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RISC-RAD Partners 

Participant 
Role 

Participant 
Number 

Participant’s Name Participant 
Short Name 

Country 

CO 1 Commissariat à l’Energie Atomique CEA France 

CR 2 Leiden University Medical Center  LUMC The Netherlands 

CR 3 Health Protection Agency – Radiation Protection 
Division (ex National Radiological Protection Board – 
NRPB)  

HPA-RPD United Kingdom 

CR 4 GSF-Forschungszentrum für Umwelt und Gesundheit GSF Germany 

CR 5 Radiation and Nuclear Safety Authority  STUK Finland 

CR 6 Erasmus Medical Center  EMC The Netherlands 

CR 7 The University of Sussex UoS United Kingdom 

CR 8 Medical Research Council MRC-RGS United Kingdom 

CR 8bis University of Oxford – Radiation  ROB United Kingdom 

CR 9 Stockholm Universitet  SU Sweden 

CR 10 Centre National de la Recherche Scientifique CNRS France 

CR 11 Ecole Normale Supérieure de Lyon  ENSL France 

CR 12 Centro Nacional de Investigaciones Oncolõgicas  CNIO Spain 

CR 13 Universitat Autonoma de Barcelona  UAB Spain 

CR 14 Universita degli Studi di Pavia UNIPV Italy 

CR 15 Brunel University UBRUN United Kingdom 

CR 16 University of Southern Denmark  SDU Denmark 

CR 17 Ente per le Nuove Tecnologie, l’Energia e l’Ambiente  ENEA Italy 

CR 18 Istituto Nazionale per lo studio e la cura dei Tumori  INT Italy 

CR 19 Nuclear Research & Consultancy Group  NRG The Netherlands 

CR 20 Kirchhoff-Institute for Physics  UHEI-KIP Germany 

CR 21 National University of Ireland, Galway  NUIG Ireland 

CR 22 University of Cambridge  UCAM United Kingdom 

CR 23 Association pour le Développement de la Physique 
Atomique  

ADPA-CPAT France 

CR 24 Universidad Autonoma de Madrid  UAM Spain 

CR 25 Universität Salzburg  USALZ Austria 

CR 26 The Imperial College of Science, Technology and 
Medicine  

ICSM United Kingdom 

CR 27 Rijksinstituut voor Volksgezondheid en Milieu  RIVM The Netherlands 

CR 28 Institut National de la Santé et de la Recherche 
Médicale  

INSERM France 

CR 29 Gray Cancer Institute  GCI United Kingdom 

CR 30 Universitätsklinikum Freiburg UKL-FR Germany 

CR 31 Fondazione Istituto FIRC di Oncologia Molecolare  IFOM Italy 
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What is RISC-RAD ? 
 
Fig 1 + caption = Cell culture : extracting samples RISC-RAD conduced in vitro studies to 
determine the molecular, macromolecular and phenotypic response of cells to low doses of 
ionizing radiation 
 
The RISC-RAD project was initiated in 2004 to carry out research contributing to the 
improvement of the management of health risks attributable to low dose ionizing radiation 
exposures. This was achieved by performing experiments that provide fundamental scientific 
information needed to test some of the assumptions used in radiation protection. The key 
assumption used is that cancer risk increases linearly with radiation dose and there is no 
threshold below which risk is not increased. This is commonly referred to as the linear no-
threshold or LNT assumption. In the project, low doses are taken to be those of 100 mSv or 
less, the level at which risk estimates based on epidemiology become less certain.  By way of 
comparison average annual doses due to background radiation are around 2.5 mSv and a CT 
single scan may deliver around 10 mSv. 
 
