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What is low dose?

• Has to be relevant for human health!

• Issues of dose rate, quality, internal/external…
• Heuristic exercise

• Lower bracket – 1-3mSv per year 
accumulated dose
– � background

• Upper bracket – 100mSv acute dose
– � diagnostic procedure
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Which non-cancer effects?

• Should we be looking 
at anatomical sites, 
physiological systems 
or processes?

• System approach
– Requires systems 

biology

• Can we identify 
priority 
systems/processes?

• Cardiovascular 
system
– Cardiac and cerebral 

infarct/atherosclerosis

• Immune system
– Inflammation

• Behaviour
• Neural systems
• One anatomical 

system – lens.
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Epidemiology

• Epidemiology is vital

• Challenges
– Size of cohorts needed
– Confounding factors
– Reliable dosimetry
– Availability of cohorts large enough
– Availability of large comparable cohorts 

exposed to different qualities of radiation.
• Dose rate

– Do not know the sensitivity of current scales of 
studies for non cancer endpoints

• Current studies have “hard”endpoints –
eg death.

• Need new endpoints and combinatorial 
endpoints,. new markers, to try to 
increase sensitivity.

• Do we need a very large 
integrated collaborative study with 
multiple endpoints 

• Prioritise inflammation?

• Costs of large behavioural
studies?
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Model Organisms

Model organism studies are vital if we are to take a 
systems based approach

Need establishment and validation of model systems
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Model Organisms

Model organism studies are vital if we are to take a 
systems based approach

• Experimentally amenable ; all ‘omics technologies available, pathology, 
epigenetics

• Short reproductive life
• Amenable to studies on reproduction and transgenerational effects
• Large numbers of fish, mice available
• Genetics allows for pathway dissection
• Genetics allows for sentisation , eg ApoE for atherosclerosis
• Inbred strains eliminate individual sensitivity issues in a mixed population
• Can measure behaviour easily 
• Fewer confounding factors
• Multiple endpoints available
• Internal and external exposure possible

–Disadvantages
• Cost for large cohorts of mammals, eg mice
• Lack of expertise in embryology
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Whole animal Irradiation issues

• No technical problems 
with delivery or dosimetry
except expertise

• Chronic irradiation
– Can only be carried out 

with gamma externally or 
internal emitters. 

– Problems of cost for 
internal irradiation

• Acute
– Can use various qualities 

and dose rates

• Availability of facilities?
• Few worldwide

– Norway, Japan, France, 
Canada

• Capacity?
• Serious need!
• Do we need a new 

European Centre?
• Do we augment existing 

facilities and federate?
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Targets and Processes

• What are the targets 
– ( for “targets” include non-

targeted effects!)?
– How does the nature of the 

targets determine the 
effects of different radiation 
qualities?

– What is the impact of 
radiation quality on key 
aspects of target 
interaction, starting from 
track structure and physical 
interactions with various 
biological “targets”

• Processes
– Oxidative Stress
– Signalling
– Membrane channels
– Cytokines
– Senescence
– Epigenetics
– DNA damage/repair 

(secondary?)
– Chromosome damage 

( secondary?)
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Tissue culture/organ culture
• Which cell models?

– Importance of validation  
– Importance of primary 

cultures
• Facilities available for looking 

at all aspects of radiation 
quality and dose rate

• Allows mechanistic 
investigation

• Cheap ( relatively..)
• Technologies now available or 

emerging
– Eg. new ‘omics technology 

– phosphatomics
– epigenomics

• BUT; need training in 
techniques and informatics. 
For ‘omics technologies

• Data repository for large 
datasets

• Support?
• Set up service centres for 

‘omics work? 
• Negotiate bulk discounts 

for reagents across whole 
consortium? 

• Training
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Technical Desiderata…

• Dosimetry, particularly 
microdosimetry is a problem 
and need to disseminate the 
expertise. 

• Comparisons of dosimetry
between sites is an issue. 

