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ABSTRACT
Several A suite of software tools  werehave been developed under the auspices of NATO umbrella allowing either afor dose estimation (BAT, WinFRAT) or theand prediction of acute health effects (WinFRAT, H-Module). These use input from  using clinical signs and symptoms, such as vomiting, diarrhea, erythema or changes in blood cell counts. We have systematically examined the contribution of each parameter, bKnowing about theased upon their predictive limitations limitation (unspecificity) and strength  (early occurrence, easy ease to examof ascertaining), of these parameter  we systematically examined their contribution for the correct prediction of clinical outcomes such as the severity of the acute radiation syndrome (ARS), recommendations and their utility in recommending for early hospitalization (thus improving prognosis)  and treatment recommendationss. For educational and training purposes we have build constructed a database comprising of 191 cases which that were generated using either input from eitehr Medical Treatment Protocols for Radiation Accident Victims (METREPOL, n=167) or using  real-case descriptions (n=24) extracted  from an exisiting database system f or evaluation and archiving of radiation accidents based on case histories (SEARCH). The cases ranged from unexposed (response category 0, ( RC0, n=89)) to mild (RC1, n=45), moderate (RC2, n=19), severe (RC3, n=20) and lethal ARS (RC4, n=18). In 2015 tThis database was used in 2015 for the first time for a NATO exercise involving eight clinical expert teams. From 2015-2019  we annually  have provided used the software the same data set to in teaching MSc level radiobiology students in the context of a 15 h lasting  teaching annual class. In 2019 we organized the first NATO workshop, introduced the participants into the use of the software tools for the medical management of ARS., the software tools and did run the exercise. Within Over this 5-year period we have evaluated the outcomes using the same input datasets examined twithhe same features in all a total of 32 teams and 93 participants: . We have established that: (1) Unexposed (RC0) and low exposedmildly exposed individuals (RC1) could not be discriminated. ; (2) The severity of RC2 and RC3 ARS severities were systematically overestimated in by most teams, but almost all lethal cases of ARS (RC4) cases  were correctly predicted by all teams. ; (3) Introducing an a educational phase to for non-physicians on average significantly increased the already high correct predictions of RC, ARS and hospitalization by around 10% (p<0.005) from an already high which was e.g. for ARS prediction 86.8% ( stdev  6.3) without without training to and  96.2% (stdev. 2.1 with a three-fold reduction in variance and a) with a teaching class while the variance decreased two-three-fold. A halving of the time lso, with pre-teaching the average number of examined cases per hour doubled, but the variance as well.per case; (4) The success raining outcome was notwas ind ependently dependent on the software tools used and but was significantly associated with the educational phase. (5) The preferred combination of software tools were  were WinFRAT ( for dose estimation)  and H-Module ( for effect outcome prediction). (6) Comparing the team´s  dose estimates generated by the teams with the HARS severity reflected known limitations of dose alone as a surrogate for HARS severity at doses < below 1.5 Gy, but identification of HARS 2-4 and support of clinical decision making at dose estimates > 1.5 Gy. 	Comment by Mike: I dont know what this means	Comment by Mike: preferred by students or giving best outcome ????	Comment by Mike: something is misisng from this sentence
Hence, widely Our experience shows that even inexperienced users can use the software to apply somewhat unspecific   early pre-clinical parametersr in combination can beto  successfully used to  make support earlyaccurate treatment recommendations with a urgent clinical decisions such as hospitalization, ARS prognosis and treatment recommendations in up to 98% accuracy. Teaching classesraining significantly improved the quality of decision making outcome predictions and enabled even  participants without lacking  a medical background to perform to a level comparable to that of the best medical  clinical teams.

INTRODUCTION
In radiological exposure scenarios (e.g. the Goiânia accident, malevolent rterroristic radiological dispersion devices (RDD or “dirty bomb”), nuclear detonation scenarios (e.g. improvised nuclear devices) or nuclear power plant accidents (e.g. Chernobyl or and Fukushima) the number of affected individuals may range from a few to several tens of thousands of affected people are to be expected (International Atomic Energy Agency., 1988; International Atomic Energy Agency. and World Health Organization., 2000; Laiakis et al., 2017). To husband the limited clinical resources In in such a situation like that  it is very  important to be able to rapidly identifying discriminate (1) unexposed (to avoid absorbance of restricted clinical resources), (2)  and low level exposed persons (not requiring immediate care, but in need of surveillance for later developing health effects)  and (3) from those highly exposed individuals who willlikely to  suffer the  from life threatening acute health effects summarized into theof the acute radiation syndrome/sickness (ARS). An At the same time the earliest possible early hospitalization as well as earlyand treatment (e.g. early  administered administration of cytokine countermeasures like cytokines  (Farese et al., 2014) of highly exposed individuals will have a high positive impact on the ARS outcome of ARS. 

