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for post-hepatectomy liver failure in liver cancer

ZHU Minggqiang', LIAO Qicheng', LI Ying', WANG Xiaohua', HE Xiao', DING Youming’, XIE Xing'

(1. Department of Hepatobiliary Surgery, First Affiliated Hospital of Gannan Medical University, Ganzhou, Jiangxi 341000;
2. Department of Hepatobiliary Surgery, Renmin Hospital of Wuhan University, Wuhan 430060, China)

Abstract

Key words

Background and Aims: Currently, there are multiple assessment systems available for evaluating
prognosis indicators in liver cancer, each with its own strengths and limitations. Joint assessment may
enhance predictive efficiency. Therefore, this study was conducted to investigate the predictive value of
the combination of age-adjusted Charlson complication index (aCCl), tumor burden score (TBS), and
albumin-bilirubin (ALBI) score (aCTA score), integrating complications, morphological features, and
liver function, in predicting post-hepatectomy liver failure (PHLF).

Methods: The clinical data of 236 patients with primary liver cancer undergoing hepatectomy in
Renmin Hospital of Wuhan University from January 2020 to February 2023 were retrospectively
collected. Patients were divided into the PHLF group (19 cases) and non-PHLF group (217 cases) based
on the occurrence of liver failure within 1 week after surgery. Univariate and multivariate Logistic
regression analyses were conducted to identify the independent risk factors for PHLF. Receiver operating
characteristic (ROC) curves were used to evaluate the predictive performance of the combined
indicators. A weighted risk score for PHLF was constructed using the Framingham Research Center
Logistic model. Internal validation was performed using the concordance index (C-index), ROC curves,
and calibration curve. The clinical utility of the score was assessed using decision curve analysis (DCA).
Results: Among the 236 patients undergoing liver resection for liver cancer, 19 cases (8.1%) developed
PHLF. Multivariate Logistic regression analysis revealed that aCCI (OR=1.557, 95% CI=1.014-2.391,
P=0.043), TBS (OR=1.214, 95% CI=1.022-1.442, P=0.027), and ALBI (OR=5.387, 95% CI=1.844~
15.733, P=0.002) were independent risk factors for PHLF in liver cancer patients (all £<0.05). The area
under ROC (AUC) for aCCI, TBS, ALBI, and the combination of the three scoring systens were 0.662,
0.733, 0.768, and 0.822, respectively. Based on aCCI, TBS, and ALBI, the jointly constructed aCTA
scoring system (with a maximum score of 10) had a C-index of 0.828 (95% CI=0.732-0.925). and the
AUC was 0.809 (P<0.05), indicating good discriminative ability. The calibration curve showed close
agreement between predicted and observed values, suggesting good accuracy of the score. DCA
demonstrated a net benefit for patients from the aCTA score model, indicating its good clinical applicability.
Conclusion: aCCI, TBS, and ALBI are independent risk factors for PHLF in liver cancer patients. The
aCTA score, constructed based on them, has good predictive value and clinical guidance for high-risk
patients.
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9 2 A BR R W 58 6 i, ML 5 3 ALY JIF 51 6 % 3 (post-hepatectomy liver failure, PHLF)
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AR P 1 PHLF 5 & AR X [ AR PHLF & A= 26
Pk e B B2 X I 6E Child-Pugh 3F
3 e VAR JTF I At 4 D BE R BY AT AT A RE A it
Z TG 5 MK LR 106 95 VF 53 A7 78 0
P, MK 5 2 FIPRFVIG S 52 i, HER 8 22 1)
AR A O HES . 2R T 5 A B (model for end-
stage liver disease , MELD) ¥4 fE % ] 5 Hb 51 ) 2%
AT 2 AU T KU, R, AT o TR T
U A R R T AR R, B
F-JE4L % (albumin-bilirubin, ALBI) 3F43 52—
BN T RE Y D RE A 5 T RE VT O BB . LA, 4R
% A 1 1Y A R AR A JFAE 8 28 (age-adjusted Charlson
complication index, aCCl) 5 M 7 i ¥F 4> (tumor
burden score, TBS) X5 AT J& 16 N 2 Ff Bp 453 64 TR
J5 TR AR PP AL AT — E R WU ScRE . T By
RGHEA & AT BRIE, P, AR
v 1 aCCI, TBS Fl ALBLUER 5 14 £ 1) F 7> R 48 (LU
NFRaCTA PF73) X e 8 PHLF B8 38000 40 {8

