S45P
GNAS R201H
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Screening for Wilms tumour. Abdominal USS is the 
preferred modality for Wilms tumour screening. The 
doubling time of Wilms tumour cells has been esti-
mated to be 11–13 days156, and USS is recommended 
every 3–4 months157,158. Given the high survival of indi-
viduals with Wilms tumour (90% overall survival at 
4 years), early detection of Wilms tumour by surveil-
lance is predicted to only marginally impact survival; 
however, diagnosis at an earlier stage might reduce the 
burden of treatment-related morbidity159–162.

If Wilms tumour screening is targeted by BWSp 
molecular subgroup, patients with IC1 GOM and seg-
mental upd(11)pat are at the highest risk, and several 
groups have suggested that patients with IC2 LOM 
should not be screened using USS in order to avoid 
excessive medicalization and possible false-positive 
results149,154.

Screening for hepatoblastoma. The risk of hepato-
blastoma in patients with BWS is >2,000-fold higher 
than in the general population, and hepatoblastoma 
is the second most common tumour type in BWS21. 
However, specific studies evaluating hepatoblastoma 
screening in BWSp are lacking. Abdominal USS is a 
first-line investigation in children with a suspected liver 
mass, although not all parts of the liver can be imaged 
easily and small tumours might be missed159. Concerns 
about the sensitivity of abdominal USS led to suggestions 
that it should be combined with measurements of serum 
levels of AFP, which is secreted by >95% of hepato-
blastomas163–165. Treatment and outcome of patients with 
hepatoblastoma are closely connected to tumour stage at 
diagnosis, and preliminary data suggested that patients 
with BWSp and hepatoblastoma who are screened 
for AFP have an earlier stage at diagnosis and a better 

Table 5 | Proposed tumour surveillance protocol for Beckwith–Wiedemann spectrum

Tumour risk (% of patients)* Tumour type for surveillance Surveillance procedures Timing

IC2 LOM

• Overall risk (2.6%)
• Hepatoblastoma (0.7%)
• Rhabdomyosarcoma (0.5%)
• Neuroblastoma (0.5%)
• Thyroid cancer (0.3%)
• Wilms tumour (0.2%)
• Melanoma (0.1%)

Tumour incidence lower than other 
molecular subgroups; extremely 
variable tumour spectrum; only half 
of tumours arise in the abdomen

• No routine USS surveillance
• Clinical assessment and USS 

in response to signs and/or 
symptoms or parental concerns

–

IC1 GOM

• Overall risk (28.1%)
• Wilms tumour (24%)
• Neuroblastoma (0.7%)
• Pancreatoblastoma (0.7%)

Wilms tumour Abdominal USS Every 3 months from 
diagnosis until age 7 years

upd(11)pat

• Overall risk (16%)
• Wilms tumour (7.9%)
• Hepatoblastoma (3.5%)
• Neuroblastoma (1.4%)
• Adrenocortical carcinoma (1.1%)
• Phaeochromocytoma (0.8%)
• Lymphoblastic leukaemia (0.5%)
• Pancreatoblastoma (0.3%)
• Hemangiotheloma (0.3%)
• Rhabdomyosarcoma (0.3%)

• Wilms tumour
• Hepatoblastoma
• Adrenal tumours

Abdominal USS Every 3 months from 
diagnosis until age 7 years

CDKN1C mutation

• Overall risk (6.9%)
• Wilms tumour (1.4%)
• Neuroblastoma (4.2%)
• Acute lymphoblastic leukaemia (1.4%)

Neuroblastoma Abdominal USS Every 3 months from 
diagnosis until age 7 years

Classical BWS with negative molecular tests

• Overall risk (6.2%)
• Wilms tumour (4.1%)
• Neuroblastoma (0.6%)
• Hepatoblastoma (0.3%)
• Rhabdomyosarcoma (0.3%)
• Adrenocortical carcinoma (0.3%)

Wilms tumour Abdominal USS Every 3 months from 
diagnosis until age 7 years

Proposed tumour surveillance protocols for patients with Beckwith–Wiedemann spectrum (BWSp) disorder (including those with isolated lateralized overgrowth 
who have 11p15 abnormalities) are shown and stratified according to molecular subtype. Although there are differences in tumour risks and prevalent tumour 
types between molecular subgroups when surveillance is recommended, a single surveillance programme is used to reduce confusion and enhance consistency. In 
specific health-care systems, practice might currently vary from this protocol (see the main text for details). BWS, Beckwith–Wiedemann syndrome; GOM, gain of 
methylation; LOM, loss of methylation; upd(11)pat, paternal uniparental isodisomy of 11p15.5; USS, ultrasound scan. *Tumour and histotype prevalence data from 
Maas et al.14 and Mussa et al.17; 7 years refers to the risk of Wilms tumour, as hepatoblastoma usually occurs before age 2 years. 

