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HBYV reactivation classification prediction model based
on feature selection of genetic algorithm
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Abstract ; This study investigates the risk features and classification prognosis models for hepatitis b virus ( HBV)
reactivation in patients with primary liver carcinoma after precise radiotherapy ( RT). Feature selection method
based on Genetic Algorithm (GA) is proposed, the optimal feature subsets are selected from initial feature sets of
primary liver carcinoma. HBV reactivation classification prediction models of Bayes and support vector machine
(SVM) are built, and the models are used to evaluate predict the classification performance of the optimal feature
subsets and initial feature sets. The experimental results show that feature selection based on GA improved the
classification performance of HBV reactivation, and the classification performance of the optimal feature subset is
much better than the initial features set. The optimal feature subset affecting HBV reactivation include HBV DNA
level, tumor staging TNM, Child-Pugh, outer margin of RT and maximum dose of liver. The classification accuracy
of Bayes is up to 82.89%, and the classification accuracy of SVM is up to 83.34%.

Keywords : HBV reactivation; Genetic algorithm; Feature selection; Bayes; Support vector machine

J5 % 98 ( Primary Liver Carcinoma, PLC) 4
TR H L AR I 2 — U AR R 5 b X AR A
P SEAE G r g R e S g R R R T RS
WITIRYT I I e s B8 RS B 0T s o A
ZIINF R 75 ( Hepatitis B virus, HBV) FLE 2

%5 B H#1.2016-06-30; & [ B #3:2016-09-06.
EEWAE . HK A RF2E5E
TEERN . RN, B A 5 %
« BIEVEE XIRE £, W, 202, 0050 m . Ao, Bk

JL4I0 H (No.81402538) 5 S I ARBFF L4 H ( No.61375013) ;

HBV P3G AT 52 0 B85 1) A A7 o i 0 28 4 i A 77
JAIHA, 4% HBV PRI 19 DGR 1E kG 2 HBV 7
TS T *ﬁﬂxﬂ;@% HBV W &M R A &
B X, A AR 69 1 2K B RO Y R R
PRI BB R B, 17 9% A HBV RS , Hok

IR ARFLEEE 4T H ( No.ZR2013FM020) ,

B fe (5 B MG AL BE R ; E-mail ; zbxywgp@ 163.com.
n,.;JLIE,E mail ; yx|@ sdili.edu.cn.



244 4 #H

& % % 14 4

3 BB HBV FR#0% , JF 4 T HBV DNA /K-F &
S HBV PRI 1Y OGS fa i IR 3R B OCSHAEAE . 7E
KT AR ™ A I R B A2 B A 2k
PEARTT 580N . L, X T2 HBV PSS Y 5%
SR R e — B BFST  HBV LIS A4 T30 AR 7
R T

WAL D (Genetic Algorithm, GA) E2) 72
o T A= 0 B 2 B R AE BE 6 T, 200 35 R A 4 3]
P A T TS RO AT, GA B H
PP I A B AE 4B, GA 1Y S Bl BE B & 3 1Y
TE N P RS B A ERAE T 4E | DLS B i 42
HEBR R RSO I T 250 3 A ORI A %
AR 20 G 3 I B PR, e R A B AR 28 IX
IR ERARFIE F4E

AR SCHE L ZR A8 e = e S0iA 1 90 1) I & 1
JHF98 £ I R ESCHE VE S I 5, B840 1 0 G e A1 4
£37% HBV DNA /K-F i 43 351 TNM | 8007 771 2 A
DVH A B AR 36 28 AN WA HRAE, 5286 Je R H
GA MHIIR R AIE 2 3 B AN [] BIAS 1) S5 L R AIE 4
SK J5 R A1 Bayes HI 3 5 [n] it ML ( Support Vector
Machine, SVM) HE7 HBV PR3 ) 4328 Tl AR 78
R PR kP28 X% UE (k-fold cross
validation ) 75 % BE 8 H FH T 43 28 A9 I 2B A R 3
FEAS 151 A4 ME R S A v R PP )RR AE 12 45 L
RO FEAFROR S i R DL 1,

