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Construction of recurrence model of patients with hepatocellular carcinoma by gene mutation
information in TCGA database combined with machine learning software RapidMiner

QI Liang, SHEN lJie (Comprehensive Cancer Centre of Drum Tower Hospital, Medical School of Nanjing
University & Clinical Cancer Institute of Nanjing University, Nanjing 210008, China)

Abstract: Objective To investigate the construction of recurrence model of patients with hepatocellular
carcinoma (HCC) by gene mutation information in TCGA database combined with machine learning software
RapidMiner. Methods The clinical data and genome-sequenced mutant gene information of 316 patients
with HCC were collected according to the TCGA database. The first 127 high frequency mutation genes and
12 high frequency mutation genes which had significant correlation with disease-free survival period (DFS)
were screened by R language and SPSS 19.0. Mutated genetic information from 316 patients were applied
to train decision trees and support vector machines (SVM) models by RapidMiner 8.0 machine learning
software. Results The accuracy of the decision tree model constructed according to the TCGA database
was 77.42%, and the maximum accuracy of the decision tree model by constructing the SVM model was
77.42%. Conclusions The recurrence model of patients with HCC constructed by public database can be
used to analyze the gene detection report of patients in practice. In addition to providing information on
drug treatment targets, it can also judge the prognosis of patients preliminarily. Some patients with limited
economic conditions can focus on detecting genes in decision trees to predict the prognosis and recurrence.
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IR ZEL 00 3 (143 7 6451 JHF-Jed R 3 1140 9 7% 35 DR AT I PR 9% )
LR, JEIESPSS 19.048 TH R AR AE A7 42 By R AR
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21 HAREARE AW FLIE 127 ASHXT SR
A5 K2 K 43 W 9 TIN, ALMS1., KMT2D, PKHDILI,

DMD. SVEP1. MT-ND6. ROBO2. TP53,

HMCN1. SYNEl. FREM2., MT-CO1. HERCI.

NEFH. CTNNB1. FRAS1. DSPP. MYO3A.

KEAP1. LRP2. NFE2L2. MUCI16. USH2A.

BAP1. DNAH5. GCN1. FBN1. SPEG. ALB.

MUC4. FAT4. DYNC2H1. HTT. PKHDI.

FANCM. PCLO. FLG. CUBN. DOCK2.

KIAA1109, UNC79. KMT2A. APOB.,

AHNAK2. DNAH9. RYR3. PTPRQ. DCHSI.

MAP1IB. RYR2. NBEA. SYNE2. MUC2.

FBN2. POLQ. SACS. ND5. EYS. TCHH.

HERC2. PREX2. DNAH2. DNAH17. CSMD3.

CSMDI1. ZNF469. DNAH10. FMN2, LAMAI,

COL6A6. OBSCN. AXIN1. HSPG2. MUC17.

CSMD2. PREX1. HECTD4. ABCA13. RBI,

ZFHX4, LRP1, FASN. NEB. JAKI. ARIDIA,

DNAH7. UNC80. ANKRDI12. FAT2. MYCBP2,

NCAMI1. CACNALIE. ADGRV1. COLI11Al,

ABCA12., COL6A3. UNCI3C. MYOI18B.,

LRPIB. CYTB. BIRC6. DCHS2, COLI12A1,

DSCAM. ITPR1. XIRP2. ARID2, KMT2B.

PRUNE2. ATR. SDK1. ASCC3. SPTAI,

DNAH6. WDR87. KMT2C. SETD2. PCDHI15.

DST. RYRI. FAT3. AHNAK. DNAHS,

MDNI1. KIF26B. TENM4. i it Log-rank 4 1% 4
T 3% 12 4N 55 DFS A 5% 1 = 40 58 48 3 (K] 43 5l
4 TP53. APOB. ABCA13. FRASI. CSMDI.

