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Abstract 

Threats of radiological/nuclear terrorism and the proliferation of nations with nuclear weapons pose significant risks for civilian populations and military personnel. Symposium HFM-223 was organized to assess the status of current research within four theme areas: radiation biology, medical countermeasures, biodosimetry and response planning.  The intent was to bring together experts, to promote discussions about recent scientific advances, and to share ideas about the implementation of the findings.  Based on the presentations and discussions at the symposium, key issues within each theme are identified. Recommendations for future NATO activities are 1) identification of scenario-specific biodosimetric needs, 2) re-assessment of the role of prophylactic medical countermeasures in response to radiation incidents and 3) joint exercises to coordinate response plans and capabilities.  NATO activities that encourage collaborations and joint planning have the potential to advance scientific research and strengthen response preparedness at an international level.
KEY WORDS: radiation, biodosimetry, countermeasures, response planning, combined injury, multi-organ dysfunction, cytogenetics. 
1.0
Introduction
Use of a nuclear device in an urban environment would have devastating consequences, with hundreds of thousands of casualties from exposure to high doses radiation, possibly combined with other traumatic injuries and contamination from radioactive fallout.  Terrorists might be more likely to use a radiation dispersal device (RDD) than a nuclear weapon. An RDD would cause fewer direct casualties but could evoke widespread panic.  Recent events at the Fukushima Daiichi power plant in Japan illustrate the potential for exposure of large numbers of people to low levels of radiation after a natural disaster.  These scenarios differ greatly in the types of radiation exposures, the numbers of people injured, and the response needs.  What they have in common are the requirements for dose assessment, therapeutic countermeasures, and dissemination of information.  Military missions under all of these conditions will require an understanding of the medical risks and available countermeasures for radiation injuries.  
An effective response to these scenarios will require planning.  Action guidelines need to consider 1) assessment of damage and levels of contamination 2) availability of resources including transportation, medical facilities, and public health infrastructure, 3) triage and medical management of casualties, and 5) communication among responders and with the public.  Scientific data inform each of these areas, but our current knowledge base is inadequate to ensure effective handling of the many casualties that could result with the detonation of a nuclear device.  A better understanding of the basis of radiation injury would inform the decision-making about operating in a contaminated (or potentially contaminated) area.  New and improved biodosimetric approaches would facilitate triage and medical management.  Development of radiation therapeutics and protectants would improve the medical outcomes for casualties.  Mathematical models of nuclear and radiological scenarios could provide guidance to optimize the response.  Responding to a radiation event is particularly challenging given the wide range of possible exposures.  Both operational and medical responses must consider radiation exposures that span a wide range of doses, dose rates and qualities, as well as addressing partial body exposures and combined injuries.  
Throughout the world, laboratories are working on these issues.  From 2005 to 2008 a NATO working group (HFM-099/RTG-033) was effective in coordinating international efforts in radiobiological research.  Resulting from this effort were collaborations and discussions that enriched countermeasure development and enhanced the understanding of radiation injury.  The focus was primarily on high dose exposures. This Symposium (HFM-223) was organized to assess the status of current research within four theme areas: radiation biology, medical countermeasures, biodosimetry and response planning.  The organizers took an inclusive approach to the field, exploring multi-disciplinary science and medicine relevant to military operations and other radiological emergencies.  The intent was to bring together experts, promote discussions about recent scientific advances, and to share ideas about the implementation of the findings.    
2.0 
Evaluation

The symposium was convened in Ljubljana, Slovenia from Monday 8 October through Wednesday 10 October 2012.  Over the course of two and a half days, speakers representing 8 nations delivered 35 papers and 2 keynote addresses.  The organization of the symposium was outstanding and the venue provided excellent audiovisual support.  The meeting agenda allowed plenty of time for discussions within the sessions.  There was a free exchange of ideas among the 60 or so participants creating lively dialogues that raised interesting and important issues.  The arrangements for lunch and breakfast within the facility and the meeting breaks in an adjoining room encouraged continued interactions among the participants throughout the day.  
This technical evaluation report provides an overview of the presentations and discussions that took place at the symposium, highlights recent scientific advances, and identifies the issues the field faces within each of the four themes.  It concludes with a series of recommendations for future endeavours.  

