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Verification and Evaluation of Genotype-guided Warfarin Maintenance Dose Prediction Model for Chinese
Han Population

GUAN Wenyan', XU Hang’, YE Qing'(1.Dept. of Pathology, the Affiliated Drum Tower Hospital of Nanjing Uni-
versity Medical School, Nanjing 210008, China; 2.Dept. of Pharmacy, the Affiliated Drum Tower Hospital of
Nanjing University Medical School, Nanjing 210008, China)

ABSTRACT OBIJECTIVE: To validate and evaluate the accuracy of 4 kinds of warfarin genomics maintenance dose prediction
model of in Chinese patients. METHODS: 140 patients receiving oral warfarin anticoagulant therapy to keep maintenance dose and
94 healthy volunteers were selected. CYP2C9 and VKORC1 gene polymorphism were detected by gene chip. The characteristics of
genotype distribution were analyzed, and the difference of practical maintenance dose were investigated among different genotype
patients. The dose of warfarin was calculated by using IWPC, Gage, Huang and Miao dose prediction model. The relationship of
warfarin dose with practical maintenance dose was investigated, and the accuracy of prediction model was evaluated. RESULTS:
CYP2C9 and VKORCI1 gene frequency of 234 volunteers were in line with Hardy-Weinberg balance. Of 140 patients, actual mainte-
nance dose in CYP2C9*1/*1 genotype was higher than in CYP2C9*1/*3 genotype, with statistical significance (P<<0.001); actual
maintenance dose in VKORC1 AA genotype was lower than in GA and GG genotype, with statistical significance (P<<0.001).
IWPC, Gage, Huang and Miao dose prediction models were correlated with actual maintenance dose (R°=0.701, 0.166, 0.664 and
0.605, all P<<0.001). When actual maintenance dose <2.5 mg/d, there was statistical significance between 4 dose prediction models
and actual dose (all P<<0.05); when actual maintenance dose ranged >>2.5-<<5 mg/d, there was statistical significance between
Gage, Huang and Miao dose prediction models and actual dose (all P<<0.05); there was no statistical significance between IWPC
dose prediction model and actual dose (P>0.05); when actual maintenance dose=5 mg/d, there was statistical significance between
Huang and Miao model and actual dose (all P<<0.05); there was no statistical significance between IWPC and Gage model and actu-
al dose (all P>0.05). CONCLUSIONS: There is significant
difference in actual maintenance dose between CYP2C9 geno-
type and VKORCI genotype; IWPC model can predict the
dose of warfarin in patients with maintenance dose of >2.5-<<
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5 mg/d well, which is of potential significance to safety and ef-