1 ARSI

1.1 — &R

[ JE P WA £ 2020 4F 1 H —2023 45 2 H 1 1] i I
R N R B e T B A B A7 itk A T g T D0 IR 8 2
MG R BERE . A ABRE . (1) 95 B2 W oy it 4 M I
B H IR BER e 8 s (2) 1 >18 %5 (3) B IRATAT
VIR A B %5 (4) BT DI BE Child-Pugh 7> 2% A 5% B 2% H.
T b5 . HEBRARE: (D) R LB (2 BT
ARIFET- B GVIT IR AR | G HA & E
BT R (4) BEREAR 2
1.2 PHLFiZHiiR#

H 6 -8 I DD BR B8 35 PHLF (912 W i T 48
— Wb, EEAARE CS50-50 FR T N BPARJE
55 5 K BE ML AR L1 (PT) 3 3 /N T 509% Ho Il
5 L0 3K >50 wmol/L; [ Br - JIE 48 B B 58 /)N 4
(International Study Group of Liver Surgery, ISGLS) M
P BIR G55 5 RECH LS 1 30 m IHLT 3R I A
Fr Fr #E 46 b {5 (international normalized ratio,
INR) Tt BP T2 PHLF, [ it 4 /™ 5 F B2 K PHLEF
P3G A (WHRIRALEE) : B (R R
i Vo U I 3% R BB AL DY) A AR AR AP I HLIBIT ) 5
C% (FRAMIRT, W JHFWAHL ., %&b,
N THF A7 MO #4855 ) o A BESER A “50-50
PRifE” .

1.3 HEXTENWESIHE

1.3.1 Ok dasn BEMN . FER . BT ORK
ST NI R R SOOI E - S N i N NN 1 4 1
120 (microvascular invasion, MVI) . Edmondson
G390, Ml 4% 15 min I B R (ICG-R15) . aCCI,
TBS. ATl BE Child-Pugh ¥4 . ALBI. BCLC 43 .
TNM 73 . BB A (alpha-fetoprotein, AFP) . A
AR AR (alanine aminotransferase, ALT) .
KITA A RA LR (aspartate transaminase,
AST) . MJHZT % (total bilirubin, TBIL) . Ifil 7 I
[ (albumin, ALB) . % Ifi B J52 05 [8]  (prothrombin
time, PT) . Il /M # (platelet, PLT) . Ifit )L &F
(serum creatinine, SCr) . G\ fH [& & . 2L 82 B =
(lactate dehydrogenase, LDH) . 3% [ J§f fi 2= U Py 2
(American Society of Anesthesiologists, ASA) 0. F
P11 B TS 2 TN N B N = NS S £ Ui TS
1.3.2 ABXAEAF 093 H (1) aCCI=3E B P IF 53 + X
N AW o AV o X T AEA GO WUBESE L 3 il R O
JraEvE . JARE0CEE . R M R . S 4R
HAVEN . AT B . R IRE L 18 i
BRI EE T Ly MR IR . TP R
18 PR G . ZORIABE R . SRR . I
W ELRE R T 2 4 XA BRI R AR
T3 45 X Tk AR R A 0 R RN 3 e R A T
641 AFW<50 %1104y, 50~59 #3143, 60~69 %
24, 70~79 it 348, =80 ¥ it 443 (2) TBS=

s 5 + Mg i K HAR?; (3) ALBI=0.66 x log10
[MHZL % (wmol/L) 1-0.085x [ 1 (g/L); ALBI
S R3G, <2604 K 1%, >-2.6~-1394r K 2%,
>-1.39 93 H 39,
1.4 ZitEhbiE

K SPSS 26.0 48 it B F #E AT 0 M o RS 3 Al
T B R AR = FRifE2E (R +s) Fon, W
PEBER T ek 565 Al IE 28 40 A A3 o BB 46 2K
DY 437 B BE (M (IQR) 13678, 6 26 6] Y 1L 4%
{8 I Mann-Whitney UK 5 o 15098 RE A B0F 5 3%
N, AL ECR RS . XA M R R R
R IEAT Logistic B0 Z A8 & 43 #7, P<0.05 K 22 5+
G2 = X . 18 R B Bootstrap 3 (4 KR
1 000K ) XFiZEor R G AT NS IE , >R — 3K
PEFRE (CHRH0) . ROC il 28 Fas o il 28 8 47 P9 38
Uk s B 28 90 F1 (decision curve analysis ,
DCA) TFHiZIF 43 5 G 0 I R 35 % o
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ABEFEAN A 236 T FF DI BR A B3, e 5
PEI83 ), Lot 534 AFIRIEE 1979 %, T
(58.7+11.8) %, A 1964 (8.1%) %4 PHLF,
2.2 RHEEEPHLFHRINEZE ST

