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[Abstract] Radiomics is an emerging data transformation method for images, which provides
theoretical basis for the analysis of heterogeneity before and after ablation of tumors such as lung cancer, liver
cancer, etc., based on which a model system for assessing the efficacy and prognosis of tumors after ablation
can be constructed, and it can be used to guide the later treatment and adjust the plan in a real-time,
precise, and objective way. Through the calibration and verification of a big data, this technology is becoming
more and more mature and stable, and has now become a hotspot of research. This paper aims to make a brief
review about the application value of radiomics features and the utilization of the relevant models in evaluating
the efficacy and in predicting the prognosis after ablation treatment of tumors. (J Intervent Radiol, 2024,
33: 693-696)

[Key words] radiomics; tumor; microwave ablation; radiofrequency ablation; efficacy; review

Ja3 B3 Rl 2 PR YR T B — FR AR O ik, EEGE

— 693 —

A General review-

Hh R BRI 20 BT R S AR AL S R, T bR o33

AT CNLC 1 a &893 1 b WA AR IRLC il 2 fig
ZE B R AN BETH 32 FE48 T AR U] B 64 i g A2,
PACE A Rl (MW A A1 558 B il (RFAL) 2 B R )
TR AT ARG AR e 1 B iR R
/N i A T 2SR DAL T Ak, SR T R T S A R AR
RUZHE, JUHIE AR R (3 A H W) M R 1%
B K LARCHT AR LA S P 2F A 20 A A T
U751 8 R R AR 2 VAR T RIS 7 2800 U 2
R ABBAPER R, AR E T RPN 7 KR

DOI:10.3969/].issn.1008-794X.2024.06.021

LW GRIT SRR T I BB AL At D DAl R T R
JRTPRARME TR Tk . AR SO EH LR iR R R A A7
I 968 A D52 /50 M il R D 6407 Al R S T
9 0

1 RN /S 350H Rh A 7 IR 38

MW A il 3 folc 5 HL 1 20 4 0 17 e e L 20N Y Ok
oy E A B TR T R R
AR DY RFA Gl 2o e 91 52 2428 v 3008 A 88 2 40PN 1) 5

EEWE: T4 IDERBRREITIA (2022KY1304) , 3T A E T RS DB (Y202147167) , 48 % T B & Ih

B FREENANSFERAIRE

fEH AL 312000 WIVLZR2% 282400 N RS 58 (W VLK 22 48 2% B5 B ) U R

WASEEH . BYRE  E-mail: zhao2075@163.com



—694—

A AT

R 2024 4F 6 H 5 33 55 6 1 ] Intervent Radiol 2024, Vol.33, No.6

- EORHREAEE AR T AR AR W 2O W R AT AR
e Je 5 T e B R [ P IR B A AR A O R B,
FRH Rl (SR A ) 4 B A 05 1E 3 e ik & BILAA
G 9% I 25 Bl B RS K6 Faraoni 558 % B RFA fig
U/ R MR R E A ON 1 R A B P R R R 45
I IR B SR A i A IR 2E CD4
CD8'T 4t g K v 4 4 A B 5 iy () 33 . A7 WF 58
3 3 AT 98 /0 B % TR A L 1 B i RINA 0
¥, 2B MWA B9 T Ae b Fka £k PR 7 5 h 15 538
P E AR, Sk T CXCL10 #E0, A wrot k&
BHL, G2 15 A 1 i T 0 () B R 4B R 4 O
DL B 5 4 7 1 Rl B 55 B 928 B IR T S A,

MR AFEMEERT TG RHEA

I 968 S B A i e R B AR 2 2 0 A ) 2 R S
TR R A TS RS AR R
3 ok A PG v A IO SRR AR R S R A i e e T
IS I R LR DN SR 1 B T L 1 N e
A BT SO A
2.1 AR AERHE S E R T Rl T AU TR