2.1
Mechanisms of Radiation Injury 
2.1.1 
Systems Biology Approaches
A decade ago we considered acute radiation injury to be a spectrum of syndromes that were named for the organ system responsible for the symptom that predominated within a particular dose range.  The hematopoietic syndrome was at the low end (approximately 1-6 Gy) while Central Nervous System syndrome was at the highest doses (> 30 Gy).  It is now recognized that radiation injury is not a spectrum of syndromes but an integrated effect on entire body at time of exposure.  Experience at Tokaimura in 1999 demonstrated that accident victims, who survived the acute radiation syndrome with intensive medical care, later succumbed to radiation-induced multi-organ dysfunction (MOD).  The response is systemic, not confined to a single organ.  This perspective was evident in the presentations at the Symposium.  In his keynote address (KN1), Dr. Meineke described the European Union’s METREPOL ((Medical Treatment Protocols for Radiation Accident Victims) which considers multi-organ involvement in the management of radiation casualties.  Dr. Williams (#2) briefly described the various overlapping, mechanistic pathways that contribute to MOD.  These considerations have an impact on how we think about developing therapeutics and side effects of drugs on organs other than their target.  Organ systems that we often overlook, such as the brain (Dr. Martigne, #3), can manifest functional impairments.  The presentations reflected the need for a systems biology approach to radiation injury.  
2.1.2 
Combined Injury
The integration of effects on multiple organs is particularly important in understanding combined injury.  In the event of radiological/nuclear event, exposure to radiation is only one of the hazards present.  Flying debris, broken glass, fires, accidental falls etc. can cause traumatic injuries.  Both radiation and trauma (e.g., wounds and burns) impact systemic and local signalling pathways.  The shared mechanisms quite likely mediate the synergism that results with a combined injury (Dr. Kiang #5).  Classically, combined injury is considered to be two insults received in close proximity in time, but interactions can occur even with a delayed “second hit”.  Data were presented on exposures to flu virus many months after radiation exposure (and after an apparent recovery from the radiation injury) that significantly increased lethality (Dr. Williams #2).  All of the possible scenarios with multiple combinations of injury type, timing, and severity will be impossible to address experimentally.  Mathematical models of combined injury are being developed (Dr. Stricklin #33) and will be a useful tool to help understand the integration of the physiological consequences that occur in these scenarios.
2.1.3 
Low Level Exposures

