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Establishment and application value of a diagnostic model for early hepatic tomors
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[ Abstract | Objective To establish a machine learning diagnosis model for early liver tumors based
on contrast-enhanced ultrasound ( CEUS) images and explore its clinical diagnostic efficacy. Methods A
case-control trial was conducted on the clinical data of the patients with pathologically diagnosed hepatic
tumors in a diameter <30 mm and undergoing CEUS examinations in the First Affiliated Hospital from June
2015 to June 2020. Finally, a total of 490 patients with 520 liver masses [ 474 malignant tumors (91. 15%)
and 46 benign tumors (8. 85%) ] were enrolled, including 406 males (82. 86%) and 84 females
(17.14%) , with a mean age of 51.98+0.46 (22~82) years. Four sonographers were invited to analyze the
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features of their conventional ultrasonographs and CEUS images, and a consensus needed to be reached

through discussion when opinions differ. All enrolled patients were divided into a training set (n=400) and a
testing set (n=90) in a ratio of 4:1. Conventional ultrasonographs, CEUS images, history of chronic liver
disease and clinical indicators were jointly analyzed using machine learning methods, such as, support vector
machines, random forest, nearest neighbor algorithm, and logistic regression. Accuracy, specificity,
sensitivity, and area under the receiver operating characteristic curve ( AUC) were calculated to evaluate the
Results

the random forest performed best, with an

and 0. 987 (95%CI . 0.934~1.000),

respectively, in the test set. There was no significant difference in the AUC values in the random forest with

performance of the models. Among the 4 models,

accuracy, sensitivity, specificity, and AUC of 0. 97, 0. 83, 0. 71,

the other 3 models (all P>0.05). The top 5 contributing features in random forest model were cirrhosis, age,
diameters in ultrasound and CEUS, and portal phase enhancement pattern, which were consistent with the
clinical diagnostic indicators of malignant liver tumors reported in previous studies, indicating that our

established model had a good interpretability. Conclusion Our machine learning model is established based
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on CEUS features, chronic liver disease and tumor markers,

tumors in diameter <30 mm in CEUS.
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and shows high accuracy in diagnosis of liver

machine
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JHTgE Ak, 325(66.33) 264(66.00) 61(67.78) 0.954

2.2 AFAESR ik

Xif I 2 4R v 1 AR A S AR R R R Il R s R T
spearman AH ST VE i 76 A% B AH 5C S AN HH SRR (AH O
{E<0. 05) , o A FFAEFL 45 - F8E AF 0% 100 18 M i
SRR A R A Y BT R, CEUS gl kO
IV K B 0 A S A 0 5 T 5 2 A A AR B OB
5 min P2 ARTETER MR , R 1 AFP {8, # 8L
HFTR CEUS Ry A5 19 B AR S22 (H
2.3 ALE ST BA LM G R BTN A

bR i 2 Ok A FRAE LA svm RF KNN Al
Logistic 55 4 AL 2] J7 25 oot e RGP i AT
W, AR R, RF 88 (criterion = “ entropy” ,
n_ estimators = 2000, max _ depth = 4, max _ features =
“auto” , class_weight = ‘ balanced’ ) PE B fx iF-, TE VI 24
rhP X UE M U R SRR AUC 43510 0. 98
0.97.0.90 1 1. 000(95%CI: 0.984 ~1.000) , 753,
RO B fE R P L BURE R PR AUC 43 5 35 B
0.97.0.83.0.71 F10.987(95%CI.0. 934 ~1.000),
ROC HiZ# PR {12k 7R, RF 7RI ZR8 A il 48 rh 75

or¥tesy , R B A2 Wi e s, (HE R
BRI ROC £k 5 HoAts 3 R RLTE B & 1k 22 5% . W)
i), DCA 2 b B 125 7 BA B4 (1411 PR 52 IR
(K 1.3k2),