fectiveness improvement of warfarin anticoagulant therapy.
KEYWORDS Warfarin; CYP2C9; VKORCI1; Gene poly-
morphism; Dose prediction model; Validate
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1.2 Ak
1.2.1  IfRBERLRAE I 2 A D PRk B F s % i) 45 7 =X
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S SRR ) | I 3 R IR AR AR I R 1R T =
1.2.2  IMAERAE SHE BT fiEEZ A S A K0 2 ml
F & WU 218 4N (EDTA-Na,) Fr it . 1 ] DNA $21
B (R E R B A BRA AL b5 20130314,20130917
20140226 ,20140709)$2HU DNA, 1 CYP2C9 il VKORC1
R AR a b aHEEARAR, #S .
20130106,20131014, 20140517, 20141112) , 2K F 3L K 8 A 1%
(3G R A EEEE SO0 (PCR) (A28 8 i Fr iR B oy
BT 555 R 10 2 =23l R 7
1.2.3 PT.INRAH MM B 5 1% TAE b 3% Be A 5 B 58
o LA 3.8%5Y 3.2 % WK FRENVA R R PLEER , MRAE b Shiie
FI B S 9: 1(V/V) o SRIfUR 30 min P, PLES.C2E48 15 em,
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%343 000 r/min #.0> 15 min, 43 1ML ; B 1 5 i A CA-7000
F2638 il 4= [ 8l 1l %5 % ( H 4% Sysmex #£ 202 41) H A0 PT
o INREFFE A INR=X, Hirp, X O 3% 1103 PT A
(R M2 PTAE/FRUE S PT A, ARG E 175 i 67/40 78 A bx
HESY) 5 C 2 T PR 28 I35 i ) 1 s 2% 46 %5 (Internation-
al sensitivity index,ISI)
124 SERRRRERITRIRMNE S BEIRMAELA2~3d)5
TR H sl H I INRAE, HF PR 25 25500 &, 2 INR {H$5
TE2.0~3.0JEHAN IR R 2 do FEE , 4 INR(ERIFRE PE
45 M) s [ ] B B AR UK B8 1], Y B 3 Uk W T A 1Y
INR (B 7E 45 1 3 1 (2.0~3.0) PISE, B Jor FH i 55) < BRI Ry
M ECEIRIT R . BRUEIRYT RS, A4 W 1
o #5 T VR R L, W T4 R A0 R T & INR(H PR AR e
THEHREREN
1.2.5 FIEHW AR EER: A Fh 2P L N A R e 167 77
T AR Y O AR AR RS VR T R . PR I PRAR AR )
3 [A] 2 tJp 2> (International warfarin pharmacogenetics consor-
tium, IWPC) & 7ii () IWPC . Gage #5551 J& ¥ it T-1R & Rl R 1 T8
WAL A TWPC AR A 124 30.49% (1 229/4 043)
WFF ATE, Gage HEAR AT P £ 82.6% (838/1 015) My & A
Bf ; Huang . Miao R EA4 g i FEATEAOAREY , EA%E A 50050 J31)
R 266 F1 1781, 4 B AR AR E VT AR e AR 7 0 5L
1o N Excel AR A I R GO R R B B RH A A=
FHETRI )
1 AWMEERBERTHREFER AN
Tab 1 4 kinds of warfarin maintenance dose prediction
model algorithms
i AR
IWPC 7 (mg/J ) =[5.604 4—0.261 4 x 44 ( x 10 4)+0.008 7% £ (cm)+0.012 § x &
Jfi i (kg) —0.867 7 VKORC1 A/G—1.697 4 X VKORCI A/A—0.485 4 X VKORCI
(JERBURBE) —0.521 1 x CYP2CY*1/%2—0.935 7 X CYP2C9¥1/%3 — 1.061 6 X
CYP2C9*2/¥2 — 1.920 6 x CYP2C9*2/*3 — 2331 2 x CYP2C9*3/*3 — 0218 8 x
CYP2CO(SERIRR) —0.109 2 x T —0.276 0 x A —0.103 2 x AR5 A
TRANE+ 1181 6 x HF2HHA 77 —0.550 3 x e
Gage it (mg/d) =exp[0.613+0.425 X (KF I (m’) —0.007 5 x 4F4# (%) +0.156 x JE: i
;f];;ﬁo %%}6 X FI AR INR = 0.257 x JEcHAH-+0.108 x WEA+0.078 4 x YREHb k2 £ 3B
Huang #| i (mg/d) =exp [0.727 = 0.007 x££ (%) +0.384 x IR 1 B () +0.403 x

