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Summary
Background Neuroblastoma and Wilms tumour (WT) are common childhood embryonal malignancies. Germline 
2p24 duplication has been reported in several cases of neuroblastoma and WT, either as part of a larger 2p 
duplication or as a microduplication involving just 2p24.3. Although the larger duplications involve many genes, 
including ALK, the microduplications have been localised to a region including MYCN and DDX1.

Methods We analysed Whole Genome Sequence data from adults and children sequenced for various indications. 
We utilised a workflow to extract structural and copy number variants, filtered to include duplications or gains of 
2 kb–20 Mb, including these loci, followed by manual inspection in IGV. Associations were assessed using Fisher’s 
exact test. Penetrance was estimated by Bayesian calculation of the conditional probability of disease.

Findings Among 113,431 genomes, there were 6 participants with a microduplication that included the MYCN locus. 
Of these, two had a diagnosis of WT and one of neuroblastoma. The 2p24.3 microduplication was therefore 
identified in 3/197 with a definite history of WT/neuroblastoma and 3/113,234 without such a history (p < 0.0001). 
Penetrance is estimated to be 13%. Twelve participants were identified with a 2p24.3 microduplication that included 
the DDX1 locus but not MYCN, none of whom received a diagnosis of a childhood embryonal tumour.

Interpretation We have shown that 2p24.3 microduplications that include MYCN predispose to childhood embryonal 
tumours and should be routinely assessed when WT or neuroblastoma predisposition is suspected. We have also 
shown that there does not appear to be any increased incidence of childhood tumours when DDX1 alone is 
duplicated.
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Introduction
Cancers in childhood often have very different under-
lying driving processes in comparison to those in 
adults. The embryonal tumours most commonly occur 
in early childhood and are frequently driven by aberrant 
developmental pathways. 1 As well as a growing under-
standing of the somatic variants and processes that 
drive childhood cancers, there has also been increasing 
awareness of the germline variants that can predispose 
to childhood tumours. These predisposing germline 
variants are broadly related to DNA damage repair 
pathways, cell cycle control/signalling, and develop-
mental pathways. 2 Identifying patients with an under-
lying germline predisposition is crucial, as it can enable

the identification of family members at risk, refine 
subsequent follow-up and screening, and impact treat-
ment decisions, particularly the indication for nephron-
sparing surgery.

Neuroblastoma and Wilms tumour (WT) are two of 
the most common childhood embryonal malignancies. 
Neuroblastoma accounts for 6% of childhood cancer 
cases but 12% of deaths. Half of neuroblastomas are 
high-risk, with a 5-year event-free survival ∼50%. 3 WT 
is the most common form of childhood kidney cancer. 
Kidney tumours represent 5% of all childhood cancers, 
of which 90% are WT. 4 The overall survival is excellent, 
with over 90% at 5-years. However, the <10% of pa-
tients with bilateral tumours, who are more likely to

Research in context

Evidence before this study
Neuroblastoma and Wilm’s tumour are common childhood 
cancers, with familial tumours accounting for 1–2%. The 
underlying genes responsible can be identified in 85% and 
33% of familial cases, respectively, leaving many families 
without a genetic cause when using existing gene panels. 
Germline pathogenic variants can also be found in apparently 
sporadic cases, where there are no other family members 
with that tumour. This occurs either if the child has a de novo 
mutation, newly occurring in that child, or because the 
penetrance is such that not everyone with that gene variant 
will develop childhood tumours.
Neuroblastoma and Wilm’s tumour frequently have somatic 
alterations of MYCN as a driver, usually as either an 
amplification or a gain. There have been previous case 
reports of neuroblastoma and Wilm’s tumour occurring in 
the context of germline duplications on chromosome 2, in a 
multi-gene region, which includes MYCN and DDX1, and also 
ALK in the cases of larger duplications.
A recent guideline paper from the AACR childhood cancer 
predisposition workshop concluded that there was sufficient 
evidence for a child to be eligible for neuroblastoma and 
Wilm’s tumour screening if a germline 2p24.3 
microduplication was identified. However, it was 
acknowledged that the gene responsible for the 
predisposition and its penetrance were unknown at that 
time.
We searched PubMed using the terms “Neuroblastoma OR 
Wilm’s tumour” AND “MYCN” AND “germline OR 
constitutional”. All abstracts were reviewed and yielded 4 
reports of germline microduplications and some further 
reports of germline partial trisomies of 2p, found in children 
diagnosed with either neuroblastoma or Wilm’s tumour. All 
reports of microduplications were included for analysis. The

microduplications were all identified on microarray, 
karyotyping and/or fluorescent in situ hybridisation, and all 
included both the MYCN and DDX1 genes.

Added value of this study
This study set out to test the hypothesis that 
microduplications of 2p24.3 predispose to childhood 
embryonal tumours, and further that, specifically, it is the 
MYCN gene duplication that is responsible. To test this, we 
used the United Kingdom National Genomic Research 
Library, a large library of whole-genome sequencing data, 
which provides much higher resolution than the 
technologies used in the previously reported cases. We show 
that 2p24.3 microduplications that include MYCN predispose 
to developing neuroblastoma and Wilm’s tumour. In our 
study, 2p24.3 microduplication penetrance is estimated as 
13%, which is sufficient to recommend screening by national 
and international guidelines. We show that it is the MYCN 
gene rather than DDX1 responsible for the predisposition and 
that DDX1 duplication alone does not increase the risk of 
childhood embryonal tumours. We also demonstrate that the 
somatic MYCN amplification occurring in the case of MYCN-
amplified neuroblastoma arises at the exact breakpoints of 
the germline duplication, which has not been shown before.

