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“the science of developing and applying mathematical and statistical
models to characterize, understand and predict a drug’s
pharmacokinetics, pharmacodynamics and biomarker-outcome

havior” 1] ;
behavio All models are wrong but some are
. 2 useful...”

“what the body does to the drug”

" Ry George Box, PhD
“what the drug does to the body”

" VI EN-S RAT N
disease progression, relationship between biomarkers and
clinical endpoints etc. ~

(1] Ette, E.l. and P.J. Williams, Pharmacometrics: The Science of Quantitative
Pharmacology. 2007: John Wiley & Sons.
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- ~, Integration e =
+ Facilitate integration
g of different sources
|nf0rmat|0n of information KnOWIGdge
+ Inter-/extrapolation
- A - /
Interpretation Study design
+ Facilitate mechanistic + Identify what to study

interpretation
+ Higher power for
statistical inference

+ Design optimization
+ Trial simulation

4 I
Execution
Data + Individualized dosing Study
+ Adaptive design
g
- " Observation - /

Martin Bergstrand
Dissertation, UU, 2011
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= 2019, US FDA, BEIR 25 5h 2545 75 Lewis B Sheiner
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pop_PK : ‘," < —

(4 ¥’ modeling e PBPK
' approaches ‘
in oncology

i] 4 —— Bayesian pop-PK

pop-PK/PD
Translational Cancer Research: 2017 '
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* LEFDA. BEAZ g2 Tk fa p 2K, 2019

- A BENAER: T O BT 57 AL R AE B R AT o BRI B8 IR s 1N EUK
FEEE LA BT VAR . A FENLIR (20 B 2 HIPKFEA, R IR EEpEAL
& AT AR R B 5 24 1R) 1Y)

- KR B AE— R B SR —NPKEEAR, @ IE T IRG LT (BIHE)
* FDA¥E P ) HAR X
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- THIARREPKEE LS REPKEE A 25
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EMA. PKTE )L NFEZY0t & 11E A, 2006
BEAR (PRI AT 775 7T BE & AR ) 48 B 1) 25 B2 R A 1 PKBIE 5T

1‘%5%12@ CHIRAL BT T, T RIAR R, NAZ FEAE NG BERAE R (8] A A
=1 T A

EMA. 2017 ¥ %

BT R B TR IR FE BT CRIEIS TR], FEACE, B 75 NBEH 70 2 55)
LR BAPK/IPDAE 2yt & It — x5 Fe (R [E, 2019)
SRAPKRE (RATRERA) — B i

(ZANB IR AL

E2 T — DR

CDE: #RZ 8N )12 5t HoRTe 2 E N (TR = WAR) (1, 2020)
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o HAPMDA. HAKR L1552/ #5 50 518 ™, 2019
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ONHOLOGIE Onkologie 2003; 26 (suppl 6): 60-66 Version 01

Approval: June 20, 2003
Implementation: June 21, 2003

7))

OP 14: Population Pharmacokinetic Analysis

o 22 7170 2 AR PKFE A SR 7 538 Y A A 2
- RIS R RIWT A R A FEAE b, nT DA 5 DO RAT I 18] 13

- DUAG R IR W) 5 75 AL DY I (] B (R AR I PR SR B ), 9140146 h,
22-28 h%§

- EZ T I ECREPKEEA, G, 7EL)T 12 cycle X &PK

Standard Operating Procedures for
Clinical
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Article = 3 Open Access @ ®

Pharmacokinetics and Pharmacodynamics of Intensive
Antituberculosis Treatment of Tuberculous Meningitis

Junjie Ding, Nguyen Thuy Thuong Thuong, Toi Van Pham, Dorothee Heemskerk, Thomas Pouplin,

Chau Thi Hong Tran, Mai Thi Hoang Nguyen, Phu Hoan Nguyen, Loc Phu Phan, Chau Van Vinh
Nguyen, Guy Thwaites, Joel Tarning &

