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Advances in diagnostic application
of ultrasomics in liver lesions

Zi-Nan Liang, Wei Yang

Abstract

With the progress of medical technology in recent years,
radiomics has been rapidly developed and widely used.
Ultrasomics, as a branch of radiomics, is gradually
applied to liver cancer, breast cancer, and other fields,
and some research results have been acknowledged
by clinicians. In the study of liver lesions, ultrasound
is a vital diagnostic imaging method, but it also has
limitations. For example, its performance is inferior to
computed tomography or magnetic resonance imaging
with regard to the diagnostic specificity for benignity
and malignancy. The introduction and progress of
ultrasomics provide new methods and ideas that could
improve the ability to identify benignity or malignancy
of liver lesions, tumor stage, and prognosis of the disease.
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055

A Y 7 ) D SR e R i\l 5 s a7 N e N
FF R AR (focal liver lesions, FLL)A ZE [ ook i |
R AT I A, R . RIS (hepatocellular
carcinoma, HCC). # R4, FLLYE A0 B3, g —
AN RIS (R IR, 2 W HE AR, 28
WiZH &R RSP, FLL R BMRARTER T A7
R ESR, BWUEBCRAFN, Hitk, FLLR R #17
W, XHEIT RS A EE S . B RIS MIFLLE R
g T Nz —, SRR R LT Z 434 (computed
tomography, CT)al# 4R 1% (magnetic resonance
imaging, MR 7 2{AHEL, BAASERE, o LEdE
FIAR . (R, 4B FEFLLATE 2 i B2 R MER AR i i
IRIZWHR A A RS, ARk, B UL AT AR AR
B EGACFEE AR & 1R JE, Lambin® A\ 1 5682 H
AU A HOMES, A B R R 4 o 2L ey i
FHIE, 4248 858 G h 5 SR E B, DUEX E1GE
179338, RAARI 7 B8 Jo ¥ e Bk 5 s, STl P AR
YA R, R A A ST RIS, PEFLL R4y
HE AR 73 A2 T B TR T R A R S i
Eb, ZYERE A B TR R . A4 S
HISE B WTRE 1A FR, B 2 22 N R s 1 FoRiE
PRI AR (KIS WA 1.

| FREZ

G NS B 5 AT 22 2238 20 12438 H, 2R
AR (CT MRIL IEHFRESTENLZ RE%) T &
BEMPEDCREFARE S, SR RIS
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P, 5. B S ESERTHRED M B R

PRI T, KB B 5 B AT SRR IR 238
TIN5y BT, B g e 2 T, B R AR
FEWAR SN, OB AN — s BRAE
DWW eSS PR E RTINS Ui P s AN
RHESREUR Bl RRERRAE. 22 ST, g4
SEAE N FEEX IR 2 EUR A BT i, TR R R
A g o TS B A A SR e 4 TR R, O
HA AR S S it (RIHLAS 2 S BRAR BE 22 ST BR R SE K
BRI PRAE ST, PR S TR % B2 1R SR, 1%
R EE I S AT DA s BT, AR AR 7 4, bt
TG . BT RAR S ORI R I SO RIS B, /2
it 88 PR S o A R 2 A 1 R L S A 4
SRR SC IR SE AT e R AL, STV ARG, 42
7~ (R 28 S 5 A T AR R AR R R S AGE,
AR A BRA Y. HEHY CEMNH BT R
PEAE . HCC, BT JE, TR g DL AT i
/EEP[{I},M]‘