• Problems with environmental 
dosimetry.

Skills gaps
• Microdosimetry
• ‘Omics
• Epigenetics
• Modelling
• Embryology
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Education

• Outreach to general 
public

• Public information 
network?

• Policy makers?
• More political problems if 

findings suggest safety 
levels be relaxed than the 
reverse…

• WE need educating!
• Need programme of 

integrated meetings with 
systems experts outside 
a radiation context.

• Need collaboration with 
FP7 projects and 
integration across 
FP7/Euratom divide
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New issues

• Emerging technology in systems 
biology

• Informatics
• Data sharing
• Radioecology

– Political and ethical imperatives
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Effects of tissue sensitivity on 
non-cancer effects

Colin Muirhead



1st MELODI Workshop

Stuttgart, 28-29 September 2009

Effects of potential interest
• Cardiovascular disease
• Cerebrovascular disease
• Vascular dysfunction
• Cataracts (increasing evidence from epidemiology)
• Endocrine & developmental effects
• CNS effects
• Reproductive effects
• Immune system
• Inflammatory response
• Skin reaction
• Differentiation & maturation of stem cells
[Links between some of these effects]
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Criteria in prioritising effects to be 
studied 

• Severity of effect / impact on quality of life
• Potential impact on protection standards / signal of 

problems in current practices
• Distinguish systemic effects from those that are organ-

specific
• Impact for vulnerable sub-groups, e.g.

– Paediatric groups & pregnant women
– Related to endpoints with known genetic links (eg. 

cataracts, infertility)
– Groups with known raised risks associated with lifestyle 

factors (eg. smoking, diet)
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Relevant exposures

• Aim to provide information on risks from doses of 
the order of 0.1 Gy (low LET), as for cancer

• However, information at higher doses would 
be helpful in considering dose-response 
relationships

• Effects from whole-body and partial-body 
exposures could be different

– Need to consider both situations, as they are 
both relevant in radiation protection
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Potential human study populations
Patients
• Radiotherapy for malignant or non-malignant diseases, 

including impact of new technologies
– Impact of dose volume histograms
– Use of alpha-emitters

• Interventional radiology
• Radiodiagnostics

– External radiation + radiotracers
– CT (large number of patients, wide ranges of ages, blood samples) 

(dose estimation - need prospective approach to collect information on 
CT procedures or perhaps dose registry …)

– Nuclear medicine
[Confounding by indication? Non-radiation exposures?]
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Potential human study populations 
(continued)

Workers
• Interventional radiology (eg. cardiologists)

– Numbers increasing

• Medical workers (including dentists)
• Workers in nuclear (e.g. Mayak, cohorts in various 

countries), defence (DU?), research & industrial 
sectors (also tritium)

• Aircrew 
• Uranium miners and other groups of miners (fluorspar)

– Gamma exposures may be important, rather than radon alone

[Selected populations? Non-radiation factors?]
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Potential human study populations 
(continued)

Environmental exposures
• Natural background

– limited range of exposures, at least in Europe: concerns about 
comparability of populations

• Tritium
• Chernobyl
• Techa River
• Radium (industrial waste)
• Naturally-occurring radionuclides

– e.g. in drinking water
• Radon
[Statistical precision? Non-radiation factors?]
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Issues in human studies
• Ability to provide consent
• Consider cohorts previously used to study cancer
• How to follow-up non-cancer effects in large 

populations?
– Morbidity registries in some countries
– Call-back may be possible for some endpoints, e.g. 

cataracts
• Use of biomarkers
• Opportunistic approach to obtaining biological 

samples?
– E.g. Links to existing databases
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Use of animal models
• Need a variety of models
• Effects may be different at low and at high 

doses

• Findings from CARDIORISK and NOTE
• Can address dose distribution (whole body vs

partial-body)

• Effects may be possible in later generations
• General point for human and mechanistic 

studies: try to avoid “fishing exercises”



1st MELODI Workshop

Stuttgart, 28-29 September 2009

Infrastructure issues
• Registration of endpoints
• Use of electronic patient records?  Include 

information on diagnostic exposures if 
possible

• Little opportunity to deliver very low doses to 
animals in Europe (identify relevant 
departments).  How many devices are 
needed?

