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Fig.1 Flowchart of model informed precision dosing

PK/PD: pharmacokinetic/pharmacodynamic; PBPK: physiologically based pharmacokinetic, Al artificial intelligent; QSP: quantitative system—

atic pharmacology; MBMA: model based meta-analysis; PM; pharmacoeconomic modeling.



° 1218 -

PK/PD

MAPB

PK/PD

PK/PD

20-21

PK/PD

2224

PK/PD

2.2 PBPK

% PBPK

27

PK

PBPK

2933

PK

o PBPK

25

27 3738 . ( 1)

PB-

2728

PBPK

Chin J Clin Pharmacol Ther 2021 Nov; 26( 11)

;(2)
PBPK
PBPK
PBPK
(1)
;(3)
(4)
PK
PBPK
21 PBPK
PBPK
PK ;(3)
PBPK
2.3
B Al
44
Al

PK
»(3)
PBPK 1 (4)
PK
27 .
PK 1 (2)
PK/PD :
PBPK
3941 ( .
:(2) PBPK
PBPK
“ Al


刘鑫
Highlight


2021 Nov; 26( 11)

* 1219 -

s, ( machine learning MA) . 7 (virtual twin) .
ML) Al « ML % ( pharmacoeconomic modeling PM) .
57
. ML ML
58
N . o PK/PD
ML ML ( PBPK QSP )
52 : ( 1) ’ .
( PK/PD.AI )
( ) 39 57
“ ”» “ 7’; ( 2) 3
113 ”» AI
1 (3) “ 7 MIPD
. ;(4) o
60 61
AI “ » 62 \A VIH 63-64
N PK/PD MAPB
( Do
o o MIPD
53
53
2.4 o
* MIPD .
( quantitative systems pharmacology QSP) .
* (' model based meta-analysis MB- o
1
Tab.1 Typical application of model informed precision dosing
- @ /
- Bulik  ® PK/PD Monte
? Carlo Compass
N MIC
PK/PD
@ /
Rashid % PBPK




1220 - Chin J Clin Pharmacol Ther 2021 Nov; 26( 11)

PBPK
®
Chan % 833
@ /
i ( warfarin
? dosing calculator) ( INR)
- @
Huang  ® N N N
10~20 mg/L
@ /
69 PK
15~20 mg/L
@
? Yu 7 7 1746
o Al o
@ /
- Shore "' 1509
PK PK : B- .
PK.
? PK ®) /
- 7 Mukherjee PBPK/PD
/ (LPV/r)
‘e o LPV/r
PK/PD o
o LPV/r
O] /
. Zhang ™

? Smartdose




2021 Nov; 26( 11)

° 1221 -

MAPB
D /
Barriere ' PK
?
D /
Monte Carlo Comé L 7
(qd) ( bid)
HIV bid qd
?
@ / :
Monte Carlo Gu 2 PK/PD
2
4
” - MIPD CDSS N
( APP) 7 29
MIPD CDSS( 2)
CDSS CDSS 7678
o7 CDSS ( N
. ) (
4.1 PK/PD N N
CDSS PK/PD CDSS 7 (1 2) .
3 NONMEM. Phoenix CDSS

NLME. Lixoft \MATLAB


slow walker
Highlight

slow walker
Highlight


° 1222 -

MwPharm++
DoseMe

2 MIPD

Tab.2 Supported platform and access of decision-making systems

CDSS

o

SmartDose

Antibiotic Kinetics

Chin J Clin Pharmacol Ther 2021 Nov; 26( 11)

7879

o

MwPharm ++. DoseMe

CDSS

Names

Supported platform

Access pathway

Computer program
Antibiotic Kinetics
BestDose

JPKD
Mwpharm++
Precise PK

TDM for R
Wafarin Dose Calculator
Web platform
ClinCalc

DoseMe

Globalrph
NextDose
SmartDose

Tac dosing
Wafarin Dosing
PrecisePK
MTXPK

DosOpt
VCM-TDM

App

Antibiotic Dosage Calculator
Antibiotic Kinetics
DoseAdjust
DoseMe

Digoxin Calculator
iWarfarin
mobilePK

RxCale

Vancodose
Vancomycin Calculator by Clincale
PK-PD Compass

Windows
Windows
Windows / Linux/macOS
Windows
Windows
Windows / Linux/macOS
Windows /Linux/macOS

