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Agenda 

1. Motivation 

2. Definition of D-optimal design 

3. Results for 1 and 2 groups (regimen like monthly, 

weekly,...) 

4. Application to an example 
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Example of dose-response relationship (Ngan et al. 

2010) 

• Classical set-up and question 
for Phase II clinical trial: 
– Set-up: N patients assigned to doses 

(with maximal dose dmax) or placebo 

– Objective: estimate the dose-response 
relationship in order to find a 
therapeutic dose for Phase III 

– Question: determine the appropriate 
number and actual levels of the doses 
to be administered to patients, as well 
as their relative sample size allocations 
(for e.g to minimize the error in 
estimating the dose-response curve) 

• Large amount of literature 
discussing the problem of 
constructing optimal designs 
for regressions models 

 

Motivation 
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• Generalize framework: 
– N patients, assigned to doses or 

placebo 

– but assume patients differ not 
only in terms of “dose” but also 
in terms of another aspect (e.g. 
treatment frequency) 

• Approach:  
– assume that the same dose-

response models holds overall 
(e.g. formulated in terms of total 
per time unit), 

– but some parameters are shared 
while others are not shared 
between the different groups 

Motivation (2) 

Business Use Only 5 

Add real example 



Business or Operating Unit/Franchise or Department 

Notation 
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Notation (2) 
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D-optimal design 

• Concept: derive local optimal designs that minimize the 

volume of the confidence ellipsoid for the model 

parameters under a particular dose–response model 

(Atkinson et al., 2007; Fedorov and Leonov, 2013) 

• Closed form expressions can often be derived by 

standard arguments using the equivalence theorem for 

D-optimality, such as for the linear and the Emax model 

(Dette et al 2010). 

• Otherwise, D-optimal designs have to be determined 

numerically. 
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D-optimal design 

Optimization problem 
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Min 



Business or Operating Unit/Franchise or Department 

D-optimal design 

result for one group (M=1) 
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D-optimal design 

2 groups (M=2), different slope, same variance 
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D-optimal design 

2 groups (M=2), different slope, different variance 
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D-optimal design 

2 groups (M=2), different slope, different variance 

Grey region 
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2. 

3. 
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D-optimal design 

M groups, different slope and maximum response 
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D-optimal design for  

one group 
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Example 

• Phase II study 

• Principle of action: increase the level of a biomarker 

that induces a beneficial clinical effect in patients 

• Dosing group: weekly or monthly administration 

– Dose range [0,400] (weekly ) and [0,1000] (monthly) 

• Objective: characterization of dose-response 

relationships at a given time-point T  

• Design questions: 

– which doses should be studied in each group 

– how to split the total sample size between the two groups 
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Example 

Use information from PK-PD model on Phase IIa data 

• As the design computed is D-optimal locally, it is 

important to have a good guess of the underlying true 

dose-response curve 

• Idea: use data from Phase IIa to get an estimation of 

the dose-response curve 
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Example 

Use PK-PD model to derive an estimate of the dose-response 

1. Fit of the PK/PD model 

2. Parameter set for each  

patient 

3. Simulate a new trial data  

– 22 arms and 200 patients 

 

 

4. Fit an Emax model to each regimen on the simulated data at the 

end of the study  
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Example 

Guess of the dose-response 

Result of previous slide procedure: 
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• Residuals 
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Example 

D-optimal design 

• We are in the blue region. The D-optimal design is: 
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Example 

Robust design 

• design derived for a fixed model are rather sensitive 

with respect to this assumption  

-> construct robust optimal designs that take into 

account a set of potential dose–response profiles within 

classes of models are commonly used in drug 

development practice 
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Solid line: population average of the new trial data 

generated with the PK/PD model 

Grey area: biomarker level between the 25th and 75th 

quantiles of the patient responses of the new trial data 

Dotted curves: Emax models 

Example 

Robust design 

Candidate models for the dose-response curve in monthly and weekly group. 
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Example 

Robust design 
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1=weekly 

2=monthly 
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Example 

Efficiency 
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Summary 

• Described an approach for optimal designs in dose-
response situations, when there are groups that differ in 
dose and one further aspect (e.g. treatment frequency) 
– Basic assumption: Some parameters are shared between the dose-

response functions in the different groups 

• We provided an upper bound for the number of doses 
for the locally D-optimal designs and derived a formula 
for the D-optimal design (for a part of the parameter 
space) 

• In practice it is important to account for possible mis-
specification of the parameter guesses used and use 
robust designs (have to be calculated numerically) 
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Back-up slides 
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Example 

PK/PD model 

• 2 compartments-model (Peripheral, central volume) 
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Inhibition of loss 

After taking the 

nth dose 


