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Purpose: To explore whether texture features based on magnetic resonance can distinguish diseases combined hepatocellular- 
cholangiocarcinoma (cHCC-CC) from hepatocellular carcinoma (HCC) before operation.
Methods: The clinical baseline data and MRI information of 342 patients with pathologically diagnosed cHCC-CC and HCC in two 
medical centers were collected. The data were divided into the training set and the test set at a ratio of 7:3. MRI images of tumors were 
segmented with ITK-SNAP software, and python open-source platform was used for texture analysis. Logistic regression as the base 
model, mutual information (MI) and Least Absolute Shrinkage and Selection Operator (LASSO) regression were used to select the 
most favorable features. The clinical, radiomics, and clinic-radiomics model were constructed based on logistic regression. The 
model’s effectiveness was comprehensively evaluated by the receiver operating characteristic (ROC) curve, area under the curve 
(AUC), sensitivity, specificity, and Youden index which is the main, and the model results were exported by SHapley Additive 
exPlanations (SHAP).
Results: A total of 23 features were included. Among all models, the arterial phase-based clinic-radiomics model showed the best 
performance in differentiating cHCC-CC from HCC before an operation, with the AUC of the test set being 0.863 (95% CI: 0.782 to 
0.923), the specificity and sensitivity being 0.918 (95% CI: 0.819 to 0.973) and 0.738 (95% CI: 0.580 to 0.861), respectively. SHAP 
value results showed that the RMS was the most important feature affecting the model.
Conclusion: Clinic-radiomics model based on DCE-MRI may be useful to distinguish cHCC-CC from HCC in a preoperative setting, 
especially in the arterial phase, and RMS has the greatest impact.
Keywords: magnetic resonance, radiomics, machine learning, primary liver cancer, differential diagnosis

Introduction
As the rarest pathological type of primary liver cancer, combined hepatocellular carcinoma-cholangiocarcinoma (cHCC- 
CC) accounts for about 0.4–14.2% of all primary liver carcinomas.1 It displays a mixture of histological characteristics of 
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hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC) and has the differentiation characteristics of 
hepatocytes and bile duct cells. At present, where cHCC-CC originates from remains controversial, with several studies 
supporting that liver progenitor cells are the origin of cHCC-CC.1–4 While some scholars hold that HCC and ICC 
components in cHCC-CC may come from HCC or common stem cells, which then differentiate into hepatocytes and bile 
duct epithelial cells.3,5 HCC is the primary liver cancer with the highest incidence. When it contains ICC, it conforms to 
type C cHCC-CC,6 i.e, HCC and ICC are located within the same mass. Yet, these two diseases differ in their prognosis. 
The survival rate of HCC after liver transplantation or surgical resection is higher than that of cHCC-CC.7–14 

Transarterial chemoembolization (TACE) is a common treatment for HCC patients whose tumor is unresectable or 
inability to tolerate surgery due to medical comorbidities, even those who want to be exempt from the pain of surgery. 
However, this therapy turns out to be less effective due to the low intake of chemotherapy drugs resulting from the lack 
of blood supply in cHCC-CC.11,15

However, cHCC-CC presents with similar clinical and imaging features to HCC,16–19 making distinguishing these two 
diseases in a preoperative setting difficult. Studies have pointed out that the proportion of HCC components in cHCC-CC 
will affect the classification of Liver Imaging Reporting and Data System (LI-RADS) and tumors with HCC components 
>50% are more likely to be classified into LR-4/5.20 Compared with LI-RAIDS, KLCA-NCC is more sensitive in 
diagnosing HCC.21 However, both depend on film readers’ subjective analysis based on their own experience, which 
leads to a high false-positive rate of HCC diagnosis. Li et al reported in a small sample size study22 that ultrasonic 
proteomics can better distinguish cHCC-CC from HCC than LI-RADS. Previous studies on these two types of tumors 
mostly used data from a single center with few samples and imaging features whose interpretation depends on clinical data 
and subjective judgment,19,22,23 lacking universality and objectivity. With histopathological examination being the “gold 
standard” of preoperative diagnosis of cHCC-CC, there are some cases where the puncture is not in place or the collected 
samples are insufficient, leading to misdiagnosis of cHCC-CC as HCC. Mainly, when the proportion of ICC components 
only accounts for a small proportion of the lesion and some patients are treated without even undergoing a puncture 
examination, a histopathological examination will not be of much help. This study excluded imaging signs that subjective 
factors would significantly influence. The aim was to determine whether DCE-MRI imaging based on multi-center data 
could differentiate HCC from cHCC-CC before an operation and further explain the model output results.

