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B1E FW

IR RE R O RN & EHNE S ZnZ O HEMMEZENL, W H L TEROE
ol S AW i S X RN ENED SN TE I, 2013 FITITER O ABRICE
D BT =T T0% A, 2017 AEICIE T4.8% £ TEA LTS (CFREK 29
£ HASERZEITAMNEGOME), ZOHEEDE FIT EITE B

GHEEED DD BENL T E LD b BN L A AT LT 7 H3 R R
MICZRBM A E S DAY v PICZEABRLTWD, L2 LAn6, IFDO/LTTZE
DOFLHEF T EAMERATHANE 21 2B X ORBEMERTHAIE 20 KITED
Lk, BEORA, v, 4., R, ik AR, BITOFABR. £HH
MBLOWEA L IZZREMOL B X O ER OIEMOEFRZFLH# L. L4
MHIXIBEA L2TNERbR 0, EOBREOLBY THH, ZORFEHFA
B R E AR L OERLEEMS AL ERBREFRICHETIRBORLE LITER
EFRENnTW2w (Fig. 1),

e 3L aE EfE A IC B W TIE, 1993 FFOR U ANV AF Y Y TV LN AAK L
DY EAEH O EFR S 2 R IR CEOLEN IR EREEOME L
o, BEMZ2ERLBMAXEORE LAR SN TE 2, 1995 4 7 HIZHifT
Sh7-BEYEAEE (PLIE : Product Liability) 238\ T, S OFH L&D
AR, TR - BE EOXRK) Ld 2 &b, EELORERTEERIC
FEELORPAXLEFETH MM XEOHY RTHAROLAT WD, FHEL T
1996 11X, HARDO @B HRITEB W T, TEANC X 2 EFEEH OB SCEICFLE
ENTER EOEEFEHO LR REERKIC WR) PDREINTZELND D

(FEH, 2012), BHAEBARADOERKERA CE L, EERGERBISSIESE 52 FICH



EXIN.BEBLICBVWTEH LOZEEEN, [FE 54 KBV CR#iz L=
HREOOLN TR EELOBEIEEHA DD DR b AL R/ GIZRAT S

'I‘%i&kfxowcl/\éo

m 5 € A 1
(OB AL, LORBRRRTHHNTY)

LRABERS ®RABZ |0 6 |§3 ogoésa
N I ! BRREE-R : i
&.:sg:gw ﬂgg::m 21-213
E & ;r;;\ :;5;‘ smEaans  HRARTEHEE/LE 3-3165
s FERRUSH  ERARHKERERE
¢4AB| WungiAee |9
. TEES 042-721-1511
g p| done Hiau RREES mu  BE AR @
%HEAl RR2¥2A2E Ay |am ®= A B ( :éf;g:fgfﬁm )
Rp 1
FAXRI UHEE 10% 1B 15mg (1 8 45mg) [REFER]
EvVILR M 2% 1B 2mg (18 6mg) [REERF])
n 18 3@ BRI BZIRA 285
UTHRA
5
DMR, ansaEETHE ARERS I AERBI~D
ﬁ REMESTFEINBRAR, KITFIS
BERRRE-H0
¥ BREBS
mMEERR LRABESD
RRMROMES ARABEAD
u:nms fuans
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JEA G B 1L, 2018 4F [ 80 R R AR ] B2 T 12 THRAIAT O O R AR
IREERE L LT AR O B 53 EA G ORI 2@ U TAREAR Lo 0
LMK S IFEHEEZTH) 2B L OBEORERLE CHET HEHE . &
BUZIR U T EE~RET LI X OFO L 2 LI L0 B YIRED KREICET 5
TAHZELEZET ERAMICTOIRETHL LMELZREEL TWVWD,

EHIZ, 2007 FFICHAT SN BEERIEICEIY, BERFEGFEO L L THAR
ICEBWTHER (DA, MEP, [ELMHEZE, BERF., BAHEER) -5 5% (K
RERE) BLAOMETEROEREHZ AT OMENED SN TWND, LLRAR
5. 2012 FTiT, BHERBHBOBEEREELTHDLTE M F U ORMNLE
RO HE - AENESF IR o7 LIk D, EEREEENN3IMAE K
BLL72Z & &2pIC, EEMERERB SN (PMDA) K0 E3E 5 HEH & o sy
B L CTEO R EEMEN LI TWS (PMDA 25 0 & 3K 5 i 1E £ FH o 35 E
AN

PR B VR 1 FE SR BE M D 5 A B AR A o0 B IR I AR FE AR IE O T BE B X VR e
DT O PRI — I H WS T % (Rose and Bar, 2018), #i&E[H
X, MEEBRZGEHEETL2EATHY MNP EHERBEICBH T LU X7
2R T D, FERIZ, BRAa 22RO EBANPERKOIZIESEHRNIL TS
(Adcock and Gosselin, 2015), 722> T% 1960 R L VA S T =KW 7
U7V F, X I VKERAITE L, VAT U UHEIEX, e hroe
VIRFM/EBREECEEE =2 ) T2 LI Lo T, ERTEDRHRESRE
BEFHEETHZEICE o THAxORERENZE 2 ICHESLD (Miyagata et
al., 2011), xMAEYIZ, 2010 FLUBRIZHZICEASA A ET T iF, b

VEVHEAITHY , TEFF AL R FACBLOY A= m R P AU



17 % [ K 7 Xa O EHERE O PrEEE FK (DOAC) Tod 5 (Graff and Harder, 2013),
EEER ORI @ OED M TP RET=2Y) 7B IXOEYEOWHE L L
HEEFTICFEEELITWED 2 >OHETOMEANHEE I TWwWD (Nakamura
et al., 2017),

H AN OISO EMERF BT D MAE TR L OE T EERETIC
BWT, T7EXHIN FEHT T BIPIANA—aF AN T U LT 7
g LT, A ThHo EHMESIN T WD (Senoo et al., 2015), #EHIZE W
ThH, TRFH AT, PHER 2R 2SR E LEREBBREICBIT S, KA
MELITEGHERETHIZONWT, = RE¥H N 60mg/H ., 30mg/ H & 513,
WTFNB U AT 7 U R LIESMEZ R L, Kt X OV i 38 2 #nil L7z &
WE SN TWD (Giugliano et al., 2013), & 52, FEFPBIE MO FE S B E
BT DWE T/ R WHERETHICOWT, XEHFT id, 7TEXFHF N
TRFHFNCBIOCI A= F AN A FHORBREXRIZEHZO A 2R T, 4
FHI U7 70 e &, A, BENEM, BT 2 L, K i FE=
ETHon, HAABFEHMIEWMLE EREIN TS (Ruff et al., 2014),
FRO XS @EE2 S &I, T TR T, FE R IE MO 5 B R o ik 2s
TPiE B E LI BEEBIEEZ T LT 7 U ohb, FMEME, Aokl L 0L 2
DB S DOAC ~EHIVEZ L2 ENELRoTWVD,

