Fh, % . G-GADAEEIZE HBV 18 BT 4R BRIE 5 B b i it F v 1597

- BFRERhYE - DOI: 10.12449/JCH250819

G-GADA BUAE HBV A4l 2 Wb iy O (e

F Tk, B, ERE®, X &', Hm4E, 5k B

| ZAFRFEFERAG ESF Z, #7152 5 7F 832003

2 AFERFEFHRAMEFIR . BIANFEEBFE, b AW SEEm P, 677 100191
3 BEEMAKFIZRITREERELFA, 480 350025

WBASAVEH : KB, 13150400463@163.com (ORCID: 0000-0003-1811-042X) ; 47 7 48, 1jliu@126.com (ORCID: 0000-
0001-9809-0056)

WE: B ETEMZEFFL(CHB)BEER M3 FRERA(AFP) FEEMEE(DCP) S REAXER73(GP73),13
BB FF4RAESE (HCC)I2WTREY (G-GADA) , IR XS HBV 48% HCC RERS MM RS EMFE R E 03, FiEHEX HCC By
ZHINE. FiE EMHRE2015F6 5—2020F6 AREER AFHBITIEERA CHB £ 2015 (CHB4H) .HBVH%
8L 2E 13761 (LCR) R AR LSBT NFIZ HCC BE 111 4 (HCCA) . tbEIMEBEFFE4R (AFP.DCP.AFP-13%.GP73) FEA
EHENZER, PTHS HCC BFRRFMMIBRIE X R, 75 A Spearman 1B X DA A KRz B AEX M, BT
Logistic B A8 7 FFRZ IS TSR, R SR H R EREth 4 (ROC 142 ) IR ISR FTE IS AE, &R LI CHB.LC
FMHCC BEMIEKRFI, ERER, HCC BFFIRER, BHLLFHIES, MEDCP.AFP.GP73FAFP-L3% K¥ K5, EFIE
BHITFERX(P1EIF<0.05), ZEHCCEFZF ,DCPKFESMEA/NK MM E REE X AFPKESBEFR BN B
HE LB EBRMMEREE X AFP-L3% K5 BEFR BN BHE 2R XS BEMNEEEX;
GP73/KEShhEiE R R MM ERIEE X (PE19<0.05), BEMBFIEFFEXMDTER,AFP 5 AFP-L3% 238
EAB (r=0.71, P<0.05) . AFP 5 GP73 (r=0.33, P<0.05) . AFP-L3% 5 GP73 (r=0.41, P<0.05) 2 h & 4H3%, MBEER M3,
DCP.AFP Fl GP73 7K H4HE, BT 2 % £ Logistic B A E HCCIZHIERI“G-GADA” , ZE R BF P, G-GADA R FE B4R 41
FISIELRIZ T HCC A ROC B4k TE R (AUC) 454 0.915(95%C1:0.875 ~ 0.945) F10.913(95%CI:0.862 ~ 0.950) ; 7E AFP 1§
FILEFEH,G-CADA AV ZE BAH A RIS UL ZHIZ2 T HCC A9 AUC 2 51 4 0.884(95%C1:0.833 ~ 0.924) #10.851(95%C1:0.779 ~
0.907) ; ZE FFRE L BB & T, G-GADA % BY 7F B 4% 26 AN I8 IF 46 12 B HCC A9 AUC 9 51 5 0.901 (95%CI; 0.841 ~ 0.944) F1 0.885
(95%CI:0.806~0.940), &it HTELTEBHAMEMGC-CADALKMEATEZRSFENKE X, ZEAFPRRIAEE FF
B EE PRI B RGASHEE, G-CADA HEE HCC L B2l B MG RN B E.