Diagnostic approaches such as dose estimates estimation, using either individual physical dose reconstruction or biological dosimetry, will be not available immediately, and and they when available are limited when it comes toin their use for  the prediction of severity of the ARS severity  (Port et al., 2019). Physiological changes that occur within Within hours and days after of high dose irradiation include recognisable symptoms such as vomiting, diarrhea, erythema, a rise of body temperature and changes in blood cell counts and are observed and summarized asconstitute the pre-ARS stages ( prodromes). Prodromes represent the earliest, albeit  although unspecific, indications for of both thean  absorbed dose and potential outcome, and are easy to examine in an emergency situation (Anno et al 1989). The prodromes usually disappear 1-2 days after exposure, giving rise to the latent phase of the ARS. Following the latent phase is the manifestation phase where different organ systems might show symptoms (haematopoietic system, gastrointestinal system, the cutaneous and the neurovascular system). Depending on the severity of symptoms and the diagnostic and treatment measures individuals will either survive or die. Again, the early identification of later developing ARS helps guiding the early treatment measures for the patients. In the past prodrome were used for dose estimation (Anno et al., 1989). We wondered, whether prodrome could be used for identification of the unexposed, low exposed groups, to discriminate ARS severities and, thus, support clinical decision making regarding early hospitalization and providing treatment recommendations. 	Comment by Mike: I dont really like mixing dosimetry and biology in one place. Coudl you consider leaving out the dosimetry or making it less important????
To address the initial medical management of radiation casualties, several software tools were developed under the umbrella of the NATO Human Factor Medicine 222 “Research Task Group on Ionizing Radiation Bioeffects and Countermeasures”. The basic principle of the tools is the use of prodrome. These tools provide either a dose estimation (Biodosimetry Assessment Tool (BAT) (Sine et al., 2001), First-responders Radiological Assessment Triage FRAT (“Biodosimetry Tools | Uniformed Services University,” n.d.)) or a prediction of the later occurring haematological ARS severity based on early changes of the blood cell count as the effect of radiation (H-Module (Port et al., 2017)). For educational purposes we build a database comprising 191 cases which were generated using either Medical Treatment Protocols for Radiation Accident Victims (METREPOL, n=167) or using real-case descriptions (n=24) extracted from a database system for evaluation and archiving of radiation accidents based on case histories (SEARCH). The cases ranged from unexposed (response category 0 (RC0, n=89)) to mild (RC1, n=45), moderate (RC2, n=19), severe (RC3, n=20) and lethal ARS (RC4, n=18). In 2015 this database was used the first time for a NATO exercise involving eight clinical expert teams (Dörr et al., 2017). Considering the few experts dealing with diagnosis and therapy of the ARS, the medical management in a RN event will become very challenging  Software tools designed to assess the prodome have been developed under the umbrella of the NATO Human Factor Medicine 222 “Research Task Group on Ionizing Radiation Bioeffects and Countermeasures”. These tools provide a dose estimation (Biodosimetry Assessment Tool (BAT) (Sine et al., 2001), First-responders Radiological Assessment Triage FRAT (“Biodosimetry Tools | Uniformed Services University,” n.d.)) or predict the severity of haematological ARS based on early changes of the blood cell count  (H-Module (Port et al., 2017)). They are designed to be accessible to non-medical experts but the influence of training on their use and effectiveness has not yet been systematically tested. 
 
We now report a 5-year evaluation of the use of these tools by . Therefore we wondered how well people individuals without specific experience in the medical management of ARS cases might perform afterfollowing a standardized a  short introduction into the basics of the topic and taking advantage of the software tools generated by the NATO expert groupory training. For this we  We developed an about  15 h lastingour medical management classmodule , including classes on theoretical knowledge about radio-nuclear scenario-effects, the diagnosis, t and treatment of radiological injuries and the availablein the practical use of the software tools. From 2015-2019 the class was held forgiven to  groups of graduate students attending a masters degree program in radiation biology at the (Technical University of Munich). Most of the students had no medical background. At the end of the class the students performed the NATO table-top exercise including the same data sets of 191 cases and non-cases. Altogether 15 teams á 2-3 students participated over the last five years. Finally, iIn 2019 we organized the a second trial as part of an international first NATO workshop. This international workshop was provided  for individuals involved in the medical management decision making process forof ARS patients. It included clinicians (e.g. nuclear medicine), teacher, radiation protection board members and participants from different Ministries. We introduced the participants into medical management of ARS, the software tools and did run the exercise together with 9 teams. In order to facilitate the principal “train the trainer” all materials including slides, handout and the database were provided to the participants.
We herein report on the performance of these teams with very different background over the last five years regarding urgent early clinical medical management decision making and the contribution of dose estimates to the clinical outcome.  


