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Preface 

In recent years, results of large-scale studies have been published in relation to the link between 

exposure to diagnostic CT scans in childhood and the development of cancer later in life. These 

studies include the European Epidemiological Study to Quantify Risks for Paediatric 

Computerized Tomography (EPI-CT study) and the Risk of Pediatric and Adolescent Cancer 

Associated with Medical Imaging (RIC) Study from the USA and Canada. Accordingly, the 

Federal Ministry for the Environment instructed the German Commission on Radiological 

Protection (SSK) to assess the current scientific evidence. In particular, the aim was to examine 

the evidence for a causal relationship between CT exposure in childhood and subsequent 

development of cancer in relation to the level of exposure, to analyse trends in the use of CT 

scans on children in Germany, and to identify potential high-risk groups. 

In order to assess the current scientific evidence and examine the issues outlined above, the 

“Cancer and childhood CT exposure” working group of the SSK’s “Radiation Risk” committee 

was set up, comprising the following members: 

− Prof. Dr. Mentzel 

− Dr. Deng 

− Ms Gill, M. Sc.  

− Prof. Dr. Klein 

− Prof. Dr. Renz 

− Prof. Dr. Dr. Sorantin 

− Dr. Stamm 

− Prof. Dr. Wollschläger 

The working group was also supported by Professor Hauptmann (Brandenburg Medical School 

Theodor Fontane, an expert advisor to the working group). The SSK thanks the Federal Office 

for Radiation Protection (BfS) for providing extensive technical information and professional 

support. 
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on “Cancer and childhood 
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Chair of the  
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1 Introduction 

On 21 June 2023, the Federal Ministry for the Environment (BMUV, now BMUKN) com-

missioned the German Commission on Radiological Protection (SSK) to investigate the asso-

ciation between diagnostic radiation exposure from computed tomography (CT) examinations 

in childhood and cancer (malignant tumours). The aim was to evaluate “recent studies on cancer 

and leukaemia following low-dose medical radiation exposure in childhood, such as the EPI-

CT study (European Epidemiological Study to Quantify Risks for Paediatric Computerized 

Tomography)” (Hauptmann et al. 2023, Bosch de Basea Gomez et al. 2023) and to answer the 

following questions: 

− How strong is the evidence for a causal relationship between radiation exposure and 

subsequent disease as a function of the level of exposure? 

− Can a trend be observed in the use of CT scans on children in Germany? 

− Do the available studies provide any evidence of particularly high-risk groups or areas 

of application? 

− According to SSK, do these findings indicate a need for action by the BMUV (now the 

BMUKN) and, if so, in what form? 

In Germany, the lifetime excess absolute risk of developing a malignant tumour is appro-

ximately 45% for women and 52% for men (RKI und GEKID 2023). The risk of malignant 

diseases rises slightly with age from around the age of 10, before increasing more rapidly from 

around the age of 40 to 50. Less than 1% of new malignancies in Germany occur in people 

under the age of 18. In Germany, there are approximately 2,290 incident cases per year among 

children and adolescents in this age range. With approximately 17 cases per 100,000 children 

and adolescents each year, malignant tumours are relatively rare diseases in this age group 

(Ronckers et al. 2025). 

The risk of malignant diseases, which rises sharply with age, generally corresponds to the fact 

that, over the course of a human life, the number of genetic mutations increases while the 

capacity for tumour defense simultaneously declines. In general, there are many different causes 

of cancer in adults. A combination of individual genetics, environmental exposures and lifestyle 

factors contribute to the risk of developing cancer (Cooper 2000, Jassim et al. 2023). These 

factors can influence the development of malignant cell populations and uncontrolled growth. 

The causes of cancer in children are generally unclear, with known risk factors (genetic factors 

and environmental exposures) only able to account for around 10% of incident cases (Erdmann 

et al. 2019, Schüz und Erdmann 2016). 

The risk factors classified as carcinogenic to humans by the WHO’s International Agency for 

Research on Cancer (IARC) include ionising radiation (IARC 2000). The regulations governing 

radiation protection, which are based primarily on International Commission on Radiological 

Protection (ICRP) Publication 103, are underpinned by the linear no-threshold (LNT) model, 

which is used to assess the relationship between cancer risk and radiation dose. With regard to 

human radiation exposure in vivo, there is internationally accepted evidence of a proportional 

relationship between dose and risk in the range of approximately 100 mGy to 1 Gy (IAEA 

2023). For the purposes of radiation protection, the LNT model assumes that this relationship 

can be extrapolated linearly to lower dose levels, and that no threshold level exists. 

The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 

assesses the overall risk of developing cancer following exposure during childhood and 

adolescence as being higher compared to exposed adults, with potentially radiation-induced 

tumours developing within a period of a few years to many decades after exposure. However, 
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this increased sensitivity to radiation is only observed for certain types of cancer, including 

leukaemia and cancers of the thyroid, breast, skin and brain (UNSCEAR 2013). 

Both diagnostic imaging and interventional medical procedures often rely on the use of ionising 

radiation, including in children and adolescents, with the organ dose for individual examina-

tions generally remaining well below 100 mGy. X-ray diagnostics include conventional X-ray 

imaging and CT scans. The extent to which the radiation from these diagnostic procedures in 

children and adolescents actually increases their cancer risk later in life is a matter of debate. 

The epidemiological evidence available so far does not allow for a reliable characterisation of 

the form of the dose–response relationship between radiation doses of less than approximately 

50 mGy and the risk of cancer. At present, such relationships are therefore extrapolated linearly 

downwards from the range of doses for which empirical evidence exists. This extrapolation is 

of limited value when it comes to assessing the actual additional cancer risk to patients 

undergoing X-ray diagnostic procedures. 

Dose–response relationships derived from other studies are used to estimate the number of 

cancer cases caused by diagnostic radiation exposure from CT examinations. For example, 

Berrington de Gonzalez et al. (2009) and Smith-Bindman et al. (2025b) used the model 

developed by the National Research Council’s committee on “Biological Effects of Ionizing 

Radiation VII” (Council 2006). This model is largely based on the findings of the Life Span 

Study (LSS)1 of survivors of the atomic bombs of Hiroshima and Nagasaki. Smith-Bindman et 

al. (2025b) estimate, based on data on the frequency and dose of CT scans from a Californian 

CT dose registry (University of California San Francisco International CT Dose Registry), that 

radiation from 93,000,000 CT scans performed on 61,510,000 patients (children and adults) in 

the US in 2023 will cause approximately 103,000 cases of cancer by the time of their death. 

Based on 3,069,000 CT scans performed on children in 2023, the team of authors estimate that 

this will result in approximately 9,700 cases of cancer later in life. The authors conclude that 

around 5% of all new cancer cases diagnosed each year in the US could be caused by CT 

examinations. From a methodological perspective, the registry study has limitations due to the 

risk models used and existing uncertainties. CT scans are carried out particularly on older and 

seriously ill patients, but the estimate was made for the entire population. The frequency of CT 

scans per capita is substantially higher in the US than in Germany. Furthermore, the study’s 

estimates cannot be applied to children in Germany, as the criteria for treatment in Germany 

are very strict due to radiation protection legislation. For example, the proportion of CT scans 

performed on children is 4.2% in the US, compared with less than 1% in Germany. For further 

details, please refer to the statement issued by the Federal Office for Radiation Protection (BfS) 

(BfS 2025). 

With regard to CT methodology, it should be noted that, due to the relative sizes of the skull 

and the trunk, cranial CT (cCT) is particularly relevant for newborns, infants and young 

children, as a large area of blood-forming – and thus radiation-sensitive – bone marrow is 

exposed. In X-ray diagnostics involving the trunk, account must also be taken of the higher 

radiation sensitivity compared with the peripheral skeleton, given the higher proportion of 

haematopoietic (blood-forming) bone marrow. Compared with adults, children also have a 

higher proportion of haematopoietic bone marrow even in the peripheral skeleton. 

It is difficult to reliably estimate the cancer risk following diagnostic radiation exposure from 

CT scans in children and adolescents using epidemiological studies. The reasons include the 

 

1 The Life Span Study is a research programme operated by the Radiation Effects Research Foundation (RERF); 

see https://www.rerf.or.jp/en/programs/research_activities_e/outline_e/proglss-en/ 
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low incidence of malignant tumours up to middle adulthood, the relatively infrequent use of CT 

scans in childhood, and the need for long follow-up periods due to the latency of several years 

before cancer develops, particularly in the case of solid tumours. One particular methodological 

challenge in these studies stems from the possibility of systematic bias, as CT scans are part of 

the initial diagnostic process when solid tumours are suspected. Cancers diagnosed following a 

CT scan may therefore have already developed before the scan. An increased incidence of 

disease following CT scans does therefore not, in itself, prove that the diagnostic radiation 

exposure caused the disease. In the mid-2010s, a critical view was taken of some epidemio-

logical studies conducted in relation to this issue due to potential biases (Boice 2015, Walsh et 

al. 2014). 

Since then, the available epidemiological evidence regarding the extent of the cancer risk in 

later life due to diagnostic CT exposure during childhood and adolescence has evolved, prima-

rily due to the publication of findings from the European EPI-CT study and the US–Canadian 

RIC Study (Smith-Bindman et al. 2025a). One aim of these studies was to allow accurate 

estimation of the radiation risk without bias due to methodological factors. 

In parallel to the publication of radiation-epidemiological evidence, technical advances in 

radiology in recent years have enabled a substantial reduction in the dose received during an 

examination. Furthermore, developments in radiological diagnostics using non-ionising radia-

tion have led to changes in the indications for CT scans. This topic is addressed in the SSK 

recommendation on “Diagnostic Imaging in Children” (SSK 2022). 

Taken together, the changing scientific landscape in epidemiology and developments in 

radiological diagnostics highlight the need to reassess the radiation risk associated with CT 

scans in children and adolescents. 
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2 Recommendations 

Current epidemiological studies on CT scans show that there is a consistent dose–response 

relationship between CT scans in childhood and the risk of malignant brain tumours and haema-

tological malignancies later in life. For malignant brain tumours, this relationship was shown 

to be statistically significant at brain doses of approximately 50 mGy or higher and at bone 

marrow doses of approximately 25 mGy or higher for leukaemia and lymphoma. 

Based on the findings of these studies and the approximately 150,000 CT scans performed on 

children in Germany each year, it can be estimated that a number in the low to mid-double 

digits of these children could develop cancer later in life as a result of the radiation exposure 

from the CT scans. The medical benefit of the CT examinations, which must be weighed against 

this estimated risk, was not quantified in the studies examined. 

The SSK’s recommendations are as follows: 

− The use of computed tomography (CT) in children and adolescents requires a strict 

indication and the consideration of alternative procedures that do not involve ionising 

radiation, taking into account of the current “Recommendations for medical imaging 

procedures” from the SSK. In the case of highly vulnerable groups (e.g., those with 

cancer predisposition syndromes, CPSs), the increased risk must be taken into account. 

− Radiological facilities that examine children and adolescents should maintain and apply 

regularly updated standard operating procedures (SOPs) for CT scans in children and 

adolescents, accounting for various parameters (age, weight, sagittal diameter). 

− The financial planning of healthcare facilities should take account of the additional 

demand for alternative diagnostic procedures (e.g. magnetic resonance imaging, MRI) 

in children and adolescents, which is necessary for radiation safety reasons, as well as 

the associated personal costs and longer time requirements. 

− Given the risks involved and children’s higher sensitivity to ionising radiation, as well 

as the often specific clinical questions involved, planned CT scans should be carried out 

in specialist centres for paediatric and adolescent diagnostic radiology. 

− All medical applications of ionising radiation should be recorded, including dose-rele-

vant parameters – for example as part of the electronic patient record or in a separate 

national dose registry (see the ACR Dose Index Registry (https://www.acr.org/Prac-

tice-Management-Quality-Informatics/Registries/Dose-Index-Registry)). 

− Equipment manufacturers should in the future be required to include information on the 

size-specific dose estimate (SSDE) in dose reports, to provide operators of CT scanners 

with appropriate, tailored protocols for CT scans frequently performed on children and 

adolescents, and and ensure that technical staff receive training. 
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3 Scientific justification 

The request for advice was made to the SSK at a time when new findings from large-scale 

epidemiological studies on the association between CT scans in childhood and the risk of cancer 

were being published. Prior to this, the first major studies on the predicted or observed cancer 

risk associated with CT scans had already been published at the start of the 21st century 

(Brenner et al. 2001, Pearce et al. 2012b). At the same time, paediatric radiology now has access 

to innovative technological developments that can help to reduce the radiation exposure of 

children undergoing scans. These developments include photon-counting CT, additional filters, 

iterative reconstruction algorithms and the use of artificial intelligence (Mese et al. 2024). 

However, the availability of CT scanners is also expanding, which is likely to result in 

variations in radiation dose levels in paediatric CT. For example, CT radiation exposure is 

significantly lower in specialist paediatric and adolescent radiology centres than in general 

radiology departments (Strauss et al. 2019). In addition to strict indications, key factors in 

reducing radiation doses include tailored examination protocols that are suitable for children 

and can be implemented quickly and in a cost-neutral manner, as well as the use of alternative 

imaging techniques that do not involve ionising radiation. These aspects are generally taken 

into account in the SSK’s recommendations (SSK 2022). 

The key point of this recommendation is the association between CT scans in childhood and 

the development of cancer later in life. The cancer risk associated with ionising radiation is 

cumulative and depends on the age at which exposure occurs. It is generally accepted that 

children are more strongly affected by the consequences of radiation exposure than adults. 

Firstly, children have a higher radiation risk than adults for a number of cancer types 

(UNSCEAR 2013). Furthermore, children have a longer remaining life expectancy than adults, 

which means there is a longer period of time during which cancer can develop. Children may 

also be exposed to a higher radiation dose than necessary if the CT settings are not adjusted for 

their smaller body size compared to the adult reference body. 

Childhood cancer is rare (Steliarova-Foucher et al. 2017). The data for the years 2012 to 2021 

show that an average of 2,290 new cases of cancer were diagnosed annually among children 

and adolescents under the age of 18 in Germany, which corresponds to approximately 0.5% of 

the total incident cancer cases. The most common cancers were leukaemias (29.2%), followed 

by tumours of the central nervous system (24%), lymphomas (15.8%), soft tissue sarcomas 

(5.4%), peripheral nerve cell tumours (5.4%) and bone tumours (5%). According to the German 

Childhood Cancer Registry, other types of cancer account for a total of approximately 15% of 

malignant tumours (Ronckers et al. 2025). 

Causal links with genetic factors and environmental exposures are increasingly being identified. 

It is estimated that around 8% of cancers in children and adolescents are caused by genetic 

alterations (Gröbner et al. 2018, Zhang et al. 2015). Cancer predisposition syndromes (CPS) 

not only have an inherent ability to increase the risk of developing malignant diseases, but can 

also increase the susceptibility of young people to developing cancer following exposure to 

ionising radiation. This means that children and adolescents with malignant diseases may also 

be predisposed to radiation-induced secondary malignancies (Porter 2016, Bochtler et al. 2018). 

This increased risk of developing a malignant disease persists for years or decades after the 

initial radiation exposure. For children and adolescents with cancer resulting from CPS, 

diagnostic imaging examinations are unavoidable (Lindor et al. 2008, Glutig et al. 2021). It is 

therefore essential to take their increased radiation sensitivity into account when selecting 

imaging techniques for patients with CPS.  

The following scientific findings regarding CT applications in children and adolescents are 

based on a structured and pre-planned literature review following the PECO framework (P – 



Paediatric CT exposure and cancer 10 

    

Population, E – Exposure, C – Comparator, O – Outcome) (Morgan et al. 2018) and on data 

collected by the Federal Statistical Office (e.g. hospital statistics based on case rates) and the 

BfS. With regard to the indications for CT scans in childhood and adolescence, relevant national 

and international guidelines were analysed using corresponding keyword searches and are 

presented here as examples. The considered list of guidelines does not claim to be an exhaustive 

consideration of all guidelines that include CT scans in children. The literature from 2000 

onwards was reviewed in order to assess groups of children and adolescents classified as having 

varying risks of developing malignancies (e.g., those with CPS). Using search engines 

(PubMed, Cochrane Library, Scopus), searches were conducted with keywords such as “com-

puted tomography, low dose, ionising radiation, preterm, newborn, infants, children, ado-

lescents”; in the case of “cancer predisposition syndrome, cancer susceptibility syndrome”, 

such conditions were also considered individually (e.g. “ataxia–telangiectasia, Nijmegen 

breakage syndrome, hereditary retinoblastoma, neurofibromatosis type I”). There was a 

beneficial reciprocal exchange of information and collaboration with the “CT & Dose” task 

force of the European Society of Paediatric Radiology (ESPR) (https://www.espr.org/

taskforces/ct-dose/). 

3.1 Causal link between radiation exposure and brain tumours and 
haematological malignancies 

3.1.1 Research question 

This chapter describes previously published studies that analyse the link between diagnostic 

radiation exposure during CT scans in childhood and adolescence and the subsequent risk of 

developing cancer. It examines the extent to which the evidence suggests a causal association, 

for example by demonstrating a dose–response relationship (Hill 1965). As most studies focus 

on brain tumours and/or haematological malignancies, other endpoints are not presented here. 

