Advances in Clinical Medicine IfifkEZ5E/E, 2026, 16(5), 1203-1212 Hans X
Published Online May 2026 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.1651920

ETFICG-R15. ALBI. AFPXZHBV-DNARJE
YIRAREHFEMNER: —In2% Ful Bl
f5e

BEe L, hER, & &
ZRERI RS B ERE I, 2 &

Weks H . 20264F4H 130 FHER: 20264F5H7H: KA HM: 20264F515H

R

H . BALHRURRE THWE 15581 #F B & (ICG-R15). ALBI¥S. HRE H (AFP) XHBV-DNARE
I FF I B AR J5 BF 2 BE 3535 (posthepatectomy liver failure, PHLF) R A RS TRIAERL . 7. BB
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Logistic[s] I3 ML I A FH B FILRE, il 28 E TAERE 22 T HA (AUC). Bkt R F1 v sk
2% BT (DCA) AR RE, F:RF 1000k Bootstrap E A A 54738 X IHIEHEAT P 3RIHIE. £5R: 3t
PANS78H BE, HAH726REB/CHPHLF (12.5%). BAHAICG-R15. ALBIFESr. logio(AFP + 1) &
HBV-DNA 2 1000 IU/mL 4N B B F . BT R EAUCH0.844 (95% C10.798~0.890), Bootstrap
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Abstract

Objective: This paper aims to develop and validate a predictive model for posthepatectomy liver
failure (PHLF) based on the indocyanine green retention rate at 15 minutes (ICG-R15), ALBI score,
alpha-fetoprotein (AFP), and HBV-DNA level. Methods: This retrospective study included 578 pa-
tients who underwent elective hepatectomy between February 2017 and December 2024 at the Sec-
ond Affiliated Hospital of Anhui Medical University and the First Affiliated Hospital of Wannan Med-
ical University. PHLF was defined according to the International Study Group of Liver Surgery (IS-
GLS), and grade B/C events were used as the endpoint. Multivariable logistic regression was used to
identify independent predictors and construct a nomogram. Model performance was evaluated us-
ing the area under the receiver operating characteristic curve (AUC), calibration plots, and decision
curve analysis (DCA), with internal validation by 1000-bootstrap resampling and 5-fold cross-vali-
dation. Results: Among the 578 enrolled patients, 72 developed grade B/C PHLF (12.5%). Four in-
dependent predictors were retained in the final model: ICG-R15, ALBI score, log1o(AFP + 1), and
HBV-DNA = 1000 IU/mL. The model yielded an AUC of 0.844 (95% CI 0.798~0.890) in the overall
cohort and a bootstrap-corrected AUC of 0.839; the Hosmer-Lemeshow test was non-significant (P
= 0.554). DCA demonstrated favorable net benefit across threshold probabilities of 5% to 35%. Con-
clusions: The nomogram based on ICG-R15, ALBI score, AFP, and HBV-DNA demonstrates good dis-
crimination, calibration, and clinical utility, and may serve as a practical tool for individualized pre-
operative PHLF risk assessment.
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1. 5|8

FHF DBk A 2 T 20 g (HC.C) &5 A B ee 1 32 AR G T By 2 —,  (HAR J& i 3 3% (posthepatectomy liver
failure, PHLF) /32 IR il - B ¥ [ 5 520 7 5 (0 GBI F AOhE . BEAEB FUdikiE PHLF M)k A4 AP %
T (21 0.7%~35%), 1ERIEHE RIS 8%, TMEE PHLF FIZET- Rl BE T E, SAMIETIE 50%4
F[1112] AT R E Br A RE SN EHIE 5T 2H (International Study Group of Liver Surgery, ISGLS)#2 Hi ) PHLF
€ X 55 PhritE[3] o

