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Models and decision rules
 Phase I/II Dose‐Finding Design for Molecularly Targeted Agent : 

Plateau Determination Using Adaptive Randomization : (1/6)
Toxicity model

φ

 φ :	toxicity probability of	dose	k
 :	the	« effective »	dose	for	dose	k
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Models and decision rules
 Phase I/II Dose‐Finding Design for Molecularly Targeted Agent : 

Plateau Determination Using Adaptive Randomization : (2/6)
Efficacy model

ψ γ γ ν τ ν τ

 ψ :	efficacy probability of	dose	k
 ν :	the	« effective »	dose	for	dose	k
 τ	 :	plateau	point,	dose	at which efficacy stops	increasing

Dose	Selection process in	two steps
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Models and decision rules
 Phase I/II Dose‐Finding Design for Molecularly Targeted Agent : 

Plateau Determination Using Adaptive Randomization : (4/6)
Acceptability range

∈ 1; 	|	ℙ φ θ 		&		ℙ ψ ξ
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Models and decision rules
 Phase I/II Dose‐Finding Design for Molecularly Targeted Agent : 

Plateau Determination Using Adaptive Randomization : (5/6)
Randomised dose allocation

∈ 1; 	|	ℙ φ θ 		&		ℙ ψ ξ

∈ 1; 	| max
∈ ;

π π
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Models and decision rules
 Phase I/II Dose‐Finding Design for Molecularly Targeted Agent : 

Plateau Determination Using Adaptive Randomization : (6/6)
Randomised dose allocation

ℙ 	|	 ∈ π
∑ π∈

 π :	probability for	dose	k	to	be the	plateau	point
 : threshold on	the	difference of	plateau	probability
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Models and decision rules
 Dose‐finding methods for Phase I clinical trials using 

pharmacokinetics in small populations : (1/3)
PKCOV

φ log Δ

φ ,
1

1 ,

min 	 φ , θ

 : dose	k
 Δ :	difference	in	the	logarithms	of	mean	AUC	and	of	individual AUC	for	dose	k
 : dose	allocated to	the	next patient	when are	enrolled
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Models and decision rules
 Dose‐finding methods for Phase I clinical trials using 

pharmacokinetics in small populations : (2/3)
PKLIM 

	|	β , β , ν	~	 β β log 	, ν

, min 	 ℙ log	 	|	β β θ

PKCRM 

, min , , ,

 :	ith patient	logarithm of	AUC
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Models and decision rules
 Dose‐finding methods for Phase I clinical trials using 

pharmacokinetics in small populations : (3/3)
PKLIM 

	|	β , β 	~	 β β log 	, ν

PKLOGIT 
φ

φ ,
1

1 , ,

min 	 φ , θ

 :	predictive normal	density of	 given β , β
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 Performance criteria

Bayesian Adaptive Design for early phase dose‐finding trials in small population 21

Percentage of final selection

Final estimations

Percentage of attribution

Evolution of selection

Evolution of estimations



Results

 Simulations results : Relation 1

Relations from articles
Allow to test complete

biologic reaction
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Results

 Simulations results : Relation 1
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Percentage of selection

Stop Dose 1 Dose 2 Dose 3 Dose 4 Dose 5 Dose 6
1 pat PKCOV 0.000 0.000 0.000 0.002 0.976 0.022 0.000
(N=100) PKLOGIT 0.000 0.000 0.000 0.002 0.998 0.000 0.000

PKCRM L = 10,96 0.000 0.000 0.000 0.002 0.998 0.000 0.000
PKCRM L = 18,1 0.000 0.000 0.000 0.000 1.000 0.000 0.000
MTA 0.358 0.000 0.018 0.170 0.346 0.076 0.032
CRM 0.000 0.000 0.000 1.000 0.000 0.000

3 pat PKCOV 0.000 0.000 0.000 0.000 0.992 0.008 0.000
(N=99) PKLOGIT 0.000 0.000 0.000 0.162 0.838 0.000 0.000

PKCRM L = 10,96 0.000 0.000 0.000 0.000 1.000 0.000 0.000
PKCRM L = 18,1 0.000 0.000 0.000 0.000 1.000 0.000 0.000
MTA 0.192 0.004 0.042 0.108 0.460 0.174 0.020
CRM 0.000 0.000 0.000 1.000 0.000 0.000
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 Simulations results : Relation 1
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Percentage of selection

Stop Dose 1 Dose 2 Dose 3 Dose 4 Dose 5 Dose 6
6 pat PKCOV 0.000 0.000 0.000 0.000 0.978 0.022 0.000
(N=96) PKLOGIT 0.000 0.000 0.000 0.000 1.000 0.000 0.000

PKCRM L = 10,96 0.000 0.000 0.000 0.000 1.000 0.000 0.000
PKCRM L = 18,1 0.000 0.000 0.000 0.000 1.000 0.000 0.000
MTA 0.036 0.046 0.324 0.176 0.160 0.202 0.056
CRM 0.000 0.000 0.000 1.000 0.000 0.000

8 pat PKCOV 0.000 0.000 0.000 0.000 0.010 0.990 0.000
(N=96) PKLOGIT 0.000 0.000 0.000 0.000 1.000 0.000 0.000

PKCRM L = 10,96 0.000 0.000 0.000 0.000 1.000 0.000 0.000
PKCRM L = 18,1 0.000 0.000 0.000 0.000 1.000 0.000 0.000
MTA 0.000 0.006 0.016 0.372 0.292 0.302 0.012
CRM 0.000 0.000 0.000 0.000 1.000 0.000
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Final estimation
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Final estimation (MTA)
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 Simulations results : Relation 1
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Percentage of attribution