Methods
Inclusion and Exclusion Criteria
In this retrospective study, the ethics committees of Nanfang Hospital of Southern Medical University and Sun Yat-sen 
University Cancer Center exempted the patients’ informed consent. Three hundred and forty-two samples were included, 
including 217 HCC samples and 125 cHCC-CC samples. The patient enrollment process is shown in Figure 1. The 
information on patients who undergone abdominal DCE-MRI and surgical resection of liver masses between May 2017 
and March 2021 at Nanfang Hospital of Southern Medical University (Institution 1) and Sun Yat-sen University Cancer 
Center (Institution 2) was collected. Inclusion criteria: 1. Pure HCC or conformance to type C cHCC-CC had been 
pathologically confirmed after surgical resection; 2. The maximum tumor diameter was ≥ 1cm; 3. DCE-MRI scan had 
been performed within one month before the operation; 4. Clinical data and images were complete. Exclusion criteria: 1. 
The maximum diameter was < 1cm; 2. Other anti-tumor therapies before the MRI examination, such as TACE or tumor 
ablation, had been performed; 3. The patient had a history of tumor in other parts of the body; 4. Poor image quality. 
Multi-center data were compiled and randomly divided into the training and test sets in relative proportion.

Clinical Baseline Data
Clinical baseline data were derived from the picture archiving and communication system (PACS), including sex, age, 
serum alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA), cancer antigens 19–9 (CA199), hepatitis B e antigen 
(HBeAg) and hepatitis B surface antigen (HBsAg) levels. Pathologists diagnosed liver cirrhosis through histopatholo-
gical examination. The tumor size was measured at the largest level by two radiologists with 8 years of experience in 
tumor diagnosis. The one with the largest diameter was selected when there were multiple masses. The selected tumors 
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were divided into the > 5cm group and the ≤ 5cm group. In case of ambiguity, the decision would be made through 
consultation.

MRI Image Acquisition
In this study, all patients underwent MRI scans using a 3.0T scanning system (the one used by Institution 1 was a UIH 
product and Institution 2 used the product offered by GE) with a 16-channel abdominal coil. The 0.1mmol/kg contrast 
agent (Gd-DPTA, an extracellular contrast) was injected into the elbow vein with a high-pressure syringe at a rate of 
2.0 mL/s. The scanning time points after the injection of the contrast agent were the same in both institutions: the 
scanning was performed in 20–25s (the arterial phase, AP), 50–60s (portal venous phase, PVP), and 90–120s (delayed 
phase, DP), respectively. Table 1 summarizes the scanning parameters of MRI in these two institutions.

Radiomics Analysis
Workflow
Image processing and radiomics analysis in this study followed the Image Biomarker Standardization Initiative (IBSI) 
standards.24 The analysis process of the radiomics analysis is shown in Figure 2.

Excluded:

1)No MRI image or over 4 weeks before surgery (n=135)

2)Other anti-tumor treatments, such as TACE, tumor ablation or
radiotherapy (n=73)

3)There are tumors in other parts of the body (n=15)

4)Tumor size < 1cm (n=32)

5)Image quality is not conducive to observation of lesions (n=1)

Patients with pathologic diagnosis of HCC and

cHCC-CC after hepeatectomy between May 2017
and March 2021 (n=598)

Final enrolled in our study population
(n=342)

Development dataset
(n=239)

Validation dataset
(n=103)

