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risk prediction model for poor prognosis in patients with primary
liver cancer receiving targeted therapy
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Abstract

Key words

Background and Aims: Clinical outcomes after targeted therapy vary substantially among patients with
primary liver cancer (PLC). Early identification of patients at high risk of poor prognosis is essential for
individualized treatment and prognostic assessment. This study aimed to identify risk factors associated
with poor prognosis and develop a risk prediction model for PLC patients receiving targeted therapy.
Methods: Clinical data from 160 PLC patients who underwent targeted therapy between June 2016 and
June 2019 were retrospectively collected and followed for 5 years. According to RECIST 1.1, patients
were classified into a favorable prognosis group (n=112) and an unfavorable prognosis group (n=48).
LASSO regression was used for variable selection, followed by multivariate Logistic regression to
identify independent prognostic factors. A risk prediction model was established and evaluated using
calibration analysis, the Hosmer-Lemeshow goodness-of-fit test, and receiver operating characteristic
(ROC) curve analysis.

Results: Poor prognosis occurred in 48 patients (30.0%). Ten candidate variables were selected by
LASSO regression. Multivariate Logistic regression identified tumor diameter >5 cm (OR=3.216,
95% CI=1.582-6.537), BCLC stage C (OR=2.779, 95% CI=1.367-5.649), Cheng's classification
type II-IV portal vein tumor thrombus (OR=4.573, 95% CI=2.191-9.545), incomplete tumor capsule
(OR=3.099, 95% CI=1.524-6.300), multinodular confluent tumor margin (OR=4.121, 95% CI=2.027-
8.377), and elevated AFP level (OR=2.380, 95% CI=1.171-4.838) as independent predictors of poor
prognosis (all P<0.05). The model demonstrated satisfactory performance, with a C-index of 0.784 and
good calibration (Hosmer-Lemeshow test, P=0.359). The AUC was 0.851 (95% CI=0.764-0.938), with a
sensitivity of 0.846 and a specificity of 0.894.

Conclusion: Large tumor size, advanced BCLC stage, extensive portal vein tumor thrombus, incomplete
capsule, multinodular confluent tumor margin, and elevated AFP level are independent risk factors for
poor prognosis in PLC patients receiving targeted therapy. The LASSO-Logistic regression-based model
shows good discrimination and calibration and may facilitate risk stratification and individualized
clinical management.

Liver Neoplasms; Targeted Therapy; Prognosis; Risk Factors

CLC number: R735.7

Ji & PE 6 (primary liver cancer, PLC) JE4  AEAFR<15%!", Bl & X MR 53 A= W) 2 BF 92 (0 TR
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KN, Bt TR, 7R
A b R OIS AT A b 4 AR Y B R
45 M1 BB F  (least absolute shrinkage and selection
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TR S, WA R 2 AR A R, T
BURGE MRS AMERE 1, AR R Mz N TR W)
15 B Ll DR % 2 55 G0 Jal A XU A8 28 g 001, AR
F 5830 2o 2 5843 A PLC #E [0] 36 97 A 2 19 I AR A 2
SRS SRS AR AR, U 2 BUS A R AR E R
%, M HEIE T LASSO-Logistic [0 7 f4 A #1414 XU
DAY, I 38 i 22 2 B2 90 e FLARRE M Il ROKS v
TR WAl S AR IR T o SR AR 22
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1.1 —RER

