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Abstract 

Aim

Compare the suitability of the well established dicentric chromosome assay [DCA] and cytokinesis-block micronucleus assay [CBMN] and the emerging H2AX foci and gene expression assays for biodosimetry and radiation injury assessment. 

Materials and Methods

Lithium-heparinized whole blood from one healthy donor was X-irradiated. Ten blind (and calibration) samples were irradiated with single doses between 0.1-6.4 Gy and send to participants to run their assays. Provided dose estimates were analyzed using a linear model, logistic regression analysis and report time was documented. 

Results

The minimum reporting times for dose estimates were 2.4 days for DCA and 4 days for CBMN but only 0.3 days for foci and gene expression assays. However, inter-laboratory variance of dose estimates was smallest for DCA (about 2.3-5.6 times relative to all other assays) and increased in an assay-dependent manner as DCA < CBMN < gene expression < H2AX foci. Comparable performance and concordance was found for automatic and manual scoring procedures using DCA and CBMN assays. Binary categories of dose estimates could be discriminated with equal efficiency for all assays, but at doses > 1.5 Gy a 10% decrease in efficiency was observed for the foci and the gene expression assays.

Conclusion

Dose estimates based on H2AX foci and gene expression assays are reported 8-13 times earlier compared to the DCA and CBMN assays, but estimates are 2.3-5.6 times more precise when running the DCA. This advantage in precision becomes negligible when discriminating dose estimates merged in binary categories of clinical relevance. Automatic and manual scoring procedures using DCA and CBMN assays were of comparable quality. All assays show an upper limit of applicability below 6.4 Gy. Scoring 50 instead of 20 cells did not lead to increased precision of dose estimates using the DCA or the foci assay.

1.0
introduction

For biological dosimetry, a number of cytogenetic and molecular dosimetry techniques with different characteristics are potentially available (1). The dicentric chromosome assay (DCA), a highly standardized and harmonized technique for individual dose assessment after acute whole-body or significantly partial-body radiation overexposure of men, is still the “gold standard” biodosimetry method. The technical performance has been described very detailed by the International Atomic Energy Agency (2), whereas ISO standards provide performance criteria for cytogenetic service laboratories conducting the DCA in its routine or triage mode ensuring reproducibility and accuracy (3-4). The ultimate goal is to increase the currently limited capacity of biodosimetry for triage purposes, using high throughput approaches that are especially necessary in case of a mass casualty event. Those high throughput approaches include assays such as DNA repair and gene expression measurements. Our NATO exercise was organized in order to compare the established cytogenetic biodosimetry tools, DCA and CBMN, to the novel emerging methods (-H2AX and gene expression analysis) with regard to the reliability of dose estimates and the time needed to provide them.
2.0
Materials and methods

2.1
Blood samples, irradiation and distribution to participants

Lithium-heparinized whole blood from one healthy donor was irradiated immediately after venipuncture at ~37°C using single X-ray doses (240 kVp, 13 mA, filtered with 7 mm Be, dose rate ~1.0 Gy/min). Blood samples for establishing calibration curves (dose range 0 – 4.0 Gy; optional) as well as 10 blind samples (dose range 0 – 6.4 Gy) were irradiated and processed according to agreed preparations. Samples were sent to the participants (table 1) along with a temperature logger device and a physical dosimeter and processed at the different laboratories. Each laboratory performed the assay according to their established protocols. This was in particular necessary, since no international harmonized protocols exist for running the developing assays (-H2AX and gene expression analysis). Participants were either previous NATO TG099 members or associated to these laboratories via cooperation’s etc. and willing to do these measurements on their own costs.


[image: image1]
Table 1: Participating institutions and their contributions

2.2
Collection of data
Each participant was expected to provide a dose estimate for each of the 10 blind samples enabling an intra-assay and an inter-assay comparison. Reporting of dose estimates was timed for each participant. Additional information concerning laboratory organization and assay performance was collected using a questionnaire. Information which might have an impact on the accuracy and speed of reported dose estimates included:

· number of exercises the institution participated ahead of the NATO exercise

· own judgment on the specialization status of the respective method
· time since the group established the method and used it for biodosimetry purposes

· time since the group established the method but did not use it for biodosimetry purposes

· priority the examination of NATO samples was given during daily business.