M rp AL 98 AN, oAy 95 S HE A
2 3 PIRES WS R . Forp BRI 91 A,
87 1~(95. 6% ) T 1 JiT- 4 M 438 , B0 2K 5512 W v o 1 g
100% . WA, iZ 500 5 ik 4% 2 AR A BT,
LA 2 s, S B E RS W o B, R R 1A
PN R Ba2 Wit v s AE MR b RAEE 7 4, 42
15 4 D IMEYRE 1AL SE T, 1L AR 1A
FIEESE T PR o o, 1 AN AR A 1 AR A
AR WA (18 2.3 3) o

F2 FEYLARMERIE g EFNK S B FTAMER) AUC,

W R
btk AUC(95%CI) HERPE RS U
JIZE4E  1.000(0.984~1.000)  0.98 0.97 0.90
WA 0.987(0.934~1.000)  0.97 0.83 0.71

F 3 BEVLARMERIEN K& P AR AR
BHTIERE (Rt 2/ A)

BRI R
ST g P o JH g 2 Y n —— BWERE
Rk JiiK=gra 4 3 1 0.75
JHREAL 4515 1 1 1.00
HMEIR R 1 1 <0.01
JRy kb2 AT PR A 1 1 1.00
W JH- 440 M 93 87 87 1.00
TRA B 2 2 1. 00
EREg ) ob 1 1 1.00
SRV 1 1 <0.01

2.4 B Y O] RRARE

T HE ISR A AT A e A By IS O P AR A Y
TAETT 2 BRI g A R R AE S T PR R T A A
R/ (B 3) o 25 R, R HhREAE 5Tk HE 44 1 1+
PR3 o) e < JH R A 5t S8 AR IR L CEUS F1H AL 88 75
HE AR RN OB R O X R T R R R
HREATHT 1 AP AFP 8 PR DL R Sk s o 75 5K



http ://aammt. tmmu. edu. cn

Bl 42 2R R 241, 2023,45(21) 2279

10 = 10 —— svm Model
0.20  ogetc Mage
al —— KNN Model
0.8 ,"/ 0.8 0.15 - :::: ::ne
0.10
0.6 o wt 0.
N S W 0.6 e
B o g « 005
X 04 o~ £ 0.4 & 0
0.2 02 -0.05
,/ —— svm AUC (area = 0.994) /’ —— svm PRC (area = 0.926)
S —— RF AUC (area = 1.000) o —— RF PRC (area = 1.000) ~0.10
L —— logistic AUC (area = 0.952) % —— logistic PRC (area = 0.730) .
0 —— KNN AUC (area = 0.979) 07 ¢ —— KNN PRC (area = 0.757)
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 0.2 0.4 0.8 1.0
1455712 2 ek B U c
“ 18 0.20 =g
% —— logistic Model
& 0.15 —— KNN Model
0.8 // ' 0.8 o E::: ::ne
0.10
g 0.6 /,/ Jﬁﬁ' 0 6 :1\/% 005
= e E< ¥ =
mg 0.4 /’ %m 0.4 ﬁ' 0 \/’ =
-0.05
0.2 S 0.2
ya —— svm AUC (area = 0.957) ya —— svm PRC (area = 0.877) -0.10
P4 —— RF AUC (area = 0.987) P —— RF PRC (area = 0.909)
/' —— logistic AUC (area = 0.958) ,r' —— logistic PRC (area = 0.691)
0 —— KNN AUC (area = 0.969) 01° —— KNN PRC (area = 0.661) -0.15
0 02 04 06 08 10 0 02 04 06 08 1.0 0 0.2 0.4 0.6 08 1.0
1S D ey E i F

A~C: R AME F 3 A S 4545 F 49 ROC PR A= DCA 1 Z;D~F: 9 A AL E 5

PR #= DCA ¥ &

SRR K, 4R P 49 ROC |

1 47 FIEBANZGEFMNXESH ROC PR 71 DCA gz

TRIBA

R !
=
X
=
At 2 5
R b

e
B2 BRHLRRHRAE 7 T ist 5 b AT RS W7 45 SR MO BB A T
2.5 TAMR @R

AHFFEESL T Ml al AL T3, At R 22 0
WA (& 4) o BRI MCSHUE, 7T A 3l A i

0.144
0.124
0.10 1
=
"G 0.08
sl
2 0.061
& 0.04 1
0.02 1
o \S QTN X
&f @% x«@ SR O
PLeSeR VU
ﬁz ST
,5%%% % @Q%y ?éo‘\‘%j’/ ?%Q
S R
R
FEIE
El 3 RF #EE @A\ CEUS G F 4B EMIG KRG TR

