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Abstract: Vancomycin has been widely prescribed as the first-line antibiotic in the treatment of methicillin-
resistant Staphylococcus aureus and other serious Gram-positive infections. Due to its large pharmacokinetic
(PK) variability and narrow therapeutic range, it requires optimization of dosage to achieve target exposure. In
this study, SmartDose, a decision support system for individualization of vancomycin dosage is developed using
the maximum a posterior Bayesian estimation (MAPB) by the open-source language R combined with the
population PK characteristics of vancomycin in Chinese patients. It provides initial design and adjustment
of dose regimens based on the therapeutic drug monitoring (TDM) results, as well as a user-defined module to
facilitate optimal vancomycin therapy. SmartDose has a high computational reliability, which is validated by
NONMEM, the golden standard PK software. Meanwhile, SmartDose is established as a web-based application
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and its operational flexibility makes it an efficient tool for vancomycin dose optimization in routine clinical

settings.

Key words: vancomycin; dose individualization; decision support system; population pharmacokinetic;

maximum a posteriori Bayesian estimation

Jii R (vancomycin) A& H R A7 i AA T AR
4B (methicillin-resistant Staphylococcus aureus,
MRSA) &5 55 2% [ PR ™ R e i) — 2k 2. IRIEE
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project.org/web/packages/rjags/); Visua Studio (Version
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XA E ISR BRI U AL L R

NZTEI S S AT N e e S B P T NAA W € /)
Ll “vancomycin” . “population pharmacokinetic” .
“Chinese” %17 % PubMed Fll Web of Science
B, RN A ER S 2017 47 H 31 H. 44
ANt © L E AR R T E R PPK
9T, @ W RAFERAIE AR, @ HFAXR
P& L UE AN PR o HEBR AR 1EE: O 254 S N\ 2 52 (1
FARE, AR ERARREARRNE, @ RBIRIE;
@ AR AL ANEIR & R AERE (nonlinear mixed
effects modeling, NONMEM) I 5% .

HFEZE NEHBERELEKEESLS, 77
H— G R — Py s OO AR 2 B SR P,
AR IR 2 R MK EE, k=

CLy cL

-t D, ——Lxt

Coxe Vi + x|l-e % |,t<T,
T,xCL,

7$><T D, —ng —Ex(t—T )
|:Co><e Vi 4 L x[l—e Vil Ixe b U tsT,

C,=

T,xCL,

©)

X A~3 5 HNE L, 2, -, n IREG LIS FE R

S5OSO L2k BE B I R ARk ek K, LA 3 AR RIE

Co NEEH RGN M ZGIRE; CyoNEE n IR 25

BE I 18] A5 40 1 25 ¥R BE A D, A1 T 20BN 5 n IREE 24

FIF R AR IE R A]; CLas Vo 20 BN S n IREE 2511
TEBR A AL

LEHZIRG ke, BN 4,
THERESBRIEL:
D 1- ei%XT ) 4
Cmms:TxCL X o xe Vv
l-e vV

E, Crins WS MWK, DT M 7 7351



+ 106 * #j %4243} Acta Pharmaceutica Sinica 2018, 53 (1): 104 -110

REEZIE . I [R] A B 25 25 1 B[R] (AT R CL.
V 53 50l g B8 TR T B 26 A0 03 A 2 A

MAPB &% MAPB fili 5 eh DU B 28 i 2 Jg 1
ok, L Se e AE B EE R AT S H A A
WAL 2GR R, i s SR PPK B RN IE S 50 K
Foor A, WD ECHE B 2 5 1 L 259K 5 . MAPB V5 i
18R 31 H b e B0 ME, SEBLBLAR o B ke 2,

o, -3 00" 5 —6)° )

N2
; it Oj

X 5, p ASEAELG n N MZHREA KL 6,/
O 73 WL E E S B R E ARG S, ¢ A
Cj Z3 A I 24 94 B2 A A B SR AR SE A, &, NS
B fpIbs e, &, WK ZE 0 A bR 22

