ET ABCG2 EHEZ MM BN IRETF R MTHEAHETR

AEFB REW, BFED, B, BEAK, AR, RER, 9F (L SRR e,
550004 2. $EHE AR EEBEZGAIRE, BB 5500025 3. 3G AR BEAL R IIR 1 JLREBE 2 0 M BESE B 5500095 4. vt [ 24 Bl k2
R PR S PR 222 5% | #55 211198)

WE:BH ARG EEIMATERMNTE T B S mEEF b Bk 3h 5 (PPK) R, FIRTA 2 F R G RAFAEF L B
% &M (ABCG2 SLCOIBI SLCOIB3 SLCO10AI ABCBI .CYP2C9) 3}i% 24 69 2 3h S A3 %, ik M 4E 944 f5) B % 64 944 />
A28 00 35 SR B HE A% A AR B HOR AR 6,38 B B2 38 (UPLC-MS/MS) | 52 75 AT 4% b 7T 69 o 32 5K, 32 3 DNA S 5k | A )
Sequenom Mass Array ¥ K-F & 37 A H 5 A, AR AR ERAZ AR 4 (NONMEM ) 2 AR ) R Frhf £05
T AR e O RBC T HA B A A 253 L-h™ ' 1810 LA 0.318 h™', ARG E T, A F K hakkit £
(eGFR) 9 FA&kAn 152199936 5% K A% & 6938 Im , SHATRAL T AR R I B, #5797 ABCG2 152199936 49 1 ANfe 2 AR T i S a9 A
R, L F R R AT TR LGRS EIRT 32.6% F2 53.2% . 451 ABCG2 152199936 #= eGFR 2 2 F % o 3 AT R M 7T F Th R
L F, A THA 12199936 £ TR BE B R h e R 20 B F, B LAk A &R 23T B AR RS IRE B &
KR ABCG2 K B shAT AR T BER 25 20 52 5 7 AR dF SR A0 A A k44
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Pharmacogenetics-Based Population Pharmacokinetic Analysis of Rosuvastatin in Chinese Patients with
Hyperlipidemia ;. Effects of BCRP Polymorphism and Renal Function

ZHAO Shihan'?, SHENG Changcheng”, CHEN Yu>’, MAO Juehui*, TANG Cailin>, HUANG Weikang'*,

ZHANG Yany{:ln1 , BAI Xue' " (1. College of Pharmacy, Guizhou Medical University, Guiyang 550004, China; 2. Department
of Pharmacy, Guizhou Provincial People's Hospital, Guiyang 550002, China; 3. Guizhou Branch of Shanghai Children's Medical Cen-
ter, Shanghai Jiaotong University School of Medicine, Guiyang 550009, China; 4. School of Basic Medicine and Clinical Pharmacy,
China Pharmaceutical University, Nanjing 211198, China)

ABSTRACT: OBJECTIVE To establish a population pharmacokinetic (PK) model for rosuvastatin and investigate the effects of
demographic data, clinical characteristics, and genetic polymorphisms ( ABCG2, SLCOIBI, SLCOIB3, SLCOI0AI, ABCBI,
CYP2C9) on its PK parameters in Chinese population. METHODS A total of 944 steady-state concentration data were collected from
944 patients with hyperlipidemia. UPLC-MS/MS was used to determine the plasma concentration of rosuvastatin. DNA was extracted
and measured for concentration, and the Sequenom MassArray technology platform was utilized for genetic typing. Eventually a popula-
tion PK model was established with non-linear mixed-effects modeling software (NONMEM ). RESULTS The population estimates for
the apparent clearance, apparent volume of distribution and absorption rate constant were 253 L «+ h™', 1 810 L and 0.318 h™',
respectively. The datasets were best described by a one-compartment model with first-order elimination. The steady-state concentration
of rosuvastatin increased as estimated glomerular filtration rate(eGFR) decreased and the variant allele for rs2199936 increased, under
the same dosage regimen. Carrying one or two variant alleles for the ABCG2 rs2199936 showed a decrease of 32.6% and 53.2% in
apparent clearance relative to the value in individuals without the variant allele. CONCLUSION Both ABCG2 rs2199936 and the
eGFR were found to be significant covariates for apparent clearance. The results suggest that Chinese individuals with renal impairment
and one or two variant alleles for the rs21999336 polymorphism (ABCG2) who are undergoing coronary angiography ( CAG) should
avoid high doses of rosuvastatin.