BEHL 2016 4F 6 H —2019 4F 6 H T~ 111 74 45 35 3k i
N B BE B K 1 4B B B R 2 B @ b st A 1 B B 4 2
B YR YT 1 160 ] PLC AR &, o B2 41, &
48 17l 5 AEIE 41~70 %, P (57.45+7.68) % . 4
ARRUE: 5 & R LM E 278 (2024 4F
W) ) Vs WihRdE, I SR B AU R AT 2
N PLC; ¥z R AR e SR e iRy s A
Yitig Child-Pugh 7324 A . B s 3 [H 75 4 i 9 o
fE IR REMR A (Eastern Cooperative Oncology Group,
ECOG) TE 4> A 0~1; EL % B HE T % I K 43 39
( Barcelona Clinical Liver Cancer, BCLC) N B. CHj;
I R RE R, BEEFEME R E S HEBRARAE
WEAE 4 32 S HF RS A . OARTT o IR YT SR BT e
WIT; AR M. B, B RN Y RE R
G I HAL IR AG MR (BRI ; Wit
AT 6 A G IR P4 B R e PR
Wis GIFA B RIERGEN ; IR RGN ;
T 00R 09 S0 L3 Lo P o AR SR R R B R AT
KPEAT AT HEAR B IO . A5 C 3R R B
B Z RS aydtE (5 . JCPH.NO20221 1810,
BFH20221018010) , T A #:AE 7 & (/R ¢ HE
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1.2 Fik

1.21 %75 % A BREHEZRmIET: (DH
KR EXAAEE i (Bayer AG, fHE, [FZ4#EF
HJ20160201, #A% 02 o/ ), 04 ¢ H Rk, 2 &/d;
2) k¥ 8 (Eisai Co., Lid., H A, [E 25 F
HJ20200044 , FLA% 4 mg) , AR 4 B 7 & IR 5
e R <60 kg 45T 8 me/d FR, i >60 kg
BHHT 12 mgd DR FRELIRYT B IEE . B
AN AT A7 0 B O 3R AR R IR YT . R YT
18] 50 300 0 ot R R LR T RE L M T A A5 4R
br, MEPAMERZGYON BRI . A4 B E T R
¥ 301 1) K B 09 1) G s PR R, A A R
SR T2 S E kAT B 2E L BT B A T
HYTIRTT . R IENLC AR BRI |
1.2.2 FAb e ABEJE SR H bR Ak £ioE R 42 R ik
ERHERRER, 3. Q) AT 2EEaE . 5
W . R 5 A0 (body mass index, BMI) . W 4K
PRI (2) M AESCHE AR . MR EAR . ALE
STARTREE . BCLC 20 . T ks # I 00 (Fc 2
G BT AL - 1o B S R J5 5 2212 Wi S 45 0 42
1AL Sy 3 14 12 70 JHF b Sl F BE A 1] bk 2 =2, TR
PR AL 2T ER K A SR S, A Ry i A 4R A0
ET# K ET, IVECREREZILE R R B L
k) . ERESE R MR ZIEAS] R 2 i 2
Z g5y W o R HT B 5 T P K )2 A
(CT) /WEILYPR MG (MRT) 24827 SR R i 2 5
S L2 a5, OB A AN 45 A
AR P R (3) I RE A G e AR . ) BE
Child-Pugh 7+ %% . H % [ (albumin, ALB); (4) 3¢
W oE kAR WG & 1 (alpha-fetoprotein,
AFP) . JHB&TEEREE (cholinesterase, ChE) . B JEfHZT
#  (direct bilirubin, DBIL) . N & R & % 5 % W4
(alanine transaminase, ALT). K| T4 @R ALEK
fi (aspartate aminotransferase, AST); (5) ¥4 7 #H %
bR ERIGITRE .