LML n, EFNHEAAE L U TEB T 2 MR A BHRH T, BEE& A5
[ 5 & 65 1) oo i RIS 38 0T D L W i 72 (RN RE R 4 & HOR RIS AR BR L

TW5, DOAC 2 K2 EimE DO EFBIEM OEMENCE T 5., kil ie ik iE *

Y/

FIEZE R TR W T OHRE 1T D72 . DOAC [ZU LT 7 U v el T,

R EBAFEORENMEE R LN  FET N7 3T 07 70 02 5XTHE



BWHIMY A7 % FR G, TEXFH R T REFHARAUBLRY NA—g 430
IZONWTIEHT — 2N+ TR, ILRIBHBILETHLI EREINLTND
(Sharma et al., 2015), Z DOk HI2, EEAEZFICHE TS5, EEROPERED
R E DR LOCAEAOBEBRMEICE T 2HERILT. AT THD LM
RSN AN

DOAC D M B ESRMEIZ. Table 1 IR T L OIZ, TEIFHIANCOFEEMNE (5
mg 1 H 2[ENIX, T3 >DO%KM &l (80 5Ll E) . {KKHE (60 kg LLF), I
HEr V7 F=v o R Cl.5mg/dl) 9 b 2ol EEi-T L&, BETS
REXThsbEEINTWD (Raghavan et al., 2009), ¥ &4 ~7 > 150 mg 1 H
2EIOEREREIT, Tkt @ &l (70 B, BREE (L7 F=v721
7 7 A 30-50mL/min) , P-REEAMEEROHFHOI> B 1 >THHEGZ+ & &, 110
mg 1 H 2ENCHET HXETHDLEINTWD (Liesenfeld et al., 2011),
TREPANCOEHERE (60 mg 1 H 1 [8) 1T, FiROKMF KA E (60 kg L
T)., BEE (Vv 7F=22707T7 T A 15-50 nL/min) ., P-HEE A LEH O OF
Moob 1 DTt e, FPRoOoMBCHETNETHLLINTWVD
(Parasrampuria and Truitt, 2016), U _"—m X ¥+ N oEARAEHE (15 mg 1 H
1 EDE, BEE (JLv7F=02707 7% 15-49 nL/min) IZHB W T 10 mg 1
HIFRI~NBETRETHDLEINTWD (Harder, 2014; Kubitza et al., 2010),

COROBHEREN DI LN DLT, XET T 0% 2011 FICEHEHER
HfIcHOWTOREEEB (FTL—L ¥ —) RERENLTWDE, BRI,
REBRP OB ETCER2WVWE NS, EELRBEMHEORIEMN ZHE L TIER 5
Flo5>H 46T, WA LEBICLBIN TS, Filink X OBEHEEEIC L 2 E DB

SFENTWRNo T (IR alhidd, 2011), 612, 7 AU BDERET



DF—=FR=2Z WM TIX, TEXSH R AT T rBLOYY N—n
FHAUCARPEZTICENT, BHEEICLI > THETREBEFO I H 43.0% 28
WEEEINTBY, ZRICED2REMOU R 7 BE< 20, BisRERE N 72 <
WEEEL - SR VWEFICEB N TH . 13.3% DA+ HAETES IR TEY,
WzEf U 27 BnEm ol b@EINTWD (Yao et al., 2017), L2 L 722N
B, TEXYR  XEHTEINT7 L, T RFHEANCEBRIRY N—a X430 4 A
LHEEMAICET2ENTOZOL) AT ICE O TIERD S
QRASAI

U EOBEFENS AR TIE, MBEICBIT 2EERONEBREORZ 27 &
FiREALT A LR BEME Uiz, R DGR BEEOK DB Z T 2 72012,
—EFEHETCTEXIAN X EH T T RPN E T N—aFHh v
NARH O LEMEEE 111 4 ORMEZTW HRE L RELZREI n~ b7
Z7-BESHIEICTHEL., AP EYEERE T V&2 7o T R
W& LT, MIZERREF DL N RZZ T OBRE ThH > 2h . —# ABEINE
TOBEGIR L Lic, KOFETITRBERICEB W T, i 4 A2 RACE L T
G, Mg LT I "+ollE TRESNTWLIEREFICHFHL, 5 &

DEF LY MPRE S OREEZHE L, FREORIRLEMKEZIT V., 4

S

:

Al O ZE RN BN IC B 2 KIE T K F T 2 . Table 1IZR$T X512 43 ~T
DO FEEBIIEBREDNGTENTVD 2O BHEEICER L TRIFFRICHRE LT,
SHIZ, TEXY AN UCNIRFOBFTICBITOMBEERE L, YXET T = R
FHANACEBIOTI AN—a TP N NRTOBF BT 5 M M EE O R IER O
S PR E 2R E L IERED DOAC OHEICHOWVWT M % 2 L A ATRE

ol BRREHZ 22 S RFZHE ERER AL L OWBERME LT, &
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Table 1. Proposed reduced doses of apixaban, dabigatran, edoxaban, and rivaroxaban

for typical patients.

