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Abstract

BACKGROUND

Hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC)
represent the predominant histological types of primary liver cancer, comprising
over 99% of cases. Given their differing biological behaviors, prognoses, and
treatment strategies, accurately differentiating between HCC and ICC is crucial
for effective clinical management. Radiomics, an emerging image processing
technology, can automatically extract various quantitative image features that
may elude the human eye. Reports on the application of ultrasound (US)-based
radiomics methods in distinguishing HCC from ICC are limited.

AIM

To develop and validate an ultrasomics model to accurately differentiate between
HCC and ICC.

METHODS

In our retrospective study, we included a total of 280 patients who were
diagnosed with ICC (n = 140) and HCC (n = 140) between 1999 and 2019. These
patients were divided into training (n = 224) and testing (n = 56) groups for
analysis. US images and relevant clinical characteristics were collected. We
utilized the XGBoost method to extract and select radiomics features and further
employed a random forest algorithm to establish ultrasomics models. We
compared the diagnostic performances of these ultrasomics models with that of
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radiologists.

RESULTS

Four distinct ultrasomics models were constructed, with the number of selected features varying between models:
13 features for the US model; 15 for the contrast-enhanced ultrasound (CEUS) model; 13 for the combined US +
CEUS model; and 21 for the US + CEUS + clinical data model. The US + CEUS + clinical data model yielded the
highest area under the receiver operating characteristic curve (AUC) among all models, achieving an AUC of 0.973
in the validation cohort and 0.971 in the test cohort. This performance exceeded even the most experienced
radiologist (AUC = 0.964). The AUC for the US + CEUS model (training cohort AUC = 0.964, test cohort AUC =
0.955) was significantly higher than that of the US model alone (training cohort AUC = 0.822, test cohort AUC =
0.816). This finding underscored the significant benefit of incorporating CEUS information in accurately distin-
guishing ICC from HCC.

CONCLUSION
We developed a radiomics diagnostic model based on CEUS images capable of quickly distinguishing HCC from
ICC, which outperformed experienced radiologists.

Key Words: Cholangiocarcinoma; Hepatocellular carcinoma; Contrast-enhanced ultrasound; Radiomics; Primary liver tumor

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we successfully established a novel radiomics model that leveraged contrast-enhanced ultrasound
(US) for accurate discrimination between intrahepatic cholangiocarcinoma and hepatocellular carcinoma. The refined
radiomics model incorporated 21 essential features, surpassing the diagnostic accuracy of seasoned radiologists. This model
excelled in diagnostic performance and ease of use, requiring only three specific time-point images and by a transparent
image-acquisition protocol. Its implementation enhanced diagnostic objectivity and diminished the operator-dependence
inherent in US examinations. This ultrasomics-based model can provide additional diagnostic insights to radiologists of
varying levels of experience, thereby elevating overall diagnostic accuracy.

Citation: Su LY, Xu M, Chen YL, Lin MX, Xie XY. Ultrasomics in liver cancer: Developing a radiomics model for differentiating
intrahepatic cholangiocarcinoma from hepatocellular carcinoma using contrast-enhanced ultrasound. World J Radiol 2024; 16(7): 247-
255

URL: https://www.wjgnet.com/1949-8470/full/v16/i7/247 htm

DOI: https://dx.doi.org/10.4329/wjr.v16.i7.247

INTRODUCTION

Primary liver cancer ranks as the sixth most common cancer globally and the third-leading cause of cancer-related
mortality, with the fifth highest incidence and fourth highest mortality rates[1]. Hepatocellular carcinoma (HCC) and
intrahepatic cholangiocarcinoma (ICC) represent the predominant histological types, comprising over 99% of cases|2].
Effective treatments such as resection, liver transplantation, and ablation are available for early-stage HCC or ICC.
However, for lesions diagnosed at an advanced, incurable stage, systematic treatment varies significantly between these
tumor types[3,4], necessitating distinct therapeutic approaches. Given their differing biological behaviors, prognoses, and
treatment strategies, accurately differentiating between HCC and ICC is crucial for effective clinical management.

