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1. Overall Inventory of Files

This report documents the database of measurements of pharmacokinetic parameters in children and adults that has been assembled in the first phase of our EPA/State of Connecticut cooperative agreement.  The accompanying files (in Microsoft Excel and Word 97-98) are briefly described here, and then discussed in more detail in the sections below:

· The Central Database (in Excel) gives the basic group mean summary data that were used in the regression analyses.  
· Files of Analyzed Data for Individual Papers are Excel files that include the detailed documentation of the data as presented by the original source papers, and the calculations made to go from these data to the entries in the “Central Database”.
· Detailed References to Data Sources (in Word) give detailed bibliographic references to the source papers.
· Files Documenting the Regression Analyses (in Excel) documents the summary descriptions of the data base, the procedures used to fill in missing information (data imputation) for some of the weighted regression analyses, and the raw results of the several regression analyses that were done. 
2. The Central Database

The “Central Database” summarizes the mean values of pharmacokinetic parameters measured in various groups of children of various ages and adults. The source references were located from a combination of searches on Medline and Toxline, and reviews of citations to relevant data in secondary sources.  Qualifying datasets were included if they were based on measurements in at least four subjects, with a distinct preference for datasets that also provided information on the numbers of subjects studied and some measure of dispersion such as a standard deviation or a standard error (or, even more preferred, the raw individual values for which distributional statistics could be calculated).  

Generally, each of the 262 lines of the “Central Database” represents the arithmetic average values found in a particular study for a particular age group—although in several cases (particularly for adult data) values from two or more studies have been combined.  The fields (columns) of the file are described in more detail below:

A. Chemical—The name of the drug most commonly used in the studies contributing data.

B. Metabolic Type—The predominant mode of elimination of the drug from the body inferred from general sources [prominently including Therapeutic Drugs, Dollery, C. ed, (Vol. 1-2) Churchill Livingstone, London, 1999] and in several cases from the paper contributing data.

C. Parameter—Indicating the type of measurements made, including clearance “C”; elimination half life “T1/2” (generally for the second or terminal phase if more than one compartment was indicated in classical pharmacokinetic analysis); Volume of distribution “Vd” (generally at steady state, if given); the maximum concentration achieved in the blood after dosing “Cmax”, or the integrated Area Under the Concentration X time curve “AUC” after dosing. 

D. Units—These are the units used to express the data.  In many cases it was necessary to convert the original data given in the source papers to common sets of units to assure comparability across different studies—generally clearances were expressed in mg chemical/(min-kg body weight); elimination half-lives were expressed in hours, and volumes of distribution were expressed in liters per kilogram of body weight, etc.

E. Mean—The arithmetic average of the values of the parameter that were given.

F. Log(Mean)—The Log10 of the arithmetic mean.

G. Standard Error—Essentially this functions like a standard deviation, but applied to the mean of some number (N) of values.  It is calculated as the standard deviation divided by the square root of N.  Sometimes these values were given directly by the source paper—in other cases they were calculated from data in the source paper.

H. “In Var Weight (Mean/SE)^2—This “inverse variance weight” is the statistical weight used in some of the regression analyses.  It is calculated as the square of [the mean of the parameter (column F) divided by the standard error (column G)] squared.  Dividing the mean value of the parameter by the standard error in this procedure creates a unitless quantity that, when squared, represents the reciprocal of the variance of the mean.  In several cases, where the standard error in column G is listed as “not given” the corresponding entry in column H is “Value!”.  In these cases, the entries for this column were imputed from other information specific to the observed uncertainty in the same parameter measured in other studies.  The methodology for this imputation and detailed calculations are provided in Section 5 below—“Files Documenting the Regression Analysis”.

I. “Sqrt N Weight”—This is an alternative weight used in some other regression analyses.  One possible concern with the inverse variant weight in column H is that it depends heavily on the authors’ reports of standard deviations of their measurements.  Because these standard deviations are based on relatively modest numbers of data points they are themselves subject to appreciable statistical uncertainty.  Therefore this column is a weight that depends only on the number of subjects in the group giving rise to the data—N0.5.  

J. N—This is the number of subjects studied to give rise to the reported average.  In some cases this information was not supplied in the source paper, and a value of 9 (shown in italics) was imputed from the median study size of papers that did provide their N’s. Of 262 total data sets, there were imputed values for group size (9 = median) in 23 cases. (See more detailed documentation in Section 5).

K. Child Age Range shows the range of ages of the children studied or “adults” if the group consisted of people over 18 years of age.

L. Mean Child Age (yrs) is the mean age of the children subjects were this was reported or could be calculated.

M. Reference gives short references to the source paper, allowing identification of the full references in “Child Adult PK Source Refs”.