REERMHR

T ROBE XU PRl R 8 5.6 7 ROGR R A 1Y
W HUB AT CEUS B4



2280

Bl 42 ZE R R 24, 2023,45(21)

http : //aammt. tmmu. edu. cn

EHRRTMERS TR BEEEAF SR ERESR
EEASUTAS:
230

80788590

BRESER
BE sE= O &EX
o HREEIRETEN
47 O 7& R
&3 BEETMNEEESR
= 3 IR
o= = O =i8%& S8 X838 RERISE 8%
R EEEXBREESR
BEIRMArP
= S8 O i=ER
33
SMEETREES (BXE)
28

BV BRESSRENER (<60s)
2
EEEVTHEEE (BXE)

0=
EEEHERnsESR
=sE S8 O ER
30
ESERsSRRSEHEEE (FIH)
BIWEFHS: 2 OF
P REF ZE B EHF O FEw
calculate

FRERSENREE (TEREREN0.24) STREVASZHEERENTTHE
[0.66656665)

BEF AT F AL, F AR B P T ILKR A 28 mmx25 mm 91K E F AR RE AR F YR E SR,
[T # BR A A 2L 3R HA A AR 3%, Ko 4 30 mmx26 mm, F KGR W A 0005, SRS R BHRTE 0. 67,
A FEALA 0.24, B AR R A Z A T AT

B4 BEMGTEFZRE

ST Imin56s
AR E T ILK A

3minlls
14 mmx13 mm #94K & F, A R AW ;B R FLEHHRPEZHER(3s), KRN A
20 mmx15 mm;C: I TH# AR A 243G 3% (1 min 56 s) ;D 2E R M ZAKIEE (3 min 11s) T . TRMEMEMLE
& s

RHME IR AEBEERE (&4 1,33 5 I, A B T LA

#HE

Ertiit)

Iminl8s

2min37s

A FEMAFE P TILR A 28 mmx25 mm 694K 1 R AR A B AR FE YA EZHIER(13s), KA
30 mmx26 mm;C: [ # Pk A ZAK3E 3R (1 min 18 s) ;D 3£ R HY ZAK3E 3R (2 min 37 s)

Eo6 FrAMEBEELE

TR AT e B
(&4 B W AT H FFRAC, A T I At )



http ://aammt. tmmu. edu. cn

[ 222 s R 2 2m 41k, 2023 ,45(21) 2281

3 it

CEUS HA LRy 7 22, O &)z
S P T A8 1 R S0 5 2 32 DR R S T A v
T I B SRS B2 W, 7T B T S 1 A B, %
FAREAE R S SRR B B L, BT
SR KA AT B — ML S R SRR T — ik
T 75, S o 0 o ] A e 0 3 400 4 W B/ e
THIR 12 W40 s 1 DG , (HUE 2 B BAR AU FE
(52, H: CEUS 2 B 2 B AR k1027 5 [al ik, A
I IR TE A RSP TS 75 5 R, 5 5 6 B i 1 o g
IR, (S0 5 ST 50 A B e 8 T Al
S0 A REAE 40 A g AT e 2R B0 1 30 Bk e 3 5 1 B 7
B, 255 5T ARG RS , M R AR VG PR 12 B v i P
BN, CEUS Hh T 12 il B4 4 MU A L CEUS
w3l KA R 0 SR SRR AE , LA S p LA
It PR A FE AR 725 5 VAL, W5 2 75 BRI 2 AT £l
SRR = B ARG 7 20 6, 4 1) 2 X TR A 8 f) i
REEEI , FOREARL T o Pk
3.1 MU ST AN A S o @ 64 R AR A