2 BEESFEFSEREPRINA
2.1 My phbm % B Bk A 0 i BT RS R
BHRF AR 0 T HOARA B T4 BUOK & 200 00 i &
FRAE, FERIHZ Wy T0US PEAS A0 908 0000 77 1 HOAS-4
TP 45 S yao W N I FE L NI BIFLL 4,
a6 BRI AZ, 47HIHCCAN 18451 3 b 5 il 8 97
B s AN 7B AE i), ¥4z T 2R A R
AFEBAGEE T, BN 3% 544 (shear wave elastography,
SWE)FIBT IR AN FE R, 76 5 28 7 BRAR FAS X FREL
Pa s B S AL (support vector machine, SVM)fF)3&f
ST o R G, A AR X R ik (leave-
one-out cross-validation, LOOCV) KIS, 7E1Z 0 7T
rh, R R UG AT T S R I SO AN EE 22 (1) 2574
B, RYERTEBNE IR TAERHIE i Z(receiver
operating characteristic curve, ROC) N [fifH(area under
curve, AUC)N0.94, HMESRIAUCKHO0.97. PD-175
MH0.97. Ki-67 T H0.94 L KM VTN 0.98. %45
RO RAE IR 0 2 28 ST g S 254 11 X 3 DA R
G R S T A R A RO, TaZ AR 5L
HLAH B2 W1 RGEHT T 105451 H19545(90.5%) — 4
IR 75 1 AN ), BPES04S, RAE45AS, A
N TAHZ I 28 FISVMIBEAT 73 i, X ek AiE 5 2 a2
BT AH DI, o 1IRRAS 5] (%) Joy b A FHE s A 1 43 2 R A
BB, YRR N81.1% (77/95), AUCH0.883, HIT-HF4T
FEARSZ IR, BT AR PRSI T AR 7T, PengZ™ A
A7 [ BT Savitzky-Golay 8 #% I 75 18 5 (contrast-
enhanced ultrasonography, CEUS)E & /7250 H7 I
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g R s 735, 974 I Iies S B AE R AT # 32 CEUS
Ty, HHHCC (2 = 52), 45 E iR 8 @ = 45), L
HS-GUEF IR [ CEUSE &7 Hr i fF 73 T CEU SHds,
LG B] - M 2k, 1930 FRER Za2, ETFRIZRa3,
AUC. PRI} [A](mean transit time, MTT) #E7ERS
[&](perfusion time, PT)F14 5555 & (enhanced intensity, EI)
SESHANE TEAREL. MR 5 A IEH 5252, a3,
PT. AUCHH REZER, HoMEHR 5 B2 5 )
Ef7 % %5, HCCHIEAZIE 2 MFAUC, a2, a3f1 4t
AR a2, AUCKIELS P9 R LBk AE 5%, P A
SGCQIYZHn| LA /RHC CRIVE R dee ) ML 5l 1) 2% 72
S AZ BN 55— T AR B T AU £ i, PTREF
SYMTHC CHI LR BN 712, a2 e AUCKT T 43 W5 FE e 1)
MRS 1T LRI AE. GuoZEP N4HT 7934
JHIRE (47480, 46 RAIE)IICEUSHIENE, 73 ANk
B, BB X AKANT T KA, SEKRIE IR AR DL A
[ IR S SR AH 2 18] ) =20 R 43 ) AT 1 IR PG
AHIE43HT(deep canonical correlation analysis, DCCA); 25
T B X B ERIA RIE T 2 4% % 2 (multiple kernel
learning, MKL)[ 7> 25 8%. M0 37 28 T oH SO0 L4 B
ZYi(computer-aided diagnosis, CAD)f I Bt 241K
OHESE(DCCA-MKLAESR), JLEE R MR B . &k
MIHERVE . BURME . K5 J97990.41% £ 5.80%,
93.56%+5.90%, 86.89%+9.38%, UEMXETCEUS=4H
FUZ FIC ADS T8 72 iR & ol 47 1. WuE P A PPAG
T CEUSHI# 4l i f% (color parametric imaging, CPI)
TE22/51 45 B e I 2 A% RN 20451 3 S 78 1 A 988 45 3112 Wit
HYER, CPURCEUSHIZMTERAE, WA EEI LR
T8 5 RAEIR AL B TA IS TA) R 22 5, AT 20 M e 9 I 3t
VEERHIE. 455 SRR I C PR D ARG Git
Z2 5. IMNCPIUAZ AT LA A $2 P AR AR 2 W 3,
Horp A BE BRI 2 W R PE A5 2032 (8 1.0% vs 54.8%),
T2 i AF B R AR 2 W Ry S ME A AR A Mt 15 30 (2 25 4R
H(77.3% vs 45.5%; 78.6% vs 50.0%). &2 N#FE T
A2 fF Il R RS I CBU S 8 EARAE, 45 R EoR, AL
K /N E TR IE R 5 B Tmax TR T
o5 ek JE BB LE % PSR, TFis [ (rise time, RT). ik
[A](time to peak, TTP). ~F-$3J3¥ &k [7](mean transit time,
MTT) S35 b Ja Bl 5 JH S BT UK I B B Tmax
TN, AR b g max . RT. TTPYIR T
TR, T A A JH ] ] O P SI2 0 110 1 i P ) 22
EAEASEAT A ME R SHURAR, W BRI
M7 YRE 5 A ] B P 5 O L A VA R 22 S

