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ABSTRACT

Objective To explore the predictive model of immune checkpoint inhibitors (ICls) combined with anti-
angiogenesis (ICIS) in the treatment of liver cancer based on enhanced MRI imagomics and its application
value. Methodss A total of 148 patients with liver cancer admitted to our hospital from May 2020 to May 2022
were selected. Taking pathological diagnosis as the "gold standard", the image omics features of enhanced
MRI images of patients with liver cancer were extracted before surgery, and the imaging features of patients
with liver cancer were recorded. It was divided into verification group (n=37) and training set (n=111) according
to the ratio of 1:3. The clinical and imaging features of the two sets were compared. The clinical-imaging
combined prediction model was established, and the nomogram prediction model and evaluation were
constructed based on risk factors. A combined clinical-imaging prediction model was established based on
risk factors Nomogram prediction model and evaluation. Results Among 148 patients with liver cancer, ICls
combined with anti-angiogenesis therapy was effective in 76 cases and ineffective in 72 cases. Multi-factor
results showed that ALP < 125.98U/L, BCLCB2 stage, tumor location (right lobe of liver), tumor size >3.19cm,
arterial stage enhancement (partial enhancement) were independent risk factors for poor efficacy in patients
with liver cancer. A line graph prediction model was constructed including ALP < 125.98U/L, BCLC B2 stage,
tumor location (right lobe of liver), tumor size 23.19cm, and arterial stage enhancement (partial enhancement).
ROC curves, correction curves and decision curves of the training set and validation set models suggested
that the model had good differentiation and clinical net benefit. Conalusion The model constructed based on
the features of enhanced MRI image omics can better predict the clinical efficacy of ICls combined with anti-
angiogenesis in the treatment of liver cancer patients, and provide imaging basis for clinical decision-making.
Keywords: MRI Imaging Omics; Immune Checkpoint Inhibitors; Antiangiogenesis; Liver Cancer; Curative
Effect; Prediction Model: Application Value
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PD 11(9.91) 4(10.81)

CHINESE JOURNAL OF CT AND MRI, MAR. 2024, Vol.22, No.3 Total No.173

B, ST FSSEMNSERFER12357 YFFTiREX
FHEH#ITMRE B — BT ERAARIMEXREE(ICC), FREBICC
>0.75M BB RIFRE MM —HERI11321MF I,
1.2.4 s R Rzl B ERRER. T8RS, BiEkNESES
A, PEIAE2023F58, MFRAREEERRS. TREBER.
FROFED R U TR RLRE(CR). BHRE(PR).
ERETEIRE(SD)EBIRE(PD)e ARG TENEFM I 59
ENBEEANEBN, RZUEITRHEH.
1.3 MBIBIR (1) BBIGKELEIE: £, 3. BhE. #
FRiw. FFEBURSAT; 2)SERERXNHREE. BiRER
(AFP). SHBLIE(TB). RLMABKEHBEE(AST). y-AaHE
¥1%E5(GGT). BEB(ALB). WMEBEERES (ALP) /MR (PLT). %
MmEREBYE(PT). ARBRIERBIALT). BE8-BLRTS
(ALBI). Child-PughiT-#IBCLC BEARYIES 2 (B1-B4); ()84
FHEBE: MEHE, MENR/N. UED BNk RS
E; (4)8T77 Mo
L4 S EDH FtEDREMSPSS 22.08 4 #1T. ESH
AHNEETEMYBITEZ(x +3)RT, ZAKRBLLRAEE
2 AABRFMERERITEAR, M x RBEEERHITH
e FUNAHE AT BT RNEGAFELELIZERAIMWE, XU
SIRNBIEEFERMELR, EFEMNRY, TEESIMEEWN
Radscore, XKFBootstrap Xt FILLE RENIIE, BiFROCHL
IMRENXSE, RENEREEIRE/LEITN, RENE
WME RS, 10TKIEa=0.05,