Fb %5 1 9 £ & PHLF AR PHLF (4 If 5K 9% %),
Jifi & PHLF (Y52 M 2% o 5 & #F aCCI. TBS. ALBI
P4y . ALT. AST. TBIL. FFEVIBRE . BB

®1 FHEBZEPHLFZ

B 1) 7 1T 1 25 A ge bR S (33 P<0.05), oA
TR TGITE X (B P0.05) (K1), LU
DIk B33 2 15 & A PHLF 7 R N AR i, O 278 1 43
Br H P<0.05 19 748 5 /E S 3 72 & #E AT AR S =0T
Logistic [71 13 73 #7 . Logiste 22 7% & 73 #r 45 5 W s,

aCCl  (OR=1.557, 95% CI=1.014~2.391, P=0.043) .
TBS (OR=1214, 95% CI=1.022~1.442, P=0.027) .
ALBI (OR=5.387, 95% CI=1.844~15.733, P=0.002)

J& W BB PHLF B9 2 57 52 i R (35 P<0.05)
(#2),

SIE R BT ES

Table 1 Univariate analysis of factors for PHLF in liver cancer patients

Akt PHLF 4 (n=19) 4 PHLF 41 (n=217) Xz P
IR 0 (%))
<60 6(31.58) 110(50.69)
2.005 0.157
>60 13(68.42) 107(49.31)
Pl (%)]
5 14(73.68) 169(77.88)
0.177 0.647
& 5(26.32) 48(22.12)
BiPRIFEn(%)] 4(21.05) 35(16.13) 0.307 0.580
IR n(%)] 13(68.42) 139(64.06) 0.145 0.703
ATk (%)] 12(63.16) 99(45.62) 2.156 0.142
Mg % Hn(%)]
R 12(63.16) 156(71.89)
0.649 0.420
ES 3 7(36.84) 61(28.11)
Jif8 E AR [em,n(%)]
>5 14(73.68) 127(58.53)
1.669 0.196
<5 5(26.32) 90(41.47)
MVI [n(%)] 10(52.63) 78(35.94) 2.080 0.149
Edmondson73%%[n(%)]
1~2%% 12(63.16) 169(77.88)
2.119 0.146
3~44 7(36.84) 48(22.12)
ICG-R15 [%,M(IQR)] 10(8~13.2) 9.6(7.6~12) -0.743 0.457
aCCI [M(IQR)] 7(6~8) 6(5~6) 2375 0.017
TBS [M(IQR)] 7.6(4.6~9.9) 5.1(3.6~7.1) -3.262 0.001
AFIIEE Child-Pugh 4344(n(%)]
A% 11(57.89) 163(75.11)
2.675 0.102
B4 8(42.11) 54(24.89)
ALBIEESMM(IQR)] —2.23(-2.48~-1.611) —2.62(-2.84~-2.38) -3.874 0.001
BCLC 43 #[n(%)]
0~A 11(57.89) 145(66.82)
0.621 0.431
B~C4YJ 8(42.11) 72(33.18)
TNM 433H[n(%)]
1~23 10(52.63) 157(72.35)
3.283 0.070
3~41 9(47.37) 60(27.65)
AFP [ng/mL,n(%)]
=20 9(47.37) 97(44.70)
0.050 0.823
<20 10(52.63) 120(55.30)
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Table 1 Univariate analysis of factors for PHLF in liver cancer patients (continued)

Ar i PHLF41(n=19) Ak PHLF 41 (n=217) Xz P
ALT [U/L,M(IQR)] 37(23~64) 25(16~39) -2.508 0.012
AST [U/L, M(IQR)] 37(29~63) 28(21~39.5) -2.603 0.009
TBIL [pmol/L, M(IQR)] 55(26.4~108) 14.5(11~19.3) -5.509 0.001
ALB [g/L., M(IQR)] 38.4(35.2~42.3) 40(37~42.65) -1.088 0.276
PT [s,M(IQR)] 12(11.3~12.5) 11.6(11~12.4) -1.448 0.148
PLT [mg/L, M(IQR)] 135(117~190) 169(117~218) -0.922 0.357
SCr [pumol/L, M(IQR)] 67(60~83) 64(55~75) -1.457 0.145
S RE [ mmol/L, M(IQR) | 3.82(3.03~5.61) 3.98(3.4~4.535) -0.109 0913
LDH [U/L,M(IQR)] 218(196~255) 208(178~242) -1519 0.129
ASA 538 n(%)]