XEIF ZBIBFL, 18M; B, FAE; FREAE; STREKEREARYE; FERMNEE
E£UH: ER AR EES(82272433); BEEHRAYMRE SLLREFHIRB AR B (KFLX2022002)

The application value of G-GADA model in the diagnosis of hepatitis B virus-related hepatocellular carcinoma
WEI Yamei', YAO Mingjie®, LU Fengmin®, WU Hao', LIU Lijuan®, ZHANG Mei'

1. Department of Preventive Medicine , Shihezi University School of Medicine, Shihezi, Xinjiang 832003, China; 2. a. Department of
Anatomy and Embryology, b. Center for Microbiology and Infectious Diseases, School of Basic Medical Sciences, Peking University
Health Science Center, Beijing 100191, China; 3. Department of Laboratory Medicine, Mengchao Hepatobiliary Hospital of Fujian
Medical University , Fuzhou 350025, China

Corresponding authors: ZHANG Mei, 13150400463@163. com (ORCID: 0000-0003-1811-042X) ; LIU Lijuan, [jliu@I26. com
(ORCID : 0000-0001-9809-0056)

Abstract: Objective To establish an optimized diagnostic model for hepatocellular carcinoma (HCC) , designated as G-GADA, in
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chronic hepatitis B (CHB) patients based on the parameters of age, sex, alpha-fetoprotein (AFP) , des-y-carboxy prothrombin (DCP),
and Golgi protein 73 (GP73), to address the problems of low sensitivity and specificity in the early diagnosis of hepatitis B virus (HBV )-
related liver cancer, and to assess the value of this model in the diagnosis of HCC. Methods A retrospective analysis was performed for
201 CHB patients (CHB group) , 137 patients with HBV-related liver cirrhosis (LC group) , and 111 treatment-naive patients with
newly diagnosed HCC (HCC group) who were admitted to Mengchao Hepatobiliary Hospital of Fujian Medical University from June 2015
to June 2020. Serological markers (AFP, DCP, alpha-fetoprotein L3% [AFP-1.3%], and GP73) were compared between groups and
were analyzed in terms of their differences from the clinical and tumor characteristics of HCC patients, and the Spearman correlation
analysis was used to assess the correlation between different markers. A Logistic regression analysis was used to establish a diagnostic
model for liver cancer, and the receiver operating characteristic (ROC) curve was used to assess the diagnostic performance of each
marker. Results Comparison of clinical features between CHB, LC, and HCC patients showed that HCC patients had significantly
higher age, proportion of male patients, and serum levels of DCP, AFP, GP73, and AFP-1.3% (all P<0.05). In HCC patients, DCP
levels are associated with tumor size and microvascular invasion; AFP levels are related to patient age, tumor size, tumor number,
distant metastasis, and microvascular invasion; AFP-L3% levels are associated with patient age, tumor size, tumor number, distant
metastasis, Milan staging, and microvascular invasion; GP73 levels are linked to tumor number, distant metastasis, and microvascular
invasion (all P<0.05). The correlation analysis of the serum markers showed a strong positive correlation between AFP and AFP-1.3% (r=
0.71,P<0.05) and a moderate positive correlation between AFP and GP73 (r=0.33, P<0.05) and between AFP-1.3% and GP73 (r=0.41,
P<0.05). Based on the features of age, sex, DCP, AFP, and GP73, the multivariate Logistic regression analysis was used to establish a
G-GADA diagnostic model for HCC, and for all patients, the G-GADA model had an area under the ROC curve (AUC) of 0.915 (95%
confidence interval [ CI] : 0.875—0.945) in the derivation cohort and 0.913 (95%CI: 0.862—0.950) in the validation cohort for the
diagnosis of HCC. In the AFP-negative patients, the G-GADA model achieved an AUC of 0.884 (95%CI: 0.833—0.924) in the
derivation cohort and 0.851 (95%CI: 0.779—0.907) in the validation cohort, and in the patients with liver cirrhosis, the G-GADA
model achieved an AUC of 0.901 (95%CI:0.841—0.944) in the derivation cohort and 0.885 (95%CI: 0.806—0.940) in the validation
cohort. Conclusion The G-GADA diagnostic model based on multiple variables significantly improves the detection rate of HCC, and
demonstrates superior diagnostic performance in patients with low AFP expression and those with liver cirrhosis. The G-GADA model has

a better clinical application value in the noninvasive diagnosis of HCC.
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Table 1 Baseline characteristics of the study population