24 B

2.1 RAAOFZHF RIGFRFENLER METADFRITE R
R BRRENER(39P>0.05), HPNEZERTERSTH,
5451, TEK1o

2.2 MAMRIEBRAFIFELR BREERGFRIELEERE
HNZER(#9P>0.05), #R&K2,

23BURGAFER

231 RBAFHN—HMEST FEHENETELEARRNERNA
MICC{E=0.813~0.952 R ELANELBE—XNERIAEICCE
=0.814~0.965, EARMABRFEREN—EIE,

2,32 HIEHmEMEEFZEENEE EFI8RMRIEGRENHN
112N BAFFHE, BTLASSOEAfE, @ISR X IIEH
ELASSOEIAHMRAENNE, RLEHSNRBEGHAFRIL,
23 AA_GLCMEntropy_angle45_offset7. V_GLCMEnergy_
angle45_offset7. D_InverseDifferenceMoment_anglel35_
offsetl. D_GreyLevelNonuniformity_AllDirection_offsetl_
SD. D_GreyLevelNonuniformity_angle90_offset1(IE2).
233 EEAFINER EFILEHIE, BdBorutalfitt
S MFHEMNZH K LogisticRANMMEFEGAFRE, #
BHEHAF T HRad-score=-0.265+0.485 X A_GLCMEntropy_
angle45_offset7-0.495XV_GLCMEnergy_angle45_
offset7+0.956 X D_InverseDifferenceMoment_angle135_offset1-
0.867XD_GreyLevelNonuniformity_AllDirection_offsetl_SD-
1.128 X D_GreyLevelNonuniformity_angle90_offsetl,

24 BUIGK-FEAFRATMUEE LS ZETUEE SH
RERKRAALP<125.98U/L. BCLCB2HA. ME{IE (FFEM).
B A/N=3.19cm. whEKHRSR L (BB 321k )1 BT E R E T
FRIVRIIBERER(R4). FARL.12HMMH, EFZEZELogistic
B3R EmFREETHARNMIGHRER, FNBEN
85.7%(E3).

2.5 BRI

2.5.1 ROCH#r INEREMIBIEERNROCHMIRRBMAIRE, FB
AR MRS REFUNAE B BT MAER. LEA,

2.5.2 WEFH Hosmer-Lemeshowit 34t R B R IR RIS IR
B, RHRAFERUEKKSEENREREIINES R, LES,
RERHEE TR AREETNAERE BT TR REESHEW
@, WEG.

113



PEICTHIMRIRE

20244F3H %$22% F3H S E1738

E 2Ry tikigne v Pkl iindsdsd
BRSNS I%E(n=111) WIIFE(n=37) x 2/t 3
EUE 3.231 0.357
FFEm 20(18.02) 10(27.03)
=iy 87(78.38) 24(64.86)

FEEHRAL 2(1.80) 2(5.41)

FFERM 2(1.80) 1(2.70)

i d=| 0.011 0.917

8K 79(71.17) 26(70.27)

%k 32(28.83) 11(29.73)

By AN em)  3.26%1.46 3.12x1.39 0.511 0.610

PR AR 0.904 0.342

el 61(54.95) 17(45.95)

REMH 50(45.05) 20(54.05)

BehEE 4 1.631 0.243

D= 83(74.77) 24(64.86)

FHB 28(25.23) 13(35.14)

PhERIRSE 1.180 0.277

B 26(23.42) 12(45.95)

T 85(76.58) 25(54.05)

MERERE 0.144 0.704

B 18(16.22) 7(18.92)

x 93(83.78) 30(81.08)

P B 0.047 0.828

B 83(74.77) 27(72.97)

% 28(25.23) 10(27.03)

JERR 2.703 0.100

B 24(21.62) 13(35.14)

T 87(78.38) 24(64.86)

PELH 2.108 0.147

=] 11(9.91) 7(18.92)

T 100(90.09) 30(81.08)

JEA K 6.570 0.010

B 34(30.63) 20(54.05)

T 77(69.37) 17(45.95)

FHEEEL 0.144 0.704

=] 93(83.78) 30(81.08)

T 18(16.22) 7(18.92)

BefkRERR 2,775 0.096

=] 12(10.81) 8(21.62)

T 99(89.19) 29(78.38)

SRk ERER 4.486 0.106

B—8 Mk 15(13.51) 10(27.03)

ibak e 82(73.87) 25(67.57)