KEY WORDS: gene ABCG2; rosuvastating population pharmacokinetics; Chinese population; non-linear mixed-effects modeling

software

EEWA : HEK A RRASE G H B (81960681, 82260732 ) ; Hy [ 242 23 it 2 HE 7 4F I 5% 24 24 0 37 0 5 %% Bl ( CPA-B04-ZC-2024-001 ) ;2024
R A WETEIH %5 B (ADR2024MS15 ) 5 5t M 48 A REEBE 2019 4F B [ 5% F SR B} 2% J 43 J5 #b Bl 9% 43 %% Bl ([ 2019 ] GPPH-NSFC-D-2019-25,
GPPH-NSFC-2019-26)

YEE RN PRI 2o LR AE BRI 2R S 2y R 4 2 TEWEE OS2 i SRR PR 2R
WHSZGYIER LS Tel: (0851)85926892
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Tt f AT T g —Fh i FIROABT T S 259) , BEAT AL
Rep PR 2% i 2 1 L [T e, T SR 50 ik 95 ( coro-
nary artery disease,CAD) f—Z% A1 2 Wil BA H %
TR BFRESAEAL S, 10% @ 4
H Pyso B QAT P2 AR AR PR R SR o
EPHAMTT B FEAH AR, 10% Ja 5 B EHRE . 2y
90% Fty Bt Rt 71 LA IS BYAE 24 i s FHY B 18— 1o el
fi# A ( hydroxy-methylglutaryl-coenzyme A, HMG-CoA )
AR EFRIEVE , JERFS AR L B AT T e AP
PRI IS S AR T LI 8 55415 Z2 Ik 1B1 (organic
anion-transporting polypeptide 1B1,0ATP1B1) ") i
WRSC I 8 A2 321 L B g i 245 25 5 (breast cancer resist-
ance protein, BCRP) HEe

RAERZHUEERE RPN 2 AT 25259, B
MG T LG R KA 10% ~ 15% R 7T 2
2y F 2 B GUUL PR s 20 7 E UL P REAR 1Y
WLAMICEIVER o B ik, ihTT 225915 S 10
JULPAI AR S AT e — I T g I 2 i A A R
1 ATT B ILACHI (381 I B 2 SR T

SLCO1BI1( OATPIBI) Fil ABCG2 ( BCRP) [ 3£ [H
2SR Ry R T & et v T 2% 5 74 e 1) i T 95t
B ZEN B4 SLCOIBI 521T > C(1s4149056)
FABCG2 421C > A (1s2231142) 2875 v S ME 5
By A= B4l 5 5 M L, B &7 AR AR T 7Y 2 B i 2 T
R R L A O W B A AR AT 2 3
( pharmacokinetic , PK) [ 5K & , ifF 57 £ B W9 32
T B ML R B i 2 R IR N2 1Y 2 A%, 3
I IR A5 et (S Ry e A —2f 121

HRT, R ZHOC T 2R 259 W REMR 25 3l 2
( population pharmacokinetic , PPK ) #f 5% & £ Hp 75 ]
FEARATT ! X EG R AT BTSSR, T AR
B BT AABTT PP RS 205 M I AHE, B x0T
SN AR ST AL D | R A TR 5 B 7 ARt 7T AH DG
1) PK K 2 58 A PPK BF58 %) ABF9E B 1E
S50 N EZEEEE i PRAFFAE AR R 2 250 22 05 T 4
fia , i FHARZMEIR & 8500 B (NONMEM ) 2 57
Hh KRR B o7 PPICRSEAY Sy FLil PR 1) 42 4
R, WA ROV RS

1 WS H%

IRRE'S TS
ATFFORRR B SN E AR BRI 8 AR

I I 0 P A (AT T 164 T 05 I LA D807 .

Bebmfihy s DA <18 2% @FEHELET d L1 TR
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FHRABTT Fr s @ B B 8LE T ; @I DI REA 4 (8 X
S IFEEACE & TR B 3 6%) B2 AL
QA A FLIIA L ; @ W PRAE s D3 &T A T
A FEAR T € i IR

B LHE N OVGETH22Mm R GERL, Q4RI (age) |
PER] (sex) .4 N %5 & Jiff (alanine transaminase , ALT) |
2L 54 [if ( aspartate transaminase, AST) | Ifil V& LT
(serum creatinine, SCR) . fiti B 5 /N Bk 3E 1 &K (esti-
mated glomerular filtration rate,eGFR) \ & f 25,
1.2 %%y At Er £

