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A B S T R A C T

Childhood cancers are increasingly recognised as disorders of tissue growth and development, through early life 
into adulthood. A rising proportion are currently considered to be related to a familial predisposition or asso
ciated with identified genetic mutations in predisposition genes. Their threat to life and risk of associated serious 
disability at diagnosis and need for complex life saving therapies makes them a research priority. Inadequate 
progress has been made in diagnosing childhood cancers earlier within global health systems, which means that 
their clinical presentations are either missed altogether or constitute high risk emergencies. Whilst knowledge of 
tumour biology has improved dramatically over the last decade due to the expansion in research technologies 
directed at innovative approaches to prognostication and treatment. A concerted research initiative to apply this 
knowledge to making the diagnosis of childhood cancers at earlier points in tumourgenesis has not developed. 
The risk for a child getting a cancer by the age of 5 is equivalent to the risks of the conditions selected as part of 
newborn population screening for rare inherited health conditions and is nearly 3 times that at age 18 years. We 
are proposing that research directed at accelerating cancer diagnosis for children by focussing upon feasibility 
and acceptability of linking targeted surveillance with population screening for all childhood cancers. This would 
be supported by enhanced public and professional awareness of a child’s risks of cancer and the range of clinical 
presentations. We suggest this must now be a top priority for research because of the potential for improving 
outcomes for treatment of all types of cancer and reducing the burden of disability and late effects of therapy.
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1. Introduction

In recent years, research into early detection and prevention of adult 
cancer has rapidly expanded, seeking ways to anticipate the clinical 
presentation of cancer in order to offer earlier intervention and improve 
outcomes [1–3]. This strategy is justified by the high lifelong risk of 
cancer development, the recognition that many cancers have a 

prolonged pre-diagnostic interval measured in years or decades, the 
adverse consequences on outcomes associated with prolonged diag
nostic intervals [4] and the expansion of improved and increasingly 
targeted treatments [5]. There are also powerful arguments that early 
detection and prevention are vitally important in childhood cancer (text 
box 1).

Despite these benefits, proposing a similar approach in childhood 

Fig. 1. a: This figure shows the population proportion, anatomical distribution and ranked symptom clusters for eleven recognised child cancer groups from the ICD 
-O (excluding miscellaneous) and Langerhans Cell Histiocytosis. (https://seer.cancer.gov/iccc/iccc3.html). Fig. 1b: This figures shows the correlation between host 
tissue growth rates in childhood and age incidence of childhood cancers supporting the hypothesis that tissue growth rates interact with age related risks of cancer 
presentation. [13,14]. Fig. 1c: This compares the population age incidence of cancer during childhood to population incidence of “screened-for” inherited condi
tions [15].
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cancer has been constrained by a number of arguments that raise con
cerns for policymakers. They include: 1) childhood cancers are too rare 
to justify screening; 2) the pre-diagnostic period for childhood cancer is 
too short; 3) surveillance and screening for childhood cancer will not 
lead to better outcomes; 4) the risks of screening are unacceptable to 
families and healthcare professionals, and 5) screening for cancer in 
childhood is not economically justified [6–8]

As a consequence of dialogue between childhood cancer research 
clinicians and specialist patient advocates, we aim to present arguments 

to justify a reappraisal of these attitudes. By addressing each of these 
concerns in turn we will identify key areas requiring further research 
and investment to offer the possibility that childhood cancers are not left 
behind in the early cancer detection and prevention revolution.

2. Are childhood cancers too rare to justify screening?

The summary infographic (Fig. 1a,b &c) identifies the childhood 
cancer groups, their anatomical distribution and symptom clusters 

