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SPECIFICITIES OF MEDICAL EXPOSURES

Medical radiation differs from most other exposure in that :
 The radiation is purposefully administrered
 In a CONTROLLED fashion
 to individuals who are expected to received direct BENEFIT

Radiation therapy
 Doses are high enough to ensure cell killing (few 10´s of Gy)
 Radiation protection : limitation of dose to neighbour organs/tissues

Radiodiagnostic
 Radiation protection : balance between image quality and doses (as low as 

reasonably achievable)



MEDICAL EXPOSURE OF THE POPULATION



Relative contribution of main examination types to 
collective effective dose in EU members states

(+ Switzerland, Iceland & Norway)

From EU radiation protection report 180: Medical Radiation 
Exposure of the European Population (2014) 
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A European, multi-disciplinary project to enhance
the scientific bases and practice of radiation
protection in the medical field



This project has received funding from the Euratom research and 
training programme 2014-2018 under grant agreement No 755523.



STRUCTURE



MAIN OBJECTIVES
Improve organ dose estimation and registration to:

 Inform clinical practice
 Optimise doses
 Provide adequate dosimetry for clinical-epidemiological studies on the

effects of medical radiation

Evaluate and understand the effects of medical exposure focusing on
 cardiovascular effects of low to moderate doses of radiation from RT in 

breast cancer treatment
 Doses to healthy organs in I131 radioiodine ablation of thyroid
 long-term effects on cancer risk of low doses from CT in children

Develop science-based consensus policy recommendations for the 
effective protection of patients, workers and the general public



ACTIVITIES
The multi-disciplinary consortium will, in close interaction with European 
medical associations MELODI and EURADOS: 

 develop a tool to determine image quality and maximise optimisation
 improve and develop new individual organ/anatomical structure dosimetry 

from chest CT, I131 administration, fluoroscopy-guided procedures, hybrid 
imaging, and RT for breast cancer 

 conduct epidemiological studies of consequences of RT and CT, 
 identify potential novel imaging and circulating biomarkers and 

mechanisms of radiation effects, 
 develop innovative risk models, 
 develop and implement a European repository of patient dose and imaging 

data, 
 develop science-based recommendations, and 
 introduce novel approaches to bring together the nuclear and medical 

sectors. 



WORK PLAN



WP 2 Dose evaluation and optimisation in medical imaging (UoC)
As Low As Reaonably Achievable:

 Justification – Is the exam necesary & are there other options (MRI…)
 Optimization – Achieve the lowest dose for the quality required

Optimization in chest CT scanning
 Development of a software tool on image quality and radiation doses



WP 2 Dose evaluation and optimisation in medical imaging 
Optimization in Interventional Radiology

 Estimation of doses to patients (real time evaluation doses)
 Evaluation of efficiency and effectiveness of staff radiation  protection tool



WP 2 Dose evaluation and optimisation in medical imaging 
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WP 2 Dose evaluation and optimisation in medical imaging 

Optimization in chest multimodality imaging 
 Establishment of DRL values
 Optimization of patient organ doses

Development of imaging and radiation dose biobank
 Collection, storage and retrieval of de-identified image data and dose data 

for future use in research



WP 3 Impact of low dose radiation exposure from I-131 
Radioiodine (NaI) ablation of thyroid cancer (RMH/ICR )

Assess absorbed doses delivered to healthy organs and to thyroid 
remnants in thyroid ablation

 Develop and implement tools to establish the range of doses
 100 patients from 4 centres

Risk/benefit individualised treatment planning for these procedures 
 Analysing patient-specific biokinetics 
 Recommendations and protocols

Biomarker studies to assess individualized radiosensitivities

Plan a large scale study that will evaluate long term risk



WP 4 Breast Radiotherapy and Secondary Cardiovascular Risks: 
Establishing Risk Models for Clinical Support (UMCG)

Gain insight into the mechanisms of radiation-induced 
cardiotoxicity in breast cancer patients 

 integrate clinical epidemiology, radiobiology, and modelling approaches 

Two clinical studies : 
 EARLY HEARTH: to identify and validate most important cardiac imaging 

biomarkers and circulating biomarkers of radiation-induced 
cardiovascular changes arising in the first 2 years after breast RT

 BRACE: to determine the relationship between 3D dose distributions in 
cardiac substructures and the risk of acute coronary events (ACE) and 
other cardiac complications in BC patients



Why studying paediatric population involved in CTs?

Benefits of CT 
(computed tomography)

 Improved diagnostic
 Great image quality for 

organs in motion i.e. 
heart, lungs 

 Short exam time
 No sedation of children 

Potential risks?

 Increase in CT examinations, 
particularly among paediatric
populations

 CT exposure has the most 
contributions to the annual 
collective dose from medical 
radiation exposure. 