Implications of all the available evidence
We recommend that germline duplication of MYCN is 
considered for inclusion in the germline panels used when 
testing for germline predisposing variants in childhood 
neuroblastoma or Wilm’s tumour. Children identified would 
be eligible for screening programmes, which would aim to 
detect tumours earlier and smaller, and ultimately improve 
outcomes.
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have an underlying germline predisposition, have a 
survival rate of <80% and are at significant risk of 
chronic renal impairment because of treatment. 5

There are known genetic predispositions for both 
neuroblastoma and WT. These include variants in ALK 6 

and PHOX2B 7 for neuroblastoma (accounting between 
them for around 85% of familial tumours), and in WT1, 
REST, TRIM28 and at 11p15 for WT (combined ac-
counting for around 25% of familial tumours). 8,9 Vari-
ants in these genes/regions are identified when patients 
are tested as a result of a variant previously identified 
within their family, because there is a high clinical 
suspicion for an underlying germline predisposition, or 
as part of agnostic Whole Genome Sequencing (WGS). 
Despite these, and other, known predispositions, 10 in 
many familial cases, no variant is identified, and it is 
well-recognised that further inherited predispositions 
have yet to be identified for both cancer types. 8,11 3–4% 
of patients with neuroblastoma and 2% of patients with 
WT have a family history suggesting a possible pre-
disposition, although a specific genetic cause cannot be 
found in up to 15% of these patients with neuroblas-
toma 11 and in up to two-thirds of those with a family 
history of WT. Furthermore, an underlying genetic 
susceptibility can be found in 10% of apparently 
sporadic WT. 8

MYCN encodes the MYCN protein, a proto-
oncogenic MYC family transcription factor. MYCN is 
frequently somatically altered in both neuroblastoma 
and WT (and more rarely in a range of other childhood 
tumours). In neuroblastoma, it is amplified in up to 
25% of cases. MYCN amplification is a criterion 
defining high-risk disease (except in the unusual cir-
cumstances of a localised, resectable tumour with 
MYCN amplification, when it is treated as intermediate-
risk). 12 WT has a more heterogeneous range of MYCN 
alterations that can indicate poorer prognosis, including 
gain, hotspot point mutations and hypomethylation of 
specific loci leading to over-expression of MYCN. 13

Germline 2p24.3 duplication has been observed in 
several cases of Wilms Tumour and neuroblastoma, 
either as part of a larger 2p duplication, 14–17 as a 
microduplication just involving 2p24.3, in 5 cases in 4 
families, 17–20 or an intermediate length 8.6 Mb duplica-
tion including 2p24.3 in one child with neuroblas-
toma. 21 The study by Gillani et al. found 2p24 de novo 
germline/mosaic post-zygotic duplications, including 
MYCN in 2 out of 690 children with neuroblastoma, 
and none in the 8683 other participants who were either 
children with osteosarcoma or Ewing Sarcoma, unaf-
fected parents or adult population controls. Although 
the larger duplications involve many genes, including 
ALK, the microduplications have been localised to a 
region including MYCN and DDX1. It is present in 
gnomAD 4.1.0 with an allele frequency of 1/125,352. 22 

As all reported microduplications involved both the 
MYCN and DDX1 genes, it has not been possible to

know which was responsible for any predisposition. 
Interestingly, all the cases of neuroblastoma with 
germline microduplications, including MYCN, have 
been found to have somatic MYCN high-level 
amplification.

DDX1 is a DEAD box family protein involved in 
DNA repair and RNA processing, and its gene is located 
306 kb from MYCN in a telomeric direction. It is co-
amplified in 50–70% of MYCN-amplified neuroblas-
tomas and may lead to increased dependency on the 
mTOR pathway, 23 although the effect on prognosis, if 
any, is controversial. 24,25

Due to the frequent somatic changes in MYCN and 
the clear association with prognosis when amplified, it 
has been felt most likely that any increased risk of 
cancer in those with a 2p24.3 duplication was due to the 
gain of MYCN rather than the presence of DDX1 within 
the region of duplication, but this has not been proven. 
As described in the recent AACR Childhood Cancer 
predisposition paper on neuroblastoma, the population 
prevalence of 2p24.3 microduplications and the pene-
trance are currently unknown. 26

We sought to systematically understand the preva-
lence of 2p24.3 germline microduplications that 
include MYCN and/or DDX1, and the incidence of 
childhood malignancy in carriers by interrogating a 
large, national Whole Genome Sequencing library.

Methods
Participant cohort
Participants consented to participation in the National 
Genomic Research Library (NGRL), 27 either from 
enrolment in the 100,000 Genomes Project (100kGP) or 
following sequencing as part of the United Kingdom 
National Health Service Genomic Medicine Service 
(NHS GMS). The 100kGP ran between 2015 and 2018, 
recruited participants with either a diagnosis of cancer 
or an undiagnosed rare disease, and all underwent 
Whole Genome Sequencing (WGS). Since 2021, 
eligible patients have had WGS via the NHS GMS 
clinical pathway. Eligibility criteria included many rare 
diseases and several cancer indications; in particular, all 
patients with cancer aged under 25 years at diagnosis 
were eligible. Participants with cancer had both somatic 
and germline samples sequenced. Probands with rare 
diseases had germlines sequenced, as did their close 
family members when feasible. Linked clinical data 
from Hospital Episode Statistics and the National 
Cancer Registry and Analysis Service were available for 
both cancer and rare disease participants in the 
100kGP. Human Phenotype Ontology terms were 
available for those with rare diseases in both 100kGP 
and GMS. Any phenotypes present in <5 participants 
within the NGRL are reported as <5, in accordance with 
the Genomics England data security policy. 28 Neuro-
blastoma is used as an umbrella term to describe both
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neuroblastoma and peripheral neuroblastic tumours, 
such as ganglioneuroblastoma and ganglioneuroma. 
Data governance requirements do not allow us to 
identify if any of the participants in this study have been 
included in previously published reports.

