Pharmacokinetic (PK) studies in children

+ Are mainly analysed by nonlinear mixed-effect models (NLMEM) [1,2] as
recommended in guideline [3]

+ Approaches based on the Fisher information matrix (Mg) [4] can be used to
optimize their designs and are based on a priori information

+ PK data in children are often not available and methods as allometry or PBPK are
used to predict “initial” PK parameters

== Adaptive designs [5,6], among which two-stage designs, are useful to provide
flexibility and two-stage designs are easier to conduct

1) To analyse concentration-time data obtained from PBPK simulations in children
after oral absorption of a drug X in development

2) To develop and evaluate the impact of two-stage designs when children “true’
parameters are different from initial ones

1) Data and modelling
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Figure 1: Simulated pharmacokinetic profiles

2) Two-stage design
+ Assumption here: same elementary design (§) for all subjects

4 Notations

- W initial parameters

- W*: true parameters

- &;: optimized design obtained with parameters ¥,
for N; subjects

- W;: estimated parameters from data Y;
with design §; and N; subjects

- &: optimized design obtained with estimated
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Figure 2: Two-stage design
+ M for a two-stage design
First stage: &; is the design which optimizes the following Mg

Mg(Wo, Ni§) = Ny Mg(¥y, §)
Second stage: &, is the design which optimizes the following Mg using estimated ¥;
Mg(®3, Ny § + N, §) = Ny My(¥y, &) + N, Mg(¥, §)

3) Simulation study
+ Application to drug X for a trial with N = 60 children

+ ‘Initial’ parameters W, are different from the ‘true’ parameters W*
+ Steady-state bid and dose equal to 0.1 mg/kg
+ Optimization
- according to the D-optimality criterion with PFIM [9,10] in R
- 5 sampling times among the possible sampling times 0.25, 0.5, 0.75,1, 2,3, 4, 5,6, 7, 8,
9,10,11, 12
10 {yzl,L'
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Figure 3: Simulation plan

+ Estimation of W, and W, with saemix [11] in R
+ Comparison of the relative bias and relative root mean square error (RMSE) for the
estimated W, (first stage) and the estimated ¥, (second stage)
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1) PK model and parameters estimated for the parent drug

+ Two-compartment model (five parameters)

Parameters (units) Estimates (RSE %) Wo wpr
Ka(h) 3.0 (20.0) 3.0 3.0
CL (Lh g ) 13(7.5) 13 34
VI (Lig ) 2.1 (13.0) 2.1 21
Q (L ag™) 0.91 (8.5) 091 091
V2 (1kg) 13(7.3) 13 13
e 1.4 (14.5) 14 14
W 0.53 (11.4) 053 053
P 1.1(13.9) 11 11
COV/CORR(CL;Vy) | 055 (14.7) /0.73 (7.1) 0.00 0.00
Ointer (4gL") 0.00060 (17.5) 0.13 0.13
Octope 0.12(8.1) 0.12 0.12
Table 1: Population PK parameter values
2) Two-stage design
Ep: N =60 and &, = 0.25, 0.75, 2, 5, 12 (optimal for W)
E*: N =60 and & = 0.25, 0.75, 2, 4, 7 (optimal for ¥*)
Eog: Ny =30 with § and N, = 30 with &*
Parameters Wy w
Design So | Bo B B
g4 B Yo parameters Criterion
H (Determinanty/1o | 758 | 70 617 586
Predicted RSE (%)
. ka 20.8 | 63.2 279 30.8
23 CL 95195 95 95
£ V1 17.5| 601 24.8 27.9
§ Q 199 741 19.8 258
3 V2 13.0 [ 27.0 11.2 126
i W 200|243 234 238
@t 184 185 185 185
@1 192232 225 228
& Ointer 241 | 88 121 10.1
L . . . . Odtope 104|135 129 13.0
] 5 10 15 20
Time (hour)

Table 2: Design influence on parameter estimation

Figure 4: Mean profiles in semi-log scale (PFIM predictions)

== One-stage design E, when parameters are different (¥*) shows a loss of

efficiency. The ‘ideal’ two-stage design, with N; = N, = 30, allows to partly
compensate this loss of information

3) Simulation study

First stage (W) Second stage (¥2)

54 x Parameters Relative Relative | Relative  Relative

il o : bias (%) RMSE (%) | bias (%) RMSE (%)
* ” ka 242 94.0 1.87 136
* * CL 415 931 3.73 6.52
" . Vi -26.2 40.9 241 32.1
. . Q -3.79 12.2 2.38 10.0
2 @ V2 115 133 0.627 9.07
o : - s 1.7 131 644 55.0
Wew x x x @1 7.49 18.8 9.60 16.8
o el " Py 18.1 49.5 32.6 66.7
- - T T T T Onter 0.420 13.0 0.420 8.90
L T T Oslape 2,07 149 .07 102

Time (bou)

Figure 5: The ten second-stage designs (,)
optimized from the ten estimated ¥,

Table 3: Relative bias (%) and RMSE (%) for
estimated W, and W,

m=) Relative bias and RMSE are
lower for W, than for W;. The
two-stage design improves the
estimation

+ Two articles in other contexts [12,13] discussed that two-stage designs could be
more efficient than fully adaptive designs
+ Two-stage designs are a good alternative for designing PK studies in children

== Seven designs are different and the
other are identical. None of them are
identical to &* nor &,

+ Perspectives
- To study the impact of the two-stage design with the metabolite
- To investigate the choice of the ratio of the sample sizes between the two stages
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