It has long been known that low doses of radiation cause cancer and genetic damage.  The papers at the symposium made it clear that a major challenge in studying these effects is having appropriate experimental models.  Dr. Miller (#4) described several animal and cellular models that her laboratory is using to assess carcinogenic effects of both exposures to internalize radio-isotopes and exposure to external radiation.  Dr. Cemazar (#7) described an in vitro approach that enabled detection of genetic damage with a fluorescent marker.  These model systems will facilitate research into the pathological mechanisms and the development of countermeasures for the late effects of radiation.
The study of very low doses of radiation is an important but controversial area of research.  Most regulatory guidelines are currently based on the premise that radiation at all doses has the potential to cause damage.  An opposing school of thought has proposed that lower doses may not be harmful and may actually be beneficial.  Dr. Nowosielska’s presentation (#6) described the effects of very low doses to enhance anti-tumour immune mechanisms and inhibit tumour growth by stimulation of natural defence reactions.  
In March 2011, an earthquake and resultant tsunami off the cost of Japan resulted in a meltdown and radioactive releases at the Fukushima Daiichi power plant.  Dr. Herodin presented slides provided by RADM Michael Mittelman, Deputy Surgeon General of the United States Navy, about the US response.  More than 8000 US service members were monitored for radiation; only 2% of them had levels above the minimum detectable.  The monitoring process continued over five months after the accident.  The importance of risk communication and strategic command messaging was one of the primary lessons from the event.  Research on the effects of very low levels of radiation is important for the practical, operational questions that arise with environmental levels of radiation such as resulted from the Fukushima accident.  When is it safe to operate in a contaminated area; when is it necessary to evacuate?  
2.1.4 
Key Issues in Radiation Injury
Three key issues arose from the presentations and discussions on the theme of radiation injury:
1) Throughout the Symposium, several speakers mentioned the impact of various confounders such as age, gender, genetics, and health status on radiation injury and countermeasures.  Assessing the contributions of these factors will be necessary to understand the acute, delayed, and late pathologies resulting from radiation exposure.  
2) Combined injury is a likely consequence of a radiological/nuclear event and an important consideration for response plans.  Understanding mechanisms will help focus on common pathways that may be good targets for countermeasures.  The complexity of the response and the multitude of possible combinations of injuries add to the difficulty of the problem.  Mathematical modelling can help to define the experiments that need to be done. 
3) Elucidating the effects of exposures to low dose radiation is important to operational efforts in contaminated areas.  Controversy about the human response to very low levels of radiation might be resolved through a coordination of epidemiological studies and mechanistic biological studies.  
2.2 
Biological Dosimetry

2.2.1
Biodosimetry Requirements
Many different biodosimetric approaches are available for response to a radiological/nuclear event.  Biodosimetric assays include cytogenetics, biomarkers, gene expression, clinical signs and symptoms, and electron paramagnetic resonance spectroscopy (EPR).  Biodosimetry has several functions: retrospective analysis, forensics, triage, and clinical dosimetry.  Each role was addressed by one or more presentation at the Symposium.  Retrospective analysis can be valuable for reconstructing past exposures; it is especially important for low doses causing late effects.  Dr. Regalbuto (#9) described preliminary data using FISH analysis in Italian soldiers deployed to the Balkan area.  Forensic biodosimetry can be used to identify potential terrorists.  An example of this was described by Dr. Chauhan (#10) who identified gene-based biomarkers specific for α-radiation.  Triage is the stratification of risk for ARS before onset of symptoms to allow early treatment of exposed individuals, and efficient use scarce drugs.  Clinical biodosimetry provides definitive assessment of exposure to guide treatments and prediction of risk for delayed and late effects.  Triage and clinical biodosimetry were the topics of the majority of the talks in this area.
In his keynote address, Dr. Hatchett (KN2) divided the early requirement for biodosimetry into “point of care devices” and “high throughput devices.”  Point of care biodosimetry would provide the initial triage in the field with the ability to identify exposures greater than 2 Gy.  High throughput devices would provide secondary screening to distinguish doses between 0.5 and 10 Gy.  Dr. Swartz (#15) described a deployable system to measure EPR signals in teeth and nails, which would be unaffected by the biological condition of the individual.  This might be a useful approach for point of care and is, in fact, in the BARDA
 portfolio for development 
(Dr. Hatchett KN2).  Cytogenetic assays such as analysis of dicentrics (DCA) or micronuclei directly reflect the biological damage caused by a dose of radiation; they are accurate but labour intensive.  
In addition to dose assessment for screening purposes, biodosimetry can be used to assess an individual’s medical condition and predict outcomes (Dr. Blakely #18).  Clinical signs and symptoms such as blood counts, for example, will reflect the individual patient’s response to the injury.  Given the inter-individual variability expected with radiation exposure, these data are needed to make personalized medical decisions.   The impact of combined injury on biodosimetric measures was raised in the discussion as a gap in our knowledge.  Biomarkers that reflect combined injury as well as makers for MOD would be valuable.  
Dr. Meineke (KN1) pointed out several additional gaps in our approaches to biological dosimetry: 