3.1.2 Literature search 

Relevant literature was identified in two ways. A search was first carried out in PubMed in July 

2024 and repeated in December 2025. The same search terms were used as in the systematic 

review published by Cao et al. (2022) on the link between CT exposure and cancer risk: 

((Paediatric[Title/Abstract]) OR (Child[Title/Abstract]) OR 

(Adolescent[Title/Abstract]) OR (Adolescent[MeSH]) OR (Child[MeSH]) OR 

(Infant[MeSH]) OR ("Young Adult"[MeSH])) AND (("Tomography, X-Ray 

Computed"[MeSH]) OR (CT[Title/Abstract]) OR ("Computed 

Tomography"[Title/Abstract]) OR ("Computerized Tomography"[Title/Abstract]) OR 

("Computerised Tomography"[Title/Abstract]) OR ("Radiation Exposure"[MeSH])) 

AND ("Neoplasms, Radiation-Induced"[MeSH]) AND (2012/1/1:3000/12[patd] 

NOTat[Anmali"[Hum]"[MeSH]) 

In addition, snowballing (also known as “reference tracking”) (Badampudi et al. 2015) was 

carried out using the following tools: https://tera-tools.com/ and https://estech.shinyapps.io/

citationchaser/. In snowballing, a pre-selected list of index publications is used to identify all 

further articles that are cited by, or that cite, the index articles. 

https://tera-tools.com/
https://estech.shinyapps.io/‌citationchaser/
https://estech.shinyapps.io/‌citationchaser/
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The following index publications were used: 

− Abalo KD, et al. Early life ionizing radiation exposure and cancer risks: systematic 

review and meta-analysis. Pediatr Radiol. 2021 Jan;51(1):45-56. Epub 2020 Sep 10th 

− https://doi.org/10.1007/s00247-020-04803-0 

− (Erratum in: Pediatr Radiol. 2020 Oct 22; PMID: 32910229.) 

− Berrington de Gonzales A, et al. Epidemiological studies of CT scans and cancer risk: 

The state of the science. Br J Radiol 2021; 95(1135): 20210471. https://doi.org/10.1259/

bjr.20210471 

− Bosch de Basea M, et al. Risk of haematological malignancies from CT radiation 

exposure in children, adolescents and young adults. Nature Medicine 2023; 29: 3111-

3119. https://doi.org/10.1038/s41591-023-02620-0 

− Daniels RD, et al. Strengths and Weaknesses of Dosimetry Used in Studies of Low-

Dose Radiation Exposure and Cancer. JNCI Monographs 2020; 2020(56): https://doi.

org/10.1093/jncimonographs/lgaa004 

− Foucault A, et al. Childhood cancer risks estimates following CT scans: an update of 

the French CT cohort study. Eur Radiol 2022; 32, 5491–5498. https://doi.org/

10.1007/s00330-022-08602-z 

− Captain M, et al. Epidemiological studies of low-dose ionizing radiation and cancer: 

Summary bias assessment and meta-analysis. JNCI Monographs 2020; 2020(56): 188-

200. https://doi.org/10.1093/jncimonographs/lgaa010 

− Captain M, et al. Brain cancer after radiation exposure from CT examinations of 

children and young adults: Results from the EPI-CT cohort study. Lancet Oncol 2022. 

24: 45-53. https://doi.org/10.1016/S1470-2045(22)00655-6 

− NCRP. Implications of Recent Epidemiologic Studies for the Linear Nonthreshold 

Model and Radiation Protection, Commentary No. 27. 2018. Bethesda, MD: National 

Council on Radiation Protection and Measurements. 

− Shao YH, et al. Exposure to Tomographic Scans and Cancer Risks. JNCI Cancer Spectr 

2020; 4(1): pkz072. https://doi.org/10.1093/jncics/pkz072 (Adults) 

− Thierry-Chef I, et al. Dose estimation for the European Epidemiological Study on 

Paediatric Computed Tomography (EPI-CT). Radiat Res 2021; 196: 74-99. https://doi.

org/10.1667/RADE-20-00231.1 

− Smoll NR, et al. Computed tomography scan radiation and brain cancer incidence. 

Neuro-Oncology 2023; 25(7): 1368-1376. https://doi.org/10.1093/neuonc/noad012 

3.1.3 Studies 

The following overview includes longitudinal epidemiological studies in which the focus was 

on exposure to ionising radiation from CT scans during childhood and adolescence, in which 

an organ dose for the respective endpoint was assigned to each study participant for each CT 

scan and in which risks were observed empirically and dose-dependent risk estimates were 

presented. 

3.1.3.1 Excluded studies 

Studies were excluded when they did not use individual organ doses or only carried out external 

comparisons with the general population (e.g. Huang et al. 2014, Kojimahara et al. 2020 and 

Wang et al. 2023). 

Likewise, a retrospective Korean cohort study (Han et al. 2025) involving 1.38 million children 

who had undergone CT scans was not taken into account in detail. Although individual 

dosimetry was carried out and an internal dose–response analysis was made for various types 

of cancer, a direct association between organ dose and estimated relative risks cannot be derived 
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from this study. Firstly, relative risks were only reported in relation to one standard deviation 

of the dose distribution, but not per unit dose. Furthermore, the tables only listed CTDIvol values 

for a reference phantom, rather than organ doses estimated for the individual patient’s anatomy. 

“Projection studies” were also not included. These investigations do not conduct a study of their 

own to determine whether there is an association between radiation exposure from CT scans 

and the cancer risk observed later in life. Rather, they apply risk models derived from earlier 

studies to the measured radiation exposure from CT scans in a population group in order to 

predict the number of additional cancer cases expected to result for that group. Two examples 

are the studies by Berrington de Gonzalez et al. (2009) and Smith-Bindman et al. (2025b), both 

of which use the cancer risk model developed by the National Research Council’s committee 

on “Biological Effects of Ionizing Radiation VII”. This model is based largely on risk estimates 

derived from the survivors of the atomic bombings of Hiroshima and Nagasaki (LSS). 

3.1.3.2 Overview of the studies that were considered in detail 

Five key studies are described in detail below. 1) The EPI-CT study (Hauptmann et al. 2023, 

Bosch de Basea Gomez et al. 2023) is a pooled analysis of several European cohort studies on 

malignant brain tumours and haematological malignancies. 2) The Australian study (Smoll et 

al. 2023) is a retrospective cohort study of malignant brain tumours using Medicare data. 3)+4) 

The two Finnish studies (Nikkilä et al. 2018, Abuhamed et al. 2025) are register-based case-

control studies on childhood leukaemia and (malignant and non-malignant) brain tumours, both 

following the same design. 5) The retrospective RIC Study (Smith-Bindman et al. 2025a, Kwan 

et al. 2022) examines a cohort of children followed from birth to the age of 21 in the USA and 

Ontario (Canada) and has so far reported risks of haematological and oncological diseases. 

1) EPI-CT 

The EPI-CT study is based on individual studies with a similar design conducted in nine 

European countries (Bosch de Basea et al. 2015). The results of the individual studies were 

published separately in some cases, but are not taken into account here for the sake of the pooled 

analysis. 

Hospitals were contacted in order to identify cohorts comprising a total of 948,174 patients who 

had undergone at least one CT scan in the period from 1977 to 2014, before reaching the age 

of 18. The resulting data was cross-referenced with the relevant cancer registries in order to 

obtain information on the subsequent occurrence of cancer. 

For the brain tumour endpoint, participants were excluded from the study if the follow-up 

period was less than 5 years or if a malignant brain tumour developed during that period. For 

the purposes of the risk analysis, therefore, account was only taken of brain tumours that 

developed at least 5 years after the first CT scan. These measures, which are explained in greater 

detail in sections 3.1.5.5 and 3.1.5.6, were taken to prevent biased radiation risk estimates from 

cancer cases that could not have been caused by the CT exposure. 

For the endpoints relating to haematological malignancies, individuals with a follow-up period 

of less than 2 years or who had been diagnosed with cancer during that period were excluded. 

The “time at risk” taken into account began 2 years after the participants’ first CT scan. 

A new dosimetry system was used to estimate the exposure of the individuals undergoing 

treatment (Thierry-Chef et al. 2021). To this end, all the details collected in the individual 

studies from examinations stored in the picture archiving and communication system (PACS) 

were first combined. The National Cancer Institute dosimetry system for Computed Tomo-

graphy (NCICT) (https://dceg.cancer.gov/tools/radiation-dosimetry-tools/computed-tomo

graphy, Lee et al. 2022) was used to calculate organ doses for approximately 30 different organs 

https://dceg.cancer.gov/tools/radiation-dosimetry-tools/computed-tomo‌graphy
https://dceg.cancer.gov/tools/radiation-dosimetry-tools/computed-tomo‌graphy
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for each one of the examinations identified from the PACS data. The scans documented in the 

PACS represented only a subset of all CT scans and were predominantly from recent years. 

Each CT scan was then matched with the most appropriate scan from the subgroup of PACS 

data, and the organ doses from that scan were used. For the endpoint “brain tumours”, the 

cumulative dose was taken into account with a 5-year time lag; for haematological 

malignancies, the time lag was 2 years as it is assumed that, for biological reasons, exposure 

cannot lead to clinically apparent cancer before this time. 

2) Australia 

The Australian study (Smoll et al. 2023) is a cohort of 10,524,842 Australian Medicare 

participants aged between 0 and 19 years, covering the period from 1985 to 2005. Of the 

participants, 611,544 had undergone at least one CT scan before the age of 20. The cohort was 

cross-referenced with the national cancer registry and mortality registry up to 2012. Organ 

doses were calculated using NCICT, drawing on data relating to typical technical conditions 

for specific CT scans. To this end, data was collected from surveys, study protocols, databases 

used for regulatory purposes, and the literature. This recommendation only took account of the 

updated analysis (Smoll et al. 2023); an earlier publication with a shorter follow-up period was 

not included (Mathews et al. 2013). 

Only cancer diagnoses made more than 2 years after the first CT scan were included. 

Furthermore, the “period at risk” began 2 years after the first CT scan. In the dose–response 

analysis, the cumulative dose was applied with a 2-year time lag. 

3)+4) Finland 

The Finnish study on leukaemia (Nikkilä et al. 2018) identified 1,093 cases of childhood 

leukaemia (under the age of 15) from the Finnish cancer registry between 1990 and 2011, and 

for each case, three matching controls in terms of gender and year of birth. For these individuals, 

data was collected on all CT scans carried out at the country’s 10 largest hospitals. Between 

1975 and 2011, an estimated 87% of all CT scans performed on children in Finland were carried 

out at the participating hospitals. Expert advice was sought to ensure plausible values for the 

technical configurations of the CT scanners, taking account of the device manufacturer and, 

where it was known, the model. Based on these assumptions, the individual cumulative bone 

marrow doses were calculated using NCICT. In the dose–response analysis, the cumulative 

doses were applied with a 2-year time lag. Children and adolescents with the following CPS 

were excluded from the study to avoid biasing the radiation risk estimate: neurofibromatosis 

type 1 and type 2, tuberous sclerosis, Li-Fraumeni syndrome, naevoid basal cell carcinoma 

syndrome, Turcot syndrome, Cowden syndrome, retinoblastoma predisposition, Rubinstein-

Taybi syndrome. 

The Finnish study on malignant and non-malignant brain tumours (Abuhamed et al. 2025) 

identified 967 cases (under the age of 15) between 1990 and 2016. The cumulative dose was 

taken into account in the dose–response analysis with a 5-year time lag. Otherwise, the study 

followed the design of the childhood leukaemia study (Nikkilä et al. 2018). 

5) RIC Study 

The RIC Study adopted a birth cohort methodology, encompassing over 3.7 million newborns 

from the years 1996 to 2016 (Smith-Bindman et al. 2025a). These individuals were either 

registered at one of a total of six US healthcare facilities affiliated with the Kaiser Permanente 

healthcare network or were members of the public health insurance scheme for the Canadian 

province of Ontario. Children with a follow-up period of less than 6 months, as well as those 

diagnosed with cancer within the first 6 months of life, were excluded. The members of the 

cohort were followed up until they reached the age of 21, until a cancer diagnosis was made, or 
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until the end of December 2017 at the latest. On average, the follow-up period was 

approximately 10 years per person and totalled approximately 35.7 million person-years. 

The clinical records made it possible to record all radiological examinations. These included 

conventional X-ray examinations, CT scans, fluoroscopies, angiographies and nuclear medicine 

procedures. However, the birth cohort also included children who had not been exposed, i.e. 

those who had not undergone a radiological examination. For all radiological examinations 

performed, the individual bone marrow dose was estimated using a prediction model (Stewart 

et al. 2025). The cumulative radiation dose was taken into account in the dose–response analysis 

with a lag time of 6 months (see section 3.1.5.6), whilst a sensitivity analysis extended this 

period to 2 years. It was also possible to assess the indications for radiological examinations for 

children within the Kaiser Permanente healthcare network, as well as for inpatient and 

emergency examinations in Ontario. In Ontario, this covered 60% of all radiological exa-

minations. 

To identify haematological malignancies, the RIC Study used the clinical records of the 

included participants as well as record linkage with cancer registries. On the basis of clinical 

records, individuals diagnosed with Down’s syndrome were also identified, as they are at higher 

risk of developing leukaemia. 

3.1.4 Results 

Haematological malignancies 

The results of the EPI-CT study show a clear and strong association between cumulative bone 

marrow dose and risk of both myeloid and lymphoid malignancies. The excess relative risk 

(ERR) per 100 mGy for myeloid malignancies was 2.01 (95% confidence interval (CI): 1.02–

3.42) with 578 cases. For lymphatic malignancies, the ERR was 1.96 (95% CI: 1.10–3.12) with 

790 cases. The results proved robust in a series of sensitivity analyses, including analyses using 

longer exclusion periods than the 2 years used in the main analysis, or excluding individuals 

who received the highest doses. In the analysis stratified by age group (< 5 years, 5 to < 10 

years, >= 10 years), it was observed that, for both endpoints, the ERR per 100 mGy rose with 

the age group. This finding is unexpected (see below), particularly given the higher radiation 

sensitivity of children compared with adults demonstrated in the LSS. 

The case-control study from Finland also found a positive association between cumulative bone 

marrow dose and the incidence of childhood leukaemia. However, the excess odds ratio (EOR) 

was 13 per 100 mGy (95% CI: 2–26) and therefore six times higher than in the EPI-CT study. 

This high figure was attributed to the influence of random fluctuations, a plausible explanation 

given the small number of exposed cases of only eight. 

In a linear dose–response analysis in the cohort with 2,961 diagnosed haematological 

malignancies, the RIC Study estimated an excess relative risk per 100 mGy of 2.54 (95% CI: 

1.70–3.51). Based on this estimate, the proportion of all haematological malignancies 

attributable to diagnostic radiation exposure was 10.1% (95% CI: 5.8–14.2). At a bone marrow 

dose of at least 30 mGy (average 57 mGy), the additional cumulative incidence of 

haematological malignancies in individuals without Down’s syndrome up to the age of 21 was 

estimated at 25.6 per 10,000 children. A bone marrow dose of 30 mGy was equivalent to 

approximately two cranial CT scans, for which the average bone marrow dose was estimated at 

13.7 mGy. In the sensitivity analysis using a lag time of 2 years for the cumulative dose, the 

ERR per 100 mGy was 2.16 (95% CI: 1.30–3.16). Further sensitivity analyses, such as those 

excluding observations with bone marrow doses of over 50 or 100 mGy, or those excluding 

children with Down’s syndrome, yielded estimates of the ERR per 100 mGy that were 

consistent with the main result. 
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In an analysis of the RIC Study based on separate dose categories, the respective relative risks 

for the dose categories 15–20 mGy, 20–30 mGy, 30–50 mGy, 50–100 mGy and >= 100 mGy 

increased with dose and, including their confidence interval (CI) boundaries, exceeded 1. In 

this analysis, 89 out of 2,961 haematological malignancies were observed in individuals with 

an estimated cumulative bone marrow dose of at least 20 mGy. 

A linear dose–response relationship was observed in the RIC Study both for lymphoid 

malignancies – including acute lymphoblastic leukaemia (ALL) – with an ERR per 100 mGy 

of 1.95 (95% CI: 1.09–2.97) and for myeloproliferative malignancies and myelodysplastic 

syndrome (ERR per 100 mGy 10.19; 95% CI: 3.61–20.82). This association is particularly 

evident in the case of non-Hodgkin’s lymphoma (ERR per 100 mGy: 2.56; 95% CI: 1.52–3.81). 

Unlike in the EPI-CT study, no associations were found for Hodgkin’s lymphoma (ERR per 

100 mGy 0.00; 95% CI: 0.00–1.10) or AML (ERR per 100 mGy 0.00; 95% CI: 0.00–1.49). 

Brain tumours 

For risk of malignant brain tumours, the EPI-CT study shows a significant association with the 

cumulative brain dose from CT scans of the skull, with an ERR per 100 mGy of 1.27 (95% CI: 

0.51–2.69) and 165 exposed cases. The results were also similar for the glioma subgroup. An 

expected increase in risk per unit dose at younger age at time of exposure was not observed. A 

wide range of sensitivity analyses rule out methodological biases as the sole cause of the 

observed association. 

The Australian study showed consistent results for malignant brain tumours, with an ERR of 

0.80 per 100 mGy (95% CI: 0.54–1.06) and 4,472 cases, of which 237 were exposed. For 

gliomas, the results were similar and showed little variation across different sensitivity 

analyses. 