AR A% 0P BRI RS L, 5 R AR
a7 Y TR B 2 2 AH L i < a7 WA AR A e RR AR R AT
W) E R R R MBS S i, FRE £ A
1 4 3B 5r  QIE A AHFAE, KN JEZS b B
LA 53475 . Ghosn SE 5T A B, lilifis HL A% 3 em
S AT AR R ST AT R I B . Q5 B Ry
fiE A 5L T B R SRR R 23 Hr i — B AR AR, AL 4
WRPEBHE R oRAE e /IMA T 28 A LB A
SEORIRHIE AL R S RAIBERESS . Kobe 557
R, AR RFA RS AT MRI SR 5677 5
T CT W B 5 BURAE 5 S BUE AT Rl G, 7T
WL MERHLAE RFA S5 24 h P B0 =) 3 e 52 %
QBUIRFAE , i F T 4 34 IR B2 7 UG o 2 ] 4y
A & R Z B AN B AREAE . Horvat S8 & 3 IG 7 AT
MRI $2 Y 7 ek 2544 R AE AT LTI HCC [ 3% RFA
O FF 22 52 42 2 ik, T EL DA P87 RH 32 SRR — B e ik B
A AR RIMERE . DXL U8B AR () RRAE (45
w5 FH & W R 35437 7 (laplacian of gaussian, LoG),
TR 300 SR R D A DR A 1 R B A Ak Y IX
B, /N AR i (wavelet transform, WT) W H I, &
2 /NP3 A T SRR AT D e PR A5 B ik RE RN SO AR
TEF BIMG itk — 20 5 SRR AT B U )23 U b 425 4
EUR IR B o SR 2= 0 AR B RRAE T ] T Bl i S
B2 W B 0 X ke %) 3 043 A, e B AR AE BT AR

R T B A A AR R A W AT IR T RS T RS
T B E B0 . H EE AR R — R T
i3 6 S B M A3 T O, R AT B e ) R SRR ) L
TG o AETH il D k25 B A 2 1 25 4 5 AR 4k
ALAG I K RS 5 RN SR R 2 (E] A )
2r2E SRR, T B WS N SR X T A
Y1t 03 B, X AR A 2 4 YRR R AT BORL A 3
F) A 2 e R R R EAT RS (B — AR A
SERFAE ST TG KR A —E FE
2.2 S AR AT I Rl RO T i

H 52 A5 4 22 B ARG T8 2B T 3 k52 4
Ah IR ALFE DL HI2E : (DDelta 5215 41 2455801200 |13
it AR HT 5 ARG B AR A A R AR AT 22 S Ak O A Al
HERERY 32 75 o T IR o 0 S I PEAG B A R
PE#A, Lin S 2URF5E & B, MW A i J5 e o % 5 5
JoT 1 1 A2 A AT LS 3 52 48 A 2 R AE 43 B R FRAIE | 55
I 4% 82 8 Ak AT DL i S0 i e g B8 A O R
1 J=y 5 i 988 32E J& (local tumor progression, LTP), 5
WS AR AL 2 AR LA i vk . (98 N -9 S s 1R 4
SR R T R T RIS AR T i g N R S B
Jietgeg D L 9% i P A5 0 2 G T 8 R ) Rl 4 i
(microvascular invasion, MVI) 2% 2 40 fifg R AESE
PRI I BRA B 22 O T 58 DAJRE A 88 T DA R B B R R X
(region of interest, ROL) kAN PEAL A M 19 B 74 A
Yy 2 b 10 W R0 DY A AR AR I R R T 9 Rl
B Wu 5258 & B 42 X 2% (convolutional neural
networks, CNN)ResNet18 FI Pyradiomics 43 #1 HCC
14 6 75 9 N ORIE S R, N7 HCC TS Fn o e R
FERERY B0k A S B 01 42 % (ER) (B &2 % (LR)
FTCK % 447 (RFS) ,C 45 8053511 0.695 (0.561 ~
0.789) .0.715 (0.623~0.800) 11 0.721 (0.647 ~0.795),
PETImRAEAL . Shan >4 75T A CT EIZ
MR AR A A PR, BT X HCC iR @R 7
W5 R W TN AR, X E R R R R A TR I
AUC i 5 H ARG E (U ZR4E 0.80, ik 4E 0.79), H
5 i 2 AR P SR it £ 3 P A2 A R I — 0 A s
PR 5 00 B 156 W3 98 Jl 455 A0 5 o e 1) B 30 42 ot
MIZLHE . Zhang 552 DA Rl A9 44 98 MR % b4
FBUIEE PN VIR ) S AR 2 2 R AR AL A A A | e IR 5 A
B ELA Je U (1 T0UI P B (C1=0.706 ) Rl 1A i A T
AR RS ) HCC & %, IRl JE & % A A7 1)
W HA BB O s DL E ST U B 018 i
i CT i J2& MR 249 AT 76 3 il 96 1A 988 J] X Jek 42
WU AR A 2R AL I8 N TR SRR B Tk R



