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B ERRS LW AR X FEag B 1372741, WENAEBZILREE (F#FmR ) . F5% G (alpha-fetoprotein,
AFP) | J& M4 /R ( carcinoembryonic antigen, CEA ) . #E4% 40 /R 19-9 ( carbohydrate antigen 19-9, CA19-9 ) Z ¥4k 4 R
125 ( carbohydrate antigen 125, CA125) £ X, KJAMALAM (random forest, RF) . &% A4 (decision tree, DT) #= K
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G AR EM AUC 394K T 0.641; SRR T KT 50 ¥ £, AUC 35T 0.734, £G4 E4 AUC 3H4KT 0.647;
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Establishment and Evaluation of Three Models for the Distinguish Gastritis
and Gastric Cancer with Multiple Serum Tumor Markers Based on
Machine Learning Methods

HAO Xiao-yan, ZHOU Lei, BAI Cong-xia, LIU Jia-yun ( Department of Clinical Laboratory, the First Affiliated
Hospital of Air Force Military Medical University, Xi’an 710032, China )

Abstract: Objective To establish a multi-tumor marker combined distinguish model of gastritis and gastric cancer based on
three machine learning methods. Methods A total of 13 727 patients diagnosed with gastritis and gastric cancer in Xijing
Hospital from 2010 to 2021 were selected. Collected the basic information (age, sex) of patients in each group and the detection
results of alpha-fetoprotein(AFP), carcinoembryonic antigen(CEA), carbohydrate antigen 19-9(CA19-9) and carbohydrate
antigen 125(CA125). After preprocessing the data, three machine learning algorithms, random forest (RF), decision tree (DT)
and K-nearest neighbor (KNN) were used to mine the data of 6 variables, and distinguish gastritis and gastric cancer models were
established respectively. The ability of each model to discriminate gastric cancer for all enrolled patients, enrolled patients of
different age groups, and AFP-negative enrolled patients was verified, and compared with the ability of single tumor marker to
discriminate gastric cancer. Results The RF-pv6, DT-pv6 and KNN-pv6 models constructed by machine learning algorithms
have AUC higher than 0.742 for all gastric cancer patients, AUC higher than 0.668 for patients younger than 50 years old, AUC
higher than 0.734 for patients older than 50 years old, and AUC higher than 0.731 for AFP-negative patients. The AUC of each
model in the diagnosis of gastric cancer in all enrolled patients and their subgroups was higher than that of a single tumor marker.
Conclusion The performance of the 3 models established by mining 6 kinds of characteristic data of the enrolled patients by
using machine learning algorithm was better than that of single tumor marker in the distinguish gastritis and gastric cancer.
Keywords: machine learning; tumor markers; gastric cancer; classification algorithms

g eIk R R AT A R Y, LR BEIRAERER, WHMELLS RS RS ER, REA
KA BT R P AR R HURE TR S R C e, AR E AR TR VR YT A
WrBOICH] AER, B ER I N D . BN AP, b B R AET R R B E N, A CH

BRI ST ML (1993-) , 2o, B, WIZEIN, BETI51: SZ4MR I KRB SRS, E-mail: 1792850160@qq.com.

EUEE: XK= (1971-) , E-mail: jiayun@fmmu.edu.cn,




IR 56 12~ 2 55

H38% 452 2023453 J Mod Lab Med, Vol. 38, No. 2, Mar. 2023 125

Wi, B REERAE AR OCHET A e rhHE 24 56 —
A ¥ LA E R RS WA e E i, B B
A2 EER St T HAERAMY, &
B sz 22 FSAR R, AR ME S I HUASE i A
I, FHE—FRER AR T ERPEE A LT A
R B s ny O B A SR S R AR R A
Il RIS W 0L 28, (e B e S S W v BT
YIRS Wk e A = 7, B | i<k N1 A area
under the curve, AUC ) {E/RFIAH . HLAF2% ] 250
NTHERER—FEAR, ILE AR R FRA A R
SRR IT N S AR AL T AT RE BT AR S
rhiER thBR & Y L SRR A A EE M AR B,
e N TR SR AR R ML 24 > Bk
YR MR B Z R OC R, AR R 11 4F
MRS, WEERY, BRI AR R A
R AR 5 A1 S 2 W e, SCELREE 4 Y i
A

