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Prediction of Pathological Grade and
Microvascular Invasion of Hepatocellular
Carcinoma by Intratumoral and Peritumoral
CT Imaging®

ZHU Rong-rong, LV Chuan-guo’, YANG Xiao-feng.
Department of Imaging, Qidong People's Hospital/Qidong Liver Cancer Institute/Affiliated Qidong
Hospital of Nantong University, Nantong 226200, Jiangsu Province, China

ABSTRACT

Objective To evaluate the value of intratumoral and peritumoral CT imaging in predicting the
pathological grade and microvascular invasion of liver cancer. Methods 163 patients with hepatocellular
carcinoma (HCC) admitted to our hospital from March 2019 to September 2023 were selected as
the study objects Patients were classified into grade | to |V according to pathological grade and MO
to M3 according to microvascular invasion (MVI) grade. Clinical data and CT imaging features of
different patients were compared, CT imaging features of patients in each group were extracted,
low-differentiated imaging parameters were screened, and the correlation between imaging feature
parameters and microvascular invasion was analyzed by multiple factors, as well as the efficacy of
predicting MVI in patients with different pathological grades. Results Among CT imaging features of
patients with different pathological grades, there were significant differences in tumor maximum
diameter, tumor margin, intratumoral necrosis, intratumoral artery and envelope (P<0.05). There were
significant differences in pathological grade, maximum tumor diameter, tumor margin, intratumoral
necrosis, intratumoral artery and AST level among MVI patients (P<0.05). Through feature selection,
14 features were finally selected, and the top 6 texture features were selected for statistical analysis.
There were significant differences in pathological grade and AST level among MVI patients (P<0.05).
The results of multi-factor analysis showed that Tumor shape (Flatness, Sphericity) and tumor
heterogeneity (wavelet-HLH_glcm_Correlation, wavelet-HLL_glszm_GrayLevelNonUniformityNormaliz
ed) was an independent factor of the MVI rating. ROC curve analysis showed that the maximum tumor
diameter in imaging features had the highest predictive efficacy for MVI in patients with different
grades, and Flatness had the highest predictive efficacy in imaging feature parameters. Conclusion
Maximum diameter, tumor margin, intratumbral necrosis, intratumbral artery, envelope, Flatness,
Sphericity, wavelet-HLH_glcm_Correlation, wavelet-HLL_glszm_GrayLevelNonUniformityNormalized
has good predictive efficacy for MVI in patients with different grades, with imaging features showing
the highest predictive efficacy for maximum tumor diameter, and imaging features showing the
highest predictive efficacy for Flatness.

Keywords: Hepatocellular Carcinoma; Radiomics; Pathological Grade; Microvascular Invasion

FF4REsE (hepatocellular carcinoma, HCC) R 2 HEERAX TN =ZATERAZ
= BREERE EAMEE, HRHSEREER, SHBEERISNE T,
HCCREDVIREEREMBEMENEERE", kK LEREASTHEHRIRNEBENR
B, BEFFEAGERLERNKG, Rt ERBTNEE S LRENIERET AR
BEEE VY,

#m & =B (microvascular invasion, MVI)@HCCINERICH EHIMER, thRiTE
HCCEARMMEESEKIE, WER, MVIERTEREFTRAGT B H/GEHI®RIR
MEFY, EmERELTHROSEURFRSHER",

SHRAFE— ML, TAMRIHD ARG, NGRS M
T, BEABX. £B. 2Rnns", BRXFEEAZTHCCHREDRRZMVIE
FNHFARIREET R, BASHARHRIMVIBRERTAY, ALAHARERE
W RERENCTR G R ITINLR, BRCTEBAREEEGASFERE
NERMMERLHTNNE, RIEFATHRNEEIREEE,

