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Topics


• Epidemiological evidence
– Radiotherapy patients (High dose 5+ Gy)
– Atomic bomb survivors 
– Other low dose populations


• Mechanisms
• Implications for radiation protection
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Circulatory disease


• Cardiovascular disease (heart disease)
– Ischaemic (coronary) heart disease (mainly MI)
– Hypertensive heart disease
– Valvular heart disease


• Cerebrovascular disease (stroke)
• Peripheral vascular disease


3







High-Dose Cancer Radiotherapy Patients


• Radiation-induced heart disease (primarily MI)
– Hodgkin’s lymphoma patients
– Childhood cancer survivors
– Breast cancer patients
– Testicular cancer patients


• Thought to be high dose tissue reaction 
(deterministic) effect
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A-Bomb Survivor Studies


• Mounting evidence of increased risks for non-
cancer diseases at lower doses  (< 2 Gy)


• Prompting increased interest in possibility of 
effects at doses relevant for radiation protection
– UNSCEAR 2006
– McGale & Darby 2005
– Little et al 2008
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A-Bomb Survivor Studies
History


• Suggestions of elevated circulatory disease risks 
– Life Span Study (LSS)  mortality 1950-70 


(Jablon et al, 1971)
• Only in women


– Adult Health Study (AHS) morbidity 1958-78
(Robertson et al, 1974, Kodama et al 1984)


• Stroke and heart disease Hiroshima females only


– LSS Report 11 1950-85 mortality (Shimizu et al, 1992)
• Heart disease in men and women
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A-Bomb Survivor Studies
Initial Concerns


• Effects initially limited to specific subgroups
– Over time effect has become apparent in men and 


women in both cities
• Death certificate misclassification
• Confounding by non-radiation factors


– Are radiation risk estimates affected by smoking, 
economic status, or other factors


• Selection effects
– Does the fact of survival affect inference about dose 


response
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A-bomb Survivors
Death Certificate Misclassification


• 22% cancer-to-noncancer misclassification in 
autopsy data


• Statistical adjustment
– Reduced non-cancer disease excess relative risk 


(ERR) by 20%  (ERR per Gy 0.06 0.05)
– Increased solid cancer ERR estimate by 13%


(ERR per Gy 0.85 0.96)
– Non-cancer risk remains highly significant (P = 0.006)
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Atomic Bomb Survivors
Effect of Confounding


Potential Confounders
• Smoking
• Education
• Occupation
• Marital status
• House size
• Japanese diet
• Physical activity
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Undajusted Adjusted
Men 10,308 1,163 0.07 0.09
Women 13,154 1,121 0.14 0.14


Deaths
Non‐cancer ERR/Gy


People


Adjustment  based on 
mail survey responses 
did not appreciably 
change non-cancer risk 
estimates


LSS Report 12 Shimizu et al 1999







LSS Noncancer Mortality 1950-90
Unmeasurable Confounders


• Confounding less likely when analyses limited to 
survivors in smaller areas


• Significant dose response seen for
– 60,000 survivors within 3 km of hypocenter
– 2,900 survivors between 0.9 and 1.2 km from 


hypocenter
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A-Bomb Survivors
Noncancer Mortality 1968-1997


• > 50% of the noncancer disease deaths are circulatory disease deaths
• Solid cancer 7,578 deaths 334 excess
• Leukemia: 249 deaths 87 excess
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Preston et al 2003


Observed Expected
<0.005 13,832 13,954 0


0.005‐0.1 11,633 11,442 17
0.1‐0.2 2,163 2,235 17
0.2‐0.5 2,423 2,347 47
0.5‐1 1,161 1,075 61
1‐2 506 467 68
2+ 163 111 40


Total 31,881 31,631 250


Noncancer disease deaths
Dose (Gy) Excess







A-Bomb Survivors
Circulatory Disease Mortality 1968-1997


• Significant effect for both heart disease and stroke
• No indication of non-linearity in dose response
• Narrowest dose range with significant effect is 


0 to 0.5/1 Gy
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A-Bomb Survivors
Other Noncancer diseases 1968-1997


• Significant effects seen for digestive and respiratory 
disease but not for the infectious or other disease groups 
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A-bomb Survivors
Healthy Survivor Selection Effects


• Baseline rates  ~15% lower for proximal (< 3 km) survivors in 1950
• Difference decline over time and is less than 2% by late 1960’s
• Early period curvature likely to reflect selection effects 


14


Early follow-up period Late follow-up period







AHS Heart Disease Incidence
1958-1998


• 5,035 cases among 10,339 
participants


• Significant quadratic dose 
response


• 117 cases
• Significant quadratic dose 


response
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AHS Clinical Studies
Subclinical changes 


Radiation effects on various circulatory disease risk 
factors
•Changes in age trends for serum cholesterol and 
blood pressure
•Increased prevalence of isolated systolic 
hypertension, aortic arch calcification, pulse wave 
veolcity
•Increased inflammatory response markers 
elevated C-reactive protein levels


16







LSS Circulatory Disease Risks
Updated analyses


• Follow-up 1950-2003 (6 additional years
• 19,000 circulatory disease deaths


– 51% stroke, 45% heart disease
• Significant dose response for heart disease and 


stroke
• ERR estimates similar to earlier analyses
• Suggestion risk heterogeneity for heart disease 


subtypes
– Possibly lower for ischemic heart disease than other 


types
Shimizu, Kodama  et al in progress to appear 2008/9







LSS Circulatory Disease Risks


• Radiation doses below 2 Gy are associated with 
increased heart disease risks
– Contribute a significant proportion of radiation-


associated mortality
• Cannot rule out linearity, but
• No clear indication of risks below about 0.5 Gy
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Other “Low” Dose Studies


• About 45 potentially useful cohorts (<4-5 Gy)
– Cancer radiotherapy (4)
– Non-cancer radiotherapy (14)
– Diagnostic radiation (3)
– Occupational exposure (24)


• 29 report circulatory disease results
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Circulatory Disease Analyses


• Some dose response analysis (16 studies)
• 8 with significant radiation effects (6 from occupational studies)
• 8 with no significant effects (6 from occupational studies)


• Internal comparisons (6 studies)
• 2 with significant effects
• 4 with no significant effects


• External comparison (SMRs, O/E ratios) (5 studies)
• One with significantly elevated SMR
• 4 with no significant differences


• Not presented (18 studies)
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Ankylosing Spondylitis Patients


• 1,400 with a single course of x-ray therapy
• 2.5 Gy mean cardiac dose; 0.04-4.75 (10-90% range) 


• Cerebrovascular disease O/E = 1.14
• Other circulatory disease O/E = 1.25
• Relative risk (compared to a separate un-


irradiated spondylitic cohort) = 0.66 for stroke, 
0.97 for other circulatory disease
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Darby, 1987; McGale 2005







Benign gynecological disease patients
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Scottish metropathia hemorrhagica
(Smith, 1976) (n= 2,068)


New England BGD patients 
(Inskip, 1989) (n = 4,483)


Bone marrow 
dose, Gy


Coronary 
heart O/E 


<1.25 0.70
1.25-1.49 1.27
>1.5 1.17
Trend Borderline 


significance


Bone marrow 
dose, Gy


Circulatory
O/E


0.01- 0.8
0.26- 1.0
0.51- 1.0
>0.76 1.0
Unknown 1.1


Cautions: underlying hyper-estrogenic status; 
cell-killing effects of RT on ovaries


1930-40s, uterus and ovaries irradiated for abnormal bleeding







Other Medically Irradiated Cohorts


• Massachusetts TB fluoroscopy (repeated exams)
– 3,351 patients; mean lung dose = 0.91 Gy
– Circulatory disease SMR 


• 1.0 (exposed women), 1.0 (exposed men)
• 1.1 (unexposed women), 1.1 (unexposed men)


– No dose response analysis
• Scoliosis patients (repeated radiographic exams)


– 5,573 women; mean lung dose = 0.41 Gy
– Significant dose response
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Peptic Ulcer Disease


• 1,859 patients irradiated between 1940 and 1960’s
• Significant trend with dose
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Weighted 
cardiac dose, Gy


In-field*
dose, Gy


Coronary heart 
disease RR


0 0 1.00
0.1 – 1.9 0.86 – 9.1 1.00
2.0 – 2.5 9.2 – 11.7 1.23
2.6 – 3.0 12.0 – 13.9 1.54
3.1 – 7.6 14.4 – 35.6 1.51


* 5% of heart in the radiation field Carr, 2005







Nuclear Worker Studies


• IARC 15-country study  (Vrijheid 2007) 
– 275,000 workers, ~8 years follow-up per person


average dose 21mSv
– No significant effects but risk estimates consistent with LSS


• UK NRRW (Muirhead, 1999)
– 125,000 workers
– No significant trend


• Chernobyl liquidators (Ivanov, 2006)
– 61,000 workers
– Large ERR estimates, but concerns about biases


• No consistent patterns across numerous studies
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Radiologists and X-Ray Techs


• UK radiologists (Berrington, 2001) 
– SMR comparisons to general population or other type of 


practitioners provide no indication of increased risk
– No dose information


• US radiologists (Matanoski, 1984)
– SMR comparisons to other physician specialists suggest higher 


cardiovascular disease rates especially later in life
– No dose information


• US X-ray Techs (Hauptman, 2003)
– Higher SMR’s for earlier (higher dose) subcohort
– No dose estimates (yet)
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Current State of Knowledge


• A-bomb survivor evidence compelling for moderate 
doses (e.g. 0.5 – 2 Gy), unclear at lower doses


• No consistent indications from other studies
• Unconsidered in many populations 
• Follow-up often limited
• Power often low
• Mechanisms uncertain


– A-bomb survivor results increased interest
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Mechanisms?


• Inflammaotry/Microvasculature theory
– Possible signature changes in microvasculature, e.g., 


fibrosis
– Endothelial injury / dysfunction and inflammatory 


response
• Possible long-term radiation effects on immune system


• Mutation theory
– Monoclonal origin of atherosclerotic plaques (G6PD)


• Transformation of smooth muscle cells in atherogenesis 
pathway?


– Oncogene activation, LOH, and microsatellite 
instability
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What Next?
Epidemiology


• Can expect updated / new results 
– A-bomb survivors


• More information on younger survivors, temporal patterns 
etc.


• Type-specific risk estimates


– New and updated worker studies 
(Sellafield, Mayak., …)


– Dose response analyses in US XRT cohort
• None of these are likely to provide definitive 


answers, but should help to reduce uncertainties
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What Next?
Radiation Protection


• Increasing attention to potential risks
(e.g. UNSCEAR, 2008, Little 2008, Schultz-Hector, 2007)


• Uncertainty inhibits direct impact on guidelines 
now


• Increased pressure for consideration is likely
– Difficult to incorporate in current framework
– Need better ways to allow for uncertainties about risk 


and incorporate them into risk assessment
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RADIATION AND NUCLEAR SAFETY AUTHORITY


How is STUK responding to emerging 


challenges?