75 i CHB 4 (n=201) LC# (n=137) HCCHL(n=111) e P
(%) 41(32~52)" 53(48 ~ 62) 54(44 ~ 63) H=85.475 <0.001
P51 (%) ] X'=20.237 <0.001
% 128(63.70)" 96(70.07)" 96(86.48)
7 73(36.30) 41(29.93) 15(13.51)
DCP(mAU/mL)  25.00(21.00 ~33.00)”  24.00(18.00 ~ 31.50)"  176.50(37.00 ~ 4 305.50) H=123.674 <0.001
AFP(ng/mL) 5.29(3.40 ~9.15)" 4.50(3.00 ~ 8.53)" 9.95(2.85 ~ 352.51) H=11.284 0.004
GP73(ng/mL) 82.20(60.12 ~ 120.80)"  92.58(65.98 ~ 137.60)"  148.35(103.31 ~ 187.35) H=52.381 <0.001
AFP-L3% 0.10(0.10 ~ 0.47)" 0.10(0.10 ~ 0.10)" 1.00(0.10 ~ 32.11) H=60.961 <0.001

H: 5 HCCHL L, 1) P<0.05,
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Table 3 Comparative analysis of baseline characteristics of the model and validation groups

AL (n=270)

KrE4 (n=179)

AR -EL
~ CHB(n=122)  1C(n=79) HCC(n=69) CHB(n=79) LC(n=58) HCC (n=42) P
A (%) 39.50 56.00 52.00 43.00 51.00 56.00 0.18
(30.00 ~51.00) (48.00 ~63.00)  (41.00~63.00)  (34.00~55.00) (44.00~59.50)  (47.00 ~63.00)
P (%) ] 0.73
5 80(65.60) 52(65.80) 60(87.00) 48(60.80) 44(77.20) 38(88.40)
5’8 42(34.40) 27(34.20) 9(13.00) 31(39.20) 13(22.80) 5(11.60)
DCP(mAU/mL) 25.65 23.00 128.00 25.00 25.00 208.00 0.76
(21.00 ~33.44) (18.00 ~30.00) (36.50~11072.50) (21.00~33.00) (18.50~36.50) (37.00 ~ 2 300.00)
AFP(ng/mL) 5.15 450 33.25 5.29 4.60 5.00 0.85
(3.40 ~ 8.95) (2.50 ~ 7.40) (3.00 ~ 368.76) (3.25~11.10)  (3.22~15.90) (220 ~91.00)
GP73(ng/mL) 85.47 90.66 152.23 79.64 96.05 144.19 0.79
(60.75 ~ 121.55) (63.79 ~131.50) (102.32~193.38) (55.60 ~ 115.30) (66.75 ~ 141.10) (103.65 ~ 184.08)
AFP-13% 0.10 0.10 2.76 0.10 0.10 0.10 0.48
(0.10 ~ 0.50) (0.10 ~ 0.10) (0.10 ~ 59.62) (0.10~0.25) (0.10~0.22) (0.10 ~ 16.00)
Alb(g/L) 41.00 39.00 37.00 41.00 39.00 37.00 0.85
(38.00 ~45.00) (34.00~43.00) (3450~41.00) (38.00~45.00) (32.00~43.00)  (32.00~41.00)
PLT(x10%/L) 2.63 2.59 2.84 2.68 2.50 3.05 0.74
(232~3.02) (2.12~2.98) (240 ~3.62) (242 ~3.10) (2.14~3.11) (239 ~3.58)
TBil( wmol/L) 16.50 17.80 2440 16.80 17.80 20.00 0.57
(1240 ~22.85) (13.00~24.90) (15.05~38.60)  (12.80~25.00) (1240~2620)  (12.20~48.00)
DBil( wmol/L) 4.00 4.60 8.60 430 5.20 5.70 0.44
(2.50 ~ 8.45) (3.00 ~ 8.30) (520 ~ 16.70) (270 ~ 6.70) (2.70 ~ 9.80) (3.80 ~ 15.30)
ALP(U/L) 93.00 88.00 119.00 90.00 96.00 106.00 0.72
(70.00 ~ 114.50) (76.00 ~131.00) (83.00 ~ 168.50)  (70.00 ~ 121.00) (79.00 ~ 135.00) (77.00 ~ 167.00)
ALT(U/L) 174.00 35.00 42.00 160.00 34.00 41.00 0.53
(64.50 ~404.50) (21.00~61.00)  (27.50~110.00) (62.00 ~429.00) (25.00~48.00)  (23.00 ~ 58.00)
AST(U/L) 92.00 36.00 48.00 103.00 32.00 47.00 0.78
(38.00 ~ 190.50) (24.00 ~65.00)  (29.50 ~ 147.50)  (40.50 ~211.50) (26.00 ~45.00)  (28.00 ~ 102.00)
GGT(U/L) 73.00 45.00 101.00 61.00 47.00 60.00 0.21
(32.00 ~ 145.00) (25.00 ~ 102.00)  (40.00 ~ 206.00)  (32.50 ~ 114.00) (29.00 ~99.00)  (25.00 ~ 175.00)
APRI 1.44 2.67 2.63 1.58 2.50 272 033
(1.00 ~2.01) (1.79 ~ 3.45) (1.79 ~ 3.47) (1.17 ~ 2.40) (1.85~3.33) (2.12~4.77)
FIB-4 1.61 5.19 435 2.09 4.63 6.02 0.19
(095 ~2.57) (3.15~9.05) (2.58 ~ 6.65) (136 ~3.44) (3.03~7.21) (3.17~10.81)