First published: 19 January 2020 | https://doi.org/10.1002/cpt.1783 | Citations: 1

WEot NFE: 23415 S5 % 1 i s 8 R
& FHET 10 mg/kg x 91 H
P EISE

ZERFE (606 : ¥BIYE14K%, 0,0.5,1, 2, 3, 4,

6, 8, 112 hours

MECRHAE: 69T JEL. 29N H, fE45%)50-3, 3-

6, 6-12 hRFF B FEHLRAE
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Li R, et al. Acta Pharmaceutica Sinica. 2011, 46(4): 447-453
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Article &) Open Access @ @ £ 1
§ g A e
Adherence and Population Pharmacokinetic Properties of B 1 %,; o
' s . . < e e Y
Amodiaquine When Used for Seasonal Malaria Chemoprevention g
in African Children 8
Junjie Ding, Matthew E. Coldiron, Bachir Assao, Ousmane Guindo, Daniel Blessborn, Markus _% 100 5
‘Winterberg, Rebecca F. Grais, Alena Koscalova, Celine Langendorf, Joel Tarning & E

First published: 25 October 2019 | https://doi.org/10.1002/cpt.1707 | Citations: 2

o 9T NBE: 136458 LR JLE

e . Amodiaquine x 3K CJ .
o KFER: 6 KFEE PRI

5 i
H R4 25J50-8 h .
KIKGH]JG0-6 hy 6-12, 24-24 h :
HIRSZ/54-7 d. 14-35d
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i -= *@*%:l: (AQ) comp. (DEAQ) comp. 8
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Gut ka Central CLV e nq Central CLNV o ]
comp. (AQ) comp. (DEAQ) comp. ERALELN 0 3 7 M 2 28
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Q:/Ve |02/V92
. Peripheral d N OVA RT I S
Business or Opt (DEAQ) comp.
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3 TFishers i B D-HL b 7712
- EE, SR AR EN S SN — 3
i.e., 1A O AR(CL, V, KA), 3 1 RAEE A
2= AR (CL, V, KA, Q, V2), 5 I RFf A
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AAPS J. 2005, 7 (2): 408
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HAAPKS

La(Cl) = 23026, CF* = 0.0625
La(¥F) = 4.6052, CF* = 0.0625

In(Ka) = —0.69%, CF" = 0.0625

W U4k

. BEPKERERI 0.5, 2, 4, 8, 12
24 h

o MAWPKXFET: 0.01, 7.75F1 24
h
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Eur J Clin Pharmacol, 2008, 64:705- 713
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Age group | (1-2 yr) Age group 2 (2-5 yr) Age group 3 (5-12 yr)

W st 24 (DICARAE 5O . L R

BJCP British Journal of Clinical DOLI0.IT11/.1 265-2125.2009.03479 5

Pharmacology

- . - o o \ —_— _— _—
Correspondence 5 5 =
Opu ation p armacokinetics Dr Kayode Ogungbenro, Centre for = o =
Applied Pharmacokinetics Research, va
. . University of Manchester, Oxford Road, 5 E, E,
and optimal design of Mianahester 3 o9, UK
Tel:-+44 16 1275 2355 g 5 5
. . . Fax: +44 16 1275 6349 = 5 5
paediatric studies for g F f
kayode ogungbenro@manchesterac.uk & B .1
. . < c c
Keywords I¥] o v}
; ] 9] 3]
famciclovir, mixed effects modelling, c E E
optimal design, pasdiatic 6 S S
Kayode Ogungbenro, lvan Matthews,? Michael Looby,’ v:d\mawtgnet!cwcvu\auon
pharmacokinetics
Guenther Kaiser,' Gordon Graham? & Leon Aarons?
Received
Centre for Applied Pharmacokinetics Research, *School of Pharmacy and Pharmaceutical Sciences, . ::\‘e‘";t'm .
University of Manchester, Manchester, *Prizer Limited, Sandwich, UK and 'Novartis Pharma AG, Basel, S—
y Acceptec
Switzerland L