Prof. Sisko Salomaa


Research Director


OECD/NEA Committee for Radiological Protection and Public Health Workshop


Science and Values in Radiological Protection 


Helsinki, 15-17 January 2008







SÄTEILYTURVAKESKUS • STRÅLSÄKERHETSCENTRALEN


RADIATION AND NUCLEAR SAFETY AUTHORITY


SiS 2
14.1.2008


Activities and milestones in response to 


emerging challenges


• Lessons from Chernobyl - STUK as WHO Collaborating Centre 


– thyroid cancer in children - a sensitive subpopulation


– WHO Guidelines on Stable Iodine Prophylaxis 


• Scientific breakthroughs on non-targeted effects


– delayed cell death (Seymour et al. 1986)


– genomic instability (Kadhim et al. 1992)


– bystander effect in vitro (Nagasawa and Little 1992, Prise et al. 1998) 


– bystander effect in vivo / 3-D (Watson et al. 2000, Belyakov et al.
2005)


• Organising international workshops and training courses


• STUK research priorities


• Coordination of international research projects


• Contribution to international research strategy
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The classical paradigm in radiobiology


- the basis of radiation-induced health effects


cancer hereditary effects


DNA damage induced at the time of 


exposure


clonal proliferation


mutation fixed in the first cell 


division (misrepair of damage)


HEALTH EFFECTS
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Genomic instability


The progeny of irradiated cells 


show


• occurrence of new 


aberrations and/or new 


mutations 


• lethal mutations (delayed 


cell death)


These non-clonal effects occur 


in cells that have never 


been irradiated
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International Workshop on Public Health 


Aspects of Radiation-Induced Genomic 


Instability


Helsinki 25-28 October 1995


STUK and WHO
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Bystander effect


mutation and cell killing 
seen in cells that were not 
directly hit by radiation but 
were nearby


These effects occur in 


cells that have never


been irradiated.
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Minisatellite mutations and biodosimetry of 


population around the Semipalatinsk nuclear 


test site (SEMIPALATINSK)


• coordinated by STUK 1998-2000


• INCO COPERNICUS programme


• Kazakhstan, UK, Finland


• transgenerational effects after paternal exposure 


• three-generation study


• minisatellites are non-coding DNA repeat sequences; 


mutations scored as changes in repeat number 
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Genomic instability and radiation-induced 


cancer (RADINSTAB) 2000-2003


• coordinated by STUK 


• 5th Framework Programme, Euratom


• 9 European partners from Finland, UK, France, Germany, 


Sweden, Ireland 


• induction and transmission of genomic instability 


• relationship to radiation dose and quality 


• delayed gene expression


• genotype differencies
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RISC-RAD Training Course:


Non-targeted effects of ionising 


radiation


14-16 February, 2005


Helsinki
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Non-targeted effects of ionising radiation


Integrated Project, 2006-2010
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General information


• Start date of the project: 1 September 2006


• Duration: 48 months


• 22 partner organisations


• Coordinating organisation: STUK - Radiation and Nuclear 


Safety Authority


• Project coordinator: Prof. Sisko Salomaa


• EURATOM Specific Programme for Research and Training on 


Nuclear Energy, 6th Framework Program


• Total eligible costs: 11.89 M€


• EC contribution: 6.33 M€
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System of radiation protection


• Knowledge of radiation risk is based on direct epidemiological 
evidence, as well as scientific study of radiation biology


• The system is designed to protect against both deterministic 
and stochastic effects


• A linear, non-threshold (LNT) dose-response relationship is 
used for all long-term health effects (e.g. cancer, genetic 
effects)


• A dose and dose-rate correction factor is used to relate the 
effects of acute exposures to chronic exposures (DDREF)


• Radiation dose is used as a surrogate for risk


• The effects produced by different types of radiation are 
qualitatively the same


• Doses can be summed to predict overall risk
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Concept of dose as surrogate of risk


LNT and radiation protection


• a linear dose response means that every increment of dose 
and the associated risk can be assessed separately, 
irrespective of prior or future doses, as long as doses are 
below deterministic effects


• a fixed dose increment is always associated with the same 
additional risk


• doses received by an individual at different time points can be 
summed up (cumulative dose)


• (collective dose can be used to predict risk at the population 
level)
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Low-dose effects


non-targeted effects


bystander


genomic instability


Dose


targeted effects


classical effects,


dominant at high


dosesE
ff
e


c
ts
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Non-targeted effects may be important


modifiers of risk at the low dose region
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A new paradigm of Radiation Biology


Non-targeted effects


• Bystander effect


• Genomic instability


• Adaptive response


• Clastogenic factors


• Delayed reproductive death


• Induction of genes by radiation


• Premature differentation


• Low dose hypersensitivity


• Abscopal (out-of-field) effects


New evidence


Targeted effects


Classical paradigm 
of radiation biology


• DNA damage occurs


during or very shortly after irradiation


of the nuclei in targeted cells


• The potential for biological 


consequences can be expressed


within one or two cell generations
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Paradigm shift


Classical paradigm


• DNA-targeted 


• cells considered as isolated 


units


• clonal effects


• linear / linear quadratic dose 


response 


• classical radiation biology 


(effects on DNA)


• physics, biophysics


New evidence


• non-targeted


• cells are communicating


• tissue responses 


• non-clonal effects


• plateau-like dose response


(on/off)


• need for new methodological 
approaches


• biology, biochemistry
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Management


activities


Management


board


Infrastructures, training and mobility


Kevin Prise


WP2


Dissemination


and exploitation


activities
Oleg Belyakov


Mechanisms of non-targeted effects
Eric Wright


WP3
Non-cancer diseases


Guido Hildebrandt


WP4
Factors modifying non-targeted responses


Munira Kadhim


WP5 Modelling of non-targeted effects
Mark Little


Task 2


Relevance


for radiation


protection
Sisko Salomaa


Administrative


coordinator
Sisko Salomaa


WP leaders


WP6 WP7


Task 3


Conceptualisation


of new paradigm
Oleg Belyakov


Task 1


Communication


with public
Riikka 


Laitinen-Sorvari


WP1


Advisory


committee
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General objectives of the NOTE IP …


• To investigate the mechanisms of non-targeted 


effects, in particular, bystander effects, genomic 


instability and adaptive response


• To investigate if and how non-targeted effects 


modulate the cancer risk in the low dose region


• To investigate if ionising radiation can cause non-


cancer diseases or beneficial effects at low and 


intermediate doses


• To investigate individual susceptibility and other 


factors modifying non-targeted responses







SÄTEILYTURVAKESKUS • STRÅLSÄKERHETSCENTRALEN


RADIATION AND NUCLEAR SAFETY AUTHORITY


SiS 20
14.1.2008


General objectives of the NOTE IP


• To contribute to the conceptualisation of a new paradigm in 


radiation biology that would cover both the classical 


direct (DNA-targeted) and non-targeted effects.


• To assess the relevance of non-targeted effects for


radiation protection and to set the scientific basis for a 


modern, more realistic, radiation safety system







SÄTEILYTURVAKESKUS • STRÅLSÄKERHETSCENTRALEN


RADIATION AND NUCLEAR SAFETY AUTHORITY


SiS 21
14.1.2008


NOTE website


http://www.note-ip.org
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Key questions from the radiation 


protection policy point of view


• For cancer risk: is there a deviation from LNT at low 
doses?  


• Can ionising radiation cause non-cancer diseases or 
modify their risk at low / intermediate doses? 


• Are there differences in the radiation sensitivity between 
individuals? 


 International collaboration is essential to solve these 
issues (Europe, US, Japan, Canada...)
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OECD Nuclear Energy Agency


Committee on Radiation Protection and 


Public Health


Science and Values in Radiological 


Protection


Helsinki, Finland


January 15 -17, 2008
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Helsinki, 15.1.2008


Individual Sensitivity


Mike Atkinson


Institute of Radiation Biology


National Centre for Radiation Sciences


Helmholtz Centre Munich







“All animals are created equal, 


...but some are more equal than others”


George Orwell, Animal Farm







What if ....


There are differences in the genetic composition between 


individuals and amongst populations.


Will this create individual differences in the risk of adverse 


effects after exposure to radiation?







Diversity of the global population:


The global human population is genetically diverse (and almost half of 


them are males!).


Anatomically modern humans (Homo sapiens sapiens) arose 150000 -


200000 years ago in Sub-Saharan Africa.


Genetic diversity amongst the populations migrating out of Africa.


Populations of the different global regions show genetic diversity both 


within their own population and between populations.


“Population islands” remain, due to linguistic-cultural (e.g. Saami), 


religious (e.g. Mennonites) or physical separation (e.g. island populations). 


A population island can be distributed globally (e.g. Ashkanazim). 







Analysis of genetic variations within man reveal over 


9 million single nucleotide polymorphisms (SNPs).


A haplotype map of the human genome
The International HapMap Consortium
Nature 437, 1299-1320 2005


Cumulative SNPs


1x validated


2x validated


The human genome is genetically diverse:







What do 9 Million SNPs mean for variability?


SNPs are common polymorphisms.


Assume 10% coding DNA, therefore potentially 300,000 


coding SNPs per individual.


However, post-genomic era suggests a significant proportion of


the genome is actually regulatory (microRNAs).


Here a single polymorphims may affect expression of 100-200


different genes.







What if ....


Disease occurrence is influenced by the various genetic 


variations in the human genome?







Family history is a major factor for developing common diseases (e.g. 


cardiovascular disease, diabetes, cancer), indicating a genetic component.


Breast cancer is 2x more frequent in first-degree relatives of women with 


breast cancer than in the rest of the population.


10% of MaCa show inheritance of one of two genes (BRCA1 & BRCA2).


Other less frequent genes involved (e.g. CHK2, ATM). This still leaves 75% 


of familial risk unexplained.


Recent genetic study (21,860 cases) revealed 5 new loci contributing to risk.


(Nature 447:1087 2007).


Genetics and disease







As a consequence of the differences in genetic composition 


(and gene-environment interactions) cancer risk varies globally?


What if....







Racial and gender differences in cancer rates







So how do genetic differences influence risk of cancer ?


Two genetic mechanisms responsible for the development of 


disease (including cancer).


- Monogenic gene mutations.


- Polygenic inheritance.







There are 1000+ rare and highly heritable “mendelian” traits. 


Inheritance of a single allele is both necessary and sufficient to 


produce the disease phenotype (monogenic, dominant, high 


pentrance). 


The mutations responsible are present by definition in less than 


1% of the population, actually much less frequent.


Suggested to be responsible for between 1 and 15% of all 


cancers.


Cancer as the result of a single gene mutation







Multiple Endocrine Neoplasia (MEN1, 2 and X).


MEN1 germ-line inactivation of MENIN tumour suppressor gene.


MEN2 germ-line mutation of RET protooncogene.


MEN-X germ line mutation of p27 tumour suppressor gene.


All three mutant genes lie in a single signal transduction pathway


linking cell proliferation and differentiation.


Not all cancer syndromes are caused by classical ONC/TSGs


e.g. E-Cadherin in familial gastric cancer and DNA mismatch repair 


genes�in hereditary non-polyposis colon cancer


Example of a monogenic “familial cancer syndrome”







What if....


The same genetic mechanisms also influence the radiation


response and hence the risk of an adverse reaction?







Radiation hypersensitivity:


An unpredictable acute reaction to high doses of radiation.


Monogenic component indicated by individuals with


SCID / DNA repair deficiency syndromes.


Polygenic component indicated by numerous association 


studies showing non-random distribution of alleles between 


normal and hypersensitives.







Uncertainties exist in the broader application of this 


phenomenon:


Acute tissue reaction may not have any relationship to the risk of 


cancer (no oncogenes / TSGs influence this pathway, no clear mechanism).


Association studies are statistically weak and have not been reproduced.


However, DNA repair defects frequently show hypersensitivity, and may 


be associated with an increased cancer risk.


The biological response to high doses causing acute effects may be quite


different to the response at low and moderate doses (50-500mGy).







Genetic predisposition to radiation-induced (secondary) cancers 


clearly established.


- Mechanisms and tissue involvement show a plausible causality. 


- Monogenic traits associated with an increased risk of•  


“sporadic” cancer, show increased rate of secondary cancers.


- Heterozygous animal models reiterate phenotype.


Monogenic disposition to radiation-induced cancer







Gorlin syndrome (PTCH1)


PTCH1 gene regulates differentiation of embryonic cells via 


TGF-beta and Wnt pathways.


Affects 1:50 000 to 1:150 000 in population.


Patched acts as a tumor suppressor gene, loss of function derepresses


signal pathways and prevents differentiation.


Irradiation leads to multiple basal cell carcinoma and medulloblastoma in


radiation field.


Mouse model reiterates human radiosensitivity phenotype.