Web
Web
Web
Web
Web
Web
Web
Web
Web
Web
Web

i0S
i0S/Android/ WP
i0S

i0S/ Android
10S/ Android
i0S

Android

i0S

i0S

10S/ Android
i0S

rxkinetics.com/abpk.html
lapk.org/bestdose.php
pkpd.kmu.edu.tw
mediware.cz
www.tdms2000.com
pkpd.kmu.edu.tw

www.warfarindoserevision.com

clincalc.com

www.doseme.com.au

www. globalrph.com /medcalcs.htm
www.nextdose.org

smartdose.cn
gth.xy3yy.com/login.do
warfarindosing. org

precisepk.com/

mtxpk.org

dosopt.com/en/

www.pharmado.net/

App Store

App Store/Android App Store/ WP App Store

App Store
App Store/Android App Store
App Store/Android App Store
App Store
App Store
App Store
App Store
App Store/Android App Store
App Store




2021 Nov; 26( 11)

2

Fig.2 Comparison of clinical decision supporting system ( CDSS)

MIPD
CDSS
(2) CDSS
80
£ (3) CDSS
CDSS .
) . ( .
) ( )
CDSS
4.2

)

CDSS

CDSS

”»

82

MIPD

82

83

81

MIPD

81

CDSS

”»

CDSS

CDSS

° 1223 -

“«

113
4

”»



° 1224 -

MIPD o
MIPD

o MIPD

Darwich AS  Ogungbenro K Vinks AA et al. Why
has model-informed precision dosing not yet become
common clinical reality? lessons from the past and a
roadmap for the future J . Clin Pharmacol Ther
2017 101( 5) : 646-656.

Darwich AS Polasek TM  Aronson JK et al. Model-
informed precision dosing: background requirements
validation implementation and forward trajectory of
individualizing drug therapy J . Annu Rev Pharma—
col Toxicol 2021 61: 225-245.

Gonzalez D Rao GG Bailey SC et al. Precision do-
sing: public health need proposed framework and
anticipated impact J . Clin Transl Sei 2017 10
(6): 443-454.

Sheiner LB. Computer-aided long-term anticoagulation
therapy J . Comput Biomed Res 1969 2(6) : 507-
518.

Jelliffe RW. Administration of digoxin J . Dis Chest
1969 56( 1) : 56-60.

Pons G Tréluyer JM Dimet J et al. Potential benefit
of Bayesian forecasting for therapeutic drug monitoring
in neonates J . Ther Drug Monit 2002 24( 1): 9-
14.

Holford NH. Target concentration intervention: beyond
Y2K J . Br J Clin Pharmacol 2001 52 Suppl 1
( Suppl 1) : 555-59s.

Polasek TM  Rostami-Hodjegan A Yim DS

What does it take to make model-informed precision

et al.

dosing common practice? Report from the 1st Asian
Symposium on Precision Dosing J . Aaps J 2019

21(2): 17.

U.S. Food and Drug Adminstration. Precision dosing:

defining the need and approaches to deliver individual—
ized drug dosing in the real-world setting EB/OL .
(2019-08-12) . hitps: //www. fda. gov/drugs/preci—

10

11

12

13

14

15

17

18

19

20

21

Chin J Clin Pharmacol Ther 2021 Nov; 26( 11)

sion-dosing-defining-need-and-approaches-deliver-in—
dividualized-drug-dosing—real-world-setting.
Pharmaceuticals and Medical Devices Agency. Guide—
line on population pharmacokinetic and pharmacodyna—
mic analysis EB/OL . ( 2019-05-5) . http: //www.
pmda.go.jp/files/000230073. pdf.

Department of Health and Human ServicesFood and
Drug AdministrationCenter for Drug Evaluation and Re—
search ( CDER) . Population pharmacokinetics guid—
ance for industry EB/OL . (2019-07). htips: //
www.fda.gov/media/128793 / download.