N B g B i TR 5,10 B 20 mg 1) Ji i F
FABTT (R it 44 = AT, B] $8ir 41 B o) 245 A7 BR 23 vl ) o
Wl B ORI 2505 10 h [ ki 3 mL B T &
EDTA $iie . FealzBIfE 4 °C R 3 000 x g B0
10 min, 7} EZ2 MK T 1.5 mL JoHf EP &, &
T =80 CURKF it A7 155 1 25 4% B2 I o o ASWF SR 3R AR
T oA NRER (RHA S 87 (2020) - 20
FYMTTARAE NRERE (@RS B ER SR
2017071H &) M Z R iy, IiA 2 58 %
B H R B E B G R E T
L3 EymfimmitEak

WH Y eGFR <90 mL » min ™' - 1. 73 m *H},
Wz R B DI REA 42 et 2009 448 P i
TR TATIN 2 A AE ST (CKD-EPT) A A0 1 347
eGFR 15,

eGFR =a x (SCR/b)“ x (0.993)* A= (1)

LMia =144,0 =0.7,SCR <62 pmol - L7,
¢=-0.329,SCR >62 wmol - L™",c = —1.209; 5 %,
a=141,b =0.9,SCR <80 umol - L™',¢c = -0.411,
SCR >80 pumol - L' ,c=—1.209,

eGFR (847 mL » min~' - 1.73 m*;SCR ¥
B pmol « L7
1.4 287 % J7 %

SR T R 80HBAH £ 335 ER I B 33 ( UPLC-MS/MS )
D 7E B &F HABTT B ISR EE o 3% 4T : Waters Acquity
UPLC HSS T3 (3.0 mm x 100 mm, 1.8 wm), ¥ .
40 °C, JshAR KA ARG 0. 1% H K, A HLAH
NG, FH 0.3 mL « min ™' FREFAATT AR ES
FXP I faf L :m/z 482. 15258, 1, Bl Brim ik h 2.
4 40 1800 ng - mL™" [ 4% TAEW . H . H Ak
W BRI B 7 88.2% ~96.4% Z [], ERTLEA
0.1~50 ng - mL™",
L5 HEEApH

AHFFERT 6 AL K ] fE 5 s dT e fl 7T PK

HhEI 25257 2025 4 3 55 60 &5 5




FFERD 9 BT IR 22 A5 1 (single nucleotide poly-
morphisms , SNPs ) 47 T 3L K 43 B, €145 SLCOIBI
521T > C(14149056) .SLCOIBI 3838A > G (1s2306283) ,
SLCOIBI 14363657 .SLCOI1B3 1s7311358 .SLCO10AI * 2
1s2296651 , ABCG2 421C > A (152231142 ) . ABCG2
rs2199936 . ABCBI rs1045642 .CYP2(C9 * 3 rs1057910,,

% DNA H 3h#2 B{Y ( TGuide M16 Systems,
Tiangen, China ) 7 47 DNA $& B, >R M WOt 1
(A260/A280:1.8 ~2.0) #E47 DNA i bt 4241 . 5% ]
NanoDrop 2000 il %8 DNA ¥ fF, #] Al Sequenom
MassArray % R4 ( S5 [E Agena Bioscience /3] ) Xif
9 I~ SNPs #t473E K 437, 3+ % F SHEsis (http://a-
nalysis. bio-x. en) HEATHE PRV Y 3% BIAS P-4 5017 o
K FH Pearson's x* K 56 43 BT 90 A R 067 s 02 B 4AF &
Hardy-Weinberg - ,
1.6 MA W

NONMEM %k {4 ( version 7.5, 3% [E ICON plc 2
v ) TSRS AL, SR FH A AR TR) A2 S 4> 44K Py 248
BT HAE R — B S A 55 1 (first-order condition-
al estimation method with interaction, FOCEI) 3 2
ZHGR AT (version 4. 2. 1) TG Hr AL

SRR B 5 T — 5 A MR RN — A, A
AR ) A% >R Y i DL 1 48 BB AR, 3% 2 708 S R T
TANEL  H AL GRS BRI TE 5 AN
PAE S P A8 AL 45« AF W M1 L ALT  AST (SCR,
eGFR £ 3F HIZ5 LA 9 4~ SNPs, JE PRI 5 XAy BF
AERAS T (WW) (RAERIZRE T (WV) Mg Az Rl
a7 (VV) o BEEe e R b A BGH ThRELL,
T3PS A O T R R B AR