SEHL MAPB VLI I UH R T VA B S s i vk
AT A] RAE-S 45K 2 (Markov Chain Monte Carlo,
MCMC) % . NONMEM %M RA T miriEicik, B
WIS RERIT, ¥ Hbr R B & vith, MM ik
ERGE T ARG IRIVE AT R, HERE TR
J [l 2 8> 2,

AWFFRA T MCMC %, IS HUE R 7 Ah, I
RESHEEME. HEIRAFEUTSES. O &
X PPK RIS FE R S 1) e i A, @ WE
MCMC B AR S5, BEYIMEE (initia value)
Tike A (burn-in period) & . #iFEP K (sampling
lag) FSHMFEE, @ 456 B M4 25 5 Ll K I 245K
JEAE R, W SR REE; @ il fike (burn-in) A&
B SRR B R] B, AE WSk ) B AT SR R R A
WK A¥ (Gibbs sampling) “E i MCMC FEAE) 2411
JE oA, ® @IE Gt i, TS N R
MZHUE, SEMMESH MAPB 5. MHIRT
NONMEM %R &k, W TFS8m% . B
HRMEmY4EZ JTTERA TR, MCMC 3 2 AR
%‘[2610

iR KA JAGS (Just Another Gibbs Sampler)
BAFAN rjags SEPL. JAGS KA A 1) DL v 4K
4, sk T B E#4 BUGS (Bayesian Inference
Using Gibbs Sampling) #5-F & EAHERIE . rjags
£ R 5 JAGS @i pyt e v, s 7 H R A
JAGS HEAT T 4 127

BUARIRAE  AHEE T NONMEM Fil SmartDose
3 TN AR 1) F R B A SR D R 100 TR
HIREHITIBHE, WA R —E1E. NONMEM it
b, B AR YE SCER IR TE s SRR 25 Bl AR R e

ZH, SR BT SESTIMATION f#) POSTHOC ##i itk Jf:
W MAXEVAL =0, #1T MAPB [Jit% . SmartDose
MIZENPH RIES, ¥ L SCATR 2% LA Dl
RIS IZ B . AL E % T SmartDose AHXS T
NONMEM [t 2, 046 I 24 9% B 1) FE s 10
(population prediction, PRED, 7R 556 it &4, priori
estimation) AIMATMIE (individual prediction, IPRED,
JRENJE W45 4%, posterior estimation). @i itE T
Slabr, VPN E FIER) U MR ZE (relative
bias%, RB%, 3 6). “FHIX % (mean relative bias%,
MRB%, = 7). 34650 A X 2 (mean absolute
relative bias¥%, MARB%, i\ 8) Hl RB% 2.5%~97.5%
X [H]; JF2AH e EA0 Bland-Altman 28, ik
PEM FE AR, MRBY% A #EH FE P4, MARBY% Al
RB% [ 2.5%~97.5% [X [ Ay % £ (I VFAR

RBY% — SmartDose— NONMEM «100% (6)
NONMEM
N
MRB% =+ RB% (7)
N =
Ly (®)
MARB%:NZ|RB%|
i=1

R, SmartDose 1 NONMEM 4351 g %6t vz )
SmartDose f1 NONMEM it .

REEINBED T AHE TR A A TR 7790 =
B B S AR K 7 SR 20 T (requirement analysis) P
@O FEUE BB Uk BilgEER . mEERK
B EE —BERE . 4 B B A TR G I PR 25 0,
TREANRAE 257 R IRAR, € XRRHIIIRE,;
HHCH MG ARG, 2 & REM 5
FPE. RGP RS, @ it 44 BB
BORSEHIMEE, BRADEEK KB NDIREREE, T
ThEeFIThRe s O, VT3R5 . S50 BB 1R IR AR,
@ IO UE AT B d i v R 24 0 R AR R R St
BB, FFEIGIRZITRE AT, RS 1% B
AL R, i — BT 5.