Medulloblastoma induced by 50cGy X-rays 


in Ptch1 +/- mice 


Data from Saran and 


Pazzaglia  RISCRAD







Li-Fraumeni syndrome (TP53)


Tumor supprerssor gene regulating response to DNA damage, 


including cycle arrest and apoptosis.


Sporadic cancers of multiple tissues (soft tissue sarcoma, 


osteosarcoma, breast cancer, brain tumors, & leukemia).


Irradiation induces cancers in same organs, skeleton most sensitive.


Mouse model reiterates human syndrome.
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Retinoblastoma (RB1)


RB1 tumor suppressor gene regulates cell cycle entry.


1:23 000 frequency.


Loss of function leads to sporadic retinoblastoma and osteosarcoma.


In radiation field the risk of osteosarcoma rises manyfold.


Mouse model does not develop retinoblastoma. Sensitivity to radiation-


induced osteosarcoma (RISCRAD).
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CDKN2A (p16)


A CDKI protein, regulator of cell cycle entry.


Tumor suppressor gene causing familial melanoma.


A recent case report describes a patient exposed to 


atmospheric A Bomb testing. Developed multiple melanoma


on exposed side of body.


Eliason et al Arch Dermatol 143:1409 2007


Mouse model under test using alpha, neutron & x-irradiation (RISCRAD)







Inherited defects in DNA repair 


Over 50 DNA repair genes. Loss of function mutation usually 


phenotypically recognisable (XP, AT, NBS etc).


Due to the lack of control of genomic integrity many affected individuals 


develop sporadic cancer at an early age.


Radiation exposure of such sensitive individuals is not normally performed. 


Animal models frequently lethal or hypersensitive to radiation 


(e.g. Rad51, Xrcc3, Rad50, Mbs1, Lig4, Brca1). 


Heterozygous effects under test (RISCRAD).







ATM: mediates DNA damage response.


Disruption of ATM leaves mouse with growth retardation, infertility and 


neurologicla dysfunction.


Cells are hypersensitive to radiation


Mice develop lymphoid cancer at early age (2-4 months)


Radiation cannot show much effect as all die anyway


Barlow Nature Genetics 21, 359  1999


Atm +/+


Atm  +/-







What if ....


Hypomorphic alleles of the known monogenetic


genes influence susceptibility to cancer ?


What if ....


Polygenic inheritance influenced susceptibility ?







Cancer as the result of a complex genetic inheritance


Transmission of the cancer phenotype due to inheritance of multiple


common alleles (polymorphisms present in >1% of the population).


Examples of common alleles associated with disease:-


HLA (autoimmunity and infection)


APOE4 (Alzheimer's disease)


Factor V Leiden (deep vein thrombosis)


NOD2 (inflammatory bowel disease) 


Complement factor H (age-related macular degeneration)


Each disease phenotype is the result of the interaction of multiple


weak alleles, each of which makes only a small individual contribution. 



http://www.nature.com/nature/journal/v437/n7063/full/nature04226.html

http://www.nature.com/nature/journal/v437/n7063/full/nature04226.html

http://www.nature.com/nature/journal/v437/n7063/full/nature04226.html





Human studies on complex genetic inheritance do


not have the power to identify multiple weak alleles.


Note the breast cancer study mentioned earlier has


a total of over 40 000 individuals.


So, what is the alternative ?







“All mice are created equal, 


...but some mice are more equal than others”







Discovery:


• Identify candidate genes modifying carcinogenic effects of radiation.


Validation:


• Test effects of the genetic component, in particular at low doses.


Application:


• Functional studies on mechanism of genetic susceptibility


• Create animal models to study biological responses at low doses


• Improve risk assessment models


Quantifying the genetic component of risk using mouse models







Radiation-induced mouse osteosarcoma


- Radiation-induced osteosarcoma in man 


(Dial painters, Pu-workers, Ra & Th therapy).


Low sporadic incidence (high causality).


Strain differences in susceptibility.
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QTL mapping of low penetrance modifiers


In a backcross between resistant and sensitive 


strains the genes responsible for sensitivity will be 


distributed amongst the offspring.


Sensitivity (QTL latency) to induced ostesoarcoma 


can be correlated with genotype.
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RISCRAD has established that epistatic genes 


influence the sensitivity to a range of tumor types 


induced by different radiation qualities.


GENRISK-T has extended these observations to 


include thyroid cancer.







Genotype  Irradiated Control 


(C3H x C57BL6) F1 


Hybrids 


31% normal  


69% lesion  


94% normal  


  6%  lesion 


 Irradiated (29) Non-irradiated (23) 


(JF1 x C3H) F1 Hybrids: 76% normal  


24% lesion 


100% normal 


0% lesion 


 Irradiated (24) Non-irradiated (9) 


(BALB/c x C3H) F1 


Hybrids: 


38% normal 


62% lesion 


89% normal   


11% lesion 


 


 


 
 


Data from Rosemann & 


Atkinson  GENRISK-T


Strain-dependent distribution of proliferative


thyroid lesions after treatment with Iodine 131







What if ....


Mouse models of human radiation-induced cancer


syndromes were used to address the problem of low dose


sensitivity? 







Assessment of risk,.....in the dose region from fractions of 


mGy to a few tens of mGy, would be greatly facilitated by 


knowledge of the shapes of the dose-response 


relationships for radiation induced cancers in humans. 


.....not available and not likely to be obtained by direct 


observations.


UNSCEAR 1986


Genetic sensitivity and low dose responses
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Survival and tumorigenesis in Ptc1+/- mice irradiated with 


250kV  X-rays at postnatal day 1 
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What if ....


Are there differences between man and mouse?


Are the genetic mechanisms studied at high doses 


(secondary cancers) relevant to low dose risk?


If there is a genetic influence, how do we evaluate 


contribution to risk. Is it the same for all tissues and 


radiation qualities?


Does dose rate influence susceptibility?


Ethical concerns about prediction of phenotype from genotype?
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.01 .05 .1 101.0 4.0 100


The “Gold Standard” 


A-bomb Survivors


5-10% Cancer Risk


Low Dose 


Extrapolations


Dose (Sv)
DOE Low Dose Program


The dilemma for radiation protection:  what is the 


scientific basis for radiation standards to protect the public from 


exposures to low levels of ionizing radiation (<0.1 Sv) where there 


are considerable uncertainties in the epidemiological data.







DNA damage is the result 


of direct and indirect 


effects of radiation


Damage / Gy of X-rays:
40 DSBs


150 DNA crosslinks


1,000 SSB


2,500 base damages


From: Hall, “Radiobiology for the Radiologist”


Implicit in evaluating radiation effects is that the 


nucleus is the target, and that the deposition of 


energy induces the effect.







Any exposure has the potential for risk
Genetics


Environment


Diet







Conventional paradigm for radiation effects:


Effects occur in “hit” (targeted) cells


Gene expression


Chromosomal damage


Mutations


Micronuclei


Cell killing







Stable 


colony


Genomically 


unstable colony


Morgan & Sowa, PNAS 102, 14127-8 (2005)


Targeted


Non-Targeted







In addition to these “targeted effects” the 


new biology reveals “non-targeted effects” 


of ionizing radiation


Induced genomic instability: observed in the progeny 


of an irradiated cell that may / may not have been 


subject to energy deposition events.


Bystander effects: occur in cells that were not 


traversed by radiation and are induced by signals from 


irradiated cells.


Implications for radiation protection?







RADIATION-INDUCED GENOMIC INSTABILITY


Increased rate of genomic alterations in the 


progeny of irradiated cells


Radiation


Manifests as:


chromosomal rearrangements


micronuclei


aneuploidy


delayed mutation


(spectrum different)


gene amplification


cell killing











Clonally expand


Irradiate


Clonally expand


Metaphase analysis of 


clonally expanded cells















Radiation-induced instability 


can occur in bystander cells:


Instability observed in cells not traversed 


by an alpha particle
Kadhim et al. Nature 355, 738-40 (1992)


Shielded grid experiment
Lorrimore et al. PNAS 95, 5730-3  (1998)


secreted factor?


cell to cell gap junction communication*?


dead / dying cells*?


*Not in our cell system







Radiation induced bystander effects:


Effects observed in cells that were 


not irradiated but were “bystanders” 


at the time of irradiation


Single cell microbeam irradiation







Radiation induced bystander effects:


Effects observed in cells that were 


not irradiated but were “bystanders” 


at the time of irradiation


Single cell microbeam irradiation


1 cell irradiated







Radiation induced bystander effects:


Effects observed in cells that were 


not irradiated but were “bystanders” 


at the time of irradiation


Single cell microbeam irradiation


1 cell irradiated


Exhibit bystander effect


gene expression


mutation


transformation


micronuclei


cell killing
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Bystander effect after low fluences of -particles


Azzam, Little and colleagues


or targeted high LET microbeam irradiation


Columbia University, Gray Cancer Institute


Media transfer experiments - low LET irradiation


Mothersill, Seymour and colleagues


A. Mediated by cell to cell gap junction communication


B.  Secretion of soluble factors into culture medium







What is the nature of the signal 


generating bystander effects?


Reactive oxygen/nitrogen species


What is the interaction of that 


signal with the bystander cell?
Can lead to DNA double strand breaks


-H2AX foci


chromosomal aberrations


micronuclei


apoptosis







Biological significance of bystander effects 


…  are they good or bad?
Bad - genetic damage and cell killing


Good - > proliferation, radio-protection


Any effect occurring outside irradiated zone - bad


Do bystander effects occur in vivo?


Is there a role for bystander factors in 


communicating the radiation response in 


the real world?


Clastogenic factors


Abscopal effects







Bystander effects in 


an in vivo human 


skin model (3D).
Belyakov et al. PNAS 102, 


14203-7 (2005)







Bone marrow


40XY T6T6


Bone marrow


40XY (neutrons)


Chromosomal 


instability in progeny 


of non-irradiated 


hemopoietic stem cells
Watson et al., Cancer Res. 


60, 5608 - 5611 (2000)


Bystander effects in vivo


LS174T


LS174T


(125I)


Inhibitory effect on tumor 


growth
Xue et al., PNAS 99, 13765-70 (2002)







Clastogenic Factors







Clastogenic factors in plasma from:


Accidentally irradiated individuals
Goh & Sumner, Radiation Res. 35, 171-181 (1968)


Therapeutically irradiated individuals
Hollowell & Littlefield, PSEBM. 129, 240-244 (1968)


A-bomb survivors
Pant & Kamada, Hiroshima J. Med. Sci. 26, 149-154 (1977)


Chernobyl clean up workers
Emerit et al., J. Cancer Res. Clin. Oncol. 120, 558-561 (1994)


Children exposed after Chernobyl
Emerit et al., Mutation Res. 373, 47-54 (1997)


Human blood irradiated in vitro
Scott, Cell Tissue Kinet. 2, 295-305 (1969)


CF-Nelson rats
Fagnet et al., Cancer Genet. Cytogenet. 12, 73-83 (1984)


Patients with chromosome fragility syndromes
Bloom syndrome, Fanconi anemia, xeroderma pigmentosum







Implanted 


LLC cells


Abscopal “anti-tumor” effects in vivo


5 x 10Gy


12 x 2Gy


fractionated


Significant delay in LLC cell growth.
Camphausen et al. Cancer Res. 63, 1990-1993 (2003)


Further focused studies required


Mechanism of transmission?


What is the factor? 


Organ specific or whole body at risk?







76 year old male with back pain


Thoracic and abdominal CT scans 


thoracic vertebral bone metastasis and


hepatocellular carcinoma


36Gy to the bone mass


regression of hepatic lesions


Ohba et al. Gut 43, 575-577, (1998)


Retrospective 


analysis of 


serum 


concentrations 


of IL-1 beta, IL-


2, IL-4, IL-6, 


HGF, and TNF-


alpha


Abscopal


Effects:







Issues with the new biology:
Primarily (not exclusively) demonstrated in in vitro


model systems


Relationship between genomic instability and 


radiation carcinogenesis?  Not expected in healthy


radiation exposed individuals!


