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Abstract

Background and Aims: Hepatocellular carcinoma (HCC) is the most prevalent type of liver
malignancy, accounting for 80% of all primary liver cancer cases. Partial hepatectomy is widely
considered to be the treatment of choice for HCC. However, post-hepatectomy liver failure (PHLF) is the
most serious complication and the leading cause of perioperative death. Therefore, an accurate
assessment of the risk of PHLF is particularly critical. Patients with large hepatocellular carcinoma have
larger tumors (tumor diameter =5 cm) and more resected liver tissue, and are more likely to develop
PHLEF. Previous studies have used various methods to assess the risk of PHLF, including liver function,
Child-Pugh classification, model for end-stage liver disease, albumin-bilirubin (ALBI), and aspartate
aminotransferase-to-platelet ratio index score. However, no model has been developed for data on
hepatectomy for large HCC. Therefore, this study aims to analyze the risk factors of PHLF in HCC
patients with large tumor and to construct a preoperative nomogram prediction model to guide and
optimize clinical decision-making.

Methods: The clinical data of 927 patients with large liver cancer who underwent radical hepatectomy
in the First Affiliated Hospital of Anhui Medical University (721 cases, training cohort) and the Second
Affiliated Hospital of Anhui Medical University (206 cases, validation cohort) from January 2018 to
June 2023 were retrospectively collected. The patients' baseline data, laboratory examination, imaging
data, and surgical information were collected. Univariate analysis combined with multivariate analysis
was used to screen out the independent risk factors for inducing PHLF, and binary Logistic regression
was used to construct a prediction model for PHLF. ROC, calibration, and clinical decision curves
verified the model's performance.

Results: There were no significant differences in all preoperative data between the training and
validation cohorts (P>0.05). Grade B or C PHLF occurred in 192 of 927 patients (20.7%), including
8 patients with grade C PHLF. Univariate and multivariate Logistic regression analyses were used to
determine the independent risk factors of PHLF, including tumor diameter, ALBI score, liver cirrhosis,
vascular tumor thrombus, and intraoperative blood loss. These factors were included in the Logistic
regression analysis, and a nomogram model was constructed to predict PHLF. The nomogram model was
validated, and the C-index of the nomogram was 0.757. The ROC curve analysis of the prediction
probability of the model showed that the AUC of the training set was 0.757 (95% C/=0.703-0.811), and
the AUC of the validation set was 0.779 (95% CI=0.702-0.863). The validation showed that the model
had good predictive ability.

Conclusions: Tumor diameter, ALBI score, liver cirrhosis, vascular tumor thrombus, and intraoperative
blood loss are independent risk factors for PHLF. The nomogram prediction model constructed in this
study can accurately assess the risk of preoperative PHLF, which is helpful for better clinical

management, reducing the occurrence of PHLF, and improving the postoperative prognosis of patients.

http://www.zpwz.net



1392 W E AR A

5 34 45

Key words
CLC number: R735.7

Liver Neoplasms; Hepatectomy; Liver Failure; Risk Factors; Nomograms

BT 4 il 95 (hepatocellular carcinoma, HCC) &
BR WY AP L 2 7 BT A D I A R
80% . KIFAREREEHANAL, WS BURIEIL T
SR =R A BB B, 4 BR— b B i s 91 0k
AR, AR EARM@EEY. Bar, I
R DI BR ARATI SR HCC 1Y 5 IR Y7 IriEl . B I
A A HERS TR HAR B 25 LR 3045 31 A0 G Ak
i R J5 I 2 BE % ¥ (posthepatectomy liver failure ,
PHLF) 9% 4% 25 T, {H PHLF i & A JE AR
R BUREE T IR, AR 14%1
AR, BREGEERR AR R AL R BAR
H 2 PR RY E R T ORI TE U 6 4 D RETEAL L
WKW ALTL (model for end-stage liver disease ,
MELD) . & -4 % (albumin-bilirubin score,
ALBD) 43 %% . W] W75 4% 15 min # B 3 (retention
rate of indocyanine green at 15 minutes, ICG R15) #5
W Cr =4 (3D) EESE, (HA R I EAE A [ AT
FE I T SR A 22 R 2 UHE SR R B
K (MR B AE>5 em) B3 T4 Y & 4E PHLF
SN o S VAR B3 N VR 2 € 15 A N
WAL, DL PHLF 19 %, 26 %t F ol 57
AREEF L BEAR BT A K8 3 it ) AR A R
B