VKORCI 6484T/C+0.554 X VKORCI 6484C/C —0.482 X CYP2CY*1/%3—1.583 x
CYP2CY*3/43]

Mico it (mg/d) =6.22—0.011 x 44 (4 +0.017 x {2 (kg) —0.775 x CYP2CY*1/*

3—4.803 x VKORCI A/A—3.397 X VKORCI G/A

TE sexp AARECREL R I (m?) =0.006 1x B & (cm)+0.012 8x
Wt (kg) —0.152 95 QAR 3 (R | JHEBILAR | AT-25 75 0] A
BERED A WA 1, e 0

Note: exp is the exponential function; BSA (m*) =0.006 1xhei-
ght (cm) +0.012 8 x weight (kg) — 0.152 9; the factors (race, amio-
darone, enzyme inducer, smoker, genotype) are coded as 1 if present

(0 otherwise)

1.2.6  Siit2# v 1 SPSS 19.0 Bof: o e A5 53 47 2
Br AbBE, THECTORFRAECR S 4t ORI TR R X £ 5 3%
IR o Ry KB W CYP2CY Bz VKORC1-1639G > A JE [H 774
i R S 75 A5 A Hardy-Weinberg -7 ; 5% FH Kruskal-Wallis 76 56
5 Mann-Whitney UK 56 Hb A8 A [7] 5 PR 75 S 3 AR T MOSZ R
VR IT )  A] BY 22 55 5 SR FH Pearson AH J& 40 AT L OF- 1 48 X6 %
(MAE ) b B R F0I0 551] 8 -5 2 o a2 YA 751 2 [ A A D 5
K Mann-Whitney U 5567351 G [R50 291 FET P9 S s e
TRIT R S B REUN R EE 0 2E 5. P<<0.05 RRZESFA L
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o CYP2C9 Fe AL A R, 4351 CYP2C9*1/%1 *1/%3
#2/%3 #3/%3, i H VKORC1-1639G > A FE PR AL 3 Fifi 4351
GG Hl .GA T AA R, 550 234 ] %k & o, CYP2C9 f
A 141 TSI 216 ], SRR 4G 1+ 1/+3 B2 16
B x2/%3 RIZZ IR 1], AR L5 T*3/%3 W AZ K 1 )5+ 1 %%
A7 JE PR K 95.7 % , *2 B FE A %0 0.2% , *3 855 &R
B M 4.1% . VKORC1-1639G>A ¥4 4 F GG AIZ iR %
617 , 2878 GA T2 AR A2 19, 7B ol A1 AA T 28 %
186 10l 3 G 25 v J PRUAT 48 g 11.5% , A S5 L R AT %y 88.5%
PR EE R SRI], CYP2CY HI VKORC1-1639G > A JE R4 5 14
15 4 Hardy-Weinberg - ( 43 %] 1.063 ., 3.413, P 435l
0.303.0.065) , HAHF5T A CYP2CY Fil VKORCI1- 1639G>A %t
PRCR IAF B rh B BRI A RRAE Y BT CYP2C9*2
FETY AN 1], SO EHE 5% . 523038 B BEAS R AR S L DR 7Y
SRR 2,

2 ZRENERBERERRSH
Tab 2 Baseline clinical characteristics and genotype analy-
sis of the study subjects

ZH s
Tk 234
AR, % R 66.9(19~94)
3
5, 0l(%) 157(67.1)
1, fil(%) 77(32.9)

65(39~95)
167.7(150~185)

R kg GlH)
B, em )

CYP2CY LR A
#1741, 61 %) 216(92.3)
#1/%3,4(%) 16(6.8)
/%3 15l %) 1(045)
#3/%3 {3l %) 1(045)
VKORCI-1639G>A J:A %
GG, Hl(%) 6(2.6)
GA,fil(%) £(179)
AAfAl(%) 186(79.5)

22 ERBSIERREETHAENXR

140 4 32 30 S I AR MR TR YT H 3R 0.60~12.00
mg ANZE, HiH, CYP2C9*1/+1 T E F AWK S BRAE B 187
B [(3.09 £ 1.45) mg/d, n=129] & T CYP2C9*1/*3 1Y i &
[(1.67 + 0.35) mg/d, n=9], P & M 22 T 4 G222 L (P<
0.001) ; 1 {41l CYP2C9*2/*3 Kl H 345 fl S i ¥y 7 71 W 1.50
mg/d, 1 ffi] CYP2C9*3/*3 R f 3 B S PrAS a2 ¥ 7 77 LA 0.60
mg/d, T IL AL DR Y g 23 AT 149, R 5 CYP2C9* 1/%1
YR SRR IR T R AT L. VKORC1-1639G>A
AA R E W SE R R E R R [(2.65 £ 0.9 mg/d , n=121]{1%
T GATIHH1(4.38 £ 1.68)mg/d, n=16]}2 GG B H #[(8.38 +
3.28)mg/d, n=3], = A1 2 5 A Gt # 3 X (P<0.001) ; 7
W LA R B R, GG R GA L GG I 5 AA R GA TR 5 AA
R SR AR E VR YT R N 1 22 S X Gt L (P A
0.024.0.003.0.001).