· No currently approved assay can give an immediate result to use for triage.
· Most assays are non-specific for radiation. 
· Heterogeneous radiation exposure is difficult to assess
· Assessment of thousands of patients will require the coordinated effort of multiple laboratories 
2.2.2
Assay Considerations 

One recurrent message in the talks on biodosimetry was that no single biodosimetric approach will be optimal for all requirements.  In all likelihood, multiple assays will be needed to ensure the best strategies for medical and operational decision-making.  This was clearly conveyed in Dr. Blakely’s presentation (#18) and echoed in many of the other talks.  A number of laboratories performed comparison studies to begin to define the strengths and weaknesses of the assays.  
Dr. Abend and his colleagues (#20) reported the results of a 2011 NATO exercise: an inter-laboratory and inter-assay comparison for four different assays in eleven laboratories.  They found that γ-H2AX and gene expression provided earliest results while DCA was the most accurate.  The exercise also provided an interesting analysis of the pros and cons for these assays and the impact of a variety of factors on accuracy and speed of response.  To determine which assays were preferable for low doses (less than 1 Gy), Dr. Nieri (#11) evaluated two approaches (measuring telomere length and measuring translocations).  Drs. Valente (#16) and Herodin (#17) reported on the ability of a variety of assays to distinguish partial body exposures.  Dr. Rothkamm (#12) compared two platforms for the gamma-H2AX assay; the automated microscopy-based approach out-performed a fluidic fluorescence spectroscopy.  Dr. Flood (#34) used a mathematical model to compare six assays in a triage mode, assessing many factors such as processing time, time to triage decision, throughput.  A tool such as this could assist in the evaluation of the methods for use in various situations.
The requirement for triage after a radiological/nuclear event will be challenging.  There will be potentially hundreds of thousand casualties after a nuclear detonation and many more people worried about possible exposures.  A fast and simple tool will be needed to quickly decide who is in need of immediate medical attention and who can wait.  Cytogenetics is the most accurate tool currently available.  Dicentric analysis (DCA) is considered the gold standard for biodosimetry because of its accuracy and specificity, but cytokinesis-block micronuclei assay (CBMN) provides a slightly simpler alternative.  Both, however, require expert input and days for analysis.  On-going efforts strive to increase the throughput by reducing the number of cells tested and by automating the process.  Several studies reported that reducing the number of cells scored is effective for both CBMN and DCA (Dr. Bolognesi #8, Dr. De Amicis #23.).  Automation of scoring, with or without expert input, was also reported to be an effective alternative (Dr. De Amicis #23, Dr. Voisin #13).  Dr.  Voisin (#13) reported that an automated detection of dicentrics compared favourably with manual scoring in the Dakar accident. 
The Symposium participants had an animated discussion about the need for immediate triage tools.  The cytogenetic assays take several days.  Is this adequate for the triage even if throughput is increased?  Other tools may be faster but less accurate.  Biomarkers such as gene expression and EPR measurements in teeth and nails may be better suited for quick decisions.  The use of physical dosimetry (e.g., EPR and optically stimulated luminescence, OSL) using personal items such as mobile phones or other electronic devices could provide an option.  The participants did not come to any consensus on an appropriate approach but they did seem to agree that this is an issue that needs attention.  

2.2.3
Laboratory Networks
To cope with the huge number of people exposed to radiation or concerned about possible exposure after a radiological /nuclear event, networks of laboratories will be essential.  A single laboratory will not be able to provide a definitive analysis of the many thousands of samples.  To ensure sufficient capacity for biodosimetry after such an event, multiple laboratories will need to coordinate their efforts for processing and scoring.  Throughout the world, biodosimetry networks are being established.  European Network in Biological Dosimetry (RENEB) is being developed to provide fast, reliable results for EU emergency management (Dr. Voisin  #19).  In Italy, inter-laboratory comparisons are being conducted to validate the analysis of different scorers (Dr. De Amicis  #21) and different laboratories (Dr. DeSantis #22).  A NATO exercise brought together 11 laboratories from 7 nations for an inter-laboratory comparison (Dr. Abend #20).  Establishing networks is just the first step, testing and exercising these networks is a continuing process.
2.2.4 
Key Issues in Biodosimetry
The 3 key issues arose from the presentations and discussions on the theme of biodosimetry:

1) The discussions and presentations brought out gaps in our knowledge base that impact biodosimetry.  Despite the many existing biodosimetric assays that are available, an approach that would provide an immediate, triage assessment of radiation exposure has yet to be established.  On the other end of the spectrum is the need for markers for late tissue damage and cancer risk.  Most experimental protocols in the laboratory use total body irradiation in the absence of other injuries.  Although, partial body exposures and combined injury are very likely with accidents and terrorist attacks, the scenarios are just starting to be considered.  Confounders such as health status, demographics, radiation quality, and dose rate are also important considerations.  These are areas that need further research efforts. 

2) Many biodosimetric approaches are available but no one assay will be adequate for all purposes.  Many factors will impact the selection of the correct tool including the radiation quality, dose rate, delays in analysis, partial body exposure, biological variability, etc.  Understanding of the characteristics of the assays and comparing their strengths and weakness, will inform the decision-making about which tools to use and when.  
3) Networks for biodosimetry are a critical component of emergency readiness.  Sharing samples for biodosimetry may be the best approach for handling the many thousands of samples expected in a mass casualty situation.  These networks need to be developed and maintained in order to be ready for an emergency. 

2.3 
Therapeutic Countermeasures 

Although many medical countermeasures for acute radiation syndrome are in development, only Neupogen® (G-CSF, Amgen) has emergency use authorization from the US Food and Drug Administration (FDA).  Four other drugs have obtained investigational new drug status for the US- FDA which allows them to go into advanced development.  Yet, many drugs are in the pipeline and new compounds with a various mechanisms continue to emerge.  
The current emphasis is primarily on post-exposure mitigation and treatment.  Dr. Hatchett (KN2) pointed out that the US Department of Health only supports the development of drugs that can be administered after radiation exposure.  Prophylactics could have a role in operational plans and should be considered.  Dr. Meineke noted that some nations have an ethical issue with developing prophylactics since that might imply the intent to send responders into a dangerous radiation environment.  Dr. Whitnall (#24) commented that after a nuclear event much of the exposure would be from fallout subsequent to the detonation.  People at risk might include those evacuating several hours or days after sheltering in place or populations in the path of the fallout cloud some distance from the epicentre. These people might benefit from a radioprotectant drug. 
2.3.1
Pharmaceuticals and Stem Cells 
Although few drugs for acute radiation syndrome have moved into advanced development, many new agents are under investigation.  Dr. Whitnall (#24) reviewed the countermeasure development program at the Armed Forces Radiobiology Research Institute (AFRRI).  Targets for compounds under study include scavenging of free radicals, blocking cell death signal, stimulation of repair enzymes, and inducing regeneration of injured tissues.  Testing early for low toxicity can reduce time spent on candidates that are unsuitable.  In addition, Dr. Giovanetti (#26) described her studies with nanoceria and Dr. Cheda (#25) reported on her findings with nicotynic acid derivatives.  
Dr. Drouet (# 28) reviewed several alternatives approaches to treatment of radiation injury:

1) Combining cytokines had greater efficacy in mitigating the hematopoietic effects of radiation exposure than the sum of the individual effects.  
2) Genetically modified stem cells injected into specific sites, such as the bone marrow, can alter the local signalling and mitigate radiation effects.