• Centres for radiobiology
• Platform for gathering information from low dose 

studies – try to standardise protocols
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Input from other disciplines
• Systems biology [to work on a particular tissue 

or a particular question]
• Cardiology
• Neurology
• Embryology, etc
[More generally, specialities relevant to specific 

non-cancer endpoints]
• Bioinformatics
• Pharmacokinetics
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Training for research community
• Radiobiology relevant to non-cancer effects

• European Summer school with broad perspective 
– permanent institution

• Workshops, etc to assist interactions across 
disciplines

• Harmonisation of training across Europe?  But 
few universities in Europe provide such 
training. Problem of few young scientists in 
this field

• Link to other training initiatives in Europe
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Training/education outside the 
research community

• Persons delivering radiation in interventional 
radiology who lack training in radiation 
protection

• Patients
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Inputs to the setting of radiation  
protection standards

• What level of proof is required?  Need for 
systematic review (international approach)

• Timing?  Need to improve interactions with 
other bodies (eg. UNSCEAR)

• Guidelines for medical exposures. Need to 
balance risks against benefits

• What if there is evidence of a beneficial 
effect?

• Move away from the distinction between 
stochastic and deterministic effects
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Effects of internal exposure on 
non-cancer effects

Jean-René Jourdain
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How Did the Group Work?
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Short Introductive Presentation
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General Background
• The current system of radiation protection is based primarily on protection 

against the risk of cancer from low doses of ionising radiation

• It is well established that moderate to high doses of radiation can increase 
the occurrence also of a variety of non-cancer effects

• It has generally been assumed that there is a threshold of dose below which 
no significant non-cancer effects arise

• Recent studies have however called into question this assumption, 
particularly in respect of circulatory diseases, effects on cognitive function 
and occurrence of lens opacities

• Epidemiological studies have suggested the possibility that these effects 
may arise after exposure to much lower doses than previously thought and 
possibly with the range of doses encountered in the use of radiation in 
industry and diagnostic medicine

• The mechanisms behind these non-cancer effects are not well understood 
and they need to be investigated, including the potential roles of non-
targeted effects
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How Could We Think Collectively?
• Classical epidemiological studies (key parameters, 

appropriate cohorts, case/control studies, etc.)?
• Molecular epidemiological studies (biological endpoints, 

etc.)?
• Experimental studies?

– Phenomenological studies (dose/response relationships, 
NOAEL, LOAEL, etc.)?

– Mechanistic studies?
• Pathophysiological mechanisms?

• Molecular Mechanisms?

• New methodological tools to be used (omics, molecular 
imaging, etc.)?

• Modelling tools to be developed?
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Non-Cancer Effects:
What are we talking about?

• Priority list of non-cancer effects that need 
immediate attention
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Non-Cancer Effects:
What are we not talking about?

• List of non-cancer effects that do not need 
any specific attention
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Non-Cancer Effect #1: Open Questions

• Priority list of open scientific questions
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Non-Cancer Effect #1: Research Needs

• Priority list of research projects to be 
launched (mechanistic studies, 
epidemiological studies –
classical/molecular, methodologies to be 
developed, etc.)

• Indicative time scale

• Scientific areas/needs/skills to put forward
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List of Consensual Points

• Points for which a wide agreement has 
been reached among the participants
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List of Non-Consensual Points

• Points for which puzzling opinions have 
been expressed among the participants
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What Are the Results of this Collective Work?
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List of Non-Consensual Points

• Criteria to be considered in identifying a 
priority list of non-cancer effects to be 
explored:
– Public health impact (mortality, morbidity)?

– Existing clinical evidence?
– Opportunity to link the observed effect to a 

dose value?