N. (Blank)
O. (Blank)
P. (Blank)
Q. (Blank)
R. Workbook—Shows the Excel workbook containing the detailed documentation (for cases with stars, the mean and standard deviation/standard error data were entered into the Central Database without separate calculations).  There are three workbooks—one for child data; one for adult data, and one for papers that combined child and adult data.

S. Worksheet—This gives the specific worksheet for the detailed calculations within the workbook cited in column R.

3.  Files of Analyzed Data from Individual Papers

Three Excel workbooks are included here—comprising analyses of papers that (1) provided only adult data for comparison (2) provided only data for groups of children, or (3) provided data for both adults and children.  Within each workbook, analyses of specific papers are filed in individual worksheets titled with the name of the chemical/drug studied.  In addition, some worksheets—usually labeled “comb” for combination—document our aggregation of data across different experimental groups.  In most cases the methodology used is self-explanatory—simple unit conversions (to obtain data in comparable units), and calculations of means, standard deviations, standard errors, and geometric standard deviations (the latter as measures of interindividual variability, usually represented on the spreadsheet in bold face, and calculated as the standard deviation of the logarithms of individual parameter values).  Where combinations were made across studies, in cases where the individual data points were not available, combined group standard errors were calculated from a weighted average of the variances indicated for the measurements in each experimental group (for an example, see the “Alfentanil” worksheet in the “Child” workbook, cell F14).

4. Detailed References to Data Sources

This is our detailed bibliography of source references.  

5. Files Documenting the Regression Analysis

5.1
“4/27 Data Anal” Workbook

The main documentation for our regression analyses is contained in this file.  The first worksheet in this workbook, labeled “Full database” consists of the basic data contained in the “central database” file discussed earlier, plus a few items added in preparation for the regression analysis:

Columns B through AJ are a series of “dummy” (0 or 1) variables for each drug/chemical in the analysis—given a value of “1” if the chemical corresponds to the label in row A and “0” if it doesn’t.  This allows us in regression analysis to control for differences among chemicals in the typical values of studied parameters (e.g., clearance, half life) and draw overall inferences about the multiplicative differences associated with specific age categories.

Columns AL through AQ are similar “dummy” variables designating different predominant modes of elimination.  In the actual regression these variables were mainly used for quick sorting of the database, rather than to control for elimination types as was done for the chemical specific dummies.

Columns BB through BH provide another set of “dummy” variables related to the age group of the children (or adults) included in each data group.  The classifications are based on either the mean age or the center of the age range given in the previous columns.

Column BL provides calculations of coefficients of variation (that is, the standard deviation divided by the mean) in cases where standard errors or individual data have been provided by the source reference.  The results in this column are used in later calculations of imputed values for the inverse variance weights for data groups where the source reference did not provide individual data or measures of dispersion such as standard errors or standard deviations.

The second worksheet, “Data summaries” characterizes the database by chemicals, parameters, numbers of subjects, etc., and provides the foundation for the data imputation calculations:

Columns A through B characterize the data by age groups:

	
	No Data Groups

	Premature Neonates (≤ 1 wk)
	11

	Full Term Neonates (≤ 1 wk)
	23

	Newborns 1 wk- 2 months
	51

	Early infants 2-6 months
	23

	Crawlers & Toddlers (6 months -2 yrs)
	23

	Pre-Adolescents (2-12 years)
	55

	Adolescents (12-18 years)
	7

	Adults
	69

	total
	262


Columns D through E is a listing of the chemicals/drugs covered:

	
	Chemical

	1
	Alfentanil

	2
	Amobarbital

	3
	Ampicillin

	4
	Antipyrene

	5
	Bromsulphalein

	6
	Busulfan

	7
	Bupivacaine

	8
	Caffeine

	9
	Cimetidine

	10
	Clavulanic Acid

	11
	Fentanyl

	12
	Furosemide

	13
	Gentamicin

	14
	Ketamine

	15
	Lignocaine

	16
	Lorazepam

	17
	Mepivicaine

	18
	Metoclopramide

	19
	Midazolam

	20
	Morphine

	21
	Nifedipine

	22
	Oxazepam

	23
	Paracetamol (acetaminophen)

	24
	Piperacillin

	25
	Quinidine

	26
	Remifentanil

	27
	Teniposide

	28
	Theophylline

	29
	Ticarcillin

	30
	Tobramycin

	31
	Tolbutamide

	32
	Triazolam

	33
	Valproic Acid

	34
	Vancomycin

	35
	Zidovudine


Similarly Columns G through K characterize the database by modes of predominant elimination:

	
	Data Groups

	Renal
	56

	P450 any
	134

	CYP3A
	52

	CYP1A2
	52

	P450 other than 3A or 1A2
	30

	Glucuronidation and Sulfation
	53

	Unclassified
	19


and also by chemicals and numbers of subjects:

	
	Data Groups
	Chemicals
	Total Subjects

	AUC
	14
	5
	108

	Clearance
	77
	22
	1944

	Cmax
	4
	2
	30

	T1/2
	103
	32
	1429

	Vd
	64
	19
	803

	Full database
	262
	35
	4314


There were 957 subjects in one clearance data set (Gentamycin).