MATERIAL AND METHODS

Scenario, exercise and task
The scenario was based on a Radiological Exposure Device (“RED”) that had been hidden in a long-distance train. This resulted in a potential radiation exposure of 191 people (Dörr et al., 2017). Depending on distance and shielding from the source and the individual radio sensitivity, different clinical signs and symptoms were assumed. The duration of exposure was equal to the travel time of one hour. ARS cases were generated by extracting suitable cases fromusing either Medical Treatment Protocols for Radiation Accident Victims (the METREPOL)  (n=78) (Friesecke et al., 2001) or using real-case descriptions (n=24) extracted from a  SEARCH database  system for evaluation and archiving of radiation accidents based on case histories (Friesecke et al., 2000) (SEARCH) .  Cases without exposure (n=89) were created based on normal values (“worried wells”).  For the real case histories from SEARCH only cases without internal contamination or combined injuries were used. SEARCH is a database containing 824 cases from 81 radiation accidents from 19 countries (Friesecke et al., 2000). Based on this extensive collection of radiation accident cases, METREPOL was created (Friesecke et al., 2001). This unique system allows anAn organ specific grading of radiation effects was generated HOW DID THIS HAPPEN Referernces??? for the neurovascular (N), hematopoietic (H), cutaneous (C) and gastrointestinal system (G). This organ specific grading is translated into a grading code (1-4) that will then lead togenerates general response categories (RC) ranging from RC 1 (autologous recovery certain) to RC 4 (autologous recovery most unlikely) for the each individual patient.  The complete data set of 191 indivdiuals  The total number of cases was 191; including 24 real cases from SEARCH (RC2, n=2; RC3, n=10; RC4, n=12), 78 cases based vonfrom METREPOL criteria  (RC1, n=45; RC2, n=17; RC3, n=10; RC4, n=6) and 89 unexposed cases based on normal values (RC0). The data set available for use was limited restricted to clinical data that included clinical signs and symptoms of all affected organ systems.fro form  the first three days after radiation exposure. Possible gGaps in the data obtained for of the real case histories were considered retained to realistically reflect the situation after a real scenario. Each evaluation team consisted of two to three All 191 data sets contained information for clinical signs and symptoms of all affected organ systems. Two to three participants joint a team, because it was intended to practice reflect the required degree of teamwork needed to teamwork, distribute manage the workload among participants  and to discuss the possible clinical outcome predictions. The teams were asked to estimate classify cases in the response category categories (RC0-4); to identifying identify cases with clinically relevant ARS (RC 2-4l, to make decisions ondecide about  hospitalization and to provide an estimate of absorbed  dose estimate  (Gy).

Software Tools and Prodrome List
The Biodosimetry Assessment Tool (BAT) (Sine et al., 2001) and First-responders Radiological Assessment Triage FRAT (WinFRAT) (“Biodosimetry Tools | Uniformed Services University,” n.d.)) were developed by the Armed Forces Radiobiology Research Institute (AFRRI) to identify radiation exposed individuals, support diagnostic and dose assessment. Gastrointestinal, neurovascular and cutaneous clinical signs and symptoms, as well as haematopoetic changes are taken into account. Physical dosimetry data and contamination status can be also be included into the assessment (Blakely et al., 2010). 
The H-Module uses real case histories to predict late occurring haematological acute radiation syndrome (HARS) using measurements of radiation-induced changes of the blood cell counts (Lymphocytes, Neutrophils and Platelets) obtained during the first three days after exposure. The tool was build aswas a Microsoft Excel macro that has been  developed by the Bundeswehr Institute of Radiobiology as a Microsoft Excel macro using real case histories (Port et al., 2017). The H-Module predicts the later occurring haematological acute radiation syndrome (HARS) during the first three days after irradiation based on early radiation-induced changes of the blood cell counts (Lymphocytes, Neutrophils and Platelets). After entering BCC counts into the the H-module it automatically predicts the severity of the HARS and provides treatment recommendations. The and has been excel-sheet version was recently  converted into an  PC H-module App (online available probably in 2020) which works on a PC as well so that that was used in this study  participants in 2019 could take advantage of this improved and easier to handle software tool  (Majewski et al.2018). 
BIR generated a prodrome list comprising onset and duration of vomiting, the onset and frequency of diarrhoea and the rise of body temperature. These information were translated into a dose estimate and a recommendation for hospitalization. The list represents a shortened and condensed version of the algorithms used for WinFRAT and was kindly provided by Dr. W.F. Blakely (Blakely WF, n.d.).	Comment by Mike: What is BIR, it is not on the list.
BIR generated a prodrome list comprising onset and duration of vomiting, the onset and frequency of diarrhoea and the rise of body temperature. These information were translated into a dose estimate and a recommendation for hospitalization. The list represents a shortened and condensed version of the algorithms used for WinFRAT and was kindly provided by Dr. W.F. Blakely (Blakely WF, n.d.).