Y IE PR 5 ) Child-Pugh 73 201 4R A A (MELD) 3= 2 FH T PR A% Al - Dy e, R 7L Tl i
VIR G &5/ 7 A A AR [4]. AHELZ T, WIBFESE 15 2080 B 2 (ICG-R15) RERLLT H S e JHF U () ifiL 37t
FEVE DL R 20 B S5 5 i D RE, TR G A S DX 8 oM P TD B AR T VP A 1 B 248 A5 [51-[ 7] D4R, |
HH - HARALBYFEA—F R LR ReEA T, CHIEISEH TR & 5=, IF
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FEVN L% PHLF ££ N BRI B AR J5 45 5 b o AR [8]-[10].  BtAh,  AFP VR4 i # A I i A
B, SR S LTS AISC[11][12], 1fi HBV-DNA # &l /5 8 & HliE i bs, HeKrEsE S
JFF I 98 5E Be A i BHE D e o A6 DR [13].

BT BIRE, RS E%E A ICG-R15. ALBI V74, AFP Fl HBV-DNA # &, MEIEEUE—/r]
WAL F 28 B TR A, DLSE IR AR BT XS ISGLS B/C 2% PHLF JRUS: (ML WA, [FI SR AUC. K
HERNZR . Peof 2k Ja2 NGRS T8, SHZASE AL X 43 . AP R s b N FH AN (B AT A T VEA

2. AREFZE
2.1. HFRMR

AHIE TN 2 HC R BB FE . FELRANN 2017 4 2 A & 2024 5 12 AR LBIERRZ 5 g R
Wit 2% Fit B R A K 2 585 — B g = B P AR AR 32 BRI DD SRR R o i 3, 3% 578 il

NN HEBR bRt

WA NbRAE: 1) ARAT 1PN TER ICG-R1S A, 2) PR - Ji B 22 Bl A B 5 k) 50 R OB AR B ik
REF <15%), 3) REMHERERT >5 KA 568 U .

W HEBR bR HE: 1) 2O2AMATERFER TR, 2) &I EO. i, B IIREA A NYHA I~V 5L
eGFR <30 mL/min/1.73 m?), 3) ARFjCAEEMNFHEI, 4) FINATHABDER )RS TR,

22. GRETEEX

AT, ARG BF 33 (posthepatectomy liver failure, PHLF) & 4 [ B AT T 4 BHfF 7% 41 (International
Study Group of Liver Surgery, ISGLS)#ill & FIFR#E#EAT S € [3]. #& M iZbriE, PHLF 82 EHEF ARG
5 REFCUUE,  HBLME AL 3 (TBIL) AN Bbr A L A (INR) [ T i FLK T IE R AE AR . B T
f45: ICG-R15 (RET 7 KAKM), ALBI #F4(ALBI = 0.66 x logo[ & JHZL 2 (umol/L)] — 0.085 x H&EH
(g/L)) [9], AFP 2451734, HERH logio(AFP + 1) 3 LLIR/IMIR 2 S AR E f2m, $2m B Al A Fase
HBV-DNA #% 1000 TU/mL 4}41(<1000 5>1000 TU/mL). HARASEAHE N D EFAE. FFShfe /i) 2 515
I S SRR AL AE A5 B 55

23. G ERZE

i Gt 2 T ITE R4A3. e . BT HETHOR B EE, AIFRW AT . AR 5 iy
Gi— R AR AR M (I AFP BUWHAL ), 400, XHBRAR MR 4 A B ABUR T . S
R RIBOA TS, FEE— 5 % R AT U AT, A 2 M SR 2 I K R - (VIF) VR A
S8 M A B HEAT SRR R AT . A B AR 4 A DL £ A2 b (DY 4 BB )RR, 4
KA B UUFIR (4 L) R, AL LR IR ¢ K% 50 Mann-Whitney U F3%, BLJ 42 #2525 Fisher
FERR IS o BT TN PE B8 DL R VAR AE B 28 R TR (AUC)EIN X 401, 454 e v il 2R AT A R v
[ 5 SR e 5% 28 20 T (DC ARG I RV R 25 [14],  FTAKIRH AU B, L P < 0.05 M2 74 Siit
23 3L
3. R
3.1. BRI S5EAESH

311, BEBBAHE
RBFFLILUCAE 578 BB IF IR AR IRAE B, ZBASIRR GreEi oy 59 % (N4 BB . 52~68

DOI: 10.12677/acm.2026.1651920 1205 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1651920

Bk %

%y, Hr B GO 71.6% (414/578). BT B 442 1T IWEE 2% 15 2080 B R (ACG-R1S)IFTI, F
R 45 s AN 4.7% (WO G 2.7%~7.7%) . KR35 E bR AFAE AMEHIF 7 4L (ISGLS) FIARHE, A
72 Bl E ARG IR (PHLF), KRN 12.5% (72/578).

