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INTRODUCTION

The Excel® spreadsheet (the “calculator”) can be used to calculate the dose associated with a specified change from the control group mean for seven SIDS repeat-dose and developmental toxicity endpoints in the rat after the dermal application of high boiling petroleum products, where high boiling refers to products whose final boiling point is ≥ approximately 650 °F.  The resulting calculated dose is referred to as the Predicted Dose for a Response (PDR); so for example, the PDR10 represents the dose associated with a 10% change from control.

The equations/models underlying the calculator describe predicted biological responses in seven SIDS repeat-dose and developmental toxicity endpoints.  The Calculator uses as inputs (1) required biological input data (animal parameters), (2) Aromatic Ring Class (ARC) weight percent values (the ARC profile), and (3) the administered dose.  The calculator will provide:

1. the model predicted response relative to the predicted zero dose value (control value) for each of the seven biological endpoints,

2. the corresponding doses that are associated with a 10% change in the predicted response at zero dose, and

3. a plot of model predicted responses for doses in the range of 0 to 2000 mg/kg/day.

The Calculator will indicate if:

1. the ARC profile values are an interpolation or extrapolation relative to the compounds used to develop the models, and

2. the input dose is an interpolation or extrapolation relative to the doses used to develop the models. 

BACKGROUND

It has been implied in several API-administered Test Plans submitted to EPA for the HPV Challenge Program that the repeat-dose, developmental, reproductive and genetic toxicities of some high boiling petroleum substances are related to their PAC content.  Furthermore, it has been suggested that the PAC content of an untested petroleum substance could be used to predict its toxicity.   

The PAC Analysis Task Group (TG) found that predictive models could be developed for selected biological repeat-dose and developmental toxicity endpoints (See Table 1) by utilizing the weight percent concentration of each of 7 separate ring classes of aromatic compounds (the ARC profile).  See the PAC Analysis Task Group series of reports (Murray, et al. 2013, Nicolich, et al., 2013, and Roth, et al. 2013) for a discussion of how these endpoints were selected and the models developed based on observed statistical relationships.  No attempt was made to identify causal relationships, since to do this would have required an understanding of the mechanisms of PAC-toxicity, an exercise beyond the scope of the TG’s objectives.  
	Toxicity Study Type
	Effect

	Repeat-dose
	Thymus weight (absolute)

	
	Platelet count

	
	Hemoglobin concentration

	
	Liver weight (relative)a

	Developmental

(Prenatal)
	Fetal body weight

	
	Live fetuses/litter

	
	Percent Resorptions




a      relative to terminal body weight

Table 1.  Modeled Endpoints

INSTRUCTIONS FOR USE OF THE CALCULATOR

NOTE:  

(1)  The calculator should only be used to predict effects that would be seen in repeat-dose and developmental studies in rats where high boiling petroleum substances (final boiling point is ≥ approximately 650 °F) were applied via the dermal route. 

(2)  Calculator results that are extrapolated may not be reasonable predictions.

The calculator is an Excel® program and requires that Microsoft Excel® be loaded on the computer.  Open the calculator as you would any Excel® spreadsheet.  You will be asked to enable the macros and you should do so.

There are 3 Excel® Sheets:

1. CALCS - main data entry and percent response, 

2. DELTA - presents the doses associated with 10% change in response, 

3. MULTIPLE - batch ARC Profile and dose input in order to generate predictions on multiple samples.

1.  CALCS - the Main Sheet  

The main sheet is divided into 4 sections:
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Figure 1 – Calculator Layout

When the calculator is opened, the Main Sheet with sections I, II, and III is usually visible and section IV can be seen by scrolling down.

Region I – Biological Input Data

The upper portion of Section I has entry boxes for the free text identification of the sample at the top of the Sheet (Name, HPV Category, and CAS number).  These are for identification of the sample tested and have no influence on the data.  They can be left blank.  The “New Test” button clears the entered data (biological parameter overrides, ARC profile, and dose), alternatively the values can be overwritten.  The data at the far right indicates the update version of the coefficients and model form of the models. 
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Figure 2a - Section I – Biological Input Data – upper portion

The lower portion of Section I lists the 7 models and the required biological parameter values, such as the control group response and other measures such as body weight.  There are separate default values for males and females for the Repeat Dose Models.  The calculator provides a standard (default) value for each parameter that is based on the mean value of the control group data used to develop the models.  There is an area (white) where the user can override the standard values.  The rightmost column in this section indicates the value that is used in the calculation.
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Figure 2b - Section I – Biological Input Data – lower portion

Section II – ARC Profile and Dose Input Data

Section II has entry boxes for the weight percent values for Ring Classes 1 through 7 (ARC Profile) and the applied dose in mg/kg/day.  Any value can be entered; the program does not check for negative values or ARC values that sum to greater than 100.  All ARC vales are rounded to 1 decimal place for calculations, but are shown as they are entered in the cell.  Dose values are rounded to whole numbers for calculations.