N \ Time (hr) Time (hr) Time (hr)
o HE Rk

< Sampling properties Sample number Age groups (years)
- SHUERPKIT T (HAk. FfkO , HA2mi) L=
E}:I: % ( 23,f§]J ) A Children Optimal sampling times (h) 1 0.25 0.25 0.23
- 2 0.70 0.70 0.85
[ J ﬁ’fd&PK*ﬁ@ g 3 135 130 1.00
E’ 4 3.05 3.00 2.80
- :;Z‘é‘*ﬁﬂ:iu E 5 200 8.00 8.00
N Naormalized determinant 3.32 3.42 3.57
- ‘I‘jj\ /E% : 1j§ é Al HJ_L @:l: ‘Y% Izl/ﬂ% % QOprtimal sampling windows () 1 0.25-0.28 0.25-0.28 0.25-0.27
- JLEBREERTEE : SR
° D/Tjt{/t—&i—l— ( MATLAB) ':;;‘ 4 2.47-363 243-3.52 261-2.80
= 5 7.45-8.00 7.42-2.00 7.78-8.00
E Narmalized determinant 315 3.25 338
5 0 - Efficiency 0.85 0.95 0.85
Business or Operating Unit/Franchis "} N> i viaamnaiaiu

[] [ 20 10 40 50 40 Ta
Age (years)



Langage, availability, interface, models...

PFIM | PFIM | PkStaMP | PopDes | PopED | POPT | WinPOPT
Int.
Authors Retout | Retout Leonov Ogungbenro | Hooker Duffull Duffull
Langage R R Matlab Matlab O Matlab | Matlab
matrix RC

Available || Yes | Yes No Yes Yes Yes Yes
on
website
GUI No Yes Yes Yes Yes No Yes
Library of[| No | Yes Yes Yes Yes Yes Yes
PK
models
Multi No No No Yes Yes Yes Yes
response
models

Business or Operating Unit/Franchise or Department
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SN Ay ﬁ E N
5j‘( H:X 9% %@ H@ P K é 7}!‘& 15.0 - Regression Equations:
= 21 = 0.0324"AUC24 + 0.2899, R-Square = 0.8343
C24 =0.0313°AUC24 + 0.1191, R-Square = 08314
12.5 -
e AUC, CL .

- BIREPKFEA
* Cmax

- FETmaxP i K EPKEEA 3

10.0 4

15 5

Tacrolimus Concentration (ng/mL)

B E 5 AUCHH 55 4

25 ,.‘ Time Point:  ——e— €21 — & C24 — 4
100 150 200 250 1 350 00 450
AUC2Y (hr*ngimL)
The bias and precision of different sampling design
CL Lh™ VL Ent fag /1
Sampling design MPE MAE >=20%' MPE MAE >=20%" MPE MAE >=40%" MPE MAE >=20%"
% % % % % % % % % % % %
Intensive sampling strategy
Full sampling (n = 13) —0.1=7 54 02 -1=10 8=6 3.5 2+28 22+18 143 2=8 66 3.1
Sparse sampling strategy (D-optimal)
4points (0.23h.2.5h, 2.6 . 24.0h) 2=11 9=7 84 216 12=10 17.2 26=69 49=56 421 2£9 76 4.0
! 3 points (0.23 h. 2.6 h. 24.0 h) 314 11=8 145 3=19 15=12 276 27=70 46=53 427 2=9 7%6 4.2
2 points (2.6 h. 24.0 h) 4=14 11=9 150 4=20 16=13 292 - - - - — -
1 points (24.0 h) 427 20=18 395 - - - - - - - — -
Business or Operating Unit/Franchise or Department d NOVARTIS
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Original Research Article | Published: 12 November 2014

