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Abstract

Objectives: The aim of this study was to investigate the association between CYP2C19*2 variants
and early neurological deterioration (END), and the effectiveness of antiplatelet therapy for pre-
vention of END according to CYP2C19*2 genotypes in patients with ischemic stroke (IS). Methods:
570 IS patients were randomly assigned to clopidogrel plus aspirin group (n = 284) or aspirin
alone group (n = 286). Platelet aggregation and platelet-leukocyte aggregates were measured be-
fore and after 7~10 days of treatment. CYP2C19*2 (rs4244285) genotypes were examined using
mass spectrometry. The primary outcome was END during the 10 days of admission. Results:
Among the 570 patients, 121 (21.2%) patients suffered from END. Carriers of CYP2C19*2 re-
duced-function alleles were associated with higher incidence of END (26.8% in carriers vs. 16.6%
in noncarriers, P = 0.004). The incidence of END was lower in the clopidogrel plus aspirin group
than in the aspirin alone group (17.6 vs. 24.8%, P = 0.032). Stratified analyses revealed that clopi-
dogrel plus aspirin could be more effective in reducing END than aspirin alone for carriers of
CYP2C19*2 reduced-function alleles (18.8 vs. 34.9%, P = 0.006). However, there was no significant
difference in incidence of END between dual therapy group and monotherapy group for noncar-
riers (16.7 vs. 16.6%, P = 0.998). Conclusions: Dual therapy with clopidogrel and aspirin may be
adequate for prevention of END in carriers of CYP2C19*2 reduced-function alleles, but not for
noncarriers.
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1. 5|18

FLHI M 4 Th 8% AL (Early neurological deterioration, END)7E /&t 14 Hi IfiL 14 4% /¥ (ischemic stroke, 1S) &
HRORAERR, JESTIREMIIBE TS B YIM 1] (2] [3]. ik, Wy &k IS &3 END mIRAE T4
B, M/MREEWAE IS IR R B [4]. Bk, HArfem#ErE 1S B AP /MG sT,
LG A% E AT =] UCAR[S] [6] [7]. FRATBEAERIWTFER I, EAH S RIRT 30 K, Bl w] DEARIR & &b is &5
VBT AR /D SR A TR R T T A A8 [9]. AR, A ERT M IS B,
CYP2C19*2 Thfg AR AL FE R #5475 A5 B A L, X SIS 55 I I BRIt 22, i A8 5 i IR 2 1
[10] [11][12]. fH CYP2C19*2 KN B\ WUBHL M /MR G ST A1 END Z [8] 1) 9% & AN 4 o A0 5T B 7EIR

DOI: 10.12677/ijpn.2021.102009 66 ] PR 28 K i B 4 76


https://doi.org/10.12677/ijpn.2021.102009
http://creativecommons.org/licenses/by/4.0/

ik %

T CYP2C19%2 B K Z &5 END Z B[R R, 370 20 iP5 X 451 CYP2C19%2 T fig PR 5547 5 4]
2 1S HE 25 T ] U AR IG5 SN A% 5 A 75 bb SR b 36 P ] ) DG AR B A R I END XUE[8],  BAFR Sl
KT END &4 .

2. WEMGE
2.1. HFRMR

792009 4F 8 H & 2011 4F 12 HE KA. NIHSS ¥70 < 15 70 KI5 48 /NI AT E R K
=R ERR A EERH T AR EERT . 31 TOAST 43 BNEN ks e AL B AT A0 Fe . AR A bR RO IR
PRt Z WIRATZ HT B SCHRFE IR (8] FEANTF A FRAE B 570 .

