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The combined application of PBPK model and PopPK model in the dose
selection of pediatric drug development: an example of rivaroxaban
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Abstract: Model-informed drug development (MIDD) in the development of pediatric drugs is drawing more
and more attention due to the insufficiency of subjects, lack of research on ontogeny, and the limitation of ethic.
The core of MIDD used for dose selection includes the population pharmacokinetic (PopPK) model and physiologi-
cally based pharmacokinetic (PBPK) model, as well as model-based simulation and prediction. PBPK model has
the advantage of predicting the optimal pediatric dose before the clinical trials and has the ability of extrapolation
from adult model to pediatric model. PopPK model characterizes the pediatric PK feature based on the analysis of
clinical data and can be used to explore the significant covariates, which is a power tool for individualized
medicine in children. With their own advantages and disadvantages, PBPK and PopPK model should be jointly
used in the pediatric drug development to refine the dose regimen for children at different ages. In this study, the
pediatric drug development of rivaroxaban was taken as an example to introduce the combined application of
PBPK model and PopPK model in the design and validation of pediatric dose regimen in Phase I, II and III trials,
which may provide reference to MIDD in other pediatric drug development.
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Figure 1 Physiologically based pharmacokinetic (PBPK) predicted
and population pharmacokinetic (PopPK) or non-compartmental
analysis (NCA) derived area under the curve (AUC) for the dose of
20 mg-equivalent rivaroxaban (A), compared with corresponding
adult reference!'”*"***; PBPK prediction and PopPK or NCA
derived AUC of regimen A (B); PopPK derived AUC of regimen
B/C (C); PBPK prediction and PopPK derived AUC of regimen D
(D). PBPK predictions of the pediatric population are represented
as 90% prediction interval (grey shaded area) or geometric means
(black closed points). PopPK or NCA derived exposure metrics are
represented as blue open or closed points, respectively. The adult
reference is represented as geometric means (thick red line) and
90% confidence interval (red shaded area in the background of the
graph). The quotation of the figure is licensed by the original pub-
lisher, and any third party is not allowed to quote the figure with-

out permission
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Table 1 Bodyweight-adjusted doses for children equivalent to
adult dose of 20 mg in the pediatric drug development of rivaroxa-

ban**¥, Data are total daily doses of rivaroxaban in mg

Bodyweight Regimen A Regimen B Regimen C  Regimen D

/kg Phase | Phase 11 Phase 11 Phase 111
2-2.6 0.8 - - -
2.6-3 0.8 1.0 1.5 2.4
3-4 1.2 1.2 1.8 2.7
4-5 1.8 1.8 1.7 4.2
5-6 2.2 2.8 2.8 4.8
6-7 2.8 3.6 3.6 4.8
7-8 3.2 44 4.4 5.4
8-9 2.8 6.4 6.4 72
9-10 42 6.4 6.4 8.4
10-12 4.8 6.8 6.8 9.0
12-20 5.0 8.0 8.0 10.0
20-30 7.5 10.0 10.0 10.0
30-40 10.0 15.0 15.0 15.0
40-50 15.0 15.0 15.0 15.0
>50 20.0 20.0 20.0 20.0

5 18 bR VR 7E PBPK AR 2 1) 90% T X 8] P, (AR A4
R TR 0 R, X AR B EDAE T ) LRF PBPK A5
U1 PopPK A5 7Y ) v A 4 A1 TIUI RE 41 @ TG PR
WG BRI A0 56 E T PBPK BAU7E J LR 2 b ) 44
T PEBE R 4F, AT E AT R, ©® R E 55
P R ILIEA OGRS, B UG RIS 107 & A ik
P R A B LR A 2 1) B R A B KT . BRI, 1T
RS T — PR T % .
2.3 ETHE PBPKREF1 PopPK =B L L INERIl®
RN/ HF R TG IR 50 2 T 56 78 /2 1 25090
TV 2. 1) PBPK Fl PopPK # AY, %of 75 %8 A #E AT fh Ak, H
F 5 EON 20 mg RIS A UL 2507 &, BIR 1y
FB. ERIT S50 kg M LRFHEE RS AR 1
R H B &, 20~50 kg (19 835 U 00K A 0.286 mg-kg
(4 H &, TS T 20 kg BT ZE 75 %8 A R JERE 3
17 B, LL0.286 mg-kg' NS %, R E 5~20 kg i
& ) Dosey,,, L 14, /T 5 kg [ Dosey,,, 1 2]
50%, J&#& T8 RN IG RIS 1) R8N T 6 A H
R JLRFE R, LR BT AR R 7 (48 25k ms . T &
B VAR E B LIS H BRI &, BESETRE
PR EE R REEA SN IR N T
WM AR B 18 % 1 93 A LR