SR P T 1] 999 AT 1] S0 53k 114 128 25 11 0 325, 4 ]
FEEUMVS R 2 )2 SR e, JT LS H B R AL
{H (objective function value, OFV) fA725{k. ., FERT 7] 20
A, 2 OFV 284k AOFV >3.84 (P <0.05,df =
1) B, U P A8 T A SRR T, B — WA &
SR Ny A AR S R A P Y
FASCHE 725 1) 5 R B B, DA 4 B U ASE 780 e LB S
Bro 4 4 Bx B — 22 & iF AOFV < 10. 83
(P>0.001,df=1) JUIA % A n] AL v 5
B, JEAT 82 B R A ) B AR

SRR AN PR BB B I PR E A2 W R 5
TR I A S HUG RORS BEOREEBVE PP bR E LS
OFV AHXT PR iR 2 (relative standard error, RSE) Ui
#i{E (shrinkage ) , 244t T NONMEM 2850 i5 53 8 B2
GIESgLilc

T E 2GR 2 2025 43 H 55 60 B4 5

L7 HEAH IR

I 22 LS B ] (goodness-of-fit plots, GO-
Fs) FEAT U5 U0 B B IEAl, €035 WL {E (observed
concentration, DV ) X Bf {& i | {& ( population
prediction, PRED) /MATI{E (individual prediction,
IPRED) , 54 A 5% 2= ( conditional weighted residu-
als, CWRES) X%} PRED .eGFR W8S E, IESEH 2%
1 (Bootstrap ) > PPAl ALY B A8 e 1, 5 #£ 47 1 000
W AR AR AR S SR T A B 95%
fFIXEI(CL) o T, 2R FHIE S AL FI 23 A7 1% 22 (nor-
malized prediction distribution error, NPDE) #£47 1 000
YRS, 380 3 e 1A G R P A0ARRS: 3 9 TEAS8 F vf f
PR I e

2 % R
2.1 BRI

HRAEHEERARE , AT AN A 944 24 13, 2l
R3] 944 i HFEA . Horp 88. 14% B E B H H
Ik 10 mg f) Hii &7 AR AT, 9. 86% Yy A H 1R
20 mg,2% W EE B H DR S mg, fB3E A HERE I
Il ARRFHE WL 1,9 /1> SNPs Y REPRIARAR DL 2,

2.2 JHAMA

L H TG R RS, AP SR B A 2k
PEMISCFIE R 1) — 2 R AAEE . 253024k
B35 2 WY B3R (apparent clearance, CL/F) W5y
A 25 FH (apparent volume of distribution, V/F) FIWZ Wi
T 5 4 (absorption rate constant, ka) . i FFE401%
FERR BRI AR A AR S SR S B o, ke 7%
SR O BIR ZE BB A o th T ok 2278 S ny Al 55
EHUINC <0. 1), FH HEE R 0.1, BT S50
RSE /N F20%

TEDME BRI b B2 1R 1 IR 2 i 2l
g, 4RR, AHE R SCR eGFR KA 5
M#% &5 . ABCG2 421C > A (1s2231142) . ABCG2
12199936 Fll SLCOIBI 521T > C (154149056 ) £ 75
PE W % % ow CL/F, ffi OFV [E K & i 3.84
(P<0.05) AR PER, (A5  ALT AST
SLCOIBI 388A > G ( rs2306283 ). SLCOIBI
rs4363657 . SLCOIB3 r1s7311358 , SLCOI0AI =+ 2
1s2296651 . ABCBI r1s1045642 F1 CYP2C9 = 3
rs1057910 ZZ5PEXN S BOIC 8% 0, i B4
BN A PSR R 0L ER 3. i A PK 2
B RS B B AR, shrinkage 8557 , A BF ST AR 5
THPEREXS CL/F 52,
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Tab.1 Patients data for rosuvastatin clinical study
n(% ) or
Characteristic Median Range
Mean +SD
Demographic data
Total number 944
Rosuvastatin concentrations/ng+ml. ~! 4.10+3.4 3.0 0.1-19.65
Age/ years 63.05 24.6-90.6
Sex Male 673(71.29)
Female 271(28.71)
Dosage/mg 5 19(2.00)
10 832(88.14)
20 93(9.86)
Biochemical measurements
SCR/pmol - L=! 85.93+£39.92 80 10. 11 -520.3
ALT/U - L~! 30.21£24.15 23 6 -251
AST/U - L1 30.22£22.61 24 10.4 -227
eGFR/mL + min =1 + 1.73 m =2 82.69+24.77 85 6 -241
Medication
B-blockers Yes  803(85.06)
No  141(14.94)
ACEIs Yes  493(52.22)
No  451(47.78)
CCBs Yes  270(28.60)
No  674(71.40)
PPIs Yes  485(51.38)
No  459(48.62)
Clopidogrel Yes  912(96.61)
No  32(3.39)
Aspirin Yes  898(95.13)
No  46(4.87)