Apixaban

Dabigatran

Edoxaban

Rivaroxaban

Standard

dose

Reduced

dose

Criteria
for
reduced

dose

5.0 mg, twice

daily

2.5 mg, twice

daily

Two factors
among (1)
advanced age
(=80 years), (2)
low body weight
(<60 kg), or (3)
serum creatinine
concentration
>1.5 mg/dL

150 mg, twice daily

110 mg, twice daily

One factor among
(1) advanced age
(>70 years)

(2) renal impairment

(creatinine clearance

30-50 mL/min), or

(3) combination with

P-glycoprotein
inhibitor drugs

60 mg, once daily

30 mg, once daily

One factor among
(1) low body
weight (<60 kg),
(2) renal
impairment
(creatinine
clearance 15-50
mL/min), or (3)
combination with
P-glycoprotein
inhibitor drugs

15 mg, once

daily

10 mg, once

daily

Renal
impairment
(creatinine
clearance
15-49

mL/min)




B2H RBRMBERIUVFHIE

2-1  FEBM B, R X OVE K

TEFRHARL = REFH ALY N—poFH 0% Chemscene LLC (Monmouth
Junction, NJ, USA) X WA L7z, ¥ EH FZ X Toronto Research Chemicals
(North York, ON, Canada) X VHALZ, RMEX/ =27 FPILIETVE (K

) F VAL, £ Ot oo Rl S 13 ik O e S &b &2 BT L 72

2-2 WG EE

2017 7 5 2018 4R\ BRI B ki A BE 12 3 W T A IRE MO 5 A B & 7o X9k
FMESE M D EMEIORNOH L MEZETHERNTT EX S AN (2 Fa— X
2.5 mg £/2E b5 meg), FEH T 27 FvI—F (FT7FFH, 110 mg £ 7=
% 150 mg), = RF¥H 2 (V77 F 30 mg £720F 60 mg) BLUY N—n
XNy A7 L b, 10mg £720F 15mg) D 4FERNRFO 111 A EF %
MEE Lz, T R_RTCOMBRE T, AFRICSNT I ChH-0 E@MmERH A7
F—LFarty bETW, FELEZG, KUFZEO I AT B S 9 b o
i B & B 2 O KH & 15 TIT - 12,

TEXFIR AEHEFT L, 2 FRFIARCBIOY RNR—aF N Z2RAL
ERFICELT, MEREZ ey P T, 200 OV E N — TR L7Z#
Mz Rmd (Fig.2), 7 X AN U NREE ORI E M 28 4. &M 104 Th
Stz FERIEZ 5005 87T M. FHERMIZI6M Tholz, XEN T VNIRERE
OHERNITHEME 16 4, K3 HThHol, FElL 4505 86 TH Y . K EH

T 74 THoTe, = FXFIANCARBEOMERNIIEM 124, k124 TH -



oo FHplL 60205 91K THY, FHERMITTH ThHol, VAA—mFHh
NIREEZEOMWENIZBME 194, B 11LATH-, FEMITZ 56105 89mTHY .

R EER L T6 5% Td o 72,

100
80

60 ©

%
¥
348
o
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40
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Fig. 2. Distribution of patient ages in this study.

SR O IR 2 PR L | EHE R OB B o0 TE B IR AR oo i 8 oh 3R A IR T A B E
U7 e RPN AR BRI B i B ICSRAIRTIC L » CRBHE BTV 2B 2o 72,
D%, BHEMMARMZIT V., BRIMFEH AT 52 & TREKR 5% RHZH T
L7z, fBRE DI & A LIS REFETHY | BT IZTHE A DERNZE > T 4

MOgLEEEAIO > B 1 oG ST,

2-3 I A AR A R R E

ERmREOMEY > T ik, EBOT7E b= I A ZEHEML BRARL), &
< HHH%. 20,000 g, 103, 4 ClcTELOEEL7, B 1-10 o LXK
nv NS T 7B F LERESHE (LC-MS/MS ) ZHWTHIE L, 7 EXY
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Ny, T RFHANUBLORY N—o X432 (Zhang et al., 2016) 725 NI ¥
v~ 7 (Harder, 2014) 1ZBEH O HiEAZ — A L THIE L7z, BARMITIE,
TV B RATVL—RTT 4T A AL E— KT API4000 ¥ > T L& &Nt
(AB Sciex, Framingham, MA, USA) &, A7 X5 Vv 7 v (C18) B 7 A
(XBridge, 3.5 pm, 2.1mmX 150mm, waters, Tokyo, Japan) Z¥E# L 72k 1
~ 2 7 20A System ( Shimazu, Kyoto, Japan ) Z@##ESETHELEZ., 4
BET AT Sk, VAL A0, 1% XBE., WHEB:0.1% ¥B7 =M U LEMHEHL,

UTOr7 Y=y b7ul T A%&#E 0.25 L/ 5y L% E L7=:0-2 45, 10%B i
(V/V) TPEREFL;2-847,10%B #-90%B #&;8-10 73 .90%B ¥k % fr#F;10.1-15 47,

10%B W ZRFFL72, BT JREIE, 40 CEBRFFLE, XEHT T, = R¥H
Ny, TEXHIRVBIRY N—g X% XU OREEFRIZ, £0F 5.4, 6.1,
6.9 BLOT. 10 ThoTc, AMBEORNEREORRISE=2) T 7P
aviE, TEXRH RN % m/z 460199, FEH T &k iz 472289, = R
YN % mz 548 =366, BLX O Y N—ua X P N x m/z 436—145 & LTz,

FNENORHEERIL 1.0 ng/mL TH VY., 5.0-1000 ng/mL OFH TE=E L 7=,

2-4 G EMEEE T V& I R IR O HEE

ARWFZE TH Wil b SN AB PR EMEIRE T VT BRI = X — |
AU B =R A b Ry A=A B RO LB
#E L7 (Murayama et al., 2018; Shimizu et al., 2017; Yamazaki-Nishioka
et al., 2018), AEF ik, AP MEE (Q, 96.6 L/h) | fFERE (V,
1.5 L) . JR& (V,, 1.5 L/day) BXOREEKRE (70 kg). 72 5 IT Table 2 IZ

HEHLEZL2IC. 4 o0HERBIED insilico THE L-ALFHWMEMEE W=

10



(Murayama et al., 2018; Shimizu et al., 2017; Yamazaki-Nishioka et al.,
2018), b FETINOWELEEES (k). KIEER =2 >3 — h A 2 b O A A
Vo IFEAZ V772 (CLy i) REDNT A —=F Ol i&E & 15 HEfF =
!X WinNonlin ver 5 (Certara, Princeton, NJ, USA) O —HEF /L% FH T
B L, NI AT T Ly 7 AL QW Marquardt IEZHWT, X & W
RV ZRFHPANRU  BERY AN—a XY RO ARDIRMLESA VF B
— 7 #— 2. (Harder, 2014; Liesenfeld et al., 2011; Parasrampuria and Truitt,
2016; Yamahira et al., 2014) TH#HE & 47245 5 dh O ik £ O 45 85 5 g 0 if
FIRE L VRO AUC CGEY R ERH MM TrAd) &, ABFZEIC TRE L -EIfE
NT A= FfEE DT BE O G # o T3 AUC OZEN b/ S <R D KD

E L7 (Miuraetal.,2018), EEREMEZZD TR LEEK T XA —X

e

R

fili % Table 3 277,

11
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Table 2. Chemical properties of the four anticoagulant drugs used for physiologically based pharmacokinetic modelling.