– Populations of interest?
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Non-Cancer Effects Resulting From An 
Internal Exposure: the WG3C List

• Vascular -cardio and cerebro- diseases (stroke, 
inflammatory response, immune system response)

• Effects on reproductive functions (biomarkers of 
teratogenesis, pregnancy outcomes)

• Cognitive effects (neurogenesis, brain development)
• Heritable and genetics effects (germ cells, embryo, fetus)
• Respiratory diseases (resulting from inhalation)
• Digestive diseases
• Effects on the development of immune system
• Lens opacities (not an issue for internal exposure, issue for 

external exposure)
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Non-Cancer Effects:
What are we not talking about?

• The group considers this slide as not 
relevant at the moment
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Endpoints of Interest
• Which kinds of tissue/piece of tissue are expected to be more 

radiation sensitive, in terms of non-cancer effects?

• How to assess the individual radiation sensitivity at the different 
stages of the development?

• What are the types of dose quantity to be considered (effective 
dose, equivalent dose, absorbed dose within the cell, etc.)?

• What is the impact of radiation type?

• What are the differences between non-cancer effects resulting 
from external exposure versus internal exposure?

• What are the differences between non-cancer effects resulting 
from an acute versus chronic exposure to low dose of radiation?

• How to assess multifactor contributions (respective impact of 
ionizing radiation, chemical compounds, etc.)?
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Populations of Interest
• Workers: people exposed to alpha-emitters (e.g. continuation 

of ALPHARISK and microdosimetry approaches), staff 
preparing the radiopharmaceuticals (special focus on 
radionuclide used for PET imaging), role of confounding 
factors

• Patients: people receiving dose from radiopharmaceuticals
(including radionuclides used for PET imaging); special 
attention should be paid to children cohort; possible 
consequences of internal radiotherapy (e.g. radioactive 
antibodies)

• Public: radon, ingestion of contaminated food and water, 
people living in highly contaminated territories (Chernobyl 
fallout, Semipalatinsk test site, Scandinavian populations such 
as Sami)  
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Non-Cancer Effects: Research Needs (1)

• To explore the biological/molecular mechanisms 
behind the non-cancer effects (role of DNA? 
RNA? proteins? etc.)

• To study genomic instability, oxidative status, 
bystander effect

• To perform mechanistic studies in order to better 
understand the effects of low dose exposure on 
endothelial cells, coupling in vitro and in vivo 
experiments (in coordination with on-going 
projects, such as CARDIORISK)
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Non-Cancer Effects: Research Needs (2)

• To better understand the interactions between chemical 
compounds and radioactive materials, with the view of 
better evaluating the respective contribution of chemical 
toxicity and radioactive toxicity

• To better understand physiological basis of radionuclide 
biokinetics and pharmacodynamic (e.g. processes within 
the blood, etc.): dosimetrists need more inputs from 
biologists and chemists, in order to improve existing 
biokinetic models

• To develop tools for microdosimetric calculations 
allowing to better evaluate the role of heterogeneity in 
dose distribution
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Non-Cancer Effects: Research Needs (3)
• To develop an integrative system biology approach to better 

understand the respective contribution of individual 
characteristics and effects resulting from the radiation 
exposure

• To assess the oxidative status (for instance by measuring 
specific biomarkers in plasma) of patients receiving 
radiopharmaceuticals for in vivo examination and evaluate the 
risk for patients to develop vascular diseases

• To determine whether an administration of specific medical 
countermeasure (e.g. antioxidant), to protect the patient 
receiving a radiation dose (both for diagnosis and therapy 
purposes), is relevant

• To develop studies evaluating the efficacy and toxicity of 
medical countermeasure (e.g. antioxidant)
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Non-Cancer Effects: Research Needs (4)

• To determine the shape of dose-response curves for 
non-cancer effects, for example by combining data from 
different existing cohorts

• To study non-cancer effects exhibited in uranium miners 
by combining several national cohorts (not only 
European cohorts)

• To study non-cancer effects resulting from exposure to 
radon

• To evaluate the risk associated with new medical 
imaging technologies (occupational and patient), with 
special attention to infants and children
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Non-Cancer Effects: How Could we Learn Together?