2.2. A&

1) TR TP EE, AR ARG 10 KPR B2 AR5 I i PR 2 I 4 F 55 [
[ 57 B AW 5% B¢ ) 25 B (National Institutes of Health Stroke Scale, NIHSS)f H# #4730 [13] [14].
T AL I HEAT A4 NIHSS $F45 o N2 835 R I BEALEC 2 ¥ B 2B B AL 7 V2 BE AL 43 9 ] =] DT AR &
SR B IRIT HONPTIRTT A5 n = 284) BB =] CARIA T HCEEPTIRIT 4 n=286). HLPuinyT A B
HRAEL 30 RIRAHFT A TLAREER 200 25w, ZJE8R 100 Z5. WHUESTHEF NS REH 30 REE
KR 200 ZFEF = VCARFD 75 ZFGitis dy, SRR 75 Zra SRS 5 o I [A] 1 J: SR AE A0
HARIT RS BEER . AN, PAUEIRVESBI A B > 50%) 1R A Rt 5 B35 25 [Pt
TBITHLN 17.8% (51/286), XFLIATT 40N 18.7% (53/284), P = 0.82]. X NZHLHE & Fh Gk R & 1) K 3k
fridak,

2) CYP2C19*2 HAZH IR 2 & VE(SNPs)EL . FH BTHER I CYP2C19*2 FERI Y[ 11],

3) M/ MRIEARARAI . ABERS FIVATT 7~10 K5, fHH FC 500 MPC i xU4H A B #2728 e br il
/MR - 200 58 42 % (Beckman Coulter Ltd., Krefeld, Germany). Fg2% ikl g i /MR R EER . H
PR AR 5 FH 7 725 2 ILARATT LA BT SCHR AR [3] [8]

2.3. & iER

1) JRE%5: END, END & XCNABCE 10 K NIHSS P43 >2 45, HEBRH e, 55—
DI HTAIZE . AN L (ICH) AR ARILRE . O IE AR . RIS A S N[ 1] [3].

2) KL R ABEE 10 RNFTROIIBEZE . B R I SERIER O L SR AR T2 45

3) A ABiJE 10 KN RARIGIN S T

LR E RS, BIVEAS X 43 4R CYP2C19*2 SNPs 145 A Fn 1 o

24. G FERE

KH SPSS 16.0 it AT AT G vt 7 #r, SRR T AL 18] . Ao END 38 2 (A FR G RHAE 1) 22
SR AT ETE M, PEORR I B bR, AR EBCR A K , EE R x5 Eoon, AL
BMIES A GORH K250, 75 WAE AR5 .

PR B PURIXU BT IA T 4L I SE R AU END [12E 770 HT Fl Kaplan-Meier #i283%iA . RA Cox LLf
KRG ABERL AR BLPTRX G IT 4 CYP2C19%2 JER AN END KI5, 3N Cox #EAY LLHHE (b A8 A
1) BEESNH, WAL P <02 KR E; 2) AR aREER. Cox L )RR ) 45 FH KUK
(hazard ratio, HR)H1 95%CI (B 15 X [E)#& . FraREE 555, PAE <0.05 BE S5 L.
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3. &R
1. 25 EH

121 f51(21.2%) H3 k A END, b 78 5% B (95/121) K AEENBE T 48 /N, NIHSS 37348
IR ALEL (DY 5 BLEE) N 4 (2~8). 16 11(2.8%) IR IR 24 pi S At 10 BT K BESE, 2 BIFET:, 4 Bl LR ZE o
21 BI(3.7%) I 2 2 s itk 15 BITCHERPE g4k, | BIICRERPER i, 5 FIfmishH . 5RE
A= END MM, 2E END SRR TR, B PR LUl s N e I I /)N R 5 B 28 A0 i /INA. 1 400 ff 5
ERFE(FE 1o WPUATTHUL 50 B1(17.6%) F# KA END, BPLiAIT4L 71 61(24.8%) F# K4 END. Wt
YBITL END RAZRCT PGy 4P =0.032, % 2).