The Finnish study encompassed both malignant and non-malignant brain tumours. The EOR 

per 100 mGy of cumulative brain dose was 5.50 (95% CI: 0.31–10.95) based on nine exposed 

cases. The EOR was 3.48 per 100 mGy (95% CI: -2.33–9.64; four exposed cases) for malignant 

brain tumours and 1.06 (95% CI: -6.55–9.30; three exposed cases) for gliomas (high- and low-

grade gliomas). Due to the very low number of exposed cases, the accuracy of these estimates 

is severely limited. The estimated risk coefficient for malignant brain tumours was three to four 

times higher than in the EPI-CT study and the Australian study; however, it was not statistically 

significantly different from zero. 

Age at time of exposure 

The EPI-CT study also examined how the radiation-associated risk varies with age at the time 

of exposure. For haematological malignancies, the ERR per 100 mGy increased significantly 

with increasing age at time of exposure (p=0.001): 0.78 for < 5 years, 1.81 for 5 to < 10 years 

and 4.02 for ≥ 10 years (Bosch de Basea Gomez et al. 2023). In keeping with this, for a fixed 

dose and a fixed time from exposure, the RIC Study observed an increase in the relative risk of 

haematological malignancies from the < 1 year age group (2.18 at 30 mGy vs. no exposure) to 

those of 1 to 4 years (2.81) and 5 to 10 years (6.09), with the risk dropping off again to 3.54 in 

the age group from 10 to 20 years. The Finnish study on childhood leukaemia did not confirm 

these findings, given the small number of cases. 

In the EPI-CT study, Hauptmann et al. 2023 observed no significant difference in ERR per 

100 mGy for malignant brain tumours between different age groups at time of exposure (p = 

0.16): 0.40 for 0 < 6 years, 1.98 for 6 to < 12 years and 1.62 for ≥ 12 years. The Finnish study 

on brain tumours did not report an estimated cancer risk per unit dose stratified by age group. 

The estimated cancer risk for the categorical comparison of individuals who had ever been 

exposed to CT scans versus those who had never been exposed showed no statistically 
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significant difference between age groups at the time of diagnosis. The Australian study did not 

report results of age-stratified analyses. However, no statistically significant improvement in 

the model of the dose–response analysis was observed when age at exposure was taken into 

account. 

Details of the methods and results of these key studies are set out in Table 1. 
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Table 1: Methods and results of the studies considered (author: Prof. Michael Hauptmann, Brandenburg Medical School Theodor Fontane) 

 Australia 

(Smoll et al. 2023) 

EPI-CT Europe  

(Bosch de Basea Gomez et al. 2023, Bosch de 

Basea et al. 2015,Hauptmann et al. 2023) 

RIC California, USA & 

Ontario, Canada 

(Smith-Bindman et al. 

2025a) 

Finland  

(Abuhamed et al. 2025, Nikkilä et al. 2018) 

Year of publication 2023 2024 2025 2025 2018 

Design 

 

Cohort Cohort of exposed cases 

(≥ 1 CT scan) 

Cohort Case control 

Endpoints Malignant intracranial 

brain tumours 

Malignant intracra-

nial brain tumours 

Haematotological ma-

lignancies 

Haematological malignan-

cies 

Malignant and non-

malignant brain 

tumours 0-15 years 

Leukaemia 0-15 

years 

Scope of study 

Persons 

Person-years 

Medium follow-up 

(in years) 

Cases 

Controls 

   Exposed cases 

 

10,524,842  

235,643,748  

22.4  

 

 

 

237 

 

658,752 

4,536,716 

6.9 

 

 

 

141 

 

876,771 

6,863,833 

7.8 

 

 

 

790 lymphatic,  

578 myeloid neoplasias 

 

3,724,623 

35,715,325 

10.1 

 

2,961 

 

1,700 (of which 272 with 

cumulative bone mark 

dose ≥ 1 mGy) 

 

 

 

 

 

604 

1,809 

9 

 

 

 

 

 

911 

2,730 

8 

Exposure period 1985 – 2005 1977 – 2014 1996 – 2017 1978 – 2011 

Age at exposure (years) 0 – 19 0 – 22 0 – 21 0 – 14 

Diagnosis period 1985 – 2012 1977 – 2014 1996 – 2017 1990 – 2016 1990 – 2011 

Dosimetry Assignment of CT pro-

tocols by body, year 

and age based on tech-

nical parameters for ex-

ternal CT examinations 

from surveys, clinical 

protocols and literature, 

dose calculation with 

NCICT 

Derivation of CT protocols by body part, gen-

der, age and CT scanner type 

based on technical parameters for subset of 

378 000 CT scans, dose calculation with NCICT 

Dose calculation for 

27 595 CTs based on tech-

nical parameters, height, 

weight, sex, body part. Im-

putation for all other CTs 

with this data based on 

height, weight, gender, 

date,  

Setup, body part, number 

of phases. 

Technical parameters partly collected, partly 

estimated, dose calculation with NCICT 

 

Dose metrics cumulative brain dose 

(mGy) 

cumulative brain dose 

(mGy) 

cumulative bone mar-

row dose (mGy) 

cumulative bone marrow 

dose (mGy) 

cumulative brain dose 

(mGy) 

cumulative bone 

marrow dose (mGy) 
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Lag interval (years)* 2 5 2 0.5 5 2 

Cumulative dose 

(mGy) 

44 (mean) 

32 (median) 

47.4 (mean) 

44.0 (median) 

15.6 (mean) 14.0 (mean) by all imaging 

modalities among persons 

with cumulative bone mar-

row dose ≥ 0.1 mGy 

22.0 (mean) 9.71 (median cases) 

7.14 (Median con-

trols) 

Exclusion period 

(years)** 

 5 2 0.5 None None 

Statistical  

Risk model 

RR = EXP(b*dose), 

ERR = RR-1 

RR= 1+ b* dose with b = ERR RR= 1+ b* dose with b = 

ERR 

OR = EXP(b* dose), 

EOR = OR-1 

OR = EXP (b* 

dose), EOR = OR-1 

Main results  ERR/100 mGy = 0.80 

(95% CI: 0.54-1.06), 

(4,472 cases) 

ERR/100 mGy = 1.27 

(95% CI: 0.51-2.69), 

(165 cases) 

All haematological ma-

lignancies ERR/100 

mGy = 1.96 (95% CI: 

1.10- 3.12), 

(790 cases) 

 

Lymphatic malignan-

cies 

ERR/100 mGy = 2.01 

(95% CI: 1.02-3.42), 

(578 cases) 

 

Myeloid malignancies 

ERR/100 mGy = 2.02 

(95% CI: 0.47-4.77), 

(203 cases) 

All haematological malig-

nancies 

ERR/100 mGy = 2.54  

(95% CI: 1.70-3.51), 

(2961 cases) 

 

Lymphatic malignancies 

ERR/100 mGy = 1.95 

(95% CI: 1.09-2.97), 

(2,349 cases) 

 

Myeloid malignancies 

ERR/100 mGy= 1.82  

(95% CI: >0-4.02), (460 

cases) 

EOR/100 mGy = 5.50 

(95% CI: 0.31, 

10.95), (9 exposed 

cases) 

 

Malignant brain tu-

mours EOR/100 mGy 

= 3.48 (95% CI: -

2.33, 9.64), (4 ex-

posed cases) 

EOR/100 mGy = 13 

(95% CI: 2-26), (8 

exposed cases) 

RR: Relative risk, ERR: Excess RR, CI: Confidence interval, EOR: Excess odds ratio 

*Assumed minimum possible time interval in which exposure can cause a diagnosis of the endpoint. 

**Interval at which individuals must have remained tumour-free after the first CT scan to be included in analysis. 
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3.1.1 Methodological evaluation of the included CT studies 

When assessing the validity of radiation epidemiological studies, various methodological 

aspects must be taken into account. The United Nations Scientific Committee on the Effects of 

Atomic Radiation (UNSCEAR 2017) provides a general overview of relevant methodological 

criteria, the most important of which are explained in greater detail in the context of the studies 

considered here. 

3.1.1.1 Study design 

The included studies are epidemiological observational studies in which information on 

radiation exposure and health outcomes was recorded at an individual level, i.e., separately for 

each person in the study population. In observational studies, it is not possible to actively 

intervene in the study population or to control for confounding factors. In principle, the level 

of evidence that can be achieved is therefore lower than that which can be achieved in 

randomised controlled trials. In particular, epidemiological studies alone do not allow for 

definitive causal conclusions to be drawn about the association between radiation exposure and 

a medical endpoint. 

However, epidemiological studies conducted to a high methodological standard can provide 

strong evidence when combined with the current understanding of the physical, biological and 

physiological effects of radiation, as established through controlled studies. 

3.1.1.2 Dosimetry 

Systematically biased dose estimations can distort the estimated dose–response relationship. 

Furthermore, random errors in dosimetry can also influence statistical estimates of parameters 

(section 3.1.5.8). The reliability of the dosimetry is therefore a key criterion when it comes to 

evaluating an epidemiological study. In order to assess the quality of the dosimetry in the studies 

under consideration, it is necessary to consider the source of the dose–relevant information, the 

level of detail and accuracy of the information used, and the dose estimation method itself. 

The exposure estimates in the considered studies are based on lists of CT scans compiled by 

either hospitals or health insurance funds for the purposes of booking appointments or billing. 

These lists contain basic information (e.g. date, examined body part, sex, age) and may also 

document examinations that were planned but were not carried out or were carried out 

differently. The list entries often do not indicate how many CT scans were performed as part of 

an examination. Consequently, some scans may be missing from the lists because they were 

deemed unsatisfactory during quality control and subsequently deleted and repeated. Reasons 

for poor image quality in CT scans include motion artefacts, which can occur particularly during 

longer scans and when patient adherence is low (e.g. in young children). This suggests that the 

likelihood of undocumented, discarded runs depends on the child’s age at the time of the CT 

scan. At the same time, CT scans in the past led to higher organ doses than they do today, as 

less use was made of protocols optimised for children and adolescents. 

In all studies, detailed information on dose-relevant technical parameters (e.g. scanner type, 

manufacturer, model, CTDIvol, pitch, tube current, tube voltage) was available only for either a 

subset of the CT scans performed or for CT scans carried out on individuals who were similar 

to the study population but were not included in the study. This available information was used 

to derive plausible sets of parameters for categories of CT examinations (protocols) in all 

studies. Categories were established based on factors including examined body part, sex, age 

group and calendar year. For each of these groups, the various relevant organ doses were 

estimated using NCICT (Lee et al. 2015) or a proprietary prediction model for all types of 

radiological examinations (RIC Study, Stewart et al. 2025). 
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Knowledge of the details of the scan protocols is important because the radiation dose 

associated with a CT scan has fallen substantially over time. This is due to improvements in 

scanner technology and the increasingly widespread optimisation of protocols for examining 

children and adolescents. The uncertainty in the dosimetry was modelled in detail for the EPI-

CT study (Thierry-Chef et al. 2021, Simon et al. 2014a), but these results were not incorporated 

into the methodology of the dose–response analysis. No quantitative analyses of dosimetric 

uncertainty are available for the Australian study or the Finnish studies. Full details of the 

dosimetry for the RIC Study, including the associated uncertainties, can be found in Stewart et 

al. (2025). The dose–response analysis did not apply any methods to account for uncertainties 

in the bone marrow dose. 

The question of the information source is also relevant when it comes to personal charac-

teristics. For example, body height and weight are relevant factors for determining the organ 

dose. However, unlike the individuals’ respective ages, this information was not documented 

(EPI-CT, Australian study, Finnish studies) or was only partially documented (RIC). There is 

considerable variation in height and weight among children and adolescents of the same age, 

meaning that standard values derived from age are not perfect surrogate markers. The exception 

to this is the skull, which on average reaches adult size by around age 10 in girls and 14 in boys 

(Farkas et al. 1992). 

Regardless of the exact dosimetry procedure, there are difficulties when it comes to fully 

recording all CT scans performed on individuals in the study population. For most of the 

children in the EPI-CT study, all paediatric CT scans performed on them were recorded. 

Nevertheless, it cannot be ruled out that some individual CT scans may have been carried out 

which were not included in the study. For example, children and adolescents may have 

undergone other CT scans prior to their first CT scan that was included in the study, and it may 

not have been possible to record these prior scans for reasons including that they were carried 

out at other facilities. This would result in an underestimation of radiation exposure and, 

consequently, an overestimation of the radiation risk per unit dose. In the Finnish studies, the 

hospitals included in the survey of CT scans accounted for approximately 87% of all CT scans 

carried out in the country. Given the structure of the healthcare systems in Australia, the USA 

and Canada, it can be assumed that the Australian study and the RIC Study provide an almost 

complete record of all CT scans (Australia) and all radiological examinations (RIC). 

One difference between the considered studies lies in the proportion of exposed individuals 

within the study population. Whilst the EPI-CT study only includes individuals who had 

undergone at least one CT scan before reaching adulthood, the Australian study, the Finnish 

studies and the RIC Study relate to the general population, of whom only a small proportion 

had undergone CT scans. As a result, the studies from Australia, Finland and the USA/Canada 

include a large number of unexposed individuals, who are not very informative for assessing 

the dose-dependent radiation risk. However, given the large cohort of approximately 3.7 million 

people, the RIC Study encompassed over 270,000 CT scans. In addition, there were around 

267,000 fluoroscopies, 11,000 angiograms, 66,000 nuclear medicine examinations and 6.7 

million conventional X-ray examinations. 

3.1.1.3 Definition and ascertainment of health endpoints 

The definition of the recorded health endpoints is relevant when it comes to comparing and 

evaluating the considered epidemiological studies. All of the studies included in the review 

consider new, i.e. incident, cases of cancer as the endpoint, rather than mortality. Another 

common feature of the studies was that the endpoints were ascertained by cross-referencing 

patient data with national (paediatric) cancer registries. 
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The collection of cancer incidence data via cancer registries presents specific methodological 

challenges and therefore requires a reliable cancer registration system. The quality of cancer 

registries can vary considerably depending on the region and time period in terms of the 

exhaustiveness and completeness of the data. In Europe, it can be assumed that both have been 

very high since at least the 1990s. 

However, in the absence of national cancer registries, it is difficult to record all incident cases 

of cancer in the study population. For example, this is the case for adults in Germany. Separating 

cancer registration for children and adolescents from that for adults can also make it difficult to 

ensure that cases are recorded exhaustively. In the EPI-CT study, for example, the use of 

childhood cancer registries in France and Germany meant that only cancer cases diagnosed up 

to the age of 15 could be included. 

Another important question is whether the incidence among individuals with varying degrees 

of exposure could be recorded with the same level of exhaustiveness in follow-up. If the 

intensity of follow-up varied depending on exposure status and was, for example, indirectly 

influenced by the indication for the CT scan, this could lead to bias, known as confounding. 

Even where high-quality cancer registries exist, difficulties may arise when it comes to correctly 

identifying individuals within a study population in the cancer registry. For data protection 

reasons, data matching (record linkage) is often carried out not using real names, dates of birth 

and addresses, but rather using accession numbers. These are strings of characters resulting 

from the cryptographic encoding of the real data. The subsequent comparison is stochastic due 

to uncertainties in the spelling. As a result, the details of individuals who are actually registered 

in a study population may sometimes not be identified at all in registers, or may be identified 

incorrectly. This may lead to an under-reporting of cancer incidence; however, this is likely to 

affect both exposed and unexposed individuals equally and should therefore not cause any bias. 

While stochastic record linkage was required in the EPI-CT study, the Australian study and the 

RIC Study, the Finnish studies used the unique national identification number. 

Incidence rates can be calculated in cohort studies such as the EPI-CT study, the Australian 

study and the RIC Study. To do this, the number of incident cases recorded in the cancer 

registries must be put into context by considering the entire period over which cases were 

counted. This period is calculated as the total person-years, i.e. the sum of the individual follow-

up periods. An accurate calculation of person-years requires that the end of the follow-up period 

be known for all members of a cohort; for those who have died, this means the date of death, 

and for those still alive, it means the date on which they left the cohort – for example, as a result 

of moving house. In the EPI-CT study, there was a lack of information on vital status and date 

of death for France and Germany. Consequently, mortality tables for the general population 

were consulted in order to instead obtain representative data on remaining life expectancy for 

calculating person years. This gives rise to uncertainties, particularly as mortality rates are 

likely to be higher among people who underwent CT scans during childhood and adolescence 

than in the general population. In the Australian study, it was possible to record mortality rates 

completely via the national mortality registry. The RIC Study used data from the healthcare 

network and, in Ontario, health insurance data to ascertain mortality rates. 

The coding of cancers according to statistical classifications of clinical conditions such as the 

International Classification of Diseases (ICD), International Classification of Diseases for 

Oncology (ICD-O) or International Classification of Childhood Cancer (ICCC) is subject to 

changes that reflect evolving medical knowledge about these diseases. In recent years, this has 

mainly concerned leukaemias and lymphomas and their classification into subgroups. 

Consequently, studies conducted in different regions or in different time periods may differ in 

terms of their definition of cancer groups, which can, to some extent, limit their comparability. 
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Changes in the diagnosis of cancers – for example, due to new imaging technologies or the 

introduction of screening programmes – can result in a trend in the recorded incidence of cancer 

over time. Risk factors for cancer development that vary over the years – such as chemical 

pollutants or environmental exposures – can also give rise to trends over time. If organ doses 

from CT scans decrease parallel in time but not causally related, this temporal correlation may 

lead to a spurious statistical association between organ dose and the incidence of cancer. One 

way to avoid the distortion of study results due to non-causal associations of this kind is to 

adjust for or stratify by the calendar year period in which a diagnosis was made. This method 

was used in the Australian study and the EPI-CT study. In the Finnish studies, however, 

participants were matched only by age and not by year of birth. In the RIC Study, the dose–

response analysis was adjusted for the calendar year of birth. 

