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Analysis and prediction of risk factors for HBV reactivation
based on Rough Set theory and SVM

WU Guanpeng, CUI Xiaodi, LIU Wenqiang

(' Shandong Provincial Third Hospital, Jinan 250031, China)

Abstract; The article primarily delves into the risk factors for Hepatitis B Virus (HBV) reactivation among patients with primary
liver cancer after receiving precision radiotherapy. By collecting multi—dimensional clinical data, including HBV DNA levels, KPS
scores, AFP ( Alpha—FetoProtein) , TNM staging, and external radiation boundaries, and utilizing the rough set algorithm, the
article assesses the impact of various factors on HBV reactivation. Through analysis, the study finds that HBV DNA level is an
independent risk factor for HBV reactivation. Based on this risk factor, a Support Vector Machine ( SVM) prediction model is
established to predict the possibility of HBV reactivation. After verification, the classification accuracy of this model reaches 74.
46% , indicating that the model has a certain degree of reliability and effectiveness in predicting HBV reactivation.
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HBV DNA 7K KPS $#F4)  AFP TNM 433 SMNsGH 5
DVH FEATRSESE R HTHAE S B A T2 (8T, J3 b
0T HBV PR HA W 25 m iy 2 R N5
LRGSR BE S RS I
1.2 HARENERHES

(D FHRFTRREET i iR 8 X 4 i 5
ARENEARRIE AR, 76 16 5 5008 Hh 42 98 7T A 1R Bk
HORFHN

E SRR IR A2

S=(U,A,V, [ ) (1)

Hp, U Rl FRAEEARES ;A £k
2 ARV =UV,, FoRBHEEES Vv, FonEt
r e RIEH; £:U x A — VIOR{GE RS

RGHHRMNHE A RFoRm, Hrb A7 R Xt
W 1bpoE IO IR EHIPOE Y=
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3.1 ETFiEEERN HBV BEENEmMEZE S
3.1.1 Bk Sk

WA T 90 ) J5 & 1 i S 1 2 A e S, X
SO SRR I R AR W RE AR CT B | i3 H G R
I SO B A A I 2R . i - 0T e B AR
KARPRII LR 510 5%,
3.1.2 [FEARGRMEE

MR AT BER WA BT 5 HBV 0 2 FE 30T 14 [ &
(UNAE %  PE ) HBV baseline , Child —Pugh 43%% . H!
NG EE I KSE i KN By e 45 ) M TR R
RE(WERD) ., FERS%. S=(U,A,V, [, XA
Fehye o JE M2 HBV 2 15 PR3, 1 i &R
(HBV baseline ,Child—Pugh 4% . F Jifi 8 11 7K ik
Je K/ BT 70 5 ) ST 30 A4 Ak 1 I 1 4
C=1lc ,er, 05!, JBYEERREA=CUD,
3.1.3 HdEesiib
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Table 1 Partial data on HBV reactivation and its influencing factors

1 2 3 4 5 6 7 8 9 10 11 12
“HBV FHGE < PERI 4E#% KPS 4> “ HbeAg® ‘ IIKIERA > *TNM® * Child-Pugh’ “AFP’ ‘HBV basel---" “ {7 St HRCEYIT-

2 1 54 1 1 2 4 1 120.500 0 3 56.000 0 63.600 0
2 1 54 1 1 1 2 2 580. 000 0 3 58.000 0 69. 600 0
2 2 59 2 2 2 3 1 625.800 0 1 51.000 O 66.300 0
2 2 36 2 2 1 4 2 2.800 0 3 45.000 0 58.500 0
2 1 61 2 1 2 3 1 52.500 0 2 52.000 0 62.400 0
2 1 63 1 2 2 4 2 1 132.000 0 1 60. 000 0 72.000 0
2 1 74 2 1 1 4 2 556. 000 O 2 66. 000 0 79.200 0
2 2 48 1 2 1 3 1 46.500 0 3 64.000 0 76. 800 0
2 1 48 2 1 1 3 1 8.400 0 2 50. 000 0 62.500 0
2 2 47 2 1 1 4 2 1 820.000 0 1 60. 000 0 72.000 0
2 1 61 1 2 2 3 2 63.200 0 3 64.000 0 76. 800 0
2 1 71 1 1 2 3 2 922.500 0 3 39.600 0 46.700 0
2 2 59 1 1 1 3 2 37.800 0 2 56.000 0 67.200 0
2 1 72 2 1 1 3 1 2 650.000 0 3 58.000 0 69. 600 0
2 2 60 2 1 1 3 1 1 250. 000 O 2 66. 000 0 79.200 0
2 1 45 1 1 1 4 2 42.000 0 3 62.000 0 74.400 0
2 2 63 1 1 2 4 2 6.000 0 3 61.200 0 73.700 0
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Table 2 Discretized decision table