Table 1. Comparison of baseline characteristics and platelet aggregation in patients with or without END

= 1. AZt END BEMELFHER M/ MREBERER

END #3&(n = 121) J& END [ 53 (n = 449) PiH
FEE () 70.9+11.6 67.8+15.2 0.015
FEm, %) 69 (57.0) 244 (54.3) 0.624
FLE®, %) 89 (73.6) 325 (72.4) 0.798
BRI (s %) 58 (47.9) 157 (34.9) 0.008
B NIHSS 34> 11.3+42 11.5+4.4 0.651
R MIEMm, %) 87 (71.9) 321 (71.5) 0.998
BEIEIT (n, %)

bavi o 2(1.7) 9 (2.0) 0.998
[ MR 254 96 (79.3) 365 (81.3) 0.435
[ B 2454 60 (49.6) 183 (40.8) 0.089
LMLy 119 (98.3) 442 (98.4) 0.996
] =] T Ak 71 (57.9) 215 (48.1) 0.032
Bal = DA b Stk A 50 (42.1) 234 (51.9) 0.032

CYP2C19%2
GG 52 (42.9) 261 (58.1) 0.004
AG +AA 69 (57.0) 188 (41.9) 0.004

NS IR AR (%)
AA M IL/MRR % 90.8+12.8 85.5+18.7 <0.001
ADP 75 S /MR SR A 3 89.7+13.4 84.6+15.5 <0.001
BT /MR - 4 SR A (%)

=l 258+52 225+48 <0.001
Fh PR 2 ff 23.6+5.7 21.3+43 <0.001
LIk A o) 322+6.8 27.7+7.1 <0.001
b Nk ) 254+59 232452 <0.001

vE: END, RUHZEEEAG; NIHSS, EEE PAMRRAFER; AA, WENMGEK; ADP, IR 5- W

3.2. CYP2C19*2 EFR, M/ REBEEML EIEIRHNXR

CYP2C19*2 KBS A 3 45 75 & Hardy-Weinberg “FH(P > 0.05). HHLFIXPLIGTT 4l CYP2C19%2 %
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BRI R34 LU TC G 1124 75 (2 2) . #5741 CYP2C19%2 AG/AA (ThAEFRARESEAL 3L R AE T CYP2C19%2 GG
CEFAERD B3, END RAER 510N 26.8% (69/257)F1 16.6% (52/313) (P =0.004, 7 1), PHZIREIKELZ 5
M2 2 G R EEZE (P> 0.05, 3 3). LB PLIRITAIEZE BPRIT4L, CYP2C19*2 DjREFF(RSE
A7 DRI 7 5 () L /MR R AR Z AT I/ - VA SR AR 8 I B3 v TR & (55 3).

Table 2. Clinical outcomes and CYP2C19*2 genotype distribution of patients in the dual therapy and monotherapy groups

2. WILRTTEMBHUETHEBENLR SEMHT CYP2C19%2 £EEE 5%

BPLIT I (n = 286) BHURIT (n = 284) P

BIAME RGN, %) 71 (24.8) 50 (17.6) 0.032

R AESE(, %) 5(1.7) 5(1.8) 0.997

OAEZE®m, %) 2(0.7) 2(0.7) 0.999

BT (n, %) 1(0.3) 1(0.4) 0.998

AL

TEAER HT (n, %) 7(2.4) 8 (2.8) 0.786

FSIEIR ICH (n, %) 0 (0.0) 1(0.4) 0.297

P4 I (s %) 2(0.7) 3(1.1) 0.677
CYP2C19%2 (n, %)

GG 157 (54.9) 156 (54.9) 0.999

AG+ AA 129 (45.1) 128 (45.1) 0.999

vE: HT, Hifn¥sik; ICH, Mgy .

Table 3. Effect of CYP2C19*2 genotype on END and platelet activation in the dual therapy group and monotherapy group
% 3. CYP2C19*2 EFE RIS B HAMIAIATT4H END FILRTE LY F20E

LT PG
CYP2C19%2 CYP2C19%2 CYP2C19%2 CYP2C19*2 AG/AA
GG (n=157) AG/AA (n =129) GG (n =156) (n=128)
END(n, %) 26 (16.6) 45 (34.9) 26 (16.7) 24 (18.8)
AA SRR (%)
NCHiE 85.6+ 14.4 92.8+15.3 84.9+13.2 923+11.9
7~10 Kt 21.3+9.6 33.7+95 209+7.6 242+86
ADP 155 [ /MR R HE (%)
NGRS 86.3+13.7 93.4+14.7 85.8+ 14.6 93.8+12.5
7~10 KJ5 51.7+11.4 72,5+ 14.6 50.9+153 58.7+10.8
ML/ - 20 R 4R (%)