1~2%% 10(52.63) 123(56.68)
0.105 0.746
3~4 4% 9(47.37) 94(43.31)
FARII(%)]
e 8(42.11) 63(29.03)
el 10(52.63) 125(57.61) 1.970 0.373
paglll] 1(5.26) 29(13.36)
HFBEVIBRIn (% )]
>3 B¢ 10(52.63) 64(29.49)
4.346 0.037
BB 9(47.37) 153(70.51)
FARITHn(%)]
iR 9(47.37) 114(52.53)
] 0.187 0.666
W 10(52.63) 103(47.47)
FAREFEh, n(%)]
>4 13(68.42) 116(53.46)
1.579 0.209
<4 6(31.58) 101(46.54)
A i [mL, n(%)]
>400 15(78.95) 134(61.75)
2.220 0.136
<400 4(21.05) 83(38.25)
JHF 1T BELORT S 1] [min , M (IQR) ] 30(20~50) 30(20~45) -0.757 0.449
SBR[, M(IQR)] 20(17~26) 18(14~23) -2.160 0.031

®2 MHEEEPHLFZMEZRMNESEESH

Table 2 Multivariate analysis of factors for PHLF in liver cancer patients

ANt B SE Wald/x® OR 95% CI P

aCCl 0.443 0.219 4.101 1.557 1.014~2.391 0.043
TBS 0.194 0.088 4.890 1214 1.022~1.442 0.027
ALBI 1.684 0.547 9.482 5.387 1.844~15.733 0.002
ALT 0.003 0.005 0.317 1.003 0.993~1.014 0.574
AST -0.002 0.007 0.083 0.998 0.984~1.012 0.773
JHBEVIBRIE -0.173 0.579 0.089 0.842 0.271~2.616 0.766
S s 1] 0.029 0.039 0.557 1.030 0.953~1.112 0.455

23 EERFESEKETHN S . Youden 5 %% . 95% CI43 5345 aCCI, TBS .

aCCI. TBS. ALBI L % aCCI+TBS+ALBI — # )% ALBI = & B A % 9 H& & 2E PHLF ORI, 7R
& ) ROC il £ T m AL (AUC) 43 1) )& 0.662 . aCCI+TBS+ALBI = % I & X} JIf- 8% H & PHLF A5 R 4F
0.733. 0.768 . 0.822 (&1 1), LLAUC. HORpEE . 4% FZWi e (£3),
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0.0 0.2 0.4 0.6 0.8 m
1R
E1 aCCI. TBS. ALBIFillATE £%& PHLF ¥ ROC #h 4k
Figure 1 ROC curves of aCCI, TBS and ALBI to predict
PHLF in patients with liver cancer
#3 HIERXTATEES PHLF BOFUNMHE A8
Table 3 The predictive performance of each indicator for PHLF in liver cancer patients
Bzt AUC SE 95% CI P TKTE THURREE SR Youden 55X
aCCI 0.662 0.058 0.548~0.775 0.020 6.50 0.895 0.392 0.286
TBS 0.733 0.055 0.626~0.841 0.001 7.11 0.632 0.760 0.392
ALBI 0.768 0.060 0.651~0.885 0.001 -2.48 0.789 0.682 0.472
s 0.822 0.050 0.723~0.921 0.001 0.07 0.789 0.756 0.545

2.4 aCTAESHE

A W 57 % B Framingham I N Logistic i
WAL RGN T Be, LU TBS BR8N S B A
153, BT % %0k 1.005, DL b FE A5 aCCl .
TBS. ALBI 4% 4328 Jir X 7 () 40 (6L, 57 i A8 3
PHLF JXU B T 300 A5 Y 92 ¥ 9000 A 8 4z 15 4 ok 10 43,
SR, KSR (F4).

R4 aCTA TS KB HNEE
Table 4 aCTA score model for risk prediction

fEk AR 353
aCCl
<5 0
5~10 2
=10 4
TBS
<5 0
5~10 1
>10 2
ALBI
<-2.6 0
-2.6~-1.39 2
>-1.39 4
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iz ] bootstrap 35 (flFE 1 000 ¥k ) X 12 Tl ) A%
RUGEAT W AR g 1k, H C 48 80l 0.828 (95% CI=
0.732~0.925) . AUC 4 0.809 (P<0.05), %M%M
(A BE R (1R 2A) 5 & 1F43 1A fh 2k 8 7 Tl
A5 552 B UL D {22 30T, 3R W 1) 4 el A AR 1)
HERE 54 (F2B); DCA R KER4 g R
aCTA PFor B = R il 4%, RWZIT /A B A R
U R 52 A (181 2C) o AR e £ Youden 48 %k,
VEFE 6 43 J BT (R, B KU DF 43 i — 25 Rl 43 AR
AEgH (<643, n=169), ENWEH (2643, n=67),
iR Won, KUK A KU 2H PHLF /9 % AR 3R 4y
BA3.0% . 20.9%, WAL 250 G E X
(x’=20.852, P=0.001) . fI& XU 2H . &5 KUK 20 b for
SAEBE 4350 17 d F120 d, P 4H 18] B 22 5 A 40
R (P<0.05) (£5).