1 APRI, AST 5 i/ MR HAEFE 44 FIB-4, IF2F 2 Ak 4 T FHE 4L
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Figure 1 Spearman correlation matrix between age, sex
and serum AFP, AFP-L3%, GP73 and DCP levels
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263 AFRACERFE BRI UEA T, G-GADA
TUTE TR AL 35 FR 2 W HOC B9 AUC {843 51 4 0.901 FI
0.885, 1 F GALAD & 54 ( Z {84331 0 2.621 .2.114, P{E <
0.05) . HBAPETRIIE . Youden 1545 USSR 4557 BE 455
(KT, 2 0)0

E1
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Logistic [@] )35 #7

Table 4 Multifactorial Logistic regression analysis of patient
age, sex and serological indicators on the occurrence of HCC

AR Bfi SE Waldy’ PfH OR 95%CI
AR 0.050 0017 9.163 0.002 1.051 1.018~ 1.086
PERI 1778 0.627 8.037 0.005 5920 1.731 ~20.240
log,,GP73 2028 0.980 4.287 0.038 7.600 1.114 ~51.829
log AFP 1118 0309 13.122 <0.001 3.059 1.671 ~5.602
log,DCP 2657 0.569 21.841 <0.001 14.259 4.678 ~ 43.463
o -14.784 2592 32.537 <0.001
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Figure 2 Diagnostic performance of G-GADA, C-GALAD, GALAD, AFP, DCP, and GP73 for HCC
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Table 5 Diagnostic value of G-GADA, GALAD, AFP, DCP, GP73 for HCC in overall patients