/RN 14(12.61) 2(5.41)
RINBRHAFREN S TLogisticBl)32 4

AR /R R BA TR Z/t P

IIES n=57 n=54

Rad-score -1.556(-9.446,0.716) -0.656(-2.897,25.321) -4.376 <0.001

Clinic-score -1.368(-3.654,0.917) -0.593(-2.941,0.945) -4.265 <0.001

Combine-score -2.169(-8.369,0.932) -0.245(-3.125,24.654) -5.642 <0.001

IS n=19 n=18

Rad-score -1.56+0.28 -0.75%0.16 -10.722 <0.001

Clinic-score -1.754(-3.369,0.942) -1.167(-2.785,0.916) -2.319 0.030

Combine-score -1.87%0.34 -0.37%+0.13 -17.532 <0.001
R4 | R8P AY IR PRI IE I IS AR 4B F IS AE T BT A8
BEATITRNERRNZEAR LogisticEAo#r

1HE PR ZELogisticE])3 ZEHEZELogistic[a])3

OR(95%Cl) P OR(95%Cl) P
ALP 0.321(0.045-0.894) 0.004 0.456(0.089-0.854) 0.024
BCLCB2#§  0.378(0.078-0.857) 0.009 0.654(0.091-0.864) 0.025
phEfIE 0.754(0.132-1.564)  0.002 1.235(0.781-1.754) 0.006
BhEA/N  0.165(0.047-0.468) 0.003 0.543(0.164-1.123)  0.004
BIBkEAEL  0.156(0.065-0.754) 0.031 0.478(0.165-1.234) 0.042

A RPRFIHE, ZRFRDHP<0.05HIGFRIH FHFE,

114 -

5%
ALP(UL)
BCLC B2J}]
i g o B (A )
it 381 2K /N (em)

<
Sk SEALG 3 58 1k)

B
TR A

100
|

B2 R4 AT I k.
ool B B B e, B B B
<12‘5‘98

=3.19
I

L
50

100

150

T
200

250

Ly |
300

T I
0.&5 0.10 020 0.

o

B4 1% % (40 FodaiE % (4B) B8R FON T & 4 /7 SR ROC i 2.

T T T
30 040 050 060 070 080 090 095 e

B3 Il PR3 (R 4 2 Bk A MR R ) 4

ic)

@

BISA-HISC I SR R AT RAGAL B i 2 BISA WERACABEA, EISB MRAF
HA, ESC REEA.

EI6A-FI6B 7 5k % (64) Al il & (6B) By AR A FUM T 58 77 2 oy A5 o 2.

®

oc)



o 7c)

33 i

BERMHETITARSERENN, 2HREENET0RAR
=Y EEAFAERFANSE, AT, BEL80%HIFF
BEETVNEBA TR, REATPHFERIEME. RAIIRRAF
BEENTMERE", 2587 TFE— LM E R FTERE
2, HETRHEYRNERME. FEEarT el LU
iR, EINBEIMRMNEER, RINIRIMEE, FREREN
HEEAAESSY, A, BISEL5NBEAT, RS
FhEEBSE ER MR R R AT BRI BT, SRR, AMTRHT
BB AT SMNE N FRAEATBESNER, B35/ i
HRR R BRENIRAMAT™, ICIsEARMEERMATBR
H—FRERSNEEAT AR MRIREEES. WARD
EE RSB RS ARG, ERBRENISTRRE 2N
B BaAFRHNRENESNEGREHE, £aM82IH%
R, ATAMEA B EGRIHEHHITAISH, BWERRRE,
Ak, AAREFHEBHMRIEGASIICISESRMEERET
BRI RO TR, STEAIGKREEBIFSZMNE,

