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[ Abstract] Objective This study aimed to identify high-risk factors associated with high resource
consumption during hospitalization among tumor patients using machine learning (ML) models, and to screen
high-risk patients for pre-admission management to evaluate its impact on length of stay and hospitalization
costs. Methods The date were retrospectively collected from inpatients treated at First Hospital of Shanxi
Medical University between April 2021 and October 2022. Lasso regression was applied for feature selection,
and multiple ML models were constructed to identify key factors influencing length of stay and hospitalization
costs. SHAP values were used to interpret model results. Based on the modeling results, a risk factor screening
and pre-admission management program was established between November and December 2022. The program
was implemented from January to June 2023, and data were collected from patients who received or did not
receive pre-admission management. Propensity score matching (PSM) was used to control baseline differences
between groups, and causal forest (CF) analysis was performed to assess the effects of pre-admission intervention
on hospitalization duration and costs. Results A total of 5,211 patients were included. The CatBoost model
had the best results among the nine ML models constructed, and the prediction results showed that tumor type,
preoperative waiting time, and age were the main high-risk factors affecting hospital resource utilization. Based
on the model, 698 patients received pre-admission management. After PSM, 563 matched pairs were analyzed.
CF analysis showed that the pre-admission group had a mean reduction in length of stay of 3.004 [95%CI (-3.334
to -2.675)] days compared with the control group and a mean reduction in hospitalization costs of 1,473.124
[95%CI (-2,166.09 to -780.16)] CNY, indicating that pre-admission management effectively improved hospital
resource utilization efficiency. Conclusion Implementing pre-admission management for high-risk patients
identified by ML models can significantly reduce length of stay and hospitalization costs for tumor patients, and
may positively contribute to optimizing hospital workflows and resource allocation.

[Keywords ] Pre-admission model; Length of stay; Hospitalization costs; Propensity score matching;
Machine learning; High-risk tumor patients

NS B v 0 i R S AR v e R R
RIMEZ P, (EEBRIAT R TR A E
Bt i 0 b 2 R DL ) 8 HE M R T R S5 A =0
B, PR R BT IR X S A A R . 4R, B
Jo 8 1A B T TR e i B ) 3 N 3 T A )
A, FE ST PO A R, TR E A &
TR IEOE 400 71, Horh2y 30% iR E fE A
B (NG I ML . KBRS 25 ) |
X EIRTT T R A R e COnR RPN & 2% |
RIGIERAERE =) L IRr A sk, W
AR BRI T RO A IR, DA fEBe i RE |
240 J A B B N [) R/ BT B T R G
EL RN 97 45 IR 9 A B L

M, BUERRRGEAE, RO HE
FEF 0 B A R B B R DRAR RO F R | [

IBT7 2, RIS A5 A5 It ] 5 T A B A g4 AL
5, S AT PR BEBE R 55 i S AR,
I REA RO R A MO T, B A TR
I R G5 (0 SR R B L (Y T B AR O i
ZARIIGIRZ S, B Bl SR 3l i s fa A RERG TR
BT H, mHl#R2~>) (machine learning, ML) 7
PHAZHR AR I R, RSHER U 3 B B 5
FERIOCHEN R, AT AR A R B T
G E ik Yo Pk, AHFFT L i ML A5
Y PO AL AR B R, AR R T B
SEBREEST R S5 i HIRCR IR 2 2%

1 ARSI

1.1 HRJIHR
DL 2021 4F 4 H % 2023 4F 6 H 18] 1L 75 £ R}

yxxz.whuznhmedj.com



EZFHE 2025 £ 9 A% 35 5% 9 1 New Medicine, Sep. 2025, Vol.35, No.9

989

K25 — B2 e WA B9 1CD 2 A 15 Bl > C00-D48
1 R R R A B R A AR R . AR
OFFFA CETFIFR “TARE” BT
PO TAE ) BOR; QOBFFERT R 2 A B H B 5
QM = 18 &, HEBRbRE: DOl PRICHAE B ™
EmH, ke RS R A EA R, Fln
R A BE /7 BE s R S OC R R AR 22 T RIG
7 QB AR Z AT TR IR . AR
— BETEWF S A R 2 R BE R O, AR S
AN L HEBRPRMER AR g s . AR 2LV
R RAE A — BB B 51 S W AU (i
NO.KYLL-2024-017 ) .
1.2 ®HAZRLHE