X 140 1) 52328 s o UEA T DR BOAG I A5 6 Fh LR B 40 4 | ik
HE— 243 W AS I FE R BT BB AR TR S B T 7 37 i )
MIZE 5. G IR, BERA A R+ 1/41&AA A w2 4L
110, /7 78.6 % 5 *1/*1&GG B4 35 (3 451 (1) F- 349550 & de i, 0
8.38 mg/d, *3/*3&AA R (1 4] (7L Fe A1k, 7 0.625 mg/d.,
CYP2C9 5 VKORC A[R]FE R4 45 f B A3 R R 2 IR 77
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1 CYP2CY 5 VKORCIARERFEBAGBELENTE
RITHENER

T A R Oy T 7 IR Bl L2 Be 435 3R X
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PPR] s A AEAS K A
Fig 1 The difference of warfarin maintenance dose be-

tween CYP2C9 and VKORC1 genotypes

Note: Boxplot show vertical lines above and below boxes indi-
cate the minimum and maximum values, and thicker lines in the mid-
dle of boxes indicate median value of maintenance dose in correspond-
ing genotype. Each outlier is shown by a dot
2.3 EEFNF SR EREIEIE

gE IR 7R, IWPC , Gage , Huang , Miao 4 Fi A EY 1Y) MAE 43
51124 0.52,1.88.,0.60, 1.04; Pearson AH & 43 M1 i /% , 4 F A i
0] 655 5 1 PR S B g VA Y7 0] i R 4 — 7 A AH DG HE (P 1 <
0.001), H:t,TWPC , Huang . Miao #5750 57| & 15 52 s 70 2 F4
FHOCPERL 2 (R* 535124 0.701,0.664,0.605) , Gage £ 7 Fii i
) 5 SRR AR MRS (RP=0.166) . #5 A5 H1 Fit il 57) &
5 SEBREREVRYT AR ROAR DG WA 3, FLR E LA 2.

*3 BEBFNFESEFRIEERSTHEMERE

Tab 3 Correlation of predicted warfarin dose and actual

dose
] MAE R P
IWPC 0.52 0.701 <0.001
Gage 1.88 0.166 <0.001
Huang 0.60 0.664 <0.001
Miao 1.04 0.605 <0.001

4 S bR E IR T R R4 o R R R v R A — A
Ay M ARV 0 RGP . M PR E IR YT T R <2.5 mg/d
B, IWPC , Gage . Huang #5575 (1% 50300 7] £ Hb SEBRASE Y637 7 i
AR 23.9% 111.7% F114.2% , T Miao R 7 Fi 3] £ ) i
R 17.2% , 2SI BH2#5 (P<0.05) . Y4 5PrEaE a7
o >2.5~ <5 mg/d I}, Gage A5 U it T )4 5 T 2 P o
JGI7 L, Huang  Miao £5 71 A4 TN 57 4K T S BPRAS 2 375
i, EF A G E X (P<0.05) , 1M IWPC AR B {1 7 77
S sehrfa g iayr AR 2 R RS T F L (P=0.700) , £ HH
TWPC 5 TR %32 57 1k 3 Pl 8 3 T A o P I . 2432 B
EIGIT R =5 mg/d I, Huang . Miao A& 15 (1 7530 5] 41K 52
BRAg iR yT Ml , 22 7 G2 X (P<<0.05) , 1fif IWPC,
Gage BRI T -5 SE bR e 16730 & o] 09 22 R 0S4
SC(P 4y 51124 0.092,0.066) , H Fi A 551 2 [T ) A R 13
5], 1 JCIEAT RV 4 TR 20 X 32 57] 4 Y0 Pl S8 38 T00m 1 v
P o AN TR T T A5 R T At 2 G e A L2 4.
3 itig
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Fig 2 Scatter plot of 4 models
A.IWPC; B.Gage; C.Huang; D.Miao
®4 AEFIECET ZEEHNERER LR
Tab 4 Comparison of predictive accuracy of the models
based on actual dose ranges
I, SRR BRI mg/d
mg/d " i mg/d IWPC Gage Huang Miao

