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Abstract: Objective To establish an auxiliary screening model based on clinical data and machine learning for improving the
early diagnosis of gastric cancer. Methods A total of 5 585 cases of gastric cancer (ICD code: C16*, group A) were selected as
research subjects. In addition, 6 000 cases (group B) from 57 657 cases of non-gastric malignant tumors (ICD code: C*, except
C16*) and 6 000 cases of non-malignant tumors (group C) from 47 225 healthy persons were randomly selected as controls.
Demographical information (gender, age), laboratory tests (routine blood test, blood lipid/liver function, tumor-related markers,
Hp, etc.) were extracted from clinical data. Pearson's correlation analysis was used to analyze the relationship between each
indicator and diagnosis; and independent sample ¢ test was performed for detecting the differences in indicators among different
groups. A total of 53 indicators such as gender, age, carcinoembryonic antigen (CEA), fecal occult blood were selected as decision
variables. An auxiliary model was established for gastric cancer screening by decision tree algorithm C5.0. Results The indicators
such as age, CEA and CA153 were significantly correlated with gastric cancer (P<0.05). For the inter-group of group A and B,
group B and C, group A and C, the indicators with inter-group differences were different. A model with 51 rules for gastric cancer
screening was obtained by data mining. The top 10 indicators ranked by importance in the model were as follow: CA199, CA153,
CEA, etc. The accuracy of the model was 89.58% for training set and 89.14% for test set. The area under curve was 0.809 for
the model. Conclusion Through the analysis of clinical data, the important indicators for the early diagnosis of gastric cancer
can be determined. An auxiliary model for gastric cancer screening can be established based on clinical data using data mining.
The established model has excellent assistant value for gastric cancer screening.
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Tab.1 Collected laboratory test indicators

ApoA_2 ApoB

ApoB

Baso_Cnt
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CA199
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Tab-2 Examples of data after preprocessing . SRR, TEAELLIA 2 5 W B HE bR 2 4
W e e
1 M 71 459 357 .. 1.4 BREMRERRMEIAEE

-_— HRE IR EE S B TTRER: © 5 8%
WA CM: s @ 41122 57 BT G I kiR
-_— TE R RS B 0 o PRI AR 53 048 hr FH T2
RS AR RH.AFP ALB .ALB 2 GLB.APTT,
Baso Cnt. Baso Per. CA125., CA153, CA199. CEA,

@ M@ B30 DBIL.D_Dimer.Eos Cot, Eos_Per,FOB,GLB. Hb.

.................................... HCT N HDL_C N HDL_C_Z_TC N Hp N LDH_L N LDL_C N

=3 5LHAREEEXNIER
Tab.3 Indicators significantly correlated with diagnosis

ABO -.193 0 Mono_Per .033 0

AFP -.050 0.001 Neu_Cnt 215 0

ALB_2 GLB 457 0 P_LCR 163 0

—P—

Baso_Per -.069 0 PDW -.200 0

CA199 -.039 0.024 PG1_2_PG2 -.145 0

FOB 213 0 PLT 189 0

ImI

aQ

—3
n
3
(=]
=
a
<
NS
3
(=]

HDL C 2 TC -175 0 TBA 033 0

LDL_C -.073 0 TC -.269 0

Lym_Per -454 0 TP -560 0

MCHC -.324 0 - - -

Lym_Cnt.Lym_Per MCH ,MCHC.MCV .Mono Cnt,  RDW_CV.TBA.TBIL.TC .TG.TP.TT.WBC,
Mono_Per, MPV , Neu Cnt, Neu Per, P_ LCR, PCT, Y5 7 A J AR T LAY %) 43 2RI, 3 SR FH R SR
PDW. PGl. PG1_2 PG2, PG2. PLT, PT. RBC. Sk, DR, et BB A8 1 7 B sl B
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Tab.4 Indicators with significant inter—group differences