AT R =AW B, TEILE 1,
121 H—ME

(1) Bl s 5 kb s

[] JA P i £ 2021 4E 4 H &= 2022 4E 10 A T
LY BB R 25— BR B A Be i 7 1 e e £ 2 1 —
WA E, EAEREEN . R, bk AEBEREL.
AP . MREA . HERE TR . BB RAAE,
A5 T e A F 5 Bt 3 ) 3 e 4 A T B e
Gt —4EHL.

XTUSCEE BRI A T AL B, A 4G (DM B Bk
I H AR i 30% ()78 &, LA/ Bl e X A
RIYNZRA 2 ;. QX HARAAAEER RS i, R
P AR SRR R [R) S A T IR, X 14 2 A8
T TR BOE AR | X o3 AR A AR R 5
@K Z-score brUfEAL Ik, LLTEBRAS [A] A8 i
25 S XA AUPE BE A5

(2) IR R 2R i

DL 6 R BRI e 9% AR B AR B i i
g5 Jm R bR, T R ARG S B
THAE SO, ([ Lasso [IJTHEAT KUK A 2

l

e, A3k e S BE BRI B 2 H s el ]
E L

(3) Bl I BRI

SRR SIS, ARME T 9Fh
ML FCRL, T S B RECR % a2 #r . 4
15 Logistic Bl 15 ( Logistic regression, LR ) . X
] L ( support vector machine, SVM ) L R
( decision tree, DT) . FEHLAFAK (random forest,
RF) . KiE2P% % ( K-nearest neighbors, KNN) |
T BE 5 FH AL ( gradient boosting machine, GBM ) |
CatBoost 73 25 %% (CatBoost ) . #MZ DL 37 (naive
Bayes, NB) LI KA smBE LAY (extra trees, ET)
o i ML GRS BB Jl o ) S 2 R i
AT PEA AN [ RS E BT 55 P R 3. XA
MYREAHE T + 3 1Y HL I REAIL 53 R I 2R B R ik 5
YGRS B AL R0 A8 SR 3o 7 v 1) 2 50
s BUEEENE s s, TP AR AL Rz Ak
PERE, IR B AAES A .

(4) BIAIPERL 5 RIE

K H 32 EH B AE R E (receiver operating
characteristic, ROC) 1 £k /9 il & T 17 2 (area
under curve, AUC) . MERRZ . KR . 4R
F1AMBCEETE bR T AR X 23 B 38 e e AR A
PHE T 28 PP ASE B FTI0 ME 30 55 T S DL Y — B
Jt 1 1 SHAP {f ( SHapley Additive exPlanations )
E— 25 BT 45 AR AE X T 5 SR ) ik
1.2.2 H M

BT — W BT R RS, A BeAe S PRl
IRy S PO AT il TR S AT 1 XU B
A, IR AU R T I B A AR
FE AR iz H AT BRI
FARKY IrivRg 2 U R AT e AURS: D 2R A R 5
Q% e XU £ 5 SR AT HEAT R T PEAL | 5838 AR

2021.04

{

2022.10

)\

2022.12 2023.06

I J

Y Y Y
BB BRI . Mk BB Bk
LB SR A WA Bk 92 5 VP 1
(=5 211) (=1 794)
)\
[ \
TR MR
(=1 096) (=698)

B ARmEE
Figure 1. Study flowchart
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Table 1. Comparison of general characteristics of hospitalized cancer patients (r, %)
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Table 2. Comparison of performance of different machine learning models
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