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Evaluation value of differentiation grade of hepatocellular carcinoma based on
ultrasound imaging omics model
Guo Mingzhen, Wang Lijie, Tang Jiaying (Department of Ultrasound Medicine, Guangyuan
First People’s Hospital, Sichuan Guangyuan 628000, China)
Abstract: Objective To explore the ultrasonographic features of hepatocellular carcinoma
(HCC) patients with different differentiation grades and its diagnostic value on poor
differentiation of tumors. Methods A total of 212 patients with HCC confirmed by biopsy
or surgery in the First People’s Hospital of Guangyuan from March 2021 to March 2023
were selected as the research objects and included in the training set. According to the
tumor differentiation grade, the patients were divided into well-differentiated group (grade
I and II, 138 cases) and poorly differentiated group (grade III and IV, 74 cases). The
clinical data of patients in two groups were compared, including gender, age, smoking,
drinking, family history of HCC, tumor diameter, lesion location, clinical stage, Child-Pugh
classification, hepatitis B, liver cirrhosis, tumor capsule, lymph node enlargement, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin, albumin, platelet,
Ki-67 and alpha fetoprotein (AFP). According to the same inclusion and exclusion criteria,
60 HCC patients admitted to our hospital during the same period were selected into the
validation set for external validation of the model. Multivariate Logistic regression was used
to analyze the influencing factors of poor tumor differentiation. The ultrasound images of the
patients were collected and the radiomics features were extracted. The LASSO regression
algorithm was used to screen the ultrasound radiomics features (F) which were highly related
to the tumor differentiation grade, and its coefficient (o) was obtained. The receiver operator
characteristic (ROC) curve was used to analyze the efficacy of the clinical parameter model,
the ultrasound radiomics score model and the combined model. R software was used to
construct a nomogram model for predicting poor differentiation of HCC patients. ROC curve
was used to evaluate the discrimination of the nomogram model, and calibration curve and
clinical decision curve were used to evaluate the accuracy and effectiveness of the nomogram
model. Results Logistic regression analysis showed that liver cirrhosis (OR = 1.720, 95%CI:
1.183~2.311, P = 0.010), platelets = 183.69 x 10°/L (OR = 1.418, 95% CI: 1.051~1.932,
P =0.025), Ki-67 positive (OR = 1.552, 95%CI: 1.363~1.770, P = 0.017) and AFP positive
(OR =2.021, 95%CI: 1.230~2.786, P << 0.001) were risk factors for poorly differentiated
tumors, and AST = 55.14 U/L (OR = 0.511, 95%CI: 0.119~0.878, P = 0.002) was a
protective factor. A total of 9 ultrasound imaging characteristics were screened out through the
LASSO regression algorithm, and the ultrasound imaging score =—1.071 + Z;aix Fi. The
areas under the ROC curve for the clinical parameter model, the ultrasound radiomics score
model and the combined model in training set were 0.702 (95%CI: 0.638~0.775, P << 0.001),
0.805 (95%CI: 0.814~0.893, P << 0.001) and 0.914 (95%CI: 0.846~0.972, P << 0.001),
respectively. The areas under the ROC curve for the three models in the validation set were
0.712 (95%CI: 0.659~0.782, P << 0.001), 0.793 (95%CI: 0.745~0.839, P << 0.001) and
0.895 (95%CI: 0.846~0.951, P << 0.001), respectively. The ultrasound imaging histological
scoring models in the training set and verification set were better than the clinical parameter
models (z = 2.502, 2.475, P = 0.024, 0.031), and the combined model had better predictive
performance (z = 2.782, 2.686, P = 0.011, 0.018). The areas under the ROC curve of the
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nomogram model for the training set and validation set were 0.914 (95%CI: 0.873~0.955,
P < 0.001) and 0.905 (95%CI: 0.836~0.934, P << 0.001), respectively, the sensitivities were
89.72% and 85.43%, respectively, and the specificities were 87.24% and 80.58%, respectively.
The nomogram model had good discrimination. The nomogram models of the training set and
validation set on predicting the risk of tumor poor differentiation in HCC patients fit well with
the actual observed values (Hosmer-Lemeshow test ){2 =2.502, 2.388, P=0.112, 0.096), and
the accuracy was good. In both the training set and the verification set, when the high-risk
threshold was within the range of 0.01 to 1.00, the net benefit values of the nomogram model
curves were all > 0, and were far away from the two extreme curves of the low differentiation
reference line and the high differentiation reference line of the tumor. This showed that
the nomogram model had high clinical application value, good effectiveness and strong
practicality in identifying tumor differentiation levels in patients with HCC. Conclusions The
characteristics of ultrasound imaging were closely related to the grade of tumor differentiation
in HCC. Ultrasound imaging model can be used to predict the state of poor differentiation in
patients with HCC.

Keywords: Hepatocellular carcinoma; Tumor differentiation grade; Ultrasonography; LASSO

regression algorithm; Nomogram prediction model
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