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PALAE S SR IE H1 32.2 ng/mL; 3£ SN Bk do b B 121 40), AR ARV BIEAE S AR 159 R PALAE A 5 E 4 31.0 ng/mL,
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#>90~120 mL/min i, LAV RV 9 A2 24625 5 R A AR 25~30 mg, R 1 RRAFRS5~15 mg, HF R 2K, * THhikie &4,
% eGFR % 0~30 mL/min B, 7R 4fe 5 A R AL AR 7V JEA23E 5 mg; % eGFR A >30~60 mL/min &, LA XV 3L R 2528 5 S A B
K5 mg, £ K 1K ;% eGFR A >60~90 mL/min i, F AR 9 57 4k 2625 75 5 A AR 25~30 mg, B R 1 R KA R 5~15 mg, # K 2
K ; % eGFR # >90~120 mL/min & , Jt A&V 3 AL 2 7 A H R 10~15mg, B R 2k, i GRS E " EH4 60 %
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Monte Carlo simulation-based optimization of the rivaroxaban regimen for anticoagulation in patients with
different classes of renal function

YU Qiaoling"**, ZHAI Weiwei"*?, LI Yumeng"**, JIN Panpan"**, QIU Bo**, WU Huizhen" ** (1. Graduate
School, Hebei Medical University, Shijiazhuang 050017, China; 2. Dept. of Pharmacy, Hebei General
Hospital, Shijiazhuang 050051, China; 3. Hebei Key Laboratory of Clinical Pharmacy, Shijiazhuang 050051,
China)

ABSTRACT OBJECTIVE To optimize the rivaroxaban dosing regimen for anticoagulation in patients with different renal
function levels. METHODS The administration regimen was determined based on the drug instructions for rivaroxaban and the
actual medication situation of the patient. The target concentration range and the subsection interval were established using
rivaroxaban blood minimum concentration for patients from Hebei General Hospital and reference range of rivaroxaban laboratory
monitoring concentration recommended by International Council for Standardization in Hematology. The probability of different
dosing regimens in each target concentration range was investigated with Monte Carlo simulation using Oracle Crystal Ball software
(V11.1.2.4). RESULTS A total of 97 patients with non-valvular atrial fibrillation were enrolled and the minimum concentration of
rivaroxaban was tested 125 times with a median trough concentration of 32.2 ng/mL; a total of 121 patients with venous thrombosis
were enrolled and the minimum concentration was tested 159 times with a median minimum concentration of 31.0 ng/mL. The
reference range for steady-state minimum concentration in patients with non-valvular atrial fibrillation was 12-137 and 3-153 ng/mL,

while the reference range for steady-state minimum concentration

AELIE Wb A RRREI 4T H (No.H2020307020)

N N in patients with venous thrombosis was 6-239 and 3-224 ng/mL.
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Monte Carlo simulation results showed that in patients with
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0-30 mL/min was 5 mg once daily; for patients with eGFR>30-60 mL/min, the optimal dosing regimen was 10-20 mg once daily
or 5 mg twice daily; for patients with eGFR>60-90 mL/min, the optimal dosing regimen was 15-30 mg once daily or 5-10 mg
twice daily; for patients with eGFR>90-120 mL/min, the optimal dosing regimen was 25-30 mg once daily or 5-15 mg twice
daily. For patients with venous thrombosis, it is not recommended to use rivaroxaban more than 5 mg once daily for patients with
eGFR 0-30 mL/min; the optimal dosing regimens of rivaroxaban were 5 mg once daily for patients with eGFR>30-60 mL/min, 25-
30 mg once daily or 5-15 mg twice daily for patients with eGFR>60-90 mL/min, 10-15 mg twice daily for patients with eGFR>
90-120 mL/min. CONCLUSIONS Rivaroxaban should be selected carefully as the anticoagulants for patients with severe renal
function impairment. Rivaroxaban possesses a wide reference range in the minimum concentration and considerable individual
variability. The dosage and frequency of rivaroxaban can be personalized through the Monte Carlo simulation method, taking into
account patients’ renal function.

