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Context: Optimal design in NLMEM 

• Choosing a good design for a planned study is essential 
– Number of patients 

– Number of sampling times for each patient 

– Sampling times (allocation in time) 

 

• Optimal design depends on prior information (model and 
parameters)  

 

• D-optimality criterion 
– Local Designs 

– Robust designs 

 
 

 

Atkinson, Optimum Experimental Designs. (1995) 
Dodds et al., J Pharmacokinet Pharmacodyn. (2005) 
Pronzato and Walter, Math Biosci. (1988) 
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Context: Adaptive design 

• AD: clinical trial designs that use accumulating 
information to decide how to modify predefined aspects 
of the study 
– Areas of interest: predicting clinical data; Phase 1 studies 
– ADs are useful to provide some flexibility but were rarely used 

for NLMEM  

• Two-stage designs could be more efficient than fully 
adaptive design (not yet tested in NLMEM) 

• Dumont et al. implemented two-stage AD in NLMEM 
• AD questions: 

– How many adaptations? (e.g stages) 
– How many patients in each cohort? (i.e. cohorts size) 
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Foo et al., Pharm Res. (2012) 
Mentré et al., CPT Pharmacometrics Syst Pharmacol. (2013) 
Fedorov et al., Stat Med. (2012) 
Dumont et al., Commun Stat. (2014)  
 



Objectives 

1. To compare by simulation one and two-stage 
designs using a PKPD model in oncology 

 

2. To study the influence of the size of each cohort in 
two-stage designs 

 

3. To test extensions of two-stage adaptive design as 
three- and five-stage adaptive designs 
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Methods:  Basic mixed effect model 
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Methods:  Basic population design 
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Methods : Fisher Information Matrix (FIM) 

Mentré et al., Biometrika (1997) 
Bazzoli et al., Comput Methods Programs Biomed. (2010) 
Mentré et al., PAGE Abstr 3032 (2014)  
Dumont et al., Commun Stat. (2014)  
www.pfim.biostat.fr 
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Method: K-stage Adaptive Design 
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Concentration 

Simulation Study: PKPD Model 

CL/V 

kout ksyn 
Effect 

ka 

Gueorguieva et al., Comput Methods Programs Biomed. (2007) 
Gueorguieva et al., Br J Clin Pharmacol. (2014) 
Bueno et al., Eur J Cancer. (2008) 
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Simulation Study: Parameters 
PK Parameters 

2 2 

100 100 

40 10 

0 0 

0.49 0.49 

0.49 0.49 

0 0 

0.2 0.2 

PD Parameters 

2 0.2 

0.3 0.3 

0.49 0.49 

0.49 0.49 

0.2 0.2 

0 0 
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Simulation Study: Evaluated designs 
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Simulation Study: Clinical Trial Simulation 
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Results: 1-stage vs 2-stage balanced design  

 • Relative Estimation Error (REE) for PK parameters Ka and CL 

Ka 

RB 0.4 0.9 1.0 1.1 0.5 RB 1.6 1.7 1.7 1.7 1.8 

CL 
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Results: 1-stage vs 2-stage balanced design 

 • Relative Estimation Error (REE) for PD parameters Kout and IC50 

 Kout 

RB 0.6 2.6 34.2 3.2 3.7 RB -0.5 -0.3 53.1 0 1.5 

IC50 
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Results: 1-stage vs 2-stage balanced design 

 • Relative Root Mean Squared Error (RRMSE) for PD parameters 
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Results: 1-stage vs 2-stage balanced design 

 • Relative Root Mean Squared Error (RRMSE) for PD parameters 
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* RRMSEs standardized to        (best 1-stage design) 



Results: Cohort size influence in 2-stage design 

 • Relative Root Mean Squared Error (RRMSE) for PD parameters 
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Results: Cohort size influence in 2-stage design 

 • Relative Root Mean Squared Error (RRMSE) for PD parameters 
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* RRMSEs standardized to        (best 1-stage design) 



Results: 2-stage vs 3- and 5-stage adaptive designs 

 • Relative Root Mean Squared Error (RRMSE) for PD parameters 
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Results: 2-stage vs 3- and 5-stage adaptive designs 

 • Relative Root Mean Squared Error (RRMSE) for PD parameters 
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* RRMSEs standardized to        (best 1-stage design) 



Results: 2-stage vs 3- and 5-stage adaptive designs 

 • Relative Root Mean Squared Error (RRMSE) for PD parameters 
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* RRMSEs standardized to        (best 1-stage design) 



Conclusions 
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Thank you for your attention ! 
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Results: Cohort size influence in 2-stage design 

 • Relative Estimation Error (REE) for PK parameters Ka and CL 

Ka 

RB 0.5 0.8 0.5 0.7 0.9 RB 1.7 1.7 1.8 1.8 1.8 

CL 
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Results: Cohort size influence in 2-stage design 

 • Relative Estimation Error (REE) for PD parameters Kout and IC50 

 Kout 

RB 5.9 5.0 3.7 8.9 10.4 RB 8.3 5.3 1.5 8.8 12.7 

IC50 
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  2nd Stage 3rd Stage 4th Stage 5th Stage 

Designs 

Two-stage                 

12 24             

8 35             

6 49             

6 47             

6 45             

Three-stage                 

12 27 5 71         

12 28 6 61         

Five-stage                 

12 28 7 60 4 69 4 76 