<25 66 1.97+045  244+0.60° 4.17£0.66" 225+048" 1.63£0.62"
>25~<5 6l 335£0.60 338+0.60 4.93£0.82° 2.85+0.38" 2.08+040
25 13 6241202 524+130 491£130 443+1.00° 4.06+1.76°

- SR RRE IR = R, P<<0.05

Note: vs. actual maintenance dose, “P<<0.05

HETEMRAE R TR A% £ b 9 (R ) o B B 25 5 FR
DU TR e IR YT AR T R iR s, ]
fiE5 CYP2CY F1 VKORC1 2 B 22 2543 A 1 Fl it 22 545 5% .
CYP2C9 JE [RIFE =5 2R A b 85 (o7 FE PR 1, %2 T3 114 I3 R A5
AR 83% . 12% F 5% *; Huang SW Z51%] 266 15 % [ 7L
RN R AIE 58 & B, LT 7 11 56 TR %6 43 531 o0 94.99% . 0
5.1% o AWFFRH LN 234 63210 F CYP2C9 *1 ,*2 13 [y 5L
IR 71 2445 31 47 95.7% .0.2% 1 4.1% , 5 2 BWF o8 245 3 — 3k .
B, LGRS 4 5 Hh 078 X CYP2C9*2 R ALY
el , A AF 58 AU I 2] 1B CYP2C9*2/%3 4 .
VKORC! & [FI 7 @ i & A L GA+GG %Ik £ (83.5% ),
AAFRIFIXF 30 (16.5% )5 i ZE DU TR 43 A 17 DL AR I
Miao L %" % 178 {911 3% [ DR ARG & B, %3 K AA #Y
i 83.5% ,GA+GG %5 16.5% ., AWFFY 234 #3214 H AA 7
HK79.5% ,GA+GG B4 20.5% . MHFFREE T LGt DUB A
SN AEAE CYP2C9 JE K 2 8 A AR 1354 A
25¢  (HFF VKORC1 FEH 235 R /A SR 04 BT B A .

XA B AR A= 5, 29 35% ~50%
Y22 5 i CYP2C9 Fll VKORC T HE R 22 25k i i i iy ™%, A
KR A 5 A I L Y JE A b S8 N S A PR
(FDA) 43 317 2007 , 2010 4F ZE AL AR 24 i 1 B A3 Hhos i 9 4%
PT 7 33 B AL DR R AR DG A 8, R 180 U Ay 8 3 SR AL DRAS
HIHLS: , AR CYP2CY Al VKORC JE [F 2 25 M Ae ik
AR SR, I PR S B H B F AN ARl MRAL T
LRI RIS E , TR H AT A L% A BEATLIG AR50 B S F,
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B ARG HN AR R R FLSE e . 5 JLI i s e 5 A R
NG R, R 2 PR DR 0 5 X P VA 7 AT S 2 e A
JHE ARSI AR AN BN Rk 25 5 L
TR I SRS WS ) 25 () B3, 20134, 26 [l G a2 [ 2k 26D
B TR e O R R 0 AR R 1 B AL RIS A 5
EU-PACT IR 58 Fil COAG 156, {HL I 5 100 40F 9 15 1 A 2518
EA—ERY . B E IR, L RS AL A R R
Tl AR B FE T AEMAE HFR =, 1T 5 & 2T U A& B, 5]
WIS A IR RSO A B R . I, FE IR AR
TEF IR R AR 25042 — 2 4

ARFGEEEE ST T CYP2CY il VKORC H: [ £ 751k 5
I RAEE AR IR T AR IS R . IFFEAE S0, 140 Al 3 1Y
AEEAREAE VAT H A 0.60~12.00 mg ANZE ; CYP2C9*1/%1
T E 3 B 4300 5 R (3.09 + 1.45) mg/d, H CYP2C9* 1/%3 il i
FH 5 46.0% , 1171 CYP2C9*3/%3 Tl 8 i 77 1k A% L 1 9 0.60
mg/d; VKORC1 GG 74 i 3 1) F- 35 57 it e =i, O (8.38 £ 3.28)
mg/d, AA TR B A%, (2,65 + 0.91)mg/d., AHIF5% [l i it
CYP2C9 5 VKORC 1 3t [ B[R] 4 A5 X A i bR e y 7
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Analysis on Influential Factors of Health Utility Evaluation