Calculations are performed after pressing any key or clicking a mouse key. 
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Figure 3 – Section II –ARC Profile and Dose Input Data

Section III – Model Predictions

Section III provides the predicted model response as a percent of the predicted zero dose value (control) for each of the seven models (see note on resorptions to implant ratio).
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Figure 4 – Section III – Model Predictions
Predictions that are less than 25% or greater than 150% are presented in red to indicate they are unusual, this does not indicate they are in error.

The repeat dose models provide different predictions for males and females.  Developmental models do not consider sex in the estimation.

The rightmost column indicates if the prediction is interpolated or extrapolated.  The calculator will display the following signal phrases:

1. INTERPOLATION – the prediction is based on interpolated data (interpolated for both ARC Profile and dose), 

2. EXTRAPOLATION – the ARC profile of the petroleum substance for which predictions are being calculated fell outside the ARC profiles that had been used for model development
3. EXTRAPOLATION-DOSE – the dose input in Section II fell outside the doses that had been used for model development.  Reducing the entered dose level in Section II will eliminate an EXTRAPOLATION-DOSE.

See Nicolich, et al., 2013 for a complete discussion of interpolation and extrapolation.

Predictions that are extrapolated may not be reasonable.
NOTE: the resorptions to implant ratio prediction (as a percent) is the difference between the predicted response at dose and the predicted control response (as opposed to the ratio).  This is done because the ratio is restricted to be between 0 and 100 and it is the absolute difference that is of concern, not the relative difference.

Section IV – Graphical Output

The calculator provides a plot of the predicted responses for doses between 0 and 2000 mg/kg/day.  The response axis represents the ratio of the response at a particular dose to the response at zero dose and is scaled based on the response, but only for ‘reasonable’ responses.  The drop down menu to the top right of the plot allows the user to select the end point to be plotted.  The “Print All Graphs” and “Preview All Graphs” buttons perform the action that is indicated.
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Figure 5 – Section IV – Graphical Output 

2.  DELTA - doses associated with a 10% change in response
The DELTA sheet reproduces the Biological Input Data and ARC and Dose Input Data (Sections I and II) from the CALC sheet.  These values are for documentation and cannot be changed on this sheet; changes to the ARC profile and dose data can only be made on the CALC sheet.

The calculation of the dose associated with a 10% change from the predicted zero dose value (control) is tied to the values in the Biological Input Data and ARC and Dose Input Data.  Each time the input values are changed it is necessary to press the SEEK 10% button to refresh the calculations – Excel® will not automatically refresh these calculations.
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Figure 6 – Seek 10% and Warning Notice
For each model the output section presents the dose associated with a 10% change from the model predicted zero dose (control).  Some endpoints have a potentially adverse effect associated with a decrease in response (such as thymus weight), while others have the potentially adverse effect associated with an increase (such as relative liver weight).  The +/- columns and 10% columns indicate if the potential adverse effect is in the positive or negative direction and what relative change is being predicted.  

PDR10s that are dose extrapolations are presented in red, they are not errors, only a predicted dose beyond the range of doses used to develop the corresponding model. 

For some models and ARC profile combinations, the PDR cannot be calculated because there is a flat or inconsistent predicted exposure response pattern, these situations result in a no exposure response (No ER) report for the endpoint.  The “No ER” statement is followed by a value in parentheses.  This value can be used for detailed investigation of the predicted response of the sample (see Appendix 1 for a detailed discussion of the interpretation and uses of the No ER response).  Briefly, the value is the predicted percent response at an arbitrarily chosen dose of 1,000 mg/kg/day.  For example “No ER(106)” means that the predicted response is 106% of the control value at 1,000 mg/kg/day.    
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Figure 7 – DELTA sheet – dose associated with a 10% change
NOTE: the resorptions to implant ratio PDR10 is based on a difference (not a ratio as in the other endpoints).  The predicted dose will have a predicted response that is larger than the control response by 10% of the difference between the control and 100%.  For example, if the control response is 15%, then the PDR10 will be the dose associated with a response of 15 + 0.10*(100-15) = 23.5%.

3.  MULTIPLE - Sheet for batch ARC Profile and dose input

The Calculator allows for batch file input (up to 50 compound and dose combinations) in the MULTIPLE sheet.  The ARC data and dose for an individual substance are entered in a column (similar to the data entry in the CALCS sheet).

The Upper part of the page has cells for sample identifications, ARC concentrations, and dose level inputs, the Middle part of the page provides the predicted percent response (similar to the Section III output of the DELTA sheet), the lower part has the PDR values (similar to the output from the CALC page).

The “Clear Inputs” and “Seek 10% PDR” buttons have the same function as the buttons on the CALCS and DELTA sheets.

The PDR calculations are time consuming and when data for many substances is entered, the calculations may take up to a few minutes to complete.  The calculations are complete when the entry in cell B:105 is blank (the entry to the left of the label  “<< Doing PDR 10% on Test #”).