Dose 1 Dose 2 Dose 3 Dose 4 Dose 5 Dose 6
1 pat PKCOV 0.010 0.010 0.030 0.916 0.024 0.010

PKLOGIT 0.010 0.018 0.184 0.733 0.037 0.018
PKCRM L = 10,96 0.010 0.103 0.807 0.080 0.000 0.000
PKCRM L = 18,1 0.010 0.010 0.090 0.890 0.000 0.000
MTA 0.042 0.106 0.254 0.433 0.130 0.035
CRM 0.010 0.020 0.050 0.900 0.020 0.000

3 pat PKCOV 0.030 0.060 0.030 0.742 0.134 0.004
PKLOGIT 0.103 0.100 0.226 0.571 0.000 0.000
PKCRM L = 10,96 0.030 0.061 0.395 0.515 0.000 0.000
PKCRM L = 18,1 0.030 0.061 0.212 0.697 0.000 0.000
MTA 0.066 0.113 0.188 0.377 0.210 0.046
CRM 0.030 0.091 0.242 0.636 0.000 0.000
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 Simulations results : Relation 1
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Percentage of attribution

Dose 1 Dose 2 Dose 3 Dose 4 Dose 5 Dose 6
6 pat PKCOV 0.062 0.062 0.062 0.687 0.125 0.000

PKLOGIT 0.062 0.062 0.188 0.626 0.062 0.000
PKCRM L = 10,96 0.062 0.062 0.269 0.607 0.000 0.000
PKCRM L = 18,1 0.062 0.062 0.062 0.814 0.000 0.000
MTA 0.144 0.234 0.260 0.236 0.112 0.014
CRM 0.062 0.062 0.062 0.752 0.062 0.000

8 pat PKCOV 0.083 0.083 0.083 0.105 0.628 0.017
PKLOGIT 0.083 0.083 0.083 0.751 0.000 0.000
PKCRM L = 10,96 0.083 0.083 0.167 0.667 0.000 0.000
PKCRM L = 18,1 0.083 0.083 0.083 0.583 0.168 0.000
MTA 0.119 0.131 0.240 0.304 0.190 0.016
CRM 0.083 0.083 0.083 0.168 0.583 0.000
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Evolution of selection
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Evolution of estimation
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Evolution of estimation
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• No clear influence
• Better results with small cohortsCohorts

• L threshold has influence for 
PKCRM

• PKLOGIT, PKCRM L=10,96
Models

• Number of patients
• Attribution & selectionGains



Results

 Simulations results : Relation 2

Important step in reactions

3 doses in plateau
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Results

 Simulations results : Relation 2
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• No clear influence
• All size of cohorts give similar
results

Cohorts

• Issue when chosing between
doses with close probabilities

• Acceptability range is too
conservative

• MTA (3pats/coh)

Models

• Less important for attribution 
and number of patients

• Wrong final selection
Gains



Bayesian Adaptive Design for early phase dose‐finding trials in small population 37

Table of contents

Introduction

Design principle

Models and decision rules

Results

Conclusion



Conclusion

 Preconisations
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No out standing model

One model is promising in every
situation

Simulate all methods

Right model  →  gain in attribution, 
selection and number of patients

Better results with small cohorts



Conclusion

 Perspectives
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Joint model : MTA & PK methods

Threshold sensitivity analyses

Missing data

Rythm of PK data collection



Conclusion

Thank you for your attention !
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Simulations

 R Packages : dfmta (1.5) & dfpk (3.2.0) (1/5)
dfmta (1/2) : Simulation
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Simulations

 R Packages : dfmta (1.5) & dfpk (3.2.0) (2/5)
dfmta (2/2) : In a trial
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Simulations

 R Packages : dfmta (1.5) & dfpk (3.2.0) (4/6)
dfpk (1/3) : Simulation
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Simulations

 R Packages : dfmta (1.5) & dfpk (3.2.0) (5/6)
dfpk (2/3) : Simulation
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Compartment
, 

.
. .

		
→

		

Toxicity if α . , τ

φ Φ

 	 :	absorption	rate
 	 . : clearance	of	elimination
 	 : compartment volume
α	: sensitivity parameter for	the	AUC
τ ∶ AUC	threshold	for	toxicity



Simulations

 R Packages : dfmta (1.5) & dfpk (3.2.0) (6/6)
dfpk (3/3) : In a trial
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Results

 Simulations results : Relation 3

Bad priors on toxicity
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Results

 Simulations results : Relation 3
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• Better results with cohorts of 3 
patientsCohorts

• Acceptability range rule is too
conservativeModels

• Final levels reached early (25‐30 
patients)Gains

• Low influence on the estimationsPriors
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 Simulations results : Relation 4

Priors underestimate
efficacy

Bayesian Adaptive Design for early phase dose‐finding trials in small population 49



Results

 Simulations results : Relation 4
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• No clear influence
• Better selection and attribution 
with cohorts of 1 or 3 patients

Cohorts

• Good estimation of plateau 
probability

• Lower number of trials stopped
for cohorts of 3 patients

Models

• No real influencePriors
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 Simulations results : Relation 5

Priors overestimate efficacy
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Results

 Simulations results : Relation 5
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• Less patients necessary for small
cohortsCohorts

• Good selection, poor estimation 
of efficacy and plateauModels

• Estimations are close to priors
• Early stopping rule prevent
accurate estimation

Priors
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4 doses
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• No clear influence
• Better selection and attribution 
with cohorts of 1 or 3 patients

Cohorts

• Acceptability range rule is too
conservative

• PKLOGIT, MTA (3pats/coh)
Models

• Number of patients
• Attribution & selectionGains