RB1. DSPP. KMT2B. FREM2. DNAHS. ATR
I ASCC3 (P < 0.05) , WE1.
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M2 (Log-rank P < 0.05)
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1 ARRIZE

F 1 376 BIFFZEER 127 MNESRRTEEF S DFS HXH 12 MR TER
FEECRT AEECRAT

AR FEAREAE AEKE (nt) HRE () RRE (#)) () (o) Log-rank P{&
TP53 17p13.1 19149 100 225 62 117 0.004
APOB 2p24.1 42645 35 290 23 156 0.035
ABCA13 7p12.3 476074 28 297 21 158 < 0.001
FRASI 4q21.21 486947 20 305 14 165 0.034
CSMDI 8p23.2 2059683 21 304 17 162 0.012
RBI 13q14.2 178144 18 307 14 165 0.012
DSPP 4q22.1 8345 18 307 7 172 0.186
KMT2B 19q13.12 21063 13 312 10 169 0.008
FREM2 13q13.3 200096 17 308 13 166 0.003
DNAHS8 6p21.2 315470 12 313 10 169 0.002
ATR 3923 129592 12 313 11 168 0.005
ASCC3 6q16.3 373179 9 316 8 171 0.022
F 2 REW A M RERIBIEERE
£ TR WA (%)
6N A WAL (#]) 6/ AVAEZ R (H])
6N AWML 2 2 50.00
6AAVAERR 5 22 81.48

B (%) 28.57 91.67 -



http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=TP53&tab_index=tab_visualize&#mutation_details
http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=APOB&tab_index=tab_visualize&#mutation_details
http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=ABCA13&tab_index=tab_visualize&#mutation_details
http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=FRAS1&tab_index=tab_visualize&#mutation_details
http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=CSMD1&tab_index=tab_visualize&#mutation_details
http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=RB1&tab_index=tab_visualize&#mutation_details
http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=DSPP&tab_index=tab_visualize&#mutation_details
http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=KMT2B&tab_index=tab_visualize&#mutation_details
http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=FREM2&tab_index=tab_visualize&#mutation_details
http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=DNAH8&tab_index=tab_visualize&#mutation_details
http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=ATR&tab_index=tab_visualize&#mutation_details
http://www.cbioportal.org/index.do?Action=Submit&genetic_profile_ids=lihc_tcga_mutations&case_set_id=lihc_tcga_all&cancer_study_id=lihc_tcga&gene_list=ASCC3&tab_index=tab_visualize&#mutation_details
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label o ARy o FEHERE

Kernel Model

2 "
.

Total number of Support Vectors: 316 & i :

Bias (offeet): 1144 N

W[IF53] = -0.04¢  wlBEA] = 0.055  w[PKIDALL] = 0.005  w[FASH] = 0.007  w[SPEG] = -0.083 '

Wo[TIN] = -0.021  w[E¥S] = 0.023 w[FREN2] = -0.104  w[FAT2] = 0.05¢  w[FANCM] = 0.023 =

W[CTNUEL] = 0,023 w[CSMDL] = 0,020  w[NEO3A] = 0.040 w[COLBA3] = -0.014 W[INT2A] = -0.022 '

wIMUC18] = 0,042 wlAEIN1] = -0.001  w[DNAMS] = 0.007 #[COLI2AL] = 0.02¢ w[MAP1E] = 0.035 i o

W[ALE] = -0.004  w[EBL] = 0.033 w[DINC2HL] = 0.005  w[ATR] = -0.118  w[SACS] = 0,049 w ost

W[PCLO] = 0,036 wDNAF] = -D.008  w[DOCK2] = 0.050 w[SETDZ] = -0.022  w[DNAMAT] = -0.082  ox

W[APOB] = -0.027  w[ADGRV1] = -0.005 w[RYR3] = 0.032 wIMDUI] = 0.020  w[COLBAS] = -0.003  ox