Blood samples from one healthy volunteer were taken with informed consent and the approval of a local ethics committee. 
2.3
Statistic analysis
The variance of estimated doses relative to the actual doses was calculated for various comparisons. Each set of data was also analyzed by using a linear model examining the regression of estimated dose versus actual dose. Significant contributions of various additional variables (questionnaires, see above) were analyzed by adding them to the model and examining improvements on the fit. Residuals of the fits were examined for heteroscedasticity using a Breusch-Pagan test. Finally, logistic regression analysis was performed by merging doses into binary categories reflecting clinical/diagnostic relevant aspects. Those categories were 

· never versus ever single radiation exposure (0 Gy/> 0.1 Gy) in order to avoid clinical resources (e.g. ICU) to become occupied by individuals who believe to be exposed but who are not.
· marginal versus higher single radiation exposures (<0.1 Gy/>0.1 Gy) in order to define groups such as those who do not need clinical support from others where deterministic or stochastic effects in adults might occur or being detectable using epidemiological methods 
· lower versus medium-high single radiation exposure (<1.5 Gy/>1.5 Gy) in order to select the group of patients who will probably suffer from the ARS several days after radiation exposure
· medium versus high single radiation exposure (2-4 Gy/> 4 Gy) for triage purposes in the case of limited clinical resources.
Concordance describes the discrimination ability of the model calculated based on the comparison of true doses and reported dose estimates. ROC curves (receiver operating characteristic) are a very established method to depict the diagnostic accuracy of new tests (for details see reference number 5). The closer they are to 100% concordance or a ROC area of 1.0 under the curve (depicting 1-specificity on the y-scale versus sensitivity on the x-scale) the better the discrimination ability.

3.0
Results

3.1
Participants and contributions
Initially, 12 institutions intended to participate. After delivery of the calibration and blind samples only 11 institutions provided dose estimates (table 1). All participants answered the questionnaire.

3.2
Transport conditions
During calibration sample transport (July 2011) temperature loggers detected changing temperatures in each box ranging between 10-18°C when using wet ice and up to 20°C when sending samples at room temperature. During blind sample transport (September 2011) temperatures ranged constantly between 2°C and 10°C). Film badges provided no indication for undesired additional radiation exposure to the samples during the transport. 

3.3
Intra-assay comparison
3.3.1
Dicentric chromosome assay (DCA)

The earliest report on dose estimates of the DCA (6 participants) occurred 2.4 days after receipt of blood samples (figure 1). The variance of dose estimates per laboratory was 0.04-0.22 Gy. The variance of dose estimates per sample was 0.04-0.62 Gy. Variables significantly improving the linear model were the 

        
[image: image2.wmf]0.3 d

…

molecular

biology

…

2.4 d

…

cytogenetics

…

4.0 d

…

cytogenetics

.

dose 

estimates

based

on

…

manual

time 

after

sample

arrival

(d)    

...g

H2AX

…

gene

expression

…

dicentrics

…

CB 

micronuclei

3

2

automated

0.3 d

…

molecular

biology

…

2.4 d

…

cytogenetics

…

4.0 d

…

cytogenetics

.

dose 

estimates

based

on

…

manual

time 

after

sample

arrival

(d)    

...g

H2AX

…

gene

expression

…

dicentrics

…

CB 

micronuclei

3

2

automated


Figure 1: Description of the earliest report time of different assays employed either for ARS severity score prediction (H-module) or dose estimation using molecular biology (gene expression or H2AX) assays or cytogenetic examinations (dicentric chromosomal assay and cytokinesis block micronucleus assay)

laboratory (p-value = 0.003), the calibration curve used (p-value = 0.0005, laboratories partly employed already existing calibration curves of comparable exposures), the number of checkers (p-value = 0.02) and the time taken to report (p-value = 0.02). Comparable performance and concordance was found for automatic and manual scoring procedures. Dose estimates based on 20, 30, 40 or 50 scored cells did not improve significantly when employing scored cells as a categorical (p-value = 0.98) or continuous variable (p-value = 0.99). DCA dose estimates aggregated into binary categories showed either complete separation or concordance between 94.7-99.9% corresponding to ROC areas of 0.96-0.999 (table 2).
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Table 2: Comparison on the discrimination ability (depicted by concordance and ROC area) of different assays when building binary dose categories of clinical/epidemiological significance. All available data sets per assay are shown (e.g. 2 h and 24 h results of the -H2ax foci assay are summarized)