1 #RFEE

L1 AFR A% YdE 2010 ~ 2021 4R ] >k 75 5t
BEBEIZ 2l B RS S, AR
A 18 B 2 UL Ly Bkl T H g & 1 (alpha-
fetoprotein, AFP ) , J& It $iL JiL ( carcinoembryonic
antigen, CEA ) , B %% HT J& 199 ( car bohydrate
antigen19-9,CA19-9 ) FIHEEEPT IR 125( carcinoembrate
antigen 125, CA125) VUFMIPREAREY); INERFRAA
AR, KBRARE . TR T EREE . &
&, R ALLERE 13 727 4], HA Il gR R

G534 12 354 Bl 1 373 2 5%, BEmEIL
4323 1, BREHFI 9404 1], LW E KA
1% (59+16 % ) KT HRIEIFRE (54£26 %),
ULUTARIS 2 H R — ek &=, tsh, BRes
13216 (74.4% ) BEFYE, KRB LHETELR
BB

1.2 ik ARWFREARS N =R, 4300 B
WSS, BRI S | BIRIBGIE, AHFITBE A B A
NEEE 1 RS2 WL RE S5 AFP,
CEA, CA19-9 I CA125 Hfhigibn & s Rk fie
MO, PREIRSAR IR

12,1 BRAESS: SalmiiIxt A A8 i im PREFE
AT, ARSCRHAERS . PR g8 AR A 435 AR
i, N2 A s bR S As & AFP, CEA, CA19-9
1 CA125, BiRIrhIAT 6 S AS . B 51 E
AN B EER . M5, AFP, CEA, CA19-9 fll
CA125 MZSREAE, R GHE 18 o 8 5 2t
APV —ARAbEE , F5-3040 B S A RRAE BRI S Sefdi
122 BRIEST . KA — AR 200 90% FUAEE N
YRR A BRI RL D, 2R R AR,
TEILRIN I K T =ABAT 538 RAER LA
) oydgR, RINBENLARMR T 2EES (RF) , HUOR
W88 (DT) MK HE4F 2488 (KNN) , &
WIS AEBEHLAR AR A 2 T 10 000 Fipk SRk, 17 FH
KNN SFka K H 3. i RF, DT fil KNN 2
AL B AR IE R Ny T = X A
RUREHL . 4354 RE-pv6, DT-pv6, KNN-pv6.

RS ik VA
90% N 4 £
FREE R i
l VIR
gt pe I — l
l BERD Y 2R VA
R e QEiESEATD)

=

AR EIEL R ERER

HAYIGTIE

10% N ZH 3R

i

W ZRAF AR

v
AL EE PP
(I XRAE)

123 FEAVEE: FH] Python3.10 45 5 1 I X}
BRHATIUE, Ba DABURE | RS MERG AN
AUC THEZEA VI A4S R4 . XA [F)4F i
BB Josk AFP BPE B S IRCR , 1 RIESS

RIFGENE, ASCERIREIAT T URIE, 45
LGy T TR ST EAE S S G BRI RS
55 AR AR S DX E A AN B T A 4 R B A T
XFEG .



126 BRI R EAE $38% 21 2023423 A J Mod Lab Med, Vol. 38, No. 2, Mar. 2023

2 #R
21 MBFIBEANEF EFTREINGEN >N 1
SEAEE TN LA I BA, XTE R B a2
WA RE WL 1. e Uk s AU B e i TP gl e
TR R L, e B AR B R AR TR E
A R B, AUC 13 ROC ik Fimfl,
SRR RN i X AR I IR REFR PR . DA
1 L, HALER AR ST AT S s R AR Tk
TE TN A B g B L TE e AR SR B S Y
FE 37% LA L, T R s s A0 ot O Bk 5 s S
rhk LA I A S R Y LL BRI 27% DUE ;s X TE
R TR AR TN A B AR B L TG AR B A
AR PR AR LA, YITE 88% LU s TEVIZREA
G, RF-pv6, DT-pv6 Fll KNN-pv6 #E#If) AUC 43
Wk 0.995, 0.777 #10.786, TEMIIK AT, Ay
AUC 7394 0.782, 0.762 F10.742, Y75 F AFP,
CEA, CA19-9 #1 CA125 ) AUC( 0.535, 0.627, 0.573
F10.644)
x1 FZEB R BEIREIR B RS
BRENBEST (%)
JiH HUREE RERE RN AUC