45

£

P51 4F4 L ABO .RHAFP . ALB \ALB_2_GLB.CA125.CA153.CA199 .DBIL .Eos_Cnt.Eos_Per.
FOB.GLB .Hb HCT .HDL C.HDL C 2 TC.Lym Cnt.Lym Per MCH ,MCHC MCV MPV
Neu Cnt Neu Per P LCR.PCT.PG1 2 PG2 .PLT .PT.RDW _CV.RDW_SD.TBA.TBIL.TC,

A4 vs B4

TG.TP.TT .WBC

P AEHRY (AFP ALB . ALB_2 GLB .APTT sec.Baso Cnt.Baso Per.CA125.CA199 .CEA .
D_Dimer,DBIL FOB.GLB .Hb .HCT .HDL_C .HDL_C 2 TC Hp.LDH_L.LDL _C.Lym_ Cnt,
Lym Per MCH MCHC MCV .Mono_Cnt.Mono_Per MPV \Neu Cnt.Neu Per.P LCR.PCT,

PDW .PG1.PG1 2 PG2.PG2.PLT .PT.RDW CV.TBA .TBIL .TC.TG.TP .TT .WBC

A4 vs C4L

R A (AFP . ALB \ALB_2 _GLB.APTT sec.Baso_Per .CEA .D_Dimer .DBIL .Eos_Cnt,
Eos_Per .[FOB.GLB.Hb .HCT .HDL C.HDL C 2 TC.Hp.LDH L.LDL C.Lym Cnt.Lym_ Per.
MCH .MCHC .MCV Mono_Cnt . Mono_Per MPV \Neu Cnt.Neu Per.P LCR.PDW .PG1.PGI
2_PG2.PG2.PT.RBC.RDW_CV .TBA .TC.TG.TP.TT.WBC

B4 vs CH
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TRPRE T R As i, B0 ™ EVEBCE N 75, AT
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2.1 BEmEEEERERN

ISR (& 1) A AR B, AR AT $RH S 1 45
U T B . WE2SPUR CALS3 SRR By e
VeFEAR , HUIEMRDTR CA199 JERTE CEA , IfiLH
MIEFRHCT .RDW_CV .Baso_Cnt.Lym Per ) ) B &
1t SO TR B i A E N A
22 FERRMNEEYE

T 0 A B AU | H SR HERT 10 B4R AR AR KA
CA199., CA153, CEA, HCT. RDW_CV. Baso_Cnt,
Lym Per.PG1 2 PG2.PG2.DBIL, {155 5 Fi7s .

CA153 = [Pattern: 0](8,773)
CA199 = [ Pattern: 0](8,522)
CEA= [Pattern: 0](7,732)
HCTin [ "L" ] [ Pattern: 0 ](2,747)

HCT in [ "N""'H" ] [ Pattern: 0 ]=>0.0(4,985;0.957)
CEA =Z[ Pattern: 2] (674)
RDW _CVin ["""L" ][ Pattern: 2]=>2.0(385;0.919)
RDW_CVin [ "N"™H"] [ Pattern: 0]=>0.0(289;0.962)
CEA =H [ Pattern: 2]=>2.0(116;0.862)
CA199 =Z[ Pattern: 2 ](205)
PG1 2 PG2in ["""L" ][ Pattern: 2]=>2.0(157;0.987)
PG1 2 PG2in [ "N"H"] [ Pattern: 0]=>0.0(48;0.771)
CA199 =H [ Pattern: 2]=>2.0(46;0.935)
CAI153 =Z[ Pattern: 2 ](1,718)
PG1 2 PG2in ["""L" ][ Pattern: 2]=>2.0(1,601;0.999)
PG1 2 PG2in [ "N"][ Pattern: 2](117)
Lym Cntin [ ""][ Pattern: 2]=>2.0(0)
Lym Cntin [ "L""N" ][ Pattern: 2]=>2.0(103;0.631)
Lym Cntin [ "H" ][ Pattern: 0]=>0.0(14;1.0)
PGl 2 PG2in [ "H" ][ Pattern: 2]=>2.0(0)
CA153 =H [ Pattern: 2]=>2.0(13;0.846)