HR% 4 PHLF 4U4HEE, PHLF 417E ICG-R15. ALBI ¥£75. AFP %46, HBV-DNA 734, LA
43t D) B 5 D B AR TR bR EARTEZE (38 P < 0.05), HARFELFFIE LR NZ 1.

3.1.2. BERSER
o8 TN AL B AT BRI 3 Logistic [FIHZMHT(# 1), Hrt, ICG-R15 (WIWEFEFLE 15 73 Bhiir 1 %),

ALBI P20 (B - JHZLKE) logio(AFP + 1) PT(REIMLESJERHA]) & BT AR A 5 PHLF & 28 XU 2
EHK(3 P<0.001), HBV-DNA &5 OHEEGLRES . MELD PF75 (A AR B A8 vF-43) & Child-
Pugh 732755 PHLF KAEAK(P <0.001), B4, #EHI. HB (ML&EH). WBC (FH4010) 5 TBIL (& HLT
)5 PHLF R4 R4 iT24AH55(P < 0.05). NiR%H| PHLF M7 G 2, 12K Z 04T P < 0.10 g9\ {5
e, HEEEWGRAINER AST (P = 0.088)—FFIN, Bl j5 X BE AL S g AT IR LI & AR 5 2 AL &
LR AT AE PR BRI INR. ALB. TBIL), &L 13 Mgk 83 N £ KK .

Table 1. Baseline characteristics and results of univariate analysis

=1 B ERRRRSER

EL2VN A&H4 PHLE K4 PHLF  4[A] HAZE OR fH HRER

R (n=578) (n=1506) (n=172) P1H (95% CI) i P A

WGIVRTE 2R 15 P B R (R15) (2';‘"77'7) (2';‘"36'8) ( 6.3,0i25.7) <0.001 (1'0;;111'21 49) <0.0001
218 HHB) a 15,3143) (12(1),3143) a 1%,2?36) 0.012 (0.9(;'33.3995) 0.0069
RAIR(WEC) @667 @670 (32630 OO (ors0ey OO

L ABL(PLT) (1 1;6(2) 12) @ 1;,6316) (781,21367) <0.001 (0.98%!93994) <0.0001

R SN T31(PT) a 1.213,'81%.70) a 1.113,'713.60) (12.(152,'61(4)1.30) <0.001 (1.313'55316 g7)  ~0-0001

EI B pREAL AN (0.903',919 07) (0.903',918 06) (0.917',0ig 20) <0001 555 11 g§i37918.536) <0.0001
4T 2 (TBIL) (1 11,420) (101,319) (141,925) <0.001 (1.0011'811 021y 00384

RITA R A E 2 WF(AST) (222’94 2 (222’840) (2;367) <0.001 (0.991&?00 4 0.0879
HEH(ALB) (36.32?2?2.1) (36.36?2?2.5) (33.38?.59.3) <0.001 (0.82()5.232918) <0.0001
FFEALAR s <0001 o N 5 <0001
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RGO
LIS (53 51“2)
CRFARIE G (556“2))

HBV-DNA E &4
HBV-DNA < 1000 (?63"2)
HBV-DNA > 1000 (21:%)
Child-Pugh 432

Child-Pugh A (952202,)
Child-Pugh B (8,‘29%)
ZARIARHR AL PP 53 (MELD) (679)
-2.60

H& A - LRI (ALBI)

AFP X5 38 0.74
(log1o(AFP + 1)) (0.53,1.92)