RE-pv6  YIZ4E 9936 9981  99.67 0.995(0.994 ~ 0.996

MidfE 4884 8873 76.16  0.782(0.774 ~ 0.790
DT-pv6 W 4312 9232 7683 0.777(0.769 ~ 0.785

MikeE 4143 9171 7588 0.762

( )

( )

( )

0 )

KNN-pv6 545 3926 9330 7628  0.786(0.778 ~ 0.794)
( )

( )

( )

( )

)

754 ~ 0.770

Wi 3752 9281 7539 0.742(0.734 ~ 0.750
AFP 874 9712 6929 05350524 ~ 0.546
CEA 2690 9425 73.04  0.627(0.617 ~ 0.638
CA19-9 2494 9193 70.83  0.573
CAI125 1936 95.23 7133 0.644(0.634 ~ 0.654
VE: U BT IE BB A ) CERIFgE e
B 5 FRSEE: AT G AR e (LB A
Sl ) 5 HERE : A2 T RE AR AT RE A B ol
AUC: ROC fhiZk T .
22 ERRSFHBELSPIEFIEASE KT
R SN B A S N 3 PP PN S 2 ]
m TARERAL, ABESE 500 43 TR T/ T 50
ZHKT 50 Z BEZWIEERIGET], /NT 50 211
B 895 fil, BREE 3177 fil; KT 50 %
BB 3 428 1], H AR 6227 fil, F2h
/NT 50 % R L AR T B T e B g A8 v
B LA TN Ay 159 A LA TS AR DI SRR A R A A
BITE 29% LA L, 1 FH S g b i o T sk 5 9 AR
HR R L AR TN R B R Y I TE 25% AR s X F
AR TRl AR 0 R B AR Y LA TG e AR AL IR

0.562 ~ 0.584

S IR AR R AR H AR, YIAE 95% DAL A5 AR
1) AUC {EI7E 0.668 LA |, Bpfigids iz Wi
AUC {HITE 0.641 LT, &3 KT 50 & BEH
PLAS 27 A TR0 B 55 s R0 3 e L e T oy B s
(1) E B TS TE VI SRt SRS 7E 39% LA L, i
JH B e e Ao s 42 T s 5 9 R v L Ty B
i 0 EL B TE 29% LLR s 4T B R EE b ek e
Tk B8 4% 1 EL A8 TG 1 FHASE 76 34 2% PR R A s ) #40
b, TE 85% LA I AR AUC (HI7E 0.734
DI B bR 2 W) AUC HIS7E 0.647 LLF .
KRR R, TCIETEM 4R )2, RF-pv6, DT-
pv6 1 KNN-pv6 BRI T [X 73 48 il B fe A 4
AITERE .
F2 TEMNF 505 EEDEEER BMERE
X5 BRIMBEHEEM (%)
TiH MU RS R AUC

RE-pv6  YIZEE 9957 9995  99.86  0.995(0.992 ~ 0.998)
Mid%E 3751 9550 8279 0.770(0.750 ~ 0.788)

DI-pv6 Ik 3586 97.82 8420 0.712(0.691 ~ 0.732)
Mt 3088 96.69 8229  0.668(0.647 ~ 0.689)

KNN-pv6 JIZ58E 3074 9736 8272 0.768(0.749 ~ 0.787)
Mt 2968 9714 8232 0.685(0.664 ~ 0.705)

AFP 771 9742 7770 0.534(0.511 ~ 0.556)

CEA 2022 9669 7989 0.557(0.533 ~ 0.581)
CA19-9 2480 9515 7969 0.576(0.552 ~ 0.600)
CAI125 2302 9673 80.53 0.641(0.619 ~ 0.663)

R3 HEKRT 505 BEREKEK B MEIREY
X BERMBBHREST (%)
iH U R R AUC
RE-pv6 164 9934 9973 99.59  0.995(0.993 ~ 0.996)
Wit 5178 8502 7321 0.769(0.759 ~ 0.779)
D6 JI%% 4382 9170 7470 0.775(0.766 ~ 0.786)
MiRE 4179 9059 7325 0.755(0.744 ~ 0.765)
)
)
)

KNN-pv6 48 4074 9145 7345  0.7750.765 ~ 0.785
ML 3907 9066 7234 0.734(0.723 ~ 0.745