FE: AL~ 4 P44 U8  AST — 45 044 0 SCR — HLFFALAE, €GFR — 5745/
BRUEST 25 B-blockers — B 2 A BH I 7 ; ACEIs — IfiL 45 55 5K 2% %% 46 iy 100 7 01 5
CCB — 53 T B 5 PPTs — JoT 72450 ; SD — rifti 2%

Note: ALT - alanine transaminase; AST — aspartate transaminase; SCR - serum
creatinine; eGFR — estimated glomerular filtration rate; ACEI - angiotensin-conver-
ting enzyme inhibitors; CB — calcium channel blockers; PPI — proton pump inhibi-

tor; SD — standard deviation.

xr2

B R g) A B) P A2 & 8 eGFR I ABCG2
rs2199936 , £ F2H] ABCG2 rs2199936 L4 M: i 2%
M EGE AR MTT PK b fE, 5 WW S B AS A4

b, WV A VV R RUASK B CL/F 43 5 BEAR T
32.6% F153. 2% , fx AT SR B 45 R LR
4, AR ITRE( A2 ~4)anh .

CL/F(L+h™") =253 x (1 +6,,) x (eGFR/85)"*"

~(2)
V/F(L) =1 810 ~#(3)
ka(h™') =0.318 n(4)

Horp ARy WV KR
H#A 9, = -0.532,
2.3 #AFH

ARG LB WLEL 1, 78 IPRED &
DV & rf R W% 21 25 # P A 22 . CWRES XJ PRED
eGFR BIHUSEH IR, REB G TE 2 Z
], R W R F AR

X H Bootstrap il £ 1 000 ¥R, f& fd K N
98.2% , i Z B Hh i AE 4V T A6 B S 80N
95% CI N, Z5 R 324,

NPDE JEARFG IR0, 25 R N 2. Q-Q &
i S A AR AE R LR i ; NPDE %} PRED . eGFR
AR KRB S 3 A e « FhiO, H R 2 80 A
1E+2 Z 6], & REF 545, NPDE B{g 07

224758 0.165 9 F11 0.945 9, Fisher J5 22 ¥ 46

P =0.713,Shapiro-Wilks [EZ/3 A f 46 P = 0. 826,
{BAE Wilcoxon £F 5 £k £ 4 1 Bonferroni #% 1F H7,
P <0. 001, $&7R RIS 58 241 42 20 88 Hh i e A
ARSI, B AR RGP i 22

Mg, = -0.326,VV %

BB 3 4T T TT 2 3 M ok AR TR R R B R R R R A

Tab.2 Genotyping and gene frequency distribution of rosuvastatin pharmacokinetics related genes in patients

Allele

Frequency,n( % )

Genes SNPs P
change wWwW wv Vv Missing

SLCO1BI 154149056 T—C 726(76.90) 147(15.57) 71(7.53) 0(0) <0.001
154363657 T—C 255(27.01) 467(49.47) 213(22.56) 9(0.96) 0.77
152306283 A—G 543(57.52) 333(35.28) 58(6.14) 10(1.06) 0. 40

SLCOIB3 157311358 G—A 481(50.95) 367(38.98) 80(8.47) 16(1.60) 0.28

SLCO10AI * 2 1s2296651 C—T 749(79.34) 178(18.85) 15(1.59) 2(0.22) 0.24

ABCG2 152231142 C>A 448 (47. 46) 402(42. 58) 94(9. 96) 0(0) 0.78
rs2199936 G—A 448(47.46) 404(42.80) 92(9.74) 0(0) 0.95

ABCBI rs1045642 A—G 364(38.56) 450(47.67) 129(13.67) 1(0.10) 0.59

CYP2C9 % 3 51057910 A—C 894(94.70) 50(5.30) 0(0) 0(0) 0. 40

T :SNPs — IR Z A5 ME s WW - B AL RUSE(GIE R A5 WV — 28 S RIS BE (R 2%

L4 VV = 8 SIS BE R 214 s Missing — 2k ; P — Pearson’s 2 K36 {8 o

Note : SNPSs — single nucleotide polymorphisms; WW — homozygous for the wild type allele; WV — heterozygous for the variant allele; VV — homozygous for the variant allele ;