EB/OL . ( 2020-12-31) . https: //www.cde.
org. cn/main/news /viewInfoCommon /
b3e8205a4749caa02

64414514cdf45ac.

European Medicines Agency. Guideline on reporting
the results of population pharmacokinetic analyses
EB/OL . (2007-0621) . https: //www. ema. europa.
eu/en/documents/scientific-guideline / guidelinerepor—
ting-results-population-pharmacokinetic-analyses_en.
pdf.
Byon W Smith MK Chan P et al. Establishing best
practices and guidance in population modeling: an ex—
perience with an internal population pharmacokinetic a—
nalysis guidance ] CPT Pharmacometrics Syst
Pharmacol 2013 2(7): e51.

M .
2019.

Bonate PL. Pharmacokinetic-pharmacodynamic model-
ing and simulation 2nd Edition M . Springer Publica—
tion: 2011.

Owen JS FiedlerXKelly J. Introduction to population
pharmacokinetic / pharmacodynamic analysis with non—
linear mixed effects models M .

2020.

J.
2019 24( 11): 1201-220.
Wicha SG  Mirtson AG Nielsen EI et al. From ther—
apeutic drug monitoring to model-informed precision
dosing for antibiotics ] Clin Pharmacol Ther
2021 109(4): 928-941.
Zhang C  Denti P

pharmacokinetic model for adherence evaluation using

van der Walt JS et al. Population

lamivudine concentration monitoring J . Ther Drug
Monit 2012 34(4): 481-484.
Barriere O Li J Nekka F. A Bayesian approach for

the estimation of patient compliance based on the last



2021 Nov; 26( 11)

22

23

24

25

26

27

28

29

30

31

32

sampling information J . J Pharmacokinet Pharmaco—
dyn 2011 38(3): 333-351.

GuJ Q Guo YP Jiao Z et al. How to handle de-
layed or missed doses: A population pharmacokinetic
perspective J . Eur J Drug Metab Pharmacokinet
2020 45(2): 163-72.

Counterman ED Lawley SD. What should patients do
if they miss a dose of medication? A theoretical ap—
proach ] . J Pharmacokinet Pharmacodyn 2021.
Albassam A Hughes DA. What should patients do if
they miss a dose? A systematic review of patient infor—
mation leaflets and summaries of product characteris—
tics J . Eur J Clin Pharmacol 2021 77(2): 251-
260.

Hill- McManus D Marshall S Soto E

tion of pharmacometrics and pharmacoeconomics to

et al. Integra—

quantify the value of improved forgiveness to nonadher—
ence: A case study of novel xanthine oxidase inhibitors
for gout J . Clin Pharmacol Ther 2019 106( 3):
652-660.

Rowland M Peck C Tucker G. Physiologically-based
pharmacokinetics in drug development and regulatory
science J . Annu Rev Pharmacol Toxicol 2011 51:
45-73.

Sager JE YuJ Ragueneau-Majlessi I et al. Physio—
logically based pharmacokinetic ( PBPK)

A systematic review of

modeling
and simulation approaches:
published models applications and model verification
J . Drug Metab Dispos 2015 43( 11): 1823-1837.
Zhuang X Lu C. PBPK modeling and simulation in
drug research and development J . Acta Pharm Sin
B 2016 6(5): 430-440.
Dallmann A Incel Solodenko ] et al. Physiological—
ly based pharmacokinetic modeling of renally cleared
drugs in pregnant women J . Clin Pharmacokinet
2017 56(12): 1525-1541.
Ince I Solodenko J Frechen S et al. Predictive pedi—
atric modeling and simulation using ontogeny informa—
tion J . J Clin Pharmacol 2019 59 Suppl 1: S95-
s103.
Britz H Hanke N Volz AK

based pharmacokinetic models for CYP1A2 drug-drug

et al. Physiologically—

interaction prediction: A modeling network of fluvox—

amine theophylline caffeine rifampicin and mid-
azolam ] . CPT Pharmacometrics Syst Pharmacol

2019 8(5): 296-307.