3.3.2
Cytokinesis block micronucleus assay (CBMN)

The earliest report on dose estimates using CBMN (6 participants) occurred 4.0 days after receipt of the samples (figure 1). The variance of dose estimates per laboratory was 0.07-0.80 Gy. The variance of dose estimates per sample was 0.03-0.81 Gy. Variables significantly improving the linear model were the laboratory (p-value = 0.01), the calibration curve used (p-value = 0.01) and the number of exercises the Institution was involved ahead of the NATO exercise (p-value = 0.048). Comparable performance and concordance was found for automatic and manual scoring procedures. CBMN dose estimates aggregated into binary categories showed concordance between 94.1-99.5% and ROC areas of 0.94-0.995 (table 2).

3.3.3
H2AX foci assay

The earliest report on dose estimates of the H2AX foci assay (4 participants) occurred 0.3 days after receipt of the samples (figure 1). The variance of dose estimates per laboratory was 0.92-1.06 Gy and 0.30-0.63 after 2 h and 24 h repair. The variance of dose estimates per sample was 0.003-5.98 and 0.003-2.19 after 2 h and 24 h repair. Variables significantly improving the linear model were the laboratory (p-value < 0.0001), the number of exercises the Institution was involved ahead of the NATO exercise (p-value = 0.01) and the months of expertise in biodosimetry (p-value < 0.0001) or the time the method was established for other purposes (p-value < 0.0001), the priority the exercise had beside fulfilling normal duties (p-value < 0.0001) and the time taken to report (p-value = 0.0003). Dose estimates based on either 20, 30, 40 or 50 scored cells did not improve significantly when employing scored cells as an categorical (p-value = 0.99) or continuous variable (p-value = 0.75). Foci dose estimates aggregated into binary categories did show concordance between 80.1-95.4% and ROC areas of 0.81-0.97 (table 2).

3.3.4
Gene expression assay

The earliest report on dose estimates of the gene-expression-assay (8 participants) occurred 0.3 days after sending the samples (figure 1). The variance of dose estimates per laboratory was 0.20-1.85. The variance of dose estimates per sample was 0.006-1.39. The only variable that significantly modified the regression of observed vs true dose was time taken to report (p-value = 0.03). Gene expression dose estimates aggregated into binary categories showed a concordance between 82.7-99.5% and ROC areas of 0.84-0.99 (table 2).

3.4
Inter-assay comparison

Report time for dose estimates was 8-13 times earlier for -H2AX foci and gene expression assays compared to the DCA and CBMN assays (figure 1). However, inter-laboratory variance of dose estimates (as measured by the residual standard error in regression of observed vs true dose) was smallest for DCA (by a factor of about 2.3-5.6 times relative to all other assays) with assays ordered as DCA < CBMN < gene expression < -H2AX foci. Binary categories of dose estimates could be discriminated with equal efficiency for all assay, but at doses > 1.5 Gy a 10% decrease in efficiency was observed for the foci and the gene expression assay (table 2). 

4.0
discussion

Our data are generated using a preliminary statistical approach. Due to that we will reduce our discussion to a summary of our recent findings. For more details we refer to a manuscript series which is currently under way.

Taken together, dose estimates based on -H2AX foci and gene expression assays are reported 8-13 times earlier compared to the DCA and CBMN assays, but estimates show markedly lower variance, by a factor of 2.3-5.6, when running the DCA assay. This advantage in precision becomes negligible when discriminating dose estimates merged in binary categories of clinical relevance. Automatic and manual scoring procedures using DCA and CBMN assays were of comparable quality. All assays do show an upper limit of their applicability below 6.4 Gy. Scoring 50 instead of 20 cells did not lead to increased precision using the DCA or the -H2AX foci assay. 

These results highlight the potential of the developing assays for EARLY biological dosimetry in particular in situations (high radiation exposure with the development of the life threatening acute radiation syndrome) where an early estimate on the height of the exposure or a hint to a certain dose category of clinical significance is required. 
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