P —value for Pearson’s y? test.
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RI BSEHPERAMEENHAKRBTHSFSHY
o By 45 R
Tab.3 The effect of covariates on rosuvastatin pharmacokinetic

parameters was investigated by stepwise regression

Covariates OFV AOFV

2772.137 -

Base model

Forward inclusion

Age on CL/F 2 743. 863 -28.274
SCR on CL/F 2764.177 -7.96
eGFR on CL/F 2 746.91 -25.227
Clopidogrel on CL/F 2 764.767 -7.37
rs2199936 on CL/F 2 689. 789 -82.348
1s2231142 on CL/F 2692.13 -80.007
rs4149056 on CL/F 2 764. 439 -7.698
Backward elimination
eGFR on CL/F 2 689. 789 28.769
152199936 on CL/F 2 746.91 85.89
Final model
152199936 and eGFR on CL/F 2 661.02 -111.117

TE:OFV — H bR eR B {E; OFV — H A% o B 19 48 15 CL/F — W B
eGFR - i /D akugid %
Note: OFV — objective function value; OFV — change in objective function value;

CL/F — apparent clearance; eGFR - estimated glomerular filtration rate.

R4 m A ERMIT RAEA S Y H A Bootstrap Io IF 45 R
Tab.4 Population pharmacokinetic parameter estimates of the

final model for rosuvastatin and Bootstrap evaluation

Parameter Estimate Shrinkage Bootstrap result

(% RSE) /% Median  CI (5% ,95% )
CL/F/L «h~! 253(5% ) - 251.314 231.14,273.24
V/F/L 1 810(15% ) - 1742.39 1320.49,2 256.93
ka/h~! 0.318(15% ) - 0.315 0.22,0.40
eGFR on CL/F 0.405(18% ) - 0.399 0.277,0.522
Effect of 152199936
WV on CL/F -0.326(12% ) - -0.319 -0.381, -0.259
VV on CL/F ~0.532(8%) - -0.510  -0.576, -0.433
IV on CL/F(% CV)  0.544(8%) 6 0.539  0.457,0.619

Proportional error 0. 1(fixed) 57 - -

£ CL/F = FIHR A V/F ~ FEUA G 4B ka — WK 36 40 eGFR — £
SR CL - BRI SCV — 55 REGIIV - KI5 RSE - A
XPBRIEE WY — G4 T3 VY — AU T

Note: CL/F - apparent clearance; V/F - apparent volume of distribution;
ka — absorption rate constant; eGFR - estimated glomerular filtration rate;
CI - confidence interval; CV — coefficient of variation; IIV — inter-individual varia-
bility; RSE - relative standard error; WV — individuals of heterozygous for the

variant allele; VV —individuals of homozygous for the variant allele.

3 EEBENA

BT AR DML eGFR Fl ABCG2
152199936, i KL H Mz 5 & O 5. 10 mg, P &
rs2199936 [ 3 FpSLHAL(WW WV VV) | AHF 5% 15
T AMIERS S, B RPRE T ARM

T E 2GR 2 2025 43 H 55 60 B4 5

Log observations/ng-mL"!
(=]
T

Log observations/ng-mL"

T T T T T T T T

4 2 0 2 4 2 0 2 4
Log individual predictions/ng- mL" Log population predictions/ng-mL"!

44 C 44 D

CWRES
CWRES

2 4 6 8
Population predictions/ng-mL"

50 100 150 200 250
eGFR/ng-mL"

A = YA PEB{E ( DV os IPRED) ; B - XL {6 % B 7k O (8 ( DV s
PRED) ;C - & PSR 22X BEAKBUM L CWRES vs PRED) ;D - 4 fHmALs%
ZENHE S/ NER g L R (CWRES vs eGFR)

A — observation versus individual prediction (DV vs IPRED) ; B — observation ver-

o

sus population prediction (DV vs PRED) ; C - condition weighted residual versus
population prediction (CWRES vs PRED) ; D - condition weighted residual versus
estimated glomerular filtration rate (CWRES vs eGFR) .

B1 mAKAUEMKEE

Fig.1 Goodness-of-fit plots

A B
3.0 2001

£ 204 160

£

£ 104

2 & 120

3 0 1

s J S 804

§ -1.0 23}

£ 2.0 404
3.0 0 B:

432- 0123 4 3 24 0 1 2 3

Sample quantiles of NPDE Sample quantiles of NPDE

NPDE
NPDE

0 40 80 120 160 200 240 102100 10°° 10 10!
eGFR/mL.min" Population prediction/ng:mL"

A —NPDE Q-Q [#;B - NPDE H J5 & ;C - NPDE X%} eGFR (5 18 ; D — NPDE %

LS ENSTRITER Y

A - Q-Q plot of NPDE; B - histogram of NPDE; C — scatter of NPDE versus

eGFR; D —scatter of NPDE versus PRED.