NCURRSE ! 223443 268 +4.1 227439 27.1+4.7
7~10 K J5 E 41l 16.1+4.8 237+45 157+53 16.8+6.2
NI FpPE L 240 fif 23.1+3.9 27.1+44 235+42 273+45

7~10 K J& iy R 172+43 23.8+43 17.8+5.6 18.6+6.1

NI B A 240 ff 28.7+6.2 355+7.7 29.1+7.2 33.8+7.4
7~10 K5 HAZ 20 21.4+49 31.7+6.7 209+54 23.9+6.6
BB 9k L 240 22.6+5.1 282462 22.4+37 28.5+5.6
7~10 R fE ik 4 19.3+6.9 26.1£53 189+73 225+5.5

VE: END, FUAMZEEE; AA, TEAVIER: ADP, BFRRIRE-RA 56, 5P CYP2C19*2 AG/AA B ML, P<0.05.
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3.3. CYP2C19*2 B EHE ., i/ MGafr MR sisfrlxi

SHEANT RN, AEThRE B SR A S DR 45 E PU A B PTIEIT 2 (A ) END R A WA B3 25 R
[16.7% (26/156) Lt 16.6% (26/157), P =0.998] (¥ 3), ABihl8IGIT 7~10 K5, Pi4H[a] /MR R 4 A
MR - AR REREE A EEZRAY P>0.05, % 3); IhEEMRMREEAIE R & WU PTiR )T 4l END
KA BART PG IT41[18.8% (24/128) Lk 34.9% (45/129), P = 0.006) (% 3), PiZHEH N /s

RERMIM/ME - A4 RER LR ZEEZR, BEXGEITAERIT 7~10 K5 /MR 55 3 /MR
- AR AR BT RIUAITHGY P<0.05, 7 3), $FnXtT CYP2C19*2 T ik FAR S5 Ay & R 45 71y
&, Bl EUCARER A SR A% H7 VA 77 bL o P B =] DT AR BE B8 280 s/ END A ] i AN AL o

Cox HBIRIGAR AL R, FERIEMARRSE, WHTiIT 51w 20— CYP2C19*2 Dfe BEAIL S 7 2L ]
IS B3 1) END X K2 A S (HR: 0.78; 95%CI: 0.58~0.96; P =0.013) (4 1(A); % 4), {EAEHAE
A& 1) END KU (HR: 1.01; 95%CI: 0.83~2.03; P=0.532) (4] 1(B); % 4).

A 10 R R T S
0.84 E

2 Tl
06 Temmmmennnaeo
= (G U
B 04- HR: 0.78, 95%Cl: 0.58-0.96, P=0.013
E
0.2 4
O'O- T T T T T T L T 'l T
0 1 2 3 4 5 6 7 8 9 10
%4 ENDRYBETE] (K)
B 1.04 — [ E) LA NS AR E
z sl S
# os- . o . _
5 HR: 1.01, 95%Cl: 0.83-2.03, P=0.998
B 04
E
0.2 4
0.0

o 1 2 3 4 5 6 7 8 9 10
A ENDRIRTE] (K)

Figurel. Kaplan-Meier analysis of cumulative freedom from END ssociated with antiplatelet treatment for carriers of
CYP2C19*2 reduced-function allele (a) and noncarriers of CYP2C19*2 reduced-function allele (b). END, early neurological
deterioration; HR, hazard ratio; CI, confidence interval

& 1. (A) 5 CYP2C19*2 DhREFERF A ERE Z LM/ MRATT XK S Z2FN B HE R Kaplan-Meier 5343 (B) IEE
HIRM/MGATTHEXR S R EBEE R Kaplan-Meier 574r. END, RPHI#HEIINGET/L; HR, BEL; CI, EEXIE
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Table 4. Multivariate Cox proportional hazards model assessing the risk of END with respect to the CYP2C19*2 genotype
and use of aspirin or clopidogrel plus aspirin