Fig. 1. (continued).
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(Fig. 1a), the correlation with tissue growth patterns and age-incidence 
patterns of cancer types and age incidence of cancer risk across child
hood (Fig. 1b), and the relative risk of age-related cancer incidence with 
the population incidence of “screened-for inherited health conditions 
(Fig. 1c). Without treatment, all childhood cancers are associated with a 
short life expectancy, distressing symptomatology and the high risk of 
progressive disability leading to great distress for the child and family 
[9]. Currently treatments in high income countries offer > 80 % lifelong 
cure rates with timely diagnosis and intensive treatments. Prognosis in 
low and middle income countries differ markedly, determined by a wide 
range of cultural, political and health system factors [10]. It is notable 
that a child’s risk of cancer is relatively consistent, globally [11]. Se
lection of a suitable screening method is not without risk as it must be 
acknowledged that there are marked differences in penetrance of diag
nostic markers for inherited genetic /metabolic conditions and pene
trance of genetic markers of cancer susceptibility genes in affected 
individuals, which are lower still for individuals with pathogenic/likely 
pathogenic (P/LP) variations. Furthermore, the timing of predictive 
biosamples for genetic / metabolic conditions are reliable at birth but for 
childhood cancers are largely unexplored [12].

3. Is the pre-diagnostic period too short?

The genetic and developmental origins of childhood cancers diverge 
from their adult counterparts. Most tumours in adults result from the 
cumulative acquisition of mutations associated with ageing, coupled 
with lifestyle factors over decades of life. Childhood cancers are not 
generally considered a product of preventable, postnatal, environmental 
factors although exceptions do exist including infection exposure in 
acute lymphoblastic leukaemia (ALL), maternal drug and radiation 

exposure in utero, as well as environmental radiation exposures during 
childhood [16,17]. In contrast, childhood embryonal tumours often 
arise as a result of abnormal tissue embryogenesis, and as technologies 
have improved, have increasingly been found to occur on the back
ground of a combination of tissue susceptibility linked to developmental 
growth rates reflected in epigenetic changes in host tissues and 
increased genetic predisposition [14]. The age distribution of different 
types of childhood cancers has been increasingly studied as part of the 
molecular characterisation of tumour for prognostication of risk groups. 
Peaks in incidence of tumour sub-type correlate with specific develop
mental / age eras, which in the major childhood brain tumour types in 
the cerebellum (medulloblastoma, ependymoma and astrocytoma) have 
been shown to correlate with steps in embryogenesis of specific 
anatomical brain structures [18] There are other examples of this phe
nomenonology. Study of this age / developmental stratification of tissue 
vulnerability to cancer development offers a framework therefore for 
understanding the timing of markers as candidates for steps in early 
oncogenesis and prognostication for targeted therapy. These steps have 
been studied intensively for the latter purpose but have not, as yet, been 
systematically studied for the former [19]. From this evidence therefore 
there seems to be every reason to predict that there is time to predict 
whether a child will develop cancer with the right test, at the right time, 
during their childhood.

4. Surveillance, screening and enhancing awareness of 
childhood cancer will not lead to better outcomes

Childhood cancer at presentation threatens immediate loss of life and 
acquired disability with rapidly advancing symptoms. This justifies the 
need for rapid access to life saving interventions to stabilise tumour- 

Fig. 1. (continued).
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related threats of severe anaemia, infectious, haemorrhagic and meta
bolic risks, physical threats of tumour masses causing raised intra- 
cranial pressure, as well as facial, cervical, thoracic, abdominal, geni
tal, spinal and bone and soft tissue expansive / invasive / compressive 
symptoms [20,21] Earlier intervention offers prevention or early 
reversal of malnutrition, pain and support for the patient and their 
family with information and preservation / restoration of access to peer 
group activities for the young patient in education and training. The 
earlier the diagnosis, the greater the opportunity to prevent or relieve 
these immediate risks. Earlier detection also offers down staging of tu
mours to smaller less disseminated tumours suitable for less intensive 
treatment strategies and enhanced long term cure rates. It cannot offer, 
with current knowledge, downgrading of tumours to less aggressive / 
more sensitive phenotypes with current therapies. It may offer the 
identification of markers for innovative targeted therapies applied at a 
time when the tumour is at an early stage of genesis and a minimised 
bulk of disease [22–24]

In considering how surveillance and screening for childhood cancer 
could work, we will describe examples of evidence to support current 
practice of targeted surveillance of at risk children (See supplementary 
materials) and their families. We will go on to consider how population 
screening for biomarkers indicating the presence of pre-malignant or 
malignant disease could be introduced in line with newborn screening. 
Both these approaches require a persistent effort to enhance and sustain 
public and professional awareness of the risks and symptoms of child
hood cancer to complement the targeted approaches to surveillance and 
population screening.