1 RS

1.1 —R&ER

[ Jusi 4 43 #2018 4F- 1 H —2023 4F 6 H #:3Z R1A
PE U1 B 19 38 927 1) K T 9 28 3 (I R WAk, Horp
LRBERL K5 — M8 B Be 721 6], SRR KA
o5 T FE R S B 206 5] . 927 1l s R, 55k 786 4]
Lk 141 B AERE 23~82 %, 4 >60 % 550 45 T
LI RE ALBI 70 9% 1 2% 5834 590 {5 , ALBI 43 9% 2~3 %%
288 fhi] o A4 22 BB RE K 5 — B e 5 e 1 2R 15 R
YE RIS, 2 BB R 2% 55 B s s B i) i
HAE BAE B AEBA S
1.2 MANSHBRIRHE

yAbRUE: (1) HEBR F RS R 517G M AU
B AR (2) RETCT 8 MRI 2 75 M 42 >5 em BY

http://www.zpwz.net

HCC 874 5 (3) Bl A I IR W% ) 5 48 b TR a2 ¢ W]
B 5 (4) BEDT BRI T 3R

HeBR AR . (1) AR5 #HE HCC 5AS B 8 2
@) “IRFARBFH; B) RFrE 2 2 58 shkikrr
ReIEAR | AR AR T s AT B R (4) RATHE 2
o T oRe ZE R BT E B ES LR R R s (5) R
AIEERG R IR L E I g
PRI o
1.3 WEIEHR

AHIE 5 W 4R B R I PR Rk A BEE B R =
ARG WO R E R R B R AR
B B, WOBE . ARBUESEEC (BMI) | BRI |
JHE A0 2 . 3 E R BEBE i B3 25 (American Society of
Anesthesiologists, ASA ) Ay LU E W ORI AL SR
A LA TG I B AR BEMLE AR, [AF 3R
ALBI 73 %% . RIT1 & & IR 2 o i 55 1/ Az e =R
18 %0 VF 4> (aspartate aminotransferase-to-platelet ratio
index, APRD) ¥({H; #2137 BB MR & H |
A C N N S S O N 1 G 1| = - |
(‘microvascular invasion, MVI) MAHE L, F AR
KAgbr 5 F AT AL FARBM o U] BR S
A R A . AR TTBE Bk . B
W IR ) 45 iR AR BB R BRI R K BLAR
fie B B JIF IE B Pr 2% (International Hepato-
PancreatoBiliary Association , IHPBA) il % i) JiF 1) B
o bR, ORI BR 48 U BRI BB =3 B

PHLF (912 Wb o« R FH [ B 0 S RHAF 52 /1N
2H  (International Study Group of Liver Surgery, ISGLS)
£ 2011 4742 i ) PHLEF 4 E b ofE!™, - BIAE B 5 0
B AR T, RS 5 Kz a3 I 7
JIELET 2% R B i W RS s B e [ B A o A L fE
(international normalized ratio, INR) %% AR 7i 5 % T
i, BATI2 W PHLE . AR 4 PHLF X 82 I PR
PR JEAT 73 90 A AU PSS G = 1R AR
Tolm RAEAR, TFTALHE; BRAWE T IER R, A
AE 2 B K | A J5T 5 5 0 R AR B R T I RE RS 42
SRR R B I B (BT R A= AR IR 9T B AT A F
el TRNAYT W REELAE 4 T B KR LK L A
AR BR R AN TC B E R R A AE W



M

KBS T AMENTRA G R RN AREZ oA FE AN 1393

PRiBdT s C O R R AT BE DL R K . 4 5K
LR IR B e R AR L WG S I T R U
06 95 DA EAE L AR AR Y, AL RS B
S MALGE <. AMFIE S HF . PEER SR (HD
MAETETELG ) o R R UIBR AR RIS A .
1.4 it

i FH SPSS 27.0 Fil R4.2.2 43 Br 84 . 24 P<0.05
WA 22 R B A G 7 R Lo JeX 88 & RS
PERGS , 75 R 2S00 A 1Y 4 S22 e 21 8] FE AR H of;
B, TERERPHEB « plEZE (x+s) Em; K
H Mann-Whitney U K56 50 BT 45 6 I 25 43 A0 9 28 & 5
TR RER BE (A e) [n (%) 13w, R
R RS . 5 P 2 Logistic 11 U5 7 Y1 25 BL 51
HLA % O FE PHLF fE 8 3R, A Gt =2 S
B AR 1 99 A 22 &K Logistic 0115, #F— 25 i ik K
JiF 968 PHLF 97 57 f& 5 U . (8 nomogram PR 54

9 2 P UM A Y, S AN IR E . e Ak, dE
o Z W E TAEFRFIE  (receiver operator characteristic ,
ROC) Hh&k . Mol 2 My sk i 28 (decision curve
analisis, DCA) 437 5 UERBLAY (%) P fE -

2 & R

2.1 EEANBMIGIEANBRIGRR AL

A BA A S 721 5] £ S, 56 Uk BA 1) 2L 206 5] £
B, PIHAEMER . R . ASA /9. I UIEE Child-
Pugh /- %% . RETEmER A . FARAT K. Rl
M, FARBEE . BHWTEE SRR R, 2R
TGt 2EE L (P>0.05) (1), 927 #il &,
192 i &A= T B4 LA b PHLF, % 4= PHLF /)
WEZ R 20.7% , Hoh &4z C 49 PHLF 3 8 il .