Bystander effect primarily a low dose phenomena -


reconciling this with the cell survival curve?


Clearly demonstrated after high LET radiation, but is 1 


particle a low dose?


Ambiguous data for low LET radiation.  Reporting of 


negative data, reproducibility.


How modified by individual susceptibilities?







How do you reconcile a 


very low dose cytotoxic 


bystander effect with the 


cell survival curve?


No direct irradiation 


effect <30mGy, but a 


significant bystander 


effect 3mGy.  Liu et al. Rad. 


Res 166, 19-23 (2006)


Bystander effects a low dose phenomena


Inherent scattering of electrons







Protecting mankind important


Regulations must be practical and 


relevant…animal studies?


Non-targeted effects tell us that:


cells communicate


target > than irradiated volume


beneficial or detrimental?


Already “built into” organ risks?….… 


If limited to a specific organ!







ICRP Publication 99, (2005)  


Conclusions, page 112







Challenges for the future:


Mechanistic studies essential


DNA repair at low doses / low dose rates


Technologies (significance of foci formation?)


Differences between high and low LET


Tissue & animal studies - important information 


on signaling pathway(s)


always be caveats - inbred, diet, strain specific


Genetic susceptibility *


*appropriate model systems


genetic and epigenetic component


individual differences







Challenges for the future:


Non-targeted effects in vivo


what is the relationship between non-targeted effects?


what is the signaling molecule(s)?


why is signal amplified in tissue model systems?


what are the receptors for the signal?


why the lack of a dose response?


why don’t all cells in a tissue respond?


biological significance of bystander effects


eliminate initiated cells? Good 


generate initiated cells? Bad


random effects?


reconciling low dose bystander effects on cytotoxicity 


with the cell survival curve


do targeted and non-targeted cells respond differently?







Implications for radioprotection:


Target at risk is greater than the volume 


actually irradiated (radio-therapy)


Do non-targeted effects amplify the 


detrimental effects of radiation?


How do we build non-targeted effects 


into radiation risk estimates?


Why have they evolved and are they 


good or bad?







Comments or 


Questions


WFMorgan@som.umaryland.edu
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Lauriston S. Taylor (1902 - 2004)


"Radiation protection is not


only a matter for science. It is


a problem of philosophy, and


morality, and the utmost


wisdom."


The Philosophy Underlying


Radiation Protection


Am. J. Roent. Vol. 77, N° 5,


914-919, 1957


From address on 7 Nov. 1956
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Rolf M. Sievert (1896 - 1966) 


"The establishment of maximum


permissible radiation levels is a


non scientific task, which must be


based primarily on scientific


knowledge and judgement."


The Work of the International


Commission on Radiological


Protection


United Nations International


Conference on The Peaceful Uses


of Atomic Energy, Geneva, 1-13


September 1958, Vol. 21, Session 5a


pp. 3-7
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Overview of the evolution of the 


radiation protection system
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Workers and public
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The threshold model for deterministic 


effects  


Probality of 
occurrence of a 
deterministic effect


1


Individual 
Level of 
Exposure


Limit


Safety 
Margin
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The management of deterministic effects


 Dose-effect relationships are well quantified


 Existence of threshold doses under which no
deterministic effects are observed


 The limit is an individual guarantee that
deterministic effects will not occur


 Application of the "prevention" principle


 Easy to translate into regulation
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The linear non-threshold model for 


stochastic effects 
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The construction of risk for stochastic effects


Risk coefficient


Consensus


Experts Committee


UNSCEAR, BEIR,


ICRP…Biology Epidemiology


"Microscopic approach"


Description and understanding 


of basic mechanisms


"Macroscopic approach"


Risk assessment


• Apoptosis


• Repair mechanisms


• DNA mutation


• Non targeted effects


• Delayed effects


• Adaptative response


• Genomic instability


• Cancers


• Hereditary effects


• Non cancer effects


• Cardiovascular


• others…
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Some characteristics of the LNT model


 Prudent approach : application of the 
precautionary principle


 Population approach
 Linear no-threshold hypothesis for all cancers 


considered as a group but not necessarily 
individually


 Average risk combining sex, age, time following 
exposure…


 Applicable to any exposed population 
(projection)


 Remaining uncertainties
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The basic principle of radiation protection 


for stochastic effects 


 Justification of activities - Complex political 


process involving considerations about the 


benefits and the risks associated to the activities 


as well as ethical and social values


 Optimisation of radiation protection : looking for all 


types of exposure for the best level of protection 


under the prevailing circumstances (taking into 


account economical and social factors)


 Limitation of individual risk for workers and the 


public - Based on the social "tolerability" of the risk 


(value judgement, reference…)
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The optimisation principle


 Uncertainties, prudent attitude, ALAP (1950)


 The limit is not anymore a guarantee of the 


absence of risk


 If an activity is justified, how far to reduce the risk 


without endanger the activity, ALARA (1958)


 Attempt to found the "Reasonably" on science: the 


cost-benefit model (1973)


 Pragmatism and stakeholder involvement (1988, 


1999, 2007)
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The limitation principle


Annual dose limit =


[mSv/year]
Dose risk coefficient


Tolerable annual risk level


[%/mSv]


[%/year]
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Evolution of the annual dose limits 


for stochastic effects


 1956 : 50 mSv for workers and 5 mSv for the public


Value judgement


 1976 : Same values. Average doses comparable to 


safe activities 


 1990 : 20 mSv for workers and 1 mSv for the public


Revision of the nominal probability coefficient. 


 2007 : Same values
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Evolution of the average annual risk of fatal injuries 
associated with economic activity and 


exposure to ionizing radiation
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Conclusion


 The present system of radiation protection is 


science based, promoting responsibility and 


vigilance among all concerned parties through a 


permanent questioning:


• Are the activities justified?


• Is any individual exposed to a risk which is 


considered as not acceptable?


• Are the exposures maintained as low as reasonable 


under the prevailing circumstances?


 However, there is a need to improve the 


understanding of the articulation between science 


and values in radiation protection 
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Toward a framework for organizing and analyzing 


scientific knowledge and values 


for managing radiological risk (1)


Edited in 1983 Edited in 1994
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Toward a framework for organizing and analyzing 


scientific knowledge and values 


for managing radiological risk (2)


 Improve the understanding by concerned parties of 


the science and the value judgements underlying 


the radiation protection system


 Develop a methodological corpus for facilitating the 


transmission to the next generation of scientists, 


decision makers… 


 Identify research needs to improve the robustness 


and quality of the system 


 Improve the transparency of the system to facilitate 


dialogue between all stakeholders


 Anticipate and analyse prospectively potential 


implications of scientific and social evolution
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A topical issue


 The possible implications of radiation protection 


science evolution to radiation protection regulation 


was discussed at an Expert Meeting held in Tokyo on 


December 12, 2007 at the occasion of the 4th Asian 


Regional Conference on the Evolution of the System 


of Radiological Protection, December 13-14, 2007, 


Tokyo - Japan.


 The participants emphasized the need to extend 


knowledge in : 


 The better understanding of low dose and low dose 


rate science


 The articulation of science and values in policy decision
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Non-Targeted Effects


The group discussed the non-targeted 


effects and their potential impacts on RP 


system. However, after a fruitful and 


fascinating discussion, we are not sure to 


bring clear answers but we are convinced 


that we have increased the number of 


questions.







Non-Targeted Effects….


..are characterised by Bystander Effect and 


Genomic Instability


By increasing our knowledge on these two 


biological mechanisms do we reduce 


uncertainties or do we increase confusion?


……We are not sure to have a clear answer







Today, we have two dose-effect curves


– Targeted Effects are represented by LNT


• Dose is linked to probability of occurrence


– NTE are represented by a strong early 


increase at low dose, then by a plateau, 


whatever the dose


• What is the occurrence?







First Comment


• But when we compare and communicate on 


these dose-effect relationship, do we use the 


same endpoint ?


• For the LNT, it is clear that it is stochastic 


effects, cancer or potential hereditary diseases


• For the NTE, we describe a biological event, not 


a health effect


…….That is confusing







• First, the facts exist, the cancers observed 
after the A-bomb are more and more a 
solid database. 


• Year after year, the scientists have tried to 
explain appearance of late effects after 
exposure


• But if we have better knowledge on 
mechanisms, do we reduce the 
uncertainties?







The foundations of LNT


• Physicist have given more and more 
information on energy deposit


• The question was to create a link between 
these physical basements and A-bomb 
survivors’ observations


• And some created the DNA paradigm, the 
life was easy at this time.


………BUT







But opposition between two theories still 


exists after many years


• Is there a biological basis for non-


threshold?


• Do we have evidence that threshold is 


not valid?







• Mutations are the basis of the cell model


• But if cancer has a clonal origin, it is a tissue 
process


• And now the question is the part of epigenetic vs 
genetic aspect in cancer induction


The first DNA paradigm break







Phenotypic stability trumps 


genomic alterations


• Oncogenic signaling is suppressed by 


normal tissue


• Carcinogenisis is promoted by the 


remodeling of the tissue


• Malignant genotypes can be ’reverted’ to 


normal phenotypes


• Extra-cellular signals are paramount







Other questions


• Are mechanisms the same


– Higher than 100 mSv


– Lower than 100 mSv


• Is extrapolation valid?







Now we know that there are 


exceptions to LNT, 


….no more a taboo


• Results of an Oxford meeting in 2002


• ICRP 2007 recommendations accept that 


in some situations LNT could be not the 


best model, even if it remains the best tool 


for RP management







• Is genomic instability an epigenetic effect?


• Not a clear answer by experts, two say yes one 
says no


• Genomic instability is a permanent event, 
produced by Ionising radiation but also by other 
agents.


……it is very difficult to maintain our genome


Genomic instability







Is the bystander effect specific to radiations?


It is premature to link bystander effect to cancer


For regulators, it is important to know whether a 


link exists between NTE and mutation, because 


we know that there is a link between mutation 


and cancer


Bystander effect







We have to know the relationship between 


some Biological Effects vs Health Effects


• Chinese results published in 2000 (Radiat. 


res.) clearly show NO


• A gap between NTE and consequences in 


health-effect terms still exist, we don't 


know if NTE leads to health effects







Is the NTE changing or not the extrapolated 
part of LNT--- the RP part ? The paradox 


is to discuss in a non-event area


If NTE are NOT linked to cancer, are NTE 
linked to non-cancer diseases ? To day it 
is pure speculation because no 
mechanism explanation exists.







But Let’s Remember Stakeholder 


Questions


• What is the health effect for me if I eat 


Chernobyl-contaminated food every day?


• What will be the health effect for me if 


every day I eat food contaminated by 


radionuclides released from deep 


underground storage?







The internal contamination 


challenge


• Chronic exposure of long live 


radionuclides


• Very low dose and very low dose rate


• Is the dose a surrogate of risk (see EGIS 


report)


Level Zero of knowledge


(Except an experiment in Finland)







Conclusions


• This task group arise more questions than it 
brought answers


• But don't forget that the facts are robust


• And that the mechanisms are for explanation of 
these facts, not the reverse


• We apologise to the regulators because there 
are so many different opinions it is difficult to 
satisfy them!!







Conclusions 2


• Please don’t use scientific results before 
validation


• Don’t instrumentalise scientific results


• Don’t confuse radiation research and radiation 
protection research


• Be pragmatic
– We have facts


– We try to explain facts


– Not the reverse
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Breakout Session 3: 


Cardiovascular disease


summary report


Workshop on Science and Values 


in Radiological Protection







1. Existence of clear epidemiological evidence 


above 0.5 Gy for the radiation induced 


cardiovascular diseases (CD), at lower doses the 


evidence is inconclusive


2. Radiation induced CD may have significant 


impact on the morbidity and mortality


3. CD are currently not specifically addressed by 


the system


4. Public and trade unions concerns are increasing


Q1: Why do we care about the 


problem?