5. Surveillance for inherited germline genetic variation

Traditionally, testing for cancer predisposition syndromes has been 
triggered when clinical details such as a positive family history, 
phenotypic clinical features and chromosomal abnormalities are iden
tified as part of diagnostic testing of clinical abnormalities in early life. 
The wider use of genomic testing has shown that such approaches will 
underperform [25] as such mutations are now being recognised inde
pendent of clinical and historical features in an increasing proportion of 
childhood cancers. The range of predisposing germline mutations in 
children presenting with cancer is expanding, with reports of 4–10 %, 
overall, and 50–80 % in certain cancer types (e.g. Retinoblastoma, 
Adrenocortical carcinoma, Choroid Plexus Carcinoma, Pleuro
pulmonary Blastoma)[26,27]. A contemporary list of recognised pre
disposition syndromes and the tumour types where imaging surveillance 
is recommended is shown in Table A (Supplementary Materials).

Surveillance strategies depend upon the tumour types being antici
pated. For leukemias, blood count and marrow surveillance is used but 
the speed of acute leukaemia evolution can sometimes be rapid with 
children presenting symptomatically between clinic visits. Clinical sur
veillance with parental or clinician examination +/- imaging for solid 
tumours is established practice in selected situations but there is 
currently a varied approach as to who has responsibility for its coordi
nation between geneticists, oncologists, organ specialists, imaging spe
cialists and paediatricians. Consensus protocols are emerging to act as 
guidance [22]. Public and professional awareness programmes to 
disseminate this enhanced clinical standard of practice are needed in 
parallel with awareness programmes of cancer symptomatology. Where 
there is the greatest motivation is when targeted treatments are avail
able and summarised in Table 1.

Increased routine testing of children with cancer for mutations in 
predisposition genes is identifying additional individuals/family mem
bers at increased cancer risk, including those with pathogenic/likely 
pathogenic (P/LP) variants, who are now considered eligible for sur
veillance. Currently, data surrounding the risks for these individuals is 
sparse, limited by understanding of the significance of these variants in 
the normal population. There is a risk of over estimating cancer risks 
when studied within families identified with cancers [6,26]. The 

anticipated move towards widespread whole genome sequencing, 
accompanied by rapid advances in machine learning suggest that tools 
to integrate multiple variants into a personalised composite risk score 
could be developed as part of the research initiative [26].

We conclude that the established practice of surveillance of pre- 
disposition states provides ample evidence that efforts to detect cancer 
in childhood earlier are already justified and growing experience will 
contribute important information about patterns of tumour develop
ment under observation that is not currently available when, for the 
majority of cases, they present acutely. Extension of this approach to 
whole population screening will become the next step to be justified by 
this growing clinical and research evidence [28]

6. Population screening for pre-malignant or malignant disease

Population screening as currently proposed would most likely be 
based initially upon analysis of newborn blood samples searching for 
sporadic or inherited mutations affecting developmental tissues that are 
recognised as contributory to the risk of cancer development in child
hood [18,19,29,30,31]). In addition to DNA mutations, changes in DNA 
methylation patterns and copy number aberrations as well as the impact 
of the in-utero environment and variation in immune response are 
considered to contribute to cancer development. How the detection of 
such patterns of methylation in early life samples remains to be under
stood [19,26,31]. On the one hand, it is known that DNA methylation 
patterns change during fetal development and over the first year of life 

Table 1 
Predisposition groups with targeted interventions in practice, under trial or 
proposed adapted from Brodeur et al. [22] (See supplementary materials).