In the case of brain tumours, the heterogeneity of the studies stems from the decision as to 

whether account is taken only of malignant tumours or also of benign tumours as a health 

endpoint. The Finnish studies included benign brain tumours, whereas EPI-CT and the Austra-

lian study did not. Differences in the definition of endpoints make it difficult to compare and 

combine the results of individual studies. 

3.1.1.4 Confounding 

In the context of the research question at hand, a confounder is a variable that is systematically 

associated with both the level of radiation exposure from CT scans and the risk of developing 

cancer. If a confounder has a causal effect on cancer risk, a statistical association between CT 

exposure and cancer may arise even if the CT exposure itself has no causal influence on cancer 

risk. A prerequisite for this is that the strength of the association between the confounder and 

CT exposure is high, and that the confounder is also a strong risk factor for cancer. Furthermore, 

for a confounder to be responsible for an association between CT exposure and cancer risk in 

the study population, the confounder must also be highly prevalent. 

Reverse causation 

Distortions due to reverse causation (see Explanation of terms) may arise if CT exposure is the 

result of early symptoms of a cancer that has not yet been diagnosed – for example, because CT 

imaging is used for cancer diagnosis after the emergence of clinical symptoms. Analogous 

examples from the literature include the association between radiation exposure from 131I – 

which was previously used for thyroid imaging – and the incidence of thyroid cancer (Boice 

2015, Dickman et al. 2003). A similar situation applies to the question of the association 

between exposure to Thorotrast, a contrast agent formerly used in cerebral angiography, and 

the occurrence of brain tumours (Boice 2015, Travis et al. 2003). 

One way to prevent reverse causation is to collect information on why the radiation exposure 

was administered. For example, information on the clinical indication can be used to exclude 

individuals who have undergone CT diagnostics to investigate a suspected brain tumour in the 

presence of relevant symptoms. This was not, however, possible in the brain tumour studies 

under consideration. Instead, these studies used exclusion periods (section 3.1.5.5) to ensure 

that tumours arising during the follow-up period were not already present prior to the CT scan 

and were therefore not the actual reason for performing the examination. 

As CT imaging is rarely used in children to diagnose suspected leukaemia or lymphoma, it can 

be assumed from the outset that reverse causation plays a minor role in relation to these health 

endpoints when investigating the role diagnostic radiation exposure. Furthermore, the RIC 

Study was able to evaluate the indications for almost all radiological examinations. The study 

was thus able to exclude radiological examinations carried out due to a possible suspicion of 

cancer. 
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Confounding by indication 

In the context of this recommendation, confounding by indication (see Explanation of terms) 

refers to a situation in which a disease, acting as a causally responsible third variable, both 

makes CT examinations more likely and constitutes an independent causal risk factor for cancer 

(Meulepas et al. 2016, Journy et al. 2016a). An overview of this topic in the context of exposure 

to low doses of radiation is provided by Little et al. (2022b). Of particular relevance here are 

organ transplants and CPS such as such as Fanconi anaemia or Down syndrome (see section 

3.3.3). For example, people with Down syndrome have an increased risk of developing 

leukaemia (Hasle et al. 2000). A discussion of the available evidence regarding the frequency 

of CT scans in people with Down syndrome and the prevalence of this condition is provided by 

Meulepas et al. (2016) and Schubauer-Berigan et al. (2020). 

Confounding by indication may, in principle, compromise the accurate estimation of the actual 

association between CT exposure and the risk of solid tumours, as well as the risk of leukaemia 

or lymphoma. To control for confounding by indication, it is necessary to collect reliable data 

on cancer predisposition; however, this is difficult in large cohorts. 

In the Finnish studies, data was collected on the CPS listed in section 3.1.3, allowing individuals 

to be excluded. Only a small proportion of the cohorts included in the EPI-CT study had 

information on CPS. Consequently, the potential influence of confounding by indication was 

examined here through an in-depth analysis of well-documented subgroups from several 

cohorts (France, Germany, UK) (Journy et al. 2016a, Journy et al. 2016b, Berrington de 

Gonzalez et al. 2016, Krille et al. 2015). In the examined sub-cohorts, the exclusion of 

individuals for whom CPS or a history of cancer was found in their medical records resulted in 

a lower risk coefficient per unit dose. However, there were no changes to the conclusions of the 

studies regarding whether there is a dose-dependent increase in risk. The studies show that a 

lack of clinical information in purely register-based studies can lead to bias in the estimated 

dose–response relationship. 

The Australian study did not provide any information on CPS. 

In the RIC Study, it was possible to estimate the proportion of children with Down syndrome 

directly; at 4,124 out of just over 3.7 million children, this proportion was approximately 0.1%. 

Furthermore, the RIC Study also stratified the analyses according to Down’s syndrome 

diagnosis. In addition, a sensitivity analysis was conducted excluding children with Down’s 

syndrome, yielding results consistent with those of the primary analysis. 

One alternative is to estimate the effects of confounding by indication based on statistical 

considerations that take account of the respective strengths of the association between the 

confounder and CT exposure and cancer, as well as the prevalence of the confounder (Meulepas 

et al. 2016, Meulepas et al. 2018, Journy et al. 2016a, Hauptmann et al. 2020). The analyses 

showed that the influence of CPS can ultimately be disregarded, primarily due to their rarity. 

3.1.1.5 Exclusion period 

The purpose of applying an exclusion period is to prevent reverse causation. To this end, a time 

window is established immediately following the CT scan, within which any cases of cancer 

that arise are not counted as a health event, as they were likely already present at the time of 

the scan. Members of the study population who were diagnosed with cancer prior to the CT 

scan or who develop cancer during the exclusion period are typically excluded from the 

analysis. Studies can differ in terms of whether they also apply this approach to systemic 

diseases or benign tumours, such as meningiomas. 
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Certain conventions have become established regarding the specific choice of time period to be 

excluded. These conventions are based on an understanding of the earliest possible time at 

which a radiation-induced disease could have developed, up to the point of clinical detectability 

using diagnostic methods available at the time of the study. For example, it is known that 

diseases of the haematopoietic system can develop more rapidly than solid tumours. In 

principle, it is possible that cancers that develop after the end of the exclusion period originated 

prior to the CT exposure if this period was not chosen appropriately. At the same time, the 

period should be chosen so as to avoid under-reporting of radiation-induced cancers. Based on 

purely empirical studies as well as mechanistic modelling, it can be assumed that the time taken 

to progress from tumour initiation to clinical manifestation ranges from a few months to a few 

years for haematological malignancies and several years for solid tumours (Little et al. 2024b, 

Richardson und Ashmore 2005). However, there is considerable uncertainty surrounding these 

models, and estimates for different types of cancer can vary by over 10 years in some cases. 

The exclusion period for haematological malignancies was 2 years in the EPI-CT and the 

Finnish study and 6 months in the RIC study. In the investigation of brain tumours, the 

exclusion period was 5 years in the EPI-CT study and the Finnish study and 2 years in the 

Australian study. Methods to support the selection of a time period for exclusion include 

sensitivity analyses, which was implemented in the EPI-CT study, the Australian study and the 

RIC Study. 

3.1.1.6 Latency period 

When estimating the dose–response relationship, the use of a latency period is one way of 

accounting for the slow development of radiation-induced cancers during calculation of the 

cumulative radiation dose. The assumption here is that the current risk of experiencing a health 

event depends on the cumulative radiation dose received at the onset of the disease. At time of 

diagnosis, the cumulative radiation dose may be higher than at time of disease onset. The 

cumulative radiation dose at the time of the cancer diagnosis is considered irrelevant because it 

relates to a period after the onset of the disease. 

The latency period need not necessarily coincide with the exclusion period (section 3.1.5.5), 

although this was the case in the primary analyses of the considered studies. 

The specific choice of latency period follows the same conventions as those outlined for the 

exclusion period in section 3.1.5.5. Sensitivity analyses can also be used to examine the extent 

to which the study results depend on the arbitrary choice of a specific latency period. This was 

implemented in the Australian study, the EPI-CT study and the RIC Study. Compared with the 

primary analysis, the results of these analyses did not yield different conclusions as to whether 

a dose–response relationship exists at all. 

3.1.1.7 Statistical analysis 

The regression models used in the considered studies are subject to uncertainties because the 

risk models require assumptions to be made as to the form of the dose–response relationship. 

The Australian (Smoll et al. 2023) and Finnish studies (Abuhamed et al. 2025, Nikkilä et al. 

2018) assumed a log-linear relationship as the standard parametric form in Poisson regression 

(Australia) and conditional logistic regression (Finland), respectively. In contrast, the EPI-CT 

study and the RIC Study used a model with a linear relationship between the excess relative 

risk and the dose. The different models limit the comparability of the ERR estimates per unit 

dose, but the difference between the log-linear and linear trends in the lower dose range is small. 

With regard to a classification into dose categories, the results of the studies show that – within 

the existing margins of uncertainty – the data is consistent with a linear dose–response 
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relationship in the range of organ doses starting at approximately 50 mGy for brain tumours 

and 25 mGy for leukaemias and lymphomas. 

3.1.1.8 Measurement uncertainty 

Conventional regression models that predict the occurrence of health events following radiation 

exposure are based on the assumption that the information used to predict the health event – 

such as dose measurements – has been recorded without measurement uncertainty or 

methodological errors. Given the complexity of this topic, it can only be outlined briefly here. 

A more detailed account is provided by, for example, Carroll et al. (2006) and the United 

Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR 2012). 

Work is currently underway on developing statistical methods and their application to complex 

dose calculation programmes, such as those used in cohort studies involving repeated or daily 

exposure (Bellamy et al. 2024, Little et al. 2024a, Zhang et al. 2017, Kwon et al. 2016). In the 

studies considered for this recommendation, the number of CT scans performed per participant 

is based entirely on electronically recorded data. Self-reports provided retrospectively by study 

participants, which are prone to error, were not used. This means that the measurement error is 

limited to the exact level of exposure for each scan. 

There are various ways of dealing with measurement errors that may distort the risk estimates 

or estimates of uncertainty in the recorded exposure. This potential source of bias is ignored in 

the Australian study, the Finnish studies and the RIC Study. In the EPI-CT study, a specific 

method was developed to account for various measurement errors (Simon et al. 2014b) but was 

not used in the dose–response analysis. A detailed analysis of the potential impact on risk 

estimates is therefore still pending. 

3.1.2 Summary 

The large cohort studies from Europe – EPI-CT (Hauptmann et al. 2023, Bosch de Basea 

Gomez et al. 2023) – and Australia (Smoll et al. 2023) – demonstrate consistent and convincing 

dose–response relationships for malignant brain tumours and haematological malignancies. For 

haematological malignancies, the results of the RIC Study, which is based on a birth cohort, are 

very similar to those of the EPI-CT study. It would be implausible to suggest that these results 

are entirely due to systematic biases and spurious associations arising from methodological 

limitations. This conclusion is supported by having converging evidence from studies with 

different methodological approaches, e.g., with respect to their study designs. Nevertheless, 

there remains no explanation for why the EPI-CT study and the RIC Study did not identify an 

expected higher risk per unit dose associated with exposure in early childhood compared with 

later childhood and adolescence. The EPI-CT study and the RIC Study showed conflicting 

results for Hodgkin’s lymphoma (dose-dependent risk in EPI-CT but not in RIC) and non-

Hodgkin’s lymphoma (dose-dependent risk in RIC but not in EPI-CT). When analysing these 

differences further, it is important to bear in mind that the follow-up period for the RIC Study 

ended at the age of 21, whereas participants in the EPI-CT study were followed up into their 

adulthood, in some cases, until the age of 41. 

The Finnish studies (Abuhamed et al. 2025, Nikkilä et al. 2018) are of limited informative value 

due to the very small number of exposed cases, with extremely wide confidence intervals for 

the estimated risks, including negative estimates. 

The EPI-CT study and the Australian study discounted diagnosed endpoints during an exclusion 

period of several years following the first CT scan in order to avoid bias due to reverse 

causation. Similarly, both studies disregarded CT scans carried out in the last years of the 

individual follow-up, as it was assumed that these could not impact the risk that quickly. In all 
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cases, the results were robust to variations in the exclusion period (section 3.1.5.5) and latency 

period (section 3.1.5.6). This also applies to the RIC Study. As the studies had a relatively short 

follow-up period (median < 15 years or follow-up only until the age of 21 in the RIC Study), it 

remains unclear – for the time being – how long the risks remain elevated following exposure. 

Compared with the findings of the study of survivors of the atomic bombs in Hiroshima and 

Nagasaki (LSS), the estimated radiation risks per unit dose are higher in the CT studies from 

Australia, Finland, Europe and the USA/Canada that are considered here. For the LSS, the 

publication by Bosch de Basea Gomez et al. (2023) for leukaemia without chronic lymphocytic 

leukaemia (CLL) reports an ERR per 100 mGy of 0.77 (95% CI: 0.31–1.20), calculated 

specifically using the LSS data for an exposure before the age of 20. It is worth noting that the 

mortality follow-up for the LSS began in 1950. Cancer-related deaths occurring at an earlier 

stage are therefore not included in the LSS. Incidences of leukaemia were also first recorded 

from 1950 onwards. As leukaemia, in particular, can develop just a few years after radiatio 

exposure, it is reasonable to assume that leukaemia is under-reported in the LSS. For brain 

tumours, Pearce et al. (2012b) used the LSS data to calculate an ERR per 100 mGy of 0.61 

(95% CI: 0.01–6.39) for those who were exposed before the age of 20 and with a follow-up 

period of less than 20 years. However, when the wide CI is taken into account, the estimates 

are consistent with the CT studies. 

Based on the empirical evidence, it can be assumed that for every 10,000 CT scans of the head 

performed on children and adolescents, approximately one additional malignant brain tumour 

will be caused by radiation exposure over the subsequent 5 to 15 years (Hauptmann et al. 2023). 

For every 10,000 CT scans involving a bone marrow dose of approximately 15 mGy, 1 to 10 

cases of haematological malignancies are also expected to occur within approximately 10 years 

of the scan due to the radiation exposure (Bosch de Basea Gomez et al. 2023, Smith-Bindman 

et al. 2025a). For leukaemia, a 2022 survey covering 185 countries reported an age-standardised 

incidence rate (ASR) of 5.3 per 100,000, with a total of 487,294 cases, while the ASR for 

children aged 0 to 19 was 3.1 (77 681 cases) (Daltveit et al. 2025). The global age-standardised 

rate (ASR) for brain tumour incidence for 2019 is reported as 4.8 per 100,000 for men compared 

with 3.6 per 100,000 for women (347 992 cases in total), with the ASR for those aged 0 to 14 

standing at 2.2 (boys) and 1.9 (girls) (Ilic und Ilic 2023). 

3.2 Trend in CT application in relation to age and gender 

3.2.1 Indications for CT scans 

Paediatric CT examinations require consideration of the specific characteristics of children in 

terms of anatomy, circulation, metabolism and the degree of organ maturation, including age-

related changes in radiation sensitivity. The consideration of these aspects is supported by all 

leading scientific societies – and an overview can be found in Frush (2011). In general, it should 

be noted that technical advances are causing the range of indications to shift across the various 

imaging modalities. CT scans therefore need to be considered alongside MRI and ultrasound, 

which do not use ionising radiation. Ultimately, however, the decision to perform a CT scan is 

a matter of individual assessment and must take account of diagnostic certainty, availability and 

the condition of the patient. One exception to this is mild traumatic brain injury (TBI), which 

leads to frequent cranial CT scans with no clinically relevant findings, procedures that relevant 

guidelines and diagnostic pathways advise against (see below). 

The literature includes practical recommendations on the use of CT scans in children, including 

those from the American College of Radiology (ACR) and ESPR, as well as in the 

“Recommendations for Radiology” published by the Austrian Society for Radiology and 

Nuclear Medicine (https://www.oerg.at), which provides an interactive online portal 
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(https://www.orientierungshilfe.at), and in the “Recommendations for medical imaging 

procedures”, which can be found on the SSK website (https://www.ssk.de). 

Recommendations and “clinical decision rules” have been developed for various indications. 

Particularly worthy of mention here are the Pediatric Emergency Care Applied Research 

Network (PECARN; pecarn.org) and the National Institute for Health and Care Excellence 

(NICE; https://www.nice.org.uk/). 

− Trauma, particularly polytrauma and traumatic brain injury: 

Recommendations can be found in Ryan et al. (2020), Osmond et al. (2010), NICE 

(2023) and Radiopaedia (2020). The criteria for ordering a cranial CT scan in cases of 

child abuse are strict. Here, the ACR has issued a recommendation that takes account 

of both the child’s age and their clinical condition (Wootton-Gorges et al. 2017). 

According to the S2k guideline on traumatic brain injury in childhood and adolescence 

issued by the Association of the Scientific Medical Societies in Germany (AWMF 

2022), mandatory indications for a CT scan include coma/loss of consciousness, 

persistent impaired consciousness, focal neurological deficits resulting from the trauma, 

(suspected) depressed fracture, skull base fracture and open head injury, with the 

examination to be carried out in accordance with the ALARA principle using protocols 

adapted to the patient’s age and weight. 