• Statistical evidence
– Induction of effects around 1 Sv


– Association with dose


• Uncertainties on the shape of the dose-
response at low doses
– Data consistent with there being:


• No threshold


• Threshold at 0.5 Sv


• Judgement
– "Data available do not allow for their inclusion in 


the estimation of detriment following low radiation 
doses less than 100 mSv. This agrees with the 
conclusion of UNSCEAR 2008 which found little 
evidence of any excess of risk below 1 Gy" (ICRP)


ICRP position







• Pros
– existing evidence above 0.5 Gy


– coherence with philosophy of RP


– ethical and moral aspects


– public concern, RP is responding and aware of the problem


– incentive to improve some practices and technologies causing high 
exposure


• Cons
– below 0.5 Gy see nothing, lack of knowledge (mechanisms (cellular, 


molecular, …?)


– magnitude of rad. effects on CD is small compared to other causes 
considered in public health


– unable to quantify cost/benefit associated with potential decrease of 
dose limits, the benefit may be nil if there is a threshold


– lack of efficiency in specific area concerned (CT)


– new epidemiological studies coming fairly soon


– public concern: potential distrust for not having identified the problem 
earlier


Pros & Cons to address this issue within RP 


now







1. Mechanism: elucidation on possible mechanism 
(inflammatory / micro vascular, mutation, others?)


• Inflammatory is more plausible (experiments ongoing)


• Different mechanisms at high and low doses?


2. Are these mechanisms consistent with stochastic or 
deterministic dose response


• Inflammatory consistent with deterministic


• If the threshold is low, there may be a need for change in RP


3. Epidemiological data below 0.5 – results of ongoing 
studies and need for launching further studies (e.g. CT)


4. Does the relative risk depend on type of CD


Q2: What further do we need to know?







5. How does the spectrum of radiation induced CDs 


depends on dose


6. Dose and dose-rate effect and radiation quality


7. Age, gender, population and temporal effects


8. Synergistic effects, interactive effects with other agents


9. What is the target tissue







• If change is made based on Japanese risk estimates 
and LNT, the detriment would increase 50-100%


• This might lead to decrease of current dose limits by 
30-50% and emphasis on optimization


• Application of precautionary principle should include 
not only the change in detriment but also the cost and 
other consequences associated with this change


• Medical exposures (CT) are at least 100 times higher 
than occupational ones, and are typically excluded 
from the limits


• Any regulation currently applied is unlikely to have an 
observable benefit


Q3: RP Implications with current knowledge?







• reinforcing scientific studies on the given 


subjects


• Increasing professional awareness of the 


issue


• critically reviewing existing data/literature


• challenging features of the current RP 


system in light of evolving science and 


value judgements


Q4: What are we doing now?
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Individual Sensitivity







Why do we care about Individual Sensitivity?


– This IS an issue at high doses (for deterministic effects in radiation therapy)


– It is not known whether Individual Sensitivity is an issue at low doses
• But, we know that cell sensitivity is related to a deficiency in DNA repare, to abnormal 


signaling pathways, abnormal genes, etc. Which may be related to development of 
cancer, thus these things this may be an issue


– There may be two different types of sensitivity
• For deterministic effects (at high doses) and for stochastic effects (at low or high doses)


• There may be different sensitivities among organs and tissues


– If we knew that there were hyper-sensitive individuals, this would be an issue, 
but it is not reasonable to act unless you know more about WHO is hype-
sensitive (how large a group), and how hyper-sensitive they are (twice the 
average population? Ten times the average population? Etc.)


– It is known that there are age and gender-specific differences in risk
• On average, women are twice as sensitive as men


• On average, young children are 5 times more sensitive than older individuals


• Note that ICRP currently uses DOSE as the primary RP quantity, not RISK, so these 
differences are not inherently taken into account


• There are some people who KNOW they are genetically susceptable (e.g. from family 
health history)


– These issues may pose ethical and regulatory challenges to the current 
approach to RP







What do we KNOW now about Individual 


Sensitivity?


What we know (or mean)


• ‘low dose’ means levels experienced by workers and public


• ‘high dose’ refers here to patients undergoing radiation therapy


• On the order of 5% of patients are hypersensitive to radiation (This 
is based on cancer patients who have received high-doses)
– We will probably have a predictive test to identify such people in the not-


to-distant future


– A small sub-set of this population (5%) is very hypersensitive


• It is suspected that there are patients who are hypo-sensitive to 
radiation, but the size of this group is not known


• There are differences in cell sensitivity (e.g. epitheliel cells are more 
sensitive than bone cells)







What do we KNOW now about Individual 


Sensitivity?


Low dose (diagnostic, occupational, public 
exposure levels) considerations


– We know that cellular response is quantitatively and 
qualitatively different at high and low doses


– There is limited epidemiological evidence of effects 
below 100 mSv in adults, and 50 mSv in children, but 
these are the exception


– We know that there are non-targeted effects at 
extremely low doses, but we do not know what the 
consequences of this may be


– Classical epidemiology has not and can not provide 
any evidence of individual sensitivity







What do we KNOW now about Individual 


Sensitivity?


At low dose-rate considerations


• Dose fractionation results in less effect for low LET radiation (need 
to consider DDREF)


• From animal studies, there is contradictory evidence concerning the 
benefit or detriment of low doses


• There is evidence for a genetic component to the effect of low dose-
rate in animal studies


• Studies of high background areas have been carried out showing 
chromosome aberrations (but no increase in cancer), but there is a 
need to better understand the effects of confounding factors (e.g. 
stress, smoking, lifestyle, etc.) in these studies


• There is evidence that there are environmental, lifestyle etc. co-
factors that affect radiation effects







What do we NOT KNOW now about Individual 


Sensitivity that we WANT to know?


High dose considerations


• Need to know more about mechanisms and 


consequences/applicability of effects caused by 


hypersensitivity


• We need models and predictive tests (fitting 


acceptable standards) to better understand the 


risk of secondary tumors from therapy: e.g.


– at what range of exposures these may occur?


– what is the age-at-exposure effect?







What do we NOT KNOW now about Individual 


Sensitivity that we WANT to know?


• What is the scale of the contribution of individual sensitivity to radiation effects (behavioral, 
environmental, genetic, social-economic status, age, gender, health status, etc.)


• What are credible strategies to answer these questions?
– Are single-cell models relevant to organism effects of sensitivity


– Are animal models relevant to human individual variation


– Do different levels of natural background have different effects on cells, tissues or organisms?


– If LNT is applied generally, can it also be applied to understand the response of a genictally 
hypersensitive population?


– Need more info on age and gender dependence of risk (particularly at low doses)


– What fraction of the population is genetically sensitive (at what exposure levels?)? What are their 
distributions (geographic, shape of distribution curve, etc.)


– How much more sensitive are they?
• To high exposures


• To low exposures


• To High or Low LET


• Dose rate


– Does high-dose sensitivity imply low-dose sensitivity?


– What is the specificity of radiation to risk as compared to other carcinogens


– How do ‘lifestyle choices’ affect individual sensitivity?


– What about potential individual sensitivity to effects other than cancer and heritable effects, i.e. 
circulatory diseases?







Science Issues:


where we need more information


• Need more info on age and gender dependence 


(particularly at low doses)


• What fraction of the population is genetically 


highly sensitive? What are their distributions 


(geographic, shape of distribution curve, etc.)


• How much more sensitive are they?


• Does high-dose sensitivity imply low-dose 


sensitivity? Can this be experimentally 


explored?







Regulatory Issues:


where we need more information
– Does our current approach to RP (limits, etc.) ALREADY protect 


hypersensitive people? 


– Should we need to change the RP regulatory approach, would it be best 
to:


• Lower dose limits for all ?


– OR –


• Re-evalualte protection approaches for sensitive individuals from high-
exposure work?


• The choice will in part depend on the size of the sensitive population, the 
level of its sensitivity, and the ease and validity of identifying sensitive 
individuals


– If hyper sensitivity is an issue (At 2x? At 10x?), there would be a need to 
explore implications in the area of emergency response workers, and, 
depending on the relevant level of exposure perhaps also of protection 
of the public (sensitive groups) in emergency situations (implications for 
current approach to planning emergency response optimisation for 
women, pregnant women and children)







How to Address the questions 


raised by science?
• These issues are too large for a single national approach to successfully address them all


– Need an infrastructure


– Need a ‘broad common strategy’ to ‘focus efforts’


• These questions are sub-categories of the broader question of whether or not low dose 
exposures (e.g. 10 mSv) do or do not cause any health effects


• These questions can not be answered quickly, thus we will be forced to live with uncertainty 
for some time yet


• Four approaches:
– In-vitro models


• Limited capabilities


• Mechanistic studies possible


– Animal models
• Controlled, low-dose experiments


• Question of applicability to humans


– Molecular epidemiological models:
• Need fingerprints of tumor causality 


• Link studies to other, ongoing cancer studies (e.g. Icelandic genetic study)


– In Humans:
• Need signature or pre-determined endpoint for such studies to be useful


• We will need to discuss how to judge the likelihood of these studies to deliver answers?


• Age, diet, lifestyle, other risk-modifying factors influence sensitivity or not?? Need to re-test to 
keep results ‘up-to-date’, as paramaters may change during life


• Training and competence in RP must be maintained







What would we do differently IF we 


knew now what we would like to know?


IF we:


• Have a tool to predict individual sensitivity


• Know how many people are more sensitive, and what is 


their sensitivity distribution


• Know how much more sensitive they are


• Know the relationship between sensitivity to acute effects 


and stochastic effects


• Know whether low-dose effects are negative, positive or 


both


• Know the effect of dose rate 







What would we do differently IF we 


knew now what we would like to know?
At high dose in therapy:


• Would need to develop clinical guidelines


• Individual patient treatment


• Treatments would be improved (doses increased or decreased)


At high doses in emergency situations


• Triage of victims in terrorist events or large-accidents would improve


• Emergency workers could be pre-selected for their resistance to 


radiation health effects: 


– Ethical Questions, Labor Questions


– Separate dose restrictions could be developed for this group







What would we do differently IF we knew now what we 


would like to know?
At low dose in the workplace:


• If the increase (or decrease) in sensitivity is low (e.g. on the order of the factor of 
2 but within the current range of RP uncertainty) there would be a need to 
assess the costs and benefits of change to the current RP or labor management 
approach – stakeholder involvement would be needed in the discussions


• If the increase (or decrease) in sensitivity is large (e.g. on the order of one or two 
orders of magnitude) the employer may have a duty to inform about the 
existence of the test, to test workers, and inform them of the results.


– EX: the risk to the fetus is much higher than to an adult, but in this situation the 
protection of the fetus is specifically addressed during pregnancy


– EX: people with asthma are not allowed to work in habitually dusty environments


– Issues may include:
• Insurance coverage based on increased sensitivity would be a key question


• Allowing the individual to work in an increased risk environment would be an employer, 
employee, regulator (and social?) issue


• If there are individuals with NO RISK from radiation exposure, would they be treated 
differently at work?


• There is international text on genetic discrimination – start 
here







What would we do differently IF we knew now what we 


would like to know?


At low dose to the public:


• The types of issues that would need to be addressed (through 
appropriate stakeholder processes) would include:


– Education and information of the public


– Availability of genetic susceptibility test results - interpretation


– Implications for insurance, employment
• Is it possible that genetic susceptibility would be linked to greater or lesser 


risks of contracting other diseases?


– Implications for people living in high-background areas


– Medical diagnostic or screening campaigns


– Medical – legal screening


– Need to re-evaluate dose limits


– Implications for the optimisation of protection for
• Operational releases


• Accident situations


• Waste disposal


• Exclusion and exemption


– Consider consequences of other possible sensitivities (e.g. to UV)







What could or should we do now while we 


wait for the answers to these questions
• No specific actions are proposed for the following exposures:


– In the workplace


– For the general public


– From screening of the general public (medical, medico-legal, etc.)