1 BE55*%

1.1 ARNR EEEMR2019F38F2023F98KEM1636IHCCES, 1RIE
Edmandson FEHEITEY, BHCCHBRESURES N [ ~VE, | ERESHL,
I, MKAFHK(caner), VEAED . 1(n=30). I1(n=37). II(n=45). IV(n=51),
MVISEIRIE (E&RMFTREISITISRE(20204)) ¥, KA “TaM” ELIME#HTH
%, =ZBEIMO(n=73). M1(n=52). M2(n=38),

NFRE: RREIESAHCC; REESTCTAE; RIRESHUTREESA
KBTT; BRENIERAR, HRine: SERRNFESWERE; FHER<lcm;
EGAREN, FIMEERE; AHEmTEMES,

1.2 5%

(5—1FE] KEXR, 5,
(@EffEE] aEE, 5,

BIEEEN, TEMRAM: IR BGIZE, E-mail: zhu24RONGRONGO@126net.com.cn
TEEND, TEBHRAA: B EIZH, E-mail: zhu24RONGRONGO@126net.com.cn
- 113



11

RECTRIMRIZE 2025468 £23% £6H7 5518858
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BEN120kV, E®BMA400-500mAs, BEANImm, BE
A5Smm, FEEENS512X512, HFRBMEMINE, SN EPEF
RS IFB FRX LA MR EREFK4I00mg/ mL(EZEF
J20150053, #A&: 100mL:40%e), FIEHN1.5mL/kg. FREHN

1)
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®2 FHRAFHEMLE
SOBFFIE E¥4
—BN4E wavelet-LLH_firstorder_Kurtosis +0.240
wavelet-LLH_firstorder_Skewness +0.412
wavelet-HLL_firstorder_Median -0.369
FAARSHE original_shape_Flatness +1.231
original_shape_Sphericity +1.108
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original_shape_Flatness
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T8
I II il IV
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FEREHRK 0.759(0.712~0.791) 0.767(0.741~0.828) 0.808(0.778~0.827) 0.812(0.782~0.839
B 0.736(0.705~0.807)
( )
)

original_shape_Sphericity
wavelet-HLH_glcm _Correlation
wavelet-HLL_glszm _GrayLevelNonUniformityNormalized

0.810(0.766~0.832
0.825(0.782~0.866

(

(

(

(
0.717(0.689~0.768

(

(

(
0.752(0.698~0.788

0.815(0.785~0.846) 0.807(0.752~0.820
0.809(0.744~0.838) 0.798(0.724~0.825
0.813(0.756~0.864) 0.851(0.780~0.878

0.820(0.785~0.863
0.817(0.749~0.884

( )
( )
( )
( )
0.722(0.704~0.759)
( )
( )
( )
( ) 0.811(0.774~0.850

( )
( )
( )
( )
0.753(0.714~0.786)
( )
( )
( )
( )

115



PEICTHIMRIRE

33 #

HCC EEmiRE, £KAR, FXEBEREIMNEXZHE
EEENPIE, ERE. DUEEBITFH HCC REN N TR
BHNEEEX, MOVEEHEN HCC RAEE R X R FEB BT
&, AtEBRAEEH—DTHEHRET.

KMRERETR, WERAR. MELS. BARAFE.
BAhAk. BFEER. Flatness. Sphericity. wavelet-
HLH_glcm _Correlation. wavelet-HLL_glszm _
GraylLevelNonUniformityNormalized Xy HCCHIE 5 4% LA
RMVIFIN R B RT3 EE.

