Calculation Protocols

This document gives protocols for running the model calculations for both 

· the likelihood models (using the animal cancer bioassay data to derive maximum likelihood fits and confidence limits for the relative changes in risks per daily dose for the fetal, birth-weaning, and weaning-60 day periods) and 

· the Monte Carlo simulations of uncertainties in early life-stage related risks contained in our “Generic Lifetime RR model.xls”

Likelihood model optimizations to calculate maximum likelihood estimates and confidence limits.

Excel workbooks for these calculations are contained in four directories: Mice,RadiationandCancer Folder has the radiation-related data, Contlikelihood models and results” analyzing the chemical continuous dosing data, “Singdoselikelihood models and results, analyzing the chemical discrete dosing data, and the CombContSingdosemodels and results.  Within each of these there are several excel workbooks with “mod” in the title.  

The maximum likelihood calculations for each of these are done in a worksheet titled 

“Central Est Model,””likemod”, or some similar words.   For illustration, in the “Singdoselikelihood models and results” directory, open the “Rsingdoselikelihoodmodel.xls” workbook, and go to the “Singdoselikemod” worksheet.  

This worksheet is divided into three basic areas:

· The upper left of the spreadsheet (Rows 1-5, Columns A-D) summarizes results in a format convenient for transfer elsewhere)

· Rows 1-47, Columns S-AD contains the parameters that are adjusted to obtain the optimal fit of relative risks for each life stage to the observed bioassay data, and the results of confidence limit calculations done on other worksheets.  Within this, columns S and T contain group-specific parameters that only affect calculations for each data set, whereas cells AA3 through AC3 are the three parameters describing the optimal log(relative risk/daily dose) results for the data base as a whole.  Cell AD3 is the sum of the deviance calculated for all the observational data.  The raw observational data themselves and the deviance calculations for each animal bioassay group are contained on lines 52 through 369 of the worksheet.   

To redo the maximum likelihood calculations after any addition or change to the data first make sure that the data range listed in the “Sum of Deviance” cell (AD3) contains the calculations for the full data set.  Then go to the “Tools”menu and select the “Solver” option.  Then click on the “Solve”button.  

At this point the optimization may take several hours depending on the computer and the amount of data included.  During that time you are likely to encounter two natural stopping points where you can choose to either take a pause in the calculations to do other work, or continue.  The first interruption will be at a pre-selected time limit; the second at a pre-selected number of iterations (100 is the usual default).  If you want to pause the calculation beyond this second stopping point you can do this by holding down the command key and the period simultaneously.  After the calculation converges to optima the first time, it is best to check whether you have reached a global optimum with one or both of the following additional procedures.  First, you should always restart the solver again.  It will often require several restarts before the computer comes back immediately with the message that it has converged to a solution on the first trial.  Second, you may wish to check to make sure you have reached a global minimum deviance by (1) copying the results of the simulation (cells X3-AD3) and storing them in a convenient place (usually X14-AD14 or lines below) using the “paste values” command, and (2) restarting the optimization from a different set of starting points in cells X3 through Z3.  If this eventually results in a smaller total deviance (cell AD3), then the new results should be retained; otherwise the original results are preferred.

If an error value is encountered in the course of the simulation, you will usually find that one of the cells containing a parameter being optimized has strayed beyond acceptable limits—e.g. by attaining numbers that exceed the numerical bounds that Excel can handle.  The parameters being optimized are in log form in cells X3-Z3, S3-S47, and T3-T47 (or analogous locations in other workbooks).   The source of the error/overflow can be located by finding where there is “#NUM!” error message in the Z column, rows 52-369, and tracing back to the responsible optimization cells.  When the offending cell is found,  replace the offending value with another number that causes the “#NUM!” error message to disappear, and restart the optimization.

Once maximum likelihood estimates have been achieved, you need to prepare the other worksheets in the workbook for the upper and lower confidence limit calculations.  To do this, you need to do three sets of transfers from the central estimate spreadsheet.  First, transfer the data by copying and pasting lines 52-369 from the “Singdosemod” worsheet to all of the otherworksheets with “UCL” or “LCL” in their titles.  Then, similarly copy and paste the group-specific parameters (S3-S47 and T3-T47) from the central estimate spreadsheet to the confidence limit sheets, followed by the X3-Z3 optimized parameters.  BUT, before running the optimizations for the confidence limits on each confidence limit worksheet you MUST be further adjusted away from the fitted optimal value (usually in the direction of the limit; thus if you are assessing an upper confidence limit, adjust the corresponding parameter value upward from its calculated maximum likelihood estimate).  If you don’t do this you will usually encounter an error value.  

Each confidence limit is then calculated by activating the corresponding spreadsheet and starting the solver, just as was done for the maximum likelihood estimates.  (You will notice, however, that the instructions coded in the solver are different for each spreadhsheet;  they contain a constraint to maximize or minimize a particular parameter within a constraint specified not to have the deviance depart from the optimal deviance by more than a specified amount; this amount can be varied to calculate confidence limits other than the 5%-95% limits coded in most of the workbooks).  As before, restart the solver as many times as is necessary to get the optimization to converge on the first trial.  Overall results will be automatically transferred to the summary section of the central estimate spreadsheet.

Monte Carlo simulations of uncertainties in early life-stage related risks contained in our “Generic Lifetime RR model.xls”

Before beginning to work with this worksheet it is important to set the Excel calculation preferences to “manual”  Otherwise you will be delayed as the program will start recalculating all cells after each minor change.  To do this, under the “Excel” menu, select “preferences”, and within the preferences menu click the “Calculation” button.  On the sheet that comes up, choose the “Manual” option in the Calculation box.  The other settings used in my calculations are 100 for “Maximum iterations” and “0.001” for “Maximum change”.

This spreadsheet does a Monte Carlo uncertainty analysis of the ratio of expected risks for a mutagenic carcinogen for lifetime continuous exposure at a constant daily dose/body weight3/4 relative to the risks that would be estimated only from exposure during adulthood for an agent tested only during adulthood (60+ days in rodents).   The combined effects of three kinds of uncertainties are represented:

· Uncertainties in the central estimates of the gender- and life-stage specific ratios of cancer risks to risks for adult-only exposure per body weight^3/4

· Uncertainty from the distribution of chemical-to-chemical differences in the life-stage-specific ratios (I.e., how likely is it that a specific chemical would differ from the central estimate for each period-specific relative risk by how much?)

· Uncertainty in the mapping of rodent ages/time periods onto corresponding ages/periods in humans.

Basic parameters describing these three sources of uncertainty (and central estimates of the model parameters) are recorded in columns A-K, lines 13-72.  Changes to this area of the spreadsheet will change the distributional parameters used in the simulation.   The simulation itself is done in columns O-CN, lines 14-5013.  Each line in this region of the spreadsheet represents an independent “trial”—that is an independent selection of random values for each of the uncertain parameters.  To do a new simulation (selecting random values for each parameter for each trial, hold down the command key and the “=” key simultaneously (this takes about a minute on my G4 Macintosh computer).

After the calculations for a simulation are complete they need to be sorted from low-to-high values.  To do this copy all the cells from the results columns BS-CN, lines 14-5013 and past the values only into columns CQ-DO at the top.  Then sort each column independently from low to high.  Finally, hold down the command key and the “=” key simultaneously again to transfer the results to the percentile distribution area (columns DP-EL, rows 2-25).  These are the results of a single simulation of 5000 trials.  To average three 5000-trial simulation together, as was done for the draft paper, transfer the values in this area to lines 31-54 or 61-84 below and repeat.