Figure 1 The recruitment process of the cases for this study. 
Abbreviations: cHCC-CC, combined hepatocellular carcinoma-cholangiocarcinoma; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization.
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Image Segmentation and Preprocessing
Two radiologists with 5 years of experience in abdominal diagnosis participated in the tumor segmentation. ITKSNAP (v. 
3.8.0) was used to segment the tumors layer by layer along the visible boundaries of the tumor at AP, PVP, DP and T2- 
weighted imaging (T2WI), respectively. Each ROI was a three-dimensional image on the horizontal axis. Because of the 
batch differences in multi-center data and different body shapes of patients, the images had been distorted more or less, 
so we had to re-sample DICOM images and masks using sitkLinear and sitkNearestNeighbor, respectively. The pixel 
value of the DICOM image was normalized to 0–1 by the min-max normalization method.

Feature Extraction and Selection
The data were divided into the training set and the test set at a ratio of 7:3. Python 3.9.7 (Pyradiomics Version 2.12) was 
applied to extract features from ROI, with 1409 features in each sequence, totaling 5636 features. The two physicians’ 
intra-class correlation coefficient (ICC) was 0.81, indicating good consistency. Before feature screening, the min-max 
normalization method was used to normalize the feature values to 0–1. First, the characteristics of radiomics were 
preliminarily screened by MI to remove those characteristics with a correlation threshold <0.1. Then, LASSO was used 
for 10-fold cross-validation to select the best features to be included in the model construction.

Model Construction
This study chose logistic regression (LR), a commonly used binary classification model, for model training. Linear 
Support Vector Classification (LSVC) was used to cross-check the training set by 50% to select the optimal parameters, 
and L2 regularization was used as the penalty to make the weight W infinitely close to but not zero. Squared_hinge was 

Table 1 Sequences and Parameters of Dynamic-Enhanced MRI

Institution Field (T) TR (ms)  
(T2/AP=PVP=DP)

TE (ms)  
(T2/AP=PVP=DP)

Angle (°)  
(T2/AP=PVP=DP)

ST (mm)  
(T2/AP=PVP=DP)

1 3.0 3833/3.4 86.8/1.6 90/15 5/2.0

2 3.0 5300/4.7 1888/1.7 90/15 4/2.5

Abbreviations: TR, Repetition Time; TE, Echo Time; ST, Slice Thickness; T2, T2-weighted imaging; AP, Arterial phase; Portal venous phase; DP, Delay phase.

Figure 2 The general flow of radiomics analysis in this study.
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chosen as the loss function. The radiomics, clinical (all clinical data included), and clinic-radiomics model (radiomics 
characteristics + clinical data) were constructed, respectively.

Model Evaluation and Interpretation
Model performance was evaluated using ROC curves, AUC, sensitivity, specificity, and the Youden index, the primary 
indicator. An independent test set verified the model. The feature importance only tells us which feature is important, but 
it is unclear how it affects the prediction results. As a method to solve the interpretability of the model, Shapley Additive 
exPlanations (SHAP) can reflect the influence of features in each sample on the model and show both the positive and 
negative aspects of such influence. Therefore, this study cited SHAP to explain the model’s output to help decision- 
makers understand how to use the model correctly.

Statistical Analysis
SPSS 25.0 and MedCalc 19.7.1 were used for data analysis and descriptive statistics. With age as a continuous variable, 
age was presented by the x� S and was compared in pairs using t-test. Other clinical baseline characteristics and tumor 
size were classified variables presented in frequency. Their between-group comparison was performed using the χ2 test. 
All statistical tests were bilateral, and p value <0.05 was considered as having statistical differences.

Results
Clinical Baseline Data
Three hundred and forty-two patients (125 with cHCC-CC and 217 with HCC) were enrolled. The process of patient 
recruitment is shown in Figure 1. Patients were randomized at a ratio of 7:3 into the training set (n = 239) and the test set 
(n = 103). Table 2 details the comparison of clinical data between the training set and the test set. All clinical baseline 
features, including the distribution of the two sets, had no statistical difference between the training set and the test set 
(p > 0.05).