GAFHE 1 HE ST A

WIRRRFAE SR > R i 74 AESES

KAl A2 UL

1 EWigiHRRE

Fig. 1 Experimental design process
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Fig.2 Support vector machine
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SRR 2 ANy AR BRI E s
1T GA Rk B fm HLIX A R R IR 45, B LA AIE 1
LRI 1~6, fiFH Bayes Al SVM 43 5l XF f5 L ¢
TEF SR AR FRAE AR R AT 20 2S00, S 1 45 21 5 o
R MER R 45 1 3817 10 K 10 a8 XAk, I T
IIERPEAY GA FRAEZEBE W PERE, 8 21T GASO
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Table 1 Experimental results of Bayes %0
T ALARIE 75 N o .
s ——— iR Rk 5
9 76.15 82.19 55.00
9,6 71.15 72.95 64.38
9,6,17 75.25 76.76 70.00
9,3,6,17 81.25 84.47 70.00
9,6,7,17,27 82.89 84.91 75.38
9,6,7,3,17,27 80.62 81.35 78.06
BIGARAIESE 70.00 75.00 52.49

*®2 SVM IHER

Table 2 Experimental results of SVM %
ELAFIEF 5 S ] o
A A iR R 5

9 77.18 83.61 54.64

9,6 79.49 86.42 50.73
9,6,17 81.01 88.21 55.81
9,6,17,26 81.48 85.80 66.37
9,6,7,17,27 83.34 85.77 74.82
9,6,8,17,23,27 81.74 82.73 60.78
CUYGERR RS 72.22 76.06 57.89

M1 3R 2 B AAURHIE T4 5 W IR AR AR A Xt
FErRRATRT LU AN [ B e DR ik 1 B Y 23

KIEREAIR], £ 1 BERARFHEFEME, 5 FF kR
9,6,7,17,27 B /3 2R RE e AL , MEAf 2R M 70.00%
PR E] 82.89% , R M 75.00% 2 =5 5 84.52%,
FESEE 52.49% $Em 5] 75.38%, % 2 EALARAE T
EFIRE R 5 EHL9,6,7,17,27 BFRY /R SE tE e AL,
HER R 72.22% 42 75 5] 83.34% , RAEYEM 76.06%
PR 85.77% , F S PE N 57.89% H2 = 2 74.82%
XL 1 2 SCHG 25 B B R | R AR S
PEERZREA T . AP A3 2 TR AL XS HBV P30 A )
Wi & KA IR BE 7, T FLI AR RRAE 4R 1Y 43 2
PEREFRIRAN , 28 GA FRIEME £ )5 1Y e R R IE T 4 19
I RMERE I WA B4

B3R 1 3R 2 AT AR LR R B h 5
VR R AE 7 8 B e i E R X vk, 4 5
Bayes Fll SVM XJFRIEFAERMAB 5 BRHIEF 8 E 1T
AT RE TN , 3 L6 R A1 -4 1) E ff R AR 1K 3] 80%
DL b, H SVM HERf R IAF] 80% L L A HRAE T 42 5
%, TIEERIEILR 3 fIK 4,

3 BHAETFEMERN S K Bayes TIWER

Table 3 Experimental results of Bayes when the feature

subsets are 5 %
FHIEF4R HER % R etk
9,6,7,17,27 82.89 84.91 75.38
9,6,7,15,17 81.04 83.02 73.76
9,3,6,17,27 80.99 82.70 75.00
9,6,7,8,17 80.86 83.89 70.28
9,3,6,17,23 80.00 81.27 75.56

R4 FEFEMEA S K SVM KHLER
Table4 Experimental results of SVM when the feature

subsets are 5 %
FHIEF4 HER % Rt etk
9,6,7,17,27 83.34 85.77 74.82
9,8,6,17,27 81.84 85.29 69.79
9,6,15,17,27 81.84 85.29 69.79
9,6,17,23,27 81.02 87.04 59.94
9,6,17,26,27 81.01 90.40 58.13
9,3,17,26,27 80.75 80.74 68.40
9,6,15,17,26 80.42 85.47 62.75