B2 AT AR 2 (NPDE) Bif A

Fig.2  Graphics of normalized prediction distribution errors

(NPDE)

eGFR {£:30.60.,90,120 150 1 200 mL + min~" -
173 m™ R TR IR EE ) B ohfe . HLAERN 75
AT T 1000 YREEHE R TN, LA BT A [] A= LR

+ 511 -

Chin Pharm J, 2025 March, Vol. 60 No.5



A& N BE AT A TR

PR AE A% 32 T AR Bl Bk & 5 ( coronary artery
disease , CAG ) 4 [ Jef 0o g S8 5 b 26 B, i A Al
7T MR B B i B TN T3 R R i A v 4
173 ( contrast-induced acute kidney injury, CI-AKI) Jx{
W, Al T BT e f T I 5 B R ) S AR (E
J32.88 ng + mL~', P, ACH ST R 2. 88 ng -
mL ™y CL-AKI % A JRUR Fr T v B B . DA

AP SRAF AR U 5 S (AT B, WA
CIIRY 7115 N N CIN = %)) A NEIE- S S Eitlib)s ey icbul
P& B{EATE DL

AL INER S R 3 iR AEAH R )
L BEE eGFR AYREARAN 152199936 5872 i s ) 1
BT RS AW THR o 152199936 WW 2
RIBUAR L T WV JERIR, WV R R BUAR [T VV 3
PRI L) If 259 BE R 202 1.3 ~ 1. 4 £

RS BUFEAEHREEAYEH D RT RN EHFRAITHRSKE, ng - mL™'

Tab.5 Simulated the steady-state concentration of rosuvastatin at different oral doses in patients with different renal function and

genotype. ng + mL ™'

10 mg + d ~!1( Mean ,95%CI)

Vv ww WV Vv

Dose/mL + min !+ 1.73 m ~2 5 mg + d ~!(Mean,95%CI)
eGFR genotypes WW WV
200 0.737 (0.716 -0.757)  1.05(1.02 -1.07)
150 0.865 (0.839 -0.891) 1.23(1.19-1.27)
120 0.934(0. 908 -0.959) 1.33(1.29 -1.36)
90 1.04(1.01 -=1.07) 1.48(1.44 -1.52)
60 1.20(1.17 =1.24) 1.72(1.67 -1.77)
30 1.51(1.47 -1.55) 2.17(2.10 -2.23)

1.41(1.37 - 1.45)
1.66(1.61 —1.71)
1.80(1.75 - 1.84)
2.00(1.95 -2.06)
2.33(2.26 -2.40)
2.95(2.87 -3.04)

1.47(1.43 -1.51)
1.73(1.68 —1.78)
1.87(1.82-1.92)
2.08(2.02 -2.13)
2.40(2.33 -2.47)
3.02(2.94-3.11)

2.09(2.04 -2.15)
2.46(2.39 -2.53)
2.66(2.59 -2.73)
2.96(2.88 -3.04)
3.43(3.33 -3.53)
4.33(4.21 -4.46)

2.82(2.75 -2.89)
3.32(3.22 -3.42)
3.59(3.50 -3.69)
4.01(3.90 -4. 11)
4.66(4.53 ~4.80)
5.90(5.73 -6.08)

T : eGFR — fifi 57 B /NBRug e ¢ 5 L - BAFIXIA]; WW — BFAERISEA B R A7 s WV — AR RUAE A E R s VV — AR R RIS R R Al

Notes : eGFR — estimated glomerular filtration rate; CI — confidence interval; WW — homozygous for the wild type allele; WV — heterozygous for the variant allele; VV —homo-

zygous for the variant allele.
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Dark blue points and horizontal lines — the mean of simulated steady-state concen-
trations and 95% CI; Vertical line — the best cutoff point as the concentration

threshold for alerting the risk of CI-AKI occurrence (2.88 ng » mL~1).
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Fig.3 The superimposed plot of rosuvastatin steady-state con-
centration and the alert threshold for contrast-induced acute kid-