Parameter Symbol Apixaban Dabigatran Edoxaban Rivaroxaban
Molecular weight MW 460 475 548 436
Octanol—water partition coefficient logP 1.89 0.0625 0.152 2.39
Plasma unbound fraction fup 0.0700 0.738 0.369 0.203
Blood-to-plasma concentration ratio Ry 0.801 0.833 0.923 0.893
Liver-to-plasma concentration ratio Kpn 1.06 0.678 0.538 1.97

The primary metabolite dabigatran of prodrug dabigatran etexilate has considered as the starting material (substrate) in this

simulation study.
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Table 3. Calculated parameters for physiologically based pharmacokinetic models of the dispositions of the four anticoagulant

drugs.

Parameter

Symbol Apixaban

(unit)

Dabigatran Edoxaban

Rivaroxaban

Absorption rate constant
Fraction absorbed X

intestinal availability
Volume of systemic

circulation
Hepatic intrinsic clearance

Hepatic clearance

Renal clearance

ka (1/h)  0.688 (+ 0.039)

FaFq 0.509

Vi (L) 18.0 (+ 0.5)

CLhn,int

(L/h)

CLn (L/h)  1.63
CLr (L/h)  1.15

18.7 (+ 0.5)

0.251 (+ 0.066) 1.33 (+ 0.20)

47.9 (£ 0.4) 127 (£ 0.3)

1.07 (+ 0.44) 30.3 (+ 0.3)

1.42 (+ 0.09)

30.8 (+ 0.1)

19.0 (+ 0.1)

3.72
2.00

Values in parentheses are standard deviations.



U [ e B o> P rh o B AR A ST D 2 0 IS RO TR 2 T,

d);gt(t) = —ka- Xq(t), when t=0, Xg(o) = dose
VT SR LA R SR T L
dt p,h Kp,h
vide_ gy R oG
dt Ko,
v d® _cL.co
dt

X, ZWHALENORENE, Vi BXO VIZENEAIEE X R OEFE, C 13 0F
WP SE L Cy T P Y IR 2R d, 95%(EHH X H (confidence interval, CI) &,
LA HOWTHRAEIE 100 N\OBRES G Z H W2 CLy, i I X o THEE L7, A&
ANEMPBEEM CHILEDN T OmMEFRERED I 2L —2a VT B
7 V7 7 AEE3.8BLOT. 158/ & TiT -7 (Hariharan and Madabushi,
2012), YA RV BLRY N—a X+ N Ok S - AN IEY B R
T 7 VA& AW T A AR B G2 oD i 5 A e Rl R 0T R S AL 72 R A o R R R
ik Db D E1FIEF—2 L7 (Lehr et al., 2012; Xu et al., 2018), W& Sh
TEREOFHENOHBONTEBEBREYEBEB LN ANT XA —F Cu B XV AUC 1,
X, B NEEPNEDERET VO IT THIE MR C., B X

AUCo 1y ) il —Fe L7~ (Table 4, KET A O TROB LF 2{EZ0AN).
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Table 4. Summary of pharmacokinetic parameters of taken from literature and calculated after virtual oral administration of the

four anticoagulant drugs to humans.

qT

Parameter Apixaban Dabigatran Edoxaban Rivaroxaban
5.0 mg 110 mg 60 mg 5 mg

literature 126 (x 26) 94.4 (+ 24.8) 256 (+ 88) 141 (x 20)

Cmax, ng/mL
calculated 104 65.4 237 114
literature 835 (£ 23) 485 (x 95)

AUCo-12, ng h/mL not available not available
calculated 866 578

AUCo.24, ng h/mL  literature not available not available 1766 (£ 435) 816 (+ 108)
calculated 1920 866

Values in parentheses are standard deviations. Reported blood concentrations of apixaban, dabigatran, edoxaban, and
rivaroxaban were taken from literature and interview forms (Harder, 2014; Liesenfeld et al., 2011; Parasrampuria and Truitt,

2016; Yamahira et al., 2014).



2-5  WFFExE G B o FEH) E IEAE ] & o E

Table 1 IZ/RT L OIC, BEOBFEEREZIL, 7% FEH KT,
TREFHFARAUVBLIRIARA—a0FH AN COHBEEZBET 22 D0ERTH S
(Chan et al., 2016), IHLHEFTEYRRE & BFHEGEL OM OBERMEZ M ~D 720
Prism (Graph Software, San Diego, CA, USA) Z AW T —tlE & ook &
O Dunnett post-test Z{T-o 7, BEOBEEMHAERL L OBEEEIZCOWVWTIX, 2
WIEMLERZ MR L TER L, 2O TiE, FEELIIRENE TEDICEK
Ha3nhlBF BIOBRELZIA+sRAETRESAEEFZY T 7L —
ELTHELL, BT, REEEERIZEK ST >60 5 LW <59
mL/min/1.73m* Z, TN ENIEH E/I3EEREEF L L ToE L, #x oMmfEd

YR L H— DK & L TBKERS & OMRMELZHA L7,
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EH3E MR

3-1 7 B & o8 o R

TEXYARUEGEEEOEFRETCOMBEFR 7 XV N REE Fig. 3A TR
T &7y MI, EBEOREAMRKEM 2O T 7R RBE iz & & O Rkl
MRS COmEPRRELZ RL TS, Table L I RTHRMXEOHEZ LYEIC
LT BEAERIN I Cb22bbTRREICRSSLEHEZOT, BHELH &
DHEREINDITEPPDOLTHEINT-H 2 AT @ ERE LB INZH6 20
THRL, 5.0 mg DT EXFH AN 2@ HEEG SN 234095 13 4 DY
MR EE, THERD 95%CT (FEAZ U7 721 HkoS5<) #f#x. 141
95% CI RiiTh o7z, MEELGINTZ 3 /DI DL 24Oy M P RE T, EY
BehHED IS Cl ZBAxz, —HT, 2.6mgD7 EFHINE2HREINTZ 44D
OL 3L DOMPIRET, BERGEDO THAMO 95%CI N TH Y | 1413 95% CI
BB, SHIE AT RABROTEX IR TELEEINTZT4DHH3LD
MAREIX, 2.6mg OERAETOTEXRFH AN O THEBREIY bEEERLT,
ff 2 OSSR PRE & BHREREE & OB % Fig. 4A ISR LD, AEZIER
Dol IR L7, Ao HETRESIAZICLLNDLT ., TEF
PN MHPREN, 2.5 mg ODIEKARTOTEXFY AN FHIEBR LY b &EHEE
RT3 4 DERIZ, TTHRN 24, 82BN 14 THY ., Fig, 4A BV TEME