RISC-RAD is a consortium of 36 European partner labs that focus their efforts on radiation 
cancer risk and cover a wide range of scientific expertise from basic radiobiology through to 
cancer risk modelling.  The project was supported from 2004-2008 by the European 
Commission Euratom programme with an EC contribution of 10 million Euro. Overall RISC-
RAD has harvested the resources of 31 institutions, 170 scientists and an estimated overall 
project budget of 30 million Euro to address the problem of quantification of radiation cancer 
risk at low doses. In the course of the project 163 peer-reviewed scientific papers have been 
published, several others are under review and 53 PhD students trained. Wider outreach within 
the radiation protection community has been achieved through project members involvement in 
key radiation protection and radiobiology meetings such as the United Nations Scientific 
Committee on the Effects of Atomic Radiation (UNSCEAR), the International Radiation 
Protection Association (IRPA), the National health councils, Radiation Research, the European 
Society for Radiobiology (ESRB) and the US Low Dose program meeting. An openly 
accessible website has provided a point of reference for the public (www.riscrad.org). 
 
New approaches to reduce uncertainties on low dose risk 
 
One of the significant motivations for setting up this project was the awareness that 
epidemiological studies are nearing the limits of their ability to detect risk in the low dose 
region. Consequently, there is a need to explore new approaches to assessing risk and the most 
promising direction exploits mechanistic understanding of the processes that drive radiation 
carcinogenesis and those that modify individual risk. Armed with such information 
biologically realistic mathematical risk projection models may be developed that will more 
reliably estimate risk at the dose levels below which no direct human data are available. The 
project has been directed by a research strategy developed and agreed by all members. 
 
This strategy focused on three key questions, each addressing important uncertainties in the 
currently accepted linear no-threshold approach to estimation of human cancer risk following 
low dose and low dose-rate radiation exposures. The key questions can be summarized as 
follows: 
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A. Do the processes that drive radiation carcinogenesis at high doses also contribute to 
low dose radiation carcinogenesis? 
B. To what extent do genetic factors modify individual radiation cancer risks? 
C. What is the mathematical model for cancer risk estimation that is most consistent with 
available information and what are the possible operational consequences? 
 
 
Over the project life most effort was devoted to understanding the processes that drive 
radiation carcinogenesis (KQA) and it is in that area that most progress has been made. 
 
Fig 2 + caption =Chromosomes visualized by Fluorescence In Situ Hybridization (FISH). This 
technique was used to determine chromosomal rearrangements and damage during the 
response to low dose radiation. 
 
A key foundation to the RISC-RAD strategy has been the knowledge that ionizing radiation, at 
least at high doses, can cause genetic damage in somatic cells and that certain of these genetic 
changes are causally related to the development of cancer. It was clear that a further improved 
understanding of the mechanisms that drive carcinogenesis at all dose levels would be needed 
to identify the most appropriate mathematical methods for risk extrapolation. Much work was 
carried out on experimental rodent carcinogenesis systems along with appropriate molecular 
and cellular level studies, including studies on human cells, all with a focus on low dose 
exposures. Experimental approaches were pursued alongside mathematical modelling 
approaches to the description of the processes that contribute to carcinogenesis and the 
extrapolation of risk. 
 
Distillation of the extensive and detailed work undertaken within RISC-RAD necessarily 
requires generalization. In this summary the aim is to provide an overview of the scientific 
progress made and a broad evaluation of how RISC-RAD project members consider the new 
evidence impacts on approaches to estimating human radiation cancer risk.  The sections below 
serve to highlight where RISC-RAD findings have added to the evidence base for setting of 
radiation protection standards.  A more detailed coverage of the work undertaken to address 
each of the scientific key questions can be found in the Scientific Summary. 
 
There is not a unique dose-response relationship 
 
Fig. 3 + caption = Track structure simulation of high-LET radiation interacting with chromatin 
fiber. The RISC-RAD consortium used advanced computer simulations to model the damage to 
the genome following exposure to low dose radiation. 
 
Historically radiobiological research has concerned dose-response relationships and it is widely 
appreciated that a range of cancer dose-response relationships exist.  In RISC-RAD significant 
efforts were directed towards the exploration of dose-response relationships for processes 
relevant to low dose radiation carcinogenesis with some systems showing very high level 
sensitivity, capable of detecting significant effects at 10 mGy. Overall, these include direct 
DNA damage induction, the induction of chromosomal aberrations and other genetic 
mutations, cell cycle regulation following radiation, senescence, the regulation of apoptosis 
and other forms of cell death. In addition, genome-wide approaches to the analysis of gene and 
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protein expression following radiation exposures were undertaken. From such studies it is clear 
that a variety of dose-response relationships exist for these processes; some such as the 
induction of DNA damage, chromosome aberration and mutation induction, follow non-
threshold type responses at the low dose levels examined. Others, such as gene amplification 
and the activation of cell cycle checkpoints show clear dose thresholds. Similarly the patterns 
of gene expression observed after low dose exposures and high dose exposures appear to be 
different. Whether these non-linearities in aggregate contribute to an increased or a decreased 
risk (compared to LNT extrapolation) at low doses is not yet clear. 
 