1 2 3 4 5 6 7 8 9 10 11 12
CHBV PGS PERI 4FEEY KPS PE4: ‘HbeAg® ‘ I'IkEIEA -  TNNM’ ¢ Child-Pugh’ ¢ AFP’ “HBV basel---” 7 S & A3t
2 1 1 1 1 2 4 1 2 3 1 1
2 1 1 1 1 1 2 2 2 3 1 1
2 2 1 2 2 2 3 1 2 1 1 1
2 2 1 2 2 1 4 2 1 3 1 1
2 1 2 2 1 2 3 1 1 2 1 1
2 1 2 1 2 2 4 2 2 1 1 1
2 1 2 2 1 1 4 2 2 2 2 2
2 2 1 1 2 1 3 1 1 3 2 2
2 1 1 2 1 1 3 1 1 2 1 1
2 2 1 2 1 1 4 2 2 1 1 1
2 1 2 1 2 2 3 2 1 3 2 2
2 1 2 1 1 2 3 2 2 3 0 0
2 2 1 1 1 1 3 2 1 2 1 1
2 1 2 2 1 1 3 1 2 3 1 1
2 2 2 2 1 1 3 1 2 2 2 2
3.1.4  JEHAE SR E FH 10 728 CEIE A A PR 25 S A RS P AT Sk | 2

X 2 b XA S TR AT 24 R Ak
B &A@ 2@ Pl HBV baseline, 1 H &8N E
Yo REBANLGTEEMER m; # 0 MEEAE X
Wi — 2P BE T AL HBV DNA 7K F-AE Ak a7
FE 1 R 2 A B
3.1.5 ZE5EuF

R 45 LR 1M HBV DNA /KF& PLC
BT S5 HBV H3E B A fE R &R . X4
a5 5 O AW R HGE S5 R AL, Sk TS RY U
BRI o S [RIEEAR Eb A A AE R B B0 22 Fof
FE R N2, BENS Tt — 25 b R A T B, T R R
LRECHE MRS FIOUARE B S 1A Y B
3.2 SVM FliEBRIZE RS
3.2.1 iRk

FIFH R 5 38 R RS FE 15 2] A9 HBV DNA 7K
SEEAE o3 A S SCRE ] AL (SVM) BUAR Y | 5
T WERG R SRR S RN SRR SR PR R A P RE | [ s Re

— MR AR 5k . X BRI & dEbr, AR
ERS RN

(1) R (Accuracy) « BERYIE A 43 JE I RE AR
BH SRR I, R TR AL AR S PR RE

(2) K5tk (Specificity ) R IEBRPUI SAFEA
(RIS H: HBY FREBGR IFEA) HIRE T, B ELIE £ 451
(True Negative, TN) 5 A T (TN + FP) Z
I,

(3) BB (Sensitivity) « B IE AR IEFEAR
(RPAAE HBY FRBLTE MOAEAS) BYRE T, B EIE T4
( True Positive, TP) S5 IEH(TP + FN) Z I,

10 H128 XHGUE (k= 10) 2R 35 5000 4 Bk 53 h
10 1y, B UAE FHH P 9 Ir VRN N R4 /T Y 1
T VE IR AR | H A kA~ i 2 10 WK, B O 4 A5 8
HRB PV — U AR 3 Y S 30 45 2L B A,
FE FIATSE | RS T A Hb PP A 80 (172 fb e

P ARSI 45 R L3R 3,

%*3 [F#IE5 HBV DNA /KEHIRE 10 XX WIETHHHER
Table 3 Classification results of original data and HBV DNA level data under 10 fold cross validation

TR K—fold HEHI %/ % R % FrS %
JERCHR 90X 30 FY — 455 [ 10 72.22 76.06 57.89
MBS L3S HBV DNA KV B0 56 b 10 74. 46 78.48 64. 68