C O N S E N S U S  S TAT E M E N T
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• Tumor types: 
– Wilms tumor
– Hepatoblastoma
– Neuroblastoma
– Rhabdomyosarcoma
– Adrenocortical carcinoma

• Screening is generally 
considered for a tumor risk >5% 
in Europe (>1% in the USA)

• In BWS, screening is stratified 
according to the genotype (not 
recommended for IC2 LOM)

(2) Tumor surveillance strategies
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(2) Tumor surveillance strategies

• Abdominal USS for Wilms tumour screening. 
• Doubtful benefits of AFP screening for 

hepatoblastoma
• Adrenal carcinoma is rare in BWS: there is no data on 

the utility of screening strategies
• Benign adrenal masses are frequent in BWS (cyst, 

adenoma..)

There should be a low 
threshold for investigation in 

response to symptoms or 
parental concern
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Abstract
Beckwith–Wiedemann syndrome (BWS) is a genetic overgrowth and cancer predisposition syn-

drome, associatedwith both benign andmalignant adrenal findings. Literature reviewand an insti-

tutional case series elucidate the wide spectrum of adrenal findings in BWS patients. The altered

expressionof the11p15 region is likely related toadrenal glandhyperplasia andgrowthdysregula-

tion. Given the absence of guidelines formanaging adrenal findings in BWS, we propose a system-

atic approach to adrenal findings in BWS patients, to allow for maximum detection of potentially

malignant pathology without posing additional risk to patients.

K EYWORDS

11p overgrowth, adrenal cytomegaly, adrenal mass, Beckwith–Wiedemann syndrome, cancer

predisposition, isolated hemihypertrophy, tumor screening

1 INTRODUCTION

Beckwith–Wiedemann syndrome (BWS, OMIM #130650) is a genetic

overgrowth and cancer predisposition syndrome characterized by

hemihypertrophy, macroglossia, macrosomia, organomegaly, hyperin-

sulinism, omphalocele/umbilical hernia, and distinct facial features.1

Patients with BWS are also at risk for embyronal tumors such as

Wilms tumor, hepatoblastoma, and neuroblastoma in the first 8 years

of life.1–5 BWS is caused by genetic or epigenetic changes on chro-

mosome 11p15, with either specific gene mutations or changes in

Abbreviations: ACTH, adrenocorticotropic hormone; AFP, alpha-fetoprotein; BWS,

Beckwith–Wiedemann syndrome; CDKN1C, cyclin-dependent kinase inhibitor 1C; COG,

Children’s Oncology Group; DHEAS, dehydroepiandrosterone sulfate; IC1, imprinting center

1; IC2, imprinting center 2; IGF2, insulin-like growth factor 2; LOH, loss of heterozygosity;

IHH, isolated hemihypertrophy;MIBG, meta-iodobenzylguanidine; pUPD11, paternal

uniparental disomy 11

DNA methylation in imprinting centers, known as imprinting center

1, H19/IGF2:IG-DMR (IC1), and imprinting center 2, KCNQ1OT1:TSS-

DMR 2 (IC2), leading to a dysregulation in genes affecting growth.1

BWS is more generally classified as the 11p overgrowth spectrum,

which includes the spectrum of patients from classic BWS to those

with isolated hemihypertrophy (IHH).6,7 For the purposes of these rec-

ommendations, we will henceforward refer only to BWS, but would

recommend these screening guidelines for any patient within the 11p

overgrowth spectrum, including BWS and IHH.

The overall risk of intra-abdominal tumor development in BWS is

somewhere between 5 and 10%.2–5 Patients with BWS are screened

with serial abdominal ultrasounds to evaluate for Wilms tumor and

neuroblastoma, and alpha-fetoprotein (AFP) measurements to eval-

uate for hepatoblastoma, allowing early detection and management

of these high-risk malignancies. Adrenocortical carcinoma is the next

most common tumor type reported; additionally, other malignant

Pediatr Blood Cancer 2017; 64: e26432 c© 2017Wiley Periodicals, Inc. 1 of 8wileyonlinelibrary.com/journal/pbc
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Q5: Tumor Surveillance in your Center 

1. Abdominal US is performed in all the patients
with BWS 

2. Screening is stratified according to the
genotype (IC2 LOM excluded)

3. Different surveillance protocol (CT/MRI/..)
4. I don‘t know
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Expert Opinion
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TAKE HOME MESSAGES
➭ Beckwith-Wiedemann is a known predisposing syndrome for 

adrenocortical carcinoma (ACC). 
- Think about it in case of an adrenal mass or a precocious puberty!

➭ The incidence of brain metastases in ACC is low; the correct management 
is still unknown. 

➭ The biologic behavior of pediatric adrenocortical tumors is difficult to 
predict

➭ Histopathologic classification criteria have a limited role in guiding 
therapeutic decisions

- Prognostic value of the Wieneke score
➭ Incorporating molecular data will maybe help stratify and improve 

outcomes in patients with ACC
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