Participants and backgrounds
The 2015 NATO exercise comprised eight different scientific military and civilian Institutions (table 1). Each Institution used diagnostic tools they felt comfortable with. It was the purposes of this exercise to exam the high-throughput capability of diagnostic software tools developed under the NATO umbrella when used by experts in this field. THIS COHORT DOD NOT RECEIVE PRIOR TRAINING !!!!!!!!!!!!

The 2015 NATO exercise comprised eight different scientific military and civilian Institutions (table 1). Each Institution used diagnostic tools they felt comfortable with. It was the purposes of this exercise to exam the high-throughput capability of diagnostic software tools developed under the NATO umbrella when used by experts in this field.
From 2016-2019 the medical management of ARS patients became part of the Master program in Radiation Biology at the Technical University of Munich (TUM): The MSc Program Radiation Biology combines several radiation biology related topics into one curriculum (e.g. Human Anatomy and physiology; tumor biology; cell and molecular biology; radiation oncology, (Combs et al., 2017; “Master program Radiation Biology | TUM Fakultät für Medizin,” n.d.). The present exercise was implemented as part of the third semester timetable.  From 2015-2019 the training course was given to groups of graduate students attending a masters degree program elective in radiation protection. The students were international and most had no medical background. Students received lessons about the medical management of ARS and the diagnostic tools in a three day (3 x 5h) class. At the end of the class the students were asked to perform the NATO table-top exercise  Altogether 15 teams consisting of 2-3 students participated.  Prior to the exercise, students received lessons about the medical management of ARS and the diagnostic tools in a three day (3 x 5h) lasting class. After providing this background knowledge, the students were introduced into the exercise on day four of the class and got the chance to translate the lessons learned. Other than the NATO exercise 2015 students were asked to use certain tools in combination covering diagnosis based on dose estimation and effect prediction. Only in 2019 it was the student’s choice to use the tools they felt comfortable with. The restriction to certain tools per team was previously introduced, because of the NATO 2015 exercise results indicating that certain diagnostic tools might provide advantages in ARS diagnosis over others.	Comment by Mike: UNCLEAR FORMULATION	Comment by Mike: Makes no sense to me
In 2019 we organized a second trial as part of an international NATO workshop for individuals involved in the medical management decision making process for ARS patients (“Software tools for Triage of the Acute Radiation Syndrome, a practical workshop” (StTARS). This group included clinicians (e.g. nuclear medicine experts), teacher(?????), radiation protection experts and participants from government agencies. 
In 2019 we did run the first NATO workshop on “Software tools for Triage of the Acute Radiation Syndrome, a practical workshop” (StTARS). This workshop was thought as a platform in order to facilitate the „train the trainer“ concept and to introduce medical management of ARS to civilian and military experts dealing with radiation protection or clinical issues related to that. Comparable to the students program we introduced participants into medical management of ARS, the diagnostic tools and provided insights into current and future developments regarding diagnosis and therapy of ARS. Participants decided about the use of tools themselves and were divided into teams á of 2-3 per team  for doing  the exercise. 

YOU NEED A SECTION ON PARAMETERS MEASURED
The category “missing” was introduced for missing entries in addition to the original categories “yes”, “no”, “uncertain” for the variable ARS. Reported RC0 and RC1 were merged into RC0-1, reported RC2 and RC3 into RC2-3 and reported RC3 and RC4 into RC3-4 for a later comparison of true RC-categories with reported RCs.
Over the years a number of 2-3 participants per team developed. Participants always favoured to do the work as a team instead of doing the exercise alone, because of the valuable and enlightening discussions they experienced within the teams. Also, the workload with 2-3 participants per team could be easily divided. Until 2018 a combination of software tools was given by the lecturer (Table 1) in order to find out about the optimal combination of tools. Due to comparable results which were generated irrespective of the tool combination (figure 1), in 2019 the participants were asked to decide themselves. A combination of WinFRAT (for dose estimation) and H-Module (for HARS severity prediction) was primarily chosen (table 1). METREPOL hardcopies were provided as a background information where required (e.g. concept of RC-categories). 
When comparing participants predictions on RCs, ARS and their recommendations for hospitalization to the documented  outcomes


