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e Rivaroxaban (RIV, a direct oral anticoagulant) and carbamazepine (CBZ, e PBPK modeling and simulation Table 1. Key input parameters used for the PBPK model of RIV e Prediction of DDI between RIV and CBZ in Humans
an anti-epileptic drug) could be prescribed concomitantly to garaf‘“eti"s — - Value Unit
. . ySicochemical properties . . . : :
e PKs of RIV in humans with/without Table 2. Summary of the PK parameters of RI1V 20mg once daily in the cases of
cerebrovascular disease patients. (A) Solution [oral], single dosing MW o 435.88 g/mol concomitant administration with CBZ (at With/without co-administration with CBZ 450mg twice daily in humans
 Cytochrome P450 3A4 (CYP3A4) is one of the major enzymes involved in 90 ipophilicity (LogP) 3 ' their clinical doses, 20mg once daily for  parameters of RIV With — Without - Parameter change
: . . : ‘ Fraction unbound in plasma 5.0 % RIV and 450mg twice daily for CBZ) were CBZ CBZ __ (With/without CBZ)
the metabolism of RIV. Meanwhile CBZ is a strong inducer of CYP3AA4. - 45 Solubility 10 mg/L simulated by the developed PBPK and AUCq. (Hg/L*h) 1244 1853 0.67
CBZ-mediated CYP3A4 induction could affect the pharmacokinetics (PK) e concentration e emmmmmTm T L ADME parameters POpPK models nePe o AUC,, (Ra/L*h) 1436 2250 0.64
: . N __—--- Urinary excretion _ Absorption _ o Modeling and simulation Crnax_sirst (H9/L) 284 384 0.74
of RIV [1]. Drug-drug interaction (DDI) between CBZ and RIV could be ) Y o o o o R S - « Table 2 and Figure 3 show a significant Co.. o (Hg/L) 334 460 0.73
expected §_ - 35 §peOC|f|c.|ntest|naI permeability 2.65E-7 cm/s reduction in the exposure of RIV (AUC AUC.. (ng/L*h) 516 1597 048
P ' o [ 3 T Distribution )/ and C,.) after the first dose and at the PopPK AUC Ilrs(ug/L*h) 775 2157 0.36
: i i : : ~ | o Specific binding with factor Xa (Kd/Koff) 0.005/0.29  (1/s)/nM steady state when RIV was co- Modelina and simulation Cmaxssirs (Mg/L) 79 133 0.59
. Elowever, Rtlf\llere dh?:\éez !oein no ::»tTuhdleSf mvesrtll_gatmg the potegtlal EDI % (25 Metabolism administered with CBZ in humans ° Com o (/L) 87 172 0.50
etw_een an _ n uman. eretore, this study YVB.S FOI’] ucted to = Fraction of RIV metabolized by CYP3A 00 CYP3A4_Km 46.98 ”M e AUC and Cmax of RIV were reduced by The subscription of “first” and “SS” stand for “the first dose” and “steady-state condition” of RIV,
predlct the potentlal DDI in human. The phyS|oIog|caIIy based o . r?(i;o_n_?_,__T_e_ei_ofel.l _____ o | K> CYP3A4_Kcat 2.00 1/min approximately (33% and 26%) and respectively; AUC, area under the concentration-time curve during one dosing interval; C,..,
pharmacokinetics (PBPK) and population pharmacokinetics (PopPK) 8 s S . b5 el o 17'\’! (52% and 41%) after the first dose, ~ Maximum concentration
_ o e __________ 9 ____.79 ca . min
- I I I B ~~"{""}'”______ﬁf_t_'f f RIV tabolized bv CYP2J2 i - and (36% and 27%) and (64% and

mod_el based approgches were ap_plled. The simulation results could raction of RIV metabolized by 10 CES2 Km 46.98 n 5096) at the steady state, respectively.

provide a quantitative understanding of the CBZ effects on the RIV I . . o . o | CES2_Kcat 3.55 1/min

exposure. T e Fecal excretion i Transport and Excretion 500 — T T /AT T o 74 i

P - 0 Renal plasma clearance 0.36 L/h/kg ~ R ca A ~ RV ca B
40 60 80 100 120 140 160 180 Dissolution Profile: £ %1 / £
. Weibull function (Dissolution time/Shape) £ 0 T £ 350
Time (hr) : _ = 300- / \ =
BAY59-7939 Solution Dissolved o o o
v' Figure 1. Simulations (lines) and observations (points) of the RIV plasma BAY59-7939 Table 187 min/0.45 & O,O\ \\ & 240
M ethOdS concentration, urinary and fecal excretion, and metabolism profiles following xarelto IR-Fed State 210 min/1.25 ézoo \o §160_
a single oral administration of 10mg of RIV (solution) to humans in fast ' S O\ Q S L0-0 OPO_O\O
condition > 1% \O \o\ > 80{ \o\ Boue N
Tablet, FED condition, Single dosing Tablet, Multiple dosing o o§8\© 0\8\@ o %j BN : § O\O\O
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- A PBPK model for RIV was developed in PK-SIm® (Version 9.1.0) by . Figures 1 and 2 show that the 500-_ - 3
Incorporating parameters of physicochemical properties, ADME developed PBPK model predict well ] R Figure 3. Simulated plasma concentration-time profiles of RIV following oral administration of RIV 20mg once daily with/without
propertieS, and /n-vitro metabolism related parameters that were the clinical data of RIV (plasma 3400- E 400 J co-administration of CBZ at a dose of 450 mg twice a day in humans by (A) PBPK and (B) PopPK modeling and simulation.
extracted from literatures concentration profile, urinary and g - g -