BRIRZHFEZRBIANHCCOUEESNESE, HitEHA
RESESAMERTKR, WNAMINBER M, FrLAPEE KR
Elg, BR/). BRREA, MEMERKENIEM, HCC ¥
WIZEARERE, ARMWILERAREAS ", SHRHPLE
REM 1 FEEDPHERKFELS.0cmBI A E23.33%, 114
532.43%, MK &E51.11%, MIVELH60.78%, MARERE
Z, BMESRKENMVINTUNAEERY, SaiAMRERE—
H, XuRSMEBANEMERERITA. BRAMBEEEYEMEE
ErmaE",

MEBNGAKBNEE, HWERRENER, EZHM
MVI™Z, AERRA, MIFIM2EBE MBS RIEBARD R &2
#H961.54%7163.16%, BEEFHTM0E. RERRA, TEEAN
NEARNBINHCCEZ EHDNAZEE, RKiFLHvNE B REM
BN, MTIEINTMVI ML 4ERERY, WEFEINN, BERK
BEMEERAEESTLRNER, RIRTETEERE",

BB EESHEREDCEE. WERENMELMEF
X EANERERIEEERMRE HCCERE-LMVIK
R RTEAEKHCCRE M2 58", KRG, MOBEHE
EEANBKBIA$8932.88%, M1IFMIM2EEFREFEEEASIEKBIA
B HIA55.7T%F71.05%, M2EEARSLLLIAMORN2E, 5
A AZS I AEAETT

HMENERKEEBI THERMNE, BHMEARR
RERERT, ZXPARERET, RESLHUS, BARTEHE
XE, [~VEAEELERERNATENEERS57926.67%.
35.14%. 57.78%7#168.63%, IEKMIVELAEMEEEZEST I &
Mk, X52F083CTMRERERH MRS SHCCREDE
SEAXMRER—HN", BIERE, TEERNDKEE
HERY HCC BhEE, HitEmEEMRESREFFETITSE,
XSHTHENBARDLENERZLIAEER Mz, #—F
SR RMBRENER, REATHIFE.

Original_shape_Flatnessfloriginal_shape_Sphericity
XEMHESHREMBENOSFHEEEREX, BIXN—R5HF
ERTHEXMED, HINMRIIFlatnessFSphericity 5 A
SN EREEZNMHEEXNESR, HSphericityl{E#EIETF]
B, BREROIS(BMEBXE)NESEROTIKGE, XEFETR
EEINSAIBEEMF B, FlatnessX—384rNIZ TROIs
ERPEKBSREMZENILFIXR. WFE2KPENEN,
HFlatnessfENZ A1, A, @I D HMFlatnesstE, FH{1aTIXA
H—FHMEREBE RN RTEREE, NMEET RRELEN
HBHEAMUIZE, b5, glszm_GrayLevelNonUniformity
Normalized X—FHES B TEROISAE X EE 7 B3I 4N
BEET. HZEREN, EEREROISHNKEBSHENY
5, RZMNKRAFERANKEEBER. XMHKEBENIEHSN

2025%F6H %$23% 64 £55188H

116 -

AMURMT MBEBRBNERRYE, SEMBAREZENT K. K5t
KENFEURRIERNE, MEMRTREA, XLERFIESMVI(H
nERL)MREMRBETEX"",

BRY: NARAANNEED 1 K. TRUARM2EREE ALK
B, BFFEREYRBE—1ER, FE—ENERRE, 5
BFEV AEREHR P HITRIE,

GLERR, CTREARTERMEBERAR. WELS. BRI
5b. ARk, BEER; FEAFMFlatness. Sphericity.
wavelet-HLH_glcm _Correlation. wavelet-HLL_glszm _
GrayLevelNonUniformityNormalized33 A& 434% & & MVIE T
HEERENTNMEE, HPZGFRHIERMERARE NS EE
R, BRAFFESEAMERA (Flatness) NI BER S0

SE

U473, SR, REZA RAGUPEECEEXELZD IR A HE 8 H P
RRFFR 1. £ 4, 2024, 31 (9): 156-157.

[2]Rumgay H,Ferlay J,de Martel C,et al.Global, regional and national
burden of primary liver cancer by subtypel[J].European Journal of
Cancer, 2022,161(1): 108-118.

BlMMz, ths, RE, . X THELF 0 IF 4 0% mE 0 507 i I i EH K
Jil, 2022, 42 (S2): 243-248.