Appendix 2 provides a series of steps to convert ARC profile data that is in a ‘row format’ (profile vales are read across a row) to the ‘column format’ required by the calculator.  It also shows how to cut and paste the calculator results into a format suitable for a report.
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Fig 8a  MULTIPLE sheet – upper and middle portion
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Fig 8b MULTIPLE sheet – lower portion
DISCUSSION

The models have been tested, reviewed, and approved by a group of toxicologists, statisticians, chemists, and other technical people.  The accuracy of the predictions is dependent on the biological and ARC Profile input parameters being within the domain of the model (i.e. interpolations).  When comparing the model predictions to observed biological responses the accuracy of the predictions is dependent on the animal testing protocol (number of groups, group size, dose spacing, etc.) and the method used to determine the ARC profile.  

Details of the model forms, coefficients, data used to develop the models, and other questions about the model development can be found in the PAC Analysis Task Group series of reports (Murray, et al. 2013, Nicolich, et al., 2013, and Roth, et al. 2013).

Appendix 3 contains a set of input data that can be used to validate the calculator to assure that it was installed properly, and is running as it should run.
Mark J Nicolich

Michael Krumenaker 

George Bukhbinder

Randy Roth

Revised 1 September 2013
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DISCLAIMER: This software was developed by employees and contractors at the American Petroleum Institute (API) and is given in the public domain. It is an experimental system. API assumes no responsibility whatsoever for its use by other parties, and makes no guarantees, expressed or implied, about its quality, reliability, or any other characteristic. We would appreciate acknowledgement if the software is used. This software can be redistributed and/or modified freely provided that any derivative works bear some notice that they are derived from it, and any modified versions bear some notice that they have been modified.
ASSUMPTION OF RISK: The risk of any and all loss, damage, or unsatisfactory performance of this software or program rests with you as the user. To the extent permitted by law, neither API, nor any person either expressly or implicitly, makes any representation or warranty regarding the appropriateness of the use, output, or results of the use of this software or program in terms of its correctness, accuracy, reliability, being current or otherwise. Nor do they have any obligation to correct errors, make changes, support this software or program, distribute updates, or provide notification of any error or defect, known or unknown. If you rely upon this software or program, you do so at your own risk, and you assume the responsibility for the results. Should this software or program prove defective, you assume the cost of all losses, including, but not limited to, any necessary servicing, repair or correction of any property involved. 

INDEMNIFICATION: To the extend permitted by law through this license, you, the licensee, agree to indemnify and hold harmless API, its officials, employees, contractors, and any person from and against all claims, liabilities, losses, causes of action, damages, judgments, and expenses, including the reasonable cost of attorneys’ fees and court costs, for injuries or damages to the person or property of third parties, including, without limitations, consequential damages and economic losses, that arise out of or in connection with your use, modification, or distribution of this software or program, its output, or any accompanying documentation. 

WHAT TO DO: We have done our very best to make the program accurate in every way, and you should feel comfortable with the results.  If you have any questions, suggestions, or complaints please contact the American Petroleum Institute, 1220 L Street, N.W., Washington, DC 20005 

Appendix 1

No ER is shown when the predicted dose response curve for an endpoint has a slope opposite to what would be expected, based on the existing toxicity studies.

The Predicted Dose for a Response (PDR) is the ARC model predicted dose associated with a specified change from the control group mean for an experimental outcome.  For example, the PDR10 represents the dose associated with a 10% change from control.  

For some materials, instead of a numeric value, the calculated PDR(s) is reported as “No ER” indicating “No Exposure Response.”  “No ER” is reported when the ARC model predicts a response that is contrary to what is expected.  An example of a model result that would be considered “contrary” would be if the model results indicated an increasing fetal body weight with increasing dose, rather than the expected decrease in fetal body weight.  Similarly, a prediction of decreasing relative liver weight with increasing dose, rather than the expected increase would also be considered a “contrary” result and be reported by the ARC model as “No ER”.  “No ER” can be reported for untested materials that are extrapolations or interpolations.

Not all “No ER” have the same root cause

The prediction of a “contrary” response can occur for two reasons: 

1) 
the untested material for which predictions are being made is relatively non-toxic, i.e. it has a predicted dose response curve that is flat or relatively flat.  In such cases, the model may either predict a flat, slightly increasing or slightly decreasing dose response (random variation problem).  If the model selects the dose response that is “contrary” (slightly in the wrong direction, say a slope of 1.01 where a slope of 1.0 or less is expected) to the effect on the specific endpoint that would be predicted from the existing data, a “No ER” will result, even though the difference in the predicted and expected dose response curves is very small.  For example, if an untested material’s ARC profile results in a relatively flat predicted dose response for an effect on fetal body weight (FBW), the model, because of random variation, may predict a 1% increase in FBW for every 1,000 mg/kg/day increase in dose.  This predicted increase in FBW, while very small, is contrary to the effect that is expected on FBW based on the existing toxicity studies of similar materials, so the predicted PDR for the would be listed as “No ER”.  

2) 
the ARC model predictions are in fact in error and result in an unreasonable dose response model.  For example, if for an untested material the ARC model predicts a 500% increase in FBW for every 1,000 mg/kg/day increase in dose.  As above, this predicted increase in FBW is contrary to the effect that is expected on FBW based on the existing toxicity studies of similar materials, so the predicted PDR for the would be listed as “No ER”.  