El1 BREFERRMRE(HNLE, 8B

Fig.1 Decision tree model for gastric cancer screening (rule set, partial)
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Tab.5 Top 10 indicators for gastric cancer

screening ranked by importance

Fs £ R
1 CA199 0.296 3
2 CA153 0.270 6
3 CEA 0.223 6
4 HCT 0.101 1
5 RDW_CV 0.0310
6 Baso_Cnt 0.0179
7 Lym_Per 0.0112
8 PG1_2 PG2 0.009 9
9 PG2 0.009 0
10 DBIL 0.005 7
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601; 0.999)
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SEREAR A 45 R (2 4) , K ML Hb HCT . Lym Cnt,
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Neu Per.P_ LCR .RDW CV . TT . WBC¥EA .B.C 341
Z 8] Y9 /7 75 B #F M 22 % . APTT. Baso Per,
Mono_Cnt,Mono_Per ,PDW 7£ 3 %4 g 41 (C 41)
S ASEE MR (A4 BA) Z [ A7 75 B 1 2
5. PCT .PLT7E A4 5 B C2H 2 [a) 4774 i 35 1
225, Eos Cnt.Eos PerfEBZ 5 A4 .C 4 [a]1
FETE R F 225 . RBCAUAE CAL S B Z MIFFAE
FPE2 5 . Baso_Cnt{UFE CH1 5 A H Z A7 7E 1 3%
PR, (EfA#AIP HCT .Mono_Cnt,Baso_Cnt,
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HATYSRENE . UL EWRR S SR, i LA A
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3.2.3 MAS/AFIhEE R EEAMLIETR MAEMES Y
(K 3) B, i A 16K £ v i ALBL ALB_
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JiEg 4 (A 4 B 2 ) Z [ AA A b 3k 22 5, %01
ROEPE Mg A — @M. TBILAE A5 C4l.B
Y 2 (B B AE 0 3 e 22 5, U TBIL XT3 51 15 9
HIEREEA —EE XL,

1 i O A BT b Il YR AR fb A 2 R AR TP
DBIL .GLB#EA T 5@ M, X+ B w2 &
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CA125.CEA ., AFP, CA724 % . AW 5% & P AFP,
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S T A A & I CEA L CA153 . CA199 {3 4] F
BRMERT3 44 (R 5) . X LLL Ui B, s i s
CA199 . CA153.CA125 CEA , AFP %57 5 Ji fifi 2 v
HATEZEM BXELLRm AT B, P
PERIRE BT bR 0 24 0 R & B, A A I B
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3.2.5 HEERE BB &S5 A3, FOB X B &
B2 W R TS WA B IR RINMEL . ASF IR 45 2R
(#£3) W, FOB 5 B2 W 2 A7 i B AH ek
M7 AEAS KB 25 R (R 4) % B, FOB 7E 45 41 2 [1]
Yofie 22 5 0 M, U FOB X T 98 19 i A 23
FEAME, ChaSF>WF50IA N B EFE (PG) & B
e TG 8 R R4 I O A AR AR, SCER[20 J e
A PG Rl 2 —Fp AT B B R A s & . AR
HROAHOCHE T (3R 3) ST HEAS e K 56 (3R 4) (IR TR AR
FEAL (1) 4878 PGl 2 PG2 16 B i & vh B &
BVEM . WL, B A A I nT 4R S I S R U A
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HAH S B ZETCE EE2 T WA A% B A
PRI ) e s AR i vh |, U HH Hp T B R i A VR AN 72
51, 53¢k 26 1HRiE A —2 .

4 4 R

=A

ZE L] UL,k T 1 O A, S A AR — B
FHAR R A B TR . AN BRI 16 b e 45
RH. AFP, ALB. ALB_2 GLB. APTT. Baso_Cnt,
Baso_Per. CA125. CA153. CA199. CEA. DBIL,
D Dimer. Eos Cnt, Eos Per, FOB, GLB, Hb, HCT,
HDL C., HDL C 2 TC, Hp. LDH_L, LDL_C,
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