Table 2 Comparison of Patient Characteristics of cHCC-CC and HCC in the Train and Test Set

All Train Set Test Set Chi-Square / T Test p value

Category 0.419 0.517

HCC 217(63.5%) 149(62.3%) 68(66.0%)

cHCC-CC 125(36.5%) 90(37.7%) 35(34.0%)

Agea 53.54±11.186 54.04±10.698 0.380 0.704

Sex 0.783 0.377

Male 288(84.2%) 204(85.4%) 84(81.6%)

Female 54(15.8%) 35(14.6%) 19(18.4%)

Size 1.295 0.255

≤5 cm 248(72.5%) 169(70.7%) 79(76.7%)

>5 cm 94(27.5%) 70(29.3%) 24(23.3%)

AFP 0.448 0.799

0–20 (μg/L) 163(47.7%) 116(48.5%) 47(45.6%)

21–400 (μg/L) 114(33.3%) 77(32.2%) 37(35.9%)

>400 (μg/L) 65(19.0%) 46(19.2%) 19(18.4%)

CEA 0.972 0.325

Negative (0–5 ng/mL) 296(86.5%) 204(85.4%) 92(89.3%)

Positive (>5 ng/mL) 46(13.5%) 35(14.6%) 11(10.7%)

CA199 0.360 0.549

Negative (0–35 u/mL) 279(81.6%) 193(80.8%) 86(83.5%)

Positive (>35 u/mL) 63(18.4%) 46(19.2%) 17(16.5%)

(Continued)
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Model Performance
In this study, cHCC-CC=1 and HCC=0 were used as labels. Synthesize all model evaluation indexes, especially the 
Youden index, the clinic-radiomics model based on LR (combining clinical baseline data and radiomics characteristics) 
performed best in distinguishing cHCC-CC from HCC in AP, AUC was 0.902 (95% CI: 0.863 to 0.933)/0.863 (95% CI: 
0.782 to 0.923) (training set/test set), with the specificity and sensitivity being 0.918 (95% CI: 0.819 to 0.973) and 0.738 
(95% CI: 0.580 to 0.861), respectively, and Youden index 0.656. The radiomics model based on PVP did the best 
performance in distinguishing the two groups of patients, with an AUC of 0.856 (95% CI: 0.805 to 0.898) in the training 
set and 0.835 (95% CI: 0.749 to 0.901) in the test set, and the specificity, sensitivity and Youden index of 0.934 (95% CI: 
0.841 to 0.982), 0.691 (95% CI: 0.529 to 0.824) and 0.625, respectively. The clinical model showed a relatively low 
performance, with an AUC of 0.767 (95% CI: 0.708 to 0.819) and 0.740 (95% CI: 0.645 to 0.822) in the training set and 
the test set, respectively, and the Youden index of only 0.452. The performances of these three models are detailed in 
Table 3, and their ROC curves are shown in Figure 3.

Result Explanation
AP-based clinic-radiomics model is the best model for distinguishing cHCC-CC from HCC in this study. In the test set, 
56/61 HCC and 31/42 HCC were correctly predicted (Figure 4). To further explore the interpretability of the fusion 
model in this study, we obtained the SHAP values of features to determine their contribution to the fusion model based 
on AP. Finally, 23 features are included in the fusion model, including 11 Wavelet features, 2 Original image features, 2 

Table 2 (Continued). 

All Train Set Test Set Chi-Square / T Test p value

Cirrhosis 0.769 0.381

Negative 121(35.4%) 81(33.9%) 40(38.8%)

Positive 221(64.6%) 158(66.1%) 63(61.2%)

HBeAg 0.175 0.676

Negative 264(77.2%) 183(76.6%) 81(78.6%)

Positive 78(22.8%) 56(23.4%) 22(21.4%)

HBsAg 0.065 0.799

Negative 49(14.3%) 35(14.6%) 14(13.6%)

Positive 293(85.7%) 204(85.4%) 89(86.4%)

Notes: Data are numbers of patients (percentage) besides age is means ± standard deviations. aData was compared using an independent sample t-test. 
Percentage of the AFP part, since only one decimal place was taken, the sum is not one hundred percent. Excepted where indicated, data were compared using the 
χ2 test. The p-values were all greater than 0.05, and there was no statistical difference. 
Abbreviations: cHCC: combined hepatocellular-cholangiocarcinoma; HCC: hepatocellular carcinoma; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; 
CA199, cancer antigens 19–9; HBeAg, hepatitis b envelope antigen; HBsAg, hepatitis b surface antigen.