At any dose level, there are cellular responses, some of which serve to increase the chance of 
cancer and some that will serve to reduce the chance of cancer.  It will be the balance between 
these two that determine health outcome. 
 
RISC-RAD research achievements: 
 

• demonstration of DNA damage/repair in tissue in vivo at low doses using DNA 
repair foci assays 

• demonstration of a threshold dose required for activation of cell cycle arrest at 
the G2/M stage 

• generation of additional data comparing gene expression responses to low dose 
and high dose radiation 

• establishing linearity of dose response over 20-100 mGy for chromosomal 
damage 

• demonstration that no threshold above 50 mGy x-rays exists for the induction of 
genetic deletions (LOH) 

• single DSBs can initiate rounds of genomic instability and LOH in yeast and 
human tumour cells.  

• establishing that low doses of γ-rays do not induce gene amplification. 
  

A contribution of both direct damage and non-targeted effects to cancer risk? 
 
Fig 4  + caption = In vivo studies show a dose-dependent loss of the Sfpi1/PU.1 gene, critical 
for the major pathway of radiation leukaemogenesis, in bone marrow cells by x-rays down to 
100 mGy. This represents an early genetic response to the effects of low dose radiation that can 
lead to the development of cancer. 
  
While non-targeted effects of radiation were not a main focus of effort in RISC-RAD, some 
data relevant to establishing the relative contributions of targeted and non-targeted effects were 
obtained. 
 
Experimental animal radiation carcinogenesis studies tend to support linear dose-responses 
down to 100 mGy for cancer or cancer relevant mutations.  Increased radiation cancer risk was 
observed in mice carrying defects in some but not all DNA repair genes implicating direct 
early damage in the development of radiation cancer.  
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By contrast some cellular assays suggest that low dose radiation exposure may enhance the 
elimination of cancer cells.  A chance finding suggests that at least at high x-ray doses 
bystander/abscopal induction of brain tumours may operate. 
 
Taken together, the dose-response, mechanistic and cancer induction studies suggest that 
carcinogenesis is affected at many levels by radiation including direct damage to target cells, 
non-targeted effects and possibly wider systemic processes. Modelling studies, aiming to 
elucidate the relative contributions of these processes, are being developed. To date these 
suggest that the non-targeted phenomena such as bystander responses in general play relatively 
minor roles. 
 
RISC-RAD research achievements: 
 

• consensus from several mouse models that radiation-induced gene loss events 
are critical for carcinogenesis at all dose levels examined 

• Caracterization of the role of cellular aging in genetic deletions that can unmask 
radiation-induced recessive mutations in different human cell types 

• establishing dose-response and time-course information for events critical to the 
development of leukaemia in a mouse model, preliminary use of these data for 
model development 

• evidence that, at least in vitro, low dose x-ray exposure can enhance the indirect 
removal of tumour cells by apoptosis triggered by normal cells 

• identification of an experimental system in which bystander/abscopal tumour 
induction .can be tested. The relevance at low doses should be examined and 
reproduced.  

• establishing that a saturating bystander effect contribution of 5% to Excess 
Relative Risk in the range up to about 100 mGy would be compatible with the 
data of the atomic bomb survivors, but 10% can be excluded. 

 
Genetic factors modulate individual cancer risk 
 
There has for some years been appreciation that some rare but strongly acting genetic factors 
can affect radiation cancer risk.  The challenge for RISC-RAD has been to identify and 
document the involvement of more weakly acting genetic factors and identify them. 
 