Department of Health and Human ServicesFood and
Drug AdministrationCenter for Drug Evaluation and Re—

search ( CDER) . In vitro drug interaction studies-eyto—

33

34

35

36

37

38

39

40

41

42

43

44

° 1225 -

chrome P450 enzyme- and transporter-mediated drug
interactions: guidance for industry EB/OL . ( 2020-
01) . https: //www.fda.gov/media/134582/download.

FDA J .
2021 26(7): 760-767.
Fendt R Hofmann U Schneider ARP

driven personalization of a physiologically based phar—

et al. Data—

macokinetic model for caffeine: A systematic assess—
ment J . CPT Pharmacometrics Syst Pharmacol
2021 10(7) : 782-493.

Kuepfer I. Niederalt C Wendl T et al. Applied con—
cepts in PBPK modeling: How to build a PBPK/PD
model J . CPT Pharmacometrics Syst Pharmacol
2016 5(10): 516-531.

Espié P Tytgat D Sargentini-Maier ML et al. Physi—
ologically based pharmacokinetics ( PBPK) J . Drug
Metab Rev 2009 41(3): 391-407.

Polasek TM  Rostami-Hodjegan A. Virtual twins: un-
derstanding the data required for model-informed preci—
sion dosing J . Clin Pharmacol Ther 2020 107
(4): 742-945.

Rashid M Sarfraz M Arafat M

lisinopril pediatric dose from the reference adult dose

et al. Prediction of

by employing a physiologically based pharmacokinetic
model J . BMC Pharmacol Toxicol 2020 21(1):
56.

Song L Cui C Zhou Y et al. Toward greater insights
on applications of modeling and simulation in pregnan—
cy J . Curr Drug Metab 2020 21(9): 722-741.
You X WuW Xul] etal Development of a physio—
logically based pharmacokinetic model for prediction of
pramipexole pharmacokinetics in Parkinson “s disease
patients with renal impairment J . J Clin Pharmacol
2020 60(8) : 999-1010.

Zhang M You X Ke M et al. Prediction of ticagrelor
and its active metabolite in liver cirrhosis populations
using a physiologically based pharmacokinetic model
involving pharmacodynamics J . J Pharm Sei 2019
108( 8) : 2781-2790.

Peters SA  Dolgos H. Requirements to establishing
confidence in physiologically based pharmacokinetic
( PBPK) models and overcoming some of the challen—
ges to meeting them J . Clin Pharmacokinet 2019
58( 11): 1355-371.

Howard J. Artificial intelligence: Implications for the
future of work J . Am J Ind Med 2019 62( 11):
917-926.

Weidlich V. Weidlich GA. Artificial intelligence in



* 1226 ¢

45

46

47

48

49

50

51

52

53

54

55

56

57

medicine and radiation oncology J . Cureus 2018
10( 4) : e2475.

Le EPV Wang Y Huang Y et al. Artificial intelli—
gence in breast imaging J . Clin Radiol 2019 74

(5): 357-366.

Bates DW  Auerbach A Schulam P et al. Reporting
and implementing interventions involving machine
learning and artificial intelligence J . Ann Intern
Med 2020 172( 11 Suppl): S137-s144.

Shibahara T Tkuta S Muragaki Y. Machinedearning
approach for modeling myelosuppression attributed to
nimustine hydrochloride J . JCO Clin Cancer Inform
2018 2: 1-21.

Woillard JB  Labriffe M Debord J
nolic acid exposure prediction using machine learning

J . Clin Pharmacol Ther 2021 110(2): 370-379.
Imai S Takekuma Y Miyai T et al. A new algorithm

et al. Mycophe—

optimized for initial dose settings of vancomycin using
machine learning J . Biol Pharm Bull 2020 43
(1): 188-193.

Mancini T Calvo-Pardo H Olmo J. Extremely ran—
domized neural networks for constructing prediction in—
tervals J . Neural Netw 2021 144: 113-128.