− Thorax: 

Airway abnormalities (Kulkarni et al. 2016), interstitial lung diseases, postoperative 

complications, oncological conditions (pulmonary nodules, thoracic wall and mediasti-

nal tumours), cardiac CT, CT angiography (CTA) of the major mediastinal vessels, 

including visualisation of coronary artery origins or coronary fistulas (Raimondi und 

Warin-Fresse 2016), postoperative complications following cardiac/vascular surgery 

(Francone et al. 2022). 

− Abdomen: 

Trauma (injuries to parenchymal or hollow organs in cases of severe abdominal trauma), 

in the following clinical pictures if ultrasound, conventional radiography or MRI are 

inconclusive: e.g., acute abdomen, suspected perforation, haematuria, investigation of 

abdominal and pelvic tumours. 

− Musculoskeletal system: 

Trauma (fractures near or involving joints, where clinically relevant), inflammatory 

conditions where ultrasound and MRI are inconclusive or contraindicated, and the 

planning of orthopaedic surgery for malformations (ACR 2019). 

The European Diagnostic Reference Levels for Paediatric Imaging (PiDRL) working group, 

which is coordinated by the European Society of Radiology (ESR), has conducted a Europe-

wide survey on the clinical applications of CT scans in children and adolescents (European 

Commission 2018). Of 33 paediatric radiology centres, 17 responded (representing a 

response rate of 51.5%). The survey revealed the frequencies shown in Figure 1 in relation 

to the use of CT scans in children. 

http://www.orientierungshilfe.at/
https://www.nice.org.uk/


Paediatric CT exposure and cancer 28 

    

 

Figure 1:  Frequency of CT scans in children (author: Professor Erich Sorantin, Clinical 

Department of Paediatric Radiology, Graz (Austria), with data from the 

European Commission 2018) 

In Germany, guidelines issued by the AWMF frequently address indications for CT scans. The 

guideline on TBI in children and adolescents is a good example of how the importance of 

various imaging modalities has changed over time. The 2004 AWMF guideline on “Vorgehen 

bei leichtem Schädel-Hirntrauma” (“Management of mild traumatic brain injury”) recommends 

that the need for imaging should be determined by the presence of neurological symptoms 

and/or external injuries. The guideline recommends first an ultrasound scan, followed by an X-

ray examination (of the skull in three planes) or a CT scan of the head (AWMF Guideline 

Register No. 064/015, 2004). In the 2011 update “Das Schädel-Hirn-Trauma im Kindesalter” 

(“Traumatic brain injury in children”) (AMWF Guideline Register No. 024/018, S2k, 2011), 

cCT is the gold standard for children and adolescents with traumatic brain injury if specific 

symptoms are present, a fracture is suspected or specific comorbidities are identified, e.g. 

alcohol or drug intoxication, or in the event of a coagulation disorder. X-ray is no longer 

relevant, and MRI is not recommended as an alternative. According to the current 2022 

guideline “Das Schädel-Hirn-Trauma im Kindes- und Jugendalter” (“Traumatic brain injury in 

children and adolescents”) (AWMF 2022), a CT scan of the head is mandatory in the event of 

the following indications: coma/loss of consciousness, persistent impaired consciousness, focal 

neurological deficits resulting from the trauma, (suspected) depressed fracture, skull base 

fracture and open head injury. In addition, the guideline lists numerous optional indications for 

which MRI is the preferred alternative, provided that this does not result in a significant delay 

(strong consensus within the guideline). The update to this guideline has led to a significant 

reduction in the number of CT scans for traumatic brain injury in children and adolescents in 

favour of MRI (see 3.2.2). 

Outlined below are a number of other key German guidelines in which CT plays a relevant role. 

The S2k guideline on “Polytraumaversorgung im Kindesalter” (“Management of Paediatric 

Polytrauma”) (AWMF 2020) states that a suspected diagnosis of polytrauma is a prerequisite 

for diagnostic imaging with CT, provided that this suspicion is still upheld following the initial 
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examination. In children with polytrauma, the indication for CT should be determined by the 

team, and scans should be carried out in a timely manner in accordance with age-specific 

examination protocols. 

The S1 guideline “Trauma des muskuloskelettalen Systems im Kindes- und Jugendalter – 

Bildgebende Diagnostik” (“Trauma to the musculoskeletal system in children and adolescents 

– Diagnostic imaging”) (AWMF 2019) recommends the use of CT – in conjunction with 

protocols adapted to the patient’s age and weight – for complex injuries to the extremities, 

pelvis and spine and, where appropriate, preoperatively. The examination protocols should be 

established in consultation with specialist staff with expertise in administration and medical 

physics, taking account of the specific circumstances in the radiological departments, and set 

out in standard operating procedures (SOPs). 

The guidelines of the Society for Paediatric Oncology and Haematology (GPOH) recommend 

CT as the imaging method of choice for the initial staging of tumours and for monitoring disease 

progression in certain oncological conditions. Given that CT scans are more sensitive than chest 

X-rays when it comes to detecting pulmonary nodules (Peuchot und Libshitz 1987), CT lung 

scans are generally recommended as the gold standard for detecting pulmonary metastases (e.g. 

AWMF 2016b, AWMF 2021c, AWMF 2021b, AWMF 2023, AWMF 2016a). Given that even 

lung MRI does not match the sensitivity of lung CT, CT cannot be (fully) replaced for the 

detection of pulmonary metastases. However, due to technical improvements, MRI lung 

imaging is becoming increasingly sensitive to pulmonary nodules (Renz et al. 2022; Yang et al. 

2022). Follow-up assessments are carried out using chest X-rays and CT scans, sometimes 

alternately, in accordance with the guidelines mentioned above. In future, guidelines should 

increasingly recognise thoracic MRI as an alternative method for follow-up examinations that 

does not involve ionising radiation. 

According to current consensus recommendations and guidelines, echocardiography remains 

the standard diagnostic method for people with congenital heart defects; however, in cases 

where the condition cannot be fully assessed, MRI is a useful complementary method 

(Achenbach et al. 2012; Gohmann et al. 2022). Cardiac CT scans using current technology (low 

radiation exposure and short scan times) can be used as a substitute for invasive cardiac 

catheterisation and as an alternative to MRI, for example in cases where MRI is contraindicated 

– such as with pacemakers that are not necessarily MRI-compatible – or where the longer MRI 

scan could otherwise only be performed under anaesthesia. The benefits of a CT scan must be 

weighed against the risks of radiation exposure (Achenbach et al. 2012; Gohmann et al. 2022; 

Francone et al. 2022). 

3.2.2 Frequency of CT scans 

In the National Cohort (NAKO) study, data on radiological imaging was collected retrospec-

tively. This data is available in the form of self-reported information for approximately 8,000 

people and only for adults (aged 20 and over) (Zeeb et al. 2024). Other studies published to date 

on the frequency of CT scans in children and the associated radiation exposure also provide 

data either solely on the frequency of CT scans (Galanski et al. 2006) or on dose distribution 

(Wollschläger et al. 2023). 

Accordingly, the corresponding trends over time were illustrated by collecting and analysing 

data from the hospital statistics based on case rates (Diagnostic-Related Groups (DRG) 

Statistics) and from the Federal Statistical Office’s basic hospital data for the period 2005 to 

2021. The following trends can be observed in inpatient CT scans in Germany for children aged 

between 1 and 20 years, based on the Operation and Procedure Codes (OPS codes): 



Paediatric CT exposure and cancer 30 

    

− The absolute number of (both native and contrast-enhanced) CT scans performed on 

children and adults has risen from around 3 million in 2005 to 6.8 million in 2021. The 

number of CT scans performed on children has levelled off at around 70,000 per year 

(OPS codes 3-20, 3-22, 3-24). 

− Whilst the number of CT scans per 1,000 people in the population rose from 36 in 2005 

to 81.6 in 2021, the number of CT scans per 1,000 children remained relatively constant 

at 5.26 to 5.64. 

− In the case of “native CT scans of the skull” in particular, the number of scans performed 

on children fell from 32,000 (2005) to 20,500 (2021) (approx. -40%) (OPS code 3-200). 

− In contrast, the number of contrast-enhanced CT scans performed on children during the 

same period rose from just under 18,000 in 2005 to just under 27,000 in 2021 (an increase 

of approximately 50%) (OPS code 3-22). There is no definitive explanation for this 

increase. 

− In particular, there has been a sharp rise in the percentage of cardiac CT scans performed 

on children and adolescents, even though the absolute figures – at 350 scans per year – 

remain relatively low. It was not possible to confirm a suspected reduction in the number 

of cardiac catheterisation procedures in this context. The indications for cardiac CT scans 

are primarily for the planning of interventional and surgical procedures. 

− The number of single photon emission CT/positron emission tomography CT 

(SPECT/PET-CT) scans (OPS codes 3-72 and 3-73) performed on children, which are 

rarely indicated, shows a slight increase in absolute terms from 765 in 2010 to 1,074 in 

2021. However, the percentage is falling (from 3.1% to 1.9%). 

If we include the figures from the statutory health insurance outpatient sector in Germany for 

the period from 2018 to 2022, the figures also remain relatively stable in terms of the total 

number of CT scans performed on children and adolescents – at around 40,000 per year – and 

the relative proportion of less than 1%. The total number of CT scans in this sector rose from 

4.75 million (2018) to 5.6 million (2022), while the number of CT scans performed on children 

aged 0 to 19 varied slightly over the observation period (2018 [41,800], 2019 [41,200], 2020 

[37,500], 2021 [38,000] and 2022 [40,800], source: BfS personal communication). The 

downward trend, particularly in terms of cranial CT scans, was also observed in the USA 

between 1997 and 2014 (Seifi et al. 2022). With 181,000 cranial CT scans carried out in 2014, 

this represented a fall to 30% of the 1997 figure (527000). 

In the KiCT study, Pokora et al. (2016) already showed a similar trend for the period from 2006 

to 2012. Based on extrapolated billing data from the AOK health insurance fund, a decline of 

approximately 30% in the number of CT scans was observed. Comparing the number of 

examinations per 1,000 children from this publication (as shown in Figure 1 of the publication), 

this corresponds to a decrease from 8.15 per 1,000 children in 2006 to 6.15 per 1,000 children 

in 2012. This is broadly in line with the analyses performed here, which shows an average of 

5.35 examinations per 1,000 children between 2010 and 2015 (see Figure 2). 

In contrast, a similar study in the Netherlands (Meulepas et al. 2017) found that the number of 

CT scans performed on children rose from 7,700 in 1990 to 13,300 in 2000 and 26,000 in 2012. 

However, this trend has slowed substantially since 2007, and by 2012 the rate stood at 6.7 CT 

scans per 1,000 children, which was similar to the rate in Germany (5.2 in 2013). In an Italian 

study, the number of CT scans performed on children also rose from 9,000 (2004) to 14,400 

(2014), with the number of scans per 1,000 children increasing from 6.3 to 8.5 (Pola et al. 2018). 

In the UK, Pearce et al. (2012a) found an almost doubling of the number of scans performed 

from 24,900 (1993) to 48,300 (2002). However, the highest rates of increase were seen among 
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those aged 15 and over. The annual rate of CT scans per 1,000 children rose during this period 

from 2.24 (1993) to 3.54 (2002). All the publications mentioned relate to periods that, for the 

most part, predate 2010. 

A sub-study of the EPI-CT study in Spain (Bosch de Basea et al. 2016) reports a statistically 

insignificant change in the number of CT scans per 1,000 children, from 15.2 (2005) to 18 

(2013). 

Figure 2:  The graph shows the number of CT scans per 1,000 children, based on data from 

various international publications (see below), for the years 2001 to 2021, com-

pared with the analysis for Germany (D). The overall annual rate of CT scans 

in Germany per 1,000 inhabitants has more than doubled, rising from 36.1 in 

2005 to 81.6 in 2021. 

  The jump in the figures for Germany between 2015 and 2018 is due to the fact 

that figures for the outpatient sector were also available for the years 2018 to 

2021. This is not the case for the years 2005 to 2015. 

 The publications from which the data for the figure was taken are as follows: 

Netherlands (NL): Meulepas et al. 2017, Israel (Il): Chodick et al. 2006, Italy 

(I): Pola et al. 2018, United Kingdom (UK): Pearce et al. 2012a, Catalonia (Ca-

tal.): Bosch de Basea et al. 2016, USA: Miglioretti et al. 2013, Australia (AUS): 

Brady et al. 2016. 

When interpreting the figures from the DRG statistics (covering the period 2005 to 2021), 

which are based on Operation and Procedure Codes (OPS codes), the following methodological 

limitations must be taken into account. It is impossible to rule out the presence of a bias resulting 

in an overestimation or underestimation of the number of CT scans (Dreger et al. 2015, Icks et 

al. 2017), as multiple OPS codes may be assigned to a single examination (e.g. without contrast 

medium (native) and contrast-enhanced) or to several successive areas of the body (e.g. thorax 

plus abdomen plus pelvis). Converting billing codes into measurable, empirically verifiable 
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variables may affect the data structure (Konrad et al. 2019), such that the number of CT scans 

may be higher or lower depending on how the billing codes are interpreted. Reducing bias in 

the estimation of CT frequencies relies on knowing the specific date of the billed examination 

for each individual. For example, this makes it possible to record a CT scan of the thorax – 

which may have two assigned billing codes, such as “CT thorax” and “CT abdomen”, on the 

same date – as a single CT scan rather than incorrectly as two separate scans. In this analysis, 

only the individual billing codes were used to illustrate frequency, as the DRG statistics do not 

provide daily or monthly data for the individual CT scans performed. 

Nevertheless, DRG statistics and health insurance fund data generally provide a starting point 

for describing trends in the number of performed CT scans. The BfS also uses health insurance 

fund data for adults to monitor medical radiation exposure over time (Nekolla et al. 2017). 

Furthermore, the advantage of health insurance fund data is that “recall bias” (a distortion in 

the estimated exposure – in this case, CT scans caused by variations in individuals’ recall when 

providing self-reported information) is less pronounced in comparison with self-reported data 

from a questionnaire survey (Dreger et al. 2015; Garcia et al. 2023). 

The DRG statistics only cover CT scans performed on inpatients but not those carried out in 

outpatient settings, whether in private medical practices or within hospitals. This may explain 

the lower number of CT scans performed on children in Germany compared to other countries. 

However, the BfS also provides data from the statutory health insurance outpatient sector, 

which shows a virtually constant number of examinations for children aged between 0 and 19 

years, ranging from approximately 41,800 (2018) to 40,800 (2022). The number of CT scanners 

in hospitals can also be obtained from the Federal Statistical Office. This figure has risen from 

1,241 in 2005 to approximately 1,600 in 2022 (source: Federal Statistical Office, basic hospital 

data, special series 12/6/1/1 (Destatis) and Federal Health Monitoring System (GBE)). If we 

also take into account the figures from the Organisation for Economic Co-operation and 

Development (OECD), we can estimate that there were approximately 2,560 CT scanners in 

2008 and 3,050 in 2021. These figures are broadly in line with those provided by the equipment 

manufacturers organized under the European Coordination Committee of the Radiological, 

Electromedical and Healthcare IT Industry (COCIR), which put the total number of CT 

scanners installed in Germany at 3,150 in 2023 (COCIR 2023). 

3.2.3 Dose in applications of CT 

Various dose metrics can be used to estimate patient exposure, collective dose and risk: 

− CTDIvol: The computed tomography dose index (CTDI), defined as the average dose 

within the scanned volume, is a metric used in dosimetry and forms the basis for calcu-

lating radiation exposure, determined using two Plexiglas phantoms of different sizes; it 

allows for dose comparisons between different protocols and enables the operator to 

monitor radiation exposure directly at the scanner. 

− SSDE: Scales the CTDIvol to the actual size of the patient; useful for comparing dose 

values across different patient groups (age/weight). Any differences are then determined 

solely by the examination technique. 

− Dose–length product (DLP): A dose measure that can be calculated from the CTDIvol 

and the scan length L (DLP = CTDIvol * L) and which represents a measure of the total 

exposure over a series of scans. 

− Organ equivalent dose: This reflects the risk to the specific organ exposed to the 

radiation; for example, in CT scans, the organ dose to the brain (cranial CT) and the red 

bone marrow (spinal CT) may be critical. In the case of X-rays, the organ equivalent 

dose is equal to the absorbed organ dose, which is most commonly used in epidemiology. 
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− Effective dose: An estimate is usually made using age-dependent conversion factors (k-

factors) to convert the DLP into an effective dose (E = k*DLP). 

Unfortunately, there is currently no way to display the last two dose parameters, organ dose and 

effective dose, which are directly linked to the risk of radiation exposure, on CT scanners. In 

the future, it is conceivable that these parameters could be displayed directly on the operator 

console and included in the radiation dose structured report (RDSR) thanks to AI-based 

automatic contouring and fast algorithms for personalised dose estimation. 

The publication by Romanyukha et al. (2016) discusses the concept of effective dose and the 

criticism levelled at its (simplistic) use as a means of comparing risks. There are no specific 

tissue weighting factors available for children, which makes it difficult to perform a risk 

assessment in comparison with adults, given the increased radiation risk for certain types of 

tumours. A study by Kopp et al. (2020) also recognises the need to minimise uncertainties 

regarding lifetime attributable risk (LAR) and ERR in relation to age and sex by using auto-

mated, individualized dose estimation for organ equivalent dose and effective dose in future. 