Sequencing pipeline
Sample processing is as previously published. 29,30 

100kGP cancer samples had undergone Illumina’s 
North Star sequencing pipeline (version 2.6.53.23). 
Read alignment against the human reference genome 
GRCh38 (with decoy and EBV contigs) had been per-
formed with ISAAC (version 03.16.02.19). Structural 
variants (SVs) and long indel (>50 bp) had been called 
using Manta (version 0.28.0), and Copy Number Vari-
ants (CNVs) had been called with Canvas (version 
1.3.1).

GMS samples had been passed through the DRA-
GEN pipeline. Samples had been aligned using DRA-
GEN (version 3.2.22). 100kGP cancer genomes had also 
been reanalysed using this pipeline. DRAGEN had also 
been used for germline SV calling, Canvas (1.39) for 
somatic CNV and Manta (version 1.5) for somatic SVs.

Structural variant workflow
The Genomics England Structural Variant workflow 
v3.0 has been developed to extract SV and CNV from 
structural vcf files for specified participants, and it 
provides an output of any SV or CNV that overlap or 
include a specified region. It is written in Nextflow 
DSL2 (version 22.10.5) and utilises containerised R 
(version 4.2.1) (and the RLabKey API), Python 3 
(version 3.11.4) and bcftools (version 1.16). For this 
project, it was supplied with region coordinates span-
ning a region from 70 kb in a telomeric direction of the 
MYCN locus (chromosome 2: 15940550–15947007 us-
ing the latest GRCh38 assembly) to 70 kb in a centro-
meric direction from the DDX1 locus (chromosome 2: 
15591178–15634346). It was run on the entire 100kGP 
rare disease germline cohort, 100kGP cancer cohort 
and entire GMS cohort. SV results were filtered to 
include duplications of between 2 kb and 20 Mb, 
including the MYCN or DDX1 loci, as were CNV gains 
that included the MYCN or DDX1 loci, and then 
manually inspected in Integrative Genomics Viewer 
(IGV) version 2.15.4. Split alignment reads were ana-
lysed using BLAT, 31 which confirmed the tandem 
duplication breakpoints. UCSC Genome Browser was 
used for visualisation. 32

Statistical analysis
Statistical analysis was performed in R (v 4.2.1). Asso-
ciations were assessed using Fisher’s exact test (two-
sided), with a p-value of <0.05 deemed significant. An 
estimate of penetrance was carried out by Bayesian 
calculation of the conditional probability of disease us-
ing the following formula, 33 where D is the presence of

Wilms Tumour or neuroblastoma, G is the presence of
microduplication that includes MYCN and D is the 
absence of Wilms Tumour or neuroblastoma:

P(D|G) = 
P(G|D) × P(D)

P(G|D) × P(D) + P(G|D) × P(D)

Confidence interval for the penetrance estimate was 
calculated using the Clopper-Pearson exact method to 
estimate 95% confidence intervals for the frequency of 
the microduplication, including MYCN, in cases
(P(GǀD)) and controls (P(GǀD)), and then using these 
upper and lower bounds of the confidence intervals to 
calculate upper and lower estimates of the penetrance. 
For the upper bound of the penetrance confidence in-
terval the upper bound for P(GǀD) and the lower bound
for P(GǀD) are used, and for the lower bound of the 
penetrance confidence interval the lower bound for
P(GǀD) and the upper bound for P(GǀD) are used. By 
using the respective pairs of bounds for both P(GǀD)
and P(GǀD), we ensure that the coverage of the confi-
dence interval for the estimation of penetrance will be 
in excess of 95%.

Ethics
The National Genomics Research Library has been 
established following East of England–Cambridge Cen-
tral Research Ethics Committee approval 20/EE/0035. 
This research was conducted in line with Genomics 
England data security and governance policies. All par-
ticipants (or their parents/guardians) had provided 
informed consent to participate in the NGRL. In line 
with the ethics approval, we did not separately seek 
consent for this study, as the data included was approved 
for use by the Genomics England airlock process.

Role of funders
The funders of this study had no role in study design, 
data collection, data analysis, interpretation, or writing 
of the report.

Results
Patient cohort
The National Genomic Research Library had 113,431 
genomes available for analysis in the NGRL (Fig. 1). 
This included 88,143 participants recruited to the 
100kGP (main programme data release version 17), 
including 15,206 whose indication for WGS was cancer, 
who had both somatic and germline sequences avail-
able, and 72,937 who had WGS because of a rare dis-
ease, who had germline sequencing only. Of those 
recruited for cancer, 23 had a WT and 18 had neuro-
blastoma. Of those recruited for rare disease, 25 had a 
history of WT or developed one subsequently, and 15 
had a history of neuroblastoma or developed one sub-
sequently, and this was amongst other diagnoses/
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physical signs that indicated a possible underlying 
syndrome for all but six. Nine of the patients in the 
100kGP rare disease arm with WT or neuroblastoma 
received a genetic diagnosis that explained some or all 
of their features. An additional 25,305 genomes had 
been sequenced as part of the Genomic Medicine Ser-
vice (GMS data release version 3), including 23,545 who 
had germline sequencing for rare disease, of whom five 
had a history of either WT or neuroblastoma, all of 
whom had additional features that had suggested a 
possible syndrome. 1760 were sequenced because of a 
diagnosis of cancer, with both somatic and germline 
sequences available. This included 54 with WT, 57 with 
neuroblastoma, <5 with an unspecified renal tumour in 
children aged <10 years, and 12 children aged <10 years 
with an unspecified tumour type.