JI A B RFIE A B A A R R A RRIE 9 IR T
HBV DNA /K-, & 288 SCHR [ 24 ] UEBH 2 521 HBV
T B ST fG R R 2R B SESERAE T4 (H R ST
HBV H50E 9 WA AL, SCHR[ 25 ]33 logistic [7]
IA04r, #6 tH HBV DNA 7K F, b 43359 TNM Fi 4k
JilH PR HBV FREOE Y 3 ANk 2R #ar T
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BT M2 M 45 (9 HBV P30S AR | 3505 5 5k 5]
80.00% ., [FIFE A SR st AL SR IERE B FH T HBV
Bl AE 2P 3 AR N ZWARTE GA AURRIEE#E 24
B GERE T GA FEASCI m] Ak, L b 23 2t
BRI o R RE L 75, JU R IE ARy S
Ik 9,6,7,17,27 I, Bayes 5 SVM Hy43 251 g
Bt WA E) 82.89% Fl 83.34% , WEHEHFRAE T4
WL AR SR IR 2 R 2 5, X IE
T 3 T AL B R B 1 T A T M S PRy e 88
75 5y 25 RE ST .

I B RRIE g BT R R 1 R 2 S
WS,

RS5 BIERSRERRHNEFSH

Table 5 Feature numbers and medical parameter

PSS BE2ESH
9 HBV DNA 7K
3 KPS 453
6 JifsE 431 TNM
7 Child~Pugh
15 GTV A
17 Hhih 5
8 AFP
23 V30
26 V45
27 AP R

XS F SO HBV PS4 EZL 0, 78
W NIRIT I AR T D) 1 R R 2 S R AR AR, BT R
o 8 R a Y7 s > HBV PRSI &
A= AT R e A A T R AR A SR

FRIETFEERB, 5 IFE B R-IE R 9,6,7,17,
27 i, B3 BIAC R AR AE  HBV DNA 7K F, i 4330
TNM, Child-Pugh , #Mifi it F1 4 T f K5 1 15 14 43
Ktk B 5. FH Bayes Al SVM 2055 LA | 5
ANMFFIESEA T 26 MR RE TN, DA 43 e KA A HBV
PRI DTBREE K/, TEILER 6,

* 6 BANBEMS KL

Table 6 The contribution of a single feature %
Bayes / SVM
A
HIHTES R 5

9 76.15/77.18 82.19/83.61 55.00/54.64
6 67.27/68.19 72.64/72.95 51.99/51.54
7 62.58/63.89 61.33/62.75 67.12/67.86
17 63.10/64.43 66.34/68.28 51.28/51.10
27 61.45/62.70 65.16/65.86 48.90/51.28

5 ANRFAEXT HBV F-i8006 51k B K 3 /N 43 51
4 :HBV DNA 7K > Biffgd 43 #51 TNM > #) il i1 A >

Child-Pugh>4= IF i K5 i
3 Z5IE

A SCHR MR AR A RIS B T 5 2 i
RNVERF AR b % e VR R B R R AR S A TR
IR A RRAIE 5 , SE B AU A7 HBV DNA 7K°F fib
T4 53191 TNM FIAMEGH BN SERTE 9S4 e sch 2
SARBNIESE , FE 50 R W] T A SO 8t 8 557 1 R i ik
B T IR R R B AR T AT P A vk . ST Y
Bayes 1 SVM 432 Tl 7 HLAT A (A5 X 131 g
71,91 H% GA FREBERE I 0 S LR E 45 4 25 1
RERA 3R o, U H Y RRIE PR 5, SRR FRE
4. HBV DNA 7KF-, M98 43 ] TNM, Child-Pugh , 5k
TR RN A B KGR S 1) A et RS B IR . T
H % HBV P30 B BT R 56 B HE T 73 504
HBV DNA 7K F > 8 43 5 TNM >4 it i21 7 > Child-
Pugh>4: i K &

SEIG R BB TS R R S B 1 DL e
PRSI RYAE HBV P00 To000 rh 5L A 3¢ s 1 1
W8, e AN TR i R v, o] [ 45 24 Be 2
S AR A, U HE X B 2 Y HBV H R & 4
HBV 00 i Ji A 1 JHH i A8 2 B iy SR BChD i 2 DA K
FFAR- 3097 J7 i, i/ HBV TR (19 % 4F |, X
FEAEENAN LR R AR A EEE
X AR ak 2 it 55 AR BRSAVATE HBY FILTE
IR, EH T2 HBV PR i 202 Mg
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