The use of age-specific conversion factors (k-factors) to convert the DLP into an effective dose 

leads to uncertainties in determining the effective dose for underweight to normal-weight 

individuals and for children (in these cases, the effective dose tends to be underestimated by up 

to a factor of three). Conversely, in overweight individuals, the effective dose determined using 

age-specific k-factors tends to be overestimated. As the use of age-specific k-factors leads to 

significant uncertainties in determining the effective dose for underweight to normal-weight 

individuals, a large multicentre study based on dose registry data was conducted to determine 

k-factors stratified by age, body diameter and equipment manufacturer (Chu et al. 2023). One 

finding of this study, conducted at the universities of California and Florida, was that the k-

factor values derived from data on over 120,000 patients were generally higher than those 

reported in previous studies. 

The EPI-CT study and the study by Wollschläger et al. (2023) provide sufficient data for 

assessing radiation exposure. The two publications describe a decline in organ doses (EPI-CT: 

in the periods prior to 1991, between 1991 and 2001, and after 2001) and technical dose para-

meters (Wollschläger et al. 2023; depending on the age group, CTDIvol between 5% and 40% 

and DLP between 4% and 47% when comparing the period from 1980 to 2010 with the period 

from 2016 to 2018). It can therefore be concluded that there is a downward trend in the mean/

median dose for paediatric CT scans over time, and that scanner technology has become increa-

singly efficient over time. This is also supported by the study by Hauptmann et al. (2023), which 

shows a decrease in the average brain dose from 52 mGy in 1992 to 3 mGy in 2011. The impor-

tance of organ doses in assessing risk in children and adolescents is clearly demonstrated in the 

publications by Bosch de Basea Gomez et al. (2023) regarding the dose to the red bone marrow 

(8 mGy for a typical CT scan) and by Little et al. (2023). 

A reduction in (organ) dose values for CT scans of the head and lungs was also found in the 

two publications by Lee et al. (Lee et al. 2019, Lee et al. 2024). When limited to lung exa-

minations, a decrease in radiation exposure (as a median, 12% per year) was also observed 

between 2007 and 2014 by Esser et al. (2018). 

The trends mentioned above are also reflected in the development of diagnostic reference levels 

(DRLs). The CTDIvol values were reduced by up to 50% between the first publication year of 

2010 and the current publication in 2022 (see Table 2). The same applies to the calculated 

effective dose. 
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Table 2:  Development of diagnostic reference levels (DRL) for CT scans in children and ad-

olescents (compiled from BfS 2022). In order to remain compliant with ICRP guide-

lines, the median was used in 2022, whereas the mean had been used in the past. This 

to some extent limits the direct comparability of trends over time. 

investigation 

(CT) 

age 

(years) 

DRW (CTDI vol in mGy) 

2010 2016 2022 

cerebral skull 1 year 33 30 25 

1 - < 5 40 35 35 

5 - < 10 50 50 40 

10 - < 15 60 55 45 

thorax newborns 1.5 1.0 1.0 

< 1 2.0 1.7 1.5 

1 - < 5 3.5 2.6 2.0 

5 - < 10 5.0 4.0 3.0 

10 - < 15 8.0 6.5 5.0 

abdomen 6 - < 10 8.0 5.0 4.0 

10 - < 15 13.0 7.0 7.0 

 

The number of available DRL for children and adolescents is very limited, meaning that a large 

number of potential CT scans cannot be included or assessed, and there is also very little data 

available on radiation exposure from these scans. Consequently, the SSK working group col-

lected dose values at two paediatric radiology centres (Graz University Hospital, Austria; Han-

nover Medical School, Germany) for all CT scans (Graz) and highly specialised CT scans (Han-

over) and analysed this data over time. 

The Graz analysis (Sorantin et al., in preparation), covering the period from 2008 to 2020, 

shows that a significant reduction in DLP can be achieved thanks to technological advances 

(iterative image reconstruction, new convolution kernels). Effective doses were calculated us-

ing conversion factors. Over the years, these have been significantly reduced for examinations 

involving higher radiation doses (multi-organ examinations such as polytrauma CT scans and 

CT angiography) across all age groups, with a particularly marked reduction among infants and 

adolescents. 

The analysis carried out in Hanover particularly serves to highlight the rapid technological ad-

vances in CT scanner engineering and the associated potential reduction in radiation exposure, 

especially among newborns (Renz et al. 2025). Consecutive CT scans of the heart in 59 children 

aged ≤1 year were analysed using a modern photon-counting CT scanner. Using this new tech-

nology, it was possible to achieve dose values (CTDIvol: mean 0.14 mGy, standard deviation 

0.05 mGy, median 0.14 mGy, range 0.07–0.33 mGy) significantly below the DRLs of thoracic 

CT scans in newborns (CTDIvol 1 mGy from 0 to <3 months, 1.5 mGy from 3 to 12 months). 

In this age group, the thyroid gland, the spine/ribs and the mammary glands are radiation-sen-

sitive organs within the examination field. 

These two studies show that specialist paediatric and adolescent radiology departments can 

achieve a substantial reduction in dose thanks to innovations in scanner technology, paired with 

individually tailored examination techniques for children. 
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In order to ensure continuous monitoring of dose values in the future and to enable the BfS to 

easily adapt the DRL to evolving scanner technology, the following measures are desirable: 

− Implementation of a national dose registry (similar to the Dose Index Registry in the 

USA (NRDR)). The BfS has already commissioned a feasibility study on this matter. 

The results are expected by the end of 2027. Until then, it makes sense to use dose data 

from dose management systems to draw up and adjust DRL. 

− Indication-based DRL based on age and weight (see Paulo et al. 2020, Tsapaki et al. 

2021, SSK 2025b). 

− List of indications for CT scans in children (see SSK 2022, Table 1a and Table 1b). 

− National protocol recommendations (also based on indications) for CT scans in children. 

A similar initiative was launched in the US under the name “Image Gently” (http://www.

imagegently.org/) and was heavily promoted. However, no further updates have been 

made since 2014, meaning that there is a significant need for action in this area, for 

example by professional associations. 

− Standardisation of naming conventions for examination protocols (e.g. based on RadLex, 

LOINC) or the mapping of protocol classes or body regions, particularly in view of the 

increasing number of combined examination regions such as Neck Thorax, Thorax 

Abdomen Pelvis, etc. 

3.3 Assessment of vulnerable groups 

3.3.1 Children and adolescents in comparison with adults 

Due to rapid cell division, growth processes and hormonal changes during puberty, children 

and adolescents differ significantly from adults in terms of the cancer risk caused by ionising 

radiation. Key evidence that allows a direct comparison of radiation-related cancer risk between 

children and adults comes from the Life Span Study of the atomic bomb survivors of Hiroshima 

and Nagasaki (UNSCEAR 2013, Little et al. 2022a). Given the simultaneous acute exposure of 

the population, age at exposure and birth cohort are inseparably connected in this study. 

For the group of leukaemias excluding chronic lymphocytic leukaemia (CLL) and adult T-cell 

leukaemia (ATL), the LSS indicated an excess relative risk of incidence of approximately 50 

about 5 years after exposure to a bone marrow dose of 1 Gy, assuming an age at exposure of 

10 years (Hsu et al. 2013). For an age at exposure of 30, the excess relative risk was approxi-

mately 20. The excess absolute risk also decreased with increasing age at exposure up to ap-

proximately 10 years after exposure. For subgroups of leukaemia and for lymphomas, the pat-

tern of results was more complex (Little et al. 2022a, Hsu et al. 2013). 

When considered as an overall group, there is clear evidence – for both cancer incidence and 

mortality – that the excess relative risk for a given dose decreases by approximately 20–30% 

per decade with increasing age at exposure (Little et al. 2022a, UNSCEAR 2013). The pattern 

of results is similar for the excess absolute risk. However, analyses of individual types of cancer 

show that a more differentiated approach is necessary. There is evidence of the age-related 

pattern described for thyroid cancer, salivary gland cancer, female breast cancer, uterine cancer 

(endometrial carcinoma), non-melanoma skin cancer and brain tumours. In this context, the 

period of puberty proves to be a phase during which the body is particularly susceptible to 

radiation-induced breast and uterine cancer. In contrast, the radiation-related risk of lung cancer 

or colorectal cancer in the LSS does not show such an association with age at exposure (Little 

et al. 2022a). 

http://www.imagegently.org/
http://www.imagegently.org/
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Other studies have also shown that, regarding the risk of breast cancer in women following 

radiation exposure, puberty is a developmental stage associated with higher radiation risk 

(Ronckers et al. 2005, Cooke et al. 2013). For other types of cancer, however, there is as yet 

insufficient evidence to suggest that puberty represents a particularly vulnerable phase in terms 

of sensitivity to radiation. Nevertheless, given the increased cell division and hormonal changes 

during this stage of development, it is prudent to assume that sensitivity is elevated. 

Several epidemiological studies show that exposure to CT scans during childhood can increase 

the risk of haematological malignancies and brain tumours. Section 3.1 provides details of these 

studies. It is therefore still essential to scrutinise the use of CT scans, particularly in children, 

and to thoroughly explore alternatives. The principles of dose reduction apply to all age groups, 

albeit with age-appropriate adjustments. Whilst particular care must be taken to minimise the 

radiation dose for each individual CT scan in young children, the focus for adolescents is also 

on reducing unnecessary radiation exposure caused by repeated CT scans (Kalra et al. 2004). 

Technical improvements to CT scanners, the adjustment of scan parameters to the children’s 

height and weight, and the restriction of the body regions being scanned allow relevant dose 

reductions while maintaining the same diagnostic quality (Kalra et al. 2011). In line with the 

recommendations of the SSK (SSK 2022), techniques not involving ionising radiation – such 

as MRI and ultrasound – should be preferred where viable given the clinical indication, partic-

ularly in children for whom ionising radiation is frequently used for diagnostic purposes (e.g. 

in cancer patients). 

In addition to the effects of higher excess relative or absolute radiation risk during childhood 

for a range of cancers, children have more time after radiation exposure to develop potential 

adverse effects such as radiation-induced cancers due to their longer life expectancy. 

Long-term studies and cancer registries are crucial for determining the long-term cancer risk 

following CT exposure in children more accurately and for further improving the relevant pre-

ventive measures (Brenner et al. 2007). Children and adolescents who were exposed to high 

levels of radiation exposure at a young age should undergo long-term monitoring to enable the 

early detection of potential radiation-induced cancers (kinderkrebsinfo 2016). 

Finally, it is essential to provide parents, caregivers and healthcare professionals with compre-

hensive information about the potential risks of ionising radiation and the available imaging 

alternatives in order to avoid unnecessary CT scans. The diagnostic benefits should always be 

carefully weighed against the risk and communicated in an understandable manner. 

The following section discusses various groups that are considered particularly susceptible to 

the adverse effects of ionising radiation due to their age, metabolic activity or genetically 

determined radiation sensitivity. There is very little reliable data available on this subject. For 

example, cancer registries do not record whether a registered person has a history of premature 

birth. Furthermore, the survival rate of extremely premature infants has only increased signifi-

cantly in recent decades, meaning that no long-term follow-up studies are yet available. Know-

ledge regarding the exact sensitivity in cases of CPS remain very limited; this is compounded 

by the very small number of cases of these rare diseases. 

3.3.2 Foetuses, newborns and infants in relation to weight and week of pregnancy 

Although the analyses in section 3.1.4 did not indicate any increased risks for younger children 

compared to older children, it is widely assumed that foetuses and very young children are more 

sensitive to radiation regarding cancer induction. In addition to a generally longer remaining 

life expectancy and consequently a higher likelihood of developing a tumour, one reason is that, 

due to their young age, their body exhibits active cell proliferation and a high number of 

undifferentiated cells. These categories are therefore examined in more detail below. 
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3.3.2.1 Foetuses 

Human prenatal development is characterised by increased rates of cell division and cell 

specialisation (differentiation), as well as cell migration processes. These processes can be 

disrupted by ionising radiation, leading to the assumption that the embryo or foetus is relatively 

sensitive to radiation throughout the entire intrauterine development (Fiebich et al. 2021). The 

likelihood and nature of the consequences of radiation exposure vary depending on the type and 

intensity of the radiation, as well as the stage of prenatal development at the time of exposure. 

Foetal development in the womb is commonly divided into three main stages: the pre-

implantation phase (first to second week post-conception (p.c.)), the organogenesis phase (third 

to eighth week p.c.) and foetal phase (from the ninth week p.c.). 

Detailed descriptions of the effects of in utero radiation exposure have already been provided 

in the past by the German Commission on Radiological Protection, the ICRP and UNSCEAR 

(UNSCEAR 1986, SSK 1989, ICRP 2000, ICRP 2003, Streffer et al. 2003, SSK 2025a). 

The quantitative assessment of the risk of malignant disease following in utero exposure has so 

far been derived from two cohorts: individuals who were exposed in utero as a result of the 

atomic bomb explosions at Hiroshima and Nagasaki, and those whose mothers underwent X-

ray examinations of the abdomen or pelvis during pregnancy (Oxford Survey of Childhood 

Cancers (OSCC) study). For an up-to-date summary of this data, please refer to the SSK’s 

recommendation on “Effects after prenatal radiation exposure” (SSK 2025a). Accordingly, 

different analyses and assumptions regarding the doses associated with X-rays in OSCC lead 

to estimates of the ERR per dose for cancers up to age 15 ranging from 13 Gy-1 to 61 Gy-1, with 

the EAR standing at 1% to 6% per Gy for mortality and approximately half that for incidence. 

For individuals exposed in utero as a result of the atomic bomb detonations, the estimated ERR 

values are substantially lower, which may be explained by the delayed start of the analysis of 

cancer mortality among the atomic bomb survivors. In its 2025 recommendation, the SSK noted 

that the risk estimates from the OSCC study are comparable with risk projections for ERR 

following CT scans in childhood and adolescence, and concludes that the cancer risk remains 

constant from late pregnancy through birth and into early childhood and only then decreases 

with increasing age at exposure (SSK 2025a). The risk estimates for cancer induction following 

CT scans in childhood, as presented in Chapter 3.1.4 (1 to 2 children per 10,000 undergoing a 

CT scan), are also comparable in magnitude to the OSCC data, assuming a linear dose–response 

relationship.. 

Both the OSCC and the study of atomic bomb survivors exposed in utero have limitations that 

make it desirable to expand the body of evidence. A relatively recent search for studies on 

cancer risks resulting from early diagnostic exposure to ionising radiation in the databases 

PubMed, Scopus, Web of Science, Global Health and EMBASE between 2000 and 2019, based 

on eight studies (seven case-control studies and one cohort study), concluded that prenatal 

exposure during an X-ray or CT scan does not result in a statistically significant increased risk 

of any type of cancer, leukaemia or brain tumours (Abalo et al. 2021), particularly not in the 

two included CT studies (Bailey et al. 2010, Tettamanti et al. 2017). Here, it should be noted 

that the mother’s exposure status was determined using questionnaires or interviews. As doses 

to the foetus were not estimated, it was not possible to carry out dose–response analyses in 

either of the two studies. The discrepancy between the non-increased cancer risk associated 

with prenatal radiation exposure (yes/no) estimated in the meta-analysis by Abalo et al. 2021 

and the dose-dependent risk estimated in earlier studies can be explained by the small number 

of cases with substantial exposure on which the meta-analysis was based. This, in turn, is due 

to the decline in the frequency of X-ray examinations during pregnancy, resulting from the 

switch to techniques without ionising radiation such as ultrasound or MRI, as well as the 
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reduction in the dose per scan following the establishment and improvement of radiation 

protection regulations for patients. 

3.3.2.2 Dose in the foetus 

In one of the first retrospective studies involving 50 pregnant women, the doses to the foetus 

were determined following radiological examination of the pelvis or lower abdomen (Osei und 

Faulkner 1999). The results varied considerably depending on the type of examination, ranging 

from less than 0.01 mGy to 117 mGy (gestational age: 2–24 weeks). The highest mean foetal 

dose, 89 mGy, was determined following a CT scan of the pelvis. The majority of the unborn 

babies (around 68%) were at a stage of pregnancy of less than 8 weeks, while 18% were 

between 8 and 15 weeks. 

In 2003, Osei et al. described the FetDose software for estimating the radiation dose to the 

foetus, which calculates the absorbed dose and the risk to the foetus from conventional X-ray 

and fluoroscopy procedures performed on pregnant patients. This can also be used to determine 

the dose to the foetus resulting from occupational exposure of pregnant workers in radiology 

(Osei et al. 2003). The normalised uterine doses used to calculate the foetal dose are taken from 

NRPB-SR262 (Hart et al. 1991) and NRPB-SR250 (Jones und Shrimpton 1993). This software 

was used to determine the exposure data for 367 foetuses and 414 examinations (from five 

institutions in five countries) (Osei et al. 2003, Osei und Darko 2013). The radiation doses to 

which the 367 foetuses were exposed ranged from less than 0.001 mGy during an X-ray 

examination of the pregnant mother’s chest to 21.9 mGy during a CT scan of the lumbar spine. 

Some of the women underwent multiple examinations (two to four different examinations on 

the same patient), whilst others underwent repeated examinations (two to three repeated 

examinations on the same patient), which contributed to increased foetal doses. Around 78% 

(285) of the foetuses studied were exposed to doses of less than 1 mGy, and around 4% (16) of 

them were exposed to radiation doses of more than 10 mGy. 

A further assessment of foetal radiation doses and radiation doses to the pregnant woman during 

CT scans was provided by studies on radiation doses during CT pelvimetry (Mokubangele et 

al. 2022). This study from Cameroon (2017 to 2019) included 194 pregnant women. The 

average effective dose for pregnant women was 0.78 mSv, and the mean individual dose for the 

unborn child was 1.5 mGy (range: 0.76 mGy to 1.87 mGy). 

