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Introduction.

It has been said that one should never perform regression analysis without an explicit
choice of weighting factors. So-called "unweighted" regressions are really "uniformly" weighted
regressions, although authors often do not state the reasons for the choice of uniform weighting
factors. The purpose of this workshop is to discuss how bioassay data should be weighted for use
in regressions for internal dose assessments.

The choice of weights depends on the desired goal, the choice of method to achieve the
goal, the selection of adjustable parameters, and the optimum use of the information that is
available. Choices of goal include the maximum likelihood estimator (MLE) of dose, the MLE of
intake, the best overall determination of a biokinetic model, or some other endpoint. Two
fundamental methods of achieving a given goal are intake assessment and direct dose assessment
from first principles. Parameters to be adjusted should be selected from a list including value of
intake, time course of intake, mixture of chemical forms, and rate constants. Finally, optitaal u,;e
of available information includes consideration of measurement process variance, biological
variability, unintended number weighting, and other objective or subjective weighting.

Goal.

The goal of a regression may be the best estimate of intake, dose, model parameters, or
something else. Computation of weighted averages of intake from ratios (e.g., bioassay
measurements X i observed at times ti divided by intake retention functions IRF[ti] for the
appropriate bioassay compartment) differs from regression of a retention function or an excretion
function in terms of the weighting. Regression to predict intake differs from regression to predict
dose; the best estimate of intake may not be the same intake that gives the best estimate of dose!

Because regressions differ when goals differ, weighting for MLE of dose may differ from
weighting for other choices of estimators, such as MLE of intake or best model for predicting
later bioassay data. Because data at later times represent radioactive material that has been in the
body a long time, and has thus emitted more energy than activity eliminated earlier, the dose per
unit activity is an increasing function of the time the activity has been in the body. The relative
contribution of a data point to the estimate of dose (as opposed to intake or excretion function)
may need to be considered. The MLE of dose (related to, but generally not directly proportional
to, the product [activity excreted per unit time at time t] x [t]) may require a weighting different
fi'om the weighting needed for the MLE of the intake (i.e., the t=0 intercept of an intake retention
function). Thus, the amount of dose represented by a data point long after intake may be
relatively greater than the amount of dose represented by data points occurring soon after intake.



This kind of weighting is currently done by experienced analysts by simply ignoring or throwing
out early data (i.e., these data are given a weight of zero).

Choice of Method.

The selection the method for dose assessment affects consideration of information available
to the internal dose assessor. Two methods can be identified:

1. Assess Intake. The first method is to use bioassay data to assess the intake by a given
route, and multiply the intake by 5 rems and divide it by the stochastic ALI for that route
and chemical form. Essentially equivalent approaches are to use the "committed dose
equivalent per unit intake" factors from Federal Guidance Report 11 (EPA 1988) or the
ICRP 30 "weighted committed dose equivalent to target organs or tissues per intake of unit
activity" (ICRP 1979-88). The intake assessment approach is essentially computing a
weighted average intake from ratios of bioassay data to values of a fixed-parameter
biokinetic model such as done in CINDY (Strenge et al. 1992) and in NUREG-4884
(Lessard et al. 1987).

2. Assess Dose from First Principles. A second approach is to start from basic principles,
employing bioassay data to infer the number of transitions occurring in organs or tissues of
interest, employ absorbed fractions for energy emitted, use quality factors and summing
committed dose equivalent values over the body. Bioassay data can be used to assess
parameters of a variety of intake retention functions, including excretion functions, that
may be used to infer the number of radioactive transitions that have or will occur.

Both methods share the foundation of a biokinetic model with at least one adjustable parameter.

Selection of Adjustable Parameters.

Another isstie to consider in weighting regressions is the selection of what parameters are
to be adjusted.

1. Intake. An estimate of intake usually is part of a regression analysis, but intake may be
known when radionuclides are administered medically or under experimental conditions.

2. Time Course of Intake. The regression may include time of intake or time course of intake
(for multiple or chronic intakes) for optimization when unknown. For single -xponential
intake retention functions, time of intake cannot be determined from bioassay data, but for
other functional forms, it may be determinable if data are adequate.

3. Mixture of Chemical Forms. The regression may choose an optimum linear combination
of inhalation classes or of chemical forms.

4. Rate Constants. Other parameters, such as rate constants for individuals, may be
optimized by the regression.



Optimal Use of the Information Available.

Once a method has been selected, least four categories of information should be
considered. Two relate to the measurement value itself; two relate to maximizing the use of other
information that may be available. The discussion below applies to a general nonlinear regression
of a function with more than one adjustable parameter.

There are two components of variance for a measurement result itself:

1. Measurement-process variance (e.g., net Poisson uncertainty, net fluorimeter uncertainty,
etc.) depends on the amount of analyte present. In general, the relative standard deviation
(coefficient of variation) gets larger as the net activity or amount gets smaller. Inverse
variance weighting (i.e., compute the weighted sum of squares of deviations from the
regression by multiplying each by 1/s_) is appropriate for this component of variance.

2. Biological variability is likely to be a fixed +x(times-or-divided-by) value independent of
the amount of analyte, that is, be expressed as a constant geometric standard deviation•
Uniform weighting on a log scale is appropriate for this component of variance.

There are at least two considerations for regression weighting that are unrelated to the
variance considerations named above.

1. Unintended "number weighting" (weighting caused by the number of samples) may occur
due to a nonuniform number of data points per unit time. Bioassay data often tend to be
nonuniformly distributed over time, with many points immediately following an acute
intake and fewer later on. An arbitrary weighting adjustment may be needed to avoid
having the regression dominated by the sheer numbers of sample measurements at one time
or another.

2. Other objective or subjective weig_ may be needed, such as the degree of confidence
in a measurement's representativeness or calibration. For example, a result from a
contractor-operated mobile whole-body counter may not be considered as reliable as a
result measured under more controlled conditions with more sensitive detectors. Other
examples include suspected skin contamination in the case of a chest count, difficulties in
the analytical laboratory technique, suspicion of unintended or deliberate contamination of
smaaples, suspicion of interference from other radionuclides, interference from prior
intakes, interference from intakes of different solubility class, differing types of analysis
for similar samples (e.g., fluorimetry vs. mass spectrometry), etc.

Minimizing sums of squares of ratios of data to regression is essentially minimizing sums
of squares of fractional deviations (i.e., constant GSD). This is the method advocated in
NUREG/CR-4884 and used in CINDY discussed above under Intake Assessment.



Summary.

For use of bioassay data in internal dose assessment, research should be done to clarify the
goal desired, the choice of method to achieve the goal, the selection of adjustable parameters, and
on the ensemble of information that is available. Understanding of these issues should determine
choices of weighting factors for bioassay data used in regression models. The research should
include an assessment of the relative importance of the various factors.

Acknowledgement: Pacific Northwest Laboratory is operated for the U.S. Department of Energy
by Battelle Memorial Institute under Contract DE-AC06-76RLO 1830.
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