Predisposition group Surveillance method Intervention proposals / 
practice

Li-Fraumeni Syndrome 
(LFS)

LFS (TP53) 
Whole body MR 
surveillance

TP53 targeted therapy trials

Neurofibromatoses NF1 optic pathway 
glioma vision and 
imaging surveillance 
NF2 acoustic neuroma 
hearing and imaging 
surveillance

Chemotherapy and 
MAPKinase inhibitors trials 
to prevent vision loss 
Bevacizumab (Avastin) to 
prevent hearing loss

Overgrowth 
syndromes/ Familial 
Wilms tumour

Wilms tumour 
abdominal examination 
and imaging surveillance

Chemotherapy for 
nephroblastomatosis.

Neural tumour 
syndromes

RB1 newborn screening 
& lifelong whole body 
imaging for sarcoma. 
Tuberous Sclerosis 
imaging brain, kidney & 
lung 
Gorlin’s syndrome 
surveillance for skin, jaw 
and brain tumours

Ocular laser therapy, ocular 
resection 
mTOR inhibitor 
(Everolimus). 
Surgical techniques, topical 
therapies for skin tumours, 
trials of hedgehog pathway 
inhibitors and smoothened 
antagonists

GI cancer syndromes CMMRD / Lynch 
syndrome: imaging 
surveillance

Checkpoint inhibitors

Neuroendocrine 
syndromes

MEN syndromes clinical 
and imaging surveillance

Pre-emptive thyroidectomy

Leukemia 
predisposition state

ALL pre-disposition 
screening with blood 
counts 
BCR-ABL translocation 
with ALL and CML 
Down syndrome / TAM 
Myelodysplasia

Microbiome targeting trials 
under consideration 
Tyrosine kinase inhibitors 
Early modified 
chemotherapy 
Stem cell transplant

Miscellaneous DICER 1 syndrome 
surveillance of lung, 
kidney, ovaries, and 
brain for tumour 
formation.

Trials of tyrosine kinase 
inhibitors, mTOR inhibitors, 
and PARP inhibitors

Abbreviations: AML, acute myeloid leukemia; GI, gastrointestinal; CMMRD, 
congenital mismatch repair syndrome.
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[32]. Whilst on the other hand, aberrant DNA methylation patterns are 
strongly associated with some paediatric brain tumours such as epen
dymoma and diffuse midline gliomas [19]. The aim of any screening 
programme would be to offer a structured way of assuring the majority 
of the childhood population that cancer is not anticipated, whilst iden
tifying a minority for whom targeted surveillance with further blood 
testing, clinical or imaging surveillance is recommended during specific 
periods of their childhood.

In proposing such a screening strategy it must be admitted that 
previous attempts to screen for childhood cancers produced unexpected 
results. Screening programmes for neuroblastoma in Germany, Japan, 
Quebec, the UK and French regions in the 1990s found no evidence that 
population screening reduced mortality, and indeed it led to an overall 
increase in the incidence of favourable, early stage, regressive neuro
blastomas deemed never to be a clinical problem[33,34]. There was no 
increase in the detection of children with advanced stage disease with 
poor prognosis. Since the 1990s, biological understanding and marker 
technology has changed and the range of testing options expanded. This 
experience highlights the importance for any research initiative in 
screening to select the right marker and the timing of its detection and 
interpretation within the context of tissue development, familial risk and 
other clinical factors. (Other examples are described in supplementary 
materials)

7. The risks of screening might be unacceptable to families and 
healthcare professionals

Understanding why children develop cancer, how it can be pre
vented and speeding up the processes of getting diagnosed and starting 
treatment have been identified as key priorities by patients, carers and 
professional working with children with cancer in UK national 
consensus discussions [35] and globally within “The Global Initiative for 
Childhood Cancer launched by the World Health Organisation (WHO) 
[36]. These consensus statements provide clear justification to prioritise 
accelerating diagnosis for children with cancer across all health systems. 
The issues of consent for parents of the unborn child, infant and the 
individual later in childhood may conflict with the rights of the maturing 
young person to consent to being informed of their lifetime risk of 
cancer. There are the risks of false negative and positive results of 
screening and the consequences of the stress of surveillance programmes 
on wellbeing of children and their families, which need to be evaluated. 
The acceptability of such programmes will depend on the populations 
being screened, their culture and previous health experiences [37]. 
Whilst a penetrance of 5 % has been seen to justify population screening 
in metabolic conditions, the meaning of this number and its justification 
in childhood cancer is unclear and needs further evaluation with 
knowledge of the multiple factors involved [6,26].

