
CONCLUSIONCONCLUSION:: The KPD model was suitable to describe the extent and time course of 
neutropenia following HDC and PBSCT with G-CSF. 
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BACKGROUND:BACKGROUND:
• High dose of chemotherapy (HDC) and peripheral blood stem-cells transplantation (PBSCT) has been 
used widely as adjuvant therapy in several types of cancer and it seems to improve disease free survival 
and overall survival in high risk breast cancer patients.

• Hematological toxicity are major causes of treatment-related complications following HDC and PBSCT. 
As the infectious complications are directly related to the duration of absolute neutrophil counts (ANC) 
below 500· 109 cells/uL, and colony stimulating factors (G-CSF) has been widely used to reduce the 
duration of neutropenia grade IV. Therefore, a semi-mechanistic model describing the time course of ANC 
after HDC and PBSCT is of particular clinical interest.

METHODS:METHODS:
Patients: A total of forty-one patients with primary high risk breast cancer receiving an 96-h continuous 

intravenous infusion of the STAMP-V protocol (6 g/m2 cyclophosphamide, 0.5 g/m2 thiotepa and 0.8 g/m2

carboplatin) were included in this analysis. PBSCT was performed 3 days after the end of the HDC and 
patients were randomised to received  G-CSF on day 1 or day 5 days after the PBSCT. Daily 
measurements of ANC were available for the analysis.

Model Development: In absence of pharmacokinetic data, a ‘kinetics of drug action’ model (Kpd) was 
used as a input function of the pharmacodynamic model (figure 1). A five compartments semi-mechanistic
model was used to describe the time course of the ANC. One compartment represents the proliferative
cells [Prol], such as stem cell and other progenitor cells, which are linked through a three transit 
compartments representing the maturation process [Transit] with the blood cells in circulation [Circ]. The 
generation of new cells in [Prol] was dependent on the number of cells in that compartment, which is 
consistent with the mechanism of self-renewal or mitosis, and is determined by the first-order proliferation
rate constant (Kprol). The model also includes a feedback mechanism from the circulating cells in order to
describe the rebound phenomena. The ratio between the circulating cells at baseline and the circulating
cells at each time, (Circ0/ Circ)γ, was used to quantify the feedback mechanism and the γ parameter was 
estimated directly from the data. The transit compartments were linked through the first-order rate
constants (Ktr). The amount of PBSCT, scaled from the number of   CD34+ cells reinfused using the factor 
FCD34, was incorporated into the first transit compartment following a a first-order process determined by 
Kin. According to its mechanism of action, the G-CSF effect was a incorporated into the model as a 
estimulation of the production of proliferative cells and the maturation process. The between subjects 
variability in the model parameters as well as the residual variability in the ANC were assumed to follow 
the lognormal distribution. The estimation of model parameters was performed using NONMEM V 
software.

Model Validation: Visual predictive check (VPC) and bootstrap (BS) were used to evaluate the model. 
One hundred datasets, with the same structure than the original dataset, were simulated from the final 
model parameters estimates and the median and 95% prediction intervals were compared with the 
observed data. Two hundred replicates of the original dataset were generated by resampling using 
WINGS for NONMEM. The final model was fitted to each bootstrap replicate and the mean and the 95% 
of the parameter estimates from the bootstrap replicates were compared with the estimated parameters 
from the original dataset.

OBJECTIVE:OBJECTIVE: The aim is to use using a semi-mechanistic model to describe the time course of the absolute neutrophil count following the administration of 
high dose of chemotherapy and peripheral blood stem-cells transplantation with haematopoietic growth factors in breast cancer patients.
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Figure 4. Time Course of the Observed ANC (open circles) and Individual Model Prediction (blue line).
Red vertical lines show the duration of the G-CSF treatment, starting on Day 1 (left) and Day 5 (right).
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Table 1. Parameter Estimates and Bootstrap Analysis of the Final Model.
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Figure 3. Visual predictive check stratified by the beginning of G-CSF treatment. Black lines 
represents the 5, 50 and 95th percentiles of the model-based prediction. The observed ANC are 
represented by red circles, and the dotted green line represents the value of ANC equal to 500 x109/L.

Figure 2. Diagnostic Plots of the Final Model.

Figure 1. Schematics of the Semi-Mechanistic KPD Model for Neutropenia after HDC and 
PBSCT

PROL TRANSIT 1trk
prolk

γ

Circ
BaselineFeedback ⎟

⎠
⎞

⎜
⎝
⎛=

G-CSF

Drug

trk
TRANSIT 2 trk TRANSIT 3 CIRC

circk

CD34+

inkCD34F

DODR

trk

)(+)(+)(+

)(+

)(+

PDk

 ANC Population Prediction

O
bs

er
ve

d 
A

N
C

50 500 5000

50
10

0
50

0
50

00

ANC Individual Prediction

O
bs

er
ve

d 
A

N
C

50 500 5000

50
10

0
50

0
50

00

AN
C 

(x1
09 / L

)

Time (days)

RESULTS:RESULTS:
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