2.2 FF 4m B o B2 B 4G 5L R St o b R R
(1 % 30 B 897 Tk 2. R N BE H— Fl
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BT YRR P UG TRINH C C o3 G A8 4 2 Tl 45
R AR A3 GIHCC 5B 1 — 2588 75 R g [X 1%
FHERHEH, KRR 78, LOOCVEiE, HCC?
FIIAUCHO0.757. AH T N B EUE >, 12508 Tl
IUERPE AR E— 2B B6IE. CEUSE 2 Wi TR o F i T
B, HrfSonazoidi&fEAIMHALE T, £E M 5 MR
&R JE 10 min) A LLIEAT KupfferfH 4. Sonazoidfill
YT DA K up fferdf B Wk, 1M JH B4 s J LA
Kupfferdififd, 53 Kupffer] W i 1776 1 5577 B 22,
(PP PR R P AT LA 3 W S Kupfer AT 45731 3
5T 1R B KA 2 58 B RO AR I 3 4 7T LA 36 42 e e
Y G A 2, TR R R I 54 5 R 2 A oAk
FEEEA H MY, Sugimoto P A\ A K upfferAH A7 L
TR 456 P RE A VPN IS 10 06 1 A 5 1 (4L B R
A B, X 232451 4895 BHIE S I HC CREAT I 5%, 0476451
w1331 HH AL FI23 B A3, SR — UGG R 71
L min, GG SREN, 5 IESE
FBATROMAESAR, i R . 4 75 A upffer
IG5, JINCAD RS L HMHCCHIEIERLEE,
SERIIEZ RBEHCCI R e AR 4 )7 T
BARmEEERE, LHXN T ZERITE, CADRS
)5 FEHERFTE 29100.0%.

2.3 AF 40 e s P o R WEFUUE B, R R0
(microvascular invasion, MVI), AMUEFIHCC R E
M E R 2R, T AR PP R K AR AR I A
K, B RLRY, HCCHIMVIF B HSELE K EA
AV H20.8%7. MVIFERIRTERREL F TN 40
Ao 78 11 076 P DL 281 4 SR (128, Skl Al 5290 N
M B P U, FIFSVMAILOOCV /7L 87HIHCC
UMV IR AR LA S MR 73 A 55 3k AT 1F A, MVIIJAUC
N0.76, Bl L2 A UC H0.89, HMVIFI b 2%
o 2 [RAFAEAR DN, HuBsCO N BB 23 4 T 4824514552
CEUSIMHCCEF, NI H@n = 341)RIEEIEH(n =
141), {# FHLASSOIR] =5 78 8 37 3618 75 R3O 2407 2
KR, % K &K logisticEH 1T UM %07 HiGEA
(alpha fetoprotein, AFP)F1HE A /N2 SMVIAH AL
Rl 25, B F XSS PR 3R O BB L I, R ZRdh, 5%
A5 T R LA I PR T B R AU C MN0.6 743 5 300,758, 36
WEZHAE B Tax — &5 58, RN R B & 5245 v 15
PR ] F T P AN M VTN, 5% A 75 1R 1%
HHEL, #75 R 4G54 (original radio frequency, ORF){& 5
AN 52 U FE M2, TR R M2 B 745 V1 ] R A5 5
HALE A E 5 R, WS, wU, AR, A, X
e fE SR DA LG LR P R AR AL TR 2 A R 2,
DongZ533 \ W4T 1 42| HCC %, Hd 2151 fEAEMV
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1 NA¥PERONEFERSHRGEN LM R R NEREMER. A-C: Rl E R E B TR, FRE S G
F SRR EURIR; D-F: A SR RSS2 R

A%, ARG 2 O R PR I — 48 7 I, F)
AR TSR AR, 7 R 5 Tk 4
WA G HRFE M VT AL R (M VI prediction model
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[X 38(peri-tumoral region, PTR), & {87 454 i & [l X
15(gross- and peri-tumoral region, GPTR)FJJE - Fric,
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