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Predictive performance and analysis of a vancomycin population
pharmacokinetic model in Chinese pediatric patients
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Abstract: This study aimed to evaluate the predictive performance of a vancomycin population pharmaco-
kinetic model in 0-10 year Chinese pediatric patients. This study was approved by the Ethics Research Committee
of the First Affiliated Hospital of Guangxi Medical University, data from hospitalized children < 10 years of age
who receiving vancomycin were collected retrospectively. Individual predictive values (IPRED) were estimated by
Bayesian Analysis based on a previous published population pharmacokinetic model, and compared with the
observed steady state trough concentration. As results, a total of 371 vancomycin serum concentrations from
191 patients were taken for the external validation. The mean error (ME), the mean relative prediction error
(ME%), the mean absolute error (MAE) and the root mean square error (RMSE) in individual prediction method
for the total patients were —0.50 mg-L*, 6.03%, 1.84 mg- L™, 2.86 mg- L* respectively. The correlation coefficient
between individual predictions and detection values was 0.95. The stability and the predictive performance of
model were accepted by goodness-of-fit, visual predictive check (VPC) and Bland-Altman. The percentage of
individual prediction error within + 30% was 82.75%. The above results suggest that, this Chinese pediatric
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population pharmacokinetic model in 0-10 years old has a good prediction performance. It can be applied to

the design of initial treatment plan and predicting the extent of drug exposure.
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mance

Jiti R B 50 AR, — HARIT 2 2
PR B R ) B 25 3 B R T RO A R
7 EL R AIE S 5 5 B R ML IR A SRR Tl
B 40 290 DLPUE SCELTE 70 (K 250 2 5 A2 10 T T (R A4
B —SRIEYE R W], H AT JLRHERR A5 T A
(B: X 40~60 mg-kg™) M T B R G L4 T RATRER
J3E B R ML R AR TR YT K-, R, A B
T3 B A B EEREAT AT T, AR PRI 145 1 1)
Z. BEAZRE) 2 (PPK) AN DL 43 Hr g v] LA
BAERA ) RG2S 2577 SR, RIEIA B ROR T IR
FE, Wb 25 R ST, H TS A 2 AL
2 PPROBE AL HE, (5K 2 $0H X in &R L #EL, Oy
O 2 1 L E T3 o B 2R PP R A #0541 X 22
Zh )L, AW T 5 EVEAG B B AT L ) 0~10 ¥
JLE JT kR PP AR T P R, DA 55 &
RILEME S iS5 .

MRS RH%

FRGIESE [ 4 20134 8 H %2 201745 H
TE] VHERLR 75 — W R = Be A B sf Bk S T i & R
HLE B FEEAT AN R AT RE) PHERR
O MR R e Ae FE 2R G bt A UL R B
T AR AINFRHE: B KRR 735 B R =3 K, <10
GBS LR EERRSREM . FEBRbrE: 5R12
4 1f 4 P9 5 I (disseminated intravascular coagulation,
DIC) sl 3EME£F- 2 k; FH 2 0 IA) kAT 1 82 8 IE & AR T
BMACENT; 207 RN T B R IRIT=3 K.

HEUWE WS B E WA D ORI R 55 R,
55 2B 5 A S (postnatal age, PNA). 1 5l . & &
(WT) s R Z W 57 B 3R 45 2477 58 45 2 I [R) R I 24
WP R LIS 8] L FH 24 507 R A 24 35 18] 13 UL (Ser) s 73
W R MRS . BT SL LR T B R A
258 ) AR R

CL (L-h?) = 11.75%[PNA%472x (PN AC46724

33.304672) 1] x (WT/70) 750362

V (L) = 54.49x\WT/70xg06711

Zit o4 N A SPSS 20 HEAT Gi it 2o M, R
B IR YE R R R AR SR AT 0 2H . ARIE AT S
i % 2 PPK AR AL, {81 | NONMEM £ Hp i1 DLt 4

PR, SR AR AR BE FE, 5 Sl e e H
S-S5 TR A% 2 (mean error, ME) F1-F 41 %o 7 0] 5% 22
(ME%) V¥ Al 152 2 1) o 7 25 FH 1 3 46 %) 4% 22 (mean
absolute error, MAE), ¥4 77 # % % (root mean squared
error, RMSE) A1 AH X Ll 1% 22 75 £30% LA P 43 A [ El
B VT Al A5 L RS % B . SR ME i T 0, MAE {H
<2.5mg-L%, RMSE<4 mg- L%, I F5i0  fg B4, Hik
WEAKXW T HAEHWARE (goodness-of-fit) . L
LTI A 56 v (VPC) o 455 7Y ) F500 14 R 2 47 36 00E
Bland-Altman — U P4y 77 V5 VFAN T D0 AE 5 00 248 1)
— 3.

