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Abstract  
Exposure to ionizing radiation is a known risk factor for cancer. Cancer risk is highest after exposure in 

childhood. The computed tomography is the major contributor to the average, individual radiation 

exposure. Until now the association has been addressed only in statistical modeling. We present the 

first feasible study design on childhood cancer risk after exposure to computed tomography.  
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ionizing radiation   

 

Text   
The use of computed tomography (CT) is growing in developed countries [1]. Radiation doses from CT 

are around 10-100 times higher than those from conventional x-ray examinations. CT is currently the 

major contributor to annual medical radiation exposure and the major reason for the ongoing increase 

of the exposure [2]. It is well known that cancer risk after irradiation is highest after exposure in 

childhood as children have a higher susceptibility to ionizing radiation and a longer life span under risk 

[3]. Brenner et al. estimated that among the 600,000 children annually scanned in the USA, 500 will 

develop cancer and die in consequence of the radiation exposure from CT [4]. Until now, only model-

based estimations but no primary epidemiological study data are available to estimate the cancer 

burden from CT exposure. In Germany, we will perform a cohort study of paediatric patients exposed 

to ionizing radiation through CT with prospective follow-up for cancer incidence.  

 

Based on the electronically stored patient records from the departments of radiology of large hospitals 

a cohort of children who underwent a CT examination will be assembled. Our pilot study indicates that 

paediatric CTs are predominantly done in large hospitals. However, for the few patients who have CTs 

done in different centres, we will underestimate the exposure. Any available information on previous 

CTs will be collected. Records available in the radiology information systems (RIS) include patient 

identifiers like name, address, sex and date of birth, date and performed procedure. The indication for 

CT and the report allow identifying those individuals with cancer or other diseases associated to 

cancer.  

 

Technical information for individual dose reconstruction is stored as metadata together with the image 

in the picture archiving and communication systems (PACS). This metadata will be abstracted by 

software specifically designed for this study and the effective dose will be calculated [5]. Individual 

organ doses will be calculated based on newly modelled conversion factors and having regard of 

exposed organs. The cumulative doses will be calculated.  

The full cohort will be pseudonymised and linked with the database of the German Cancer Registry 

(GCCR). The GCCR was established 1980, registers all cancer cases in children younger 15 years 

and reached full coverage around 1987. The registration age range of the GCCR was recently raised 

to 18 years. After assembling of the cohort further follow-ups will be performed, lengthening the 

observation period. Due to pseudonymisation and strict data separation data privacy is assured.  

 

Statistical analyses will include external comparison with the childhood cancer incidence of the 

German population from the GCCR (SIR analysis) as well as internal comparison (dose-response 

analysis). Patients with prevalent cancer will be excluded. Confounding by indication will be a major 

challenge for the analysis and the interpretation of the study results. To address it, patients will be 

assigned to specific risk groups based on indication, result and clinical information. Sensitivity 

analyses will be performed concerning the a priori higher risks of cancer development and mortality for 
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exposed children. Conventional x-rays will not be considered as their dose contribution is considered 

negligible as compared to CT. Our recent large cohort study did not detect increased cancer risks after 

conventional x-ray examination [6].  

 

Based on calculations from our pilot study we expect to enrol retrospectively about 80,000 to 130,000 

eligible patients in more than 40 hospitals nationwide, who underwent CT-examinations from 1980 

until 2010. For the conservative power calculations, we applied the average number of annual CTs per 

type of hospital, applied average observation periods and reduced the number of CTs by the fraction 

of those expected to be prescribed for cancer therapy. The resulting number of CT examinations was 

converted into the number of patients by using the fraction of multiple CTs per patient. For each 

patient, the time under risk was halved and a lag period of six months applied. The expected cancer 

cases in the cohort were calculated based on the data from GCCR. Finally, we will be able to detect a 

SIR of 1.6 for leukaemia and a SIR of 1.3 for all cancer. 

  
Results are expected in 2013. 

Statistical power may only be enhanced by international pooling. The described design is applicable in 

every country with an existing nationwide cancer registry and other scientists are encouraged copying 

it. International pooling within a European joint project is envisaged. 

 

The study is funded by the German Federal Ministry of Education and Research (02NUK0116A). 
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