A relatively recent study based on CT data from 44 pregnant women (gestational age 8 to 35 

weeks) confirmed absorbed radiation doses for the foetus in the range of 0.97 to 2.24 mGy, 

with an average of 1.63 ± 0.33 mGy (Qu et al. 2023). The normalised foetal organ dose showed 

a significant association with gestational age, the pregnant individual’s abdominal 

circumference and the position of the foetus. Analysis of the CT radiation dose, taking into 

account the size of the person being examined (SSDE), based on CT-scan and 18F-FDG 

standardised uptake value (SUV) image doses from respective images of nine pregnant women, 

yielded a foetal dose (foetal self-dose) from 18F-FDG PET for the first trimester of 2.18 mGy 

(single data point), for the second trimester ranging from 0.74 mGy to 1.82 mGy, and for the 

third trimester ranging from 0.017 mGy to 0.0017 mGy. This ultimately results in a combined 

SSDE and foetal dose of 1.2 mGy to 8.2mGy (Burton et al. 2023). 

Although the mentioned studies are not directly comparable, they suggest a strong reduction in 

the dose to the foetus over the last few decades. 

3.3.2.3 Premature and newborn infants in relation to weight and week of pregnancy 

The effects of radiation exposure should not be underestimated in newborns in general, and 

especially not in premature infants. Because of the small size of their bodies, generally all of 
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their organs are located within the radiation field, resulting in a higher effective dose than in 

children and adults. 

X-ray examinations have become indispensable for diagnosis, treatment and monitoring of a 

patient’s condition, particularly in neonatal intensive care units. CT scans can also lead to 

potentially life-saving treatment and an improved quality of life for this age group, thanks to 

more accurate diagnosis. There is no comprehensive data available on dose measurement during 

CT scans of newborns, so any conclusions regarding radiation exposure in this age group can 

only be based on X-ray examinations (particularly of the chest). 

A normal pregnancy lasts between 38 and 42 weeks, with births at less than 37 weeks’ 

gestational age being described as preterm and those at < 28 weeks as extremely preterm. A 

baby born on the due date weighing less than 2,500 g is referred to as a low-birth-weight (LBW) 

infant or newborn; a baby weighing less than 1,000 g is referred to as a very-low-birth-weight 

(VLBW) newborn. Assuming that foetuses may be at higher risk of radiation-induced cancer 

than children, extremely premature infants and newborns weighing less than 1,000 g may be 

more sensitive to radiation than full-term infants due to the immaturity of foetal tissue. As 

explained in section 3.3.2.2, this assumption is not necessarily supported by the available data. 

Despite the uncertainty regarding the exact level of risk, however, there is a consensus that 

every possible measure should be taken to minimise radiation exposure during medical imaging 

for these newborns, provided that this does not compromise diagnostic accuracy or procedural 

safety (Toscan et al. 2024). 

In 2020, an estimated 13.4 million infants worldwide were born prematurely (i.e., before 

reaching 37 weeks of pregnancy) (Ohuma et al. 2023). Premature infants are more susceptible 

to immediate and long-term morbidity and mortality than full-term newborns, with 

complications arising from prematurity being the leading cause of death among children under 

the age of 5 (Perin et al. 2022). The shorter the duration of pregnancy and the lower the birth 

weight, the closer the clinical monitoring that is required. X-ray examinations are of crucial 

importance for the diagnosis and assessment of these unwell newborns (Gislason-Lee 2021). 

This applies in particular to chest X-rays, and less commonly to abdominal X-rays, as well as 

contrast-enhanced examinations of the gastrointestinal or urogenital tract. In cases where 

complications arise, a CT scan may also be used. 

A retrospective cohort study examined the medical radiation exposure of preterm and full-term 

infants between 2008 and 2015 to determine whether the effective dose exceeded 1 mSv (Hogan 

et al. 2018). It was shown that the likelihood of exceeding the 1 mSv was significantly higher 

for very preterm and extremely preterm infants (OR 1.85 [95% CI: 1.03–3.32] or 2.53 [95% 

CI: 1.53–4.21]), whereas this was not the case for late preterm infants (OR 1.14 [95% CI: 0.73–

1.78]). In 69% of full-term and 55% of preterm infants, the fact that this value was exceeded 

could be attributed to a single CT scan (p < 0.001). The proportion of preterm infants who 

underwent at least one X-ray of the chest, abdomen or neck was roughly twice that of full-term 

babies. In the first year after discharge from the neonatal unit, significantly more preterm infants 

were also exposed to a dose of >1 mSv (3.7% vs. 1.7%; p < 0.001) (Hogan et al. 2018). It should 

be noted that, rather than adding up the actual measured doses from individual X-ray 

examinations, published average values (Osei und Faulkner 1999) were multiplied by the 

number of individual images per patient. This may lead to uncertainty regarding the actual 

organ doses. Similar observations were made for 206 preterm infants with very low birth 

weight, with the effective dose calculated using a voxel-based model based on the dimensions 

of an 8-week-old infant (height 57 cm, weight 4.2 kg) (Ebenebe et al. 2019). The median 

cumulative effective dose in the birth-weight groups < 750 g and > 750 g for X-ray 

examinations were 210.6 µSv (68.4 µSv to 882.6 µSv) and 43.5 µSv (3.6 µSv to 537.6 µSv) 

respectively (p < 0.001). The mean effective dose per image was 10.4 µSv (range: 1.7 µSv to 
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48.5 µSv) for chest X-rays, 12.5 µSv (range: 2.8 µSv to 38.7 µSv) for abdominal X-rays and 

18.6 µSv (range: 3.8 µSv to 48.0 µSv) for combined chest and abdominal imaging. In infants 

with a birth weight of ≤ 750 g, the median cumulative effective dose was 3.5 times higher than 

in infants with a birth weight of 751 g to 1,000 g, and as much as 7 times higher than in infants 

with a birth weight of 1,251 g to 1,500 g (Ebenebe et al. 2019). Overall, this highlights the need 

for effective dose monitoring protocols for very premature infants, as a very low birth weight – 

and consequently the presence of comorbidities – is associated with significantly increased 

radiation exposure (Su et al. 2023, Ebenebe et al. 2019, Park et al. 2018). 

A more recent (retrospective) study examined radiation exposure and the associated predicted 

risk of radiation-induced cancer mortality in samples of full-term and preterm infants (Weiß et 

al. 2025). Of the 3,843 newborns (age 241.1 ± 35.45 days), 1,307 (34%) underwent at least one 

X-ray examination, with an average of 3.19 X-ray examinations per infant (cumulative effective 

dose of 23.7 µSv). The effective dose was estimated from the dose–area product using Elbakri’s 

method (Elbakri 2014), applying conversion factors determined by voltage, weight class (500–

6,000 g), filter (3 mm Al, 0.1 mm Cu) and type of exposure (anterior-posterior, chest/abdomen). 

The number of X-ray examinations showed a negative correlation with birth weight. A 

correlation was found between the prematurity of the infant, the number of X-ray examinations 

and radiation exposure. The greatest radiation exposure occurred in combined examinations of 

the chest/abdomen, particularly in newborns < 500 g (Weiß et al. 2025). 

To date, there have been no further observations in order to assess the potential risk of radiation-

induced cancer in premature infants. Cancer registries have so far not recorded data on obstetric 

history. Data on the duration of pregnancy is only collected in the study protocol for the therapy 

optimisation studies for acute lymphoblastic leukaemia. The study for the international 

cooperative treatment protocol for children and adolescents with acute lymphoblastic 

leukaemia (AIEOP-BFM ALL 2009) from 2010 to 2015 included a total of 284 former preterm 

infants (< 37 weeks’ gestational age). Of the 2,217 people with ALL from Germany included 

in this study, 185 (8.5%) were former preterm infants. Extremely preterm infants (< 32 weeks’ 

gestational age) accounted for 1.2% (n = 26). According to data from the Federal Institute for 

Quality Assurance and Transparency in Healthcare (IQTIQ), the proportion of preterm infants 

in Germany was 7.9% in this period, and 1.0% in the case of preterm infants < 32 weeks. A 

clear link between preterm birth or extremely preterm birth and the incidence of childhood ALL 

cannot therefore be confirmed (personal communication from Professor Martin Schrappe, Kiel, 

principal investigator of the AIEOP-BFM-ALL 2017 treatment optimisation study, according 

to EudraCT coding: AIEOP-BFM 2017 2016-001935-12). Information regarding examinations 

involving ionising radiation carried out prior to the onset of a malignancy is not recorded in the 

GPOH study protocols. 

3.3.3 Children with germline mutations/CPS 

People with various germline mutations/CPS can be expected to have increased sensitivities to 

radiation. Early diagnostic examinations for people with CPS should be carried out at suitably 

equipped centres with expertise in the imaging of children and adolescents, and, where possible, 

without the use of ionising radiation. 

Cancer is relatively rare in children and adolescents (Ronckers et al. 2025). The presence of a 

genetic tumour disorder is suggested by certain patterns of tumour clustering within families or 

multiple tumours in a single individual (bilateral involvement, multifocality, multiple types) or 

by specific clinical signs (e.g. café-au-lait spots in neurofibromatosis type I or macroglossia in 

Beckwith–Wiedemann syndrome), as well as by specific entities (e.g. pleuropulmonary 

blastoma in DICER1 syndrome, adrenal carcinoma in Li-Fraumeni syndrome) or an early age 

of onset for a particular tumour type (Jongmans et al. 2016). In recent years, an increasing 
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number of genetic risk factors for cancer in children and adolescents have been identified, and 

these can be utilised for early detection, general diagnosis and treatment (Ronckers et al. 2025). 

Over 50 different rare diseases have been described as CPS. These have been categorised into 

nine main groups by the American Association for Cancer Research (AACR) (Brodeur et al. 

2017, Table 3). 

Table 3:  The nine main groups of CPS (according to the American Association for Cancer 

Research (AACR)) 

Tumour predisposition group Specific syndromes/hereditary disease 

Li-Fraumeni syndrome Li-Fraumeni syndrome 

Neurofibromatoses Neurofibromatosis type I and II, swan nomatosis 

High-growth syndromes and Wilms tumour Beckwith-Wiedemann syndrome/hemihypertrophy, WAGR 

syndrome (Wilms tumour, aniridia, anormalies of the genitouri-

nary system, mental retardation), Denys-Drash and Frasier syn-

drome, Perlman syndrome, Bohring-Opitz syndrome, Mulibrey-

Nanism, Simpson-Golabi-Behmel syndrome 

Neural tumour syndromes Hereditary retinoblastoma and neuroblastoma, Gorlin syn-

drome, rhabdoid TPS 

Gastrointestinal cancer syndromes Familial adenomatous polyposis, familial juvenile polyposis, 

Peutz-Jeghers syndrome, Lynch syndrome 

Neuroendocrine syndromes Multiple endocrine neoplasia syndromes, from Hippel-Lindau 

disease, hereditary paraganglioma pheochromocytoma syn-

drome, familial medullary thyroid carcinoma, parathyroid carci-

noma syndrome 

Leukaemia predisposition syndromes GATA2 deficiency, Familial platelet disease with predisposition 

to acute myeloid leukaemia, trisomies 21 

DNA instability syndromes Bloom syndrome, Rothmund-Thomson syndrome, Ataxia 

teleangiectatica, Fanconi anemia 

Other syndromes DICER1 syndrome, Costello syndrome, Weaver syndrome, So-

tos syndrome, Rubinstein-Taybi syndrome, Schinzel-Giedion 

syndrome, Noonan syndrome, Tuberous sclerosis complex 

(TSC) 

 

The following section takes a closer look at leukaemia predisposition syndromes as examples. 

(Hereditary) leukaemia predisposition syndromes can be classified into different categories 

based on clinical features, biological functions and the signaling pathways involved, although 

individual syndromes may also be assigned to other CPS groups (Saida 2017): 

− genetic instability/DNA repair syndromes (such as Li-Fraumeni syndrome (LFS), caused 

by a p53 tumour suppressor gene mutation; constitutional mismatch repair deficiency 

syndrome (CMMRD), caused by biallelic (homozygous) alterations in the mismatch 

repair genes; WRN-mutated Werner syndrome; and the “chromosome breakage 

syndromes” (Bloom syndrome, Fanconi anaemia, ataxia–telangiectasia/Louis-Bar 

syndrome, Nijmegen breakage syndrome) 



Paediatric CT exposure and cancer 42 

    

− RAS signaling pathway dysfunction (e.g., Noonan syndrome, caused by alterations in 

the PTPN11 gene; the similar Casitas B-lineage lymphoma syndrome (CBL); and 

neurofibromatosis type I (NF1, also known as Recklinghausen’s disease)) 

− bone marrow failure (e.g., familial aplastic anaemia with an SRP72 mutation, Kostman 

syndrome caused by an HAX1 mutation, and thrombocytopenia with an ANKRD26 

mutation) 

− telomeropathies and immunodeficiency syndromes (e.g., dyskeratosis congenita 

(Zinsser-Engman-Cole syndrome) caused by mutations in the DKC1, TERT or TERC 

genes, or mutations in the Wiskott-Aldrich syndrome gene (WAS)) 

− abnormalities in (haematopoietic) transcription factors (e.g., mutations in the RUNX1, 

GATA2, PAX5, SH2B3 or ETV6 gene) 

− purely familial leukaemias (e.g. germline mutations in the GATA2, CEBPA, DDX41 or 

RUNX1 gene) 

− aneuploidies (e.g., trisomy 21). 

One of the most common genetic syndromes and one of the most well-established risk factors 

for (acute) leukaemia in childhood is Down’s syndrome, which is caused by partial or complete 

trisomy of chromosome 21 (Shimada 2021). The incidence of Down’s syndrome is estimated 

at 1 in 800 births, with the number of people living with trisomy 21 estimated at around 50,000 

in Germany and around 200,000 in the USA (Avet-Loiseau et al. 1995, Bull 2020, Hoppen 

2021). The development of transient abnormal myelopoiesis (TAM) that is considered as a 

putative precursor of myeloid leukaemia associated with Down syndrome, requires a specific 

genetic mutation in the GATA1 transcription factor in addition to trisomy.; This mutation 

results in an exclusive expression of the shorter isoform GATA1s in the foetal stem and/or 

progenitor cells (Wechsler et al. 2002). Approximately 10% of newborns with Down syndrome 

present with a transient myeloproliferative disorder and, of them, around 20% to 30% develop 

(acute myeloid) leukaemia after regression of TAM (Shimada 2021). People with Down 

syndrome are estimated to be 10 to 20 times more likely to develop acute leukaemia; the 

cumulative risk of developing leukaemia in people with Down’s syndrome has been estimated 

at 2.1% by the age of 5 and 2.7% by the age of 30 (Roizen und Patterson 2003). Due to 

comorbidities (e.g. congenital heart defects, abnormalities of the nervous system or the 

musculoskeletal system), it can be assumed that imaging techniques are used more frequently 

(AWMF 2025). An analysis of data from over 4 million children’s medical records across six 

US healthcare systems (1996 to 2016, a sub-cohort of the RIC Study described in section 3.1), 

of whom 3,095 had been diagnosed with Down’s syndrome, revealed that children with Down’s 

syndrome underwent almost 10 times as many medical imaging examinations as other children 

(Marlow et al. 2023, AWMF 2025). Imaging procedures involving ionising radiation were 

performed 9.5 times more frequently (95% CI: 8.2–10.9) in children with Down’s syndrome 

under the age of 1 and 2.3 times more frequently among those aged between 1 and 18 (95% CI: 

2.0–2.5). However, the mean cumulative bone marrow dose calculated from imaging (over an 

average period of 4.2 years) was twice as high in children with Down syndrome as in other 

children (4.7 mGy vs. 1.9 mGy) (Marlow et al. 2023). The use of imaging involving ionising 

radiation in these children should therefore be subject to scrutiny, and the justifying indication 

must be established with particular strictness. 

It is generally accepted that early detection of a tumour can lead to improved clinical outcomes, 

which in children often results in cure. For this reason, clinical early detection protocols incor-

porating clinical, biochemical and imaging methods have been implemented and evaluated for 

CPS. It has been shown that, for Li-Fraumeni syndrome, participation in these screening 
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programmes resulted in a 5-year survival rate of 89%, compared to 60% in the unscreened 

group (Villani et al. 2011). In general, 4% of people with Li-Fraumeni syndrome have deve-

loped a tumour within their first year of life. This figure rises to 22% by the age of 5 and 41% 

by the age of 18. It can be assumed that this risk is likely to be further increased by adverse 

environmental factors, as well as by ionising radiation. In some cases, CPS are known to be 

associated with a particularly high level of radiation-induced carcinogenicity. In 30% of cases, 

people with Li-Fraumeni syndrome develop a malignancy in the previously irradiated region 

following radiotherapy (Bougeard et al. 2015). Similar findings have been reported in children 

with hereditary retinoblastoma and neurofibromatosis (Kleinerman 2009). Overall, data on 

secondary malignant neoplasms – for example, in individuals with Li-Fraumeni syndrome and 

hereditary TP53-related cancer syndrome – remain scarce, as there is rarely long-term follow-

up before the onset of secondary malignant neoplasms and the prognosis tends to be poor 

(Hendrickson et al. 2020). However, it can be assumed that some CPS are characterised by 

increased radiation sensitivity, although the strength of the correlation between radiation sensi-

tivity and cancer predisposition has yet to be clarified. 