KA, ALP<125.98U/L. BCLCB2HA. P E (FFA
o). BREA/N=3.19cm. HBKERZRL (BH BN W2 RES
FTHARRNMIBMREZ, (1)ALP<125.98U/L. ALPF=4%FAF
MM BRARSTHMU, UFARTIIREN, KBHRALPY,
A, FRRENALPEASAREEGEIIINAESIR, SHH
AT HERE, (2)BCLC B2#i: BCLCHHARFTEE B
Zz—, BCLC B2HAEGE RO XTI R, MEET %
BRI S KIS E BB B (L, XPEHE, AT
X, FEEENEEREERMES, QMBS FFaM): Fa
MRS, MBEFBETFUTFZKE, BaEEEm
RFREEYTHAEREEMARIRIS, SBAFEATBERE, (4)k
BAN=3.19cm: BRI ANFIFFRNOEHE X, AREES
EGECLHBEITHE, I, KENEIATURTES
B, MRSk, SEABKREHREY, (5)mbkHAaY
(B3R AP EFBEEIRETRN— N, WRE
BAMRBEEBEEEREMERE MBI MmN, B8, Y
BRI PKERME, TERAEMMRAN, BN ES
BEAT MR E, WERERY,

KRRLERETR, SERKSTEEEL, FGAFEENT
MRLEE(IZREE . AUC, 0.863 vso 0.773; I0iEE: AUC, 0.871
vs 0.770)E{k, EREBESM RN, HEALBEENFIEHE
METER, EIGEMBITEMNAUCENHETS, XKME, £
AT B AT U RET, BRAY ISR IR ETER B
M, BERSEFHITUNEEMNATIML, B FERN—RKET S
AT, BAREZDITRNERUELENMERSESR, FiEm
RNBI BN R BRI, M TR RIS
BEENATHR, XEPFIRESEENBENAT HRNEE
MBBKE, AHRFRE, HABRD, GEMAERNEELH
&, NE—FIERZAENENYE. BRAYERNSER2E
i, BERRD, METARIGITELHENIET, BESMRIK
DREME,

4R EFTIR, ALP<125.98U/L. BCLCB2HB. MEuE (FFA
). BREEA/N=3.19cm. FHBKHRRIL (SR W RIFERET

CHINESE JOURNAL OF CT AND MRI, MAR. 2024, Vol.22, No.3 Total No.173

MARMMIBRER. FEAFEERBIUNICISIXSHRME
ERGATTRHET N, ARFEATRET TRNNANE, XEX
I FAESENIRKSTNRRIVAREEEENREIE X,

2Em

[11Gilles H,Garbutt T,Landrum J.Hepatocellular carcinomal[J].Crit Care Nurs
Clin North Am, 2022, 34 (3):289-301.

[2]Ganesan P,Kulik LM.Hepatocellular carcinoma:new developments[J].Clin
Liver Dis,2023,27(1): 85-102.

(315K MR 3, 2530, 25 M. o o 2 K b [ F 1 TR AFPAR I X HBV R Al X JiF 48 g 3 5
Wty A BT, B h R 2, 2023, 30(5): 57-58.

[41Galle PR,Dufour JF,Peck-Radosavljevic M,et al.Systemic
therapy of advanced hepatocellular carcinomal[J].Future
Oncol, 2021, 17(10):1237-1251.

[5]Han Y,Liu D,Li L.PD-1/PD-L1 pathway: current researches in cancer[J].Am J
Cancer Res, 2020, 10(3):727-742.

[6]Sperandio RC,Pestana RC,Miyamura BV,et al.Hepatocellular carcinoma
immunotherapy [J]. Annu Rev Med, 2022, 73(1):267-278.

[71Xing R,Gao J,Cui Q,et al.Strategies to improve the antitumor
effect of immunotherapy for hepatocellular carcinomal[J].Front
Immunol, 2021, 12 (1): 783236.

[81Guo S,Li J,Huang Z,et al.The CBS-H2S axis promotes liver metastasis
of colon cancer by upregulating VEGF through AP-1 activation[J].Br J
Cancer, 2022, 126 (7): 1055-1066.

(91 WA . 58t 4 5046 b7 B P8 A 2 0 B L F SKRAR % 8 B (1L % 5 0 2 0 A el
AR D). B KR AR, 2023, 30 (7): 61-62, 65.

[10]Yang W,Li X,He J,et al.Efficacy and safety of immune checkpoint
inhibitors combined with anti-VEGF therapy in the treatment of
unresectable or advanced liver cancer:a systematic review[J].
Immunopharmacol Immunotoxicol, 2023,13(1):1-10.