T o _ fecal excretion, and metabolism £ 31 g 3007

- The model was then verified by fitting the simulated PKs to the profiles) following a single-/multiple- © o © oo ]
published clinical PKs of RIV. The clinical studies covering a broad doses of RIV as in solution/tablet ] :
dosing range, single- and multiple-dose studies, and different drug fo”glﬂ'_at'ons in both dfaSt and fe‘i 0 0 Discussions and Conclusions
formulations, were selected. Plasma concentration, urinary and fecal E?Qoﬁﬁ'gr;ncﬁﬁgﬂi a dose range o B IES—— e, N N, | | o o
excretion, and metabolism profiles were included. 0 10 20 ) 30 40 50 0 20 40 60 80 100 120 140 160 180  The simulation results from both _the PBPK and PopPK approach_e§ show that there were S|gn!f|cant_ reductions in the

_ _ _  Time (hr) _ _ Time (hr) _ _ exposures of RIV (10mg, once daily) when the drug was co-administered with CBZ (450mg, twice daily). AUC and C_.,

- To predict the effect of CBZ on the PKs of RIV, the PKs of RIV v Figure 2. Simulations (lines) and observations (points) of the RIV plasma concentration following (A) a of RIV were reduced by approximately (33% and 26%) and (52% and 41%) after the first dose, and (36% and 27%)
with/without coadministration with CBZ was simulated and compared single-dose and (B) multiple-doses of RIV (tablet) at doses ranged 5-40mg to humans in fed condition and (64% and 50%) at the steady state, respectively. This reduction was expected to be involved with the CBZ-
to each other. mediated CYP3A4 induction effect.

- Coadministration with CBZ, the PKs of RIV was obtained by o PO_DPK modeling and simulation « One of the reasons accounting for the difference in the extent of CBZ effect on thg PKs of RIV pre_dicted by the PI_BPK
incorporating the developed RIV PBPK model with a published CBZ | GI Tract and PopPK models was _that th_e PBPK approach only considered the CYP3A4-mediated effects while the full possible
PBPK model verified [2] BWiman\ 20 v Figure 3. PopPK model for the effect of CBZ RIV Dose A(1) effects of CBZ were considered in the PopPK approach.

' Viuman = ""“fx( BW ) on the PKs of RIV-and the extrapolation from - /\ . Since RIV and CBZ could b d itantly to treat patients with multiple chronic conditions, studies on DDI
_ _ _ rat rats to humans — ince an could be used concomitantly to treat patients wi ultiple chronic conditions, studies o
 PopPK DDI modeling and simulation LB (1—F1.p2 ) [ FL.Ka ) between these drugs should be conducted in humans to get a full understanding of their safety and effects.
human . . .
: : : CL = CLyqt X D2, duration absorption time (D2) (zero- / \
- Our group recently published a study to investigate the effect of CBZ fuuman rat ( LBF, 4 ) .
_ ] order absorption) Central compartment
on the PKs of RIV in rats [3]. Therein, a PopPK model for RIV and the * Ka, absorption rate constant (first-order A(2), Ve, CL ]
effect of CBZ in rats was reported. CL/E = 0.610 * (1 + FCLgoup) absorption) |
D2=6.62* (1 + FD2gr0u9) « CL and Q: apparent systemic clearance CYP3A
- From the observed data and the developed PopPK model for the DDI T e and ) inlter-compartment clearance, [Peripheralcnmpartment] (Metabolism J«—  CBZ Ackn OWIedgmentS References
- . . . . . . respective A(3), Vp, [ ! _ _ _
between CBZ and RIV in rats, a simple allometric scaling and liver + FClyypis 0 and 2.11, and FDZy,is 0 and 0.339 |\~ 7 '\‘;p:y central and perioheral volume DAL . This research was supported by the National Research Foundation of Korea |
blood flow scaling methods were applied to extrapolate the DDI in for the grogp of RIV.admlnlstered without/with of distribution i (NRF-2018R1C185985278) and Insutute of Information & communications * [1] Galgani et al. Front Neurol. 2018; 9: 1067.
human [3] CBZ, respectively. Meaning thoat CL/Fand D2 of RIV K20 Technology Planning & Evaluation (1ITP) grant funded by the Korea « [2] Fuhr et al. Pharmaceutics. 2021,13(2): 270.
. 1 0, N P .
mcreasc_ed by 211% and 33.9% by the CBZ effects, (Total clearance) government (MSIT) (No.2020 O 01441_, Ar_t|f|C|aI Intelligence Convergence [3] Ngo et al. Pharmaceutics. 2020, 24, 1277—1280.
respectively. Research Center (Chungnam National University)).
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