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The focus is on the development of 

novel methods for the design and 

analysis of clinical trials in rare 

diseases or small populations 

defined, for example, by a rare 

genetic marker. 
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WP1 

AIM 

To develop novel methodology for improving 

dose-finding in early phase clinical trials by 

incorporating data on pharmacokinetics (PK), 

and pharmacodynamics (PD). 

 

 

First year: our aim was to propose, to study and to compare methods that use PK 
measures in the dose-finding designs 

How can we incorporate PK? 
 Covariate? 
 Dependent variable? 
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Clinical context and work done 

Phase I dose-finding clinical Trials 

 Objective:  

→estimation of the 
Maximum Tolerated 
Dose (MTD) 
 

 Context: 

→discrete and fixed 
dose levels 

→binary criteria 

→very small sample 
size 

→adaptive design 
 

 Issues in small samples - rare 
diseases, pediatrics... 

 

We studied and compared dose-finding 
methods that use the PK measure in the dose-
finding design either as covariate or 
dependent variable in the dose-finding model. 
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The idea of introducing PK data in dose escalation studies is not new, but rarely used in 
practice: 

 

• Collins et al. (1990): Pharmacologically guided phase I trials 

• Piantadosi & Liu (1996): parametric dose-response function with a PK measure of 

exposure as covariate 

• Patterson et al. (1999): Bayesian procedure with a nested hierarchical structure 

• O’Quigley et al. (2010): dose associated with a mean PK response, based on linear 

regression 

• Patan & Bogacka (2011 DAEW03): Dose selection incorporating PK/PD information in early 

phase clinical trials 

 

 

Literature 
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Models modification 

• first paper found in literature 

• extension of Continual 

Reassessment Method (CRM) 

• parametric dose-response function 

with quantitative effects for both 

dose of drug and PK exposure 

(AUC – area under the curve)   

 

Piantadosi and Liu (1996) / 

PKCOV 
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PK/PD driven dose-selection (1) 

Patterson et al. (1999)/ 

PKLIM 

• Bayesian procedure with nested 

hierarchical structure  

• mixed-effect model used to analyze 

the PK data  

• choice of the dose: highest dose 

satisfying constraint or D-optimal 

• Cross-over study and healthy 

volunteers 

 

 

9 / 31 



PK/PD driven dose-selection (2) 

Whitehead et al. (2007)/ 

PKLOG 

• simultaneous monitoring of PK and 

PD responses and of the incidence of 

adverse events 

• three models: dose-PK endpoint (a 

linear model), PK-PD (quadratic 

model), PK-toxicity (DLT, logistic 

model) 

• Cross-over study and healthy 

volunteers 
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Other modifications 
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Simulations studies – choosing a PK model 

• TGF- signaling has been 

recognized as an important 

regulator of tumor growth 

• Inhibiting TGF- signaling is 

a novel approach 

• They investigated several 

inhibitors and selected 

LY2157299 

Simulation from preclinical 

data to predict therapeutic 

dose range 

Clinical trial design 

depending also on 

preclinical late toxicity 

PK/PD estimation in humans: 

• First order absorption linear two 
compartiment model 

• Indirect model to relate plasma 
concentrations of LY2157299 and 
pSMAD data 
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Simulations studies – choosing a PK model (2) 

*Gueorguieva et al. (2014). British Journal of Clinical Pharmacology, 77: 796 - 807. 