What are reasons for inaccurate predictions – little or no biological information for that particular ARC profile? 

What are the possible reasons for such a large model error?  Recall the discussions concerning interpolation and extrapolation where the idea was developed that in extrapolated regions we are not sure of how the model would behave because there was no experience with observed biological responses in that region (no existing toxicity data on similar materials).  Because the ARC models are complex and have been built with a relatively small number of materials (individual ARC profiles), there may be areas within the ARC profile region where there is little or no biological information, leading to erroneous/unreasonable model predictions in these areas.  

Consider the following example with a material with a ARC profile of:

	ring number
	1
	2
	3
	4
	5
	6
	7

	weight percent
	0.0
	0.1
	2.5
	19.0
	1.2
	0.5
	0.0


The PDR10 reported for the live fetuses/litter developmental endpoint for this material is “No ER” with a predicted 2145% increase in live fetuses/litter for every 1,000 mg/kg/day increase in dose.  This predicted increase in live fetuses/litter is not only contrary to the effect that is expected on live fetuses on the existing toxicity studies of similar materials, but is obviously in error.  

The table below shows the ARC profiles of the 21 materials used to develop the model for live fetuses/litter and the example ARC profile (highlighted), where the materials are sorted first by the ARC 4 content, then by ARC 1, 2, 3, 5, 6, and 7.  The table shows that there are two broad groups based on the ARC 4 concentrations; the 18 materials with low ARC 4 concentrations (less than about 8) and the 3 materials with high ARC 4 concentrations (greater than about 19).  Among the materials with high ARC 4 concentrations, the example material has lower concentrations of the other rings (especially ARCs 3 and 5) making it unusual in the profiles of the materials used to develop the models.  Said another way, the example material falls in a region not covered by the original materials used to develop the model.  This leads to a situation, similar to the extrapolation situation, where the model is in ‘unknown territory’ that can result in predictions that are not only contrary, but very wrong.  The situation will be ameliorated when additional biological studies and associated ARC determinations are conducted in this region. Situation can occur for ARC profiles of untested materials that are extrapolations or interpolations.

	ARC 1
	ARC 2
	ARC 3
	ARC 4
	ARC 5
	ARC 6
	ARC 7

	0
	0
	0
	0
	0
	0
	0

	0.1
	4
	10
	0
	0
	0
	0

	0.2
	4
	4
	0
	0
	0
	0

	0.8
	2.9
	0.4
	0
	0
	0
	0

	2
	29.5
	14.7
	0
	0.5
	0.5
	0

	0
	0
	0
	0.1
	0.3
	0.5
	1.6

	0.1
	3
	4
	0.1
	0.1
	0.1
	0

	0.1
	4.2
	6.3
	0.3
	0
	0
	0

	0.9
	2.6
	3.5
	0.9
	0.4
	0
	0.4

	0.2
	1.2
	1.7
	1.2
	0.6
	0.5
	0

	0
	0.1
	2.5
	1.9
	1.2
	0.5
	0

	0
	0.4
	4
	2
	0.6
	0.2
	0

	0
	2
	4
	2
	0.7
	0.2
	0

	0.1
	0.3
	3
	2
	2
	0.7
	0

	0.1
	2.5
	5.1
	2.5
	1.3
	0.9
	0.1

	0.1
	0.8
	5.3
	3.2
	0.4
	0.2
	0.1

	0.2
	2.5
	12.4
	7.4
	2.5
	0.5
	0

	0
	0
	4.1
	8.1
	6.1
	2
	0.4

	0
	0.1
	2.5
	19.0
	1.2
	0.5
	0.0

	0
	2.6
	25.7
	19.3
	6.4
	3.2
	0.6

	0
	1
	9.8
	19.5
	9.8
	4.9
	1

	0
	0.7
	10
	30
	20
	6
	0


To allow an investigator to differentiate between the two cases there is a number in () after the No ER.  
The two “No ER” situations described above are clearly different, the first is a reasonable variation, while the second is a true error and the model predictions are likely wrong.  To distinguish between the two situations the “No ER” statement is followed by a value in parentheses that is the predicted percent response at an arbitrarily chosen dose of 1,000 mg/kg/day.  So, “No ER(101)” means that the predicted response is 101% of the control value at 1,000 mg/kg/day; this is the first example described above.  The reported PDR10 for the second situation would be “No ER(500)”.  This type of reporting of the PDR is a useful way of distinguishing between a “No ER” resulting from a prediction based on a relatively flat dose response curve and a “No ER” based on an inaccurate prediction of the dose response, i.e. a material’s predicated potency is unknown.  

It is reasonable to assume the study material is relatively non-toxic if the value in parentheses is between 90 and 110.  Note that the example values used are for a response where a decrease is a adverse effect, if the response is deleterious for an increasing response (such as the ratio of resorptions to implants) then the PDR10​​s for the two situations would be No ER(99) or No ER(0) rather than No ER(101) or No ER(500). 