Increased radiation sensitivity has been confirmed in lymphocytes in Nijmegen breakage 

syndrome, as have germline mutations resulting in loss of function in the Nibrin gene, a protein 

involved in the repair of double-strand breaks (DSBs) (Walsh et al. 2017). Increased sensitivity 

to radiation has also been described, for example, in ataxia–telangiectasia, Rothmund-Thomson 

syndrome and other rare CPS. For high-dose examinations involving ionising radiation, adverse 

radiation effects have generally been confirmed in terms of cancer induction. According to a 

systematic review, there is insufficient evidence to suggest that leukaemia, lymphoma, and 

brain and thyroid cancer occur more frequently in people with CPS (Canet et al. 2022). 

Using PubMed, Scopus, Web of Science and EMBASE, an evaluation was made of epidemio-

logical studies on the cancer risk in people under the age of 25 with CPS in whom examinations 

with low (< 100 mGy) to moderate dose (< 500 mGy) were performed. Of the 16,315 articles 

identified in the initial literature search in 2020, only 15 publications were ultimately included 

in the analysis, and two of these described the same study population. Ultimately, eight cohort 

studies and six case-control studies remained. Ten studies evaluated the effects of diagnostic 

procedures – CT scans in four studies and chest X-rays in six studies. However, these studies 

were also highly heterogeneous, particularly with regard to the reported dose values. With 

regard to the types of cancer, Canet et al. (2022) found no evidence of an increased risk (ERR) 

of leukaemia following low- to moderate-dose exposure (i.e. X-rays and CT scans) in children 

with a corresponding CPS. However, given the small number of cases, the team of authors were 

unable to rule out a potential effect and concluded that there was insufficient evidence to 

suggest an increased risk of radiation-induced leukaemia with CPS. Similar findings were 

reported for lymphomas and CNS malignancies. Insufficient evidence was reported for retino-

blastoma or thyroid carcinoma. According to the review, however, there are studies on breast 

cancer that indicate a higher risk of breast cancer following low-dose examinations for carriers 

of the BRCA1 or BRCA2 mutation, although these findings are not consistent. For example, 

studies by Andrieu et al. (2006), Gronwald et al. (2008), Pijpe et al. (2012) and Lecarpentier et 

al. (2011) described an increased risk even at extremely low doses (typically equivalent to a 

few days’ natural radiation exposure), whilst this is not confirmed by John et al. (2013). The 

increased risk, which has been widely reported, rises with the number of examinations invol-

ving ionising radiation and is considered to be highest when exposure occurs at a younger age. 

Other major reviews on the link between CT exposure and malignancies in children do indeed 

include CPS, but only in terms of their total number – the heterogeneity of these rare diseases 

has already been noted (Journy et al. 2016a, Berrington de Gonzalez et al. 2016). 
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A literature review on the link between radiation exposure from CT scans and the risk of 

leukaemia and brain tumours in patients with CPS – combined with expert opinions – suggests 

that the radiation-related relative risk of leukaemia is not significantly confounded by Down 

syndrome, Noonan’s syndrome and other CPSs (Meulepas et al. 2016, Smith-Bindman et al. 

2025a). Similar conclusions were reached for tuberous sclerosis complex, von Hippel-Lindau 

disease, neurofibromatosis type 1 and other CPSs in relation to brain tumours. It should be 

noted that these conclusions are based solely on empirical evidence relating to people with 

Down’s syndrome, as provided by the RIC Study (Smith-Bindman et al. 2025a, Marlow et al. 

2023). Otherwise, the conclusions are based on assumptions about CT use on people with CPS, 

as there is currently no robust empirical data available apart from the RIC Study. 

As an alternative to imaging techniques involving ionising radiation, whole-body MRI is 

playing an increasingly important role in early detection in the presence of CPS, alongside 

ultrasound (Greer et al. 2017). The S1 guideline on whole-body (WB) MRI (AWMF 2021a) 

from the Society for Paediatric Radiology (GPR) identifies CPS as a relevant indication for this 

method. For various CPS, there are now also protocol recommendations regarding the scope 

and frequency of whole-body MRI scans (e.g., Li-Fraumeni syndrome: annual whole-body 

MRI; NF1: baseline scan between the ages of 16 and 20; hereditary retinoblastoma: annual 

scans from age 8). For Li-Fraumeni syndrome, the Toronto Protocol recommends an annual 

whole-body MRI, an annual MRI of the central nervous system, and abdominal and pelvic 

ultrasound scans every 3 to 4 months (Kratz et al. 2017). In constitutional mismatch repair 

deficiency (CMMRD) syndrome, which has a very poor prognosis (average survival time < 30 

months after diagnosis) due to various, recurrent malignant tumours, an annual whole-body 

MRI is recommended from 6 years of age, in addition to twice-yearly cranial MRI and 

abdominal ultrasound examinations and an annual endoscopy (Tabori et al. 2017). 

Certain risk and safety considerations must also be taken into account in the case of whole-body 

MRI (e.g., field strength, high-frequency fields, contrast agents), as well as the possibility of 

false-positive findings, which must then be verified by dedicated localised MRI scans or by 

combining MRI with functional methods such as positron emission tomography (PET-MRI). 

Not least because of the very low incidence of these diseases and syndromes, diagnosis should 

be carried out at centres for rare diseases that are suitably staffed and equipped. The risks 

associated with sedation or anaesthesia for MRI scans must also be taken into account and 

weighed against the radiation risk. As a general rule, children with CPS require screening or 

early detection examinations for many years; given the frequency of these tests, it is preferable 

to carry them out without the use of ionising radiation wherever possible. 
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Glossary of terms 

Adverse effect An adverse effect is an undesirable, detrimental or 

harmful effect of a measure (e.g. the use of ionising 

radiation). 

Confounding When investigating the effect of radiation exposure on 

the risk of disease, confounders are factors that affect 

both the level of exposure and the risk of disease. 

Confounders can lead to a statistical association between 

exposure and disease risk even when exposure has no 

actual causal effect. Similarly, confounders can mean that 

exposure is not statistically associated with the risk of 

disease despite actually having a causal effect. 

The extent to which a confounder can influence the 

assessment of the association between exposure and 

disease risk depends on how strongly the confounder 

influences the exposure, how strongly the confounder 

affects the disease risk, and the prevalence of the 

confounder. 

If the confounder is fundamentally known about and it is 

possible to collect data on its characteristics, the 

statistical dose–response analysis can be adjusted so that 

the confounder does not influence the assessment of the 

association between exposure and disease risk. 

See also: Confounding by indication 

Confounding by indication In studies investigating the effect of medical radiation 

exposure on the risk of developing disease later in life, 

the reason for the exposure – that is, its medical 

indication – can act as a confounding factor. Even prior 

to exposure, individuals for whom medical radiation 

exposure is indicated can therefore be systematically 

distinguished from those who have not been exposed in 

terms of their risk of the health endpoint considered in the 

study. 

These relationships can also be quantitative, in that 

people with a medical indication for more frequent or 

higher levels of radiation exposure may already have a 

higher risk of developing a disease prior to exposure than 

those for whom such an indication is less common or who 

have a medical indication for lower levels of exposure. 

See also: Confounding 

Dose report The dose report is a record of a patient’s medical radia-

tion exposure. 
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Dose–response relationship The dose–response relationship refers to the functional 

relationship between the dose of an agent and the 

resulting effect. In the context of radiation, this typically 

refers to the relationship between a radiation dose and the 

probability of a biological effect occurring or the severity 

of that effect (see also LNT model). 

DRG statistics DRG stands for diagnosis-related group. The DRG 

statistics are hospital statistics based on diagnosis-related 

groups and constitute a comprehensive annual survey of 

the services provided by hospitals subject to reporting 

requirements. A record is made of continuous inpatient 

treatment in hospital (treatment pathway). Accordingly, 

the statistics only include inpatient treatment – especially 

surgical procedures and other forms of treatment. 

Echocardiography Echocardiography is an ultrasound examination of the 

heart used to assess heart structure, blood flow and 

pumping function. 

Effective dose The effective dose is the sum of the organ equivalent 

doses (HT) in relevant organs and tissues, multiplied by 

the corresponding tissue weighting factors (wT) recom-

mended by the ICRP and specified in the Radiation 

Protection Ordinance. 

E = ∑ wT  ∙ HT =T ∑ wTT  ∑ wR ∙ DT,RR  , 

where HT is the organ equivalent dose in a tissue or organ 

T, wT is the tissue weighting factor, and wR is the 

radiation weighting factor. The unit of effective dose is J 

kg-1. To make it clear that this is a weighted dose, the 

sievert (Sv) is used as the unit instead of the gray (Gy), 

as is the case with the equivalent dose.  

Longitudinal epidemiological 

study 

A longitudinal epidemiological study analyses the rela-

tionship between an exposure and a health endpoint 

based on data on exposure, endpoint and other relevant 

variables collected over an extended period of the parti-

cipants’ lives. 

Longitudinal epidemiological studies can be retrospec-

tive or prospective in design. Two examples of study 

design are the case-control study and the cohort study. 

See also: Case-control study, cohort study 

Excess relative risk (ERR) Excess relative risk redirects to this page: 

The excess relative risk (ERR) is the ratio of the risk of 

an event (e.g. illness or death) in an exposed population 

to the risk in a non-exposed population, minus 1. The 

excess relative risk can be estimated in radiation 

epidemiological studies as the ratio of the event rates in 

https://glossar-ssk.de/index.php?title=Organ-%C3%84quivalentdosis
https://glossar-ssk.de/index.php?title=Organ-%C3%84quivalentdosis
https://glossar-ssk.de/index.php?title=Gewebe-Wichtungsfaktor
https://glossar-ssk.de/index.php?title=ICRP
https://www.gesetze-im-internet.de/strlschv_2018/
https://www.gesetze-im-internet.de/strlschv_2018/
https://glossar-ssk.de/index.php?title=Strahlungs-Wichtungsfaktor
https://glossar-ssk.de/index.php?title=Sievert
https://glossar-ssk.de/index.php?title=Gray
https://glossar-ssk.de/index.php?title=%C3%84quivalentdosis
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the two groups minus 1. In the literature, this relationship 

is often not presented, and the excess relative risk is 

equated with the event rate ratio reduced by 1. 

Excess odds ratio (EOR) See ERR in SSK glossary: 

In the literature, the excess odds ratio (EOR) is some-

times used instead of the ERR; when the prevalence of a 

condition is low (less than around 10% in a population), 

the EOR is numerically roughly equivalent to the ERR. 

Exclusion period In a longitudinal epidemiological study, the exclusion 

period is the period following exposure during which any 

occurrences of the health endpoint under investigation 

are not taken into account. This period is therefore not 

considered to be a period of risk. 

The purpose of applying an exclusion period is to prevent 

reverse causation. The chosen length of the exclusion 

period is based on considerations regarding the minimum 

time required for the disease to develop from the point of 

exposure until it can be diagnosed. 

See also: Longitudinal epidemiological study, reverse 

causation 

Case-control study A case-control study is a longitudinal, observational 

epidemiological study. In this design, the first step is to 

identify a group of people who have experienced a rele-

vant health event, such as a cancer diagnosis or death. 

The resulting individuals constitute the cases. Each case 

is individually matched to individuals as controls who are 

equivalent to the corresponding case in terms of key basic 

characteristics, such as gender and age. Retrospectively, 

past exposure to one or more risk factors is then 

reconstructed on an individual basis for both cases and 

controls. By analysing the collected data, it is possible to 

quantify the association between exposure and the 

occurrence of the health event used in the case definition. 

See also: Longitudinal epidemiological study 

Tissue weighting factor The tissue weighting factors (wT) provide an approximate 

description of the proportion of radiation risk that arises 

from the irradiation of a tissue or organ T in the context 

of homogeneous whole-body irradiation, relative to the 

total risk. The tissue weighting factors represent average 

values, calculated across people of both sexes and all age 

groups, and therefore do not refer to the characteristics of 

individual people. The tissue weighting factors are used 

to weight the individual organ equivalent doses (HT) in 

order to calculate the effective dose (E). These factors 

(wT) reflect the varying sensitivity of different organs, 

https://glossar-ssk.de/index.php?title=Strahlenrisiko
https://glossar-ssk.de/index.php?title=Organ-%C3%84quivalentdosis
https://glossar-ssk.de/index.php?title=Effektive_Dosis
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tissues and body parts T to stochastic radiation effects 

(cancer induction, induction of genetic damage). 

Cohort study A cohort study is a longitudinal, observational epidemio-

logical study. In this design, a group of individuals is first 

defined as a cohort based on inclusion and exclusion 

criteria. For the members of this cohort, individual expo-

sure to one or more risk factors is recorded along with 

other personal characteristics. The cohort is monitored 

longitudinally over an extended period in order to record 

any health events that occur – such as a new cancer 

diagnosis or death – on an individual basis. Analysing the 

collected data can quantify the link between exposure and 

the occurrence of health events. Cohort studies can be 

conducted both prospectively and retrospectively. 

See also: Longitudinal epidemiological study 

LAR The lifetime attributable risk (LAR) is the attributable 

risk (AR) for a health event – such as cancer – calculated 

over the entire lifespan. 

If, over a fixed period, R1 denotes the risk among those 

exposed, R0 the risk among those not exposed, RR the 

relative risk (R1/R0), and ERR the excess relative risk, 

then the following formula applies: 

AR =  
R1 − R0

R1
=  

RR − 1

RR
=  

ERR

1 + ERR
 

The terminology is not consistent. AR is also known as 

the “attributable fraction among the exposed”. Subject to 

certain additional conditions, AR is the proportion of the 

risk of exposed individuals for which the exposure could 

be responsible. The term “etiologic fraction” is also used 

to describe this interpretation. Subject to certain 

conditions, AR is equivalent to the probability that a 

health event that occurs could be caused by the exposure 

(“probability of causation”, “assigned share”). 

LNT model Linear no-threshold model. This model describes the 

assumption made in radiation protection that the 

incidence of a stochastic effect observed in the medium 

to high dose range (approximately 0.1 to 5 Gy) can be 

extrapolated linearly down to zero dose (i.e. without a 

threshold dose). 

Morbidity Morbidity refers to the frequency with which diseases 

occur in a population. 

Mortality Mortality refers to the number of deaths occurring in a 

specific population within a given period. 

https://glossar-ssk.de/index.php?title=Stochastische_Strahlenwirkung
https://glossar-ssk.de/index.php?title=Stochastischer_Effekt
https://glossar-ssk.de/index.php?title=Gray
https://glossar-ssk.de/index.php?title=Schwellendosis
https://glossar-ssk.de/index.php?title=Schwellendosis
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Operations and Procedure 

Codes (OPS codes) 

Classification of operations, procedures and medical 

interventions. The primary purpose of OPS codes is to 

provide a coding system for billing the relevant health 

insurance funds (both statutory and private). The OPS 

codes are used for billing in the inpatient sector. For 

billing in the outpatient sector, which is not covered here, 

classification is carried out using the Uniform Assess-

ment Standard (EBM) (statutory health insurance funds) 

or the Fee Schedule for Doctors (GOÄ) (private health 

insurance funds). 

PECO scheme In the PECO framework, P stands for population, E for 

exposure, C for comparator and O for outcome. The 

framework is used to precisely define an epidemiological 

research question. It can serve as a guide both when plan-

ning a study and when determining the search strategy for 

a systematic literature review. 

Polytrauma Polytrauma refers to life-threatening injuries affecting 

several organ systems or body regions that occur simul-

taneously. 

Radiography Radiography (also known as “conventional X-ray”) is an 

imaging technique that uses X-rays to produce two-

dimensional images of objects. In medicine, it was based 

on film-screen technology until the 1980s, then on the use 

of digital storage screens. Since the 1990s, it has 

increasingly been based on the use of digital solid-state 

detectors. 

Reverse causation The central question underlying a radiation epidemiolo-

gical study is typically whether radiation exposure is a 

causal factor in an increased risk of disease. Reverse 

causation describes a situation in which the disease under 

investigation has already developed in a study participant 

prior to exposure but has not yet been diagnosed and the 

progression of the disease results in increased radiation 

exposure. 

Size-specific dose estimate 

(SSDE) 

The size-specific dose estimate (SSDE) takes account of 

variations in patient diameter, unlike the CTDIvol, which 

is limited to two phantom sizes (head 16 cm and body 32 

cm). The value is calculated as SSDE = CTDIvol × f 

(where f is a factor based on the effective patient dia-

meter). The effective diameter is calculated as the square 

root of the product of the patient’s antero-posterior (a.p.) 

and lateral (lat.) diameters. 

Ultrasound  Refers to an imaging technique that uses ultrasound. 
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Staging Staging refers to the process of determining the stage of 

a malignant tumour in order to assess the extent of its 

spread. 

Standard operating 

procedures (SOPs) 

The SOPs set out standardised procedures and parameters 

for carrying out examinations. 

Radiation carcinogenicity The property of radiation to cause cancer (malignant 

tumours) or to promote the development of cancer. 

Surrogate markers An indirect indicator for recording an effect. A surrogate 

marker is used when the actually relevant variable 

through which an effect is observed cannot be measured. 

Cancer predisposition 

syndrome 

A genetic condition that increases an individual’s risk of 

developing malignant tumours. 

Additional filters These filters used in CT scans are made, for example, of 

an aluminium alloy, silver or tin. They are used to 

improve the quality of the radiation by absorbing soft, 

non-image-forming rays that would otherwise cause 

unnecessary radiation exposure for the patient. 
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