ME =1n)"  (BUfE - EMH )

MAE = 1/n ) " [HU{E - WEAH|

ME% = 1> " [( B -

SELAE ) LEE{H 1% 100%
RMSE =[1/n Y|, (B - WEEMH )? ]
RS BR 1R 22 = (TR - WL 82 ) WL 22 1% 100%

LTS
1 —RER

LGN 191 9 L 3, 37TA AN MGk (. AN 1D
BT RL R PR BT RE (Rl 455 2H B4 A0 A 50 56 E £ )
W 1.
2 FRBIRGTUN 1 BE

T B 2 L IR E 9 MELME% - MAE 1 RMSE
U2 2; 94 FE A S 1000 45 2 7E £30% LA P ) L Bl A
82.75%. &1L IE WL 1; VPC B L B 2; AN A 5
5 Sz {E 1Y) Bland-Altman — S T 1% oL 001 3; A
[ 3 2 ) — B VPO IS L LB 4. FH L LA R, AR )
AN A FTIIAR 5 S5 D00 AL (0 A G MR A, AR 2% AR AL L 7
7 (CWRES) 5 AM& Uil {6 (IPRED) K 7 fie & Y
CWRES 18 = B o0 Aii T-+2 22 [a], 8251 43 4 T A b b 1
AN, AN B A RE B T S 35 AR A, R IR AL A AR
AR AN A TN A 5 Rl A o A b S e SR B . B2
HR T2 TN Hp A B 2k, 5 26 D TRE 95% B {5 X
) 3 SR, KBy W B i 7R AT X 18] 2 9, (B ATY A 30 4y
SETE B AT XAV A1, 56 B ASE B E B A S50 7 T A7 76 356 7
2 o P 3N 4 S R B A (A T 5 S AR ) —



530 - Z4%% %R Acta Pharmaceutica Sinica 2019, 54(3): 528 -532

Table 1 Demographic and clinical characteristics of pediatric patients

Characteristics Model development cohort External validation cohort
Number of patient 54 191
Samples 128 371
Sex (female: male) 31:23 77:114
Age, <28day (0-4weeks] 8 (14.81%) 34 (17.80%)
Weight <1 500 g 1 (12.50%) 7 (20.59%)
Weight >1 500 g 7 (87.50%) 27 (79.41%)
Age, 28 day-1 year (4-52 weeks] 16 (29.63%) 48 (25.13%)
Age, 1 year-3 year (52-156 weeks] 13 (24.08%) 33 (17.28%)
Age, 3 year-10 year (156-573 week] 17 (31.48%) 76 (39.79%)
Postnatal age, weeks (mean, range) 124.30 (1.29, 521.40) 157.90 (0.29, 568.00)
Weight / kg (mean, range) 10.36 (1.40, 33.50) 11.60 (0.83, 50.00)
Serum creatinine / mg-dL™ (mean, range) 0.39 (0.15, 1.32) 2.97 (0.68, 13.46)
Vancomycin serum concentrations / mg- L™ (mean, range) 12.21 (0.15, 40.39) 9.31 (0.30, 45.60)

Table 2 The mean error (ME), mean relative error (ME%), mean absolute error (MAE) and root mean square error (RMSE) values of van-
comycin serum concentrations (95% Cl). *Not applicable because of a negative value

Item ME /mg-L? ME % MAE / mg-L? RMSE / mg-L*
All concentrations -0.50 (-0.79, -0.21) 6.03% (1.18%, 10.88%) 1.84 (1.62, 2.07) 2.86 (2.46, 3.21)
Age, <28 day (0-4 weeks] -0.56 (-1.30, 0.18) 10.09% (-2.69%, 24.52%) 2.18 (1.65, 2.72) 3.08 (2.13, 3.81)
WT <1500 g -0.15 (-3.28, 3.59) 29.36% (-29.61%, 88.33%) 3.57 (1.24,5.91) 4.88 (NA", 7.21)
WT 1500 g -0.69 (-1.36, -0.02) 7.35% (-5.44%, 20.14%) 1.92 (1.45, 2.39) 2.60 (1.89, 3.15)
Age, 28 day-1 year (4-52 weeks] -0.79 (-1.35, -0.23) 1.53% (-5.78%, 8.84%) 1.91 (1.49, 2.34) 2,77 (2.17, 3.27)
Age, 1-3 year (52-156 weeks] -0.36 (-1.05, 0.32) 1.73% (-10.18%, 13.65%) 1.49 (0.91, 2.08) 2.75 (1.15, 3.72)
Age, 3-10 year (156-573 weeks] -0.36 (-0.82, 0.09) 8.32% (0.30%, 16.35%) 1.80 (1.4, 2.16) 2.85 (2.12, 3.43)
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Figure 1  Goodness-of-fit plots of the model. a: Detection values (DV) against individual predictive values (IPRED); b: Conditional
weighted residuals (CWRES) against individual predictive values (IPRED)
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Figure 2 Visual predictive checks for model Figure 3 Bland-Altman analysis of IPRED and DV
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Figure 4 Bland-Altman analysis of individual predictive values
(IPRED) and detection values (DV) in different groups. a: Age
< 28 day (0-4 weeks] group, al. Weight < 1 500 g subgroup, a2.
Weight > 1 500 g subgroup; b: Age 28 day-1 year (4-52 weeks]
group; c¢: Age 1-3 year (52-156 weeks] group; d: Age 3-10 year
(156-573 week] group
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