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Introduction

• Prostate cancer (PC) is the most common cancer among men [1].

• A growing number of cancers is detected by screening.

• Tools to distinguish aggressive and indolent tumors are necessary to avoid over-diagnosis and overtreatment.

Patients & Methods

Patients
• Data: American PLCO trial [2].

• Between 1993 and 2011, 38343 men aged 55-74, enrolled in 10 study centers across the United States, were randomized to
annual PSA screening for 6 years.

• In order to achieve reasonable computation times, we randomly selected 500 patients stratified on cancer status.

• Aggressiveness of PC was defined as: biopsy Gleason score ≥7, and/or clinical stage ≥III, and/or fatal [3].

Methods
• Individual pre-operative log-transformed PSA data were analyzed with a semi-mechanistic non-linear mixed effect model allowing

the estimation of inter-individual variability on each parameter, using NONMEM 7.3.

• PSA kinetics were best described by a turn-over model with first order elimination.
PSA production was differentiated in 2 subpopulations using “Mixture subroutine” (Figure 1) :

 Sub-population 1: linear increase with time (TSL) corresponding to the natural increase of PSA production with age.

 Sub-population 2: from a given time IP, production may be increased by cancer (KSL).
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Objectives

To develop a kinetic model of PSA (Prostate-Specific Antigen), a protein produced by the prostate gland, to 
differentiate the aggressive PCs among screened PCs.

Conclusion and perspectives
• Our semi-mechanistic model describes PSA kinetics in 500 patients and the production slope correlates with aggressiveness.

• Perspectives: Model building on the entire population (n=38343) and correlation with PC aggressiveness.

• If relationships between kinetic parameters and PC aggressiveness were demonstrated, it would provide an interesting tool for
distinguishing the most aggressive tumors among screened PC and for adjusting treatment delivered to patients.

Results

Model evaluation
• Goodness-of-fit plots and VPC were as follows:

Correlation to PC aggressiveness
• Production slopes according to cancer and aggressiveness status are reported in

Figure 2.

• The production slope (TSL+KSL) was significantly associated with cancer
aggressiveness (p=0.05) by logistic regression.

Table 1. Parameters Estimates.

The model is as follows:
dPSA/dt = PROD – ELIM*PSA
PSA(t=0) = PSAB
Sub-Population 1: PROD = KPROD0 + TSL*t
Sub-Population 2:
 t<IP: PROD = KPROD0+ TSL*t

 t>IP: PROD = KPROD0+ TSL*t + KSL*(t-IP)

Figure 1. Production 
Modeling.

• Parameter values are reported in Table 1.

Figure 2. Boxplot of production slopes according to cancer 
and aggressiveness.

Model and 
Values 

TSL (yr-1) ELIM (yr-1) PSAB (ng) IP (yr) KSL (yr-1) 

TYPICAL 
VALUES 

     

Estimate 
RSE (%) 

0.91 6.36 1.77 3.99 0.98 
8.72 14.1 4.63 17.5 53.4 

COEFFICIENT 
OF 

VARIATION 

     

Estimate (%) 
RSE (%) 

71.8 133 95.0 39.8 178 
8.53 8.76 3.40 33.2 26.3 

 

 

0: no cancer
1: non-aggressive PC
2: aggressive PC
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