• In emergency management situations
– Consider specifically targeting optimisation of protection to ‘known’ sensitive groups (e.g. children and pregnant 


women)


• In Diagnosis
– The group suggested that all radio-diagnostic imaging machines should include dose assessment capabilities as 


implemented in DICOM headers of digital images


• In therapy situations
– Raise awareness about individual sensitivity and the risks of secondary cancers


– Promote good practice, and validate therapy standards


– Use genetic testing to investigate the risks of secondary cancers


– Discuss ethical and practical aspects of ‘tailor-made’ therapy approaches to be ready should tools become available 
in the coming years


• In general,  there is a need to raise awareness of the importance of organ doses


• If specific issues related to individual sensitivity arise, it was suggested that their discussion, particularly 
of ethical aspects, should involve stakeholders – no agreement was reached in the Breakout session on 
the value of doing this


• Maintain training and competence in RP


• Reflect on how to ’live with uncertainty’


• Discuss how to judge the liklihood that studies will answer questions


• Criteria and methods for the selection of emergency workers
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1


Value issues, the 


precautionary principle, and 


equity in relation to 


radiological protection 


Sven Ove Hansson, KTH
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Separating values and facts - is it possible ?


Values


Epistemic values


Practical values


Uncontroversial


Controversial
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Trying to separate facts and values


Cannot be done perfectly


Is still worth doing as far as possible


Requires awareness of scientific uncertainty
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Rationality


Theoretical rationality (what to believe)


Practical rationality (what to do)
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Data Corpus Policy
1 2


3


The scientific knowledge production process
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Using the “bypass route” from evidence to policy


1. The same type of evidence


2. The same assessment of actual strength of evidence


3. Differences in the required level of evidence
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The precautionary principle


The vulcano example


The Iraq example


Not special to radiation protection or to the discourse 


on human health and the environment
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QuickTime™ and a
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QuickTim e™ and a
TIFF  (U ncom pressed) decom pressor


are needed to see this pic ture.


Three basic thought patterns in ethics


Utilitarianism Deontology Virtue ethics
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QuickTim e™ and a
T IFF (Uncom pressed) decom pressor


are needed to see th is p icture.


QuickTime™ and a
TIFF (Uncompressed) decompressor


are needed to see this picture.


QuickTim e™ and a
TIFF  (U ncom pressed) decom pressor


are needed to see this pic ture.


Three basic thought patterns in ethics


Utilitarianism Deontology Virtue ethics


Optimization Dose limits Justification
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Can a disadvantage for one person be 


outweighed by a (larger) advantage for 


another person?


Moral philosophy


Economics


Risk analysis


Medical ethics


Radiological protection


Yes! (utilitarianism)


No! (deontology)


Sometimes (“everyday” ethics)


Yes! (old welfare economics)


No! (new welfare economics)


Yes!


No!


Partly (?)
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Combining equity with optimization


Egalitarianism (against “relative poverty”)


Prioritarianism (against “absolute poverty”)
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A simple mathematical model


Collective dose: x1+x2+x3+x4+x5


<x1,x2,x3,x4,x5>


Dose limit: max(x1,x2,x3,x4,x5)


Egalitarianism: x1+x2+x3+x4+x5+m(<x1,x2,x3,x4,x5>)


Prioritarianism: f(x1)+f(x2)+f(x3)+f(x4)+f(x5) 
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Ethics and the future


Discounting spelt out:


Money today Future money


Lives today Future lives
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Definition of a genetic test 


• A genetic test is the analysis of human


DNA, RNA, chromosomes, proteins, and


certain metabolites in order to detect


heritable disease-related genotypes,


mutations, phenotypes or karyotypes for


clinical purposes.


(US National Institute of Health Task Force)







A little history…about genetic 
testing 


• 1970: In the United States, some employers screened for sickle-cell


anemia (mutation of the hemoglobin S gene) in African Americans, most


often without their consent.


Those carrying the mutation were not hired, although they were in good


health and at no risk of developing the disease.


Indignant reactions in the US press


•In 1989, 5% of 330 US organizations surveyed (private companies,


industrial groups, and trade unions) admitted genetic screening and


surveillance of their employees.


• Another survey showed that 15% of 400 companies insured by


Northwestern National Life Insurance planned within the next 10 years to


extend screening at hiring not only to job applicants but also to


members of their family.







An ethical issue


 Determination of a genetic profile might be praiseworthy if it 
involved protecting future employees from risks to which they are 
more susceptible than others,  


 but it opens the door to discrimination at work because it can be 
used for selecting employees without any certainty that it will lead 
to disease. 


– Predictive medicine is not preventive medicine. 


 Test demanded by a Texas railroad company to determine if its 
workers had a genetic predisposition to carpal tunnel syndrome, 
induced by repetitive wrist movement at work.


An employee of 45 years refused the test and was fired.


A US government commission (Equal Employment Opportunity 
Commission) filed a court action to ban genetic tests on 
employees without their consent.







Who Wants to be a Millionaire?


 Definition of Radiosensitivity:


 A)   Variable treatment response in patients receiving radiation 


therapy 


 B)   Reaction of healthy tissue after radiation therapy


 E)   Subjects more predisposed to radiation-induced tumors than 


the general population


 D)   Interindividual variability in repairing DNA lesions or 


eliminating damaged cells  


 C)   Intraindividual cell response variability according to dose 


and dose rate







Ionising radiation


MECHANISMS THAT INDUCE 
CARCINOGENESIS


  


Genotoxic agents Other 


Direct (DNA) 


Lesions Enzyme repair  
 


Mitotic spindle 


Cell cycle  


Mutations 


Adducts 


Breaks 


Damage 


Genes 


Chromosomes 


Genome 
Cell Proliferation  


Methylation 


Mitogens 


Cytotoxicity 


non-DNA 


Apoptosis 


Carcinogenesis 


SCE


Comet


Micro-


nuclei


PGFE


CA


Micro array


FISH


Intrinsic 


radiosensitivity


Clonogenic 


assays


Micro array







PREVENTIVE MEDICINE: 
Genotoxicity BIOMONITORING


 Genotoxicity tests of reversible 


damage


– sister chromatid exchange (SCE)


– single-strand DNA breaks (comet 


assay) 


– gene induction/repression 


(Microarrays)


 Genotoxic exposure indicators


 Genotoxicity tests of stable 


lesions


– mutation, eg, HGPRT for butadiene 


exposure


– minisatellite instability 


– chromosomal aberration  


– clastogen/binuclear cell 


(micronuclei (MN) test)


 Evidence of genotoxic effects







IDEAL TEST IN 
PREVENTIVE MEDICINE


– reproducible - reference curves 


– analyzes representative type of tissues 


– kinetics:  duration of lesions


– specific: confounding factors 
• smoking, alcohol, drugs, dietary habits, recent 


radiologic examinations and endogenous factors 


– can be automated


– rapid







COMET ASSAY : can we use it in case of 
predictive medicine?


 Quantification of single/double strand 


DNA breaks after in vitro T lymphocyte  


exposure


AT HIGH DOSES
 detects subjects at risk of developing 


radiation-induced tumors (Leprat et al)


 detects subjects with severe reactions 


to radiation therapy (Alapetite et al)


 detects subjects with a genetic 


susceptibility to lung cancer (Zhang et 


al)


 Results:  in 2 days







Example: MicroNuclei Test 


Binuclear cell


Micronucleus


Chromosome fragment 


CEA/DSV







INTRA- AND  INTERINDIVIDUAL 
VARIABILITY 


In vitro micronuclei test for 6 healthy donors (CEA-DSV) 
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 Frequency of micronuclei induced in T lymphocytes of 6 healthy donors (A-F) after ex


vivo irradiation (0.5, 1, 1.5 and 2 Gy). For each donor and each dose, the uncertainty bar


represents the mean of 3 experiments.







VARIABILITY OF INDIVIDUAL 
RADIOSENSITIVITY 
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conclusion


 Genetic and epigenetic factors can modify or modulate


gene expression as well as the synthesis, function and


stability of proteins.


 Basal expression of some genes that repair DNA lesions


and regulate the cell cycle predict the radiosensitivity


– The difficulty is not test results but interpretation in term of


consequences for the cell







Low doses of gamma irradiation  (10 mGy) elicit different gene sets 


than high doses (2 Gy) in normal human skin cells
(Franco N. et al. Radiat. Res. 2005; 163: 623-635)


Conclusion ==> Radiation response at low doses is quite specific and 


different from that obtained at high doses.


• Specific molecular responses are triggered in cultured primary keratinocytes from 


adult skin at high (2 Gy) or low (10 mGy) doses of gamma rays.


• Experiments with DNA microarrays (10,500 gene probes) show 


that among 853 modulated probes, the expression of 214 are 


specifically modulated by low-dose (10 mGy) and 370 genes by 


high-dose (2Gy) exposure. 


• Low-dose-specific genes (140 known genes) include mostly genes of 


homeostasis, cell communication, signaling, membrane, cytoskeleton, RNA 


and protein synthesis, chromatin, energy metabolism, stress, cell death and 


transport but rarely DNA repair genes. 







Cluster analysis


 38 genes: regulation over 3 days


Time (h) 3      6     15     24    48   72 3     6     15    24     48    72


10 mGy 2 GyDose







Conclusion


 After irradiation, some genes are neither


induced nor suppressed,


 some are modulated by low doses, others


are induced or suppressed only at a specific


dose level.


– Moreover they all differ according to dose


and probably also according to dose rate.


 These results show that


– the study of radiosensitivity (cellular
response to irradiation) is complex, and


– the response differs over time according to
dose.







Variations in DNA repair efficiency


• depend on genetic background
• individual hypersensitivity due to mutations or 


polymorphism of DNA repair genes in the general 
population (OGG1, XRCC1, etc.)


• defects in damage signaling and repair are often 
associated with predisposition to cancer: 


ATM==> lymphoma, breast cancer 
BRCA1/BRCA2 ==> breast and ovarian cancer
Lig.IV---> immune deficiency


• depend on the differentiation status of 
cells and tissue


• depend on age







Individual sensitivity and polymorphisms 
in  DNA repair genes


Individual sensitivity is rare and usually not detectable in 
population studies (epidemiology).


• Some patients undergoing radiodiagnostic examinations (eg, 
CT) or radiation therapy have been found to have decreased 
capacity for DSB repair (see, eg, Löbrich et al. 2005: PNAS)


• Several other studies point to the involvement of repair gene 
polymorphisms such as XRCC3, XRCC1 and XPD in the 
accumulation of genetic effects (micronuclei) in individuals 


chronically exposed to IR.


• a question of dose
• XRCC1 and glutathione-S-transferase gene 


polymorphisms are associated with radiotherapy-
related malignancies in survivors of Hodgkin 
disease (Mertens et al. Cancer 2004) so for high dose 
received.







GENETIC SCREENING TESTS AND IONIZING 
RADIATION


 Genetically predisposed group:


 Impaired capacity for DNA repair 


 Rare diseases:  AT (Ataxia Telangiectasia)


Fanconi anemia 


NBS (Nijmegen breakage syndrome)


 Genetic predisposition to cancer (BRCA1 and 2)


Cytogenetic tests: YES


Indication:  Optimization of therapeutic protocols using 
high-dose irradiation.







INDICATION FOR PREDICTIVE TESTS 
IN OCCUPATIONAL MEDICINE?


 Exposed population general population 


 Genetic diseases involved: rare


 Level of occupational exposure: slight


 Improvement in radiation protection
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Risk of genetic tests 


• All these examples illustrate the limits in employment and the


inevitable risk of abuse when employers can use their employees'


medical data.


• 17% of people surveyed in one US study preferred to conceal their


genetic history from their employer, for fear that it would be used to


discriminate against them.