Columns Z through AF show the determination of median reported group sizes for data sets giving information on different parameters, and for the combination of all parameters.  The results were:

	
	Median Group Size

	AUC
	7.5

	Clearance
	11

	Cmax
	7.5

	T1/2
	9

	Vd
	10

	All
	9


Based on these observations, the judgment was made that there was no clear evidence of a tendency for median group sizes to be appreciably larger for some parameters than for others.  Therefore the overall median value of 9 was used for assigning statistical weights for all data groups where the source paper did not provide this information.

Finally, Columns AH through AN show the determination of median coefficients of variation (the coefficient of variation is the arithmetic standard deviation divided by the arithmetic mean) for data groups for each parameter:

	
	Median coefficients of variation

	AUC
	0.3457

	Clearance
	0.3884

	Cmax
	0.2692

	T1/2
	0.3011

	Vd
	0.3333

	All
	0.3316


We judged that these differences might not be entirely negligible, and there was good reason to suspect a priori that different parameters could be subject to systematically different amounts of experimental measurement error per individual studied.  Therefore in our imputations for the inverse variance weights we elected to use the parameter-specific median coefficients of variation for cases where the source paper did not provide dispersion information (i.e. standard deviations or standard errors).  The imputation calculations themselves are documented in the BJ columns of the worksheets giving the final databases used for regression analyses for each individual parameter (see, especially, the later worksheets in this workbook labeled “Clearance database”, “T1/2.txt”, and “Vd database”.

 The third worksheet in this workbook documents our full regression results.  For each parameter we used a conventional multiple regression model of the form:

Log(Mean) = B1*(1 or 0 for chemical 1) + B2*(1 or 0 for chemical 2) + … 
+ Ba*(1 or 0 for age group 1) + Bb*(1 or 0 for age group 2) + …

In this model, the chemical-specific “B’s” correct for differences among chemicals in average clearance (or other parameter) relative to a specific reference chemical (e.g., theophylline).  Similarly, the age-group-specific “B’s” assess the average log differences between each age group and the reference group (adults).  

In the table provided for each regression run, the central estimates of the “B” coefficients are provided under the column labeled “estimate”, with conventional standard errors, t statistics, and P values provided in subsequent columns.  The key bottom line information for each table is contained in the column labeled “Antilog”.  This is the best estimate of the ratio of the values of each parameter found for the data in each age group, relative to the corresponding values for adults.  It is calculated simply as 10B where B is the regression estimate for the age group involved.

Three types of regression runs were done for each parameter for the full database.  (1) The results of simple unweighted regressions are provided in columns A through F; (2) Square Root of N weights were used for the results in columns H through M; and finally (3) full Inverse variance weights as defined earlier were the basis for the regressions reported in columns O through T.  It can be seen from the R values and the P values for the age group coefficients that the regressions using the most sophisticated inverse variance weights performed appreciably better, although the central tendencies of the results all the weighting schemes are similar.

Results of regression runs for different parameters and data subsets are provided in different sets of rows of the worksheet.  Clearance results for the whole data set are provided in Rows 10-226.  T1/2 results for the whole data set are given in Rows 236-525.  Vd results for the whole data set are given in Rows 530-730.

Finally, the remaining rows of the spreadsheet show the results of regression runs for the Clearance and T1/2 parameter for various subsets of the data by predominant elimination types (renal clearance, “Any P450”, and conjugation).  For these runs, only the best-performing inverse square weightings were used.  

5.2 Detailed Databases Used for Regression Analyses

The databases as directly input into the JMP regression analyses in tab-delimited text format are provided in the folder labeled “Databases for Reganal 4/26”.

6. Findings and Implications

The findings of the regression analyses and implications of the work to date are discussed in the edited transcript of the paper presented at a workshop organized by the California Environmental Protection Agency in May, 2000.  In the folder labeled “Calif Presentation,” the edited text for this talk is provided in a Rich Text Format file labeled “Hatcln3.rtf”.  The corresponding numbered overheads are provided in a similar RTF file labeled “Hatnumoh.rtf”.