WU Hongyan', LIU Guoen®*, GUAN Haijing’(1.School of Medicine and Health Management, Guizhou Medical
University, Guiyang 550004, China; 2.National Development Institute, Peking University, Beijing 100080,
China; 3.China Center for Health Economic Research, Peking University, Beijing 100871, China)

ABSTRACT OBIJECTIVE: To analyze influential factors of health utility evaluation, so as to provide reference for policy-mak-
ers, pharmaceutical companies and other relevant organizations prioritized in improving the quality of life for specific groups of peo-
ple, and to provide supports to researchers to find the appropriate people to elicit the preferences for health states. METHODS: 240
urban respondents and 240 country respondents aged more than 16 were selected from Guizhou province. Utility values for a subset
of health states defined by the EQ-5D descriptive system were directly elicited by applying Time trade-off technique. Linear regres-
sion models were used to estimate the effect of individual characteristics as age, gender, race, educational level, insurance status,
health conditions on all health states, mild, medium and severe states. RESULTS: A total of 481 questionnaires were sent out and
467 valid questionnaires were collected with the effective rate of 97.09% . Higher valuations were given by respondents who were
the female, belonging to the minority group, elder person, with health insurance, with chronic disease diagnosed by the doctor, or
with a poor health status at the past month. However, the respondents living themselves, with low educational level assigned lower
valuations. CONCLUSIONS: Utilities for health states are influenced by respondent’s characteristics significantly. It is very impor-
tant for the research to choose the appropriate people to elicit the preferences for health states.

KEYWORDS Health utility; Time trade-off; EQ-5D; Influential factors; QALYs

B S e T S B e o o S B B B e o S e e et S o e s s e S CRET e SRS ST SR

Genet Med, 2011,13(6):509. [28] Kimmel SE, French B, Kasner SE, ef al. A pharmacoge-
[26] Wang M, Lang X, Cui S, et al. Clinical application of netic versus a clinical algorithm for warfarin dosing[J]. N

pharmacogenetic-based warfarin-dosing algorithm in pa- Engl J Med, 2013,369(24):2 283.

tients of Han nationality after rheumatic valve replace- [29] FRIEHR, KA, 404 CYP2CY Fll VKORCI1-1639G>A

ment: a randomized and controlled trial[J]. /nt J Med Sci, AN TR R Y 2 5 S5 AR ARS8 H SR EAR DG Y Meta 3

2012,9(6):472. Hr[3]. P B #7254 &,2014,23(10): 1 154.

[27] Pirmohamed M, Burnside G, Eriksson N, ef al. A ran- [30] Zhong SL, Yu XY, Liu Y, et al. Integrating interacting
domized trial of genotype-guided dosing of warfarin[J]. N drugs and genetic variations to improve the predictability
Engl J Med, 2013,369(24) ;2 294. of warfarin maintenance dose in Chinese patients[J]. Phar-

macogenet Genomics, 2012,22(3):176.

(ks H49:2015-12—-18 &[] H 1. 2016-02-26)
%ﬁ % %% i (i - sk TR )

ARIEAXKXKEBHIZAHFIELST A TUH - 16 5 A SR B2 2k % VE ) I H (No.71463007
X R 71273015) s SEM A RHEHHRIPRET (No B85 SY “7[2013]3068 %5
It STH AR XATE 188 51 2= . . . ..
gé-azzséﬁffﬁzgzﬁﬁzoﬁs e *RIHEE, WL DT 25 R AT
: : B, L35 :0851-86908318, E-mail:why376570155@126.com

- 1450 - China Pharmacy 2016 Vol. 27 No. 11 PEZIP; 2016 45 2T 555 11



