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Radiomics analysis on contrast-enhanced magnetic resonance imaging for predicting treat-
ment response of targeted-immune systemic therapy in hepatocellular carcinoma
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Abstract: Background Targeted-immune systemic therapy (TIST) is currently the first-line systemic treatment for
hepatocellular carcinoma (HCC). However, there is a lack of reliable biomarkers for predicting efficacy and identifying potential
beneficiaries. Objective To explore the feasibility of using Magnetic Resonance Imaging (MRI) radiomic features for response
prediction. Methods This study included 191 HCC patients who received targeted immunotherapy at the Department of
Hepatobiliary and Pancreatic Surgery, PLA General Hospital, from January 2019 to January 2023. The patients were randomly
divided into training cohort and validation cohort at a 7:3 ratio. All patients underwent dynamic contrast-enhanced MRI before

YRS BHA : 2023-12-25

ELHA - RHE A 2030 TR H (20212D0113301)

fEE®EN : Bk¥ox, B, wit, B, §F5orm. AT RETENTARBEA MR A . Email: zyyao1998@126.com
BEMEE PR, B, W, FEEW, 2%, WA, Email: Liurong301@126.com


https://doi.org/10.12435/j.issn.2095-5227.2024.100
https://doi.org/10.12435/j.issn.2095-5227.2024.100
https://doi.org/10.12435/j.issn.2095-5227.2024.100
mailto:zyyao1998@126.com
mailto:Liurong301@126.com

FERCAEE B3 Acad J Chin PLA Med Sch X 2024, X (X) https://xuebao.301hospital.com.cn

treatment and during follow-up. Treatment efficacy was assessed according to RECIST1.1 criteria, with complete or partial response
considered effective. Tumor regions were delineated on pre-treatment dynamic contrast-enhanced MRI images, and radiomic
features were extracted. Meaningful radiomic features were selected using the Least Absolute Shrinkage and Selection Operator
(LASSO) algorithm. Various machine learning algorithms, including logistic regression, k-nearest neighbor (KNN), naive Bayes,
neural network, support vector machine (SVM), decision tree, XGBoost, and random forest were used to construct radiomic
prediction models. The performance of each model was evaluated using receiver operating characteristic (ROC) curves and
confusion matrices. The prognostic predictive value of the models was analyzed using Cox regression and Kaplan-Meier curves.
Results Medical data of 191 patients were collected, including 163 male patients (85.3%) and 28 female patients (14.7%), with a
median age of 55(range: 24-74) years. The overall objective response rate was 30.4%. There were 133 cases in the training set and
58 cases in the validation set, with no statistically significant differences in gender and age between the two groups (P > 0.05), the
objective response rates in training cohort and validation cohort were 30.1% and 31.0%, respectively. Eight ML models were
successfully constructed based on the selected radiomic features. In the training cohort with 10-fold cross-validation, the AUC
values for the KNN, naive Bayes, and SVM models were 0.826, 0.810, and 0.801, respectively. In the validation cohort, the AUC
values were 0.830, 0.836, and 0.825, respectively. Survival analysis showed that the progression-free survival of patients predicted
to have effective treatment by the above three models was significantly prolonged (P < 0.05). Conclusion Radiomic models based
on machine learning algorithms and contrast-enhanced MRI can accurately predict the efficacy of TIST in HCC patients,
demonstrating potential utility in assisting clinical decision-making.

Keywords: hepatocellular carcinoma; immunotherapy; radiomics; predictive model
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F 1 IZGEMEIEE D HCC BE AN OFFE R IGKRIFIELL 3
Tab.1 Demographics and clinical features of HCC patients in training and validation cohort
Eiztan YIZREEN=133) I UESE(N=58) I ZAH PlE

RIS/, X £ 5) 53.98 +10.82 5471 +11.65 0.419 0.676
HERIEBHEY [n(%)] 113 (85.0) 50 (86.2) <0.001 0.999
BMI/(X + §) 24.50 £ 3.04 24.52+3.35 0.032 0.975
W5 IR 2 [/n(%)]

IR 108 (81.2) 45 (77.6) 0.143 0.705

NI R 6 (4.5) 5(8.6) 0.614 0.433

RGO 48 (36.1) 18 (31.0) 0.260 0.610

JiiRsiie 97 (72.9) 43 (74.1) <0.001 1.000
BCLC4HM/[n(%)] 5.098 0.078

A 33 (24.8) 8 (13.8)

B 40 (30.1) 14 (24.1)

ci 60 (45.1) 36 (62.1)
AJCCSH M/ [n(%)] 7.533 0.184

1B 29 (21.8) 8 (13.8)

il 15 (11.3) 8 (13.8)

A 26 (19.5) 6 (10.3)

1B 34(25.6) 21 (36.2)

IVA 11 (8.3) 9 (15.5)

IVB 18 (13.5) 6 (10.3)
T3/ [n(%)] 3.792 0.285

1b 33 (24.8) 9(15.5)

2 19 (14.3) 8 (13.8)

3 35(26.3) 13 (22.4)

4 46 (34.6) 28 (48.3)
N1/[n(%)] 16 (12.0) 11 (19.0) 1.080 0.299
M 1/[n(%)] 18 (13.5) 6(10.3) 0.140 0.708
5 R EIF AN/ [n(%)] 5(3.8) 4(6.9) 0.324 0.569
Skt 0> 3/[n(%)] 61 (45.9) 23 (39.7) 0.405 0.524
JiEE K/ N(mm, X+ §) 93.59 +45.73 96.55 +43.72 0.416 0.678

> 50mm[n(%)] 114 (85.7) 49 (84.5) <0.001 1.000

> 100mm[n(%)] 51(38.3) 24 (41.4) 0.055 0.815
Vp3/Al T/ [n(%)] 36 (27.1) 22 (37.9) 1.770 0.183
TR ER K-S [n(%)] 19 (14.3) 8 (13.8) <0.001 1.000
AFP/[ng/mL, M(IOR)] 413.90 (20.91-5204.00) 360.20 (24.95-8319.00) -0.637 0.524

AFP > 20ng/mL/[n(%)] 100 (75.2) 42(72.4) 0.050 0.823

AFP > 400ng/mL/[n(%)] 68 (51.1) 27 (46.6) 0.180 0.671
CEA/[ug/L, M(IOR)] 2.21 (1.52-3.52) 2.46 (1.73-3.47) -0.916 0.360
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CA19-9> 37u/mL/[n(%)] 46 (34.6) 18 (31.0) 0.097 0.755
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DUARER it 3(23) 4(6.9)
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Fig.2 ROC curves of machine learning radiomic models
in validation cohort
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Fig.1 Forest plot showing the correlation between radiomic features selected by LASSO regression and treatment response
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R 2 ML B 10 3 XEIEAIIZREFRIE R AR
e
Tab.2 Predictive performance of machine learning
models in 10 folds cross-validated training
cohort and validation cohort.

BLasE 50 AUC TR 3 SRR R e (51 4 Tl BE: Tt

YIZREE (103738 X HGIE)

W EE 0.738 0.804 0.551 0.908  0.841 0.717
K- 4B 0.826 0.759 0.469 0.885  0.804 0.709
AR 0.810 0.745 0.507 0.849  0.810 0.513
NTHZRZ 0.770 0.722 0576 0.821  0.813 0.589
REAILAR AR 0.754 0.738 0.353 0.921  0.772 0.573
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Fig.3 Kaplan-Meier curves demonstrating the PFS of patient with different response status according to KNN model (A),
Naive Bayes model and SVM model (C)
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