Over the past decade, contrast-enhanced ultrasound (CEUS) has been extensively studied across various domains,
achieving notable success in characterizing focal liver lesions. Numerous studies have attempted to distinguish between
ICC and HCC using CEUS, yielding promising findings. For instance, Liu et al[5] reported an area under the receiver
operating characteristic (ROC) curve (AUC) of 0.808 in differentiating ICC from HCC, highlighting the high efficiency of
peripheral rim-like enhancement and rapid contrast washout in these distinctions.

Despite advancements in modern imaging techniques, standard imaging modalities and qualitative image analysis
often fall short of conclusively differentiating between ICC and HCC, especially in early-stage tumors[6]. Radiomics, an
emerging image processing technology, can automatically extract various quantitative image features that may elude the
human eye[7]. For example, Lewis et al[8] utilizing magnetic resonance imaging (MRI)-based radiomics, achieved an AUC
of 0.900 in the differential diagnosis of ICC from HCC by incorporating radiomics with patient sex and Liver Imaging
Reporting and Data Systems criteria.

Reports on the application of ultrasound (US)-based radiomics methods in distinguishing HCC from ICC are limited.
Our research aimed to develop and validate an ultrasomics model to accurately differentiate between HCC and ICC.
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MATERIALS AND METHODS

Patient characteristics

All patients diagnosed with liver cancer at our institution from 1999 to 2019 underwent CEUS. Prior to analysis, all
patient data were fully anonymized. The inclusion criteria were: (1) Availability of preoperative CEUS images; and (2)
Surgical excision or biopsy with pathological examination. Exclusion criteria included: (1) Lack of histopathological
evaluation by surgery or biopsy; (2) Incomplete clinical data (CL); and (3) Substandard CEUS image quality. Conse-
quently, 280 patients with pathological diagnoses of ICC (n = 140) and HCC (n = 140) were retrospectively included in the
study from January 1999 to December 2019.

We divided the cohort into two groups: 224 patients for the training set; and 56 patients for the testing set. The
workflow is depicted in Figure 1. Clinical characteristics of the patients, including sex, age, hepatitis B virus (HBV)
infection, alpha-fetoprotein (AFP), and carbohydrate antigen 19-9 (CA19-9), were collected from admission records, as
shown in Table 1.

US images acquisition protocol

All enrolled patients underwent preoperative CEUS via convex array scanners (Canon/Supersonic Explorer/Esaote/
Mindray) with a frequency range of 1.0 to 6.0 MHz. For patients with multiple liver lesions, the largest lesion was
targeted. The ultrasound contrast agent, Sonovue, was administered through the antecubital vein as a bolus (within 1-2 s),
followed by a 5 mL flush of 0.9% normal saline using a 20-gauge cannula. CEUS clips were recorded for 90 s following the
injection of Sonovue. Additional CEUS images were captured at 120 s and subsequently every 60 s until the contrast
washed out.

The ultrasound images (Figure 2) obtained included: (1) US. Baseline US image of the target lesion with optimal image
depth and gain (standard plane); (2) Arterial enhancement (AE). CEUS image in the arterial phase showing peak
enhancement of the target lesion in the standard plane; and (3) Portal enhancement (PE). CEUS image of the target lesion
at 120 s in the standard plane.

Establishing radiomics model in the training cohort

The whole tumor segmentation was manually delineated in Labelme by an abdominal radiologist with 6 years of
experience in liver CEUS and validated by a senior abdominal radiologist with 10 years of experience. Regions of interests
(ROIs) were manually segmented along the tumor contour on all US images. The Image preprocessing and feature
extraction were performed by Pyradiomics package.

Eight hundred and twenty-eight features were extracted from each region of interest, as listed in Table 2. The
significance of each feature was calculated using XGBoost, and the top 20 significant features were selected for further
analysis. The relationships among these features were assessed using the Spearman correlation coefficient. The less
significant feature was discarded for radiomics features with a SCC greater than 0.8. The remaining features were chosen
for subsequent analysis. A random forest algorithm was utilized to establish the radiomics model.

We developed four models and compared their performance to determine the most efficient one. These models include
the US model (using US images), the CEUS model (using AE and PE images), the US + CEUS model (combining US, AE,
and PE images), and the US + CEUS + CL model (integrating US, AE, and PE images with clinical characteristics).