The existence of genetic factors affecting radiation cancer risk has been obtained for a range of 
relevant tumor types.  In some cases specific genes have been identified but it is clear that in 
the majority of cases each individual gene has a relatively small influence on risk and complex 
interactions exist. The existence of such genetic factors suggests that individuals vary in their 
susceptibility to radiation cancer.  Depending on the extent of risk modification and the size of 
‘sensitive’ and ‘resistant’ sub-groups, population radiation dose-effect relationships could be 
significantly affected by genetic factors, especially at low doses. 
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RISC-RAD research achievements: 
 

• the finding that the DNA repair gene deficiency in the homologous 
recombination pathway can affect radiation cancer risk in breast and brain tissue 

• evidence for modulation of radiation cancer risk by genes expressed in non-
target microenvironmental cells 

• the finding that deficiency of one gene may affect spontaneous and radiation-
induced cancer differently 

• experiments aimed to assess the role for double deficiencies of the two major 
double strand break repair pathways on cancer risk in mouse models are 
inconclusive due to due to animal health problems  

• identification of 13 genetic loci that affect α-particle-induced bone cancer in 
mice and confirmation that Tbx18 is one of these. 

• identification of novel pathways, genes and human syndromes involved in the 
radiation response 

• identifying genetic modifiers of thymic lymphoma risk that are expressed in 
stromal rather than target cells.  

 
Biological responses to radiation are complex and can be non-linear 
 
Fig5 Schematic of a radiation carcinogenesis model highlighting the multistep nature of the 
process 
 
Considered as a whole in respect of identifying the most appropriate model for risk projection, 
the RISC-RAD studies have significantly enhanced the scientific evidence base on low dose 
radiation biology relevant to carcinogenesis as have other projects and programmes running 
elsewhere worldwide. RISC-RAD research has extended the knowledge of low dose radiation 
effects and dose-response relationships and this research confirms that a range of dose-effect 
relationships hold for endpoints of relevance for cancer. However, though the results of RISC- 
RAD give no reason to move from current practice in radiation protection based on a LNT 
model for cancer risk projection at low doses, there is increasing evidence that  

(i) the biological responses to low dose radiation differ in some respects to those to 
high dose radiation ;  

(ii) genetic factors will affect dose-risk/response relationships  
(iii) non-linear processes might contribute to radiation carcinogenesis.  

It was demonstrated in RISC-RAD that the early biological responses to radiation are complex 
and can be non-linear, but the impact of this new knowledge on cancer risk is rarely clear. In 
particular, it will be critical to determine the extent to which non-linear processes in aggregate 
influence population level and individual risk. 
 
Key areas for future research include human cell/ tissue models, whole animal and systems 
level approaches to the identification of the key steps converting normal cells to cancer cells, 
quantitative assessment of the contribution of genetic factors to human risk at different 
radiation dose levels and the further development of biologically realistic models of radiation 
carcinogenesis for risk projection.  
 



8/8 

 
   

 

RISC-RAD – FI6R-CT-2003-508842 

Final Deliverable Part I : Executive summary 

Dissemination level : PU 

Date of issue of this report : 58 months  

 

It is also noted that the majority of effort has focused on acute low LET radiation exposures, 
specific attention to dose rate and radiation quality issues continues to be needed. 
 
Fig 6 + Caption = Third Annual meting of RISC-RAD, Malta, March 2007. Scientific 
discussion and the exchange of new ideas has been a feature of the RISCRAD consortium, and 
has contributed significantly to reshaping our understanding of how low doses of radiation 
effect living issues. 
 
Looking back, it is abundantly clear that RISC-RAD has served as a European focus for a wide 
range of research of relevance to radiation protection. New evidence concerning the processes 
that drive radiation carcinogenesis has been obtained. More evidence was also gathered on the 
role of genetic factors in modifying risk in individuals and population sub-groups. This 
evidence does not point to a need to reconsider the use of LNT approaches to cancer risk 
projection but does highlight the complexity of the biological response to radiation at different 
dose levels particularly when considered at the level of the whole organism. For the future, it is 
clear that the combined and integrated application of experimental and mathematical modelling 
approaches at the system level and organism level will continue to provide insights into the 
magnitude of radiation cancer risk at all dose levels. 
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