W[RTR2] = 0.010  w[CTTB] = 0.024  wMUC2] = 0.053 w[SVEP1] = 0.039  w[HECTDA] = -0.001 o

W[MD5] = -0.018  w[ARTDZ2] = -0.022  w[HERC2] = 0.020 w[HERCI] = -0.008  w[mCAM] = -0.017 . y

W[CSMD3] = 0,020 w[DWAHE] = -0.047  w[OWAHIO] = -0.011  w[LRPZ] = 0.016  W[NTOISE] = 0.003 ! o

WIOBSCH] = —0.008  w[FATZ] = -0.008  w[MUCIT] = -0.049  w[FBNMI] = 0.004  #[ITPR1] = -0.034 it v

Ww[ABCA13] = -0.044 w[HMT2D] = -0.041 wlLRPI] = 0.044 w[PID1] = -0.027  w[ASCC3] = 0.058

WIARTDIA] = -0 050 wISTNEL] = 0,006  w[AMGDIZ] = 0.052  wUNCT8] = ~0.014  4[DST] = 0.004 PR R R R B R AR o R

w[CACTALE] = -0.035 [BAP1] = 0.040 w[ABCAI2] = -0.013  w[DCHS1] = 0.057  w[TEMM4] = -0.032 v timSx e tiLliBz

w[EIRP2] = 0,005  w[FAT4] = -0.009
wlALMS1] = -0.008  w[CUEN] = -0.014
wlSPTAI] = -0.032  w[DTWHR] = -0.017
w[RTR1] = 0,056 w[SENE2) = 0.034
w[HCH] = -0.021  w[TCHH] = -0.004
wlFRAS1] = -0.018  w[ZIF489] = -0.038
w[USHEA] = -0.022  wlHSP
w[MUc4] = -0.086
w[FLG] = -0.038
w[AHITAE2] = -0.000

2] = 0.035
w[ZFIE4] = 0.055
wlUCE0) = 0.033
»[COLI1AL] = ~0.008
6] = 0.007
= -0.008
= -0.046
= -0.003
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[
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[
[
[
[
[
[
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[
w[IRPiE] = -0.051 w[DSPE] = -0.015
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E
[
[

w [BIRC)
[
i
[

AHITAK

w

»[FRUNE2] = -0.059

[
[
[
[
[
[
[
[
[
[
[
[
[
[
w»[DCHS2] = -0.008
[
[
[
[
[
[
[
[
[
[
[
[
[
[

wlEMT2C] = 0.021
(D8] = -0.032
w[DMD] = 0.008
w[EEAP1] = -0.020
#[FTFRQ] = -0.051
w[FMI2] = -0.003
w[NT-C01] = 0.025
w[GCN] = ~0.030
w[HIT] = 0.037
»[ETAAI108] = ~0.032
w[FBI2] = -0.086
»[PRER2] = 0.013
w[CsmD2] = 0.072

#[DIMEH2] = 0.049

#[LAMAL] = -0.018
w#[PREX1] = 0.023
w[NEB] = -0.141

#[MICEF2] = -0.014
#[INC13C] = -0.052
w[DSCAM] = 0.020
»[SDK1] = -0.002
#[PCDHIS] = -0.045
#[EIF28E] = -0.012
#[NFE212] = 0.019
w»[NEFH] = 0.026
»[JAK1] = -0.007

[
[
[
[
[
[
[
[
[
[
[
[
[
[
w[POLA] = 0.015
[
[
[
[
L
[
[
[
[
[
[
[
L
wINI-1D8] = 0.031

#[ROBO2] = 0.007

E 5 AXfFEEN (SVM) #ZHEFERTHNE & HRE

E: A G TEA RS RTHNESHE, MESHO 1.144; B BIR7E

AMRHER BB A C o TAE=4Eas

77.42%

HeF R 316 PIEFH RIS 127 MRARR, 8 127

HH, SVM FIHZRECKLENER (A FRED EER (At MEEXSTF, #EHEN
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ENG— AR, WK S5, 228 RIREH
PR 4, VERRRMN 77.42%. FARY 52 .
3 itig