3) Multipotent mesenchymal stromal cells preferentially migrate to injured tissue and promote repair. 
Treatments with stem cells have shown promising results.  Injections of universal myeloid progenitor cells promoted survival by mitigating neutropenia and GI injury after lethal doses of radiation.  The cells could be administered 5-7 days after the exposure (Dr. Mandalam #29, Dr. Singh #30).  The capacity to delay treatment by several days is a major advantage when mass casualties are overwhelming the health care system.  Adipose-derived mesenchymal stem cells were shown to effectively promote healing in cutaneous radiation syndrome, which is notably difficult to treat.  Dramatically improved recovery and repair were observed both in a minipig model system (Dr. Forcheron #31) and in human case studies (Dr. Bey #32).  
Although most of the focus was on treatment of acute radiation syndrome, it is important to recognize that treatments for internal contamination continue to need refinements as well.  A single local treatment of contaminated wounds or lungs with DTPA increased the excretion of the alpha emitting actinides (Dr. Griffiths  #27).  When used in combination with the standard iv administration of DTPA resulted in a further reduction of isotope retention.   
2.3.2
Animal Models 
It is difficult for radiation treatments to obtain FDA approval for human use.  Unlike pharmaceuticals for other pathologies, human clinical trials are virtually impossible.  The FDA has established the “animal rule” which allows testing to use an appropriate animal model to test efficacy.  This is still problematic since systemic and organ radiosensitivities can be species specific.  The non-human primate is currently the model of choice but the numbers of animals may make the testing prohibitive.  It is important to have an alternative.  Dr. Moroni (#1) reported that the minipig manifests the acute radiation syndrome similarly to the human and the non-human primate.  The minipig has also been used for studies on cutaneous radiation syndrome (Dr. Forcheron #31) because of the similarity of its skin to human skin.  There is still much to be done to validate this model; its strengths and weaknesses need to be carefully considered. 

2.3.3
Key Issues for Therapeutic Countermeasures 

Three key issues arose from the discussions and presentation on the theme of therapeutic countermeasures:

1) The current emphasis is on development of post-exposure treatments.  Prophylactics could have a role in operational plans and should be considered.
2) Many new therapeutic approaches in pipeline look promising for acute radiation syndrome.  Most testing is done with homogeneous, total body X- or gamma-radiation.  However, a therapeutic agent that works under this condition may be ineffective or perhaps even detrimental with neutron radiation or with combined injury.  Drugs need to be assessed in the various conditions likely to be encountered to ensure appropriate treatment.  Multiple organ effects need to be considered. 
3) Developing an alternative animal model to the non-human primate is going to be essential for getting drug candidates through the regulatory process.  The minipig might be an appropriate model but more work needs to be done for validation. 
2.4 
Response Planning 

2.4.1
Response Plans 

Medical management will be a challenge after a radiological or nuclear event.  Following tailored protocols for rescue, assessment, and treatment will facilitate the response.  As Dr. Janiak (#36) pointed out, many aspects of the event will be similar to a conventional explosion.  However, with a terrorist event there will be an increase in the fear factor.  This makes it all the more important to consider psychosocial consequences both in the short- and long-term.  

The public perception of radiation creates an additional stress.  Dr. Janiak (#36) pointed out that ionizing radiation is widely feared.  The threat is invisible but considered to be very dangerous.  Association with people contaminated with radionuclides is thought to be hazardous, which would impede their medical care and could result in social stigma.  Training for authorities, first responders, and the public can help.  During the symposium, the participants discussed the need for communications that were appropriately geared toward their intended audience.  Preparedness efforts must include education and training, in addition to response planning.
2.4.2 
Decision Tools 

New decision tools are being developed to help the emergency planners.  Ms. Ma (on behalf of Dr. Nicolalde #35) described a tool to evaluate the logistics of biodosimetry methods.  This model compares the characteristics of biodosimetry assays, which would be valuable in determining which approach is best suited for the particular circumstances.  The model considers the sensitivity and specificity of the assay, logistical and technical efficiencies (e.g., how long it takes to obtain, transport, and process the sample and to communicate the results), and the capacity of emergency response.