J.
2016 21(12): 1425-1428.
Maier C Hartung N Kloft C

learning and Bayesian data assimilation for model-in—

et al. Reinforcement

formed precision dosing in oncology J . CPT Pharma-
cometrics Syst Pharmacol 2021 10( 3) : 241-254.
Angehrn Z Haldna L Zandvliet AS et al. Artificial
intelligence and machine learning applied at the point
J . Front Pharmacol 2020 11: 759.
Helmlinger G Sokolov V. Peskov K et al. Quantita—

of care

tive systems pharmacology: An exemplar model-build—

ing workflow with applications in cardiovascular meta—

bolic and oncology drug development J . CPT Phar—
macometrics Syst Pharmacol 2019 8( 6) : 380-395.
J. 2020

25(11) : 55-2.
Hill- McManus D Marshall S Liu J

pharmacometric-pharmacoeconomic modeling and sim—

et al. Linked

ulation in clinical drug development J . Clin Pharma-
col Ther 2021 110(1): 49-63.

Schmidt S Kim S Vozmediano V et al. Pharmaco-
metrics  physiologically based pharmacokinetics
quantitative systems pharmacology-what’s next? —join—

ing mechanistic and epidemiological approaches J .

58

59

60

61

62

63

64

65

66

67

68

69

Chin J Clin Pharmacol Ther 2021 Nov; 26( 11)

CPT Pharmacometrics Syst Pharmacol 2019 8( 6) :
352-355.

Tang BH Guan Z Allegaert K et al. Drug clearance
in neonates: A combination of population pharmacoki—
netic modelling and machine learning approaches to
improve individual prediction J . Clin Pharmacoki—
net 2021.

Gillaizeau F Chan E  Trinquart L et al. Computer—
ized advice on drug dosage to improve prescribing
2013

practice J . Cochrane Database Syst Rev

(11) : Cd002894.

He N SuS YeZ et al. Evidence-based guideline for
therapeutic drug monitoring of vancomycin: 2020 Up-
date by the Division of Therapeutic Drug Monitoring
Chinese Pharmacological Society J . Clin Infect Dis
2020 71( Suppl 4) : S363-s371.

Abdul-Aziz MH  Alffenaar JC Bassetti M et al. An—
timicrobial therapeutic drug monitoring in critically ill
adult patients: a position paper J . Intensive Care
Med 2020 46(6): 1127-153.

Brunet M van Gelder T Asberg A et al. Therapeutic
drug monitoring of tacrolimus—personalized therapy:
second consensus report J . Ther Drug Monit 2019
41(3): 261307.

Srivastava A Santagostino £ Dougall A et al. WFH
guidelines for the management of Hemophilia 3rd edi—
tion J . Haemophilia 2020 26 Suppl 6: 1-58.
Thrombosis and Hemostasis Group Chinese Society of
Hematology Chinese Medical Association/Hemophilia
Treatment Center Collaborative Network of China. Chi-
nese guidelines on the treatment of hemophilia ( version
2020 ] . Zhonghua Xue Ye Xue Za Zhi 2020 41
(4): 265-271.

Bulik CC Bader JC Zhang L et al. PK-PD com-
pass: bringing infectious diseases pharmacometrics to
the patient’s bedside J . J Pharmacokinet Pharmaco—
dyn 2017 44(2): 161477.

Chan AL Chen JX Wang HY. Application of data
mining to predict the dosage of vancomycin as an out—
come variable in a teaching hospital population J .

Int J Clin Pharmacol Ther 2006 44( 11) : 533-538.

J. 2018 53(19):
1703-1708.
Huang X YuZ Wei X et al. Prediction of vancomy—
cin dose on high-dimensional data using machine
learning techniques J . Expert Rev Clin Pharmacol
2021 14(6): 761-971.
Lin WW Wu W Jiao Z et al. Population pharmaco—



2021 Nov; 26( 11)

70

71

72

73

74

75

kinetics of vancomycin in adult Chinese patients with
post-eraniotomy meningitis and its application in indi-
vidualised dosage regimens J . Eur J Clin Pharma—
col 2016 72(1): 29-37.