Statistics
SAS (SAS 9.2, 2010, Cary, NC: SAS Institute, USA) was used for descriptive statistics, frequency distributions and associated statistical tests. The category “missing” for missing entries was introduced in addition to the original categories “yes”, “no”, “uncertain” for the variable ARS. Reported RC0 and RC1 were merged into RC0-1, reported RC2 and RC3 into RC2-3 and reported RC3 and RC4 into RC3-4 for a later comparison of true RC-categories with reported RCs. Tests for examining significant differences among groups were performed using either the t-test or a nonparametric test, where applicable. or frequency distributions (building groups with >/< 55 % correct predictions, chisquare-p= 0,67

All graphs were created using Sigma Plot (Version 14.0, Jandel, Scientific).




RESULTS
Team Characteristics, Apportionment of Work
Altogether 32 teams and 93 participants individuals in 32 teams  jointparticipated in the Medical Management exercise/course during the last 5 years (table 1). The number of pPhysicians were in the majority s dominated  in the 2015 and 2019 NATO exercise 2015 and the NATO StTARS workshop in 2019s (table 1). For tThe MSc Radiation Biologystudents were primarily  in general biologists, physicists or biotechnologists participated , except in 2018 where physicians from other  NATO countries asked were included in to join the course. The ability of teams to make correct predictions (performance) of teams was not influenced with and without aby the presence or absence of a physician did show no statistical significant differences between mean values  (t-test, p=0.81) or frequency distributions (building groups with >/< 55 % correct predictions, chisquare-p= 0,67), Chisquare-p= 0,67). NO DATA ON APPORTIONING OF WORK WAS SUBJECTED TO TESTING. leave out!!!!Over the years a number of 2-3 participants per team developed. Participants always favoured to do the work as a team instead of doing the exercise alone, because of the valuable and enlightening discussions they experienced within the teams. Also, the workload with 2-3 participants per team could be easily divided. Until 2018 a combination of software tools was given by the lecturer (Table 1) in order to find out about the optimal combination of tools. Due to comparable results which were generated irrespective of the tool combination (figure 1), in 2019 the participants were asked to decide themselves. A combination of WinFRAT (for dose estimation) and H-Module (for HARS severity prediction) was primarily chosen (table 1). METREPOL hardcopies were provided as a background information where required (e.g. concept of RC-categories). 	Comment by Mike: NOT THE SAME NAME AS ABOVE

Comparing True RCs with Reports on RCs, ARS and hospitalization


When comparing reports on RCs, ARS and hospitalization in correspondence to the true RCs the following features over all teams and years were found: 
True RC0 (bold numbers in table 2, upper third) were either misclassified as RC1 (e.g. 11 out of 89 in MSc Radiobiology 2018) or true RC1 were misclassified as RC0 (e.g. 43 from 45 in NATO exercise 2015). 
(1) 

True RC 2 and RC 3 were mostly misclassified as RC 3 or RC 4, respectively (e.g. all three teams shown in table 2, upper third).
True RC 4 was mostly correctly classified as RC 4 (table 2, upper third). 
(2) 
True RC 0 and RC 1 don´t require hospitalization, but RC2-4 do. Here, the classification was mostly correctly reported by all teams (table 2, lower third) and the number of misclassifications was very much in agreement with misclassified ARS (table 2, middle third). YOU NEED TO CONDUCT SENSITIVITY AND SPECIIFICITY CALCULATIONS ON THIS DATA SET