   

* 
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Simulations studies – choosing a PK model (3) 

Modifications: only PK 

Parameter Mean 
value 

IIV 

ka 2 0 

CL 10 

V 100 

* 

*Lestini et al. (2015). Pharmaceutical Research. In press. 
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Simulations studies – link between PK and toxicity 

16 / 31 



Scenarios and simulated trials settings 

IIV (CL,V) 

Scenario 1 10.96  0 0.7 

Scenario 2 15.08 0 0.7 

Scenario 3 18.1 0 0.7 

Scenario 4 10.96 1.17 0.7 

Scenario 5 10.96 0.8 0.7 

Scenario 6 10.96 0 0.3 

Scenario 7 10.96 1 0.3 
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Scenario 1 

T = 10.96 
= 0 

IIV = 0.7 
 

MTD:  
dose level 4 
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Scenario 4 

T = 10.96 
= 1.17 
IIV = 0.7 

 

MTD:  
dose level 2 
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Scenario 6  

T = 10.96 
= 0 

IIV = 0.3 
 

MTD:  
dose level 5 
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Scenario 7 

T = 10.96 
= 1 

IIV = 0.3 
 

MTD:  
dose level 2 
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Distribution of doses – Scenario 1 
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Distribution of doses – Scenario 4 
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Distribution of doses – Scenario 6 
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Conclusions 

We compared methods, that include PK measure of exposure (AUC), on 
different scenarios in case of small population. 

 

 We looked at: 
 

Percentage of MTD selection  Estimation of PK parameters 

• despite different distributions 
of dose allocation, no big 
difference in estimation 

• CRMPK, with the right L, has 
the best performance 

• the best trade-off is CRMPK 
with larger L 
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Discussion   

Including only PK measure of exposure, as the AUC, in dose-finding does not 

increase the percentage of right MTD selection 

PKCOV 

 

 

• It depends also on the 
right 0  

• It is similar to logit(p) 
vs log(dose) 
…and also PKPOP… 

PKLOG 

 

 

• Issue in the estimation 
when the relationship 
between tox and AUC 
is an Heaviside 
function 

CRMPK 

 

 

• Dependence on the 
threshold L 

• It tends to CRM alone 
while L increases 
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Discussion (2) 

«dose-finder» «dose-estimator» 

• CRM 
• PKCOV 

• PKLIM 

• PKLOG 
 

• CRMPK 
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Future work 

• Moving to Phase I/II including efficacy 

→ binary 

→ continuous  

 

• Including PK/PD estimation during the escalation 

→ full-model based 

 

• Working of priors distributions 

→ combining data from different sources 

29 / 31 



Aknowledgment 

Sarah Zohar 
Emmanuelle Comets 
Frederike Lents 
Corinne Alberti 
Nigel Stallard 
Tim Friede 

 

Giulia Lestini 
France Mentré 
 
 

Ivelina Gueorguieva 
 
 

30 / 31 



Bibliography 

J.M. Collins et al. .Pharmacologically guided phase I clinical trials based upon preclinical 
drug development. Journal of the National Cancer Institute, 82(16), 1321-1326, 1990. 

I. Gueorguieva et al.. Defining a therapeutic window for the novel TGF‐β inhibitor 
LY2157299 monohydrate based on a pharmacokinetic/pharmacodynamic model. British 
journal of clinical pharmacology, 77(5), 796-807, 2014.  

J. O'Quigley et al.. Dynamic calibration of pharmacokinetic parameters in dose-finding 
studies. Biostatistics, kxq002, 2010 

S. Piantadosi and G. Liu. Improved designs for dose escalation studies using 
pharmacokinetic measurements. Statistics in Medicine, 15(15): 1605 - 1618, 1996. 

S. Patterson et al.. A novel Bayesian decision procedure for early-phase dosending 
studies. Journal of biopharmaceutical statistics, 9(4): 583 - 597, 1999. 

J. Whitehead et al.. A Bayesian approach for dose-escalation in a phase I clinical trial 
incorporating pharmacodynamic endpoints. Journal of biopharmaceutical statistics, 
17(6): 1117 - 1129, 2007. 

G. Lestini et al.. Influence of the Size of Cohorts in Adaptive Design for Nonlinear Mixed 
Effects Models: an Evaluation by Simulation for a Pharmacokinetic and 
Pharmacodynamic Model in Oncology. Pharmaceutical Research. In press - 2015. 

31 / 31 