e AUC(95%CI) cut-off ﬂ%gj{g %i{g BHT%?S?‘ME Eﬂh:gf;mﬂ{ﬁ Youden$5%(  P{H
A (n=201/69)
G-GADA  0.915(0.875~0.945)  0.21 88.41 84.08 65.90 95.22 0.725  <0.000 1
GALAD 0.878(0.832~0.914)  0.45 84.06 79.60 58.43 93.36 0.637  <0.000 1
AFP 0.653(0.593 ~0.710) 2890  52.17 90.55 64.63 84.22 0.427 0.000 9
DCP 0.847(0.799 ~ 0.888) 4845  72.46 95.02 83.50 90.62 0.675  <0.000 1
GP73 0.726(0.669 ~ 0.778)  96.64  79.71 60.20 40.97 89.05 0399  <0.000 1
BAIEA (n=137/42)
G-GADA  0.913(0.862~0.950) -0.09  78.57 93.43 77.87 93.05 0.721  <0.000 1
GALAD 0.854(0.793 ~0.902)  1.93 66.67 94.16 77.65 89.75 0.608  <0.000 1
AFP 0.687(0.613 ~0.754) 4049  54.76 90.51 63.04 86.10 0.453  <0.000 1
DCP 0.860(0.801 ~0.907) 45.00  76.19 91.24 72.73 9231 0.674  <0.000 1
GP73 0.790(0.722 ~ 0.847) 137.40  69.05 80.29 52.14 89.10 0.493  <0.000 1

TE n=REAR BB BHPEREA

*6 AFP{EFRiXEZE G-GADA.GALAD.AFP.DCP.GP73 % HCC Wi {&

Table 6 Diagnostic value of G-GADA, GALAD, AFP, DCP and GP73 for HCC in AFP-low expression patients

O

RSP IE

B 1 P

A P

i H AUC(95%CI) cut-off (%) (%) (%) (%) Youden$8%0  PH
A (n=176/33)
G-GADA  0.884(0.833~0.924) 0.21 78.79 89.77 57.46 95.50 0.686 <0.000 1
GALAD  0.838(0.781~0.885) -0.14  75.76 81.25 42.92 94.45 0.570 <0.000 1
AFP 0.651(0.582~0.715) 3.25 7273 69.89 30.67 92.83 0.426 0.003 4
DCP 0.821(0.762 ~ 0.870) 48.45 7273 95.45 73.28 94.68 0.682 <0.000 1
GP73 0.705(0.639 ~ 0.766) 102.00  75.76 67.05 30.21 93.36 0.428 0.000 2
UFA (n=115/18)
G-GADA  0.851(0.779~0.907) -2.18  88.89 66.96 29.64 97.13 0.559 <0.000 1
GALAD  0.752(0.669 ~ 0.822) 0.92 50.00 89.57 4253 91.62 0.396 0.000 1
AFP 0.630(0.542 ~0.712) 3.30 61.11 66.96 22.60 91.22 0.281 0.106 8
DCP 0.816(0.739 ~ 0.878) 48.00  66.67 66.67 36.70 86.66 0.333 <0.000 1
GP73 0.791(0.712 ~ 0.856) 137.40  69.05 80.29 35.96 94.07 0.493 <0.000 1
 n=FEAR DB PRTEREA
R7 BFEWLEZE G-GADA.GALAD.AFP.DCP.GP73 Xt HCC H)IZ B M &
Table 7 Diagnostic value of G-GADA, GALAD, AFP, DCP and GP73 for HCC in cirrhotic patients
5 H AUC(95%CI) cutoff  UBEE - RESREEWRBUNGL - BHERUNI e gy
(%) (%) (%) (%)
AL (n=79/69)
G-GADA 0.901(0.841 ~0.944) 021 88.41 81.01 80.42 88.39 0.694  <0.000 1
GALAD 0.852(0.785 ~0.905)  0.31 86.84 78.11 77.61 86.27 0.650  <0.000 1
AFP 0.694(0.613 ~0.767)  27.10  52.17 94.94 88.49 68.83 0.471 <0.000 1
DCP 0.856(0.789 ~0.908)  33.00  79.71 87.34 84.35 82.37 0.671 <0.000 1
GP73 0.709(0.629 ~0.781) 10020  78.26 59.49 62.78 75.15 0.378  <0.000 1
U5IEAH (n=58/42)
G-GADA 0.885(0.806 ~0.940)  0.46 71.43 100.00 100.00 82.64 0.714  <0.000 1
GALAD 0.826(0.737 ~ 0.894) 1.93 66.67 96.55 92.28 79.59 0.632  <0.000 1
AFP 0.697(0.597 ~0.785)  36.22  54.76 91.38 81.29 73.20 0.461 0.001
DCP 0.839(0.752 ~0.905)  45.00  76.19 86.21 79.72 83.19 0.624  <0.000 1
GP73 0.763(0.668 ~0.842)  125.00  76.19 70.69 64.72 80.11 0.469  <0.000 1