BLAR - ) R 50 B B REi2 B & A I R
RETEEMN ., i [ 8 S8 BRSO
SEURBERAE , DTS 2 24 AR | O 9k i3 7R I R 23U
HH 511 AR [ 07 A 30T B A i K ST A RE S T
RERR ST R T e THLas T T 40 a8 22 Fe bR ik
HWEER MRS AUC K5t 0.801 5 |
2SS 5 I I AR 4 CT UG SR IBUAR 20 4 R E 5
T svm MIHE T T I AS RIS TR, BER1i2 0T AUC 72
MHAZE IR H] 0. 998, HilE KA N T2 Wi L, X Ff
SE AL IS v T B & U, T L e e DRl B U %2
WA 22 5 1 R I2 SRS ; [, WL T T LS s
AR AD PR B , I RIS AR S ] TS E R R, A
3.2 KBRS AGHUE F ST BEA S A BT

B G R AL A% 2% 21 7 3k o A i AR A L CEUS
SRR AL SR B LT s A MR AR S AFP Sy
T — MR EAR <30 mm BT R B9 BRI T
R FE 490 1] 8 3 AL 520 ANk v B A T I 2 A i
SRR T LR T 75 S BRI VR RE B AT 7
WA T VB M R R SR AUC 43515k 3
70.97.0.83.0.71 F10.987(95%CI.0.934.1.000) ,
R T BRI  AHIF G 7 A B0 7 12 W AT U
R A8 T T PR RE SR ; RIS, LT IAR R o 5% 2
TE RS B AR T, BT 53 R SUATESY

ANt ERGEMET 8B, B 4 S AR s, AT
R B RS IT H % () CEUS 2.

FEMAE A5 o 0 Ff e 1142 W o 0 12 35
T 98% , H 4l KL HA I 41 i g 1) 12 B o B M R b
100% , iX LR BIBF5E #E 7 FF CEUS LI-RADS B #
A TR ) 18 TR v B P v R R 1
PERIR AN 1 B R VE T2 Wi i, B R
2 R 7 R IR =5 R CEUS Bl ik BA 1]
JURCHA 0 A0E 3R 101 22 5 TR R 3 i, 25 5 RS R
FEMRAE 1 R PR b, AL 1 1 8 s AR A 1 43
B, CEUS Y3 80 A s 780 A I 45 12 W 4 1% 5 b 40,
1) Jay kb 25 e B A 2 R A g 05 o, 5 e
FEFRIMAK A1 75, CEUS 26 By i 4 3 £ B 4 IR (B
5) 4% % CEUS LI-RADS 2 Witn e, IV i #5453 M LR-5
J5, RIBH B 40 s , SR T A AIE 9% S 5 A A5 AR 1T
LKA BB, X 3 A BIF 5T 8 7 B R RE TR )2 IR
(IR o3 BT R 3 R AR 2 R MLV 2 1 S8 AT 167 7 T g
ROBPEIZ W, SRS A D58 B8 4 v R R 2 (HX
Fir LA 4 U 975 B4 8% BB AE B 12 WG, 1 B AR F 5%
T R R A i 1 S 2 T RE T o
3.3 ABFRE L HE F 3T AR 6 T AR

BEIERAE Al A5 B 7R AR A A CRRAE H A0 35
B BAEENFIEAL TS S AR A, X 2 B 7E 400
JHF IR B b A R AL 55, ELAR SRR i) 53 1 A
S ] O M R ) kA, 5 DL BIE T A R —
L BRI A BRIE R LG CEUS Hrsl kb | 1 bk
SR AE IR 0T A X D R R S A IR AR BT
JCA kSR AR, 35 min YA B I T 3R B 1)
TR A 3X 5 CEUS JITFIF 52 4% 412 45 Fn 5 d
Z%; (LI-RADS) H#L5E i1 LR-5 F1 LR-M 2 51| 5 44 i
TG R —5 7 AN R g AR R
& TR B F1 CEUS Wi B AR, X 5 R F5e 45
TG, B0k i B A2 e /NI o Al 1] 992 W oA R
PES2Y DAl B e MR R 2 o) B (AL 5 0 PR &2
RS WT B0 — B0, FLA AR SR Y mT R

