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Prediction of International Normalized Ratio of Warfarin Users Based on Artificial Neural Network Model

MAO Delong', ZHUANG Wenfang?’(1.School of Health Science and Engineering, University of Shanghai for Science and
Technology, Shanghai 200093, China; 2.Medical Laboratory, Shidong Hospital Affiliated to University of Shanghai for Science
and Technology, Shanghai 200438, China)

ABSTRACT: OBJECTIVE To explore the correlation between CYP2C9*2, CYP2C9*3, CYP4F2, and VKORCI 1173C>T
polymorphisms and warfarin maintenance dose, and establish an artificial neural network prediction model for international
normalized ratio(INR) values after warfarin administration to improve the accuracy of stable dose prediction. METHODS A
retrospective study was conducted by collecting clinical data and warfarin pharmacogenetic data from 214 warfarin-treated
patients who achieved a stable anticoagulant state from 2019 to 2021. The impact of clinical factors and various gene phenotypes
on the patient’s warfarin steady-state dose was analyzed. A machine learning prediction model was established by simulating the
input of the patient’s warfarin dose to calculate the INR target and predict the steady-state dose. The accuracy of the model was
compared with the direct dose prediction method and the multiple regression model. RESULTS The multiple regression model
had the highest accuracy rate of 56.4% for predicting the patient’s steady state dose in the dataset. The machine learning
prediction model had a mean absolute error(MAE) of 0.40 and R? of 0.81 when inputting the steady state dose to predict the INR
value. Directly predicting the dose resulted in a MAE of 0.52 and R? of 0.68. After group training, the error rate decreased by
20.4% and the accuracy increased by 7.3%. CONCLUSION The artificial neural network model for predicting INR using
simulated input of warfarin dose can more accurately predict patient’s steady-state dose, which facilitates individualized dosing
and promotes the development of precision medicine.
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o i N T BE A A Sl RO BIL A ~] IO A AL ),
A5 E T AR 214 BB N D Seit2Eg
Pa S HE R REE, 456 R RS RIE MG R AT

Aok MR — PR I R L) 32 (T R e B 24
Yy, (EAEMPIBEDTTErf, N7 AR A M) i
B AL AR R AT i — B T —,

X H A 3 A E PR AR A MR AL R RS
AWPCYBLRIM L K 44 Fh Z2 J0 Bl AR AL, 38 A7 I 4F

MM T, FEAE I IERE b ST HLas = > F Frbr
Ak U {H (international normalized ratio, INR)Tiil

BEWE: il X R m AR 8 (YP19ZB03);  F i iRk il B H (22692116400)

fEEEY: B, B, BibA
hE BN 22 2023 4F 7 A5 40 55 13

E-mail: 544780259@qq.com

RIEEE: EIOT, &, B, LN

E-mail: czwf1991@163.com

Chin J Mod Appl Pharm, 2023 July, Vol.40 No.13 - 1847 -



BEARY, g AR A AR B WL TN A 2 ) INR
{HPUE IR BIHRERE IR o AN [R] T B 300 AR AR
HYAE, Ay B AR B UL R k2l
J5 INR {HEIATIRE, BRI BT B IR E R A
PR AR bCRT R T i s R, B R S R
TN ARV, FERISIRL 5 55 L RE R H A
PrEEEE e, WEHTHRESRE GRS &
AR, A &EHE 20 BIER S IS B

1 BER5HEE

1.1 AW B B E bR

BaEk [ 2021 4F 3 H—2022 4F 12 A 1E i
PR TR 2 B T T AR B2 B a2 0 38 BB S 5 1Y
B (RS A7) AR A R B R 2
Bt (SRS . 2023-054-01), FTA B4
HIFRESYS,

PAbRME: OFA 3 APiEEGIT e, FoRE
BAIER; @2 WA AEE I )5 [H] (prothrombin
time, PT), INR #Ji52IHTEEARIE INR(1.5~3.0), #T
Eefatriese, LW RBEAYHIR,; QTCHin kit
FEHTFRAE

HeBRpr e . O ERAAT . B & RIRD)
RESTHH s QMR Mm-S R4 TP % 245
SN ARV AR B2 O R i 25 s Dl FIFR K4k
A FE K S INR HZ5Y)

1.2 H¥eRE S

W B IE R BERE, LG4 . T | AR
B R AREARIR 2GR s . 2 sl
KA A 180 CIRAFE LA 54k PCR AL,
1.3 50 5

DNA f2HUAFI (R AR AR AR, it
51 U8807; }A%: 50 preps); Taq K& Takara(k
ERAEY AT, {5 AIF0922A; Hikk: 125 U);
SYT09 %t 4 kl(ib 5. 2397781; #MA&: 100 uL).
SIYA R A iR Ay TRARAF .
Eppendorf 24144 ; Rotor-Gene Q #E)E £
A 5% PCR {L(QIAGEN AE W4 R A RN 7)o
1.4 Tk

HAMABTEEINL 2 mL { ] DNA /Nl i)
J2HU DNA, %31 RS199853, RS1057910, RS2108
622, RS9934438 [ SNP v 5514, #47 PCR ¥~
4 PCR L WAAZ 20 uL Premix JEAW 10 uL, iE .
REIYI¥IHN 0.5 umol-L~!, &K DNA 10 ng, P
% PCR: 95 CHiZstE 3 min, 95°C, 30s, 60 C,
30s, 72 CHEf 1 min, fEEF 40 1%,