Table 3 Performance of Each Model Based on Logistic Regression

Model Phase Accuracy Precision AUC_train AUC_test Sensitivity Specificity Youden

Radiomics T2 0.641 0.727 0.716 0.694 0.190 0.951 0.141
AP 0.806 0.789 0.876 0.824 0.714 0.869 0.583

DP 0.592 0.500 0.557 0.564 0.024 0.984 0.008

PVP 0.816 0.926 0.856 0.835 0.691 0.934 0.625
Clinic- Radiomics T2 0.699 0.739 0.790 0.774 0.405 0.902 0.307

AP 0.825 0.816 0.902 0.863 0.738 0.918 0.656

DP 0.786 0.794 0.830 0.816 0.643 0.885 0.528
PVP 0.796 0.862 0.911 0.880 0.762 0.869 0.631

Clinical 0.738 0.682 0.767 0.740 0.600 0.852 0.452

Note: Unless otherwise noted, the data are the test set results of each model. All clinical information was included in the construction of the clinical model and clinic- 
radiomics model. 
Abbreviations: T2, T2-weighted imaging; AP, Arterial phase; PVP, Portal vein phase; DP, Delayed phase; AUC, area under the curve.
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LocalBinaryPattern2D features, and 8 clinical features. The most crucial feature was the first-order statistics based on 
filtering transformation —the root mean square (RMS) (Figure 5), the square root of the mean square of all intensity 
values. The high RMS had a positive effect on the model, supporting the model to have the predicted result of cHCC-CC, 
while the low RMS did the opposite. Figure 6 provides the contribution value of each feature to the model. The 
contribution value is the average of the absolute value of the SHAP value for each feature, which is located on the right 
of each red bar chart. The output of a pathologically confirmed HCC patient in the fusion model is shown in Figure 7, 
with the sum of SHAP values being −1.80 and the RMS of SHAP value being 0.153. Thus, it was considered that RMS 
supported the diagnosis of HCC.

Figure 3 Comparison of ROC curves in the test set of each model based on logistic regression. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve.

Figure 4 Confusion matrix of the clinic-radiomics model in the test set based on logistic regression. 
Abbreviations: cHCC-CC, combined hepatocellular carcinoma-cholangiocarcinoma; HCC, hepatocellular carcinoma.
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Discussion
In this multi-center study, three different models were developed and verified with LR as the classifier, which proved the 
performance and reliability of the fusion of imaging features and clinical features in differentiating cHCC-CC from HCC 
in a preoperative setting. The fusion of imaging and clinical features has been widely used in clinical research, such as 
differential diagnosis of tumors,25–27 prognosis study,28–32 and microvascular invasion (MVI) prediction,33–35 and has 
shown good performance.

cHCC-CC is a rare but highly malignant tumor. Most patients were diagnosed at the advanced stage, often 
accompanied by ascites, venous tumor thrombus, intrahepatic metastasis, and distant metastasis. Similar to ICC, the 
overall postoperative survival rate or disease-free survival rate of cHCC-CC is lower than that of HCC.10,13,36 Accurate 
preoperative diagnosis of cHCC-CC is of great significance for precise treatment and balanced allocation of medical 
resources. Some studies have shown that the imaging features of cHCC-CC are more similar to those of HCC, although 
a few features are similar to ICC.16,17 This study removed image signs involving subjective descriptions, and only the 
relationship between clinical baseline data and imaging radiomics features and the two groups of patients was explored. 
The results showed that the fusion of PVP and clinical baseline data had the highest AUC value for distinguishing cHCC- 
CC from HCC, but the Youden index was slightly lower than AP. We think AP can distinguish the two groups of patients 
based on other evaluation indexes more effectively. In the arterial phase of HCC, contrast media gathered in the hepatic 
artery, while some cHCC-CC dominated by ICC components showed the characteristics of progressive enhancement. At 

