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MAT207:  Model Checking and Refinement

Case Study 11.1.2 – The Blood-Brain Barrier—A Controlled Experiment

Description:

The human brain is protected from bacteria and toxins, which course through the bloodstream, by a single layer of cells called the blood-brain barrier.  This barrier normally allows only a few substances, including some medications, to reach the brain.  Because chemicals used to treat brain cancer have such large molecular size, they cannot pass through the barrier to attack tumor cells.  At the Oregon Health Sciences University, Dr. E.A. Neuwalt developed a method of disrupting this barrier by infusing a solution of concentrated sugars.  As a test of the disruption mechanism, researchers conducted a study on rats, which possess a similar barrier.  (Data from P. Barnett et al., “Different Permeability and Quantitative MR Imaging of a Human Lung Carcinoma Brain Xenograft in the Nude Rat,” American Journal of Pathology 146(2) (1995): 436-49.)  

The rats were inoculated with human lung cancer cells to induce brain tumors.  After 9 to 11 days they were infused with either the barrier disruption (BD) solution or, as a control, a normal saline (NS) solution.  15 minutes later, the rats received a standard dose of a therapeutic antibody.  After a set time (0.5, 3, 24, or 72 hours) they were sacrificed, and the amounts of antibody in the brain tumor and in normal tissue were measured.  A key measure of effectiveness of transmission across the blood-brain barrier is the ratio of the antibody concentration in the brain tumor to the antibody concentration in normal tissue outside of the brain (e.g. in the liver).  One potentially major flaw in this design is that rats were not randomly assigned to treatment groups.  As partial compensation, explanatory variables include not only design variables (treatment and sacrifice time), but also potentially confounding covariates—measured but uncontrolled characteristics of the rats (days after inoculation, tumor weight, weight loss, initial weight, and sex).  

Was the antibody concentration in the tumor increased by the use of the blood-brain barrier disruption infusion?  If so, by how much?  Do the answers to these questions depend on the length of time after the infusion?  What is the effect of treatment on antibody concentration after weight loss, total tumor weight, and other covariates are accounted for?

Graphical Description of Data:
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Residual Plots:

Model One
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· Modeled Time to Sacrifice as 3 indicators.  Even though log transformation seemed reasonable, using 3 indicators allows for different curvatures.

· Modeled Time to Sacrifice by Treatment interaction using 3 indicators.  Even though coded scatterplot showed probably no interaction, in a rich model we should consider potentially interesting terms, like the interaction between the two design variables.

· May need to transform Ratio—increasing variability as predicted values increase. 

Model Two
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· Still some increasing standard deviation in residual plot…is it due to Rats #31 and #34?  Or might a reciprocal transformation help?

· Looks like model can be simplified.
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Case-Influence Statistics:

Model Two.  Analyze…Regression…Linear.  Under Save, choose Cook’s and Leverage Values under Distances, and choose Studentized under Residuals.
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· Ad-hoc cutoffs for case-influence statistics:  2p/n for leverages, +/- 2 for Studentized Residuals, and 1 for Cook’s Distance.

· Running model over after deleting Obs #31 and #34 did not substantially change any coefficients.

Refining the Model:
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Model Three
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· Left Time to Sacrifice as 3 indicators, because still some evidence that relationship with logratio is nonlinear, plus R-square takes a hit when logtime used instead.

· Removed Time-by-Treatment interaction—clearly not significant.

· All covariates left in model—want to control for as many factors as possible given non-randomized nature of design.
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