I AT A2k 2024 4F 6 H 58 33 455 6 ] ] Intervent Radiol 2024, Vol.33, No.6

— 695 —

THEREERT IR IR YT RICR 2 G E 2L [a] i 2 T8 R 5214
2 2R AT DUAR Gl 5000 i MW A 7 80R & L
ZACT IR N AR LE 2R | Al R R SR B AL 11 S 4
15, Al B —RE AT 7 10

A BT A AS TR 02 SR 1 R A R S A7 X6 L ok
I Rl R, Peng S5 P AL &% 2 ~ 1E 98 N AR
JA DX BRI 40 AN HRAE I 3 SRR AIE 3 AT B HL
AEFERRR . ZHFI AL Cox A 317 HCC 1H
il J P 7 20500 I A AR A | A 24 L B LA A AR bR
R AL HAT B AT A (B, AN ] A ko o ) 3
FlTT 2 B BIE T LB D AH R AN [ B 1k 22 S X S AU 1Y)
HE A B ARG e P B A A R YRR H AT AR 4w
FH B A B Rk T 2 2 8 R 0 U | SCHE 1) B AL A B AL
AROMREE S CHUE BB A BT & S s oA AL
it SRR A B R SRR AR A AR B 1B 1T
2.3 SUARA AE A AUTE I Rl A A7 O3 A v 68 1

AR 2l B AT AR 2 2 L AR AR T
W, Liu 8 2TF A5 75 T IR B2 ] (AR 4
SRR TR AT P % &% RFA 19738 HCC
1) JC #F & A A7 3 (progression free survival, PFS) 1%
AR 3 1 $ BRI 2% 2] 39 58 7 7 (contrast - enhanced
ultrasound, CEUS) Ff K& I 53 R 4E | 72 it Bk HCC
AT IR S B BEALE 2 4F PFS /) AUC 7RI
YRAE FERIESE H /39N 0.820.0.815, Taghavi 25205k
A e PR A I R T Fil A CT 52 A8 2H 2 R Ak ke Tl
45 H I i I 7% B3 Ry IR 1) PR, iR 18 ) Tt
PERERASF , —BUERECR 0.79(95%C1:0.78~0.80), I
IR B XAE I Bl OR BT AT bR 09 PES B0 38 5 %
i 8 1) S S5 O3 B, BE T8 S T R A I R 5 A 2D
Xf R H AW, Fang 25 P37 3L F MRI §%
18R 20 2= FRAE B9 Nomogram [ T il 28 545 5 ik Ak 97 #2
JE (TACE)+RFA 367 H ] HCC 4 19 PFS, il i3
115 Radscore Ifi 5t {E N 1.62, 15K /GH B &M
PFS i K TR G4l . Yuan &2 DI & 1 /A I
IR BN 525 4 2~ FRE ) Nomogram [, FH T Fi i
HCC /#1509 F 300 52 % 72 3l k4 1] bk 291 A
SO B R o R AE A ) PFS B3 TR
&40 . Huang 55 S WF 58 & R, I RIK G TR 82 27 > B A
R TR R ARIA DI B OR RS A A
(overall survival, OS) TN & A PE | HLHE 415 B8 5 452
B s el m oS W AR a4, FikaTseim
AR E IR 2 D W Tk, KR B 0 2
AT 52 B A8 8 0 0 935 PF A, R R i | e B
Joa kb ) R A L, X JS S RO Rl B — PRI A

TR, R BRA R ZE L IRATIE L
B4 R e PR o BRRE A8 1 22 4 A B T
TN H 5 58 AT LR A S TS MUK 2=

3 gBERE

IR S AR 2H 5 AR IR I AT 80T A o s T
—E MR, (H R R 2 B 5 2 AT B PR O A
FT,FEAS B AHRT BN | 25 ) 52 30) 18 43 A Aoy 1140 532 W) 5 AR
Z ARG/ I ST A5S80S A
HE— 2 A 50 5 O [R5 2 (6] B R 4 S 8
SrEIITEANG — ST E R R W, 5
T I T s ST b o A 1 PR B2 R g B &
OCHL L TR MR IH Rl T AR SRS SN A T TR
A “E RO TR 2 ) AR L T 00 2B B, IR
2 ) BB T RAR AR ) N T FUE SR RHIE T
T TR BE 2 o SR N ) el W B | 4 BRI 5
fiE, LIRS pg N 2R 8odls 647 00 28 0 AU 2R 800 52
JERIEBLT B T 3RAE 2% ) IR B 2 ) Bk T 42 it
MBI 27 ) Sk B S A A Ve B (HL I8 0 5 2 R hE
PN REE . An 85 P00 FTR B2 2 2] 9 E 72 MR T
1 (deformable image registration, DIR ) 4% AR ¥4l HCC
22 MWA J5 ryiH Rl 2, JF s pr il Rl 2 5 LTP /Y
KF R IHET IC B B T2 M 45 (¥ DIR B8R
TEPEH MWA 69T HCC (13 Al 25 8 1 2 vl A7 Fil
A,