Model analysis and evaluation

The ROC curves were plotted, and metrics such as the AUC, accuracy, sensitivity, specificity, and precision were
calculated to evaluate the predictive efficacy of each model in both training and test cohorts. Three radiologists with
varying levels of experience (3, 8, and 11 years in liver CEUS) reviewed the images of all cases and made diagnoses. The
diagnostic performances of the radiomic models and the radiologists were compared using the DeLong test. A decision
curve was plotted to assess the clinical utility of the model by quantifying the net benefits at different risk thresholds.

Statistical analysis

Statistical analysis was conducted with SPSS 22.0 (IBM Corp., Armonk, NY, United States). Continuous variables were
expressed as the means * standard deviation. Categorical variables were reported as numbers and percentages and were
compared by the ¥? test. Clinical features were analyzed for statistical differences in the training and test cohorts by
Student’s t-test, Mann-Whitney U test, Wilcoxon test, y” test, or Fisher’s exact test, as appropriate.

The reported statistical significance levels were all two-sided, and P values of less than 0.05 were considered statist-
ically significant. Calibration diagnostic accuracy was expressed as the AUC, and the resulting specificity, sensitivity,
positive predictive value, and negative predictive value were calculated. The DeLong test was used to compare AUC
values.

RESULTS

Patient characteristics

The final study cohort consisted of 280 patients (HCC = 140; ICC = 140) randomly divided into a training cohort (n = 224;
HCC =112; ICC = 112) and a validation cohort (n = 56; HCC = 28; ICC = 28). The primary characteristics of all patients
and lesions are shown in Table 1. There was no significant difference in age, sex, HBV infection, and tumor size (P > 0.05).
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Table 1 Basic characteristics of patients and lesions

Characteristics HCC, n=140 ICC, n=140 P value
Age in yr 53.39 +11.85 57.46 +11.39 0.58
26-79 33-86
Sex 0.311
Male 126 120
Female 14 20
HBV (+) 126 106 0.562
Lesion size in cm 66.37 + 27.38 69.04 + 32.68 0.271
AFPin pg/L 0.001
>20 91 18
<20 49 122
CA19-9in U/mL 0.001
>34 15 83
<34 125 57

AFP: Alpha-fetoprotein; CA19-9: Carbohydrate antigen 19-9; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; ICC: Intrahepatic

cholangiocarcinoma.

Table 2 Radiomic features in the radiomic analysis

Types Features

Shape (n = Elongation, MajorAxisLength, MaximumDiameter, MeshSurface, MinorAxisLength, Perimeter, PerimeterSurfaceRatio, PixelSurface,
9) Sphericity

First order 10Percentile, 90Percentile, Energy, Entropy, InterquartileRange, Kurtosis, Maximum, MeanAbsoluteDeviation, Mean, Median, Minimum,
(n=18) Range, RobustMeanAbsoluteDeviation, RootMeanSquared, Skewness, TotalEnergy, Uniformity, Variance

GLCM (1 Autocorrelation, JointAverage, ClusterProminence, ClusterShade, ClusterTendency, Contrast, Correlation, DifferenceAverage, Differ-
=22) enceEntropy, DifferenceVariance, JointEnergy, JointEntropy, Imc1, Imc2, Idm, Idmn, 1d, Idn, InverseVariance, MaximumProbability,
SumEntropy, SumSquares

GLRLM (n  GrayLevelNonUniformity, GrayLevelNonUniformityNormalized, GrayLevelVariance, HighGrayLevelRunEmphasis, LongRunEmphasis,

=16) LongRunHighGrayLevelEmphasis, LongRunLowGrayLevelEmphasis, LowGrayLevelRunEmphasis, RunEntropy, RunLengthNonUni-
formity, RunLengthNonUniformityNormalized, RunPercentage, RunVariance, ShortRunEmphasis, ShortRunHighGrayLevelEmphasis,
ShortRunLowGrayLevelEmphasis

GLSZM (n  GrayLevelNonUniformity, GrayLevelNonUniformityNormalized, GrayLevelVariance, HighGrayLevelZoneEmphasis, LargeAreaEmphasis,