1.2.3 7 RAEIEREVIEA T 122 2 1 )y Lk
PR S AR BB, BE DR IR I 1) Sk 83 T 46 S 1)
BIT A 1R, AW U ]2 2024 426 H 30 H .
B 17 3 8] 5 3~6 N H TR R A (3 5% CT 5
MRI) B I3 2% Mg Ak A I . an 2 A & AR
o b R (R Y SRR T SO (RECIST 1.1) g
FIE, th 2R BAZE A T4l B I T B g &
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R AR A K BRAEVR YT W 2 5 0L )5, B 5 SRR IT
T, WL RENNKITRE . BT
O 259 55, S5 SRIR YT I SRR I BL Y T Al SR
TR 88 2 . AR RECIST 1.1, K Bt 49 18] BT 9
A5 kT B 4 /N >30% AR SR 4 L E, sl e
B K<20% & WA HGE BG4 B R & .
P RK=20% (FEpEE) BURF LT H M ATE A
KoL, bl AR P 1 A0 S AR e b R ]
ST R A B AR AR S B AR 45 Jm 48 A ) HE AR R
1.2.4 EAMELBIE DBEEHFRS (RiF=0,
ANR=1) NHEAERE, LHERESI P ERA G
R HE bR F AR (b g3 28 7 G R WG AR B
Gt , 1 KR R R EC A B AT B O 2 BRI AR
W), LA AFP AN A, I TE BURE S
W I R B R BT (400 ng/mlL)  #E 47 43 41 48 HiF
DLVEAS JLAE MR o 8 58 R H LASSO [l 19 43 #
PEAT A B0k, 3 0 10 % 38 S E A A fe pE A
(A=0.067) , HIBRICAAS &, 0 & A% 0 B0 5 7
Bl J K A% 0 R T 2 TR Logistic B RL, 44
# PLC HE [ A 7 B TS A R RURS Fm A AL, R
FH 15 2R 8O AT S AS A RURS 7 4 o 5 3 24 g 5
WER 2 4E PPN AR &R . (1) BCHERE 38 o A offe it
2R VTAG A5 78 S0 00 ABE 5 5 S B TS R AR R — 2K
PE, — B PEHE R (Ceindex ) MR UT 1 3R A% o BE
B hr ;s (2 AL . R H Hosmer-Lemeshow i 55
P>0.05 2R AV B AF s (3) X 43 B it &2 ik
H TAEFFME  (receiver operating characteristic, ROC)
i 2% 43 M7 F & i 26 F 1 AL (area under the curve,
AUC) . HURE | $5 5 B M Youden 15 8 (MU +
FESE R -1), AUC>0.8 $2 /R 5 B 5 A [ 4 X 43 B 5
(4) I RS FHPE - 456 I RS2 PR KU 948, 43
PRSI TE i L A XUBS AR v ) TS 4 J2 g
1.3 SritEE

K F SPSS 26.0 #4354 K4l 43 A, A 3 K
a=0.05, W FEMIEFH P0.05, H&E R L% «
W2 (x +s) Ron, KRR, THEGORH G
(AT [0 (%) 1R, RS . R
LASSO-Logistic [7] = 5% 78 i/ 17 A5 £ §ifi 356 5 455 70 4y
I3 o 22 2 P R AL A RE

2 # A

21 FERFAMBMESRANIGKERITLE

R 177 5 4F, 160 5 PLC & WA 48 4] (30.00%)
E AR (b5 A B4 p0m o e 32 4, JET-
164) . R ZFESN B, BE R4 MEE A
RATEMER] . FRFER . X BML, IS Rl
g Wb A E L A AR EE . DB Child-Pugh 43
¢, ALB KV K —Z&iGyT GO 4 b 22 R
Giiterm X (¥ P>0.05); i7E Mg B A% . BCLC 4
WU RO A R A R R SE A L MR
% . AFP, ChE. DBIL. ALT. AST %3845 1y 22
SHGIE X (¥ P005), Hd s AR A
ol R B A2 >5 em . BCLC C M. 7] % ik i 1 72 I
STRI~IVEL | AR . Mg h G s 2 45
B E s TS RA4r4l, H AFP. ChE.
DBIL. ALT. AST/KF-¥@& THiE RIiF4H (£1).
22 PLCHmIRITEEME A R EHRR LASSO-