2p24.3 microduplication that includes MYCN
The structural variant workflow identified 6 unique par-
ticipants across the combined cohort with a micro-
duplication that included the MYCN locus (Table 1). Of 
these participants, two had a diagnosis of WT (one bilateral, 
one unilateral), and one had a diagnosis of neuroblastoma. 
One participant recruited to the cancer arm was addition-
ally sequenced as a trio as part of the rare disease arm and 
was, therefore, identified twice by the workflow. They are 
counted only once in the following analyses. None of the 
patients with WT or neuroblastoma had documented 
dysmorphic features or neurodevelopmental delay.

Of the three participants who did not have a history 
of a childhood embryonal tumour, one had only a 
subtle copy number rise and was likely mosaic for the 
duplication, and was sequenced as an unaffected parent 
of one of the participants with a childhood tumour. Of 
the other two, one had an enrolment diagnosis of breast 
cancer, and the other had developmental delays and 
multiple dysmorphisms. Clinical data were available 
until the age of nine years for one patient and adult-
hood for two.

A 2p24.3 microduplication that included MYCN was 
therefore identified in 3/197 with a definite history of 
WT/neuroblastoma and 3/113,234 without a known 
history of WT/neuroblastoma (Fisher’s exact test sta-
tistic value is < 0.0001).

Estimate of the penetrance of 2p24.3 
microduplication that includes MYCN
Using published rates of childhood Wilms Tumour 4 

and neuroblastoma 34 in High-Income Countries, we 
estimated a combined incidence of these two tu-
mours during childhood as 2.7/10,000. We used the 
results from this study to estimate the population 
prevalence of the 2p24.3 microduplication that in-
cludes MYCN as being 3/113,234. These were then 
used to estimate penetrance of 13% (95% CI, 
2%–60%) for developing WT/neuroblastoma if there 
is a germline 2p24.3 microduplication that includes 
MYCN.

Fig. 1: Participants included in study cohort by recruitment cohort and indication for whole genome sequencing. Abbreviations: 100kGP, 
100,000 Genomes Project; GMS, Genomic Medicine Service; WT, Wilms Tumour; NOS, not otherwise specified.
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Somatic MYCN changes
All three participants with 2p germline gain and a 
childhood embryonal tumour had a somatic sequence 
available for analysis. The two participants with Wilms 
Tumour each had MYCN gain in their tumours, as in 
the germline (Fig. 2a and b). The participant with 
neuroblastoma had an amplification (>50 copies) of 
MYCN, with breakpoints corresponding to the region of 
gain in the germline (Fig. 2c).

Additional somatic changes
WGS of tumour samples in the participants with either 
a WT or neuroblastoma identified no additional somatic

driver for one participant with WT. The other WT had 
common WT somatic drivers including copy-neutral 
loss of heterozygosity of 11p, heterozygous loss of 
16q, gain of 1q and a disrupting deletion in AMER1 
leading to deletion of exon 1. The neuroblastoma had 
an activating hotspot ALK single nucleotide variant 
(p.Phe1174Leu) and segmental chromosomal abnor-
malities including heterozygous loss of 1p and 17q, and 
gain of 6q, 17q (Table 1).

Microduplication that includes DDX1 but not MYCN
Previous case reports of 2p24.3 microduplications and 
embryonal tumours have all included both the MYCN

Participant 5 ′ Breakpoint 3 ′ Breakpoint Genes included Childhood
tumour

Somatic MYCN 
change

Other somatic 
drivers

MYCN_01 15,514,487 16,012,319 Part of NBAS, DDX1, LINC01804, MYCN, MYCNOS Bilateral WT MYCN gain Nil
MYCN_02 15,478,041 16,159,837 Part of NBAS, DDX1, LINC01804, MYCN, MYCNOS,

part of GACAT3
Unilateral WT MYCN gain CNLOH 11p

Loss of 16q
Gain of 1q 
Deletion of exon 1 
AMER1

MYCN_03 15,846,220 17,332,343 MYCN, MYCNOS, GACAT3, FAM49A Neuroblastoma MYCN
amplification

Hotspot ALK SNV 
Gain of 6q, 17q 
Loss of 1p, 10q 

MYCN_04 15,514,487 16,012,319 Part of NBAS, DDX1, LINC01804, MYCN, MYCNOS No tumour N/A N/A
MYCN_05 15,629,926 16,071,956 Part of DDX1, LINC01804, MYCN, MYCNOS,

part of GACAT3
No tumour N/A N/A

MYCN_06 15,366,588 16,023,870 Part of NBAS, DDX1, LINC01804, MYCN, MYCNOS No tumour N/A N/A

Abbreviations: CNLOH, Copy Neutral Loss of Heterozygosity; SNV, Single Nucleotide Variant.

Table 1: Participants identified with a 2p24.3 microduplication that included MYCN locus.

Fig. 2: a–c: IGV images showing germline and somatic coverage and alignments for each tumour associated with germline 2p24.3 micro-
duplication that included MYCN. (a and b) are sequences from participants who developed a WT. (c) sequences from a participant who 
developed neuroblastoma. (d): UCSC Genome Browser image showing all participants with a 2p24.3 duplication including MYCN and/or 
DDX1.
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and DDX1 loci within the area of microduplication, and 
it was, therefore, not possible to distinguish if the 
DDX1 gene, MYCN gene or both were responsible for 
the predisposition to embryonal tumours. We therefore 
sought to identify participants with microduplications 
that included the DDX1 locus but not MYCN.