• To define mechanisms and tools (website?) allowing several 
research groups to share own databases (tissue banks, 
microarray data, etc.) and perform a meta analysis of existing 
information, focusing the attention on non-cancer effects

• To coordinate efforts with existing on-going projects (e.g. 
ERA-PRO, STORE)

• To get benefit from existing projects addressing issues of low 
dose risk associated to external exposure, in terms of newly 
developed methodological approaches: how could we use the 
results from these projects to better design studies on low 
dose risk associated to internal exposure?

• To get benefit from approaches used in studying effects of 
high doses
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Non-Cancer Effects: How Could we Learn Together?

• To establish bridges between the community of 
radiobiologists and the community of 
radioecologists, recognizing that both communities 
use the same type of experimental models, 
modelling tools, etc.

• To establish links between radiation biologists, 
epidemiologists, toxicologists, physicists 
(especially dosimetrists) and nuclear physicians, 
radiologists, radiotherapists, for instance through 
common workshops, making contacts with 
professional bodies, etc. 
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Conclusions
on non-cancer effects

Patrick Gourmelon
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General Conclusions
• We need to be open to challenging existing 

paradigms
• We need a system approach: the cancer 

approach looks to organs, study of non-cancer 
requires a system approach

• We need to integrate studies between classical 
and molecular epidemiology, model organisms, 
and in vitro system cultures (primary cells and 
tissue culture)

• We need involvement of various disciplines



��� �����	
��
���

� ��� ���������	�

������ ������
�������
� 
���

���������������������

����
�������

������ ��

����

�����
� !"�
���� �
�#

�$�
� �������

�%�������
� ����� ���

DOSE

������ ������
��
����&� 
���

�'�
���

�� ���������

��� ����
&������� �	
��
���

� ��� �����(�)��	�

< 1 Gy ???



Gould, Nature, 2007
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Present

« nonneurogenic » regions « neurogenic » regions
Hippocampus (gyrus dentate)

Olfactory bulb
Subventricular zone (rostral migration stream)

Before
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Immature Neurone response

Proliferating cell response

Mizumatsu et al., Cancer Res., 2003



Stimulus

Sensorial memory

(msec- 1sec)

Working memory

(< 1min)

Long term memory

(days, months, years)

perception

attention

ConsolidationHippocampus-dependant 

The memory or more exactly memories …
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Radial Arm Maze test 

Novel Object
Recognition test Learning Rotarod

Morris Water Maze test Passive Avoidance test 

Y Maze test 



Kim et al., J. Radiat. Res., 2008

Irradiation, neurogenesis and memory

The inhibition of neurogenesis modified mnesic perfor mances
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TODAY IN FUTURE ?



Neuroscience Scientific
Community

Uses for many years
ionizing radiation

as an intrumental tool
to understand the

functions of the brain
and neuronal networks

Radiation Protection
Scientific Community

Works for decades to better
understand the risk

associated to ionizing
radiation

X

HEARING MEETINGS
(CONSULTATION/EXPLORATORY MEETINGS)

Scientific communauties
in the field of Central Nervous System and Ionizing Radiat ion
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Infrastructure Enhancement

• Whole animal facilities
• Access to omics technologies, especially 

emerging technologies
• Ability to identify endpoints in large population
• Data sharing and use of existing data
• Informatics
• Comparative dosimetry, including 

microdosimetry
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Education and Training

• Omics technologies

• Informatics
• Microdosimetry

• Embryology
• Integration with clinical and system experts 

(across the FP7 EURATOM divide)

• Across radiation sciences generally
• Radiation workers, general public and policy 

makers
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New Issues to be addressed

• Radioecology
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Working Group
on non-cancer effects

Patrick Gourmelon