FRAEICOHINL,

3-2 A4 b7 ot EE

HEH RN oEGEREODEFRETCOMER LA T T VBEEL Fig. 3BITR
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T AHAEH T 150mg OIFERE CTHEUICKRE S 2 4 O 5 i bR X
TR OFMHEANZ R L T, BREIFESG I 6 4D 5 5, 34 0FEYIMT
REGFTHRMHELIY bEMEEZRLEZ, —H T, FEH FT 2 110 mg D EE 5
EINTZILDIL 3L OEYMFIRETTHMBAOFEHNEL RL T\, &
B, 2 AR T HETERESNTWL ZEDHLMNE -T2, L
MURR G, ZRHOEFED DS 14 O MR TR i & LT

Mz LR, bo 1 AFERMEEZR L, 82 o5 Sy L B kERE

W

EDOBRMEAE Fig. 4B TR Lc, MAEPEYRE & BHERSE L ORMICAE

il
H

s
FROoNLehode, LLAaRs, BEERGHF T, BHEEKTICXSMmH
BE EAMBRAZEBO N, ZNb0mEE 5L Fig. 3B THEWY i i 2N

THEYV bEEZ R TONEERD b,

3-3 = R oo Hr i

TREFEYPNCEEREFOEFRECOMPER T FFV N BE % Fig. 3C 125
To TRFHF AN 60 mg OEEREETHIIIREINTE3ADI L 24 03K
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Fig. 3. Steady state plasma concentrations of apixaban (A), dabigatran (B), edoxaban
(C), and rivaroxaban (D) administered standard (open symbols) and reduced (solid
symbols) doses. Plasma concentrations (one data point per patient) of apixaban in 38
patients, dabigatran in 19 patients, edoxaban in 24 patients, and rivaroxaban in 30
patients were plotted against the time after the previous administration for subjects
treated with the correct doses (open and solid circles) according to the package insert
(see Table 1), excessive doses of (open diamonds), and insufficient doses of apixaban
(solid triangles). Also shown are estimated plasma concentration curves after virtual
administrations of 5.0 mg (thin solid line) and 2.5 mg (bold solid line) of apixaban (A),
60 mg (thin solid line) and 30 mg (bold solid line) edoxaban (C), and 15 mg (thin solid
line) and 10 mg (bold solid line) rivaroxaban (D), with 95% confidence intervals
(dotted and broken lines, respectively) based on hepatic intrinsic clearance values. In
panel B, estimated plasma concentration curves are shown after virtual administrations
of 150 mg (thin solid line) dabigatran in patients with no renal impairment and 110 mg
(broken and bold solid lines) dabigatran in patients with medium and severe levels of
renal impairment, respectively, because our simulation system created only random

numbers for the CLn int Values.
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Fig. 4. Relationship between renal function and observed plasma concentrations of
apixaban (A), dabigatran (B), edoxaban (C), and rivaroxaban (D) in patients. Details
for open and solid symbols for plots are the same as the legends for Fig. 3. Numbers in
parentheses indicate subject numbers in the sub-groups. No significant differences
between sub-groups were found by one-way analysis of variance with Dunnett post

tests. Horizontal bars show mean values.

21



Faf B

KRB NTTEXH RN XEHT T Z REXF AN FLFTY N—m X
YN BGBEO MR EYRE L R REIC W TEEREMEA T L oM
ICHEICHERZEIRBO N hoTe (Fig. 4), 2O &b, BEEIZXIN
5 4 DOPEBMEOMPRE LAOH —OREBERLITRV ISV EHEIH
7z, Table LIZAT LI, TEXRHANTEFE 1A 2BEBHFICEREEND, &
FIHERETLZ2T7EXYRNRCOHEBEICIT. 320K ED I DL 2 >OKMH &2 T-
THERD LN, MO IEOFEMEOHEBELEIXI1IS>TH D, Hx OHM
RERIX, AFED 3T 40T EXH AN OmERREDLVIES DX I E LT
WDRBEMEN D D, Ko TT XN T, EYmFREDO FHRINELS, &<
CEHOBERERFECEBNTIEIATOREGEETH THLT UV AN DY
MARED EFICHEBELTEGTOLBEEND D Z ERMHEI N, 2OBFRIT
FERICBWT T EXR Y AN 2 HERBERAEEFE BT 2RE T 2BIC.AOMHED
BT RICEENEORNRT 4y FR R RDHABIEND D &5 REE F
TL5HD0THD (Yao X et al., 2017), AW TOHKICBIFTL 7V M AT
X, 7N EREINTZ 2 AP MBEZEZFAE L. 5B 1 4 1300 5 1 iX FE 28
Thote (HHTHIREI), ZNHDOEFTIE, TEXF AN UEEKNIREER G Z
NENSARBBIORKEARBLTCEY, WIFho& 58TV b #EY)
Tholeh, EPmFRESGHBRHERFLL T Th o7z (<1.0 ng/mL),

AU 1 H2RBBFICEESNDIZES M7 0E (Table ), I XEA & X

b FICHR G SN, B REN EFTLIEENRH V| & ITEHK

22



BESEZCBT2@FRGIZTEELRZINVE RN ERHERERI LT, = F
FH AT, A XELEUZHETCRSSAESATH, B PIREN LR
THHRERERSD, BEICEFE+DEBRPLETHDL I ENHEL I N, Table 1
WCARTEIIC, UN—mXxHAN T 1A LEESGSN, 4 D0HEBEED S H 2
W22 <HBFE (n=30) K&EEEShz, =T g N—mXxH 00
WERRE T AN EYEEE T L2 H O TR SN2 E D S A E o B
TR hholc, TNHLOHEANL | NTZHEIZENT, U AA—mF PN
VIEAARANBEBREFICBOWCRODERICHEHATE 2 Z LB H#EINT,