Twelve participants were identified with a micro-
duplication that included the DDX1 locus but not the 
MYCN locus (Table 2). None of these participants had 
received a diagnosis of a childhood embryonal tumour. 
Six had been recruited for indication of rare disease 
(one with ataxia, one with a connective tissue disorder, 
one with visual impairment, one with a history of fa-
milial breast cancer, one with muscular dystrophy and 
one with developmental delay), five were unaffected 
parents, and one had colon cancer. Among the 12 
participants, there were four pairs where an unaffected 
parent and a proband both had the duplication, three 
probands who did not have trio testing and an unaf-
fected parent whose affected relative did not have the 
duplication. In no cases had the DDX1 duplication been 
interpreted by their clinical team as causative for a 
phenotype. For four of the six participants with a rare 
disease, an alternative genetic diagnosis for their 
phenotype had been identified through WGS. Seven 
participants had a duplication with the same break-
points, and a region of GGAG microhomology was 
identified at each breakpoint. Of these patients, clinical 
follow-up data was available until the age of seven years 
for a single patient, age 11 years for two patients, 
adulthood for eight patients and one patient died aged 
<5 years. Only the microduplication for participant 
DDX1_03 was present in gnomAD 4.1.0 with an allele 
frequency of 1/126,092. 22

Discussion
We have demonstrated that patients with micro-
duplications of the MYCN locus have a raised incidence 
of childhood WT and neuroblastoma and that these

microduplications are extremely rare in the general 
population. We estimated the penetrance to be 13% 
based on our data. This would be in line with many 
other Wilms Tumour and neuroblastoma predisposi-
tion genes, which lead to increased risk for these 
embryonal tumours during a narrow window of devel-
opment in early childhood. Although there are some 
predisposition genes with a very high penetrance (such 
as most WT1 variants for WT predisposition or ALK 
activating variants for neuroblastoma both with pene-
trance of ≥50%), there are many with intermediate 
penetrance where screening is recommended, such as 
Simpson-Golabi Behmel syndrome from GPC3/4 vari-
ants (estimated 5% risk of WT and 5% of hepato-
blastoma), Beckwith-Weidemann Syndrome (estimated 
WT risks of <1–20% depending on genetic aetiology), 
Bohring-Opitz Syndrome from ASXL1 variants (esti-
mated WT risk of 7%) and PHOX2B variants (estimated 
risk of neuroblastoma of 5%).

We have shown that although DDX1 had previously 
been implicated as potentially involved, there does not 
appear to be any increased incidence of childhood tu-
mours when DDX1 alone is duplicated. This supports 
the hypothesis that it is MYCN that is responsible for 
the excess risk in patients with 2p gains. We would not 
recommend that the presence of a DDX1 duplication 
without MYCN duplication be an indication for 
surveillance or screening.

All the unrelated participants identified in this study 
with a duplication, including MYCN, had different 
breakpoints. There were no consistent regions of 
microhomology that suggested the mechanism for this 
duplication. The germline duplication appears to be an 
intrachromosomal tandem duplication. Intriguingly, 
the somatic amplification shares the exact same 
breakpoints as the germline duplication. Early FISH 
studies of MYCN amplification in neuroblastoma cell 
lines reported deletion of the MYCN sequence from 
one chromosome 2, which corresponded precisely to 
the amplified sequence on the other chromosome 2,

Participant 5 ′ Breakpoint 3 ′ Breakpoint Genes included Childhood tumour

DDX1_01 15,572,502 15,785,894 DDX1, LINC01804 No tumour
DDX1_02 15,572,502 15,785,894 DDX1, LINC01804 No tumour
DDX1_03 14,869,110 15,767,826 NBAS, DDX1, LINC01804 No tumour
DDX1_04 15,535,429 15,691,141 Part of NBAS, DDX1, Part of LINC01804 No tumour
DDX1_05 15,515,999 15,770,440 Part of NBAS, DDX1, LINC01804 No tumour
DDX1_06 15,515,999 15,770,440 Part of NBAS, DDX1, LINC01804 No tumour
DDX1_07 15,535,429 15,691,141 Part of NBAS, DDX1, Part of LINC01804 No tumour
DDX1_08 15,535,429 15,691,141 Part of NBAS, DDX1, Part of LINC01804 No tumour
DDX1_09 15,535,429 15,691,141 Part of NBAS, DDX1, Part of LINC01804 No tumour
DDX1_10 15,535,429 15,691,141 Part of NBAS, DDX1, Part of LINC01804 No tumour
DDX1_11 15,535,429 15,691,141 Part of NBAS, DDX1, Part of LINC01804 No tumour
DDX1_12 15,535,429 15,691,141 Part of NBAS, DDX1, Part of LINC01804 No tumour

Table 2: Participants identified with a 2p24 microduplication that included DDX1 locus but not MYCN locus.
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which is now a recognised feature of extrachromosomal 
amplifications. 35 The shared breakpoint suggests the 
duplication predisposes to a structural mechanism of 
amplification (for example, non-allelic homologous 
recombination with additional risk via the additional 
copy of the tandem breakpoint) and not just a biological 
one caused by over-expression of MYCN. Further work 
is planned to confirm if the case with subsequent 
somatic amplification of this region has an intra-
chromosomal amplification or is present as extrachro-
mosomal DNA. Both mechanisms have been reported 
in sporadic neuroblastoma with MYCN amplification, 
although extrachromosomal DNA is more common in 
tumours, and intrachromosomal amplification is more 
common in cell lines. Understanding the mechanism 
of amplification in these cases with germline duplica-
tion might provide insights into the mechanisms in 
sporadic cases.