Comparison on team´s performances over time
The percentage of correct predictions of e.g. ARS among teams of the NATO 2015 exercise showed differences ranging between 76.4% (team 1) and 95.8% (team 3) and a variance of 6.3 % (standard deviation, table 3). With the MSc Radiobiology teaching classes from 2016-2019 and the NATO StTARS workshop mean correct ARS predictions in the range of 93.3-97.8% per year reflected resultswere comparable to the best performing NATO 2015 team (table 3, figure 1). Also, the variance decreased about two to six-fold (from 6.3% in 2015 to 2.6%, 0.1%, 1.9% and 0.8% in 2016-2018, respectively, table 3, figure 1).  Based on the absence (2015 NATO expert teams) or presence of an educational phase ahead of the exercise (2016-2019 non-expert teams), a significant (p=0.005) about 10% increased ARS prediction from 86.8% (stdev 6.3) to 96.2% (stdev 2.1) could be observed (insert figure 1), respectively. At the same time, the variance decreased 3-fold. A similar pattern was found over the years for correct RC prediction and correct hospitalization decisions (table 3, figure 1). Comparison on both groups based on the presence/absence of an educational phase on average resulted in correct predictions of RC and hospitalization with significant increases from 89.6% (stdev 3.3) to 96.7 (stdev 1.8, p=0.0008) and 88.8% (stdev 4.6) to 96.6 (stdev 1.9, p=0.002), respectively while the variance decreased about two-fold (figure 3, insert). 	Comment by Mike: ARE YOU TRYING TO CALCULATING VARIANCE AS SD ?????? 	Comment by Mike: THIS SHOULD BE EMPHASISES IN TEXT MUCH MORE CLEARLY
The number of classified cases per hour showed a high variance (standard deviation) over classes (e.g. 10.7% in 2015 or 24.9% in 2019) and almost all years (table 3, second column, figure 1). A maximum of up to 118 cases could be classified within an hour (team 2 in 2018, table 3), so that the clinical data of 2 cases were analysed within about 1 min. Merging teams into two groups regarding the absence/presence of an educational phase revealed that the number of cases examined per hour increased about two-fold with an educational phase, from 19.6 cases/h (stdev 10.7) to 54.7 (stdev 26.1, p=0.1, figure 1, insert), respectively. In summary, non-clinicians after joining a teaching class showed a 10% increased performance along with an up to 3-times lower variance and on average processed about two-times more cases per hour with high variance among teams in comparison to expert teams from NATO exercise 2015 who received no pre-teaching. 

Correlation of clinical dose estimates with HARS severity degrees
The correlation of clinical dose estimates with HARS severity degrees 0-4 followed a pattern found in all 32 teams over the last five years (figure 2):
1. At a dose band of < 1.5 Gy almost all HARS 0-1 developed and both HARS severity degrees could not be discriminated by dose. Also, up to 30% of all HARS 2 developed at this dose band. 
2. At a dose > 1.5 only HARS 2-4 developed. These HARS severities require hospitalization.
This pattern corresponded to a certain degree with biodosimetry dose estimates (dicentric chromosomal assay) generated from real case histories (SEARCH), which are not part of this study and were introduced for inter-comparison purposes (figure 2, lower right graph): A dose < 1.5 Gy predicted almost all HARS 0, about 25% of HARS 1 and less than 10% of all HARS 2-3 cases. At a dose > 6 Gy many HARS 3 and almost all HARS 4 developed and in between (at doses between 1.5-6 Gy) predictions towards HARS 0-4 appeared inconclusive.