[11]Wang R,Lin N,Mao B,et al.The efficacy of immune checkpoint inhibitors
in advanced hepatocellular carcinoma:a meta-analysis based on
40 cohorts incorporating 3697 individuals[J].J Cancer Res Clin
Oncol, 2022, 148 (5): 1195-1210.

[12]Rahimi A,Khalil A,Faisal A,et al.CT-MRI dual information registration
for the diagnosis of liver cancer:a pilot study using point-based
registration[J]. Curr Med Imaging, 2022, 18 (1): 61-66.

[13]Park J,Block M,Bock D,et al.A comparison of liver MRI and
contrast-enhanced CT as standard workup before treatment for
rectal cancer in usual care — a retrospective study[J].Curr Med
Imaging, 2022, 18 (2): 256-262.

(141 2, 07, Bk &, . 2 TLI-RADS v2018 J JU CT MR it A ik Fik J&8 89 35 Wi 44
. LRSS 247, 2022, 38 (4) : 581-585.

(151 sk, B 4. BF 20 ik db o7tk B G-BAE 51 5 T 0000 Bh I 77 R K 1 AP B3 Il R
B 1T). b B I R 25 FE 2 22 &, 2023, 39 (8): 1077-1081.

[16] Anwanwan D, Singh SK,Singh S,et al.Challenges in liver cancer
and possible treatment approaches[J].Biochim Biophys Acta Rev
Cancer, 2020, 1873 (1): 188314.

(171 £ B, th 7 7, A H. SRk B CTRE BP0 AT 20 kA6 7 A2 28 R 5 FF 28 B8 0 f 1
[J]. # EICTAIMRI ¢ %, 2023, 21 (8): 108-110.

[18]Alvarez M, Benhammou JN,Darci-Maher N,et al.Human liver single nucleus
and single cell RNA sequencing identify a hepatocellular carcinoma-
associated cell-type affecting survival[J]. Genome Med, 2022, 14 (1): 50.

[19]Llovet IJM,Castet F,Heikenwalder M,et al.Immunotherapies for
hepatocellular carcinoma[J].Nat Rev Clin Oncol, 2022,19(3): 151-172.

(201 B, AL 7%, 3K, . A FMRIBRF Ao T R LW IR B Hs ek
£ RO EA A M [T]. % [E CTAIMRI 22 5, 2023, 21 (7): 100-102.

[21]Vogel A,Meyer T,Sapisochin G,et al.Hepatocellular carcinoma[J].Lanc
et,2022,400(10360): 1345-1362.

[22]Altinmakas E,Taouli B.Abbreviated liver magnetic resonance imaging
protocols and applications[J].Radiol Clin North Am, 2022, 60(5):695-703.

[23]Hectors SJ,Lewis S,Besa C,et al.MRI radiomics features predict immuno—
oncological characteristics of hepatocellular carcinoma[J].Bur
Radiol, 2020, 30 (7): 3759-3769.

[24]Strosberg J,Kunz PL,Hendifar A,et al.Impact of liver tumour
burden,alkaline phosphatase elevation,and target lesion size on
treatment outcomes with 177Lu-Dotatate:an analysis of the NETTER-1
study [J]. Eur J Nucl Med Mol Imaging, 2020, 47 (10):2372-2382.

[25]Yamamoto M, Kobayashi T,Hashimoto M,et al.Significance of liver
resection for intermediate stage hepatocellular carcinoma according to
subclassification[J].BMC Cancer, 2021,21(1): 668.

[26]Varela-Ponte R,Mart { nez-Lago N,Vieito-Villar M,et al.Impact of
risk factors on the efficacy and complications of ultrasound-guided
percutaneous liver biopsy of space-occupying lesions[J].Radiologia (Engl
Ed), 2022, 64 (6): 497-505.

[27]Riddiough GE,Jalal Q,Perini MV,et al.Liver regeneration and liver
metastasis[J].Semin Cancer Biol, 2021, 71(1):86-97.

[28] Tanimura I,Yoneda N,Kitao A,et al.A case of intrahepatic
cholangiocarcinoma arising from a simple hepatic cyst via dysplasia and
carcinomatous transformation[J]. Abdom Radiol (NY),2022,47(6):1954-1960.

(s B HA: 2023-06-09) (Bexgmas . wkami)

115