Of the two No ER cases, the first may allow the investigator to use the model results, while the results that are inaccurate are by definition unusable.  

Obviously this would include the use of professional judgment and involve looking at the weight of evidence for the material.  For instance, it might include reviewing the PDR10s for materials used in the model building, reviewing the PDR10s for other endpoints for the same material, and comparing the ARC profiles of the untested material and the materials used in the model building. 
Mark Nicolich

Randy Roth

29 Jan 2010  

Appendix 2

Steps to Use the Batch ARC and Dose Input (MULTIPLE) Page to Develop a Results Table.
Calculating and reporting PDR10s for petroleum substances whose ARC profiles are known.

To produce a table of PDR10 values for a series of samples using the ARC profiles as input to the ARC calculator requires a series of steps.

The steps required are described below and for demonstration purposes information on 5 samples have been selected. 

The information given in the following Excel® Table is in the layout and format that exists in the spreadsheet.  Unfortunately, this is NOT in the format/layout that is required as input for the ARC calculator.

	
	ARC 1
	ARC 2
	ARC 3
	ARC 4
	ARC 5
	ARC 6
	ARC 7

	Sample 1
	0.2
	4
	4
	0
	0
	0
	0

	Sample 2
	0
	0.5
	0.5
	0.5
	0.5
	0.3
	0.1

	Sample 3
	0
	0.5
	1.1
	1.1
	1.1
	1.1
	0.5

	Sample 4
	0
	0.2
	0.6
	0.6
	0.4
	0.2
	0.1

	Sample 5
	0.1
	0.3
	2
	2
	2
	0.6
	0.1


1. The following steps need to be followed to Transpose the data into the correct layout – the data should be in an Excel® Spreadsheet separate from the calculator.

1.1.  Highlight all the cells that need to be copied

1.2.  Select copy
1.3.  Place cursor into an area of the spreadsheet that you want the transposed data to appear

1.4.  Select paste special
1.5.  Ensure the box by Transpose is ticked

1.6. Press OK

The transposed data should appear as follows:

	
	Sample 1
	Sample 2
	Sample 3
	Sample 4
	Sample 5

	ARC 1
	0.2
	0.0
	0.0
	0.0
	0.1

	ARC 2
	4.0
	0.5
	0.5
	0.2
	0.3

	ARC 3
	4.0
	0.5
	1.1
	0.6
	2.0

	ARC 4
	0.0
	0.5
	1.1
	0.6
	2.0

	ARC 5
	0.0
	0.5
	1.1
	0.4
	2.0

	ARC 6
	0.0
	0.3
	1.1
	0.2
	0.6

	ARC 7
	0.0
	0.1
	0.5
	0.1
	0.1


2. Copy the information (not including the ARC identifiers) and Paste the information directly into the multiple page of the calculator and calculate the PDR10s.  Note that in the calculator there are two lines for the Sample ID (rows 1 and 2), so start the Paste operation at B2.  Also add dose values in Row 10.

Calculation and output

The following steps are required to transfer the calculator output into a new sheet and modify the output so that it contains only the PDR10 information that is required and in a format that is easy to read/understand.  Note - these are example data only and current calculator results may not agree with the results presented in this appendix.  
1. Copy the output from the calculator (rows 1 through 142 with as many columns as necessary), then paste the information into a new spreadsheet using the “paste special;” tab and ensuring that “copy values” is selected 

2. The only rows that are required are rows 1 through 10 and rows 106 through 142.  All other rows are extraneous to requirements and should be deleted.  Results are shown in the Figure below.

 

3. Delete the numbers in rows that have the outcome label (rows 11, 14, 17, 20, 23, 26, 29, 32, 36, 39, 42 and 45 since this information is not required for the purpose of reporting PDR10s.
The values in the dose rows are the PDR10s that we are seeking, so the word dose in column A is replaced by PDR10 using find and replace. 
Round all the PDR 10 values to whole numbers only by formatting the cells.  

4. All  unsound predictions need to be deleted as follows.

4.1.  Delete any value that is described as EXT, together with its descriptor EXT.

4.2.  By using Find and replace, all No ER values between 90 and 110 should be replaced by 2000.  This is the range of No ER values that we consider to be sound. 

4.3. Delete all other No ER values because they are outside our agreed sound limits.

5. Finally all descriptors (INT, EXT DOSE, INT-EQ) are removed from the spreadsheet, along with blank lines.  After some formatting the results are:

In the case of the example that has been used, the exercise is now complete.  However, whenever there are many more samples it is useful to transpose the table (using the process described above) and rearrange the headings to make easier reading. 

Appendix 3

Validation of Calculator.

The values in the calculator were validated against several sets of data that were evaluated in the Statistical Analysis System (SAS) V9.2.  The evaluation was done within the same program that was used to develop the models.  