KEYWORDS rivaroxaban; renal function; Monte Carlo simulation; anticoagulation regimen; non-valvular atrial fibrillation;

venous thrombosis
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ANIA B REAAR L0 g2 NI 45 250 %2

BT WA HESE : (1) IR H ARV BEHLEE T
Z/ I 1 IR ARV BRI SR (Cu) 5 (2) IR UD BERY
FHEGIE W IE A JE e RSP P B s Dk I e o AR A8 HE
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B , DL M[95% 17 IX [8] (confidence interval , CI1)]4&
I, KA S BCE TR BEA VR B 2 2% i [R]
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ICSH # BRI VD BE S 56 5 W vk JBE 2 25 1], 15
bR BV XA, D405 sk S 22 B B e o BE S %
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PERY 252 T E AT R R BB AL , IR Uik o
Br B Cu i BN o 2005 B0 s T
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R ) E3 s ) ke
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CLIM(95%CI)J(LM)  5.04(456~5.57) 50 479(5.19~627) 479

RSE : AT AR MEDR 2 ; — : SCHRAHR AL

8 2 n] D, KL B Ay [ H 800.617, B K 1 IR 4
24y ] B A 8] 35 52 O [ 58 28024 h, B K 2 IR 45 2y [l st
] T2 Ay [ 7 2280012 ho ABHESURIBE R S8 CL .V
BIIR I 5 43, F IR 80% ~ 100% B 4151 434 , B As
& eGFR IR A 0~30,>30~60, >60~90, >90~120
mL/min 355345 o
2.2.2  ARFRBEIE Dy E A A SRR R D RIS,

AT 5T R A R P B R D PR 4 25 07 8
KK 5.10,15,20.,25.30 mg, HF K 1K 54K 5. 10,
15 mg, &K 2 7 ; H AR BEE B 430 o 12~137.3~153
ng/mL, % & 4 B oy B X ] 2 % 5 . 0~20, >20~
40, >40~80,>80~160 ng/mL. 445245707 %43 WiEhT
BEALL 20 000 YK, HEERE-R P BAULE R L3R 3,

FE 345 R BIR 5% eGFR iy 0~30 mL/min i) £ %,
PRI P AE 2 2 75 582 1K b mg, B R 1K, I C
TR 7E B AR 12~ 137 ng/mL (%) PTA Jy 86.43% , ¢
H bk & 3~153 ng/mL 1Y) PTA 4 88.37%. %%} eGFR
5 >30~60 mL/min i 85 , IR ID PR AL LG 25 5 502
BER 10~20 mg, BF K 1 IRELERK 5 mg, BEK 2 1K, BEi)
C. TUME Y7 H AR BE 5 A 5 B H R A v BE R R
10 mg, B K 1 IR 1Y Co WIAELE >20~40 ng/mL 3 B IX.
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I Co MM TE B AR B2 B 5 (HH rp R b BE AR IR
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B X [6] 1) PTA 43511~ 80.56% F1 76.00% , 13 B 4445 He
BEARARS 5 10 A A 70 BE4E UK 10 mg, 5K 2 YR C TR
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¢GFR/ EEES NI H R (ng/mL ) 9 PTA/%
(mLimin) 2508 $ki@mg 12~137 3~153 0~20 >20~40 >40~80 >80~160
0~30 q 5 648 8T 0 B0 365 1806
10 6456 6937 0 0 430 3634
15 #8380 5016 0 0 485 4814
2 U5 0B 0 0 0 %3
25 654 14530 0 0 1824
30 054 300 0 0 0 494
bid 5 a1 s 0 0 026 5785
10 0 03 0 0 0 025
15 0 0 0 0 0 0
>30~60 5 8849 100 N300 0 0
10 100 100 19% 092 2810 0
15 100 100 0 005 490 304
2 100 100 0 19% 03 207
25 992 98T 0 0 $29 5471
30 8660 T 0 0 N}¥ UG
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10 84 T30 0 0 8418
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bid 5 100 100 0 98.11 189 0
10 100 100 0 0 98.01 199
15 100 100 0 0 82 9

qd: R LK s bid : FFR2K

o AFIK 5~15 mg, BF K 2 UK, BT C (A 476 H ARk
FEFE P 5 HH A R AP BERRIR 25 51 30 mg, FER 1 IR
BRIR 5 mg, R 2 K IF) C IME AE >20~40 ng/mL 4Bt
[X ] f) PTA 4351 A 78.02% .84.82% F198.11% , i I i fA
AU B R AT R VD PRI 15 mg, K 2 KA Co Tt
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SR R i 1
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2.2.3  ERIKIMAS B SRR B AL,