WLA& 2% 21 B0 T 0 78 ool i it 11 55 B R R)
LI RMERGH TR, EIFEIRSH,
“an” oL iR R, Bk, HLEE
22 )T U 32 BN R R AR T EAL B N E e
A CREARL” (Model) KSR, B “2E3] VR
(learning algorithm) . Y4 IEHEIRILL 22 S H
VERI AT 3 T X Se R R B OR RBR  AR AL, AR AT
THIXT 3T (40 JFF e AR 2, B TR S BRI A B2 1) 0 T Can
. BERAK. 7. 85 . flesed5+
JUERTHIL S LRSI R A AR XA, K
ARG R 2 T KSR ER—E, Y
R ERRT, MR R EEN, ERRAS
fg H OEE 2, RBEILEMEE, AEaH
ST UG MALER S S AR 2R, kT E L
H O I BEAE2IT BOR SRR, I L5 7] (1 fr
TSR LRG0, NS E O “ 2187 mAER
GITEAL, SRS R R, e,
APARPE B I B 4k g 2E 5] e, X E AT
BRI,

MLES 2 3140k B 7EF R 4563 & T EALEYE,
A B AETHEHLES B AT B K2 52 4 0 B 4
wi: ME B LT AnER . R SRy AR
MU 2 PR B (5 4 2 R Qi 4 220, AT
S 1297 UE FH IMLES 22 2] BV L8 N T A& 2%
(artificial neural network, ANN) . HREFEHHHIST 30 &=
MR,

PR (decision tree) & —PRghif) (AT LLEZ
TXWEEAE XD o AR SRR — M
fEJEME EREt, AN SRR AN RHIE J 1 7 3
AMEW LW, TR SR AN A
FH G S HEAT W SR 0 R 2 MAR T R4, IR Ar
Ay RGP N R E SR, R IR R B
X, EBNBAM AT, R AR R RIE
FRFRAE R . PRI R R R B0, 5 T8
fift. HETUSER O INe H T ES . gk,
RIS 2 M. 20154F
OmranZ:! Yl 131541 J& YL HCV f) 18 14 T 95 £
116451 FTR# 4k £ 3 e 135 B HCC 53 i PR % kL,
PR T 00 e S UG s, BUSE
83.5%, HEHAMEN83.3%, FFH BTN ] IHIE
IR AT DA TR0 e A A2 AR T AFPIG FHE,  $2
MR 5 2 5 I IR B2 RE A R s 45 & ] KPR B

TThae, TR GG & T T2y 5 2 7 )
JFJe R R A R T e i RS 5 R T A 1 g
VB, WangZ!" it i 2634451 i R B %ok,
PR T e DI BR AR I R0 3 26 3 v 1) R S
HeZ5 "R F v S W S0 17 PR ER 2 BRI 7
R 5 AN R FAAG 20T AG v R v R 98 ), I B tE R
BER AT, iR T EENEF I, 20135:Cao
2RIt 5049 e 58 25 R 5 AR I 37 2R A R I ke 5
B, 2 05 FH 3641 [H] i 25 IR Y S R R, 3R
FIREE O A S N R B S bR ic 4

SVMig 7 T 1963452 i, & —MinE =15
KIrik, PAGLTHEERAL R AV CYEET 18 DL £ H 1k X
W /MR FERL,  BIN IR 2 ST B AR S A R T
s KRN B AT I e 2T R oy b i b A7
1L, XA R AR M B AT A Ry 2. SVMAE iR
Vet B2V DL /INRE AR B 2 S5 i R B
KALH . 20124EHo%E ] FHl SVMSLIE A1 25 1 48 it
48245114 52 s V) bR A BB Pl PR A B2 kLI Zhbl 2%
SEOJRERL, TR R AT, s R A
R FIROCHITZE T T AR TA T A Pt i

5 AH % 2tk S 2451 L 1T AT g B RN 34451k B X
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