LA R, B L SR E B G f KBl 17, VEGF, OPNxt AT i fn % 12 40 #7 Wi 01
BB A . Dk A&, 2024, 31 (4): 51-53.

[SIRAETC, A A8, 2 sk, . R M X 35 B XY CT R 4% 41 5 B AL S0 JF 40 o Jg ot
BAEHor (T). B R FF AR (EF RO, 2022, 47 (8): 1049-1057.

l6] B E3, N, B %4, %, FARE A TR S 090 KRR 2E & (7). o [ i 404 ¢
&,2023,15(2): 192-196.

UTIRER, BUA B, 6 A F R4 5 P 40 o op oo A 2 & [T). o | 5K R A0 4
&, 2021, 41(5): 587-591, 596.

Bl ARAMEER T EREEZ R 2 RAWAELITHE Q024850 U], #4%
FIMEHE U (B TR0, 2022, 16 (2): 81-96.

L9150 Ak, R8T . 8 0 3 3RIE 487 BB R AR AE &5 0 22 20 R AR K MR T [0 At
SRR, 2022, 37 (1): 55-61.

[10]Lahan-Martins D,Perales S R,Gallani S K,et al.Microvascular invasion in
hepatocellular carcinoma: is it predict- able with quantitative computed
tomography parameters[J].Radiol Bras,2019,52(5):287-292.

[11]Xu X, Zhang HL,Liu QP,et al.Radiomic analysis of contrast-enhanced
CT predicts microvascular invasion and outcome in hepatocellular
carcinoma[J]. Journal of Hepatology,2019,70(6):1133-1144.

[12]Lee S,Kang T W,Song K D,et al.Effect of microvascular invasion risk
on early recurrence of hepatocellular carcinoma after surgery and
radiofrequency ablation[J].Ann Surg, 2021, 273 (3): 564-571.

[13]Bakr S,Gevaert 0,Patel B,et al.Interreader variability in semantic
annotation of microvascular invasion in hepatocellular carcinoma
on contrast—-enhanced triphasic CT images[J].Radiol Imaging
Cancer, 2020, 2(3):190062.

[14]Famularo S,Piardi T,Molfino S,et al.Factors affecting local and intra
hepatic distant recurrence after surgery for Hcc:an alternative
perspective on microvascular invasion and satellitosis— a western
Buropean multicentre study[J].J Gastrointest Surg,2021,25(1): 104 -111.

[15]Bakr S,Gevaert 0,Patel B,et al.Interreader variability in semantic
annotation of microvascular invasion in hepatocellular carcinoma
on contrast—-enhanced triphasic CT images[J].Radiol Imaging
Cancer, 2020, 2(3):e190062.

[16]Kim T M,Lee J M,Yoon J H,et al.Prediction of microvascular invasion
of hepatocellular carcinoma:value of volumetric iodine quantification
using preoperative dual-energy computed tomography[J].Cancer
Imaging, 2020, 20 (1): 60.

[17]Matsumoto N,Ogawa M,Kaneko M,et al.Quantitative ultrasound image
analysis helps in the differentiation of hepatocellular carcinoma (HCC)
from borderline lesions and predicting the histologic grade of HCC and
microvascular invasion[J].J Ultrasound Med, 2021, 40 (4): 689-698.

[18]Chong HH, Yang L,Sheng RF,et al.Multi-scale and multi-parametric
radiomics of gadoxetate disodium—enhanced MRI predicts microvascular
invasion and outcome in patients with solitary hepatocellular carcinoma
< 5cm[J]. Buropean Radiology, 2021, 31(7): 4824-4838.

[19]Feng ST,Jia Y,Liao B,et al.Preoperative prediction of microvascular
invasion in hepatocellular cancer:a radiomics model using Gd-EOB-DTPA-
enhanced MRI[J]. Buropean Radiology, 2019, 29 (9): 4648-4659.

(WeFSHEA: 2024-03-25) (FRES4m4E: TI%E)



