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WAL (140%)) HIELE (606)), FIAHBEITAINGT, BB AR Tiburg R332k (TFD) #-ER5H
F AR, KRR BIDR G AT (LASSO) ©12 55k 2 SR EFANG TG R BMARLETE, A
ALk (RE) Sk 5 MR a4 A, @it X% T/EAE (ROC) &M m& TER (AUC)., BREWE
Bl Bk SOt AR R M AR . R A ISIE R MIBIHEREA R AL, SR 2006 BF TRIFES A5 (4, 6) &, &5
KRN AT 00%, FIMSFEE . FFEmA AR FRAEE RARE CCD #4. ERREHREZR (NRS-
2002) 5. FmEREZFER (CES) iy, BHREBRATHRHUTER (PSQD) #o¥ & TALEHEA (P<0.05),
BE T ARG RAFE (BCLC) 2 #CH &S TLRHBAE (P<0.05), IAELE, CHRKTLEHEE (P<
0.05) ZLASSO B2 ik th 2 SF IR B HANG T B FIBHEFOIEBCLCH A, A&, aCCIl#F4. NRS—
200274, CES#E4, PSQI#F4a, AT LR TEMEMRFERENLE. BIERE P AUCH A4 0.809 (95%
CI: 0.687, 0.899), 0.791 (95% CI: 0.714, 0.855), & /EW&4IRLERBR, IE, IIEERFAR P BrierfF
S A 0187, 0.176, B W KRB A A&, A FIE 1, BB, WNHEEAL0.13~086 1 FH T
None &A= All£%,, HiEEA0.10~0.90 B3 T None &A= AllZ, 4518 BCLCHM. FFAJE. aCCI#F45 . NRS—
200234, CFS##4. PSQI#F4E it th 69 2 FIT & A ANETT B R B RERE T, A BRI RE
ik RAMET — AT RISRAEREAR, AA TR 5B, Al KA 65 EHERHE
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Frailty status and the development and validation of a risk
assessment model in elderly patients with liver cancer
after interventional therapy*

Wei Dan, Cao Wen-juan, L Chun-rong, Mou Yi-xin, Jin Yan
(Department of Hepatology, Chengdu Public Health Clinical Medical Center, Chengdu, Sichuan 610066,
China)

Abstract: Objective To investigate the frailty status of elderly patients with liver cancer after interventional
therapy, and to establish and validate a risk assessment model. Methods A retrospective cohort study was
conducted, enrolling 200 elderly liver cancer patients from our hospital between January 2023 and June 2025. They

were randomly divided into a training set (n = 140) and a validation set (n = 60) at a 7:3 ratio. All patients underwent
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interventional therapy, and frailty was assessed one month post-treatment using the Tilburg Frailty Indicator (TFI).
Least absolute shrinkage and selection operator (LASSO) regression was used to screen the characteristic variables
related to frailty in elderly patients with liver cancer after interventional therapy, and the random forest (RF)
algorithm was used to establish the risk assessment model. The model performance was evaluated by the area under
the receiver operating characteristic (ROC) curve (AUC), calibration curve and clinical decision curve, and was
verified using the validation set data. Results Among the 200 patients, the TFI score was 5 (4, 6), and the incidence
of frailty was 47.00%. Compared with the non-frailty group, patients in the frailty group were older and had higher
rates of complications, as well as higher scores on the age-adjusted Charlson Comorbidity Index (aCCI), Nutritional
Risk Screening 2002 (NRS-2002), Cancer Fatigue Scale (CFS), and Pittsburgh Sleep Quality Index (PSQI) (all P <
0.05). The frailty group had more advanced Barcelona Clinic Liver Cancer (BCLC) stages, lower educational
attainment, and a lower proportion of married patients than the non-frailty group (all P < 0.05). LASSO regression
identified BCLC stage, complications, aCCI score, NRS-2002 score, CFS score, and PSQI score as variables
associated with frailty after interventional therapy in elderly patients with liver cancer. Based on these variables, an
RF model was developed. The AUC of the RF model were 0.809 (95% CI: 0.687, 0.899) and 0.791 (95% CI: 0.714,
0.855) in the training and validation sets, respectively. Calibration analysis showed Brier scores of 0.187 and 0.176
for the RF model in the training and validation sets, respectively. The calibration curves were generally close to the
ideal diagonal line, with slopes approaching 1 and intercepts approaching 0. Decision curve analysis showed that the
net benefit of the model was higher than that of the "treat-none" and "treat-all" strategies over threshold probability
ranges of 0.13-0.86 in the training set and 0.10-0.90 in the validation set. Conclusion BCLC stage, complications,
aCCI score, NRS-2002 score, CFS score, and PSQI score are identified as key risk variables for frailty after
interventional therapy in elderly patients with liver cancer. Based on these variables, a reliable risk assessment model
was successfully developed using the RF algorithm, which may facilitate the early identification of high-risk patients
and provide a reference for optimizing clinical prevention and management strategies.