=16) LargeAreaHighGrayLevelEmphasis, LargeAreaLowGrayLevelEmphasis, LowGrayLevelZoneEmphasis, SizeZoneNonUniformity, SizeZon-
eNonUniformityNormalized, SmallAreaEmphasis, Small AreaHighGrayLevelEmphasis, SmallArealowGrayLevelEmphasis, ZoneEntropy,
ZonePercentage, ZoneVariance

GLDM (n  DependenceEntropy, DependenceNonUniformity, DependenceNonUniformityNormalized, DependenceVariance, GrayLevelNonUniformity,

=14) GrayLevelVariance, HighGrayLevelEmphasis, LargeDependenceEmphasis, LargeDependenceHighGrayLevelEmphasis, LargeDepend-
enceLowGrayLevelEmphasis, LowGrayLevelEmphasis, SmallDependenceEmphasis, SmallDependenceHighGrayLevelEmphasis, SmallDe-
pendenceLowGrayLevelEmphasis

NGTDM ( Busyness, Coarseness, Complexity, Contrast, Strength
n=>5)

Imagetype: Original, Log-sigma-2-0-mm-3D, Log-sigma-3-0-mm-3D, Log-sigma-4-0-mm-3D, Wavelet-H, wavelet-L, Ibp-2D, square, squareroot, logarithm,
exponential. GLCM: Gray Level Concurrence Matrix; GLDM: Gray Level Dependence Matrix; GLRLM: Gray Level Run-Length Matrix; GLSZM: Gray
Level Size-one Matrix; NGTDM: Neighborhood Gray-Tone Difference Matrix.

However, the levels of AFP and CA19-9 demonstrated significant differences between HCC and ICC (P < 0.05). Five
clinical characteristics, age, sex, HBV infection, AFP, and CA19-9, were subsequently included in the radiomics model.

Radiomics analysis
Independent significant features were identified for each model using XGBoost and Spearman correlation coefficient. The
number of features selected was 13 for the US model, 15 for the CEUS model, 13 for the US + CEUS model, and 21 for the
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All patients with histologically conformed
diagnosis of ICC and available CEUS
examination, from 1999-2019 (7 = 161)

Poor image quality (n= 12)
Incomplete clinical data (7= 9)

Patients with ICC enrolled in this
retrospective study (77 = 140)

]

Patients with histologically conformed
diagnosis of HCC and available CEUS
examination, from 1999-2019 (7 = 140)

!

All patients enrolled this
study (n = 280)

|

Test (7 = 56)

Training (n = 224) five-
cross validation

Figure 1 Workflow of necessary steps in current study. CEUS: Contrast-enhanced ultrasound; HCC: Hepatocellular carcinoma; ICC: Intrahepatic
cholangiocarcinoma.

Figure 2 Image acquisition illustration. A and D: Baseline ultrasound (US) images of two target lesions; B and E: Contrast-enhanced ultrasound (CEUS)
images of the target lesions at peak enhancement of arterial phase; C and F: CEUS images of the target lesions at 120 s after injection of contrast agent.

US + CEUS + CL. Four radiomic models were constructed using the random forest algorithm.

Model establishment and validation

ROC analysis results are depicted in Figure 3, and a summary of the model outcomes is provided in Table 3. Our study’s
radiomics model based on a single US image achieved an AUC of 0.822 in the validation cohort and 0.816 in the test
cohort.

The CEUS model demonstrated a significant increase in AUC compared to the US model in both cohorts. In the
validation cohort, the AUC for the CEUS model was 0.956, and in the test cohort the AUC was 0.919. The AUC for the US
+ CEUS model was higher (training cohort = 0.964, test cohort = 0.955) than that for the US model alone, indicating a
significant benefit from adding CEUS information in distinguishing ICC from HCC. The AUC for the US + CEUS + CL
was the highest among all models, with 0.973 in the validation cohort and 0.971 in the test cohort.

AUC:s for three radiologists with different experience levels (3, 8, and 11 years in liver CEUS) were 0.786, 0.964, and
0.839, respectively. These results show that the AUC of the US + CEUS + CL was slightly higher than that of the most
experienced radiologist.