<0.001
263 55
(52%) (76%)
243 17
(48%) (24%)
<0.001
397 41
(78%) (57%)
109 31
(22%) (43%)
<0.001
471 58
(93%) (81%)
35 14
(6.9%) (19%)
7 9
6.8) AT
-2.62 -2.20
(-2.84, -2.29) (~2.88, -2.35) (-2.52, -1.92) ~0-001
0.69 1.94
049~121)  (0.88~2.51) ~0-001

0.335
(0.184~0.58)

2.754
(1.641~4.589)

3.248
(1.607~6.285)

1.107
(1.046~1.171)

4323
(2.628~7.255)

1.65
(1.383~1.97)

0.0002

0.0001

0.0006

0.0004

<0.0001

<0.0001

3.2. %A Logistic B354

B R o pT R B it 2 S R AR S 13 MR AR B 9NN £ [K 5 Logistic [FIVARAL, 45
A AIC HEMIHEATIZ B0k . &R ICG-R15 (OR = 1.100, 95% CI 1.062~1.145, P < 0.001). ALBI ¥4
(OR =2.529, 95% CI 1.069~5.816, P = 0.032) logio(AFP + 1) (OR = 1.556, 95% CI 1.247~1.946, P < 0.001) &
HBV-DNA > 1000 IU/mL (OR = 2.067, 95% CI 1.025~4.247, P = 0.044)4 Mz 0 R T (WL 7 2).

Table 2. Results of multivariate Logistic regression analysis

%% 2. A= Logistic @35 Hhes

A
WGl 4% 15 4 i B 2E(R15)
M/MR(PLT)
5 100 S5 BN () (PT)
JHERES R ALE vs KAE)
HE A - HA 1T 5 (ALBI)
AFP % 3 4 E (log1o(AFP + 1))
HBV-DNA JE £&4)4H(=1000 TU/mL)

OR
1.1
0.996
1.146
0.767
2.529
1.556
2.067

95% CI
(1.062~1.145)
(0.99~1.001)
(0.919~1.423)
(0.344~1.659)
(1.069~5.816)
(1.247~1.946)
(1.025~4.247)

<0.001

0.124
0.2202

0.507
0.0315
<0.001
0.0443
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LI GUIRAS (B 1) 0.936 (0.365~2.359) 0.8888
Child-Pugh 73 24 (A 2%) 0.456 (0.146~1.35) 0.1647
PRI 0.608 (0.239~1.408) 0.2663

4125 A (HB) 0.993 (0.977~1.01) 0.427

H 41 (WBC) 0.988 (0.839~1.136) 0.872
KITARR AL AN(AST) 0.998 (0.994~1.001) 0.1881

. BEMESRE: TP <0.001, "P<0.01, "P<0.05.

3.3. HRBIMRETEMY
3.3.1. FUIHRE 24 RE

BT B 4 AN S R A G Logistic B VAR HAT A UF 1 X 70 B . AR B e N e A fd e (0L 352
3. &),

3.3.2. BBIXS5HEN

RERIE R AR BRI R IX 70, FZ2 i3 TARFRRE i 4 R I AL(AUC) N 0.844 (95% CI
0.798~0.890) 24 LA 10.3% (B 0.103)F Jy 5 f-£ AT ML 2 I, A5 7R 1) B0k B ANVRY 3 23 )R 80.6% AT 74.7%
£ 1000 ¥X Bootstrap H AL EF KRG, BIEJGH AUC N 0.839, #E—51 5 138 WIGIESE R B R,
B AUC 24 0.839, AnifEZEN 0.021, $7iEA A EUF R X s DAz e tE(ILE 1(a)s 4 3).

333, HAREESHIESNE
TR FH0 A 3 5 Sz B R A R AR — SO 1(b))e BEHEMIZR TR Pt 28 0.014, RHERRIEN
—-0.032, HERIER N 0.978, Hosmer-Lemeshow 156 P =0.554, $HEHERIRHERE B IF (L% 3).