Keywords: random forest algorithm; liver cancer; interventional therapy; frailty; risk assessment model
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1.3 FAEIEH
130 FoAbAE EEIA R EOEAEAB B AT

VI — MBI A R, R N AR AR
R 55 (body mass index, BMI) . SCILFEFE | %
WHARAL . Child—pugh 73 2% . FFHEEEL . I PRI
RIT 9%  (barcelona clinic liver cancer, BCLC) 4r#f .
R ECE: . A ARITOT SR I RAE. Horh, JF R
SEE LN AR FA ARIT R VA A B R AR
DMKk BRI L G L o AR AL A
K M R R b 2 D 1 TR AN B

1.3.2 Tilburg 3% 33 ¥ %& (Tilburg frailty indicator,
TFI) TFI & 3 H Gobbens Z: 8 &, &4 H 2%
b, RS LR SR 3
BE, a8, 4.0 34 AH, AR HIF0S 1),
1555, FHAH NS5, S5 RFERS, 8
R 278 R 55 ™ E . Cronbach's o REH 079,

133 F# A% & R &8 2 (age—adjusted CCI,
aCCDY aCCI R4 45 16 Fk DLy 3L iR, JIf

R A 330 2 2 55 1 DX 65 A B 40 Sk 4 2800, 49 )
T 1~ 657, ONUBESE . el 0 g 5w . Ji [l
I I 9 s 8 e R A M e ot & A L
i o BT R Pk U MR 45 A A1 2P T AR R B
BRI (R B &I &R B B I E ) (AR
50 ~ 59 % 11 14 (wAE . PR EE R R O . OBEIR
i O BIE R R ARGSEME) . BEMNR . 5
g (%) . FE . WREE . 4R 60 ~ 69 %
112455 HEER. Fi 70 ~79 2113585 Fids
80X T4y S (AR . AR M: S s BB
AR 64

1.3.4 & 7 W e §% & & & (nutritional risk screening,
NRS—2002)"" NRS-2002 it % £ % 4F % . BMI,

AR AR A B E AR . OABERET 1A 2
N, G708, 23R E SRS B

1.3.5 %% JE 2 7 & (cancer fatigue scale, CES)!M
CFS f RAFEIRM . FERE WFI3NEERE, 7304 8.
5.20%H, &4 H R Likert5 23¥ 70k, M

W Z B CEIE Z G0~ 45, K604y, AEH N
1853, SI8 3 4R /RAF IR =, I3 OB & 3R 7R I = JiE
MR H . Cronbach's o R 0.84,
1.3.6 &% kAR 2 45 & & & (Pitsburgh sleep
quality index, PSQD!" PSQI 5t ¢ £, 5 3= W Bt HIR 5
i, AREMFE] REHR TR RER AR | R R AT |
RGN HT L H RIDIRE 7 A4S, 25 4E 310 ~
395, Bar214r, FUEN Ty, ST o048 A7 A HE R
PR fi 0 BN R 3R R IR B B 2% . Cronbach's a
ZHUCN0.86,
1.4 BEFERRERS