A strength of this study is that we were able to apply 
a consistent pipeline across a very large cohort of par-
ticipants from many hospitals across the United 
Kingdom, but who were sequenced centrally with 
harmonised sample processing and bioinformatics 
pipelines. This gives confidence to our assertion that 
this duplication is very rare in the general population. 
Limitations of this include the relatively small number 
of patients with a history of WT or neuroblastoma, and, 
having shown the rarity of this duplication in the gen-
eral population, follow-up studies in larger disease-
specific cohorts may be warranted, and the potential 
for bias, as most participants were recruited either for 
cancer or rare disease.

For patients with genetic predispositions to WT 
and/or neuroblastoma, surveillance is recommended 
during the crucial period of development, where 
neuroblastoma and WT are most likely to develop. 
When WT screening is recommended, both the SIOP 
Renal Tumour Working group 36 and AACR 9 suggest 
this is done with three monthly renal ultrasound 
scans from birth to the age of seven years. Neuro-
blastoma predisposition screening recommendations 
vary, but the current AACR recommendation 26 is for 
screening with abdominal US, urine HVA/VMA and 
chest radiographs. This is done three monthly from 
birth to the age of six years, and six monthly from six 
to the age of ten years. The intention would be that 
earlier diagnosis would enable detection of lower 
stages at diagnosis and hopefully improve survival. 
For patients with WT, the lower stage is also of vital 
importance for increasing the chances of successful 
nephron-sparing surgery in cases where bilateral WT 
develops. We recommend 2p24.3 microduplications 
that include MYCN should be considered for inclu-
sion in germline childhood cancer predisposition 
panels for routine assessment when a WT or 
neuroblastoma predisposition is suspected.

Contributors
Catherine A. Taylor -conceptualisation, literature search, data analysis, 
data interpretation, writing.

Philippa May—data analysis, data interpretation, writing—review 
and editing.

Thomas J. Stone—data analysis, writing—review and editing. 
Munaza Ahmed—data interpretation.
Tanzina Chowdhury–data interpretation, writing—review and 

editing.
Deborah Tweddle–data interpretation, writing—review and editing. 
Shaun Wilson–data interpretation.
Ken Hanscombe–software.
J. Ciaran Hutchinson—data analysis, data interpretation.
Jessica C. Pickles—supervision, data analysis, data interpretation, 

writing—review and editing.
Neil J. Sebire–supervision.
Thomas S. Jacques—supervision, study design, data interpretation, 

writing—review and editing.
All authors read and approved the final version of the manuscript. 

All underlying data was accessed and verified by authors, including 
Catherine Taylor and Philippa May.

Data sharing statement
Research on the de-identified patient data used in this publication can 
be carried out in the Genomics England Research Environment subject 
to a collaborative agreement that adheres to patient-led governance. All 
interested readers will be able to access the data in the same manner 
that the authors accessed the data. For more information about 
accessing the data, interested readers may contact research-network@ 

genomicsengland.co.uk or access the relevant information on the 
Genomics England website: https://www.genomicsengland.co.uk/ 
research.

Declaration of interests
CT was supported by a PhD studentship from the UCL Great Ormond 
Street Institute of Child Health Child Health Research CIO. NS and TJ 
were supervisors of this studentship. JCP is funded by a “New Roads” 
grant from Cancer Research UK. JCH has received payment for expert 
testimony from the UK Crown Prosecution Service and support to 
attend meetings from Cirdan Imaging Ltd. SW has received consulting 
fees from Norgine and honoraria for lecture from Bayer. TJ has grants 
from the Brain Tumour Charity, Cancer Research UK and the Olivia 
Hodson Cancer Fund; has received consulting fees from the National 
Institute of Clinical Excellence; and is on the expert editorial panel of 
the WHO Classification of Tumours and a member of the cIMPACT-
NOW consortium; and was the lead for the Children’s Solid Tumour 
domain of the Genomics England Clinical Interpretation Partnership 
(GeCIP). KH is employed by Genomics England Ltd. DT has received 
conference travel support from Recordati Rare Diseases. The other 
authors have no relevant declarations of interest.

Acknowledgements
This research was made possible through access to data in the National 
Genomic Research Library, which is managed by Genomics England 
Limited (a wholly-owned company of the Department of Health and 
Social Care). The National Genomic Research Library holds data pro-
vided by patients and collected by the NHS as part of their care and data 
collected as part of their participation in research. The National 
Genomic Research Library is funded by the National Institute for 
Health Research and NHS England. The Wellcome Trust, Cancer 
Research UK, and the Medical Research Council have also funded 
research infrastructure.

This work was funded by a UCL Great Ormond Street Institute of 
Child Health Child Health Research CIO PhD Studentship to CT. We 
are also grateful for funding to our laboratory from the Brain Tumour 
Charity, Children with Cancer UK, Great Ormond Street Hospital 
Children’s Charity, Olivia Hodson Cancer Fund, Cancer Research UK 
and the National Institute for Health Research. All research at Great 
Ormond Street Hospital NHS Foundation Trust and UCL Great

Articles

8 www.thelancet.com Vol 124 February, 2026

mailto:research-network@genomicsengland.co.uk
mailto:research-network@genomicsengland.co.uk
https://www.genomicsengland.co.uk/research
https://www.genomicsengland.co.uk/research
http://www.thelancet.com


Ormond Street Institute of Child Health is made possible by the NIHR 
Great Ormond Street Hospital Biomedical Research Centre. The views 
expressed are those of the author(s) and not necessarily those of the 
NHS, the NIHR or the Department of Health.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi. 
org/10.1016/j.ebiom.2026.106132.