DISCUSSION
Radio-nuclear incidents are potentially mass casualty scenarios and tens of thousands of people could be affected (International Atomic Energy Agency., 1988; Laiakis et al., 2017). The medical management demands early decision making within the first days after exposure to channel hospitalization and therapeutic intervention (Farese et al., 2014). Prodrome (e.g. vomiting, diarrhea and changes in blood cell counts) occur within the first 24-48 h after exposure (Darte and Little, 1967). As that, these symptoms in theory might be applicable for early diagnostic purposes (Gorin et al., 2006). Several software tools were developed under the NATO umbrella. They use prodrome either for dose estimation (BAT, WinFRAT) or prediction of acute health effects (WinFRAT, H-Module). Considering the few experts dealing with diagnosis and therapy of the ARS, the medical management in a RN event will become very challenging. This situation demands education of non-expert to support a triage in order to discriminate unexposed (HARS 0) from low (HARS 1) and high exposed individuals (H2-4) who require early hospitalization and early intensive care. In 2015 we used these tools the first time for a NATO exercise involving eight clinical expert teams (Dörr et al., 2017). A database containing prodrome of 191 cases (either originating from real case histories or being generated following the METREPOL approach) was provided and the teams were asked to identify the HARS severity degree 0-4, to provide recommendations regarding early hospitalization, intensive care and doing a dose estimate based on prodrome. These expert teams performed very well (Dörr et al. 2017) given the fact that prodrome are not specific and up to that time it was unclear how well prodrome support medical management decision making of the ARS. NATO teams on average correctly predicted the HARS severity, ARS and hospitalization requirements in 89.6%, 86.8% and 88.8%, respectively (table 3). From 2016-2019 several initiatives were processed (Masterstudy in Radiobiology and a NATO workshop in 2019) in order to educate teams in the medical management of ARS. Teams typically comprised 2-3 non-experts such as biologists, biotechnologists or physicists (table 1). These pre-educated but non-expert teams exercised the same 191 cases after a short learning phase. To our surprise, these teams on average performed even 10% better in comparison to expert teams from NATO exercise 2015 who received no pre-teaching. Moreover, after pre-teaching an up to 3-times lower variance in correct predictions of HARS severity, ARS and hospital recommendations was observed (figure 1) and on average about two-times more cases per hour were processed by the pre-educated teams. These data highlight the value and the teaching concept realized in the context of the Masterstudy in Radiobiology and the NATO StTARS workshop held in 2019 for the first time. The positive vote of the StTARS participants in favour of another workshop forced us to organize a second NATO StTARS workshop which will take place in the USA in 2020. 
However, over all teams and irrespective of the pre-teaching phase we experienced limitations in the correct prediction of clinical outcomes using prodrome. In particular unexposed individuals could not be discriminated from exposed groups developing a mild degree 1 HARS. Cases suffering from HARS 1 do not require hospitalization, but surveillance should be increased, since late health effects are to be expected. From this perspective it would be preferable discriminating them. Other approaches such as radiation-induced changes in gene expression seem to allow this discrimination (Lacombe et al., 2018; O’Brien et al., 2018; M Port et al., 2016; Matthias Port et al., 2016). Clearly, a combination of different diagnostic approaches has to be employed for successful medical management decision making and pros and cons of each diagnostic approach have to be analysed carefully in order to develop and employ a concerted battery of diagnostic approaches. Based on prodrome, cases developing a HARS 2-3 degree were difficult to discriminate, but almost all HARS 4 cases were consistently identified by all teams (table 2). Considering clinical implications it is more important identifying cases in need of hospitalization as early as possible. Therefore, misclassifications such as HARS 2 to be HARS 3 or the other way around are tolerable and don´t interfere with medical management decision making. 
After pre-teaching on average two-times more cases could be processed per hour than without pre-teaching (table 3, figure 1). This again emphasizes the value of pre-teaching. For instance, participants were guided how to deal with the wealth of data they received per case (e.g. delete those information/variables which are not required to gain an overview). They were also introduced into a strategy by identifying the HARS severity first and from there to deduce about ARS and hospitalization. Interesting, the on average two-fold increased number of processed cases per hour showed a variance, which was even higher after pre-teaching, although the correct decisions appeared comparable among all pre-teached teams. This is partly caused by the team’s intention to prefer discussions over high speed (personal communication during the StTARS workshop 2019). On the other hand it is caused by certain diagnostic “shortcuts” employed by participants. For instance, changes in lymphocyte counts received a high weight and this variable was used as a diagnostic to identify HARS 0-1 cases at first. Given that 134 from 191 cases did fall in this category, a throughput of 118 cases/h or about 2 cases per minute by teams employing this approach appears logic.
The dose dependency of prodrome such as vomiting or diarrhoea (biomarker of exposure) is known for long and used as a triage tool (Goans and Waselenko, 2005; International Atomic Energy Agency. and World Health Organization., 1998). As a prerequisite it was always assumed that prodrome are caused by radiation exposure irregardless of psychological causes that would be present in real-case scenarios where the knowledge about a potential exposure will lead to psychological reactions in unexposed individuals (Sorenson, 1986). This certainly represents a limitation of our exercise. Nevertheless, using prodrome for prediction of the HARS severity persistently over all teams reflected a pattern where H0-1 and up to 30% of all HARS 2 developed after an exposure < 1.5 Gy, while almost all clinically relevant HARS2-4 severity degrees developed at doses > 1.5 Gy (figure 2). Although not ideal this threshold of 1.5 Gy with diagnostic limitations below 1.5 Gy strongly supports the medical management decision making at > 1.5 Gy. This highlights the significance of dose estimates based on prodrome using the software tools WinFRAT and BAT. Interesting, BARDA launched a project for research support of high-throughput tools to discriminate between exposures below and over 2 Gy (LIT). Our data are in support of this approach. However, absorbed dose given as a measure of ionizing radiation exposure and meant as a surrogate for effect prediction is insufficient as long as other exposure features such as dose rate, partial versus whole body exposure, fractionated versus single exposure are not defined (Port et al…). Of note, when using dose estimates based on changes in dicentric chromosomes the pattern appeared slightly different (figure 2, right graph in second row): In analogy with dose estimates based on prodrome at < 1.5 Gy lower (HARS 0-1) and higher (HARS 2-3) were observed, and at > 6 Gy mostly HARS 3-4 developed, but in the dose range between 1.5-6 Gy it was impossible to discriminate HARS 1 (no immediate clinical implications required) from HARS 2-4 with strong immediate clinical implications. The precision of the gold-standard in dosimetry (DIC assay) causes problems in discriminating HARS 1 from HARS 2-3 clinical outcomes, which is not seen when using prodrome for dose estimation. For clinical outcome prediction it might be of advantage employing the less precise and more crude dose estimates based on prodrome. However, it must be considered that prodrome are not specifically occurring after radiation exposure which is true for the DIC assay (Lit). 
When running the first NATO exercise among expert teams in 2015 each teams used the software tools of their choice. In particular team 3 showed the best results (Dörr et al. 2017). Significant differences in the performance among the teams were interpreted to depend on the combination of software tools. Therefore, from 2016-2018 all teams received another combination of software tools, but all teams after pre-teaching showed very similar performances. In 2019 teams choose the tools by themselves without showing an impact on the performance which was close to 100%. Hence, it is not the combination of software tools used by the teams. Instead, we identified significant performance differences among teams with and without pre-teaching which underscores the value of pre-teaching. 
The preferred choice of software tools in 2019 was WinFRAT for dose estimation and H-module for clinical outcome prediction. Merging H-module into WinFRAT or creating a new platform with prodrome used as input data and generating clinical outcome predictions automatically via artificial intelligence that represents future approaches for increasing the througput.