BET mBE RSB, A IS i R G A B
B B 1 15 8 R SR Hdle o BIF ST R ORI T AR
HAEBR ek Mt Be s 1 H E A2 %,
W B N AL B — RBERE L A AR YT TRy 2R
WA, W aCCIPFSr . B IR KGR A LR K=
TR BE MR T i 1AL, A KA ARIT R LA B &
IF BT P4l B R 55RO o B A R h 2480 e — B
BB 5 N B3 A0 A v AL B Hle B IR R AT %,
TR BMERS . e, BUREUS m o — K20 A
DT RN 2 R A, X B R A B T i
B T e AT AN FE S ACIE AR IR 1 T 5
TS SE At
1.5 #MRFGE

FR AR AIF5E 5 59 IF 45 6 SCHR 11 i, 40 25 28 Bn]
B 52 ) 28 4F T F A I AVRYT IS 55 YR AEAE 6
FHRIET (A 43.0) T “glmnet” A
7 /I 4 %8 W 4 M ik £ BT (least absolute
shrinkage and selection operator, LASSO) [8] 9 53 #7 ,
DL 126 22 4F JTF i S8 A AR 9T 5 5 55 A RH SC XU
PE o 5T LASSO G i th (928 5, I RIEH Y
“randomForest” {4345 £ RF KU PEALBE 7 .
e LG O R RS E R, TR ER LT
THSHEMEEE S, CHEENES A
Fi. R ACE (n_estimators, ¥ R . 100,
200, 300, 500) . B4 ) d RKIEE (max_depth, 8
KA 5, 10, 15, 20, None) . P37 4r %
FIr 75 B /N FE A B (min_samples_split, 8 2 {5 [l
2, 5, 10) FIRFAY 25 f /NFE AR (min_samples_
leaf, #RHE: 1, 2, 4). @5 Ir3c LHAE,
LA %ﬁt%T 1’]5 FAE  (receiver operating characteristic,
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ROC) %y £ & M #! (area under the curve,
AUC) VERVEMF8HR, Ui eI R AR A2 SRk
PeRE ML S G, T EZER . 72
e b, REEZGED H PR A M EZ A U1
&, W NEBADTIIGERERER; £ A
Oy LMy, SRR BEAL I £ — AR AR AR UEAT VAL L LA
HEMA R 2 e SRR M, R 2T e A T AT T
R AITAE 25 2R (OS2 ) B iR
ZHERY ARV GRAEFGELE b 73 Ji 22 il ROC i £k,
W TR AUC, JRES G HURME . R HERGE
U TE K- F 1M 258 DE AR G 4 ) g o 22
il A o il e AT VT A AR AR S S PR XU Y — B
UE, Jf DA Brier 13 73 <0.25 1E S B8 BUAL o B R 4T A A
T o [ A 22 i PR e SRl £ AP AG A B 7 A [ 1

P<0.05 W EZFAZITFE L,
2 R

21 EZERERENNETEREHER

A A HEBR BR E B BLAT A AR 9T 1S 4F T
PR 2090, EATBEBER G R RS, IWERHE
(I A 9 8 e A B B 58 B i) B 8 . 7 R A 4R
B ferf, i RIS Pt g A% A, SR 4 I A7
TERVEAES . 20 AP E ] a8 i P S 3, R4
ARSI ek, HEBR 3 0y RIEH R 2Bl .
LA A 200 1] 8 AT 53 HT . 200 1 85T TFLIE 43
H5 (4, 6) 57, 94BI=55r, wEIRAEFN 47.00%,
Horp ) JIGE RS 64 61, BUEEE 3061 . Il 2k 4E
WO LRSI Y 64 IO A AL, Ho Ay 76 BN A TE