AWEDO 1NN LADEFEDOI>I L, FEHT N7 14, T RFFAA 1 4BV
N—a XN 1 L4OBEHE TR I 3AITMB M EZRAELZ, ¥ K
TryBIVZ FFYANCEEHOHEIL, @O Th o722, Z 4 F 1A H
BLOBEHAAGIZLO2AHAKBIOMEANHMZBIE L-, VA N—a &
BHEIOMEIZ, A+ Tholon, < bETHMZREL L, Mz JE5E L7z
BEOZNZENOEY M APREIT., PRIFSKHENEZRL TV, Lo T, AHFET
(. DOAC Dy rhi & LA NEZBE LZMELEEITN R b DD,

TGS TV MEEREBRE, 1 LAOEDMFRET T LY 6F LS
KEZRLTEY, DOAC FMPREET=FY) VINALETHDLEINRNDL
b, BWUIRHETORGZ2HATL20ICAMNTHD LRI N,

WIS, FEEHOIRMLECED LB GEOMETFORANOLERT H L AT
FETIE 1 AT 3 ADRRMNXEFE LB E TR ICEESN TV, ZDOFE
X EEBOMBETO2WEOEELEEEMNICHERNH DL Z &2 —HRBLTWD,

MREHOITE A EIFHREEETOEBETH Y | H K T O RS SEIEE IS

23



HF oy JHEREDIEE L CWAR WA REMENSHZ IS, ZOJRK & LTk, DOAC
X Table 1IC/RFT L 912, 2T TR, KE, BHEE, PRI THE
EWETOEATH L0, BEAER TIE, AL GZCZHIN T DE®R LN
D ERHRT, BEEZEM T 2N e titdbdrBZxbND, KIKE
LT 20134 L0 L RFESLMM BB TIX. BRALTEICHE 4 HUAD
MEMA LT 2T HAERICBT2EERLEEFEHICERL WD, E
KEOBEMEHZHME LEZRMXEOUGT AR EN TV D 2, A CE LEY)
PHE-HETOHL20Z2HEAERTHLHETE LT 270ICHEALTED
MBFEHORBELALETHDLZEN, AFEEHZEBEL CTREBR IR,

2006 fEICHFLHE 6 FEHINBRMB SN2 b LT, FHhik L O KA
OBARITWVWELIC, A GZELOERLZRHANT2ICHZ0 T XHELELORE -
HEZETFLTWLINEIDOEERELELLHAFATLIZE.EFLTCEELDOEY)
REHBICRESNLTWD, AR OERIEICESS ABREFLEIL, 1998 FI1
BERIC, AR -0 EFEAL T HICT AN, ABR—BRFKRICABET 28%F 704121
N, BEFRK - BAFREKICAGET 28F 150 4121 A, HEHHEE - BERBEICA
Bid 28BEF 1504121 ANETHENIBDTHY, UBBEENKI LTV,
AR ORARE L+ IS BIET 2720123, EELIRMN LEOLIFTIZE EE LT,
Wbtk L OEBICRBIT 2 RANEREORE L AL IO 2T HEFHO
BREICOWTEMREOREIMICHFLET 22 L2 ERLERESSFES L E
IZT D2 EDRBBETHD EARMIEZE L T N RFREE LR A OS5 )

5Ez T,

24



BoHT WA

i

SRIN (S A, Bzt SO mREZE, BERE, KR E) - 5 5% (RAER

7

F) B I OMETER O ERESERS OMENTFEED 5TV D, ke B R IEI

0> 55 i B FB D % IR M ZEARE O T B F K ORI e D UM A o T I — ik
AW DB R TW D, HUEEE AL, Mk EEE %2 BRI 2 EKA TH 0 e 23
HERGEICBET 22U X7 2T 5, &~ 2288 0 Hu ke E A 28 5 IR A2 IS <
HENTEY, BT LVT7 7 ) idk, EX2 I KEHRAITH D, HoilEA
SNFEATFT 03, hrr EVLERITHY 7R = RE 0
BILOY AN—m P N3, MEEEERK - Xa O EEREAFEBETH DL, UL

7y UV CHEE, e bo e roRE/IEREE LT =2 ) 755281

Lo T EFRITREYAHERzECFHEATET 2Tl ICHRESN D,
XPRRAYIZ, EAERE QP E K IR o@m Y fMiloe=2 0 7B XOME L L

Bl g, EEFZEIHEO 2 O0HETOEANRHEREI LTV S,
FEHR CTIE. @A ICB O CEER N PUEEBEE A AR o BE TR M E 7=
T FEIEIE G 2 B AICEFIIRRL CWVWD, L2Lans, GmBEICBIT S
ELHERE D HUEEE R o Y i P iR L BRI X ORIMEM OBRYEICE T 5% #IE
A+ Thd, €2 TARMIETIT, mEE 2B T D EZER D HUEEE KO L 27
EArrElLTHZEHEHE LT,
EHERABEEEOEDENELTMT 272010, —RKFETT EXFH N ¥
BT, T REFYANCERLFTI A RN NRFOLEMENEE 111

L ORIMZATV, HREYM P RELRE 7~ N7 T 7-HR&ONIIEICTHE

25



L. CHRE 2 83 2 A2 SR B BB 7 v &2 v 7o 7 0 1 o 3 B2 b MR & PR
L7z, EabIT, HFEEFEOZRILEMBELZITV, 4 A OFEMIKNBRBICHEEL KX
TR AT 2 EHEEICER L CRFT Lz, BHEOBMHEIL., HERKREERE
60 (mL/min/1.73 m®) DAL ETIER ., 59 LT TR TREICHOFEL 7=,

TR AR & L C, @l E O BEER OB EMERICB T e MEm BICBE T
HHAMREZHIZOTUTFICRIET S, 7S 003, IR 0E L, Bk, K
B, FMICE-oCTEE IR EIHERSEO 2BBICRESINIEA TH D, T
FRT6 R Ch o T EXF TN EEHIL AL ThHoT, 7EXF I AN EFEE
HIlBWTT7EFEANACMPREATH IV bEELZ S THRAZHBDO LN
P MEZEMTET EFRIACMPIRESTHED S FLIMEZ R L T,
HMCHMLEBEEEL T X AN CMPRE L OMICAEEITRD bR
ST, MENHERINW 2B RGHOKHRBRBZFMLIZE A, 7T EF N
MARELTRIHME LY bEELZRTHIRD LN,