AFP 9.01 9698  65.75 0.538(0.525 ~ 0.550
CEA 28.65  93.00  70.15 0.634(0.621 ~ 0.646)
CA19-9 2497 9028  67.09 0.564(0.552 ~ 0.577)
CA125 1841 9446 6746 0.647(0.636 ~ 0.659)

23 EAFP MIEEZ PHEFIBEUNE LFF
BER A A BT LR, T AFP i
WU BEAR 22, BT LAASHIFSE A Bl Hh i i 1) AFP
FHE ) s, LR 13 079 ), Horp E w3



B R e deil 538 % 5210 2023423 A J Mod Lab Med, Vol. 38, No. 2, Mar. 2023 127

3945, B EH 9134 0, % 41 AFP BiPE
F ML > R TR i 9 8 Pl E R T
e 1 LU B JE I 7E I Zh B A8 2 RS I 7R 34% LU
T B s R I ) S e Tl I T
WA B 1Y L I 7E 25% LA ; W TE &8 Hh
Bl LA TN A B AR 11 L 8] TG v AR FR A S PR R A
MWER R, ITE 89% LA b & BEEI AUC {H
YIFE 0.731 LU b, SR bR S Y2 W AUC {53
TE 0.639 IR . XLE¥¥E %, RF-pv6, DT-pv6 Al
KNN-pv6 i8I T2 W AFP FIVE R B 4 F1 5 s 2
P R RE ST o
4 7£ AFP Al B A R EEE R B EIREY
X 4 B A F BEABLAT (%)
S| HURE 1RRE ERE AUC

RF-pv6  JI%& 9931 9983 99.67 0.995(0.993 ~ 0.996)
Mk 4501 8942 7605 0.772(0.763 ~ 0.781)
D6 JIZ5%E 3879 9375 7717 0.768(0.758 ~ 0.777)
Mk 3690 9292 7602 0.756(0.746 ~ 0.766)
KNN-pv6 IZREE 3540 9365 76.08  0.776(0.767 ~ 0.785)
M 3410 9320 7537 0.731(0.721 ~ 0.741)
( )
( )
( )

CEA 2426 9436 7322 0.612(0.601 ~ 0.623
CA19-9 2390 9238  71.72  0.570(0.559 ~ 0.582
CA125 1853 9545 7225 0.639(0.629 ~ 0.650

3 itig

B R T A L e, T
PR ZE I AN T, LR i TS 1 A e
SEJEN, S R R IR R . BRI AT
B AL, Hodb B A T E SR, B
o B/ANG KRR AT Z R, R, (HE
T B R 5 30 B G ARE AR EMELAIX 4y, S8k
T B RIS WRRA AR, JovE R e
HIGRIZWT, S i6)T Rt 1], 2T g s
IGARIFMERE K, MHAG AR, MXEdERN, 2
1R R R AR N AR AR A 85%, T I o AR
H 5 AENATERAE 10%Y, I, $2 5 5 R
BWPR, LA RIATT, AT AR
IFET- %, HAHR B,

TE A bR 0 A KR, RS AR, i
T BE A% 52 b e B bR G, FEMRIR . A8V A
KX C bR, W2 BH B A 9 A IR i A7 A
Peo AFP JE—FEE A, 72 B R TP A R R R
3, CEA E—FhHA NG P R i R
PEMERE Y, W H T IHALREEE R 2w ©, CA19-9
JE— PP R RS AR 1, eI A
Jiy8g 2 Wy b ELAE A (E U, CA125 FE Rl

JFARE . A B A e kK MY, ir R
A PR s 1 S 2 Wi v 28 £ 25 A R A s
Yk, A ITEAOTCEAYE, T E A,
TEPSIRASI . BRI, e 2 FUs BR R S5 5
AT —EBIVER