%R
1 MNEREMERESR

SCHRAS NN I I R L ] 10 g\ B T LA
Pk )Lt LEEEN REN (FEEN) B
U8 R w2 AR E T PP BT IT . NI ST 8y
KT — BRI — P B N 25 2 S5 iR
ZiFE SR N R AR R (BN IR
JwE . JLE N EES) . EAE Thaetebs G L



re T A T R R ML 4 25 USRS R R 4t R - 107 -
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92 articles identified by search strategy:
PubMed (#=T7). Web of Science (#=9):
CNKI (n=41); Wanfang (1r=35)

Additional studies from other
sources (n=1)

Full-text articles retrieved for more detailed judgement (n=11)

Figurel Flowsheet of literature search

N =

Table 1 A summary of model characteristics of the published vancomycin population pharmacokinetic studies in Chinese patients.
Continuous variables are characterized as median (range) or mean + standard deviation. 3Postmenstrual age, PMA/week; "Postnatal age,
PNA/week; “Calculated by Schwartz equation, /mL -min *-1.73 m % “Calculated by Cockeroft-Gault equation, /mL -min%; Ceps: Observed
concentration/mg-L; Cpored: Predicted concentration/mg-L™%; 7 Between subject variability, 7i1~~N(0, ®2); &: Residual variability, &~
N(0,52); WT: Body weight/kg; Scr: Serum creatining/ pmol-L™*; CL: Creatinine clearance/mL -min *

No. of Serum Creatinine

. . B o . | - intra-
Population patients Agelyear wei or?t)llk creatinine clearance Final model surg:ct ?g:;;:i
(observations) gikg umol-L™  /mL-min? ! y
Neonates 91 (154 %35.0 19 32.2 €32.1 546 30 =0.240
(154) CL= 46><( )075 x— TMA™® 1 2% xen @
(28.3-44.0) (0.8-4.7) (13.1-54.2) (17.6-87.6) PMAS® 1 37.65% o =0.369
V =61.1x M
70
Cobs = Corea X €
Pediatrics 54 (128) 124.3 10.4 345 951.8 PNA 04672 w1 = 0671

— M 0.75 I8
CL =1L75x( 70 ) PNA 04672 4 33 04672 xer wz = 0.362

o1 =0.329
62=0.62mg-L"

(1.3-521.4) (1.4-335) (13.3-115.9) (2.8-148.4)
V =54.46x — xem
70

Cobs = Cpea X (1+81) +5,

Adults 260 (619) 72.0 65.0 80.0 965.6 CL = [1‘71>< en +831x (17e70_0113xe”2xc\_c{)j| w1 =0.415
(18.0-99.0) (37.0-90.0) (23.9-562.2) (7.4-285.5) Ace w2 =0.766
x 0.475 72 —
- ws=0.381
V =26.2x2.09 72 xem 6=526mg-L*
Cobs =Chea X &

; d -
Negrowrgl cad 100(178) 51.6+16.9 75.0+62.6 75.0+62.6 ©104.7+43.9 CL =756 ( (I )m e » =0.310
patients 04.71 o =0.202

V=101
Cobs = Corea X €

Table2 Comparison of agorithms between SmartDose and NONMEM in different populations

. MRB/% MARB/% 2.5%-97.5% of RB/%
Population
PRED IPRED PRED IPRED PRED IPRED
Neonates (n = 15 400) 0.0 19 0.0 6.4 00-01 -18.0-11.6
Pediatrics (n =4 772) 0.0 6.2 0.0 11.0 0.0-0.0 -215-324
Adults and the elders (n = 28 152) 0.0 -13 0.0 3.6 0.0-0.0 -11.8-5.8

Neurosurgical patients (n = 17 700) 0.0 17 0.0 31 0.0-0.0 -73-51
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Figure 2 Comparison of PRED and IPRED in neurosurgical
patients (n = 177) estimated by SmartDose and NONMEM.
Panel (a) and (b) represent SmartDose versus NONMEM with
PRED and IPRED, respectively. The solid lineis y=x. Panel
(c) and (d) represent Bland-Altman plots of PRED and IPRED,
respectively. Thedash linein panel (c) is y=0. Thedash lines
from bottom to top in panel (d) represent 2.5%, 50% and 97.5%
of therelative bias, respectively
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Figure3 User interface of SmartDose.  A: Regimen initialize-
tion; B: Regimen adjustment; C: User-defined regimen
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