References
1 Oliver TRW, Behjati S. Developmental dysregulation of childhood

cancer. Cold Spring Harb Perspect Med. 2024;14:a041580.
2 Capasso M, Montella A, Tirelli M, Maiorino T, Cantalupo S,

Iolascon A. Genetic predisposition to solid pediatric cancers. Front 
Oncol. 2020;10:590033.

3 Irwin MS, Naranjo A, Zhang FF, et al. Revised neuroblastoma risk 
classification system: a report from the Children’s Oncology 
Group. J Clin Oncol. 2021;39(29):3229–3241.

4 Nakata K, Colombet M, Stiller CA, Pritchard-Jones K, Steliarova-
Foucher E, IICC-3 Contributors. Incidence of childhood renal 
tumours: an international population-based study. Int J Cancer. 
2020;147(12):3313–3327.

5 Han Q, Li K, Dong K, Xiao X, Yao W, Liu G. Clinical features, 
treatment, and outcomes of bilateral Wilms’ tumor: a systematic 
review and meta-analysis. J Pediatr Surg. 2018;53(12):2465–2469.

6 Mossé YP, Laudenslager M, Longo L, et al. Identification of ALK as 
a major familial neuroblastoma predisposition gene. Nature. 
2008;455(7215):930–935.

7 Mosse YP, Laudenslager M, Khazi D, et al. Germline PHOX2B 
mutation in hereditary Neuroblastoma. Am J Hum Genet. 
2004;75(4):727–730.

8 Mahamdallie S, Yost S, Poyastro-Pearson E, et al. Identification of 
new Wilms tumour predisposition genes: an exome sequencing 
study. Lancet Child Adolesc Health. 2019;3(5):322–331.

9 Kalish JM, Becktell KD, Bougeard G, et al. Update on surveillance for 
Wilms tumor and hepatoblastoma in Beckwith-Wiedemann Syn-
drome and other predisposition syndromes. Clin Cancer Res. 2024;25. 

10 Brzezinski JJ, Becktell KD, Bougeard G, et al. Update on surveil-
lance guidelines in emerging Wilms tumor predisposition syn-
dromes. Clin Cancer Res. 2025;31(1):18–24. 

11 Ritenour LE, Randall MP, Bosse KR, Diskin SJ. Genetic suscepti-
bility to neuroblastoma: current knowledge and future directions. 
Cell Tissue Res. 2018;372(2):287–307. 

12 Cohn SL, Pearson ADJ, London WB, et al. The International 
Neuroblastoma Risk Group (INRG) classification system: an INRG 
Task force report. J Clin Oncol. 2009;27(2):289–297. 

13 Williams RD, Chagtai T, Alcaide-German M, et al. Multiple 
mechanisms of MYCN dysregulation in Wilms tumour. Onco-
target. 2015;6(9):7232–7243. 

14 Lipska BS, Koczkowska M, Wierzba J, et al. On the significance of 
germline cytogenetic rearrangements at MYCN locus in neuro-
blastoma. Mol Cytogenet. 2013;6(1):43. 

15 Morgenstern DA, Soh SY, Stavropoulos DJ, et al. Metachronous 
neuroblastoma in an infant with germline translocation resulting 
in partial trisomy 2p: a role for ALK? J Pediatr Hematol Oncol. 
2014;36(3):e193–e196. 

16 Yuksel A, Seven M, Karaman B, et al. Neuroblastoma in a dys-
morphic girl with a partial duplication of 2p caused by an unbal-
anced translocation: clinical dysmorphology. Clin Dysmorphol. 
2002;11(1):39–42. 

17 Gillani R, Collins RL, Crowdis J, et al. Rare germline structural 
variants increase risk for pediatric solid tumors. Science. 
2025;387(6729):eadq0071.

18 Van Mater D, Knelson EH, Kaiser-Rogers KA, Armstrong MB. 
Neuroblastoma in a pediatric patient with a microduplication of 2p 
involving the MYCN locus. Am J Med Genet A. 2013;161(3): 
605–610. 

19 Fievet A, Belaud-Rotureau MA, Dugay F, et al. Involvement of 
germline DDX1-MYCN duplication in inherited nephroblastoma. 
Eur J Med Genet. 2013;56(12):643–647. 

20 Micale MA, Embrey B, Macknis JK, Harper CE, Aughton DJ. 
Constitutional 560.49 kb chromosome 2p24.3 duplication 
including the MYCN gene identified by SNP chromosome 
microarray analysis in a child with multiple congenital anomalies 
and bilateral Wilms tumor. Eur J Med Genet. 2016;59(12):618–623. 

21 Egolf LE, Vaksman Z, Lopez G, et al. Germline 16p11.2 micro-
deletion predisposes to neuroblastoma. Am J Hum Genet. 
2019;105(3):658–668. 

22 Karczewski KJ, Francioli LC, Tiao G, et al. The mutational 
constraint spectrum quantified from variation in 141,456 humans. 
Nature. 2020;581(7809):434–443. 

23 Bei Y, Bramé L, Kirchner M, et al. Passenger gene coamplifications 
create collateral therapeutic vulnerabilities in cancer. Cancer Dis-
cov. 2024;14(3):492–507. 