TEZRTHIMEIE, A 1E 2RI bs &7 S i
Wi M AR R . IMEES PP RRT
R AR RN R 2 W RE A, (R %
BB Z ARG A ISR O, Bl 24 5 U B
5T Z MRS G N B iz W e,
N A AT R AN, RSP REiA, +
ALY T A Z AR R A B RS W
AR AN, (AR SO HBERE T Iitn B 5 S
FFVA 5 T B R AR R LA R AR | PR ) A5
BAMGE, M BB M S Z M &R
LR LIREH, ST T AR, ARBFSER L
e ) FAZ IR A M bR ) SR NFEA G R (4F
W ) ZIEICR, PR SR, BFESE
PREH ar b X o0 B RANE g (HERIEARDFR H,
TCIE X FEAT B SR R R X O LA 740, B
Je AT A W 02 W U R AR, YT 28.65%,
AUC BT 0.647, Lohiz % " fyfifF o8 45 52t
AAARF . R T B E AW R, AR
PLES 27 2T 153 R R 240 2 MR i o B h ey
). FeRi AR ABEMENFE, BENHT
R T RE JE— MU 20k m g4y 1Y,
ASCHEET 10 000 P ps, Hb i m 2 mE A
SRR LR A ZE I ARERT . DT & — M HLdes
A U7 R R e A AN ST AR T S5 44
PP RS SRR EA TS, R SR AR AR
FFEATTREMZG, AL R SRR el
s A — R AR, AT R g
2], ZE e U Bk R AR, R —
AREATEREZS R ) K AR REA ) R &2
BUE TR0, MhZEEARWE x5, I
BABRANSED FREAR R, ABFRREA K B3,
ABFFEF ik =Rl as 2% 2 A Y RF-pve,
DT-pv6 1 KNN-pv6 BLHRIXT FrA (1) £ 412 Wi iUk
e T 37.52% LA b, AUC T 0.742; 85T
WXTAS [R) A 0% 2 1 BB R AT TS, X/ T 50
BHH, BURE T 29.68%, AUC ¥ T 0.668,
XTRT 50 & 8%, SR ET 39.07%, AUC
IR T 0.734; XFF AFP BATE#E, SUREHET
34.1%, AUC Y& T 0.731, M EdR 5l & H,
BN (o9 90 R oA 025 B0 VT4 9. = 4 S B a8
BT RESA) & T IR bR R 2 WAl ae

ZE LTk, N LR ) A A R X



128 A S R~ 2k 5 38 4

2 202343 A T Mod Lab Med, Vol. 38, No. 2, Mar. 2023

oy B A B, S S Y R AU AR L
RERE ST RN B A X 2 3BE, AT A S 14 %
RoWr . KRR Rl A

S -

(1]

MACHLOWSKA J, BAJ J, SITARZ M, et al. Gastric
cancer: epidemiology, risk factors, classification,
genomic characteristics and treatment strategies[J].
International Journal of Molecular Sciences, 2020,
21(11): 4012.

FAEE, REA . SRS HESNEHRYT BT Bk
[J]. AR5 B 540, 2021, 36(1): 7-8.

GAO Ziming, XU Huimian. Research progress of
precision surgical treatment of gastric cancer[J]. China
Medical News, 2021, 36(1): 7-8.

JOHNSTON F M, BECKMAN M. Updates on
management of gastric cancer[J]. Current Oncology
Reports, 2019, 21(8): 67.

SRR, MR AL, B, 4F L MEFANIBA miR-221 Al
miR-378 /KA I AE B 6812 W7 v (%) 7 FHAIF 9T [J]. 3
RAGI L2235 | 2020, 35(6): 52-55.

ZHANG Xiaodong, XIE Xingxing, LI Jia, et al.
Application study of serum exosome miR-221 and
miR-378 detection in the diagnosis of gastric cancer [J].
Journal of Modern Laboratory Medicine, 2020, 35(6):
52-55.

TS, W . I BRI R RE R )], L
iR , 2020, 26(10): 1946-1950, 1955.

TIAN Minxiu, SHEN Lei. Progress in clinical diagnosis
of early gastric cancer[J]. Medical Recapitulate, 2020,
26(10): 1946-1950, 1955.

XNE R, RS, N e, 5 M B R SR
R bR S S B R A DCERFE (0], ARG 3 2 2
ki, 2018, 33(5): 108-110, 114.

LIU Xiayan, YU Anyun, LIU Yi, et al. Relationship
between pepsinogen and other tumor markers and
gastric cancer [J]. Journal of Modern Laboratory
Medicine, 2018, 33(5): 108-110, 114.

Fn, X, D38 %, 45 . CHYF SR DG T 1l
T HR WIS W (B K S A 18] LS8 WS R At
37 [J]. P EE RS 2019, 16(7): 119-125.

BAI Jing, LIU Haishun, WAN Hongfei, et al. The
diagnostic value of serum biomarkers of hepatitis
B-related HCC and the establishment of differential
diagnosis model of SVM [J]. China Medical
Equipment, 2019, 16(7): 119-125.