{EAER T B IR RS2 35 R I .
1.6 FitFEAH=*E 2.2 YGESWITEREENIRRZR LR

B BT R FH SPSS 30.0 i it 2 4k ff . i
BEUAEI B« bpifE 2 (xxs) BirP %0 CF a1z
o, FVUIED) M (P, P 3R, B
K96 s R AR 36 5 RSB DI B L R (%) &
N, WM RS FRTERUSFRER,
FARCFNARE 56 5 5% i PR 28 1Y) 43 B >R 22 TR 6 LASSO
ISR 250 ROC TR | A v il 28 Aol 5 il 2%

YIRS UM A . AF % . BMI, W54
ARBEAG L . SCALFR EERY B . Child—pugh 73 2444 1
JHF 9 2 RURE B . BCLC 23 R4 B L 38 50 4
R R . A ARIT T BN IF R
K F | aCCIPESy . NRS-2002 PE4) . CFS PF4) .
PSQI P43 Fb A8, & x* 1t IZ Ka%, 2SS HG i+
B (P>0.05), W1,

F1 NSGESHIEEEFIRKFILILE

WSURARDL 1l(%)

bl n B AERICS, xx£s)  BMU/(kg/m®, x £ ) 7 pe—— aCCIiTF4 M(P,,P,)
VRS 140 101/39 72.05 +4.32 22.87 +2.16 94(67.14) 46(32.86) 6(4,8)
Uanes 60 40/20 7221 £4.43 22.69 +2.20 42(70.00) 18(30.00) 5(4,7)
XCIZAE 0.606 0.238 0.537 0.158 -1.231
P 0.436 0.812 0.592 0.691 0.219
- SCALRERE 15 (%) Child-pugh43&% (%) JiHEAL 51)(%) NRS-20023F43
ANERLTE e miderhl REREE A% B s IvEale IRERE M(P,Py)
Y4 48(34.29) 61(43.57) 21(15.00) 10(7.14) 86(61.43) 54(38.57) 57(40.71) 49(35.00) 34(24.29) 3(2,4)
KAESE  22(36.67) 25(41.67) 9(15.00)  4(6.67)  28(46.67) 32(53.33) 26(43.33) 20(33.33) 14(23.33) 3(2,4)
XCIIZAH 0.104 3.734 0.119 0.453
P 0.747 0.053 0.942 0.653
.- BCLC 4344 141 (%) fibsea g 191 (%) R EAE (%) CFSIT4F M(P...P.)
B (oF:] R ES 3 <5cm >5 cm Bn
VRS 69(49.29) 71(50.71) 67(47.86) 73(52.14) 64(45.71) 76(54.29) 19(15,23)
Uranes 30(50.00) 30(50.00) 28(46.67) 32(53.33) 27(45.00) 33(55.00) 19(16,22)
XCIIZAE 0.009 0.024 0.009 -0.322
P 0.926 0.877 0.926 0.749
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IIERCS 75(53.57) 65(46.43)
EianEs 31(51.67) 29(48.33)
X IZ A 0.061
P{H 0.805

26(18.57) 114(81.43) 8(5,11)

10(16.67) 50(83.33) 8(6,10)
0.103 -0.184
0.748 0.857

23 EPHASEEHHBERKEREE

W 55 241 5 T 5 55 4 PR 5 A4 ) BMI, Child—pugh
YRR PR TOR R . R B A . A
BIT B, X tIZK5, 2R L%
TR (P>0.05). =594 505440 . IF
FE KR aCCIPE4r . NRS-2002 ¥4 . CFS 1

g5, PSQLPFS; . BCLC /-] . SCIEFRFE . TR
B, &x’nizis, 2R8ARIT¥EYL (P<
0.05) . HEFGHEWR | I KIE K EF . aCCLIFAr |
NRS-2002 ¥¥-43 . CFS P43 . PSQI T3 ¥ T L 8
5941, BCLC/r#WiCHA N tm PS4, XL
FE. CIRRBR T EsH., k2,