4. ZLE Cox EEHINERELTE S CYP2C19*2 EEBUF{E A7) ARk &) LA EX & SR AR B 1 XA END XU

HR 95%ClI PH
FLAR BT
I
Ba =] DT AR 1.0
el 7] DT I S e A 7 0.98 0.56~1.86 0.998
it
el =] DT AR 1.0
RA] =) DT AR 0 S 2 0.72 0.67~0.98 0.006
IRPRAERS . WA . PRI WO RIS AE . OO LAE ZE S AT R R
e
el =] DT AR 1.0
Ra] =) DT AR 0 S 2 1.01 0.83~2.03 0.532
el
el =] T AR 1.0
DU N 0.78 0.58~0.96 0.013
7 END, Bt DiaeEi: HR, fEaigtk: CL BEXN.
4. g

AWFTEH, 212%MAM IS B#F k4 END, CYP2C19%2 IhftBRRAA 3L N & 5 i/ MEaE AL Fn
END K& A= 5%, B & DU AR B & S0 K8 75 7T LAFEAR CYP2C19%2 ThBE PR AR &7 JE R4 7 END IR 4B %,
{ERTIRIT A sg e END KAEZR

SUMAR TR — RIS MEATAR, BB AN (0 R P450 (CYP)FEAL AE TR A e & HEHL i MR A
F . CYP2C19*2 %ty CYP [ifg, WJRERZM Sk A% B 3 A o Hd AR [ 15] [16] [17]. FRATTBRAEF FE 29,
CYP F:[K 25 53 5 GUAR 5 IO OB & TG S VA o . IRk, X iX 28 i3 % A B P /MR IT . A
W52 TR, XFF CYP2C19%2 ThRe B S50 2 (R 455 s 2, Bl ] DL MR i A% &5 7E B AIK END JX
I 600100 1) 0L /DN 375 A 7 TR T B fel R BT ] DC AR . SR, XUEE PTG ST FF AR 52 AE CYP2C19%2
ThRE P AR S5 7 FE R 485 158 END R AR B8 A ML/ IR AL o IX R BA BT IIL/INIIE YT TR END A R vl e S
CYP2C19*2 L HIRZ AMA K.

Bi] =] DT AR AN G A% B A AN B 25 B, ] LAB R3] i MSasE [ 18], CYP2C19%2 AZ: 5[ w] L
PRI 23 2L, A 52 e ] =] T AR s 87 M RTIG PR 46 Fsy o TRk, o] ) DG AR IG5 0N A% 75 1T B8 790 7 465 7
CYP2C19 IhAEPRAR S I K ) 1S 3% END k4.

R 1) FEARE RN BV R WO E, Rk, BT RIE fr TRk KRR AR £
HUL B FLIESE . 2) CYP2C19*2 SNPs i Il % Sk A% T A H g AR /K A 5[ 16], (HAHH 5T 3% A Kl
I S A T 2 FUE AR5 3) BAl ] DU MR 5% 1A 2 R 22 25 PR R S A B FCAR AR DG IR 2 (R 2 S 1 7E
AW FEH A AT, A BEHERR X L JE [N 22 A5 MEXT END R AE K 520 o

5. &hig
b FRTIR, 2k SRR AL ST END R AR5, CYP2C19%2 I MRS L (R pi 4 % 5
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END HIJX S =G <. Fif &) UL AREE A S A% 55 BE T8 A RO CYP2C19 Thag AR S r FE IR #5735 1Y
END AU . FATH &I ] e BhT48 SR s AN AL I Pr i NG YT, BRI END XU .

6.

B

WHFE 7 R 2 5 R B AR B 2R O3 2 RYa /R 5 5 HUE I IR At . 3R15 7 i 2 58 1151 0

TR &

B oW

SR 8 B T R R A I S (S 2014SZ035) AR E P 2 25 KR 2 e i & S (S

YYZX1510)%F AHIF 52 1355 5 55 B o

E&WE

WA 2014 45 B SRR HOR B0 H (2014SZ2035); DY )14 BA AR A & 25 5 4 RHF R

(140025).
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