&1 IZRBAFIFNIGIERA T BE TR R0 (%) ]

Tablel Comparison of the general data of training and validation cohorts [n (%)]

A hE NS (n=721)  BUEBASI (n=206) P A ARSI (n=721)  BAIEBASI (n=206) P
() JIE

<60 424(58.81) 126(61.17) I 702(97.36) 198(96.12)

260 297(41.19) 80(38.83) 0% A 19(2.64) 8(3.88) 0481
5] R

B 619(85.85) 167(81.07) 0115 LV, 3 626(86.82) 182(88.35) 0.646
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ASA 739 AL

£ 71(9.84) 17(8.25) G 642(89.04) 187(90.78) 0558
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Tablel Comparison of the general data of training and validation cohorts [# (%)] (continued)
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LT A (/L) fifa R DI R
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FARFE] (min) PHLF
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0.336 0.455
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Ml o0 B, Horh ASA 43 2% . MVI. AFP. Ji TG
Child-Pugh 73 9% . AR . M R . ke s
¥ ALBLZR 9. JEEEAL . R b i & 55 AR G
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Table 2 Univariate and multivariate Logistic regression analyses of the risk factors for PHLF
it EHSES ZHE
OR(95% CI) P OR(95% CI) P
ECgi 1.53(0.94~2.48) 0.085 1.16(0.66~2) 0.595
ASA TIZ% 1.39(0.68~2.81) 0.363 1.05(0.51~2.38) 0.898
ASA 1% 2.42(1.13~5.16) 0.023 1.29(0.57~3.1) 0.553
W sl 0.84(0.58~1.21) 0.352 — —
EERvelikd 0.96(0.67~1.38) 0.822 — —
TR 0.94(0.51~1.73) 0.834 — —
BMI>25 kg/m” 1.17(0.79~1.72) 0.428 — —
A MVI 1.70(1.17~2.46) 0.005 1.01(0.64~1.58) 0.958
JIEAE A 0.74(0.21~2.57) 0.635 — —
2 K i 1.51(0.92~2.48) 0.107 — —
AR 1.51(0.88~2.59) 0.130 — —
PIZIEE>1 em 1.16(0.59~2.29) 0.672 — —
i geg e 1.35(0.64~2.83) 0.429 — —
AFP=400 ng/mL 1.70(1.17~2.47) 0.005 1.42(0.92~2.19) 0.108
ok 1.03(0.63~1.67) 0.907 — —
(Bt 1.32(0.72~2.4) 0.371 — —
Kotk 0(0~Inf) 0.983 — —
To i 1.28(0.75~2.19) 0.369 — —
ML E>120 o/L. 1.32(0.9~1.94) 0.161 — —
ALT>50 U/L 0.93(0.64~1.36) 0.715 — —
AST>40 U/L 1.09(0.75~1.59) 0.659 — —
I 1.26(0.62~2.54) 0.528 — —
I Tk R 1.05(0.72~1.52) 0.809 — —
JTFEHBE Child-Pugh 432% B £ 2.27(1.10~4.71) 0.027 1.91(0.79~4.4) 0.139
JEsETA 0.85(0.42~1.74) 0.662 — —
AR Ff i i, 2.19(1.42~3.37) <0.001 0.98(0.56~1.68) 0.949
FARNFE>120 min 0.86(0.57~1.29) 0.472 — —
fi e PR SO B 1.12(0.78~1.62) 0.537 — —
BIRMIFDIBRA 1.16(0.79~1.70) 0.459 — —
BELET 1.21(0.83~1.75) 0.317 — —
AERE>60 % 0.91(0.63~1.32) 0.606 — —
JifIE E4E>10 em 1.67(1.14~2.46) 0.008 1.83(1.18~2.85) 0.007
o et 4.72(2.71~8.19) <0.001 6.58(3.35~13.09) <0.001
ALBI 4% 2~3 %% 3.74(2.56~5.45) <0.001 4.54(2.98~7.01) <0.001
JiFtgi{k 2.49(1.57~3.97) <0.001 3.51(2.14~5.96) <0.001
A H il #>800 mlL 1.67(1.10~2.53) 0.015 2.12(1.27~3.55) 0.004
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Figure 1 Nomogram of the predictive model for PHLF
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AUC=0.757 (0.703~0.811) AUC=0.779 (0.702~0.863)
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Figure 2 The ROC curve of the PHLF risk prediction model A: Training cohort; B: Validation cohort

~— Apparent p ~— Apparent
Ideal Ideal

Bias-corrected Bias-corrected

B3 PHLFIIZLERBMEEMLZE  A: JIZBAS]; B: KiEAS]

Figure 3 The calibration curve of the PHLF nomogram model A: Training cohort; B: Validation cohort
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Figure 4 Decision curve analysis of nomogram to predict the occurrence of PHLF (All: Treatment for all patients; None: No
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Figure 5 Receiver operating characteristic curves of this

model versus three traditional models
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