24 De Preter K, Speleman F, Combaret V, et al. No evidence for 
correlation of DDX1 gene amplification with improved survival 
probability in patients with MYCN -amplified neuroblastomas. 
J Child Orthop. 2005;23(13):3167–3170. 

25 Scott D, Elsden J, Pearson A, Lunec J. Genes co-amplified with 
MYCN in neuroblastoma: silent passengers or co-determinants of 
phenotype? Cancer Lett. 2003;197(1–2):81–86. 

26 Kamihara J, Diller LR, Foulkes WD, et al. Neuroblastoma predis-
position and surveillance—an update from the 2023 AACR child-
hood cancer predisposition workshop. Clin Cancer Res. 
2024;30:3137–3143. 

27 Genomics England. The national genomic research Library v5.1. 
Figshare; 2020 [cited 2025 May 28]. Available from: https://figshare. 
com/articles/dataset/GenomicEnglandProtocol_pdf/4530893/7. 

28 Genomics England. Airlock Policy, version 2 [cited 2025 Feb 7]. 
Available from: https://www.genomicsengland.co.uk/assets/ 
documents/Airlock-Policy-August-2020.pdf; 2020. 

29 Sosinsky A, Ambrose J, Cross W, et al. Insights for precision 
oncology from the integration of genomic and clinical data of 13, 
880 tumors from the 100,000 Genomes Cancer Programme. Nat 
Med. 2024;30(1):279–289. 

30 100000 Genomes Project Pilot Investigators, Smedley D, 
Smith KR, et al. 100,000 genomes pilot on rare-disease diagnosis in 
health care — preliminary report. N Engl J Med. 2021;385(20): 
1868–1880. 

31 Kent WJ. BLAT —The BLAST -like alignment tool. Genome Res. 
2002;12(4):656–664. 

32 Perez G, Barber GP, Benet-Pages A, et al. The UCSC Genome 
Browser database: 2025 update. Nucleic Acids Res. 
2025;53(D1):D1243–D1249. 

33 Rosenfeld JA, Coe BP, Eichler EE, Cuckle H, Shaffer LG. Estimates 
of penetrance for recurrent pathogenic copy-number variations. 
Genet Med. 2013;15(6):478–481. 

34 Van Heerden J, Abraham N, Schoeman J, Reynders D, Singh E, 
Kruger M. Reporting incidences of neuroblastoma in various 
resource settings. JCO Glob Oncol. 2021;7(7):947–964. 

35 Storlazzi CT, Lonoce A, Guastadisegni MC, et al. Gene amplifi-
cation as double minutes or homogeneously staining regions in 
solid tumors: origin and structure. Genome Res. 
2010;20(9):1198–1206. 

36 Hol JA, Jewell R, Chowdhury T, et al. Wilms tumour surveillance 
in at-risk children: literature review and recommendations from 
the SIOP-Europe Host Genome Working Group and SIOP Renal 
Tumour Study Group. Eur J Cancer. 2021;153:51–63.

Articles

www.thelancet.com Vol 124 February, 2026 9

https://doi.org/10.1016/j.ebiom.2026.106132
https://doi.org/10.1016/j.ebiom.2026.106132
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref1
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref1
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref2
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref2
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref2
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref3
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref3
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref3
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref4
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref4
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref4
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref4
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref5
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref5
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref5
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref6
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref6
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref6
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref7
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref7
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref7
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref8
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref8
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref8
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref9
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref9
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref9
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref10
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref10
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref10
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref11
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref11
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref11
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref12
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref12
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref12
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref13
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref13
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref13
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref14
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref14
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref14
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref15
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref15
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref15
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref15
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref16
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref16
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref16
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref16
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref17
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref17
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref17
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref18
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref18
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref18
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref18
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref19
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref19
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref19
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref20
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref20
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref20
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref20
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref20
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref21
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref21
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref21
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref22
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref22
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref22
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref23
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref23
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref23
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref24
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref24
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref24
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref24
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref25
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref25
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref25
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref26
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref26
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref26
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref26
https://figshare.com/articles/dataset/GenomicEnglandProtocol_pdf/4530893/7
https://figshare.com/articles/dataset/GenomicEnglandProtocol_pdf/4530893/7
https://www.genomicsengland.co.uk/assets/documents/Airlock%2DPolicy%2DAugust%2D2020.pdf
https://www.genomicsengland.co.uk/assets/documents/Airlock%2DPolicy%2DAugust%2D2020.pdf
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref29
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref29
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref29
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref29
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref30
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref30
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref30
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref30
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref31
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref31
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref32
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref32
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref32
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref33
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref33
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref33
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref34
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref34
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref34
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref35
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref35
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref35
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref35
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref36
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref36
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref36
http://refhub.elsevier.com/S2352-3964(26)00013-7/sref36
http://www.thelancet.com

	Germline duplication of MYCN predisposes to childhood embryonal tumours
	Introduction
	Methods
	Participant cohort
	Sequencing pipeline
	Structural variant workflow
	Statistical analysis
	Ethics
	Role of funders

	Results
	Patient cohort
	2p24.3 microduplication that includes MYCN
	Estimate of the penetrance of 2p24.3 microduplication that includes MYCN
	Somatic MYCN changes
	Additional somatic changes
	Microduplication that includes DDX1 but not MYCN

	Discussion
	Contributors
	Data sharing statement
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