ney injury (CI-AKI) in different simulated scenarios
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JE WS L A OK o B Ah, 7E 10 mg - d 7T
24 eGFR 30 mL - min ™' - 1. 73 m B}, WW 3t
PRI AR A B I 5 VA 2 0 s fORE 0 1 B K . SR
M, 7€ eGFR flEF 90 mL + min ™' - 1.73 m >y WV
FE RIS AR R B C R T K . X
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1.73 m i, MBIV BE B T B B, & CI-
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atinine clearance,CLCR) X CL/F %1t F R B3
SO, I ELE U A5 R 1 CL/F L IR 75 B E %
44% , Aoyama %51 AE 24 4 fRE AT A JE P Y
A jBlr 25 (PK/PD) B8 25 R R CL/F
il ka (A BURI(E 4350 264 L - h™'f10.368 h ™',
Courlet 25 EFit -+ U IX ) 65 4% 3 KR 2 P i
ST PK/PD BERY, FEHE5E M FH B 338 e S w5 25 ) it
TGP AT T e 2 X 2 2% B i 2 1 E K F 1 5
M, Macpherson %[20] W T BA MG TR
JHEREMAE ) 6 ~18 2 L3 Ak A F &F A& b VT 1) PK
SH RN CL/F(129 Lo+ h™') [ & s
B, RIAE LB CL/F KBt ) LEmZ 1.4
o bR 4 ABERIES A EA — I e M BR 1) S
RLMAT ZAFRI 2808, s g A B
PEF BRI . B AR Z ST,
DLW Al S i S AN R e A A MR b CHE

OATPIBI 1 BCRP F:H 25 M O - 5 &P K
Iy PK/PD ANfA (] 28 50162 HRTHF 9T 3%
B, %30 9 A BETT 35 ABCG2 421C > A (1s2231142)
i ABCG2 FEDH P s By SNPs 07728 AR R A
5% W, ABCG2 421C > A (rs2231142) F1 ABCG2
rs2199936 XfHid AT CL/F #54 BE W, AP
A e Sk fi v, LA B 2 4> SNPs 4355l 9 A J5
AOFV A (£ 3) . BT, SHEsis (http ://analy-
sis. bio-x. cn) AT IESIME T, WELR| ABCG2 421C >
A(rs2231142) Fi1 ABCG2 12199936 = [a] F2PH H % 41
(D'=0.996,7* =0.993) . {H ABCG2 12199936 7E 4]
GRPVE R vEH AOFV fe K, BIES — NP AR,
2 JaHAt SNP A3k 1 A g0 ARSRL P GE 24K F. H
T, T ABCG2 152199936 X} Fii&FH&AtiT PK/PD 5405
AIBFFEAT B, X Chasman %51 ¥£ 6989 44 HRK M If
B ZiR o R, ABCG2 152199936 5 LDL-C [41I%
BEMIK, MARAWVITUEE ABCG2 1rs2199936 5 %t
EPHRABTT I PK AEAE I

S5 R eGFR J2 g &7 AR A 1T PK % ¥ 3 A
X5 i &7 A A VT S 43 38 G B HE IR
H O fEARBFGE R, 55. 89% [y i eGFR % F
90 mL. + min~' -+ 1.73 mfz,%:zfﬁﬁﬁﬁgﬁﬁﬁ/ﬂ%\
BRI S DI Re i o SRR Ser 1
R CL/F B RAFAE LRk, e BRI A
eGFR, FEHTH , oK & BUFF IEAR &9 M0 5 B
ST PK A7 78 B35 L1k, X 5 Tzeng 21" 22 i
AN S AT 25 R AR

PRI h 56 A G B T ETEAS P B s s 2 v

T E 2GR 2 2025 43 H 55 60 B4 5

)R ZE T 2 BT LA CI-AKI fE ZAE S e R 2 %
HA B A 3k . Chung 25 2% SR JH [ 195 7K S 3 7
7T 225 Wy T g 1S 0 R 7 R R B A XU . I
A, Nasri 272 18 K R AR REAT IO 2B B 9E 26 91, w55 791
AT R Re AT B/ NS A . R
LA b T T 6] 1 R 7R AR S B 8 15 i F 5
B, B AT T R 2 R e i T CI-AKI
B % A= XU (OR:2.281595% CI: 1.441 ~ 3.612;
P=0.0004), 7 605 % K2 Wi & CI-AKI (1) & &
[eGFR:(99.77 +85.57)mL + min™" -+ 1.73 m™* | I
30 4207k CI-AKI [y 2 % [ eGFR.: (74.08 +31.24)
mL « min~" + 1.73 m* ] JIESC T B AR AR AL TT iM%
FEFE U CI-AKT J i 4 (AUC =0.82) 7, 4
ARWFFEH, B T BEAS 42 12199936 v/ 5 A% St 4R
Ty B ALY T 1 I R i B A G, AT fin T CI-
AKT B AU o ARPEAE SRR A v 3 5 4k 1 5
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