F2 JIGETRBASTRBHEHBERABILR

w5l 64 45/19 73.08 + 4.36 22.79 +2.20 36(56.25) 28(43.75) 7(5,9)
JerEsA 76 56/20 71.18 £4.27 23.06 2.19 58(76.32) 18(23.68) 5(4,6)
X IIZAE 0.197 2.584 0.725 6.341 -3.210
P 0.658 0.011 0.470 0.012 0.001

WS4 28(43.75) 27(42.19)  6(9.38) 3(4.69)  37(57.81) 27(42.19) 25(39.06) 22(34.38) 17(26.56) 4(3,5)
TEEFHL]  20(26.32) 34(44.74) 15(19.74)  7(9.21)  49(64.47) 27(3553) 32(42.11) 27(3553) 17(22.37) 2(1,3)
X IIZAE 4.122 0.651 0.344 -4.051
P{H 0.042 0.420 0.842 0.000

w5 23(35.94) 41(64.06) 30(46.88) 34(53.13) 28(43.75) 36(56.25) 22(19,26)
JorEsAl 46(60.53) 30(39.47) 37(48.68) 39(51.32) 36(47.37) 40(52.63) 16(13,19)
X IIZAE 8.404 0.046 0.183 -4.967
P{H 0.004 0.831 0.669 0.000

w5 33(51.56) 31(48.44) 18(28.13) 46(71.88) 10(8,13)
JerEsAl 42(55.26) 34(44.74) 8(10.53) 68(89.47) 6(4,8)
X IIZAE 0.191 7.116 -4319
P{H 0.662 0.008 0.000

2.4 LASSOMATHikEZEEFEEENNETER
PFHEXETE
Ry kG AR (R Y L2 AL PR, f# ] LASSO [H]

PAXFAE WY . SCAR R . WS WRARAL . BCLC 438 . JF
K AE . aCCI ¥F 4y | Mﬁmmﬁﬁ CFS ¥ 43 .
PSQI ¥ 43 9 A A% 5 i 47 A 4 0 ik, Bl 5 7 i) R 4K
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BT, & AR R ATRYT IS 205 DR B RS PP AR AR R A 7 5 0 IE

lambda 38 i1, 0 16725 2 A AE SRR, BOIRERAE
L RWBW BT T %, 4 lambda Jy 0.0033
LASSO [a] 5 #5283 () 4 B2 e ff, /508 B8 BCLC 43 .
Jf K HE . aCCI ¥4y . NRS-2002 $E4) . CFS ¥F453 |
PSQIPFAr 6 M AEFE REUE R . WK1, 2.

9 9 9 9 0
A R
0.2 — 1:aCCIiT4Y
— 2:PSQI IS}
. —3:BCLC/HH
0.1+ — 4. I RAE .

’ — 5:NRS2002 1143
= & f:%FSH%\
W 00 — 8L

— 9 WFWLIR T
-0.1
-0.2
-6 -5 -4 -3 -2
log/N\
1 LASSO EAf#iEZEFEEENNBITEREHEX
TERYREE

0.26 - ﬁ

0.24 H

iﬂ T

& 0221 T }

= TTTTTTITT it

H‘ 1"
0.20 - JU (1AL
....... H....---' ‘i’
I s
0.18 - LTI

log/\
B2 LASSO [O33z X BiE i 2k

25 RFEENZEMEZREENNGTERBEIT
fh%ee
BET LASSO [m] I 7 2 Hh ) A8 B, 228 S UL

A 5 e 3t BE B AR MR XU PP A AR A, R B A I R
85 9 E 4R R B R 45, AUC {5 23 51 24 0.809 1
0.791 (WL 3.4 3) o FeZ MR i iR 0L 1 5 5
4 A N : n_estimators=300, max_depth=10, min_
samples_split=2, min_samples_leaf=1,
2.6 RFEZRITHEZBEFEEENNEGTERSEN
TR AE i 2 R M R R 3R 2