TESR 2577 B I SL B F2 b, W82 8 k& /T
5 kg 1) Dose,,,,, F T B IR IR /N T 6 S H I 3
JUBS AT A7 7 % e 5 2 09 1), BR] 1T 76 T I PR 56
S, PR H B AR £ 2.7.1.8.1.5 mg,
g ZigiEe, AR 1 d )7 % C, 5T PopPK A Y
TSR E 2GR, SR B 1C R, MHEF
UDUAREE, T 45 25 07 € B A 15 55 55 = AR i

e, (R R L b 1) 2 R AT SRS, JE I T % C
L3 — o B AR H, (B R BE 58 A B N\ 2 7R

DRI U, 7E 3R 45 TUU I R 50 H0 e /i, P o 3 T A Y
XA A BE ) LR B BEAT AL, B i T AR EAIG
120 kg ) LBFHEE A H 2GR E ML 250, /E NG
SRR AL 2577 R (IR 1R T E D), L%
25 2577 2T J& JLRHIDIA I R 562

BB Ah, T I PR A58 2% 42 1 24 204 b 6 I 1l 5 ook
] (prothrombin time) 7% 4k # 4 ¥% I 3% B A 18] (acti-
vated partial thromboplastin time) 5 % #% 5 2 [A] 1 AH 5¢
P, R B2 R bR 5 R AR D BT I 24 ¥R BE R) A7 75 35 1 1
FHOCHE, $& 7 R ARV BE W 5 T 2 R B 0E AT LRI A v
BT,
2.4 FRINHIGERIKIEH PopPK M TEE SN LA
LY PR RGN SR M ZE 1) 18 2 1) 316 A LA &
& o FAFULIIE PRS0 B4 J5 , B 788 V4 I i R
56 K4 22 57 ) LE PopPK 58 i3E AT 52 0 K] 38 40 AT o
PopPK #5571 rif i) H 1) B AR 5 A0 45500 WSO 26 4L
(k) ZANFEFIE gz m (X 1), M AR (F) Bt
RS N PEAG (X 2); EBRFE (CL). 0 = MIAH A 2
KA MBI (V, V) FEEAE R (Q) BEfRE (BW)

p

g (:83~6).

3 0.799 tablets, granules and diluted suspension .
~|o.266 undiluted suspension M
In2
F=F .+ (Fo.— Fo)-expl- - Dose, ., )
DS(J
BW 0.481
CL - CLTV . (meedian ) (3)
BW 0.821
Ve Vorv (BW) @
BW 0.821
VP = Vp‘ v * (meedm" ) (5)
BW 0.761
Q - QTV . (mecdian ) (6)
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PopPK 5 78Y vp I 25 A P A8 5, W DB & 5 FH 2%t
TEBRZ s, B LRHIG RIS R RE NN 2 88 2 1)
TR M IERI N R E LR,

JURHIL G R 56 % 7 2 D #EAT 1 %%, 45 R
B ID froR o 3 2 7 PBPK 5 2 Tl 1) 5% 5 =
FNiE T PopPK M BY J5 56 % 1 1) 5% g i A — B, 1% 07
GRS [F) A I 20 6 1) 2 R I VR AE N RO R
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Figure 2 Joint applications of PBPK and PopPK model in the pediatric drug development of rivaroxaban. ADME: Absorption, distribu-

tion, metabolism, and excretion
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Figure 3  Evolution of bodyweight adjusted total daily doses

during the development of rivaroxaban**!
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