Dr. Stricklin (#33) described a variety of mathematical models that are in development.  A model of the influence a complex urban environment has on the radiation environment, the thermal and blast effects, and secondary consequences such as fires and structural failures would provide a picture of the complex hazards and the range of injuries to be expected.  Physiologically-based health effects models will predict likely injury after acute and protracted radiation exposures, burn, wound, and combined injury.  Treatment models for radionuclides would calculate the decorporation rates considering relevant biological compartments. 
2.4.3
Key Issues for Response Planning

Two key issues arose from the discussions and presentations on theme of response planning:
1) Response plans are essential to ensure preparedness.  A real event, however, can cause unexpected consequences.  There can be disruptions in infrastructure for public health, communication, transportation, among others seriously limiting the response and recovery.  There is a need for contingency plans.  There is a need to address variety of scenarios since the responses will differ.  The plan needs to be a living document that is kept current.  As new biodosimetry tools become available for triage and new countermeasures approved for treatment, the response plans will need to be updated.  The plan needs to consider psychosocial consequences and information dissemination.  Communications need to be tailored to specific cultures.  
2) The mathematical models offer useful tools for advance planning and for decision-making as conditions unfold.  Integrated models of biomedical consequences, physical disruption, distribution of thermal, blast and radiation deposition, availability of resources, etc. will be valuable for predicting casualties, defining requirements for countermeasures, and assessing the need and availability of resources in the aftermath of a radiological/nuclear event.   
3.0
Recommendations

The symposium presentations underscored the significant advancements that have been made in the science of radiation biology and the response planning for a radiological/nuclear event.  It also elucidated the gaps that remain.  NATO activities that encourage collaborations and joint planning have the potential to broaden the available expertise, advance scientific research, make optimal use of scarce resources, and strengthen response preparedness. 
Future NATO activities in the following three areas are recommended.    

1) Scenario-Specific Biodosimetry Requirements
Many biodosimetric approaches are available, each with its strengths and weaknesses.  It is evident that no single approach will be adequate for all scenarios.  What is lacking is a clear definition of which assay(s) to use in each scenario and when to use them.  For instance, what is required for immediate triage after a large-scale event, for more refined screening, or for clinical assessment?  Are the appropriate tools available and ready to use? Is additional research and development required to meet the need? Considerations should include such factors as the expectation of heterogeneous exposures, combined injury, neutron radiation, dose rate, and population diversity.  Mathematical models that aid in the assessment of pros and cons of the tools could be of benefit.  An activity, in which the participants work through the various scenarios and do an analysis of the requirements for biodosimetry at various times after an event, would make a significant contribution.  

2) Role of Prophylactic Medical Countermeasures in Response to Radiation Incidents 
One aspect of ensuring the health protection of our military forces is doing what is necessary to prevent casualties and to protect against health hazards. Countermeasure development for radiation injury, however, has recently focused primarily on therapeutics and mitigators that can be given at least 24-48 hours after an exposure.  The efficacy of most treatments, including Neupogen®, the only agent authorized for emergency use, falls off quickly with a delay in administration.  Development of pre-treatments for radiation injury that are safe and efficacious could address an unmet need.  Careful consideration of the potential role for prophylactics and early post-exposure treatments in emergency response and military operations for radiation scenarios is warranted.  An analysis would need to include examination ethical issues, logistical concerns, and biomedical constraints. 
3) Coordination of Response Plans and Capabilities
The recent NATO exercise on biodosimetry was exceedingly successful in bringing together 11 laboratories from 7 nations for an inter-laboratory comparison of assays.  It spurred additional research, encouraged collaborations, and generated very useful data on the strengths and weakness of the assays. This exercise serves as an excellent model for future efforts.  An important area that would benefit from such an international interaction is response planning. Response plans for radiation scenarios need to be developed and kept current as new tools are developed.  An exercise in which there is a simulation of a radiological/nuclear event could provide an opportunity to test the plans, coordinate efforts internationally, and to learn from each other about alternative approaches.  
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