Logistic B34 47

LR RES NHEAE, R EE S
22 A Goit 2 B A 10 TS BR 49 A LASSO [81 15 43
Br, 8L 10 £ 28 LR E i 2 B I A=0.067 (& 1A),
1M B A 7R e e O L 5% e PR 3R R b, O e o i e
B BCLC A . 11 bk s e 72 [ o0 AL | 0 i 58
HPE . MR % . AFP. ChE. DBIL., ALT., AST
HEr0wmHEE (EIB) . #F—20 Lk E R
A Z M E Logistic [B1A 0¥, R EBx, WEERE
>5 em (OR=3.216, 95% CI=1.582~6.537, P=0.001) .
BCLC 4+ 1 C 1 (OR=2.779, 95% CI=1.367~5.649 ,
P=0.005) . '] # Mk 9 #2 #2 [R5 B II~1V A (OR=
4573, 95% CI=2.191~9.545, P<0.001) . £ R 5¢
P (OR=3.099, 95% CI=1.524~6.300, P=0.002) .
fi 98 3 4 % 2 2 45 (OR=4.121, 95% CI=2.027~
8.377, P<0.001). AFP/KF-FHiE (OR=2.380, 95% CI=
1.171~4.838, P=0.017) J& 5 W PLC 0 [0 36 97 £ 2 il
Ja AR fE R E (P<0.05) 5 1fif ChE ., DBIL,
ALT . AST Jf-dE g7 Wil & (35 P>0.05) o 764
AFP 4% 400 ng/mL 5 W {8 7 17 53 20 56 30 79 8O 55
Br o, AFP=400 ng/mL {J5 2 4l 37 & B & (OR=
2512, 95% CI=1.204~5.241, P=0.014), ¥/~ AFP Y
Tou Ak AR g (£2) .
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Table 1 Comparison of clinical characteristics between the favorable prognosis group and the unfavorable prognosis group

£ty TG AT (n=112) TG A R4 (n=48) %% P
H5ln(%)]
% 74(66.07) 38(79.17)
2.744 0.098
& 38(33.93) 10(20.83)
SRR (Y & + 5) 56.68+6.47 58.14+6.35 1315 0.190
SEH BMI(kg/m?,% + ) 23.59+1.81 23.67+1.86 0.254 0.800
WM [ (% )]
7o 66(58.93) 34(70.83)
2.032 0.154
i 46(41.07) 14(29.17)
R L [n(%)]
¥ 70(62.50) 36(75.00)
2.348 0.125
el 42(37.50) 12(25.00)
fieg B AR [em, n(%)]
<5 74(66.07) 18(37.50)
11.224 0.001
>5 38(33.93) 30(62.50)
JIR A B (% )]
£ 28(25.00) 14(29.17)
0.301 0.583
Z&l 84(75.00) 34(70.83)
SRR (%))
1% 18(16.07) 6(12.50)
55l 50(44.64) 24(50.00) 0.522 0.770
= 44(39.29) 18(37.50)
JFEAfE Child-Pugh 432 [n(%)]
A 70(62.50) 32(66.67)
0.252 0.615
B 42(37.50) 16(33.33)
BCLC 73 #A[n(%)]
B 76(70.37) 20(41.67)
11.568 0.001
C 32(29.63) 28(58.33)
I TR AR R (G R [ (%) ]
To~T 62(55.36) 12(25.00)
12.456 <0.001
I~V 50(44.64) 36(75.00)
FETE N0 (%))
ANTr ik 20(17.86) 27(56.25)
23.873 <0.001
Bt 92(82.14) 21(43.75)
Hibea i1 2k n (% )]
B E At 39(34.82) 27(56.25)
) 6.366 0.012
B ZET A AR A K ol BBk TR 73(65.18) 21(43.75)
AFP(ng/mL,X + s) 371.24+38.67 430.63+41.28 8.723 <0.001
ChE(U/L,x = s) 3 048.19+179.43 3213.24+180.48 5.323 <0.001
DBIL(pum/L,% + s) 16.12+2.28 18.35+2.31 5.647 <0.001
ALB(g/L,x +5) 44.59+4.63 45.37+4.49 0.985 0.326
ALT(U/L,% + 5) 45.62+6.75 49.86+6.48 3.684 <0.001
AST(U/L,% + s) 39.25+5.26 42.37+5.14 3.462 0.001
BT (%))
w 74(66.07) 24(50.00)
3.657 0.056
P 38(33.93) 24(50.00)
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Figure 1 Selection of candidate predictors for poor prognosis using LASSO regression
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A: Ten-fold cross-validation for

optimal A selection in LASSO regression; B: Coefficient profile plot of candidate variables in LASSO regression

R2 %EZE Logistic B34

Table 2 Multivariate Logistic regression analysis of factors associated with poor prognosis