3.3.4. ARBENESTRAEME
1000 ¢k Bootstrap HAHFE L 5 3158 LHIE S R TS 1Z AR BAT BT 1 ] AR fE e (LR 3).

Table 3. Model performance and internal validation results

3. REMEESABIIELSR

25 izt Al
R4 AUC (95% CI) 0.844 (0.798~0.890)
B AL %
43 AT 0.103
U 80.6%
e 74.7%
e e A2 (Calibration slope) 0.978
R HE#L P (Calibration intercept) —0.032
o Hosmer-Lemeshow 538 P & 0.554
KR s
P35 48 %5} % 72 (Mean absolute error) 0.014
Nagelkerke R? 0.193 (19.3%)
AIC 265.4
N Bootstrap & 1E /5 AUC 0.839
P ER G AIE p e
541 CV *F#] AUC + SD 0.839 +0.021

VE: AUC N2 F TAERFE M2 R AR, CI NEEIX ], SD AsiEZ, HL N Hosmer-Lemeshow, AIC N7FHL(E R
HEN, R? 4 Nagelkerke 152 251
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3.3.5. IRBURRHIL D

RECHIZ WA ROLE 1(0)EH, 7E 5%~35% K BHEREZRTIFEIN, ABREL “ AT 5“5
AT Hnk BA ke, Pon HBAT — % Bl AR N A {8

3.3.6. BURMSTER

R 2 EAIANEAC PSR R B 5, SN R AN TT 15 A B SRR A SR B R

A feetE .

BB (HREE)

(b)

KIRRER

(c)

RLRRE

ROCHA%Z (AUC = 0.844)

0.103 (0.747, 0.806)

AUC: 0.844

AuC
2

[
B = 80.6%

0.844 (95% CI: 0.798-0.890)
{8 = 0.103

WHIE = 74.7%

T T

05
1-BRE (RPAEER)

R AER L (Bootstrap 1000%)

T
10

- EERES e
—— BootstrapfiE o
08 - — [REME -
,/l -
g _—
7 /
e /
0.6 - o
0.4
Apparent
0.2 + // Bias-corrected
// - ldeal
~
o
0.0 o //
T T T T T
0.0 0.2 0.4 0.6 0.8
R
5= 1000 repetiions, boot Mean absolute error=0.014 n=578
TRERHA L AT (e PRIFIRES)
e — T
-== Al
None
w |
3
© _|
3
o
S
o 4
S
o
s J

r
0.0

0.1
i ERE

r
1:100

T T T
1:10 1:4 25
Cost:Benefit Ratio

Figure 1. (a) Receiver operating characteristic curve (ROC curve); (b) Cal-
ibration curve; (c¢) Decision curve analysis (DCA)
B 1. (a) ZidH TIEFMEMLZ(ROC BhZk); (b) KOEMZE; (o) RIRH
51T (DCA)
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3.4. FIkEES KB

0O 10 20 30 40 50 60 70 80 90 100

Points
R15 : T T T T T T T :
0 10 20 30 40 50 60 70 80
3.5 -2 1| D
AFP_logl0 = ———7t+rr+rrrm
0 1,2 3 4|5 6
>1000
HBVDNA_group —
<1000
Total Points " T T T T T T T T T :
0 10 20 30 40 50 60 70 80 90 100
PHLFA 2

O.bl 0.‘05 of1 022013 025 0170i8 029 O.|95
Ve rl5: WIS 15 e 2, ALBL: AEA - BT AFP-logio: AFP
S EE AL ; HBV-DNA: &4,

Figure 2. Nomogram for predicting PHLF risk: integrating four independent factors, ICG-
R15, ALBI score, logio(AFP + 1) and HBV-DNA value group, the individual PHLF risk
was intuitively and quickly assessed by summing each score