A Population Pharmacokinetic Model of Valproic Acid in
Pediatric Patients with Epilepsy: A Non-Linear
Pharmacokinetic Model Based on Protein-Binding
Saturation

Zheng Jiao

Clinical Pharmacokinetics 54, 305-317(2015) | Cite this article

909 Accesses | 28 Citations | 0 Altmetric ‘ Metrics
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= 25 4 [
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E F
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0

THALE EY. £ & F
(BB JCF 1 EILFEEp:, Filg 201102; 2. [HE#ELER. FiE 200040)

WE- AUITLLET D B FniE G etk (MAPB) MEM RIS F 5L EERIN
(MLR) =t CAE#E FIECHE 25, EEPER-SRUNVER (NONMEM) 3% 52 25 0 3 R 25 8 22 1E .
WinPOPT ¥ {FiltiT D BILFRE T, 358 14 ANFEEIE. FAFE PR RS WHEE ikt
Tifflh. SRR r MEEAHENTE MAPB 5 CL #! v MER AR S TR B CL M v ki e
AiEE. 2T 2 A D &R MAPB 8 CL #  FR % BE T b, BESE 7% 708 5. MAPB R 5 [ HERfR B2 RRS

EREE P .S MLR EER S R MAPB 2 51 D &Ry 0 MLR 1) 2 i fh 8 AUC [)ERf FERURS % BRI
HEEREFRF A /E19% 1 b 7. MAPB f B e RS T MLR . S5, MAPB i H AUC )
AE /75 MLR Behdkin. {H¥ MLR 9 H KA.

KHEwE: FAUEE Ntk D SRS B, EondtkREIRE, R8RSR ER

FESHES: RO1T CERFRIRFDA EES: 05134870 (2011) 12-1493-08
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PKALH IR Table 1

nonparametric bootstrap procedures.

- fERE A E FIBERLE:

Pioglitazone population parameter estimates with 1 000

SE%: standard error%:

95% CI: 95% confidence 1nterval; R wcr. @y coefficient of wcr,

- - and wy
“/ » » »
ﬂtiqéulﬂlﬂ NONMEM Bootstrap s Bias
Parameter Mean (SE%) Median 3% CI /%
Y 7 ] INSTRE (5 an (SE? )
i /;EKPKKFE (13 | qué”“ ) Pharmacokinetic parameter
\ H- AN + -1 - - _ _
ﬁﬁﬁ%@ﬁ@i CL /h 3.31(8.9) 3.29 2.95-3.67 0.60
V/L 27.5(8.9) 274 24.5-31.3 —0.36
- NONMEM K m! 2.61(16.7) 2.60 2.12 -3.39 —0.38
/ . 53 | . - 0. 5
_ FOCE-| fag /B 0.197 (5.3) 0.198 0.182 —0.209 0.51
Inter-individual variability
élﬂj:*@ﬂaz@: *%E”&L&%ﬂﬂ%’ Ig,/f? wcL % 37.6 (44.3) 36.7 249 —47.8 -2.39
' 5 - b oy /% 38.3 (50.5) 37.6 23.7-504 —1.83
Bﬁ*ﬂ?&&*ﬁ@ : j:El 2& wr, /% 61.6 (38.2) 61.2 44.0 - 78.0 —0.65
H- y + YA A 1% 13.3 (65.0) 12.9 7.23-18.8 —3.01
BURPRAESE R, F260E, WA et ee e e
> » > McL. W LO0 RS ST —U.24
ST 73 A 2 22 (NDPE) Al SR
Residual variability
VPC 7 /% 19.6 (18.3) 19.5 17.0 —22.0 —0.51

Business or Operating Unit/Franchise or Department

), NOVARTIS
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- PKZEWikFE: AUC, ¢

- AMECL: HoR a5 DItk (MAPB)

- PKZZFH{HMTHE: AUC = Dose/CL

o s AEKATE SR R E

- DAL (WinPopt®& )+ 1-40RFE A

- 0.23-2.5-2.6-24 h, 0.23-2.6-24 h, 2.6-24 h, 24 h
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FFE I M 25 W FE 4R 25 (n = 1 000)