• There is currently no federal law in the US that protects against the


abuse of genetic screening or genetic information collection.


• The real problem lies in the power of US employers combined with their


obligation to pay most of their workers' payroll taxes and health insurance


(in contrast to European employers).







What is the situation in France?


• A clear ambiguity between the bioethics law and labor law


remains.
• According to Act 94-654 dated 29 July 1994 on bioethics and to


the Public Health Code, a person's genetic characteristics can


be examined only for medical or scientific research purposes


and only after the person's written consent; violations are


subject to sanctions under in the Penal Code.


• but the labor law authorizes occupational physicians


"to prescribe addition examinations necessary to determine


medical aptitude for the job and especially to screen for condition


presenting a contraindication to the job and to screen for


occupational diseases."







National Ethics Advisory Committee 


• expressed reservations about the use of diagnostic tests, but accepted


the introduction of genetic screening in the workplace:


"the possible repercussions of a genetic predisposition to a disease or of a pre-


symptomatic diagnosis can only be assessed in the framework of medical


aptitude for a job, to be determined by the occupational physician alone."


But this fitness must be assessed at the time of the examination and


not as a function of future risks.


•The use of pre-symptomatic or probabilistic diagnostic tests should not


be authorized. Specifically, as long as the disease has not actually


developed, the employee is not unfit for work.


•Rare exception: when the probability of a disease associated simultaneously


with a genetic predisposition and the workplace environment is very high and


there is no possibility of eliminating or reducing the hazard by modifying the


environment.







“Science without conscience is 
but the ruin of the soul” Rabelais


• These tests, in the guise of preventive health,


may appear to be an instrument of selection


because their aim is not only diagnostic, to


assess current unfitness, but also


predictive. They are thus a source of


numerous uncertainties while claiming to


determine the future unfitness of


individuals currently not ill.


• Act No° 2002-303 of 4 March 2002, Title II,


article 4 of the law related to patients' rights,


bans all genetic discrimination in the civil,


penal and labor codes:


"No one shall be discriminated against 


because of his or her genetic 


characteristics."







CONCLUSION


Darling, can I call you back later? 


I’m in a meeting with a future widow and her husband.
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Focus: the NGOs, radiological protection and me…


Status of NGO applies to a various range of organisations, e.g.:


• local / national / international
• concerned citizens / professionals / corporate


Not many specific NGOs in the radiological protection field
as in other fields of environmental / health protection
(taking out “institutional” and corporate ones)


Networking between concerned individuals,
NGOs from related fields and independent experts


My position: an independent expert on nuclear/energy issues
commissioned by NEA to analyse NGOs views
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Scope: summarising non-governmental views


No reference documents comprehensively expressing
the diversity of NGOs views


Good basis for review: comments filed in the ICRP revision process


—> analysis based on that material
completed with other documents


Need to complete this selected bibliography-based analysis


—> planned interviews with representatives of NGOs
 showing specific concern in the field


Today: preliminary findings put in a provocative manner


Note: such review would not replace required direct dialogue
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Taking NGOs views: five critical steps


• Global framework: transparency of policy making


• Principles: values and ethics


• Science: research results and orientations


• Implementation: recommendations in practice


• Involvement: contribution of NGOs







www.wise-paris.org


15 January 2008 5NEA Workshop - Helsinki


Global framework: a crisis of responsibility


Overall feeling of:


• growing public anxiety


• erosion of social confidence


• fearing a loss of control of risks


Overall questioning of:


• legitimacy and credibility of decision makers


• integrity or competence of experts


Relevance for questioning the foundations of the radiological protection with
stakeholders involvement
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Global framework: more direct questions


Documented criticism on statutory deadlocks:


• IAEA “in permanent conflict of interest”
when dealing with health problems
(aims to “enlarge the contribution of nuclear energy to peace, health and prosperity”)


• WHO “paralysed by the nuclear lobby”
because of the WHO/IAEA Agreement of 1959


• ICRP “a private agency comprised of nuclear advocates”
status (part of the International Radiology Society)
and rules raise questions


Need to bring serious answers and bear some changes
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Principles: the level of protection


“There are no safe levels of radioactivity”


Strong refusal of any exclusion or exemption principle


Precautionary Principle:
the radiological protection system is not precautionary
(protecting even if uncertainty on the fact it’s needed)


Negligible risk does not mean acceptable risk


Replace “reference person” with the protection
of the most vulnerable


No rationale to the segmented dose approach,
i.e. need to consider together occupational/public/medical exposures
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Principles: the balance of risks


“Be honest with yourself: don’t pretend to protect”


The protection of the general public (citizens) must be placed above the
protection of any other interests, including economic aspects
—> minimisation preferred to optimisation


ALARA: embeds weakening of best technically possible protection


Towards future generations: “we bear a great responsibility”
(against ICRP recommendation to give them less weight)


Justification and optimisation based on the vision
of society as a whole (or the community concerned with exposure)


In reality, need to balance between benefits to parts of it
and detriments to other parts of it!–> on which criteria?
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Principles: protection of the environment


Traditional concern of NGOs,
only new concern in the radiological protection framework


Still not included in ICRP concept of “network”
between sources of exposures and individuals exposed


Environmental (naturalists) NGOs not involved
in the radiological protection process


Field for further discussion with NGOs on:


• Definition of the protection of the environment


• Insertion of the environment (species, ecosystems…)
in the “network”
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Science: need for pluralistic evaluation


“The more we learn about radiation impacts,
the more we need better protection”


Devastating impact of official statements regarding Chernobyl:
•!IAEA long “in denial” of the death toll
•!UNSCEAR “minimizes the negative health evidence”
(plus the role of national authorities in key countries like France)


Need to recognise evidence and develop new science to understand rather
than using established science to deny evidence


Still very disturbing that the word “Chernobyl”
does not appear in ICRP new recommendations


Need for shared evaluation of the lessons from new science and
the derived orientations of further research
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Science: some pressing issues


Demand for better recognition of field and scientific evidence
on a number of pressing issues:


- uncertainty / underestimate
of the risk factor associated with internal radiation


- underestimate alpha internal risks


- non cancer/hereditary diseases (circulatory diseases)


- studies indicating increased risks from low doses


- develop research on specific risk linked to chronical exposure


- uncertainty on other parts of the risk models
(like concentrations in the environment, e.g. tritium)


Demand to make models and computer codes available for review
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Implementation: recommendations in practice


Justification and optimisation are broad principles
Their implementation in decision making is prone to controversy


Justification backing key decisions (like new power plants)
not based on fair application of the justification principle


Medical field: place of radiological consideration in justification?


Radiological protection system allows for operational decisions
increasing doses (e.g. increase of tritium discharges)


ICRP: not unduly limiting desirable endeavours and actions associated with
exposures. Who decides that it’s “desirable”?


Area of work with NGOs: what would be a proper periodical
implementation of justification and optimisation principles
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Involvement: contribution of NGOs


“The very people that should suffer from these recommendations
are excluded.”


• develop information of citizens, their representatives, authorities


• get means to produce information and carry independent analysis


• some of them considering stakeholder involvement as a trap
but some of them willing to contribute to participative, pluralist decision
making


• everything but not a social process for public acceptance
(implies to compensate imbalance between NGOs and other players)


• not substitute to the authorities
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Science and values: general comment


ICRP recommendations - hence the RP system -


are written (perceived?) as evolving mostly on the basis of science


Paradoxical observation:


Evolution of recommendations globally towards NGOs values
although roughly:


• NGOs values (among others) are not explicitly recorded
as influencing the radiological protection system


• the science called upon by NGOs to support them
is mostly discarded
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Conclusions: fields for improvement


Drive to get involved requires confidence in the system:
—> implement new processes and deal with statutory concerns


No roadmap to involve NGOs without giving consideration:
—> discuss the potential influence of NGOs values


on global concepts and principles


Discussion of science and values are distinct but interlinked:
—> get NGOs involved in the evaluation of scientific evidence


and the definition of further research needs


NGOs are familiar with shortcomings in real implementation:
—> set periodical review of implementation with stakeholders


www.wise-paris.org


15 January 2008 16NEA Workshop - Helsinki


Thank you for your attention…


Contact:


Yves Marignac


WISE-Paris


Tel.: +33.6.07.71.02.41
E-mail: yves.marignac@wise-paris.org
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What is regulation


Regulation refers to the diverse set of instruments by which
governments set requirements on enterprises and citizens.
Regulations include laws, formal and informal orders and
subordinate rules issued by all levels of government, and rules
issued by non-governmental or self-regulatory bodies to whom
governments have delegated regulatory powers. Regulations fall
into three categories:


Economic regulations intervene directly in market decisions such
as pricing, competition, market entry, or exit..


Social regulations protect public interests such as health, safety,
the environment, and social cohesion. The economic effects of
social regulations may be secondary concerns or even unexpected,
but can be substantial.


Administrative regulations are paperwork and administrative
formalities -- so-called "red tape" -- through which governments
collect information and intervene in individual economic decisions.
They can have substantial impacts on private sector performance.
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Basic mission of radiation 


protection regulatory authority


Effective protection of the public health and safety, 
security, and of the environment against undue risk from 
radiation without unduly limiting the beneficial practices 
giving rise to radiation exposure.
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From Science to Radiation Protection 


Regulations


The regulatory requirements are always anchored in the national
legislation, because they imply the exercise of authority in the
case a utility/person fails to live up to the requirements.
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The interface between science and 


regulatory decision making


Science:


– Research and development


– Technical and research support


– Monitoring and data collection


– Review and interpretation of technical 


investigation


– Assessment and health and environmental 


risks
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The interface between science and 


regulatory decision making


Regulatory decision making


– Decision about the acceptability of risks and tradeoffs 


between the costs and benefits of interventions to 


prevent and reduce unacceptable risks


– The use of science to make judgments about the 


formulation and implementation of policy (e.g. 


quantitative risk assessment)


– Development of policy specifically for science (setting 


priorities for research directions and funding)
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Different roles for scientist and 


regulators 


In contrast to the scientist the regulator 
must go beyond consideration of the 
scientific facts supporting the decision 
process. The challenge of regulating risks 
involves balancing science, values and 
economics.


Other factors such as legislative mandates 
and political considerations can also play a 
major role in shaping regulatory decisions.
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Categories of information essential to 


regulator:


Science


– Public health and ecological risks


– Technical feasibility of risk management options


Law


– Legislative mandates


– Regulatory options


Economics


– Costs and benefits


– Economic feasibility of risk management options
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Categories of information essential to 


regulator:


Public values


– Public sensitivity of risk


– Credibility of risk management options


Communication


– Public and stakeholder involvement


– Communication strategy for risk management options


Politics


– Political importance of risk


– Political acceptability of risk management options
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Sensible regulation IS about:


Ensuring that workers and the public are 
properly protected


Providing overall benefit to society by balancing 
benefits and risks, with a focus on reducing real 
risks – both those which arise more often and 
those with serious consequences


Enabling innovation and learning not stifling 
them


Ensuring that those who create risks manage 
them responsibly and understand that failure to 
manage real risk is likely to lead to robust action 
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Sensible regulation IS NOT about:


Creating a totally risk free society


Generating useless paperwork mountains


Scaring people by exaggerating or 


publicising trivial risks
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The Regulators’ Challenge


“Regulators, under unprecedented pressure, 
face a range of demands, often contradictory in 
nature: 
– be less intrusive - but more effective; 


– be kinder and gentler - but don’t let the bastards get 
away with anything; 


– focus your efforts - but be consistent; 


– process things quicker - and be more careful next 
time;


– deal with important issues - but do not stray outside 
your statutory authority;


– be more responsive to the regulated community - but
do not get captured by industry.”