I AEAR R A FE b i e N T4 RE AT LA S
PER IR Z 2R A A5 B I T 2R 20 B
F S bR R I R T 1 ST ROT AN R G
IS W VI A5 2 AT B2 8 FERURR T R S 32 R
JE 5[] Ao i 5 A AT 0 e BB AR A A S R T
B BERHE P 7R R A PSR ET 4 T AT B T
Pt me [ B o A o Y 52 A5 A 2 I R 4 T i A
P, 2 i B 1) A A ARG e

(& % x &)

[1] VesproV,Bonanno MC,Andrisani MC,et al. CT after lung microwave
ablation :normal findings and evolution patterns of treated lesions
[J]. Tomography, 2022, 8: 617-626.

[2] A NRIAEFE K DA R 5 R R R, FUR TR 12
TR (2022 4R [T]. IS AR, 2022, 42:241-273.

[3] ™ Jk,E R SEEN, AR PO RGA YT R S ST K
FEL(2021 4F RO [J]. HE B¢ A5, 2021, 24:305-322.

[4] Zhang G,Yang H,Zhu X, et al. A CT-based radiomics nomogram to
predict complete ablation of pulmonary malignancy: a multicenter

study[J]. Front Oncol, 2022, 12. 841678.



696 — NS

R 2024 4F 6 H 5 33 55 6 1 ] Intervent Radiol 2024, Vol.33, No.6

[5] BR4:EE, Tk, & At 5. Sinh AR a G N A ARG AN
JHF i e 3 e 2 TSP AN (). A A UM 25 40 2023, 32
663-667.

[6] Rossi G,Petrone MC,Healey AJ,et al. Approaching small neuro-
endocrine tumors withradiofrequency ablation[J]. Diagnostics(Basel),
2023, 13 1561.

[7] Zhou W, Yu M, Mao X, et al. Landscape of the peripheral
immune response induced by local microwave ablation in patients
with breast cancer[J]. Adv Sci(Weinh), 2022, 9. ¢2200033.

[8] Faraoni EY, O“Brien BJ, Strickland LN, et al. Radiofrequency
ablation remodels the tumor microenvironment and promotes
neutrophil - mediated abscopal immunomodulation in pancreatic
cancer[ J]. Cancer Immunol Res, 2023, 11; 4-12.

[9] Xiao W,Huang H,Zheng P,et al. The CXCL10/CXCR3 pathway
contributes to the synergy of thermal ablation and PD-1 blockade
therapy against tumors[J]. Cancers(Basel), 2023, 15. 1427.

[10] Chen S, Zeng X, Su T, et al. Combinatory local ablation and
immunotherapies for hepatocellular carcinoma: rationale,efficacy,
and perspective[]J ]. Front Immunol, 2022,13: 1033000.

[11] Lambin P, Rios-Velazquez E, Leijenaar R, et al. Radiomics:
extracting more information from medical images using advanced
feature analysis[J]. Eur J Cancer, 2012, 48. 441-446.

[12] Morris LGT, Riaz N, Desrichard A, et al. Pan-cancer analysis of
intratumor heterogeneity as a prognostic determinant of survival[]].
Oncotarget, 2016, 7: 10051-10063.

[13] Liu J, Dang H,Wang XW. The significance of intertumor and
intratumor heterogeneity in liver cancer[J]. Exp Mol Med, 20138,
50: e4l6.

[14] £ W 2 2L F B, %2 BRHE ST TACE Fiy
1 FHRERELT]. Ao AU 220 ik, 2022, 31:829-832

[15] Gu J,Tong T,Xu D,et al. Deep learning radiomics of ultrasono -
graphy for comprehensively predicting tumor and axillary lymph
node status after neoadjuvant chemotherapy in breast cancer
patients: a multicenter study[J]. Cancer, 2023, 129: 356-366.

[16] Ghosn M, Solomon SB. Current management of oligometastatic
lung cancer and future perspectives: results of thermal ablation
as a local ablative therapy[J]. Cancers(Basel ), 2021, 13: 5202.