YuZ Ji H Xiao ] et al. Predicting adverse drug e—
vents in Chinese pediatric inpatients with the associat—
ed risk factors: A machine learning study J . Front
Pharmacol 2021 12: 659099.

Shore N Zurth C Fricke R et al. Evaluation of clini—
cally relevant drug-drug interactions and population
pharmacokinetics of darolutamide in patients with non—
melastatic castration—resistant prostate cancer: Results
of pre-specified and post Hoc analyses of the phase 111
ARAMIS Trial ] 2019 14(5):
527-539.

Niu W LiS JinS et al. Investigating the interaction

. Target Oncol

between nifedipine— and ritonavir-containing antiviral
A physiologically based pharmacokinetic/
J . Br J Clin Pharmacol

regimens:
pharmacodynamic analysis
2021 87(7): 27902806.
Mukherjee D Zha ] Menon RM et al. Guiding dose
adjustment of amlodipine after co-administration with
ritonavir containing regimens using a physiologically—
based pharmacokinetic/pharmacodynamic model J .
J Pharmacokinet Pharmacodyn 2018 45( 3): 443-
456.

Zhang Y Wang T Zhang D

monitoring coupled with Bayesian forecasting could

et al. Therapeutic drug

prevent vancomycin-associated nephrotoxicity in renal
insufficiency patients: A prospective study and phar—
macoeconomic analysis J . Ther Drug Monit 2020
42(4) : 600-609.

Comté L Vrijens B Tousset E et al. Estimation of

the comparative therapeutic superiority of QD and BID

76

71

78

79

80

81

82

83

° 1227 -

dosing regimens based on integrated analysis of dosing
history data and pharmacokinetics J . J Pharmacoki-
net Pharmacodyn 2007 34(4): 549-558.

Kantasiripitak W Van Daele R Gijsen M et al. Soft-
ware tools for model-informed precision dosing: How
well do they satisfy the needs? J . Front Pharmacol

2020 11: 620.

J . 2019
54(1): 1-8.
Fuchs A Csajka C Thoma Y

therapeutic drug monitoring software: a review of avail—

2013

et al. Benchmarking

able computer tools J . Clin Pharmacokinet
52(1): 922.

Kumar AA Burgard M Stacey S et al. An evaluation
of the userHriendliness of Bayesian forecasting pro—
grams in a clinical setting J . Br J Clin Pharmacol
2019 85(10) : 2436-2441.

Mould DR Dubinsky MC. Dashboard systems: Phar—
macokinetic /pharmacodynamic mediated dose optimi—
zation for monoclonal antibodies J . J Clin Pharma-
col 2015 55 Suppl 3: S51-59.

Keizer RJ] Ter Heine R Frymoyer A et al. Model-in—
formed precision dosing at the bedside: scientific chal—-
lenges and opportunities ] . CPT Pharmacometrics

Syst Pharmacol 2018 7( 12): 785-787.

I 2020 4
(8): 186-188.
Vinks AA  Peck RW Neely M

and implementation of electronic health record-integrat—

et al. Development

ed model-informed clinical decision support tools for
the precision dosing of drugs J . Clin Pharmacol T-

her 2020 107(1): 129-35.

Model informed precision dosing: China expert consensus report

JIAO Zheng LI Xingang SHANG Dewei
Jianmin PAN Yan ZHOU Tianyan ZHANG Jing LIU Dongyang LI Lujin FANG Yi

Guangli XIANG Xiaogiang WANG Yuzhu

DING Junjie ZHAO Wei

CHEN Rui

Jianjun XIE Haitang HU Pei ZHENG Qingshan

ABSTRACT

Model informed precision dosing

( MIPD) is a new concept to guide precision dosing

for individual patient by modeling and simulation

based on the available information about the individ—

ual patient

medications and the disease. Compared

DONG Jing ZUO Xiaocong CHEN Bing LIU

MA
GAO

to the empirical dosing MIPD could improve the ef-

ficacy

safety  economics and adherence of the

pharmacotherapy according to the individuals patho-

physiology genotyping and disease progression. This

consensus report provides a brief account of the con—
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