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Data

• Irinotecan

• BSA formula (n = 20)
– X = log(350) + log(BSA) 

• Dosing Equation (n = 20)
– Target AUC at 22.157 
micrograms h/ml

– Dotted line

3



Objectives

– Estimate a dosing 
algorithm (solid line)

– Treat study subjects 
close to their targets
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Defining the problem
• Y = log(AUC); X = log(Dose); Z = log(Biomarker)
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Least Squares Recursion (LSR)
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Least Squares Recursion (LSR)

Self-consistency ≠ Consistency

A simulated trial



Eigenvalue condition

• In dose finding, we are dealing with a stochastic design 
matrix Mn, which requires stronger conditions for 
consistency than a fixed Mn.  Lai and Wei (1982):
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Eigenvalue condition
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LSR with EVC



Practical Considerations

• Initial design

• Coherence

• rn : Calibration
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LSR with EVC



LSR with EVC

Practical Considerations

• Initial design

• Coherence

• rn : Calibration

• Use conventional rule 
to start: e.g., BSA

• Transition to model 
based as long as LSE is 
“stable”
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LSR with EVC

Practical Considerations

• Initial design

• Coherence

• rn : Calibration

• Ethical consideration 
(Cheung, 2005, Biometrika)

• If the current patient has 
AUC lower than t0 and the 
next patient has a higher 
clearance, do not de-escalate 
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LSR with EVC

Practical Considerations

• Initial design

• Coherence

• rn : Calibration

1. Iterate δ1 and δ2 on a 
relevant grid 

2. Run simulation by drawing 
10000 scenarios from the 
posterior distribution

3. Record average loss

Choose δ1 and δ2 with the 
minimum average loss
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LSR with EVC

Practical Considerations

• Initial design

• Coherence

• rn : Calibration

15Within trial dosing cost in a trial

Integrated error in estimation of theta(z) 



LSR with EVC

Practical Considerations

• Initial design

• Coherence

• rn : Calibration
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Calibration

• Truth ~ Posterior distribution in data
• LSR-EVC fixed:

– Initial design: BSA
– N = 40

• R_n of the form
– Calibrate delta 1 and delta 2

• Metrics: Patient cost + Estimation ability
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Simulation study

• Outcome generation:

– Y = g(a + bx + cz) + N(0,0.262)

– Scenarios 1-5: g(s) = s for Scenarios 1-5

– Scenarios 6-7: Nonlinear g(s)

– b = 0.68, 0.32

• Methods: n = 40

– LSR (with coherence constraint)

– LSR-EVC

– BSA

– Equation formula
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Simulation
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Simulation Scenarios
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Simulation Results
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Simulation Results
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Simulation Results (Non-linear Model)
Scenarios 6: E-max
Scenarios 7: Power



Discussion 1

• EVC is easy to calculate: Free of model parameters 

• EV condition for consistency holds for

– GLM (for different endpoints; Chen et al., 1999) 

– Bayes estimation (for different estimation methods)

• EVC can be applied to other dose finding problems:

– Drug combinations Y ~ X1 + X2

– Non-monotone dose response Y~ f(X) as long as f is 
specified
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Discussion 2

• Design parameter: Convergence rate rn is key

• Model robustness

– Simulation

– Extension from PK model
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