Figure 5 The global SHAP explanatory diagram shows the distribution of features’ influence on the clinic-radiomics model’s output. Red has a positive effect on the 
prediction and blue has a negative impact. 
Abbreviations: SHAP, SHapley Additive exPlanations; CEA carcinoembryonic antigen; CA199, cancer antigens 19–9; HBeAg, hepatitis b e antigen, HBsAg, hepatitis 
b surface antigen; AP, arterial phase.
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this phase, the intra-tumor enhancement values of the two groups were quite different, and the heterogeneity might be 
more obvious. The model’s output results showed that RMS was the essential feature, the square root of the mean square 
of all intensity values. This feature is volume-confounded, a larger value increases the effect of volume-confounding. The 
positive impact of the high value of RMS on the model showed that the gray value of MRI images of cHCC-CC was 
higher than that of HCC, probably because most cHCC-CC are larger in diameter than HCC and contain more intensity 
values. Meanwhile, we believe that ICC components in cHCC-CC may affect its imaging characteristics, which is 
consistent with the previous research results.12,16,20 However, the proportion of HCC components in cHCC-CC does not 
correspond to the imaging features of HCC.20 The effect of the clinical model was poor, which could explain why simply 
conducting a few laboratory tests might lead to misdiagnosing some cHCC-CC as HCC.

Figure 6 Distribution of importance for each feature in the fusion model based on AP. The value to the right of each red bar is the contribution coefficient of the feature to 
the model, which is the average value of the absolute value of the SHAP value for each feature. 
Abbreviations: AP, arterial phase; SHAP, SHapley Additive exPlanations; CEA carcinoembryonic antigen; CA199, cancer antigens 19–9; HBeAg, hepatitis b e antigen, 
HBsAg, hepatitis b surface antigen.

Figure 7 A single-sample SHAP interpretation plot that the model for HCC diagnosed. 
Abbreviations: SHAP, SHapley Additive exPlanations; CA199, cancer antigens 19–9; AP, arterial phase.
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Currently, with the absence of specific guidelines for the effective treatment of cHCC-CC, surgical intervention is still 
the first choice for clinicians. Compared with open hepatectomy, laparoscopic hepatectomy can achieve the same effect 
with less damage to liver function.37 Even the inoperable patients misdiagnosed as HCC before the operation were 
treated with TACE. The prognosis of cHCC-CC patients with varying dominating components is different.12,20,28,38 The 
early recurrence rate of cHCC-CC of LR-M within 6 months after surgical resection is significantly higher than that of 
LR-5/4.39 And the difference in LI-RADS classification may be related to the proportion of HCC components in the 
tumor. In this study, some pathological results lacked information on component proportion, and we will conduct more 
data collection and exploration in the future. Currently, IL-6 trans-signaling is considered to promote the development of 
mixed cancer and can be used to study new therapeutic methods of cHCC-CC.2 This also provides ideas for our future 
clinical and basic research.

This study is feasible for the following reasons: First, our cases came from two medical centers, which can reflect the 
generality and universality of radiomics; Second, to reduce the uncontrollable influence of selection bias and equipment 
differences on the model, we performed a series of data preprocessing; Third, we used SHAP to explain the output results of 
the model, calculate the marginal contribution of features to the output of the model, and explain the “black box model” from 
the holistic and local levels. However, this study also has limitations: 1. As a retrospective study, some patients were excluded 
because of incomplete data or lack of surgical treatment, and certain selection biases could exist; 2. Tumor segmentation by 
manual operation can never be 100% accurate; 3. As cHCC-CC is a rare tumor, our samples in each center are tiny and 
unbalanced, so the overall sample size was still limited. More data need to be collected to prove the current research results.

Conclusion
Based on the clinical baseline data from multi-medical center data and MRI imaging radiomics characteristics, the LR- 
based clinic-radiomics model performs well in distinguishing cHCC-CC from HCC before an operation and provides 
a reference for clinicians to make treatment decisions, especially in the arterial phase. RMS showed significant effects.

Abbreviations
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LSVC, Linear Support Vector Classification; MVI, microvascular invasion; IL-6, interleukin-6.
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