AW FEBE K IS B RV PEL 25 7 5 R
% 5.10,15.,20.25.30 mg, AR 1 IR 554K 5.10 .15 mg,
R 2 HARR B 437 6~239,3~224 ng/mL, 3k
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x4 ARDVECEARARAHART ARG E
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¢GFR/ CIEES N E R T (ng/mL) Y PTAV%
(mLimin) 2500 ¥cilmg 6~239 3~224  0~60 >60~120 >120~180 >180~240
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15 0 0 0 0 0 0
20 0 0 0 0 0 0
2 0 0 0 0 0 0
30 0 0 0 0 0 0
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15 0 0 0 0 0 0
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2 6186 5860  0.04 2620 21.34 1452
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10 £837 %4 0 0.10 22.66 2081
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20 99.99 100 90.11 9.89 0 0
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10 0322033 100 0 0 0
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FALER PR, 4% eGFR 2 0~30 mL/min 4 H 2%,
FIAR VD BERR IR 25 25 5 mg, B R 1k, H Co M EA A
24.06% i T+ B v B2 0 BN 5 24 45 O i FH R 1t M 5 5
mg, H C A J L3488 3 i B AR B2 1R
PRI #E 77 e GER S 0~30 mL/min (1 8 3% 45 K IR 1 #)
RV IEAYF RIS 5 mg. £1%) eGFR }>30~60 mL/min
1R R IR AE 4 2577 SRR 5 mg, BR 1R,

-+ 3020 - China Pharmacy 2024 Vol. 35 No. 24

WA C TR X7 H ARV BESE N 5 {0 C B AE 0~
60 ng/mL 43 B [X. [8] ) PTA & 63.09% , it B A AR 73 e i
A% . %X eGFR 2} >60~90 mL/min ¥ i % , Il {& b
s A 25 25 U7 58 2 1K 25~30 mg, B K 1 IR IR
5~15 mg, B K 2 W, LB RV BE Co WINAE Y #E 6~
239 ng/mL (1 H bRk B2 A 5 (HIL ihoR ARV D BERR IR 25
8¢ 30 mg, B K LR 55K 5 mg, BK 2K A CL INM{EAE
0~60 ng/mL 43 Bt X [H] i) PTA 4351 4 78.32%.69.30% .
90.84% , 1. ] G A& 4% Wk FE AR AR o 5 X eGFR ly >90~
120 mL/min {1 F &, FIRID B A4 245 5 SRR 10~
15 mg, &K 2 %K, BB R VD BE C I 378 H bRk
JEESE LA 5 H BRI 10 5% 15 mg, 5K 2 1Y C T
1t 0~60 ng/mL 43 X 8] ) PTA 43514 100% F196.16% ,
VI ARV B O A1
2.2.4 WU TEE R

DLRIEIDBE C R W AR i, eGFR \F Vo 5 LA
LB TALAEL 20 000 UK, HEATRURME 0T . SR BN,
eGFR X FIRVDBE C 520 b 3, Il F RN V% A AR v BE
CHIFEMAES N, BRI W 5,

x5 MEDHAHARNEBESTER

gl BIENR BUEmg  GFREEM  FREM  VRE%
FREER q 5 974 21 05
10 976 18 05
15 915 19 06
2 974 21 05
25 977 18 05
30 974 20 06
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10 977 14 09
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figidiEaea o 5 %7 02 0.
10 98 02 0
15 9.8 02 0
2 %38 0.1 01
2% %9 0.1 0
30 98 02 0
bid 5 9.8 0. 0.1
10 %7 02 01
15 %9 0.1 0
qd: B R 1K ; bid : B K20,
3 g

H 2008 4F- K B 4tk 5 8 11 AR BT EE 24 (new oral anti-
coagulants, NOACs) [ i LIk, &t A4 LG 7t ry &
e £E NOACSs 1A 77 i F ZE N Ik il e 2585 , Herp
FIDBERY 50 ARk B g B, {H NOACs
G B A W B B R iz 2R 2 YT AR 4 Xt
4, e PR AT 5 FE AR AN )R ——NOAC fiff ]
FYIG N2 FBCE 20 mF B R AR T, HoAb 5 f
T 10% , 1 1t S5 2R A 202 A e R B4R & 0.8%" . BT,
Il PRIT- T WA A 280 R b BIE I 24 3 B8 ], LS4
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2 W Ve B 22 i T2 AR KR AR A I PR A 92 15 S 1
TE Y 5%~95% 5% 10%~90% [ 4 a1, 7Ei% S
(e I s T2 o N BN SR A NIk S N7 o i .2/ =
{H3X —Z 25 Y B I AN 4 38 H F Brd A~ filan, 38
1151 84 % (2o M S8 B IR IR AR IDBE 7 R (20 mg/ ),
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