Taken together, prodrome can be successfully used to support early urgent clinical decisions such as hospitalization, ARS prognosis and treatment recommendations in up to 98%. Teaching classes significantly improve the outcome predictions and enable even participants without a medical background to perform comparable to best medical clinical teams. Prodrome based dose estimates > 1.5 Gy seem to support medical management decisions regarding HARS.
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Legends

Figure 1 
Comparison on the performance of clinical expert teams (NATO exercise 2015) who received no pre-teaching in relation to radiobiology students and participants of a NATO workshop in 2019 who received a teaching class (highlighted by a grey overlay) before doing the exercise. Performance differences were found regarding the correct prediction (in percent) of response categories, RC (A), development of an ARS (B), decision for hospitalization (C) and the number of cases judged per hour (D). Symbols indicate mean values over all teams of a teaching class and error bars represent the standard deviation. Symbols were connected with a fourth-degree linear regression model. Outliers in number of cases/h in 2018 were excluded from the regression model. Inserts reflect normal distribution based on RC, ARS etc. mean values and standard deviations of two groups, namely the group without pre-teaching (NATO exercise 2015, white circles) and the group with pre-teaching (all teams from 2016-2019 combined, black squares). 

Figure 2
Clinical dose estimates generated from three different representative student teams in 2016-2018 by using the provided software tools were correlated with the known HARS severity degrees 0-4. The last lower graph reflects the same correlation, but using biological dose estimates documented in the SEARCH database and originating from real case histories. These data were generated in another context and are not part of this study, but were incorporated for intercomparison purposes. Symbols (grey circle) represent single measurements and box plots (median, 10%; 25%,75%, 90% percentile) reflect the corresponding estimated distribution of dose estimates per known HARS severity degree.

Table 1
The number of teams and members/team as well as their academic background and software tools used during their course is provided in this table. Three to nine teams were built in the context of a NATO exercise (2015) comprising experts dealing with the acute radiation syndrome (ARS), students of a Masterstudy in Radiobiology (2016-2019) and a NATO workshop (StTARS). Abbreviations: METREPOL = Medical Treatment Protocols for Radiation Accident Victims; WinFRAT = Windows First-responders Radiological Assessment Triage, BAT = biodosimetry assessment tool, AFRRI = Armed Forces Radiobiology Research Institute. 

Table 2
The reported response categories (RCs, upper part), reported Acute Radiation Syndrome (ARS, middle part) and reported requirements for hospitalization (lower part) are shown to the left side relative to the true RCs, ARS and hospitalization requirements reflected on the right side of the table. Results from three representative teams out of the 32 teams examined are selected. True RC, ARS and hospitalization decisions and corresponding correctly (expected) reported RC, ARS and hospitalization decisions are highlighted in bold numbers.

Table 3
The performance (correct prediction of response categories, RC, acute radiation syndrome, ARS and hospitalization requirements in percent) of the teams in the context of different exercises, classes or a workshop as well as the number of cases examined per hour are shown in this table. Abbreviations: standard deviation (stdev), standard error of mean (sem), *calculations of descriptive statistic excluding the outlier (team 4) from analysis.
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