A 5T 3 AL HL R 2 2] D7 IR B CEUS S2 18 4%
i FBE S JTEG S0 R0 R A 5, SR T R0 A
ROBMR RERE 2 W (HR WA — 2 s fRpE . DA
W5 Je— I s rps [l B 5T, T RE AP AE S 2R I 77
S AR R YA 2 5 DA A B B e T ek g 5
JAY A A AR R R i R AL D T RR A
ZERA M, IF HNREHE R CEUS LI-RDAS g vf 52 28
I 400 60 g A0 A 40 6 9 2 1 P JgE 1) 5 50132 W
FEIGSEWF I, FRATTRE AR S8 AR SCE R iR , S 2



2282 Bl 42 ZE R R 24, 2023,45(21)

http : //aammt. tmmu. edu. cn

SIS W QBRI T G M oA e 3 22 5, IRt
TES AR, FA TR R BE 27 ~) B AR 0 R 1 s
TN RAG A2 AR , T EA T REIS W o

L L IR AW FEE B &2 ) s T A
YR LT AR B BE IS BT R TR, S B T P Y
ARSI R 1R PRI S AR R 3R 1 AR bR A RS
GrT, X TR R AT P S TR RS B 2
— A R 7 3 A RO B I RS B2 W, 1 5 v

S

[1] KOKUDO N, HASEGAWA K, AKAHANE M

, et al.
Evidence-based clinical practice guidelines for hepatocellular
carcinoma; the Japan Society of Hepatology 2013 update (3rd
JSH-HCC guidelines) [ J]. Hepatol Res, 2015, 45(2); 123-
127. DOI: 10. 1111/hepr. 12464.

[2] e KRR R AR R 2 R EE R, A

PERHRIZ Y7 F8 1 (2022 4R R [T]. PR IH LA RHR K,
2022,21(2):143-168. DOI. 10. 3760/cma. j. ¢n115610-
20220124-00053.
Bureau of Medical Administration of National Health
Commission of the People’s Republic of China.
Standardization for diagnosis and treatment of hepatocellular
carcinoma (2022 edition) [J]. Chin J Dig Surg, 2022, 21
(2):143-168. DOI. 10. 3760/ cma. j. cn115610-20220124-
00053.

[3] WILSON S R, FEINSTEIN S B. Introduction; 4th guidelines
and good clinical practice recommendations for contrast
enhanced ultrasound ( CEUS) in the liver—update 2020
WFUMB in cooperation with EFSUMB, AFSUMB, AIUM and
FLAUS[J]. Ultrasound Med Biol, 2020, 46 (12) . 3483 -
3484. DOI: 10. 1016/j. ultrasmedbio. 2020. 08. 015.

[4] HEIMBACH J K, KULIK L. M, FINN R S, et al. AASLD
guidelines for the treatment of hepatocellular carcinomal J].
Hepatology, 2018, 67(1): 358-380. DOI. 10. 1002/ hep.
29086.

[5] European Association for the Study of the Liver. EASL
clinical practice guidelines: management of hepatocellular
carcinomal[ J]. J Hepatol, 2018, 69( 1) 182-236. DOI;
10. 1016/j. jhep. 2018. 03. 019.

[6] FANP L, DING H, MAO F, et al. Enhancement patterns of
small hepatocellular carcinoma ( < 30 mm) on contrast-
enhanced ultrasound: correlation with clinicopathologic
characteristics[ J]. Eur J Radiol, 2020, 132; 109341. DOI.:
10. 1016/]. ejrad. 2020. 109341.

[7] JANG HJ, KIM T K, BURNS P N, et al. Enhancement

patterns of hepatocellular carcinoma at contrast-enhanced US:

comparison with histologic differentiation [ J ]. Radiology,
2007, 244 (3): 898 - 906. DOI. 10. 1148/radiol.
2443061520.