The following three tables provide the Excel based results, verified against the SAS results, for the models and coefficients as of 9/1/2013.  The first table provides the Percent of Control values, as in the table at the bottom of the “Calcs” sheet of the calculator.  The next table provides the PDR Results, and the final table provides the Interpolation/Extrapolation results.  The results can be used to validate the calculator to assure that it has installed properly and is running as it should run.
Mark Nicolich

1 September 2013

	Sample Number
	S0001
	S0002
	S0003
	S0004
	S0005
	S0006
	S0007
	S0008
	S0009
	S0010
	S0011
	S0012

	ARC 1
	0
	0.3
	0
	1
	0
	1
	0.1
	0
	0
	0.1
	0.1
	0.1

	ARC 2
	0
	1
	3
	0
	0
	2
	0.2
	11
	0
	0.6
	0.6
	0

	ARC 3
	0
	1
	1
	3
	0
	0
	0.3
	0
	0
	0.1
	0.1
	0.1

	ARC4
	0
	1
	0
	0
	2
	3
	0.4
	0
	11
	3
	3
	3

	ARC 5
	0
	0
	0
	0
	0
	2
	0.3
	2
	3
	0.2
	0.2
	0.2

	ARC 6
	0
	0
	0
	0
	1
	0
	0.2
	0
	0
	0.1
	0.1
	0.1

	ARC 7
	0
	0
	0
	1
	0
	1
	0.1
	1
	0
	0.1
	0.1
	0.1

	Dose
	100
	100
	100
	20
	20
	10
	100
	500
	100
	10
	100
	500

	
	
	
	
	
	
	
	
	
	
	
	
	

	Thymus Weight Male
	100
	95
	100
	100
	97
	95
	99
	167
	73
	99
	88
	39

	Thymus Weight Female
	100
	96
	100
	100
	97
	96
	99
	159
	77
	99
	89
	46

	Platelet Count Male
	100
	98
	100
	101
	97
	96
	99
	159
	90
	99
	92
	62

	Platelet Count Female
	100
	98
	100
	101
	97
	96
	99
	159
	90
	99
	92
	62

	Hemoglobin Concentration Male
	100
	99
	100
	100
	99
	98
	100
	143
	95
	100
	98
	91

	Hemoglobin Concentration Female
	100
	99
	100
	100
	99
	98
	100
	141
	95
	100
	98
	91

	Relative Liver Weight Male
	100
	102
	100
	101
	101
	103
	101
	51
	114
	100
	104
	119

	Relative Liver Weight Female
	100
	102
	100
	101
	101
	103
	101
	52
	114
	100
	104
	119

	Fetal Body Weight
	100
	98
	100
	100
	98
	98
	99
	129
	87
	99
	95
	73

	Live Fetuses / Litter
	100
	93
	103
	99
	92
	93
	95
	308
	70
	99
	86
	29

	Resorptions/Implants*
	0
	2
	0
	0
	2
	2
	1
	0
	32
	0
	6
	67


Table 1 Percent of Control
*For resorptions/implants, value is the difference between the prediction at dose  and zero dose, not a ratio

Table 2 PDR Results
	Sample Number
	S0001
	S0002
	S0003
	S0004
	S0005
	S0006
	S0007
	S0008
	S0009
	S0010
	S0011
	S0012

	ARC 1
	0
	0.3
	0
	1
	0
	1
	0.1
	0
	0
	0.1
	0.1
	0.1

	ARC 2
	0
	1
	3
	0
	0
	2
	0.2
	11
	0
	0.6
	0.6
	0

	ARC 3
	0
	1
	1
	3
	0
	0
	0.3
	0
	0
	0.1
	0.1
	0.1

	ARC4
	0
	1
	0
	0
	2
	3
	0.4
	0
	11
	3
	3
	3

	ARC 5
	0
	0
	0
	0
	0
	2
	0.3
	2
	3
	0.2
	0.2
	0.2

	ARC 6
	0
	0
	0
	0
	1
	0
	0.2
	0
	0
	0.1
	0.1
	0.1

	ARC 7
	0
	0
	0
	1
	0
	1
	0.1
	1
	0
	0.1
	0.1
	0.1

	Dose
	100
	100
	100
	20
	20
	10
	100
	500
	100
	10
	100
	500

	
	
	
	
	
	
	
	
	
	
	
	
	

	Thymus Weight Male
	No ER (100)
	216
	2,000
	No ER (103)
	67
	21
	819
	No ER (233)
	38
	81
	81
	81

	Thymus Weight Female
	No ER (100)
	246
	2,000
	No ER (102)
	76
	23
	936
	No ER (217)
	43
	92
	92
	92

	Platelet Count Male
	No ER (100)
	424
	2,000
	No ER (135)
	61
	24
	745
	No ER (218)
	99
	131
	131
	131

	Platelet Count Female
	No ER (100)
	426
	2,000
	No ER (134)
	61
	24
	749
	No ER (217)
	100
	132
	132
	132

	Hemoglobin Concentration Male
	No ER (100)
	1,134
	No ER (101)
	1,901
	178
	41
	2,000
	No ER (185)
	194
	560
	560
	560