FHFERTAR CH T2 A T R PEE 194 Oyl bk &2 1l E L
oo DBBEME T AT, MHEHMBERICEMDL L CHZE A, T T M
BEGZ PR&#SENEZ R L, FE0 b7 lE RS, BEERTICXL M
HIRE EAEHmAA LR, BEREG A INTH T, 2T N7 o mH iR
ERTHED bEEZ R THNERZD DL,

FHEER TR T oo™ FEF AN RGP B 244 O Yl b B 2 [ E L
oo DBtk 1A, MM B RERFICER ML L TR E A, = REYF AN UM H
WEZTHEHHANZ R L, fNTC®@EICB T, = FE AN RE & Bk

REEDRIICABEAZTRBOONR o7z, LLARARL, BB ERSGET

26



b ERGEEHABMENARALL D R ANUCMPARENSTH LD & EHEE R
THI B EEGED iz,

SRR T6 5% Tdo o 72 U N — 1 N BB R 30 4 0 3K W i T B A
E Lz, 9B 14, W R RER ICERI L CI_72 & 2 A iy g
X THFEENZ R L, HXT®EICEW T, BEYmPREZ 2HZ2RE. TH
HFANZ R L, EpiPiREEBHEELOMICABREIRED NPT,

RISV THENT L7c 111 A B L2 MBEZE 1 ik, 7 B o3
BECKRTOIMEEDORKIEDOKINTH D Z BRI NT, —FH., BB LMY
Mo 3FNIEEDOR LM M ORBIEICE G L TWDaiEERHEEZINTE, 2
AR Oy MR REICIBERERS L OERIUIMC EER oM RS
oo ARTZHIHICE N T Y N—m % 003 il 3 Al & L TElmEIc L2l
i T D ATREME DS R S Tz,

DOAC 4 ANIDU N T 7 U & 3Ry, WRELTE=2U 7 ORERIEH
ELTHHBEINTWVDIZ bbb, —EOREAIL, EREIRIZIB WV TRIC &
HICHHT28HA. B PREOE=4Y v 7 OLENNER SN, A5
DIERIEE =2 U 7T DMIRERFHRRIL, TN XD T
VERFHANA BRI ANA—ag NN EYEEFEHO LD b
PRSIz, ST RIS TEHBEHETHEA S TR WER N ZHR
DB ALt RIS R L BIEN T OO BT SUE O BT O W B D IR g
SN, EOICEEE O OPIEEEE 213 U &3 25 5K E 6 I m T 72 b
BLXOERIZBITAEAMMOLGT N ANDOMEENILNE oo, 2O FITIE,

A SCE B k- B2 5 2 DI L E R REMES B R TIERS

27



NBEWERTHDLZ L. S HITIHBEREAM I X ORISR, 22200 ST R O
FEIC DWW TIES EOBfEARBEN 2V & 7 b NI ) 722 AR A B B #4121
MAEINRTWRNWZ XD, SOLRIEFELBEEMFEHAOLDIZ, ZHDE
BEHRZHRE L2 2ENICEBT L2 EBN8BETHDL EEH TS T,
—EOARWREEZBEBL THLNE R olomEE OIEMIEHE OB ERSB I
— AL R EETHEOIIC, AREKHEZHNB L OEREZOB IS, EHEFE

HIEh & L CEERSLEEEHOM BEICHBRL TWEZWEEZ -,

28



Ao L ONFITLLT O Fm CIZHEER LT,

Miho Yamazaki-Nishioka, Minoru Kogiku, Masayuki Noda, Sumio Endo, Mitsuru

Takekawa, Hirohisa Kishi, Miki Ota, Yuki Notsu, Makiko Shimizu, and Hiroshi
Yamazaki (2018) Pharmacokinetics of anticoagulants apixaban, dabigatran, edoxaban,
and rivaroxaban in elderly Japanese patients with atrial fibrillation treated in one

general hospital. Xenobiotica, in press (doi.org/10.1080/00498254.2018.1524188).

29



B

AR OFEATE X ORG L EERT DICHT D | KA T 5 2 45 5 | 15 ¥ 52
B0 E LB RZED BB A EEIR RS SR EICRE e D
BEaeRLET LT, BEALRLETET,

KX DOEEL L TOIHFEELZEGY £ L2 BRER KRR G R 78S A
% KEBHEEAERELE L TIFEZRYY E LEFREEZEERR EER
Bk, WmALFEMREEHE R A DIEACTHERS EHEL £4,

SHICAMZEICZ S OB E B L OB XEEZ W2 & £ LM e Em

Bt mEEEME A, MRkt 2 —Kk - 8K B EAkE, Mkt

e
it

v =R N REA MRt —E BHEELA, FEHY Y
U R Il ede . EAMEER BAEELL. KAMS L RN
JER D CICHIMER K2R BB A IEERER HAROIALFILER XIOH
AR AP HRESE AR AL L B E T,

B, AR OBATICERE L, BEE2MEHAB 2 @R ELERT T o
TOBRERR ARG EHEETEK o TEHE E LBEFRE G A,
B, BB L ORERAER OBEK, BRERRFZEDBRE LIRS KH

FERK, FEHEERZ2 O CICKYBEBAMIEEDOFRIZL LD EHF WL £,

30



51 FH 3Tk

EH 9L (2012) EHEMLORM XE L 2O H. B IFKBEGE 140:24-27.

Adcock DM and Gosselin R (2015) Direct oral anticoagulants (DOACs) in the
laboratory: 2015 review. Thromb Res 136:7-12.

Chan KE, Giugliano RP, Patel MR, Abramson S, Jardine M, Zhao S, Perkovic V,
Maddux FW and Piccini JP (2016) Nonvitamin K anticoagulant agents in patients
with advanced chronic kidney disease or on dialysis with AF. J Am Coll Cardiol
67:2888-2899.

Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, Waldo AL,
Ezekowitz MD, Weitz J1, Spinar J, Ruzyllo W, Ruda M, Koretsune Y, Betcher J, Shi
M, Grip LT, Patel SP, Patel I, Hanyok JJ, Mercuri M, and Antman EM; ENGAGE
AF-TIMI 48 Investigators (2013) Edoxaban versus Warfarin in Patients with Atrial
Fibrillation. N Engl J Med 369:2093-104.