DAFRS 20 B N B LAY, RIS SRR
25312 S HIMAPB 5 1) -1 il 12 25 (MPE%) A
- 15 2855 1% 72 (MAE %)

52 DL S SRR R0 5253 5 B B
FERTR A

I/l

_R
-)x 100

I

MPE (%) = l(i 5

F R

MAE (%) == (Z )% 100
i=1

i
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Table 2 The bias and imprecision of maximum a posterior: Bayesian (MAPB) estimates for pioglitazone pharmacokinetic parameters
mn 5 sampling designs. Full samplings (» = 13) were: predose. 0.25, 0.5, 1, 1.5, 2.0. 2.5, 3.0, 6.0, 9.0, 12.0. 15.0 and 24.0 h postdose.

MPE: Mean prediction error; MAE: Mean absolute prediction error.

"Percentage of prediction error >

+20%: Pelcentwe of prediction

error > £+ 40%
CL/LD™ VL KM fiag /h
Sampling design MPE  MAE >+20%" MPE MAE =>+20%" MPE MAE >=40%  MPE MAE >+20%"

/% /% % % /% /%% /% /% /% /% /% /%
Intensive sampling strategy
Full sampling (# = 13) —0.1=7 5+4 02 -1=x10 8=6 3.5 228 2218 143 28 06%6 3.1
Sparse sampling strategy (D-optimal)
4 points (0.23 h,2.5h, 2.6 h, 240 h) 211 97 8.4 2+16 12+10 17.2 2669 49 £ 56 42.1 2+£9 76 4.0
3 points (0.23 h, 2.6 h, 24.0 h) 3£14 11+8 145 3£19 1512 276 2770 46+53 427 2+£9 T7+6 4.2
2 points (2.6 h, 24.0 h) 4+14 11+9 15.0 4+20 16+13 29.2 - - - - - -
1 points (24.0 h) 4+£27 20£18 395 - - - - - - - - -

o BURAE R CLAS S TR FE AT 2 FE AL T VAIKa
o FEAERMEREGER) TR, CL ANV Al B8R HERR BE ARG 25 B2 H B

o D EAt2 ST RANE CLINVE v B Ak 28 B i
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o MARIEIZR NN, SERERAETT EIPKSEL AL H M A K

o D2 fUUTEXCL MV Al SLAERREERZ AN K, T0RE % B BT P
o IR TN S A HERR PRI L A 5
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Table 3 The accuracy and precision of MAPB estimation for 108 -

mdividual pharmacokinetic parameters using full and 2-point Deoptimal design
sampling design with different inter-individual variability and

residual variability & . = N
. . - - |51 o ¥ B
Sampling 13 points ' D-optimal 2 points (2.6—4 h) A0 i 2 E f E
design MPE  MAE >=20%' MPE MAE >=20% —1
/% /% /% /% /% /%

CL estimation

0.2 2=11 97 7.6
0.2 214 11£9 14.2
0.2 3x15 12£10 16.7

WeL = 20% —-05=7

==

— —
Prediction error/ %

wcr =30% —-03=x7

e, =40% —-02=7

L1 S E— S VU I ES— N— 4

H
=

H
.

wcr = 50% 0.1=7 - 0.5 316 13+10 21.1 "1_ o
=] £ & -

5
5
5
5
o=15% 0.1+5  4+3 0 311 9+7 7.0 =304 - o
7
8
2

H
%)

c=25% -03=x9

2.2 5=17 14+£11 238
2ibeddh  15h-2h ih2dbh 15h23 1 lh=23 h

5
6 5.2 6=20 16=13 313 |
9

— 30% Q4 s g
o =30% 1 =10 (Fixed prints)

S | ingg wamdow

o =40% —2=14 1 15.7 725 20=17 41.0
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