YANG Lei, YING Xiangji, LIU Shuo, et al. Gastric
cancer: Epidemiology, risk factors and prevention
strategies[J].Chin J Cancer Res, 2020, 32(6):695-704.
ET A, FEAOE, A B R S P IGF-1
55 CEA, CA125, CA199, CA724 7K1 AH G 1 43
RAEHFRZ Wb i E X [3). P ESER 2R, 2021,
25(2): 194-197.

WANG Ning, FU Liye, SUI Chengguang, et al.
The correlation analysis of levels of IGF 1 and
CEA,CA125,CA199,CA724 in gastric cancer patients
serum and significance in the diagnosis of gastric
cancer [J]. Chinese Journal of Laboratory Diagnosis,
2021, 25(2): 194-197.

(10] WIS . ML R bR S TE 25 B 12 W T A L

[12]

[13]

[14]

[15]

[16]

[18]

MR (). P AEPRERTHE , 2019, 10(12): 91-93.
HU Huijing. The value of serum tumor markers in
the diagnosis of colorectal cancer [J]. China Health
Standard Management, 2019, 10(12): 91-93.
R, k&, I, % PG, CEA, CA-199, CK
K CK-MB 1545 A0 78 5 98 0 4 v 5% AR (P
[7]. BT R BE 2 | 2019, 21(10): 1310-1311,1314.
XIE Chunxia, ZHANG Lei, WANG Shuhui, et al.
The application value of combined detection of
PG,CEA,CA-199,CK and CK-MB in gastric cancer
screening [J]. Zhejiang Clinical Medical Journal, 2019,
21(10): 1310-1311, 1314.
NEY . B HE RS IR RS CA199, CA125
1 CEA Xt B HiZ W (H 2047 (9] h RS2 B2
2019, 14(16): 22-23.
SUN Yuntao. Analysis of value of pepsinogen
combined with tumor markers CA199, CA125 and
CEA in diagnosis of gastric cancer [J]. China Practical
Medicine, 2019, 14(16): 22-23.
UK, WACRR RIS I IR i e A I ML T e
FAARICYIXT AR B A2 W E (7], Th R B 25
2%, 2020, 10(13): 155-158.
PENG Yong, XIE Yonglin, ZHOU Fang. Diagnostic
value of oral gastrointestinal ultrasound combined with
serum tumor markers in elderly gastric cancer[J]. China
Medicine and Pharmacy, 2020, 10(13): 155-158.
it , Rz, L, 45 . I CA724, CA19-9 /K
FHRE NETE B RS W RIS A E (0], R
AFepdils | 2022, 42(15): 3666-3668.
LU Xingjun, ZHAO Taiyun, WANG Yin, et al. The
value of serum CA724 and CA19-9 levels combined
with endoscopy in the diagnosis and prognosis of
gastric cancer[J]. Chinese Journal of Gerontology,
2022, 42(15): 3666-3668.
TAY: . IRAREY) CAT24, CEA, CA242, CA199 Bk
AR B R I R W B E B (], TP A X
I, 2021, 37(26): 130-131.
WANG Youfa. Value analysis of the combined detection
of tumor markers CA724,CEA,CA242,CA199 in
the clinical diagnosis of gastric cancer [J]. Chinese
Community Doctors, 2021, 37(26): 130-131.
HLLIE, B2, AL BENLARMROL AL L LA 0],
fe B S, 2021, 33(17): 34-37.
DONG Hongyao, WANG Yidan, LI Lihong. A review
of random forest optimization algorithms [J]. China
Computer & Communication, 2021, 33(17): 34-37.
R T USRI EIE (5 SRS Z IS [0).
fRlEHAR |, 2022, 2: 116-120, 126.
LI Ying. Research on information system data mining
based on decision tree algorithm[J]. Information
Technology, 2022, 2: 116-120, 126.
ZRHE, W% R BT KNN ORI RF BA & fa &
BE RTINS 5T [J]. thE BAESR
2020, 37(2): 224-227.
LI Huiping, HU Anmin. Study on the construction
of all-cause death prediction model for critically ill
patients based on KNN and RF algorithms [J]. Chinese
Journal of Health Statistics,2020,37(2): 224-227.
Wi HEA: 2022-06-20
fEEI B 2022-12-06