KAEM e RERA R WoR, I%E . Wik&E RF
LR Brier 54343 51 4 0.187 . 0.176, /R ALRITF
AL 5 S BR XU BAT RS A — Bk . Rl &
AT AR L, REREE L, B,
ik — 25 R W ARNTE A W] XU K 7 T 38 B AT R ARy
KHERE S (DLPE4) o Il PR PSR il 2 %) RE A48 1 Il
IREAL N AT VAL, 53R R, YIZREELE0.13 ~
0.86 P4 i - None & Fil ANl 28, %6 3iF 4 7E 0.10 ~ 0.90
N T None L FI AILZL , VI ZRAETERE & T S0 TR A
AE, 4GB UE Y B A ik ], AR M BETE
Uioal S AR S5 N S 2 A v 0228 R (R T
Hols R a5 AR B35 . WLIET S .

1.00

[ S
AT S

0.00 -
000 025 050 075  1.00

1R 51
3 RFREFFHEEFEEENNETEEBERROCH
53

%3 RFEEXMNZEFEBRENNEGTERBAIITMEREE

HERS 0.809 0.687 0.899 0.476 75.00 0.662 0.825 78.12 0.698 0.849
B IESE 0.791 0.714 0.855 0.436 74.06 0.671 0.801 84.21 0.779 0.891
pllERS 76.69 0.701 0.823 74.27 0.658 0.815 0.758 0.692 0.815
Uirale S 79.57 0.742 0.841 79.80 0.732 0.851 0.767 0.710 0.817
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H ok gy (FARVIBR) MR EFEAR
Ji 2 5, A T RE T A B AT Y A BEAK A R T AR Y
iRt g o ADER A R BoR, BENEEE
MAEITIE, BEFRTFIES N5 (4, 6) 4, &
59 & RN 47.00% , 5T 2 RIS AR
FRE R AT 5 R R 41.67%, W REREN N TR
VIR & BT 5, B IRPLRE A X R4, (R

Tk R SR AR 2 B R i R R R R
G458 92.2%, HJF N AT 6E 5 45 B A o HE
iy ks AP R AR B e, B
VAR R AR S 1R, BRE AR RN AR B %) 0L 3
JIE o JE 55 0 R A AN 23 52 ) BRI AR,
SHER NG, S RF AT RFEIN. BT
=] PN AT T R 2 A IR SR A AR TR 55 K
B ) VAL TH, Anfer 45 5 S8 A R IR A A 55 XU
PP AR TR 1l Ry A5 R 15 e BB 1Y) S

A FE A8 ] LASSO [=] A i %6 4 BCLC 4338 . IF:
K GE . aCCI PF 43 . NRS-2002 ¥ 43 . CFS ¥ 4 .
PSQUIES3 Ay 22 48 8 (B AIRYT TG =8 A8 5
BCLC 43 2 EAl o0 1% 19 S 248 bn 2 —, 430
A, R A AR, REIRE . IR EEL s
BN E, B REUNE S, RS
B G DA NIRIT RO BB TN 2, O3
JER, K EESE OB R S A
ZAEEEEBENMEET RN, S8 ESHEAR
HI 59 M fa b &R, 5 AHE 045 3L B A AE U .
ARG 2 A i B N AR YT S I R
KRR, 5k W IE E R — 2, b
AT REN, BEENARITEAIIER . %
PRI o PRI RE LR L ZEIER AL . BE K
i s RO S 0 R IE , AN S B AR R AR AP IS B,
HEAA, IR TR, BRI R E S,
FEAR H B I sh D e Ktk 2 DhRe, MEsh g bR
2NN R AR B W IR AR, BRREIR A 59
NAgmEES ., CAMEES, FRELKSE
AR IR AR M 0 0 3 vy B3 19 3 55 R A I 1 AT R
AT KB, aCCLIT53>6 43 19 22 4F i i 3 e A
BITEE S MRS, 5 LR MRl aCCl P
I3>6 53 H AL T 2 SRR, ZREE I ] 14 9%
HREMEAER, ST EE, SR
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