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Methods

Optimization-based Control Analysis
Five drugs were included in the optimization-based control analyses (Tables 1 and S4). The pharmacokinetic parameters for sunitinib and bevacizumab were directly available from patient studies,1


 ADDIN EN.CITE , 2
 whereas for BKM120 and AZD6244 the parameters were based on visual inspection estimated from published patient data (see Figure S1).3


 ADDIN EN.CITE ,4
 For BKM120 a linear 2-comparment model with 1st-order absorption was fit to mean plasma concentrations measured on Day 8 following daily doses of 100 mg. For AZD6244 a linear 2-compartment model with 1st-order absorption was fit to mean plasma concentrations measured on Day 1 following a dose of 100 mg. For both BKM120 and AZD6233 the measured concentrations were digitized (Un-Scan-It, version 6, Silk Scientific, Orem, UT) from concentration-time plots. Since a viable clinical PLCγ competitive inhibitor was unavailable, an idealized one was used that possessed an elimination half-life of 12 hours and a Ki of 1 µM; characteristics that have been observed for previous PLCγ inhibitors.

5

 The plasma concentration-time profiles for each drug are shown in Supplemental Figure S1 for a standard single dose administration.

The determination of chemotherapeutic dosing regimens was cast as an optimization problem. In general there were ten decision variables per day (in cases when sunitinib was required daily, there were nine). Every day, each drug could be administered or not, and if the drug was administered, the dose was chosen from between upper and lower bounds (see Table1 ). Moreover, bevacizumab could be given no more than twice in a single 28 day regimen, with at least 14 days between the doses. For AZD6244, the selected dose was given at the beginning of the day as well as 12 hours later. For bevacizumab, the selected dose was infused for the first 30 min of the day. For all other drugs, the entire dose was given at the beginning of the day. The objective function (see below) was minimized each day of the regimen independently—an approach we termed “day-wise optimization”. This day-wise approach was taken not only for computational cost considerations (to avoid an intractable combinatorial explosion of decision variable space), but also because drug administration is largely based on a practical consideration of cycling drug doses within 24 hr dosing intervals (except those that are more toxic, such as bevacizumab). 

The objective function to be minimized was
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where C is an efficacy term related to inhibition of ERK and Akt signaling, L is a penalty term related to drug dose, and Lmax is the maximum L can be (5 in our case). Thus, we balance efficacy versus drug dose.


The drug dose penalty term L is defined as



[image: image2.wmf]å

=

=

d

n

i

i

i

UB

D

L

1





(2)

where nd is the number of drugs considered (5 in our case), Di is the drug i dose, and UBi is the upper bound for the drug i dose. Thus, as drug doses are increased, the penalty term increases linearly. This penalty term specifies equal weighting between drugs, but such weighting could easily be changed based on, for example, known toxicities. 


The efficacy term C is defined as
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where the subscript end denotes concentration at the end of a treatment day and the subscript ss denotes steady-state concentration prior to drug treatment. We term this as a “sufficient inhibition” formulation with a target of 80% inhibition. It specifies that so long as active Akt and active ERK levels are less than 20% of the normal steady-state (without drugs), no penalty is incurred. Otherwise, the penalty increases linearly with active levels. If one does not include such an increase, then if the inhibition target cannot be met in a single day, the controller “gives up” and chooses not to dose any drug. By including the increase, the controller does the best that it can to reach the inhibition criteria even if it is not possible, which is a more reasonable scenario. Note that P1 and P2 are in their native units rather than scaled as we did for drug doses. This is because we reasoned high deviations from the inhibition target should have more weight than a respective increase of drug dose. Leaving P1 and P2 in their native units accomplishes this desired weighting between efficacy and drug dose.