& 2. FM PHLF RERYFIZE]: 24 ICG-R15. ALBI 47\ logio(AFP + 1) % HBV-
DNA EFHENMRIZETF, B RMETE B REITFEMEWL PHLF K

BT RAWERZ K Logistic BIHEEA, A#F7RLH T H T HIAE PHLE KU 51 £ 1K
(Nomogram) (W[4 2). iZHR AN ICG-R15. ALBI 53+ logio(AFP + 1) HBV-DNA 7341 4 A8
o IMARR A, AriRHE B SRR N E RN 8, Hlt— P AN KA PHLF (1) Tl Ak
. ROC MZrHT27R, Youden F8 %R K s L IR ARG 1T 22 BRI N 10.3%. % TR H A 2L i
DIREZS, BT E AT AR BTAM AL KU PP A o
4. g

PHLF R VIBRAR G i N B IR IEZ — o NIl PHLF, AW 704K [ bR RS ML
41 2H (International Study Group of Liver Surgery, ISGLS)il| & AR #EXT H AT 1@ 324 [3], FFAEZ H
BB RS T — AN ICG-R15. ALBI 45 logio(AFP + 1) 52 HBV-DNA #5 DU 545 b 1 51 2% B Fn 45
B BERTE TR R AR R I RAFII X 4 FE . RHERE K PR3k 25, 1000 IR Bootstrap 5 F14/T 28 X AR IF 25 H
TR H B BT 1) N R A

M%%ﬁﬁiﬁ@ﬁaﬁﬂé% ICG-R15 PLIELL AN, A5 200k G 1 AR (8158 BME( 10%) 33517
AR RS EAR[5]-[7] T ALBI V43 IR A 1 8 0 H 20 28 3K 9 002 W i s ok i 22 T ) e i
%, JIfh ﬁ%lﬁ #IX 4} Child-Pugh 1775 A AR DI REZE 5 [9]. BEAERE IR 7R, ALBL W5 5
PIBRA G A R &5 JRAFAE—E R IE[8] [10]. J34h, logio(AFP + D/WEN—Rh 2 N IR bR &1, BE
G — B MR b S IR A7 A S TS 22 53 (1] [12], FF AT Bl 2 7= ioRs ZE M 22 AT I AH RGBS SE AR J&
JHIhREE, T HBV-DNA 7K~ 2 Wi 3 2GR, B 70 R WL 5 AR 5 PRod - Tl e 2218 (PHLF) KUK
BN R[13].

AHF TR R PR BRI RIS A b B — s st I . 5K CT/MRI =4k # 4 K A SRR AR (FLR) M
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BRTEAL, AR AT ICG-R15. ALBI ¥4+ AFP & HBV-DNA I  AR FT M SR8 45, SR
fEHE H AR, @A E N UIBRA R 0 KSR 2 TR . 6 T BB SR U B ) A, T it
— R = YE X FLR/SFLR I, &5 G AT UIRRVE SR R AT A WAl . T AR RN
FLR/SFLR %5 44 4250, AR T 48 5 PVE 4% & T Tl i«

AN Z ot BEERF 7T, BT T Bootstrap 158 XIGIE, (HAREZ AMEEIGIE. #r EEEFA
WIRE, T UIBRIGE . A A 2k /A i J B F AR IRBOW 829697 77 R5E, RPN TEHRPANEAZ
N P R SRR AR AR R B AL R SR TR AR AL (FLR/SFLR) &5 5445 2 4, AT Re UMb BUAE 5 2 TR B rh
i A . DR, AR B FH T R B RS R0 5 3 — DA A 73R, T AS B AR S VB3 R i 4%
B0 PVE SEJiti 5 A AL PRSI . B Jm, AHI F0 R SR FH TROIASE 784 Al fe JXUISS: 5 36 FH 1 PP A 2 (PROBAST)
(ISR AT RGP, JE SN IR 7S vl W N ZIR e, LAt — D3R THI S0 3% BH B R ] S5 1

5. &hig
AT 5 BT R R g

RS AL 7 — P T H AR bR PHLF ARG IEAE TR, BABLE X5

B AR FE RN — & (I R S P AR, 38 FH T Ak XU 7 A S5 0725 VR4
= B
ARG ZEERKZE W EEGAC TR RS S YX2024-189), BFFCIEAE (/R FE
HE) o
SEEk
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