The decision curve analysis is shown in Figure 3. CEUS provided a significantly increased benefit compared to US
alone. Moreover, the models that included more information, such as US, CEUS, and clinical characteristics,
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Table 3 Area under the receiver operating characteristic curve, sensitivity, specificity, accuracy, positive predict value, and negative predict value of radiomics models in different cohorts

Training Validation Test
Parameter s AE + PE Us+AE+pE USHAEFPE* o AE + PE Us+AE+pE USHAEFPE* o AE + PE US+AE+pE USHAE*PE*
cL cL cL

AUC 0.885 (0.825, 0.955 (0.919, 0.966 (0.934, 0.975 (0.941, 0.822 (0.738, 0.956 (0.856, 0.964 (0.907, 0.973 (0.933, 0.816 (0.690, 0.919 (0.876, 0.955 (0.907, 0.971 (0.916,
(95%CI) 0.889) 0.962) 0.972) 0.975) 0.863) 0.962) 0.977) 0.983) 0.825) 0.959) 0.967) 0.980)
Sensitivity 0.766 0.933 0.900 0.911 0.727 0.909 0.818 0.863 0.607 0.714 0.928 0.892

Specificity 0.853 0.842 0.876 0.921 0.681 0.818 0.909 0.954 0.857 0.857 0.857 0.928

Accuracy 0.810 0.888 0.888 0.916 0.704 0.863 0.863 0.909 0.732 0.785 0.892 0.910

PPV 0.841 0.857 0.880 0.921 0.695 0.833 0.900 0.950 0.809 0.833 0.866 0.925

NPV 0.783 0.925 0.896 0.911 0.714 0.900 0.833 0.875 0.685 0.750 0.923 0.896

AE: Arterial enhancement; AUC: Area under the receiver operating characteristic curve; CI: Confidence interval; CL: Clinical data; NPV: Negative predict value; PE: Portal enhancement; PPV: Positive predict value; US: Ultrasound.

demonstrated greater benefits.

DISCUSSION

In this study, we constructed a new radiomics model to differentiate between ICC and HCC using CEUS, achieving good
diagnostic performance. The final radiomics model incorporated 21 features and demonstrated higher efficacy than
experienced radiologists.

ICC is the second most common primary hepatic malignancy, following HCC. The incidence of these two malignant
hepatic tumors, in parallel with their mortality, has markedly increased worldwide in recent years[9,10]. Given their
distinct pathogenesis, pathological features, prognostic outcomes, and responses to adjuvant therapies, accurate discrim-
ination between HCC and ICC is paramount for effective clinical management[11].

While pathology remains the gold standard diagnostic test for liver cancer, often requiring paracentesis or surgery, its
invasive nature and associated risks, such as bleeding and tumor cell seeding, render it a less favorable option. Hence,
image diagnosis occupies a pivotal role in this realm, with US serving as the primary modality for liver disease
surveillance.

In recent years, CEUS has played a significant role in characterizing focal liver lesions, including the differentiation of
ICC from HCC. Compared to computed tomography (CT) and MRI, CEUS is a real-time dynamic imaging modality that
provides enhanced information on the blood supply of lesions, which is crucial for liver tumor discrimination. CEUS is
completely radiation-free for patients. Several studies have reported that CEUS has an excellent diagnostic performance
in distinguishing between ICC and HCC. However, the scanning technique and visual interpretation of US images are
both operator dependent, and diagnostic accuracy varies significantly across different radiologists and CEUS centers.
Therefore, developing a more reliable, efficient, and user-friendly method for differentiation is imperative.

Jgﬁ,@ WIR | https://www.wjgnet.com 252 July 28,2024 | Volume16 | Issue7 |



Su LY et al. CEUS-based ultrasomics for ICC-HCC differentiation

A Receiver operating characteristic curve B Decision curve analysis

1.0 1 ’7‘ 0.7 :ZITne

: L us
7 1 AE+PE
0.8 . /,/ 0.6 ——US+AE+PE
// US+AE+PE+CL
Q PR 0.5
© - "
g 0.6 - /// ‘5 0.4 \'\'\ ~"_/J\,'\‘\
= Pid s N
7 . g
o ' 0.3 4 L\
Q. 7 e
o 0.4 1 ~7  ——D1 (AUC = 0.786) ) \
2 ol D2 (AUC = 0.839) 0.2
i —— D3 (AUC = 0.964)
e US (AUC = 0.817)
0.2 Rl AE-+PE (AUC = 0.919) 0.1 N,
g —— US+AE+PE (AUC = 0.956) \_\_
- US+AE+PE+CL (AUC = 0.971) 0.0 N
0.0 T T : . T T - .
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
False positive rate Risk threshold