Bz B S.E. Wald/x® OR(95% CI) P
JifrEE 4% (>5 cm) 1.168 0.553 10.410 3.216(1.582~6.537) 0.001
BCLC C 4] 1.022 0.518 7.970 2.779(1.367~5.649) 0.005
I T BRI TR EC A3 (TI~TV Y ) 1.520 0.375 16.397 4.573(2.191~9.545) <0.001
FETERE N CR5E%E ) 1.131 0.528 9.761 3.099(1.524~6.300) 0.002
JiiRg i % B2 451Y) 1.416 0.597 15.301 4.121(2.027~8.377) <0.001
AFP 0.867 0.432 5.736 2.380(1.171~4.838) 0.017
ChE 0.614 0.362 2287 1.848(0.909~3.757) 0.091
DBIL 0.587 0.321 2.629 1.799(0.885~3.657) 0.106
ALT 0.598 0.334 2.729 1.818(0.894~3.697) 0.099
AST 0.591 0.327 2.665 1.806(0.888~3.671) 0.103

2.3 T RIXURE 7 4= BY g 44 32 Fn3e iE

45 2 B R Logistic [ 19 2 B 25 58, 4% I 9
B2 . BCLC 73 . 11 bk ke F2 [Q 20 B | A0 i 58
Bk BRI g . AFP 6 A ST f B PR AR S F
AR, HHE PLC B MR T R TS AN BXURS: T
BAL ([&12), BERIRIRN : Logit (P) =-3.246+
1168 x M9 BH 42 (>5 em=1, <5 em=0) +1.022x
BCLC 4+ (CH#i=1, BM#I=0) +1.520 x '] /i 12
PR A (M~IVEI=1, To~I%I=0) +1.131 x {0 K5
P (Rog#=1, 52%=0) +1416x MRl (%
S EA =1, 45T =0) +0.867 x AFP (% £ 7%
i, ng/mL) . MRAEALAL A S REAE, AFP 2 iR
T PR -, HU O 1 R O A R G Y . BCLC 4y
WL M g Mhom B . GBS RS

WELER B R ) RGMEMESHEMENSER
U, —E PR K 0784, 2 % A5 Y 15 A R
SR TR & AR A B — B (E13A)
(2) Hosmer-Lemeshow 6 5 4% S 3¢ B B4 8 48L& K4,
G W W 25 (x*=1.897, P=0.359) ; (3) AUC N
0.851 (95% CI=0.764~0.938, P<0.05) , & & K
0.846, HE5EHEEH0.894, Youden 8% 0.740 (J413B),
PR B R 7E AR 5 I TR B A R XA
(4) LASE Y S50 00 AE 22 0.3 il S4B A8 55 43y e I
BrZH (HOAER>0.3) FRXES 4 (% <0.3),
o KUBS WA A B R R (68.75%) i 3% # T1K
KRl (1250%) , 2 7 A G it % & L (x=
42.368, P<0.001), WA A] A & 52 Bl K 115
I3
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Figure 2 Risk prediction model for poor prognosis in PLC patients receiving targeted therapy
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model; B: ROC curve of the risk prediction model

3 I
PLC 8 VA YT 197 AR 25 55 0 2, RS e
TG AN B fa B PR3 JF g 57 mT & 09 f A A, g2
SHARAL G T (19 e f . LASSO-Logistic [A] )7 45 %Y
i A A T IO e A% AR B, W] A AR b &2 H 3L 4R
PRI, S TR A Fo e Ve SRR A
e A I R B 5 S A8 AR, SR FH LASSO-Logistic
[ U3 i 5+ 6 3t S7 A I PR 2%, A A T R AR XU T
MR AY 25 22 4 3 06 JIF F S A A0 LA R A 1) A e
BE L BLA RS XA EE, I R TS PP AL SR AT
H®IETH,

AR R o, I EAESS em SR HUS A R
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Figure 3 Performance validation of the risk prediction model for poor prognosis

A: Calibration curve of the risk prediction

() ph ST G B 2 (OR=3.216), 5 Shinkawa 25! fff
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