The Regulatory Craft, Malcolm Sparrow (2000)
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Evolving Role of Regulator


Approaches to regulation must  be 


continuously assessed due to dynamic 


context


Boundaries of activity between licensee 


and regulator needs adjusting  


Practical approaches must allow licensee 


and regulatory body achieve their 


respective objectives
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Changes in Regulatory Approach


Regulatory approach  influenced by many 
parameters  


Impetus for changes in regulatory 
approach due to dynamics of various 
inputs


Appropriateness of current method and 
amount of regulatory inspection and 
oversight is examined 


An ideal world would rely on licensee self-
regulation
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Regulatory Oversight Shifting to 


Processes


In the past: inspection and review of 


technical solutions


Today: outspoken strategy to move 


towards inspection and review of licensee 


own work processes for ensuring safety


Risk informed regulation: allocation of 


resources for regulatory activities 


governed by their importance to safety
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Shift to „Soft Issues“


As important as technical issues, not as 


readily solvable


– Safety management


– Social, human factors


– Communication issues


Prescriptive × goal setting legislation
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Regulatory approach can affect


Whether the licensee or regulator takes primary 


responsibility for safety


How clear requirements and expectations are to 


licensees


Significance of safety issues identified


Expertise needed by regulators and licensees


Resources used by regulators and licensees


Flexibility given to licensees


Public credibility
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Regulators’ challenge in knowledge-


intensive society


Knowledge management has always been at the 
core of regulatory bodies tasks – inseparable 
from strategy, planning, consultation, and 
implementation – but regulatory bodies are now 
at risk of falling behind the practices of leading-
edge companies in this field. This has important 
consequences for the competitiveness of public 
organizations within a country or internationally. 


Recruitment is also affected as job seekers 
increasingly value jobs that continually improve 
their knowledge, providing them with future 
career opportunities.
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Regulators’ challenge in knowledge-


intensive society


Governments no longer have a monopoly on 


knowledge in their own field as information 


about policies and service delivery has become 


more directly available to citizens, lobby groups, 


users, etc. 


To keep citizens’ confidence regulators are also 


required to increase the knowledge basis of their 


activities and to keep track and integrate new 


knowledge as it is increasingly rapidly produced. 







With progression of regulatory 


approaches over time we need 


more and more to understand not 


only relations and patterns but first 


of all principles. This can be 


achieved by knowledge sharing 


and management on international 


scale


A collection of data is not information. 


A collection of information is not knowledge. 


A collection of knowledge is not wisdom. 


A collection of wisdom is not truth.
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Regulators’ challenge in knowledge-


intensive society


Regulators, like most other organizations in the 
nuclear field, face the challenge of capturing and 
managing its nuclear knowledge due to the 
ageing workforce


A generation shift is coming - many people who 
are well aware of WHAT is said in safety 
legislation, standards and recommendation are 
less conscious of WHY it is said


For addressing this challenge we need tools for 
transferring data into information, information 
into knowledge and knowledge into wisdom
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RP regulator and the public


Recent experience of SUJB shows some


controversial aspects of offering  information on 


licensee safety performance to the public. We 


must have in mind that:


The expectations of the public are very high


The public wants to be protected by a perfect 


regulator


The public will not forgive any weakness of the 


regulator
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RP regulator and the public


On the other hand, to build up “sustainable” 
trust of the public we must try to explain 
that:
The persons of the regulator staff are good and 
motivated but not perfect


The regulator surveillance and inspection programme 
cannot cover 100%


Incidents and accidents cannot be totally avoided, but 
occurrence probability can be reduced


Scientific knowledge is limited by several uncertainties
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Do not try to be loved by the public


Do not look for easy success by playing attractive


roles like:


Little David winning against Goliath


The severest among all regulators


RP regulator and the public
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Expert and Public Discourse:


Lay people and experts are:


1. Speaking different languages.


2. Solving different problems.


3. Disagree about what is feasible.


4. See the facts differently.
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The Role of Trust:


Trust is imperative for effective risk communication to 
take place.
– Trust has been shown to reduce social uncertainty and 


complexity and influence risk perception and the acceptance of 
risks.


– Distrust has been associated with technological stigma, and the 
social amplification of risk that often follows major public policy 
failings.


Five Components of Trust (Renn and Levine, 1991).:
– Perceived Competence


– Objectivity


– Fairness


– Consistency


– Faith.


Trust is context specific because it is based on similarity 
and agreement.  
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The Role of Trust (2):


Focus on:
– The importance of the issue at stake.


– High moral importance vs. low moral importance.


– Concentrate on local relationships and interactions.


Successful stakeholder engagement:
– Should only be interpreted within the context of pre-existing 


social relations.


– Create an awareness of shared values and agreement.
Common goals, overlaps of interest.


Trust is easy to destroy and extremely difficult to rebuild, 
with the most common of trust-damaging incidents being 
caused by companies or governments.
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What Does This Mean for 


Radiation Protection?


The public do not believe they are in 


control of the decisions about acceptable 


risks.


Public opinion polls as road maps.


Establish relevance.


Identify shared values and agreement.


Set an example.
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Concluding remarks


It is obvious that the current challenges of RP regulation 
will merge more and more into the area of the 
management and development of the processes of the 
effective control under the conditions given by the actual 
situation and needs. The possibilities of the society and 
interests of different stakeholders will continue to play an 
important role.


It would be desirable that the RP will be settled and kept 
on the reasonable and effective level in the long term 
with clearly defined principles and rules.  And it is 
necessary to prevent its absorption by itself and its 
problems, so that the regulated practices will not be 
gradually pushed aside on the second level of its 
interest.
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knowledge management, competent staff, 


technical support 


effectiveness and efficiency of regulation 


safety management, safety culture


education and research 


trust building


Tasks for near future







Coming together is a beginning, 


keeping together is a progress, 


and working together is a success.
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1. The principle of current radiation protection?


2. The research issues at this meeting?


non-targeted effect


individual sensitivity


circulatory diseases


3. What could these issues bring up?


LNT losing its position in protection?


personalized protection?


deterministic effects w/ stochastic manifestation?


and


4. Science and values?







1. The principle of current radiation protection?
2. The issues in research at this meeting?


non-targeted effect: fact


individual sensitivity: fact


circulatory diseases: fact


3. What could these issues bring up?


LNT losing its position in protection?


personalized protection?


deterministic effects w/ stochastic manifestation?


and


4. Science and values?







1. Principle of current risk evaluation systems


The current system accommodates a large uncertainty


Risk = total dose x risk coefficient x DDREF x WR x WT


LNT: a foundation of radiation protection


Data: A bomb survivor data


dose： measurements + estimation (uncertain)


risk coefficient: cross population risk transfer (uncertain)


DDREF: a rounded value (uncertain)


WR: rough rounded values (uncertain)


WT: a rough rounded values (uncertain)


Those in blue have somewhat uncertainty


Uncertainty particularly large for low doses and dose rates


ICRP Publication 99







Two foundations of LNT 


- with their limitations -


Radiation biology


dose → damage → detriments


”Too naïve a view”


“challenged by the non-targeted” 


Epidemiological studies on A bomb survivors


dose → detriments


”Lacking power for low doses/dose rates”







Linear increase of the risk above 100 mSv


Epidemiological studies


Dose response of A bomb survivors
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Current system of risk evaluation/protection
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1. The principle of current radiation protection?


2. Research issues at this meeting?
non-targeted effect


individual sensitivity


circulatory diseases


3. What could these issues bring up?


LNT losing its position in protection?


personalized protection?


deterministic effects w/ stochastic manifestation?


and


4. Science and values ?







Non-targeted, individual sensitivity, and 


cardiovascular disease
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Preston et al. Radiat Res 160, 381-407, 2003


Non cancer diseases among A bomb survivors


Have to lessen the low dose uncertainty !!







Sensitive individuals:


386,731 genetic markers for type 2 diabetes


Association with 


the disease


Science 316, 820, 2005


For most of SNP,


50% or so 


increase in the 


rate


More to be 


studied on 


radio-


sensitivity







0 1 2 3


0


2


4


6


breast cancer?


childhood cancer?


Relative dose (radiation, or age)


C
u
m


u
la


tiv
e
  ris


k less sensitive


sensitive


A population with varying sensitivities







Non-targeted effects, but their relevance?


A bomb epidemiology (above 100 mSv) 


includes non-targeted effects


Relevance to low dose radiation risks?







Bystander effects studied in vitro (20% O2)


particle


gap junction mediated


humoral factor mediated


1 hit cell      over 100 bystander cells


SCE, gene mutations


chromosome instability


and cell killing


0               0.01           0.02


number of hit per cell


0.2


0.1


0


Cancer Res. 52, 6394, 1992


ROS related bystander factors







Kodama et al. Radiat Res 164, 618-626, 2005


No chromosome instability in survivors (5% O2 or less)


Translocation type frequency by G banding


Spontaneous translocation 219/17,878 cells  (1.22 %)


Additional translocation 6/936 cells       (0.6%)







Parmar et al. PNAS 104, 5431, 2007


Ho-33342


5 & 10 min


bone marrow


FACS analysis of stemcells


Stem cells stained with pimonidazole


meaning 1% O2 or less


Hematopoietic stem cells
in extreme hypoxia


pimonidazole


3 hr


Pimo-


positive


Cell



http://www.pnas.org/content/vol104/issue13/images/large/zpq0120757330003.jpeg





1. The principle of radiation protection?


2. What are the issues in research?


non-targeted effect


individual sensitivity


circulatory diseases


3. What could these issues bring up?
LNT losing its position in protection?


personalized protection?


deterministic effects w/ stochastic manifestation?


and


4. Science and values ?







Too early to change the system of protection


since we still do not know much
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Tumor formation


mutationradiation


expansion of 


mutated cells


accumulation of 


more mutation


What do we know?


Current paradigm of radiation carcinogenesis


- Too naïve a view -


Tissue events


Acquisition of 


malignancy


Cellular events


We do not know the mechanism of radiation carcinogenesis







1.7 Gy/week x 4


Thymic lymphoma


3 – 6 month


Thymic lymphoma


of donor origin


3 – 6 month


thymectomy


thymus 


transplantion


Indirect mechanism:   


lymphomas from  


non irradiated cells


A case of mouse thymic lymphomas


HS Kaplan, 1953







Rit1/Bcl11 deletion mutation occurs through 
erroneous T cell receptor rearrangement


5.9 kb


Exon1 Exon3Exon2 Exon4


GGGACACACAGACACACAGACACACACACACACA CACTGTGTGAGATTAATTTCTTTCCTTG


GGGACACACAGACACACAGACAC CC GATTAATTTCTTTCCTTG


GGGACACACAGACACACAGACACAC GAGATTAATTTCTTTCCTTG


GGGACACACAGACACACAGACACA GTATGGGGCC TTAATTTCTTTCCTTG


GGGACACACAGACACACAGACACAC GGGAAG AATTTCTTTCCTTG


GGGACACACAGACACACAGACACAC G GATTAATTTCTTTCCTTG


Intron 1 Intron 3


Deletion by the erroneous TCR rearrangement


Radiation provides microenvironment for tumor growth


Sakata et al., Carcinogenesis 25, 1069, 2004
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M. Okamoto and H.Yonekawa


J Radiat. Res. 46, 83-91, 2005


Tumor number
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Strong age dependency !!







1. The principle of radiation protection?


2. What are the issues in research?


non-targeted effect


individual sensitivity


circulatory diseases


3. What could these issues bring up?


LNT losing its position in protection?


personalized protection?


deterministic effects w/ stochastic manifestation?


and


4. Science and values ?
Needs to balance reason and heart







Radiation risk is proportional to the dose 


A deep cleft separating science and values


Policy relies on the probability of 


causation


Risk manifests in a all or none fashion


The proportionality (reason) be 


acceptable to a person (values) ?


Science


on a 


population


Values


of a person







Regional variations


in cancer mortality


Over 10 %


Accepted by people 


In our real world, we are living in a 
large variations in risks


Total 


Liver cancer


male 


male


female


female 


0.95


1.05


0.95


1.05


0.79


1.21


0.79


1.21






