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Compar ative pharmacokinetic analysis based
on nonlinear mixed effect model

L1 Lusjin, LI Xian-xing, XU Ling, LU Ying-hua, CHEN Jun-chao, ZHENG Qing-shan’

(The Center for Drug Clinical Research, Shanghai University of Chinese Medicine, Shanghai, 201203, China)

Abstract: Comparative pharmacokinetic (PK) analysis is often carried out throughout the entire period of
drug development, the common approach for the assessment of pharmacokinetics between different treatments
requires that the individual PK parameters, which employs estimation of 90% confidence intervals for the ratio of
average parameters, such as AUC and C,,, these 90% confidence intervals then need to be compared with the
pre-specified equivalent interval, and last we determine whether the two treatments are equivalent.  Unfortunately
in many clinical circumstances, some or even al of the individuals can only be sparsdy sampled, making the
individual evaluation difficult by the conventional non-compartmental analysis. In such cases, nonlinear mixed
effect model (NONMEM) could be applied to analyze the sparse data. In this article, we simulated a sparsely
sampling design trial based on the dense sampling data from a truly comparative PK study. The sparse data
were analyzed with NONMEM method, and the original dense data were analyzed with non-compartment
analysis. Although the trial design and analysis methods are different, the 90% confidence intervals for the
ratio of PK parameters based on 1000 Bootstrap are very similar, indicated that the analysis based on NONMEM
isareliable method to treat with the sparse data in the comparative pharmacokinetic study.

Key words: comparative pharmacokinetic analysis; sparsely sampling; NONMEM; Bootstrap method
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Figure 1 The distribution of sample points for the sparse
sampling design. Each subject needs to be sampled one point
in the each following phase, including absorption phase (a),
distribution phase (b) and elimination phase (c)
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Table1l Characteristics of subjectsincluded in this study

Male/Female Agelyear BW/kg HT/cm
Healthy 12/12 24 +3.2 61.3+6.8 168 + 7.9
Patients 12/12 33+129 58.1+ 9.6 166 + 8.2
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a
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-
L]
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Figure2 Plasma concentration-time plot of dense data (a) and sparse data (b).
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Table 2 Non-compartmental parameters in healthy subjects and
patients based on thedensedata. n=24, X+s

Porameter _ Healthy _ Patients
X+s RSD/% X+s RSD/%
AUCo /mg.L™h 138.3+44.6 323 1614+24.4 15.1
AUCqo,, Img-L™h 149.3+58.9 394 168.9+25.3 15.0
tyz /h 96.7 +56.3 583  90.6+36.8 40.6
tmax /D 58.0+34.1 58.7 78.5+30.8 39.3
CLJF /L-ht 0.195 + 0.086 441 0.151+0.022 14.6
VA/F /L 23.3+8.7 374 195+7.9 40.6
Crax lngL ™" 9435+471.6 500 8812+2475 28.1

Table 3 Bootstrap results for the ratios of AUCp, and Cmax
between healthy and patients based on the dense data

5%

95%

Variable . Median .

Percentile Percentile
Ratio of AUCo-, (Patients/healthy) 0.99 1.14 132
Ratio of Crnax (Patients/healthy) 0.77 0.94 1.13
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The black points represent the observed concentration

of healthy subjects, the grey points represent the observed concentration of patients, the solid line represents the mean concentration-time
curve of healthy subjects, and the dotted line represents the mean concentration-time curve of patients
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Figure 3 Final model evaluation plots.
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(a) Population predicted concentration vs. observed concentration; (b) Individual predicted

concentration vs. observed concentration; (c) Weighted residuals vs. population predicted concentration; (d) Sample time vs. weighted

residuals.
(c) and (d) arethelimit linesy =+ 4

The solid line in (a) and (b) represents the line of identity. The dotted lines in (a) and (b) are regression lines, and those in
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Table 4 Parameter estimates based on the final model. SE: AUC = D/(CL/F) (7)
Standard error; Cl: Confidence interval
Crrax = Dsexpy 8
Egtimates of the model ~ Bootstrapped median V
Parameter
parameter (SE) (90% ClI) 2303 K
Healthy :/H\:I:F" tmax :Wx ?a (9)
CL/F/L-h? 0.199 (0.017) 0.194 (0.168-0.224) a
VIF L 22.6(3.8) 22.4(16.3-29.0)
-1 —1;
Ka/ht 0.046 8 (0.0182) 0.044 6 (0.029 9-0.066 2) Table 5 Bootstrap results for AUC (mg-L ~h) and Crax (ng-L ),
Patients as well as the ratios by spare sampling
CL/F/L-h! 0.162 (0.079) 0.162 (0.150-0.177) Variable % Vedian . P%
a1 Percentile Percentile
VIF /L 20.2 (4.3) 19.5 (11.3-24.7)
o AUC-Healthy 111.61 128.87 148.81
Ka/h 0.0299 (0.013)  0.029 9 (0.011 9-0.036 3) )
AUC-Patients 141.24 154.32 166.67
Interindividual variability of
Cmac-Healthy 634.76 736.10 866.37
CL/F 1% 26.5 (8.6) 22.8(3.2-34.4) ]
CmacPatients 650.69 736.95 851.40
VIF 1% 36.9 (14.2) 37.0(0.3-53.5) i )
Ratio of AUC (Patients / healthy) 1.01 1.20 1.42
Ka /% 49.8(18.2) 36.7 (0.3-65.0) ) )
Ratio of Crnax (Patients/ healthy) 0.81 1.01 121
Resdual variability
Proportional error /% 21.7(6.1) 23.4 (17.3-36.6)
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Figure 4 A visual assessment of the posterior predictive performance of the final model in terms of its ability to predict the observed
densedata. Healthy (a) and patients (b) concentration-time profile of drug A. The lines represent the 5th, 50th and 95th percentiles of

concentration distribution in each panel
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