-1848 - Chin J Mod Appl Pharm, 2023 July, Vol.40 No.13

RO HE R IR TNkl SYTO9 L5k
BRI TIi4ese, IREARLERN 0.1 C-s™'
1 FH Rotor Gen 6000 1.7 A 3E47 SIEHF B8 450 ) 1
BT, MRIERA AT I R 25 SR
AL R U O T A BRI 20 SIS Y, RS Ry
AT,

1.5 Gilatr

fdi [l SPSS Statistics 26.0 K PFHEATEE T4y
Br, THEEME x5, JFECRORME ISR R
2 RBEIE CYP2C9, CYP4F2 V433M, VKORCI
5 FE A Hardy-Weiberg i, i IS AEAS ¢ K
Yook 25 55 g 25 PR, B Pearson K50 AR IEAS
I R SRS RE ARG, f#TH Spearman 55
JEIE SIS SRR A erE, P<0.05 FREREA
Gl o
1.6 AREAUHNT

W5 LAY () TR0 B R R INR {H, B ERE W
RN TR A SR, Ak fE o]
DABSEHOL I DT 4 A FH 24 e SR T £8 5 1) INR 2 75
IR FPUEEHE, SRJE AT LAYR BB B A Ao
INR ABIPTEEAE . OB RN A S e, AR
. B REE . RIEARHRIE . CcYP2C9.
CYP4F2. VKORCI"™, Hyhfi>h INR. FtE51=
HON TSUBUE, AR . B R B
HEATIH—Ak,  $5 R A AR g i SIGHE 5 TR
B 1 DI st e v efs KR A LA T, B n 3 il
Y5 CYP2C9*2 JE[F RN B A= Bl 100, 224
RAZHIETA 010, 4558748 R A 001, 0K 0,
W B BRI AT AL BUS i oM B A, T B
LEVEATRENL T, FRRIUIZREE, BrsE, w4
9 6:2:2 [ L BB LA ARS]

PEURAE ] BP B2 28 48 el A AR pRRese 77
FEI INR [EAOBRL, UL 1, Zead % M2 4 pia
SR SRR L, RAEBERER 2 )2,
HIZRE 512 4o, 5 2 JRRE 32 M4,
B2 A 2 CECR AR DR, B R 45 R
SR, RPN ZRak 2 L4 B T a7 B 1R AL
A ALA AR, G TINERE AN, A E W
B2 B 4% 2 ph 2ot 1 2 7R S B i I ek
G2, PR T 2 OB B AR K OME IR B LA B il
EM, i s AR R R e, S EA A
Fal EN L 2 = 1 BT B | 65 Y v TR & EpE
Bz, VS SR AE AL RBAS 1 I 25 FUL & A A JE e At

rPEI AR FHZG 24 2023 47 7 A5 40 555 13 11




A, RBIRIGE R L1 Bk pRER, AHEST L2 $1K K%L,
L1 $2k PREC S FE A F L2 PR B, 7= A1
WEANSHTETEY Ko BIRMLEIET Python3.6
Tensorflow B &, BRI Lt 72 UL 2.

Hidden

E1 BP#HEWN%E— K&
Fig. 1 General structure of BP neural network
1.7 XF e Zoe AR e £ebn i

HT Pubmed R ER R, 45 G A TR
AR, H 2T AR A MG REE 2
RN ARSI SE, SE IR CYP2C9*2 .,
CYP2C9*3. CYP4F2, VKORCI 1173C>T,
2 H#HR
2.1 BE— R

S 1] 5B 1 100 11(46.7%), F-HI4E#R (65.60+
13.70)%, Lt 114 $(53.3%), “FH4F#(66.59+
13.60)% , 2 MR TN & 2R, BIKS S
(163.68+8.08)cm, 1AJFHE(65.51+13.84)kg, WK 1,

i ULIRIE A O IR IR B 45 R J5 28 1911(13.1%) , 5 B
BB 147(68.7%) F1 L Ath 5 ik 1 4 4 ZE 1 9
39(18.2%); % Pearson 4§ Spearman K56, FEIRR
RRAIE rf B v SR et 5 R A R R i 2 3 I A
X, HERARBHIHN 0.67, 0.71(P {H19<0.001),
AR R MAHDE, FHICFREL-0.46(P<0.05),

F1 FLEEBANEREZEER
Tab. 1 Information on clinical parameters for both male
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I K2 bk 9 ks PH
N 100 114 0.026
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sk 65.60+13.70 66.59+13.60 0.032
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Note: P values represented the correlation between this parameter
and the steady-state dose, with P<0.05 considered significant
correlation.
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Fig.2 Training, verification and testing process of the prediction model
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Tab. 2 Warfarin stable dose, number of people and INR
value in different genotypes
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CcC 2.78+0.93  122(60/62)  2.12+0.54 0.031
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Tab 4 Multiple regression model applied to the predictive performance of data sets

AR AR AR AL TR PR [EE S MAE R?
Sconcel® L Fk 297 Dose=0.628-0.013 5(Age)-0.24(CYP2C9*2)-0.370(CYP2C9*3)— A, BE5. cYP2c9. 070 022
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