551 KRR, EAF %k (aCTATER) X ATJE VI IR A Ja AT oh o6 35 38 B9 T 1 33
1.0 Sk 1.0
1.0 - \ aCTA
0.8 £ 08 . £ 08 all
E : ’/,’ e —— None
0.6 2 06 L Z 06
E‘:’ D: e x =] )
£ 04 T 047 504
:g 0.21 - - == Apparent ,.g 0.2
L2 AUC=0.809 = Ideal E
=U. e N — 0'0,
" P=0.001 0.0+ : ‘ ‘ Bl‘dh correc 19(‘1 971 ‘ ‘ ‘ ‘ W
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
1-E 7R A Predivted Probability B High Risk Threshold c
B2 aCTAESMIIE  A: ROCHIZ; B: ifihidk; C: DCAiZk
Figure 2 Validation of the aCTA score A: ROC curve; B: Calibration curve; C: DCA curve
x5 WMAZREARFPHLF ZAEERHILLE
Table 5 Comparison of PHLF in patients in two groups
it H RS (n=169) T XU 4H (n=67) V% P
PHLF[n(%)] 5(3.0) 14(20.9) 20.852 0.001
BAEBERTRId, M(IQR)] 17(13~21) 20(16~25) 3.610 0.001

3 it g

T, SMEEF AR DD BR AT 236 97 I de A7 2800
J53, i PHLE K 7™ 5 52 i BT 98 J s R s B A2
PHLF 5B #HMRKEE, FOmeths, FARAMKCH
£ (FAREFE . AR & . YIBRFRED SR
FW YA SR R R B T h BE 6k 45 PEAG G Bh
F 10 PHLF FAR J5 AE4F . B R R w2 6e
PEAH A Child-Pugh 243 . MELD ¥4 . ALBI ¥4
m/hA-FEF-HL R (PALBL) 53 . FIB4 45
. AST AL/ R 4850 (APRL) 48157, A
e, H1aCCI. TBS 1 ALBI B & 44 8 %) aCTA 1T 43
BATHRIFERB . IEEFRE . FDaE = KE
%, HILA. B FIRBOMSTE, X B PHLF A1
WU HAT FEEE TN AE

aCCL 3 o X4 i K & I AE #E AT Ak G, Wl
AT 8. 2. 90598 5 0% o F R
W19 K RE RN TS AR AE B PR AR BF 5T A5 R
/N, aCCl 2 9 H 3 & A2 PHLE ()00 57 fa 6 IR 2%
5 WA WF ST AP, @ aCCl 3 20 4 At
WA e R G AL, ARETA IR0 I A e .
BB . MV L R L W DR RN S AR R
BF, TR L 1 0 i A2 RN B 2 RE 1w Es . S =
U PHLF %) & APV, TBS J2 3 i i e K E 72 Fi gk
B 8mok, 7 5 & Ak & 2k T o h B i
L B TN e ASBIESE K I TBS JE R AR R
Az PHLF ()80 57 fe B B 28 el L 48 R 000 4 2

BRI, 5 R B E WS A 2% UM
SEPSIALBL V2 48 41 T — B R RO Ik
PEAS I8 JB 3 HF DI RE . 5 Child-Turcotte-Pugh (CTP)
oy i, HOTRE S W R £ A ) Be R T o 1 O
e AR G BE P AR 5T IR & B PHLE 41 K /i
ALBL V¥ 43 91 5, ALBIJ2 JiF 98 & 3% & A= PHLF (19 il
SEAER R

ORI RE A A 0 B A . IR R AE AR A R
A AT A Gt X, AR AE ST fE R
A AR R R B — R AR HI W DI RE S R, b A2
FZM RN, BEE RS NS ZMFR
FARET:, 7B M = Be UL b AF DB 58 3 5
JFE D) B 3 Bl PHLF (1% 25 22 5 i R 22050 4 S 3% i
IRFUR L s D) R JC LA 2, PHLF 2 7™ 5 i i /i %
Ao IEHFNE . RS W5 /R A L A AL RS
(14 55 JFF A FEL6 2 R B T B 43 391 o 259% . 30%
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