	Hemoglobin Concentration Female
	No ER (100)
	1,182
	No ER (101)
	1,982
	186
	42
	2,000
	No ER (185)
	202
	584
	584
	584

	Relative Liver Weight Male
	No ER (100)
	478
	No ER (98)
	349
	151
	35
	1,073
	No ER (1)
	71
	259
	259
	259

	Relative Liver Weight Female
	No ER (100)
	486
	No ER (98)
	355
	154
	35
	1,092
	No ER (3)
	72
	264
	264
	264

	Fetal Body Weight
	No ER (99)
	456
	No ER (102)
	1,264
	131
	60
	1,063
	No ER (158)
	76
	183
	183
	183

	Live Fetuses / Litter
	No ER (100)
	150
	No ER (130)
	229
	26
	13
	217
	No ER (515)
	33
	70
	70
	70

	Resorptions/Implants
	No ER (0)
	299
	No ER (-4)
	337
	61
	31
	481
	No ER (-5)
	46
	141
	141
	141


Table 3 Interpolation/Extrapolation Results
	Sample Number
	S0001
	S0002
	S0003
	S0004
	S0005
	S0006
	S0007
	S0008
	S0009
	S0010
	S0011
	S0012

	ARC 1
	0
	0.3
	0
	1
	0
	1
	0.1
	0
	0
	0.1
	0.1
	0.1

	ARC 2
	0
	1
	3
	0
	0
	2
	0.2
	11
	0
	0.6
	0.6
	0

	ARC 3
	0
	1
	1
	3
	0
	0
	0.3
	0
	0
	0.1
	0.1
	0.1

	ARC4
	0
	1
	0
	0
	2
	3
	0.4
	0
	11
	3
	3
	3

	ARC 5
	0
	0
	0
	0
	0
	2
	0.3
	2
	3
	0.2
	0.2
	0.2

	ARC 6
	0
	0
	0
	0
	1
	0
	0.2
	0
	0
	0.1
	0.1
	0.1

	ARC 7
	0
	0
	0
	1
	0
	1
	0.1
	1
	0
	0.1
	0.1
	0.1

	Dose
	100
	100
	100
	20
	20
	10
	100
	500
	100
	10
	100
	500

	
	
	
	
	
	
	
	
	
	
	
	
	

	Thymus Weight Male
	INT-EQ
	EXT DOSE
	EXT DOSE
	EXT
	INT
	EXT
	EXT DOSE
	EXT
	INT
	INT
	INT
	INT

	Thymus Weight Female
	INT-EQ
	EXT DOSE
	EXT DOSE
	EXT
	INT
	EXT
	EXT DOSE
	EXT
	INT
	INT
	INT
	INT

	Platelet Count Male
	INT-EQ
	EXT DOSE
	EXT DOSE
	EXT
	INT
	EXT
	EXT DOSE
	EXT
	INT
	INT
	INT
	INT

	Platelet Count Female
	INT-EQ
	EXT DOSE
	EXT DOSE
	EXT
	INT
	EXT
	EXT DOSE
	EXT
	INT
	INT
	INT
	INT

	Hemoglobin Concentration Male
	INT-EQ
	EXT DOSE
	INT
	EXT
	INT
	EXT
	EXT DOSE
	EXT
	INT
	EXT DOSE
	EXT DOSE
	EXT DOSE

	Hemoglobin Concentration Female
	INT-EQ
	EXT DOSE
	INT
	EXT
	INT
	EXT
	EXT DOSE
	EXT
	INT
	EXT DOSE
	EXT DOSE
	EXT DOSE

	Relative Liver Weight Male
	INT-EQ
	EXT DOSE
	INT
	EXT
	INT
	EXT
	EXT DOSE
	EXT
	INT
	INT
	INT
	INT

	Relative Liver Weight Female
	INT-EQ
	EXT DOSE
	INT
	EXT
	INT
	EXT
	EXT DOSE
	EXT
	INT
	INT
	INT
	INT

	Fetal Body Weight
	INT-EQ
	EXT
	INT
	EXT
	EXT DOSE
	EXT
	EXT DOSE
	EXT
	EXT DOSE
	INT
	INT
	INT

	Live Fetuses / Litter
	INT-EQ
	EXT
	INT
	EXT
	INT
	EXT
	INT
	EXT
	INT
	INT
	INT
	INT