Figure 3 Receiver operating characteristic curves and the decision curve analysis for radiomics models. A: Receiver operating characteristic
curve; B: Decision curve analysis. AE: Arterial enhancement; AUC: Area under the receiver operating characteristic curve; CL: Clinical data; PE: Portal enhancement;
US: Ultrasound.

Radiomics is a process that enables the extraction and analysis of quantitative data from medical images. It is an
evolving field with numerous potential applications in medical imaging[12]. Several studies have demonstrated that
textural features from CT, MRI, and US images can accurately differentiate ICC from HCC, mixed HCC-ICC, and inflam-
matory masses, with an AUC greater than 0.800. However, CEUS-based radiomics studies on this issue have been limited.

In our study, the AUC for the US + CEUS + CL reached 0.971 in the test cohort. This result was comparable to those
obtained using CT/MRI, underscoring the capacity and reliability of CEUS in differentiating HCC from ICC.
Additionally, the result was slightly higher than the diagnostic accuracy of experienced radiologists (AUC = 0.964) and
significantly higher than that of less-experienced radiologists (AUC = 0.786). It is promising that the model exceeds the
accuracy of experienced radiologists.

The model is highly effective in diagnostic performance and is user-friendly, requiring only three specific-time-point
US + CEUS images, complemented by a clear image acquisition protocol. It enhances objectivity and mitigates the
operator dependence of US examinations. A stable, radiomics-based model could be particularly valuable in regional
hospitals lacking experienced radiologists and could provide additional diagnostic suggestions to less-experienced
radiologists, thereby enhancing diagnostic accuracy.

The images in this study were selected based on previous research. Image acquisition is a well-known challenge in
radiomics. The selection of CEUS images was crucial. In the largest CEUS study involving 819 participants, Liu ef al[5]
found that peripheral rim-like enhancement and rapid contrast washout were highly effective in differentiating HCC
from ICC. ICCs generally exhibited lower peak intensities and tumor/tissue ratios, with earlier washout (often within 60
s) compared to HCCs, which typically showed washout after 60 s[13]. Consequently, two classic CEUS images (one in the
arterial phase with peak enhancement of the target lesion and another at 120 s) were selected for feature extraction.

Four radiomics models were constructed: US; CEUS; US + CEUS; and US + CEUS + CL. The data indicated that adding
CEUS information to the US model significantly enhanced the diagnostic accuracy of the radiomics model. CEUS has
been omitted from the diagnostic techniques in the latest American Association for the Study of Liver Diseases guidelines
due to concerns that it might lead to false-positive HCC diagnoses in patients with ICC[14-16]. Every model (training,
validation, and testing) in our study demonstrated AUC values above 0.900 for the CEUS model, underscoring its
substantial value in characterizing focal liver lesions.

CEUS-based artificial intelligence holds promise, particularly for liver tumors. Looking forward, developing artificial
intelligence models that can predict responses to systemic treatments for liver tumors is a valuable and significant area of
research, though it presents challenges that will aid clinicians in decision-making.

There were limitations to our study. First, our data originated from a single center, necessitating validation and
replication of results across multiple centers to confirm their reproducibility. Second, the selection of the CEUS image in
the arterial phase was made by the naked eye of an experienced doctor, introducing potential selection bias. In future
studies, employing a time intensity curve could aid in image selection and enhance the robustness of the results.

CONCLUSION

We developed a radiomics diagnostic model based on CEUS images capable of quickly distinguishing HCC from ICC,
which outperformed experienced radiologists. This model may serve as a diagnostic assistance tool in regional hospitals
lacking CEUS expertise and provide additional diagnostic suggestions for less-experienced radiologists.
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