[17] Kobe A,Kindler Y,Klotz E, et al. Fusion of preinterventional MR
imaging with liver perfusion CT after RFA of hepatocellular
carcinoma: early quantitative prediction of local recurrence [J].
Invest Radiol, 2021, 56. 188-196.

[18] Horvat N,Araujo - Filho JAB,Assuncao - Jr AN, et al. Radiomic
analysis of mri to predict sustained complete response after
radiofrequency ablation in patients with hepatocellular carcinoma:
a pilot study[J ]. Clinics(Sao Paulo), 2021, 76 ¢2888.

[19] Gu Y,Huang H,Tong Q,et al. Multi-view radiomics feature fusion
reveals distinct immuno - oncological characteristics and clinical
prognoses in hepatocellular carcinoma[J]. Cancers(Basel), 2023,
15: 2338.

[20] Guo L, Du S, Gao S, et al. Delta-radiomics based on dynamic
contrast-enhanced MRI predicts pathologic complete response in
breast cancer patients treated with neoadjuvant chemotherapy[J].

Cancers(Basel ), 2022, 14. 3515.

[21] Liu B,Li C,Sun X et al. Assessment and prognostic value of
immediate changes in post-ablation intratumor density hetero-geneity
of pulmonary tumors via radiomics - based computed tomography
features [J]. Front Oncol ,2021,11:615174.

[22] Peng Z,Wu X,Li J,et al. The role of neoadjuvant conventional
transarterial chemoembolization with radiofrequency ablation in
the treatment of recurrent hepatocellular carcinoma after initial
hepatectomy with microvascular invasion[J]. Int J Hyperthermia,
2022,39:688-696.

[23] Lv K, Cao X, Du Peng et al. Radiomics for the detection of
microvascular invasion in hepatocellular carcinomal[J]. World J
Gastroenterol ,2022,28.2176-2183.

[24] Wu J, Ding W, Wang Y, et al. Radiomics analysis of ultrasound
to predict recurrence of hepatocellular carcinoma after microwave
ablation[ J]. Int J Hyperthermia, 2022, 39 595-604.

[25] Shan QY,Hu HT,Feng ST,et al. CT-based peritumoral radiomics
signatures to predict early recurrence in hepatocellular carcinoma
after curative tumor resection or ablation[J]. Cancer Imaging, 2019,
19: 11.

[26] Zhang L.,Cai P,Hou J,et al. Radiomics model based on gadoxetic
acid disodium - enhanced MR imaging to predict hepatocellular
carcinoma recurrence after curative ablation[J]. Cancer Manag Res,
2021, 13 2785-2796.

[27] Peng W, Jiang X, Zhang W, et al. A radiomics-based model can
predict recurrence-free survival of hepatocellular carcinoma after
curative ablation[]J ]. Asian J Surg, 2023, 46: 2689-2696.

[28] Rizzo S,Botta F,Raimondi S,et al. Radiomics: the facts and the
challenges of image analysis[J]. Eur Radiol Exp, 2018, 2. 36.

[29] Liu F, Liu D, Wang K, et al. Deep learning radiomics based on
contrast - enhanced ultrasound might optimize curative treatments
for very-early or early-stage hepatocellular carcinoma patients [J].
Liver Cancer, 2020, 9 397-413.

[30] Taghavi M, Staal F, Gomez Munoz F, et al. CT-based radiomics
analysis before thermal ablation to predict local tumor progression
for colorectal liver metastases [J]. Cardiovasc Intervent Radiol,
2021, 44: 913-920.

[31] Fang S,Lai L.,Zhu J ,et al. A radiomics signature-based nomogram to
predict the progression-free survival of patients with hepatocellular
carcinoma after transcatheter arterial chemoembolization plus
radiofrequency ablation[J ]. Front Mol Biosci, 2021, 8: 662366.

[32] Yuan C, Wang Z, Gu D, et al. Prediction early recurrence of
hepatocellular carcinoma eligible for curative ablation using a
radiomics nomogram[]J ]. Cancer Imaging, 2019, 19: 21.

[33] Huang Z, Shu Z, Zhu RH, et al. Deep learning-based radiomics
based on contrast-enhanced ultrasound predicts early recurrence
and survival outcome in hepatocellular carcinoma[J]. World J
Gastrointest Oncol, 2022, 14. 2380-2392.

[34] An C, Jiang Y, Huang Z, et al. Assessment of ablative margin after
microwave ablation for hepatocellular carcinoma using deep
learning-based deformable image registration[J]. Front Oncol, 2020,
10: 573316.

(W H 1 :2023-06-06)
(B HHR 4 F)