Graff J and Harder S (2013) Anticoagulant therapy with the oral direct factor Xa
inhibitors rivaroxaban, apixaban and edoxaban and the thrombin inhibitor
dabigatran etexilate in patients with hepatic impairment. Clin Pharmacokinet
52:243-254.

Harder S (2014) Pharmacokinetic and pharmacodynamic evaluation of rivaroxaban:
considerations for the treatment of venous thromboembolism. Thromb J 12:22.

Hariharan S and Madabushi R (2012) Clinical pharmacology basis of deriving dosing
recommendations for dabigatran in patients with severe renal impairment. J Clin

Pharmacol 52:119S-125S.
31



Kubitza D, Becka M, Mueck W, Halabi A, Maatouk H, Klause N, Lufft V, Wand DD,
Philipp T and Bruck H (2010) Effects of renal impairment on the pharmacokinetics,
pharmacodynamics and safety of rivaroxaban, an oral, direct Factor Xa inhibitor. Br
J Clin Pharmacol 70:703-712.

Lehr T, Haertter S, Liesenfeld KH, Staab A, Clemens A, Reilly PA and Friedman J
(2012) Dabigatran etexilate in atrial fibrillation patients with severe renal
impairment: dose identification using pharmacokinetic modeling and simulation. J
Clin Pharmacol 52:1373-1378.

Liesenfeld KH, Lehr T, Dansirikul C, Reilly PA, Connolly SJ, Ezekowitz MD, Yusuf S,
Wallentin L, Haertter S and Staab A (2011) Population pharmacokinetic analysis of
the oral thrombin inhibitor dabigatran etexilate in patients with non-valvular atrial
fibrillation from the RE-LY trial. J Thromb Haemost 9:2168-2175.

Miura T, Suemizu H, Goto M, Sakai N, Iwata H, Shimizu M and Yamazaki H. Human
urinary concentrations of monoisononyl phthalate estimated using physiologically
based pharmacokinetic modeling and experimental pharmacokinetics in
humanized-liver mice orally administered with diisononyl phthalate. Xenobiotica, in
press. doi: 10.1080/00498254.2018.1471753

Miyagata Y, Nakai K and Sugiyama Y (2011) Clinical significance of combined
CYP2C9 and VKORC1 genotypes in Japanese patients requiring warfarin. Int Heart
J 52:44-49.

Murayama N, Suemizu H, Uehara S, Kusama T, Mitsui M, Kamiya Y, Shimizu M,
Guengerich FP and Yamazaki H (2018) Association of pharmacokinetic profiles of

lenalidomide in human plasma simulated using pharmacokinetic data in
32



humanized-liver mice with liver toxicity detected by human serum albumin RNA. J
Toxicol Sci 43:369-375.

Nakamura M, Yamada N and Ito M (2017) Direct oral anticoagulants for the treatment
of venous thromboembolism in Japan. J Atheroscler Thromb 24:560-565.

Parasrampuria DA and Truitt KE (2016) Pharmacokinetics and pharmacodynamics of
edoxaban, a non-vitamin K antagonist oral anticoagulant that Inhibits clotting factor
Xa. Clin Pharmacokinet 55:641-655.

Raghavan N, Frost CE, Yu Z, He K, Zhang H, Humphreys WG, Pinto D, Chen S,
Bonacorsi S, Wong PC and Zhang D (2009) Apixaban metabolism and
pharmacokinetics after oral administration to humans. Drug Metab Dispos 37:74-81.

Rose DK and Bar B (2018) Direct oral anticoagulant agents: pharmacologic profile,
indications, coagulation monitoring, and reversal agents. J Stroke Cerebrovasc Dis
27:2049-2058.

Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz MD,
Camm AJ, Weitz JI, Lewis BS, Parkhomenko A,Yamashita T and Antman EM (2014)
Comparison of the efficacy and safety of new oral anticoagulants with warfarin in
patients with atrial fibrillation: a meta-analysis of randomised trials. Lancet 383:
955-62.

Senoo K1, Lau YC, Dzeshka M, Lane D, Okumura K, and Lip GY (2015) Efficacy and
safety of non-vitamin K antagonist oral anticoagulants vs. warfarin in Japanese
patients with atrial fibrillation — meta-analysis. Circ J 79 (2):339-45.

Sharma M, Cornelius VR, Patel JP, Davies JG, and Molokhia (2015) Efficacy and

harms of direct oral anticoagulants in the elderly for stroke prevention in atrial
33



fibrillation and secondary prevention of venous thromboembolism: systematic
review and meta-analysis. Circulation 132:194-204.

Shimizu M, Suemizu H, Mitsui M, Shibata N, Guengerich FP and Yamazaki H (2017)
Metabolic profiles of pomalidomide in human plasma simulated with
pharmacokinetic data in control and humanized-liver mice. Xenobiotica 47:844-848.

Xu R, Ge W and Jiang Q (2018) Application of physiologically based pharmacokinetic
modeling to the prediction of drug-drug and drug-disease interactions for
rivaroxaban. Eur J Clin Pharmacol 74:755-765.

Yamahira N, Frost C, Fukase H, Yu Z, Wang J, Pursley J, Lacreta F and Hiraoka M
(2014) Safety, tolerability, pharmacokinetics, and pharmacodynamics of multiple
doses of apixaban in healthy Japanese male subjects. Int J Clin Pharmacol Ther
52:564-573.

Yamazaki-Nishioka M, Shimizu M, Suemizu H, Nishiwaki M, Mitsui M and Yamazaki
H (2018) Human plasma metabolic profiles of benzydamine, a flavin-containing
monooxygenase probe substrate, simulated with pharmacokinetic data from control
and humanized-liver mice. Xenobiotica 48:117-123.

Yao X, Shah ND, Sangaralingham LR, Gersh BJ and Noseworthy PA (2017)
Non-Vitamin K antagonist oral anticoagulant dosing in patients with atrial
fibrillation and renal dysfunction. J Am Coll Cardiol 69: 2779-90.

Zhang WL, Lou D, Zhang DT, Zhang Y and Huang HJ (2016) Determination of
rivaroxaban, apixaban and edoxaban in rat plasma by UPLC-MS/MS method. J

Thromb Thrombolysis 42:205-211.

34