TE :n=FEA SRV BHPEREAS
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P AE I PR R AP AE 4R 2420 I ARk, GPT3 A i %
PRI 2 B 061, HAE HOC & A i il PR IR B =
LI 135 AT FRE ) B g 3, GPT3 12 W HCC 1Y
THURCJE N 74.6% , 5 5 3K 97.4% , 7 HCC 3 IfiL35 AV
SR FRL TR AW & B, AFP DCP GPT73
5 HCC HBE M R 3451 g AN e 5t b i %
KA BRI 5¢, B =& M IREAE— 2 MG 3 7m
HAEHCC Wb BA AN N

AWFFEHT AFP . DCP .GP73 %5 35 hn s ¥y , 45 &1k
HS AR I H T HCCIZ Wi Al——G-GADA ., 4554 i
7, G-GADA TE HCC i2 B Y ABURR B 2 Y ouden $8 543 ik
ELT GALAD BERY K 45 FRIGUE b, 3275 JLi2 Wi dl g o
fE. % IEFZ)30% () HCC B34 AFP B, BT A5 &)
W12, G-GADA 3T DCP 5 GP73 i HAME A, £ AFP B
PR E PRI R PERE, AUC 15 0.884 (&4 ) 5
0.851 (K uE4 ) , A 345k 4M T AFP J5i R , 78 Hi 7E AFP [H
PEHCC AN I 7. BeAh  HCC T & A% O M B AE T
1o e AR B R SRS YA, AT 4 v T BUSOR b B R
TR MCERUS . AR — P G-GADA 7E JiFtdifk
NBEA 2 W, 5 5t 7 e BH A 100 {55 80.42%
A LA P BT R B R 1 14.529%(80.42% vs 65.90% ) ,
B 2R T A ORI R AR P M 2R D AR B AR
Kt 5. %5 1, G-GADA 7E AFP B 34 b TR Ak
o fE R T BRI S W RE ), B R I PR T 5,
B4 (R R RTHE S 746 7 (2022 4F M) )P4 3 A
fi NRERSHER 25" B8, 3F5 Vo %Y 1% Huang 22 H5E
ZER—F

ABFFE R, B4 AFP .DCP 5 GP73 i G-GADA B!
A RUX 43 HCC 53 HCC, HAE AFP B M P Ak g 3
TR RAFIIZWIRE ST o SR ARFSAT A AE— 2 R R
Peo B VR I B  REAC AT B, T RE AT
FESERRAR A 5 FLUC RGN T SR (AT () =
TG AR ) , iR 2D B A B A RN S 1
A Fr A RIS A A 5 B4 , HBV S HCC il 3255 A
Z— ARFFAEE T HBV DNA Y E P B, 5= Wi
Bt MU TEIRY T AHSCTORE, DT BRI T X 2 2 il K7
5T s s i i it —2 54t

A 5N AE K FEA 2 vl 19 T 1 BA B v it —
B E G-GADA 55 AU 1) Il PR AL RE , 45 & 0 2 1k K2
i, DR BRI R AR i e e SiE . ©f
WF5E 2B, MR AT 24 e HCC R YT ROV DAl AU 19
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