[8] HUANGJ Y, LI J W, LU Q, et al. Diagnostic accuracy of
CEUS LI-RADS for the characterization of liver nodules 20
mm or smaller in patients at risk for hepatocellular carcinoma
[J]. Radiology, 2020, 294(2) . 329-339. DOI. 10. 1148/
radiol. 2019191086.

[9] LING W W, WANG M N, MA X L, et al. The preliminary
application of liver imaging reporting and data system ( LI-
RADS) with contrast-enhanced ultrasound ( CEUS) on small
hepatic nodules ( <2 cm) [J]. J Cancer, 2018, 9(16):
2946-2952. DOI: 10. 7150/ jca. 25539.

[10] x5, Hale, Ak, &5 PLasss ] 7o 5 BUd AR

TR AN ELT]. PEERRER R, 2021, 29
(4):293-299. DOI. 10. 3969/j. issn. 1005-5185. 2021.
04.002.
LIU Q, ZENG Y, WANG H L, et al. Diagnosis of machine
learning methods for COVID-19[ J]. Chin J Med Imaging,
2021, 29 (4): 293-299. DOI. 10. 3969/j. issn. 1005-
5185.2021. 04. 002.

[11] EBfh, BG4, XIEE, 5. S FLas 7 Bk E 45

AT RN T K e (] AREZS TR, 2023,
39(12) . 2045-2048. DOI: 10. 3969/j. issn. 1009-5519.
2023.12.013.
ZHUANG X W, LI Z Q, LIU J L, et al. Application and
comparison of five machine learning algorithms in screening
and diagnosis of renal calculi [ J]. J Mod Med Health,
2023, 39(12) : 2045-2048. DOI. 10. 3969/j. issn. 1009-
5519.2023. 12. 013.

[12] ALAIMO L, LIMA H A, MOAZZAM Z, et al. Development
and validation of a machine-learning model to predict early
recurrence of intrahepatic cholangiocarcinomalJ]. Ann Surg
Oncol, 2023, 30(9) . 5406-5415. DOI. 10. 1245/510434-
023-13636-8.

[13] mlg, N, T, . FETHLE 5 I B £

TRVRIK 5 12 Wi LB TT e Je e [T ] rp [ BE 27 A 4,
2023, 20(5) : 50-53. DOI. 10.3969/]. ISSN. 1672-8270.
2023. 05. 009.
HUANG Y, CUI' Y, WANG G H, et al. Development and
validation of a model of the combined diagnosis with multiple
indexes for HCC on the bases of machine learning [ J].
China Med Equip, 2023, 20(5) : 50-53. DOI. 10. 3969/
J. ISSN. 1672-8270. 2023. 05. 009.

[14] whok, @A, £, % TR EY DL >
BRI A2 BT EPRAG [T ] IR R 3R 7%k, 2023,
41(3) : 229-234. DOI: 10. 13602/j. enki. jels. 2023. 03. 16.



http ://aammt. tmmu. edu. cn

il 45 %2 B R, 2023,45(21)

2283

[15]

[16]

[17]

[18]

[19]

[20]

[21]

HAN B, TI Y N, WANG R, et al. Evaluation of diagnosis
value of machine learning model for hepatocellular carcinoma
based on serological markers [ J]. Chin J Clin Lab Sci,
2023, 41(3): 229-234. DOI. 10. 13602/j. cnki. jcls.
2023. 03. 16.

YL, EfAk, mid, 5 ST CT AR O B
DN 5 R 3 s AR A s [ ] B TR 4R 2%,
2023, 32(5): 847-2851. DOI: 10. 3969/j. issn. 1006-
7035.2023. 05. 012.

MA K, WANG J M, HUANG ], et al. Study on prediction
of enhanced images of hepatic hemangioma based on the
model of plain CT image omics [ J]. Mod Med Imagel,
2023, 32(5): 847-2851. DOI. 10. 3969/j. issn. 1006-
7035.2023. 05. 012.

RN O P P 2 AR RS T2 IR D P T8 1 22 o
OBFFELD]. JFE: R R, 2022.

REN S S. Multicenter study on accurate diagnosis of primary
liver cancer by ultrasound group before academic study[ D].
Kaifeng: Henan University, 2022.