8. Is childhood cancer screening justified economically?

The risks for children developing malignancy, coupled with the 
associated risks of mortality, acquired disability or morbidity from the 
tumour or its treatment are significant burdens for health systems 
which, as yet, have not been fully evaluated across economic groups of 
countries [9,38] . The shock for families to confront the threat of their 
child’s potentially shortened lifespan and the high treatment costs for 
them and the health systems justify a fresh look at ways that these dis
eases are diagnosed in society [7]. It could be anticipated that screening 
would initially be introduced and evaluated in high income countries 
(HIC) and justified by the economic impact in their high cost systems. 
However, the economic impact of screening and surveillance in low and 
middle income countries (LMIC) would need to be built in to the 
research initiatives as the population impact of successful interventions 
could be far greater [39,40].

The WHO launched its Global Initiative for Child Cancer in 2018 
with the joint goal of increasing survival to at least 60 % by 2030 while 

reducing suffering and improving quality of life for children with cancer 
globally [36,39]. The top priority in this programme is making the 
diagnosis early enough that therapy can be offered with curative intent. 
It has been proposed that investment in developments in childhood 
cancer health interventions offers a tripling of return in investment by 
the increase in survival [39]. In LMICs, improving the cancer detection 
rate and inclusion of children in funded treatment programmes repre
sents an aspirational objective. In HICs, there is also a strong motive to 
further improve outcomes for childhood cancers. Preliminary modelling 
using survival alone as an end point for a newborn screening test iden
tified the potential benefit on survival rates and a strong association 
between the cost of the test and the health economic impact on life 
years. What has not been studied is the impact on disability related to 
acquired brain injury, orthopaedic disability and lifelong endocrine 
replacement therapy and the associated effects of late mortality and 
morbidity[28].

9. What do we propose?

A range of research reports are already exploring theoretical and 
practical aspects of investigating and introducing interventions to screen 
for specific tumours at birth and the possibility for intervening in 
developmental disorders in early life [27,28,41,42,43]. They suggest 
that the health economics of such early interventions in rare childhood 
conditions are considered affordable to health systems. Mullen at al in 
their review [6] compared the historical Wilson and Jungner’s screening 
criteria [44] for neuroblastoma and retinoblastoma against those of 
cervix, breast and colorectal cancer, where screening is established in 
adulthood. Individually neuroblastoma and retinoblastoma are identi
fied in the two lowest population incidence groups with low levels of 
evidence for impact on survival rates, understanding of natural history 
and early stage of disease recognition compared to the adult cancer 
comparators. Together these are interpreted as not meeting the historic 
requirements for screening. We propose that by considering the cumu
lative age incidence of all childhood cancers together, coupled with the 
global survival and disability rates expressed over the life time at risk for 
children, that Wilson and Jungener’s criteria would be satisfied now and 
further enhanced by research directed at optimizing the timing and se
lection of testing strategies, which, as they are developed, could be 
assessed for their acceptability, feasibility and risks within health sys
tem. These adaptations to the historical criteria to meet the needs of 
children would be in line with other health economic judgements of the 
value of health interventions in early life that have been accepted [45].

Components to support the development of such a research strategy 
(Fig. 2) could include:

1) an international collaboration to prioritise strategies and share 
learning from surveillance programmes already in practice on out
comes for known predisposition syndromes and genetic variants of 
uncertain risk.

2) The establishment of anonymised linked population cohort studies 
collecting clinical data and samples from pregnant mothers and their 
children, with ethically justified access to biomarker samples from 
placenta, cord blood or heel prick at birth. Such studies would act as 
a denominator for studies of specific markers and for studies of tar
geted patient populations.

3) Population-wide symptom awareness programmes would be 
required to complement bio-genetic screening / surveillance testing.

4) Strong patient and public representation and systematic evaluation 
of risks and benefits of screening on psychological as well as physical 
health outcomes.

5) Health economic analysis built into trial designs of any screening 
applicable in HIC and LMIC.
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