3.2.2 LGk

(1) MERRRIE T M 72. 22% 42T+ 5 74. 46%
T I 28 o AR 2 A B (9 8500 FE SVML AR v 1
PRIy REA BT R

(2) REMESETE, M 76. 06% $2 T+ = 78. 48%,

E RGN & AR HBYV FREOE 19 1EREAS J7 T
(HRE 1A BT a8

(3) B ERTE, M 57. 89% 42T & 64. 68% , 1t
ARSI TR IR 2 HBV PRI A4 67 R A D 1 1) RE
FIBARE] T ST A TR A 0 R A
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3.2.3 JRKESHr

(1) FRIEZEPEM A RO . MRS £R D7 vk i iR
LY aT A 5k A G B v B I O B g S [
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BFBAG SEBR A E , BRI A SO AR IS 2.,
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AT A3 A B A 3 o RS TR R R 4
PG A R R T A R 2 B A HER A3 e A VR
FIFME , A R R 5T SRR T3 (%) SELBE A ik

[0 05 F I, HEHOR. I 5 08 X f I D 35 1 0 5 0

[J]. WEIREE#EE , 2024, 14(2) :4479-4485.

(2] |EE, FER WIS, 55, CIPIFREALITE & R M A AR
KfER AT T]. SEREAEAE, 2022,37(5) : 777-779.

(3] skibih, Mo, R, 5 MR =4S 0T 8 C BT &
FRTEHRBEEAISCAITSE[T]. AR iR, 2015, 13(2) : 183-187.

(4] RN, T0b, B, 55 3T BP W& M0 HHERYTE LA
WP 25 FHAAT 2r ZE IR B[ T ] R REH S HL S MIHT, 2016,
6(2).43-47.

[5] WU Guanpeng , LIU Yihui, WANG Shuai, et al. The
classification prognosis models of hepatitis b virus reactivation
based on Bayes and support vector machine after feature extraction
of genetic algorithm[ C]// The 2016 12™ International Conference
on Natural Computation, Fuzzy Systems and Knowledge Discovery
(ICNC-FSKD 2016). Piscataway, NJ. IEEE,2016. 572-577.

(6] Eb. B T8 50 iR 0T 5 0k 3 S BB [ D).
UrrE SRR TR, 2016.

(7] @98, &0, MM 4. SRS SR e 0y h K XU B [ 7]
rpE L HL TR 24, 2012, 32(1) :32-37.

[8] B, Jo Lk A% % I 2% 1 G I 2t 5 8 8 30 B2 12 K 1 AR B 52
[D]. FF: 1A R ,2014.

(9] Z= DR 2 EAE, TR0, 45, SRR SEFEIR 1Y ¢ K0 B X
WAL [T]. ARG SR, 2019, 47(19) 122~
130.

(10050 SR, VI 4. B FRUBE4E 55 ID3 (i 2 k18 5L
PN IEASE (7], A 4Es 5 TR, 2010(1) :48-49.

[11] 255, FET AR BRI R S A iz W ik [T 15
L5807 T ,2010,38(5) :31-34.

[12] JAREH 2502, Ao, BT HUBESE % H I Al AR AR AT B R 53 T 55¢
BOTMBFE[T]. KHAEERE, 2011,29(12) ;184-187.

(131K, Ak, T MRS 58 29 f77 BOR 09 HE K 8 %0 47 U DA
[J]. MR ( BRI |, 2011,23(4) :56-58.

[141hRZe 22, 2 Mg, TA A, BT SCd 1) LAY A IR A e A
HIR L ER S TR A [ T]. VORE R R4, 2023, 46
(4):303-307.

(15T FRE, X7, BT PSO fifb SVM 5812 i 12 W 7 b ik
FE[I]. FHALITE, 2023, 40(8) :279-283.

(16130, B4R, XA 45, 3T MRI T2 24 A5 R T 2L B 3 e
WA R RS BT P BEE (3], B B2 2, 2023, 31
(3):506-512.

(17] R, FETEAEE 09 HBV 8 25 - 30 2028 1000 5 700 A 5%
[D]. %r & Tk, 2017.

(18] F b, & THFAESE I I B35 £ 2 RRALH 1) 43 28 500
[D]. ¥M & TR, 2018.

[ 197 AWKEE. J & PRIk 5 0T 5 & B 489 75 (HBV ) 5 30
MBI [D]. TrR 55 & Tl K2%,2019.