CHEN Y D, ZHANG L, ZHOU Z P, et al. Radiomics and
nomogram of magnetic resonance imaging for preoperative
prediction of microvascular invasion in small hepatocellular
carcinoma[ J]. World J Gastroenterol, 2022, 28 (31):
4399-4416. DOI: 10.3748/wjg. v28.131. 4399.

SUN K, SHI L' T, QIU J F, et al. Multi-phase contrast-
enhanced magnetic resonance image-based radiomics-
combined machine learning reveals microscopic ultra-early
hepatocellular carcinoma lesions[ J]. Eur J Nucl Med Mol
Imaging, 2022, 49 (8):. 2917 —2928. DOI. 10. 1007/
$00259-022-05742-8.

GRIMES D A, SCHULZ K F. An overview of clinical
research; the lay of the land [ J]. Lancet, 2002, 359
(9300) : 57-61. DOI: 10.1016/S0140-6736( 02)07283-5.
American College of Radiology. ACR CEUS LI-RADS 2016
[EB/OL]. [2023-07-01]. https://www. acr. org/Clinical-
Resources/Reporting-and-Data-Systems/ LI-RADS/CEUS-LI-
RADS-v2016.

KIM T K, NOH S Y, WILSON S R, et al. Contrast-
enhanced ultrasound ( CEUS) liver imaging reporting and
data system ( LI-RADS) 2017—a review of important

differences compared to the CT/MRI system[ J]. Clin Mol

(22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

Hepatol, 2017, 23(4): 280-289. DOI. 10. 3350/ cmh.
2017.0037.
WILSON S R, LYSHCHIK A, PISCAGLIA F, et al. CEUS
LI-RADS: algorithm, implementation, and key differences
from CT/MRI[ J]. Abdom Radiol, 2018, 43(1). 127-
142. DOI; 10. 1007/500261-017-1250-0.
SHIN J, LEE S, BAE H, e al. Contrast-enhanced
ultrasound liver imaging reporting and data system for
diagnosing hepatocellular carcinoma: a meta-analysis [ J ].
Liver Int, 2020, 40(10) : 2345-2352. DOI. 10. 1111/liv.
14617.
BRAY F, FERLAY J, SOERJOMATARAM I, et al. Global
cancer statistics 2018 GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries[ J].
CA Cancer J Clin, 2018, 68 (6): 394-424. DOI. 10.
3322/ caac. 21492.
FORNER A, REIG M, BRUIX J. Hepatocellular carcinoma
[J]. Lancet, 2018, 391. 1301 -1314. DOI. 10. 1016/
S0140-6736( 18)30010-2.
KUMAR K, KAUR S, KAUR R, et al. The role of contrast-
enhanced ultrasound in the evaluation of hepatobiliary lesions
and its correlation with pathological findings[ J]. Pjr, 2022,
87(1): 661-667. DOI. 10.5114/pjr. 2022. 123563.
KONO Y, LYSHCHIK A, COSGROVE D, et al. Contrast
Enhanced Ultrasound ( CEUS) Liver Imaging Reporting and
Data System ( LI-RADS® ). the official version by the
American College of Radiology ( ACR) [ J]. Ultraschall
Med, 2017, 38 (1). 85-286. DOI. 10. 1055/s-0042-
124369.
ZHENG W, LI Q, ZOU X B, et al. Evaluation of contrast-
enhanced US LI-RADS version 2017 application on 2020
liver nodules in patients with hepatitis B infection [ J ].
Radiology, 2020, 294 (2): 299 -307. DOI. 10. 1148/
radiol. 2019190878.
TERZI E, TAVARONE M, POMPILI M, et al. Contrast
ultrasound  LI-RADS  LR-5 identifies hepatocellular
carcinoma in cirrhosis in a multicenter restropective study of
1, 006 nodules[ J]. J Hepatol, 2018, 68(3) . 485-492.
DOI: 10. 1016/]. jhep. 2017. 11. 007.

(Ye#5:2023-07-27; f& [ : 2023-08-30)

(%4 £ &)