	Resorptions/Implants
	INT-EQ
	EXT
	INT
	EXT
	INT
	EXT
	INT
	EXT
	INT
	INT
	INT
	INT
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Means, coefficients and�
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�
other inputs updated 8/1/11�
Sample 1�
Sample 2�
Sample 3�
Sample 4�
Sample 5�
�
ARC 1�
0.2�
0�
0�
0�
0.1�
�
ARC 2�
4�
0.5�
0.5�
0.2�
0.3�
�
ARC 3�
4�
0.5�
1.1�
0.6�
2�
�
ARC 4�
0�
0.5�
1.1�
0.6�
2�
�
ARC 5�
0�
0.5�
1.1�
0.4�
2�
�
ARC 6�
0�
0.3�
1.1�
0.2�
0.6�
�
ARC 7�
0�
0.1�
0.5�
0.1�
0.1�
�
Dose >>   �
100�
100�
100�
100�
100�
�
Thymus Weight Male�
0�
0.9�
0.9�
0.9�
0.9�
�
Dose�
No ER (104)�
280.7075982�
179.4005344�
278.0604858�
87.47246647�
�
�
INT�
EXT DOSE�
EXT DOSE�
INT�
EXT�
�
Thymus Weight Female�
0�
0.9�
0.9�
0.9�
0.9�
�
Dose�
No ER (104)�
247.5836071�
158.2252996�
245.2489499�
77.13978101�
�
�
INT�
EXT DOSE�
EXT DOSE�
INT�
EXT�
�
Platelet Count Male�
0.9�
0.9�
0.9�
0.9�
0.9�
�
Dose�
246.516339�
344.3159231�
328.0479643�
435.4793533�
259.4145578�
�
�
EXT DOSE�
EXT DOSE�
EXT DOSE�
INT�
EXT�
�
Platelet Count Female�
0.9�
0.9�
0.9�
0.9�
0.9�
�
Dose�
250.7002012�
350.1598195�
333.6164296�
442.8705101�
263.8195576�
�
�
EXT DOSE�
EXT DOSE�
EXT DOSE�
INT�
EXT�
�
Hemoglobin Concentration Male�
0.952818535�
0.965894085�
0.9�
0.943316636�
0.9�
�
Dose�
2000�
2000�
945.6188886�
2000�
545.3626501�
�
�
EXT DOSE�
EXT DOSE�
EXT DOSE�
EXT DOSE�
EXT�
�
Hemoglobin Concentration Female�
0.952723009�
0.965825032�
0.9�
0.943201871�
0.9�
�
Dose�
2000�
2000�
943.7081312�
2000�
544.260551�
�
�
EXT DOSE�
EXT DOSE�
EXT DOSE�
EXT DOSE�
EXT�
�
Relative Liver Weight Male�
1.1�
1.1�
1.1�
1.1�
1.099496441�
�
Dose�
332.565157�
396.5737424�
170.1936605�
414.958029�
102.31�
�
�
INT�
EXT DOSE�
EXT DOSE�
INT�
EXT�
�
Relative Liver Weight Female�
1.1�
1.1�
1.1�
1.099729604�
1.1�
�
Dose�
329.0886294�
392.4281985�
168.4147369�
409.51�
101.75332�
�
�
INT�
EXT DOSE�
EXT DOSE�
INT�
EXT�
�
�
�
�
�
�
�
�
Fetal Body Weight�
0�
0.9�
0.9�
0.9�
0.9�
�
Dose�
No ER (100)�
1364.316314�
219.7683065�
1703.516159�
979.1317092�
�
�
INT-EQ�
EXT DOSE�
EXT DOSE�
EXT DOSE�
EXT�
�
Live Fetuses / Litter�
0.9�
0.9�
0.9�
0.9�
0.9�
�
Dose�
1413.429338�
298.9089126�
38.54535723�
587.0389981�
874.4728852�
�
�
EXT DOSE�
EXT DOSE�
EXT DOSE�
EXT DOSE�
EXT�
�
Resorptions/Implants*�
0�
0.094179047�
0.094856905�
0.094719063�
0.094790358�
�
Dose�
No ER (-1)�
549.4434971�
76.11939168�
949.9213879�
917.6465566�
�
*Diff bet prediction at dose & zero dose, not a ratio.�
INT-EQ�
EXT DOSE�
EXT DOSE�
EXT DOSE�
EXT�
�






Thymus Weight Male�
Sample 1�
Sample 2�
Sample 3�
Sample 4�
Sample 5�
�
PDR10�
2000�
281�
179�
278�
-�
�
Thymus Weight Female�
�
�
�
�
�
�
PDR10�
2000�
248�
158�
245�
-�
�
Platelet Count Male�
�
�
�
�
�
�
PDR10�
247�
344�
328�
435�
-�
�
Platelet Count Female�
�
�
�
�
�
�
PDR10�
251�
350�
334�
443�
-�
�
Hemoglobin Concentration Male�
�
�
�
�
�
�
PDR10�
2000�
2000�
946�
2000�
-�
�
Hemoglobin Concentration Female�
�
�
�
�
�
�
PDR10�
2000�
2000�
944�
2000�
-�
�
Relative Liver Weight Male�
�
�
�
�
�
�
PDR10�
333�
397�
170�
415�
-�
�
Relative Liver Weight Female�
�
�
�
�
�
�
PDR10�
329�
392�
168�
410�
-�
�
Fetal Body Weight�
�
�
�
�
�
�
PDR10�
2000�
1364�
220�
1704�
-�
�
Live Fetuses / Litter�
�
�
�
�
�
�
PDR10�
1413�
299�
39�
587�
-�
�
Resorptions/Implants*�
�
�
�
�
�
�
PDR10�
2000�
549�
76�
950�
-�
�
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