WP5 - Possible health impact of paediatric scanning – a 
molecular epidemiology study (ISGLOBAL)



First results from national studies

First results show: 
 The first study in the UK reported increased risk of leukemia and brain 

tumors (Pearce)
 Results were similar in studies in Germany (Krille & Pokora), France 

(Journy, Bernier), Taiwan (Huang) , Australia (Mathew)

Critics: 
 Underlying conditions/cancer predisposing conditions: predisposing 

syndromes, acquired immune deficiencies which may influence the 
development of cancer. 

 Reverse causation : participant showing symptoms of the undetected 
cancer which then is the reason for them to obtain a CT scan.

 Uncertainties on doses and lack of individual data for dose reconstruction



The EPI-CT study (2011-2017): A European cohort of 
paediatric patients involved in CT scanning

Individual doses for more than 1,500,000  CT examinations

Total of more than 1,000,000 patients – increased power
 National cohorts are defined retrospectively from 

records of participating radiology departments

 Eligible subjects have at least one recorded CT-scan
before age 21 and are cancer-free at the time 
of the first CT. 

 Only residents of participating 
countries are included to ensure feasibility of follow-up. 



EPI-CT : Number of examinations in EPI-CT



WP5 - Possible health impact of paediatric scanning – a 
molecular epidemiology study (ISGLOBAL)

Task 5.1 : Epidemiological study of paediatric CTs and cancer
 5.1.1 Update of the follow-up of the cohorts
 5.1.2 Conduct of a case-control study of brain and haematological

malignancies nested within the EPI-CT cohort

Task 5.2 : Exomes and methylation

Task 5.3 : Dosimetry

Task 5.4 : Analyses



WORKPACKAGE 5  

FOLLOW-UP OF EXISTING  PAEDIATRIC CT 
COHORTS



The EPI-CT Follow-up
In 4 countries representing the majority of the initial cohort
 France, Netherlands, Spain and the UK
 About 730,000 patients
 5 additional years of follow-up ( up to 2017) 

 Activities: 
 Ethics in year 2, 
 Data collect in year 3,
 Analyses in year 4



The EPI-CT Follow-up – Challenges in data collection

In EPI-CT, anonymised data collected at the hospital (RIS & PACS)

PACSRIS



The EPI-CT Follow-up - Challenges

Need to collect data on additional scans performed in the last 5 years
 About 57 000 additional scans
 1 year for data collection - we can´t go back to all hospitals

Possible ways under evaluation to collect data
 Collect data through social security (in France) … need a lot of data 

treatment & no information on doses
 Collect dosimetric data in only a few hospitals per country to assess

evolutions in doses in recent years. 
 Use of the “dose management system” instead of PerMoS



WORKPACKAGE 5  

NESTED CASE-CONTROL STUDY



Objectives

Further study haematological malignancies and central nervous system 
tumours via 

 A case-control study nested within the EPI-CT cohorts (France, Spain, 
possibly Sweden)

To better estimate cancer risk following low doses of IR from CTs
 Taking into account potential bias factors
 And the role of factors modifying the risk



Study population

Cases  from the EPI-CT cohorts
 Who have undergone at least 1 CT before the age of 21

Controls matched on
 2 controls: Age, sex and residence
 1 control: Age, sex, residence and dose for genetic and epigenetic analyses
 Controls should be free of cancer at the time cases are diagnosed

Outcome of interest
 Brain tumours, leukemia, lymphoma

Ethics approval obtained in Cataloña and submitted in France



Main source of information

Online questionnaire (or paper if requested) to collect information on
 Socioeconomic status, present and past residences 
 Individual and familial medical history, including cancer and cancer 

predisposing conditions
 Ionizing radiation exposure: including medical exposures (CTs, other 

diagnostic procedures) and, where applicable, occupational exposure. 
 Other potential environmental exposure, residential and school address 

history (possibly)
 Lifestyle factors: such as smoking and alcohol drinking habits. 

Informed consent signed



Main source of information

Questionnaire to the parents
 General questions about pregnancy 
 specific exposure during pregancy (medicine, medical radiation)
 Lifestyle during pregancy: such as smoking and alcohol drinking habits
 General questions on birth and first days of life of the child: 

 Weight at birth
 Premature birth, Intensive care unit , Oxygen ?

 Occupational history of mother and father

Informed consent signed



Main source of information

Access medical records 
 Radiology departments
 Collection of images (for dose reconstruction purposes)

Analyses in saliva samples to identify markers of radiosensitivity
 Non invasive

 DNA analyses
 RNA analyses

Informed consent signed



Genetic and Epigenetic factors 

There is a need to identify genetic and/or epigenetic variants which may increase 
the risk of radiation induced cancers in patients. 
More research is needed to identify radiosensitive patients and ensure alternative 
imaging techniques are used. 

Some individuals have variance in DNA 
repair and apoptosis genes which has 
been associated with increased 
radiosensitivity.

Specific epigenetic changes can 
also result in enhanced radiation 
sensitivity.

+

DNA : Exome sequencing focusing on genes that are believed to be related to 
radiosensitivity
Hypermethylation analyses on both DNA and RNA
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